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"The 'odd' editions, the first, the third, fifth and so
on, are the toughest ... by the time you get to a third
edition, your specialty will have changed suffi-
ciently that you will be forced to completely rethink
the organization of your book" an experienced text-
book author told us several years ago. He was ab-
solutely right. Since 1988 and 1995, when the first
and second editions of Contemporary Fixed
Prosthodontics were published, our field has indeed
evolved beyond previously predictable expecta-
tions. Many of the changes are driven by technolog-
ical developments and newly available materials.
Some, because the practice of dentistry has experi-
enced changes in the demand for certain services.
Throughout the process of formulating this new
edition, we have sought to make the text more read-
able for the dental student while maintaining the
core format previously so well received. Concur-
rently, every effort was made to maintain the in-
depth comprehensive content for the established
practitioner, graduate student, and researcher.

It remains a difficult task to achieve the best bal-
ance between comprehensive incorporation of cur-
rent needs as driven by changes in the undergradu-
ate dental curriculum, while continuing to provide
the reader with comprehensive and clinically
relevant information about as broad an array of top-
ics and techniques. Some dental schools aim to de-
emphasize student involvement in laboratory pro-
cedures, yet we firmly believe that, although few
beginning dentists will achieve proficiency with the
increasingly complicated laboratory steps, each
graduate must have a thorough understanding of
how dental prostheses are fabricated so he or she
can exercise sound clinical judgment and decision
making. Also, the dental profession must have
ready access to a comprehensive reference that en-
ables rapid retrieval of integrated and relevant in-
formation. Thus, one of our challenges was to main-
tain the comprehensive nature of the provided
information, while subtly restructuring content so
both novice and experienced practitioners can take
full advantage with minimal digression to related
but less than critical information.

ORGANIZATION

This edition retains the previous four-section for-
mat: Planning and Preparation; Clinical Procedures
Part 1; Laboratory Procedures, and Clinical Proce-
dures Part 11. Pertinent basic sciences continue to be
presented throughout and are integrated with ap-
plicable content.

We are particularly grateful for the constructive
comments and suggestions received from a large
number of our colleagues who were kind enough to
take the time to conduct an in-depth review of the
text, and to comment and respond to a lengthy list
of specific questions. Their recommendations to ad-
dress specific issues, not adequately covered previ-
ously, helped considerably in formulating the initial
template for this revision.

NEW TO THIS EDITION

Content and references were thoroughly updated
throughout, and glossaries consistent with the most
recent edition of The Glossary of Prosthodontics Terms

were added to provide the reader with lists of ter-
minology relevant to the chapter topics. Selected
key words are listed at the beginning of the chap-
ters, to facilitate rapid information retrieval. Also,
essay format Study Questions were added to pro-
vide the student an opportunity to test his or her
knowledge and comprehension after reading a
chapter.

Section I.

	

This section now consists of six chap-
ters, the previous chapter on "History, Examination,
Diagnosis and Prognosis" having been divided into
two separate chapters: "History Taking and Clinical
Examination" and "Diagnostic Casts and Related
Procedures." The section now includes additional
step-by-step sequences of photographs of com-
monly performed diagnostic procedures and new
artwork to clarify hinge axis location and border
movements.

Section 11. The tooth preparation chapters in
Section 11 were revised; new artwork was generated
for inlays, onlays, and metal-ceramic preparations;

Vii



Preface

and content was thoroughly updated, in particular
for all-ceramic restorations. The Implant chapter
was comprehensively revised to be current with
new developments in implant prosthodontics, as
was the chapter on Provisional Restorations.

Section III. In an effort to emphasize the im-
portance of the mutual collaboration between
dentist and technician, Section III now begins with
the chapter on Laboratory Communication. In addi-
tion to the many new illustrations throughout the
section, for example those on occlusal waxing, the
chapter on Pontic Design underwent an in-depth re-
vision. It now includes emphasis on ridge shape
and contour of the edentulous site, pontic classifica-

tion, and various more contemporary techniques
than the ones previously presented.

Similarly, the chapter on All-Ceramic Restoration
Fabrication was again updated to incorporate the
most recent developments and techniques. A sec-
tion on esthetic considerations was added to the
Color Science chapter, and a chapter on Fiber-
Reinforced Composite Fixed Prostheses follows the
comprehensively rewritten chapter on Resin-
Retained Fixed Partial Dentures.

section IV This section now includes, among
others, a more detailed discussion on luting agents,
in an effort to make sense out of the myriad of
choices confronting the practitioner when attempt-
ing to select the appropriate luting agents for vari-
ous fixed prosthodontic procedures. The treatment
presentations now include additional long-term fol-
low up on simple and complex fixed prosthodontic
treatments, emphasizing the goal of longevity when
planning fixed prostheses.

GIVING CREDIT WHERE
CREDIT IS DUE

ACKNOWLEDGMENTS



Preface

Enid, Karen, and Yoshiko have now 'survived'
three editions. It takes special spouses to tolerate
prosthodontists to begin with, but to support us
throughout the completion of yet another edition
shows how special they truly are.

A highly respected restorative dentist told us
once: "It took me about 10 to 15 years after dental
school, until I could routinely make excellent inlays
and onlays." This illustrates but one small aspect of

the lifetime challenge that fixed prosthodontics pre-
sents to student, practitioner, and scholar. We hope
that this new edition may help those who are suffi-
ciently motivated and interested to meet that chal-
lenge successfully.

Stephen E Rosenstiel
Martin E Land

Junhei Fujimoto
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chief complaint
click

communication

dental history

fixed prosthodontics
fremitus

medical history

Fixed prosthodontic treatment involves the replace-
ment and restoration of teeth by artificial substitutes
that are not readily removable from the mouth. Its
focus is to restore function, esthetics, and comfort.

palpation

percussion

periodontal evaluation
slide

systemic conditions

TMJ dysfunction

Fixed prosthodontics can offer exceptional satisfac-
tion for both patient and dentist. It can transform an
unhealthy, unattractive dentition with poor func-
tion into a comfortable, healthy occlusion capable of
years of further service while greatly enhancing es-
thetics (Fig. 1-1, A, B). Treatment can range from the
fairly straightforward restoration of a single tooth
with a cast crown (Fig. 1-1, C), replacement of one or
more missing teeth with a fixed partial denture (Fig.
1-1, D), to a highly complex restoration involving all
the teeth in an entire arch or dentition.

To achieve predictable success in this technically
exacting and demanding field, there must be meticu-
lous attention to every detail-from the initial patient

C D

Fig. 1-1.

	

A se. erely damaged maxillary dentition (A) restored with metal-ceramic fixed prostheses
(B). C, Complete cast crown restores mandibular molar. D, Three-unit fixed partial denture replacing
missing mandibular premolar.
(C courtesy Dr. X Lepe. D courtesy Dr. J. Nelson)
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Chapter 1 History Taking and Clinical Examination

interview and diagnosis, through the active treat-
ment phases, and to a planned schedule of follow-up
care. Otherwise, the result is likely to be unsatisfac-
tory and frustrating for both dentist and patient, re-
sulting in disappointment and loss of confidence.

Problems encountered during or following treat-
ment can often be traced to errors and omissions
during history taking and initial examination. An
inexperienced clinician may plunge into the treat-
ment phase before collecting sufficient diagnostic
information that will help predict likely pitfalls.

Making the correct diagnosis is prerequisite to for-
mulating an appropriate treatment plan. This requires
that all pertinent information be obtained. A complete
history includes a comprehensive assessment of the
patient's general and dental health, individual needs,
preferences, and personal circumstances. This chapter
reviews fundamentals of history taking and clinical
examination, with special emphasis on obtaining the
necessary information to make appropriate fixed
prosthodontic treatment decisions.

HISTORY

• Social (bad taste or odor)
• Appearance (fractured or unattractive teeth or

restorations, discoloration)

Comfort.

	

If pain is present, its location, charac-
ter, severity, and frequency should be noted, as well
as the first time it occurred, what factors precipitate
it (e.g., hot, cold, or sweet things), and any changes
in its character. Is it localized or more diffuse in na-
ture? It is often helpful to have the patient point at
the area while paying close attention.

If swelling is present, the location, size, consis-
tency, and color are noted as well as how long it has
been felt and whether it is increasing or decreasing.

Function. Difficulties in chewing may result
from a local problem such as a fractured cusp or
missing teeth; it may also indicate a more general-
ized malocclusion or dysfunction.

Social.

	

A bad taste or smell often indicates com-
promised oral hygiene and periodontal disease. Often
social pressures prompt the individual to seek care.

A patient's history should include all pertinent
information concerning the reasons for seeking
treatment, along with any personal information, in-
cluding relevant previous medical and dental expe-
riences. The chief complaint should be recorded,
preferably in the patient's own words. A screening
questionnaire (Fig. 1-2) is useful for history taking;
it should be reviewed in the patient's presence to
correct any mistakes and to clarify inconclusive en-
tries. If the patient is mentally impaired or a minor,
the guardian or responsible parent must be present.

CHIEF COMPLAINT
The accuracy and significance of the patient's pri-
mary reason(s) for seeking treatment should be an-
alyzed first. This may be just the tip of the iceberg,
and careful examination will often reveal problems
and disease of which the patient is unaware; never-
theless, the patient perceives the chief complaint as
the major problem. Therefore, when a comprehen-
sive treatment plan is proposed, special attention
must be given to how it can be resolved. The inex-
perienced clinician trying to prescribe an "ideal"
treatment plan can lose sight of the patient's wishes.
The patient may then become frustrated because the
dentist apparently does not understand or does not
want to understand.

Chief complaints usually fall into one of the fol-
lowing four categories:
• Comfort (pain, sensitivity, swelling)
• Function (difficulty in mastication or speech)

Appearance. Compromised appearance is a
strong motivating factor for patients to seek advice
as to whether improvement is possible (Fig. 1-3).
Such individuals may have missing or crowded
teeth, or a tooth or restoration may be fractured.
Their teeth may be unattractively shaped, malposi-
tioned, or discolored, or there may be a develop-
mental defect.

PERSONAL DETAILS
The patient's name, address, phone number, sex, oc-
cupation, work schedule, and marital and financial
status are noted. Much can be learned in a 5-minute,
casual conversation during the initial visit. In addi-
tion to establishing rapport and developing a basis
for the patient to trust the dentist, small and seem-
ingly unimportant personal details often have con-
siderable impact on establishing a correct diagnosis,
prognosis, and treatment plan.

MEDICAL HISTORY
An accurate and current general medical history
should include any medication the patient is taking
as well as all relevant medical conditions. If neces-
sary, the patient's physician(s) can be contacted for
clarification. The following classification may be
helpful:
1. Conditions affecting the treatment methodol-

ogy (e.g., any disorders that necessitate the use
of antibiotic premedication, any use of steroids
or anticoagulants, and any previous allergic



Fig. 1-2.

	

Screening questionnaire.



Chapter 1 History Taking and Clinical Examination

responses to medication or dental materials).
Once these are identified, treatment usually can
be modified as part of the comprehensive treat-
ment plan, although some factors may severely
limit available options.

2. Conditions affecting the treatment plan (e.g.,
previous radiation therapy, hemorrhagic disor-
ders, extremes of age, and terminal illness).
These can be expected to modify the patient's
response to dental treatment and may affect

the prognosis. For instance, patients who have
previously received radiation treatment in the
area of a planned extraction require special
measures (hyperbaric oxygen) to prevent seri-
ous complications.

3. Systemic conditions with oral manifestations.
For example, periodontitis may be modified by
diabetes, menopause, pregnancy, or the use of
anticonvulsant drugs (Fig. 1-4); in cases of hiatal
hernia, bulimia, or anorexia nervosa, teeth
may be eroded by regurgitated stomach acid 1/2
(Fig. 1-5); certain drugs may generate side

Fig. 1-3.

	

Poor appearance is a common reason for seek-
ing restorative dental treatment.

Fig. 1-4.

	

Severe gingival hyperplasia associated with an-
ticonvulsant drug use.
(Courtesy Dr. P.B. Robinson.)

Fig. 1-5.

	

A, Extensive damage caused
by self-induced acid regurgitation. Note
that the lingual surfaces are bare of
enamel except for a narrow band at the
gingival. B, Teeth prepared for partial-
coverage restorations. C, Working cast.
D and E, The completed restoration.



Section 1 Planning and Preparation

effects that mimic temporomandibular disor-
ders (TMDs) 3 or reduce salivary flow.4.5

4.

	

Possible risk factors to the dentist and auxiliary
personnel (e.g., patients who are suspected or
confirmed carriers of hepatitis B, acquired im-
munodeficiency syndrome, or syphilis).

Dental offices practice "universal precautions" to
ensure appropriate infection control. This means
that full infection control is taken for every patient;
no additional measures are needed when treating
known carriers.6

DENTAL HISTORY

Clinicians should be cautious when commenting
before a thorough examination is completed. With
adequate experience, a clinician can often assess
preliminary treatment needs during the initial ap-
pointment. However, fairly assessing the quality of
a previously rendered treatment can be difficult, be-
cause the circumstances under which the treatment
was rendered are seldom known. When such an as-
sessment is requested for legal proceedings, the pa-
tient should be referred to a specialist familiar with
the "usual and customary" standard of care.

Periodontal History.

	

The patient's oral hygiene
is assessed, and current plaque-control measures
are discussed, as are previously received oral hy-
giene instructions. The frequency of any previous
debridements should be recorded, and the dates
and nature of any previous periodontal surgery
should be noted.

Fig. 1-6.

	

Defective endodontics has led to recurrence of
a periapical lesion. Retreatment will be required.

Restorative History. The patient's restorative
history may include only simple composite resin or
dental amalgam fillings, or it may involve crowns and
extensive fixed partial dentures. The age of existing
restorations can help establish the prognosis and
probable longevity of any future fixed prostheses.

Endodontic History. Patients often forget
which teeth have been endodontically treated.
These can be readily identified with radiographs.
The findings should be reviewed periodically so
that periapical health can be monitored and any re-
curring lesions promptly detected (Fig. 1-6).

Orthodontic History.

	

Occlusal analysis should
be an integral part of the assessment of a postortho-
dontic dentition. If restorative treatment needs are
anticipated, they should be undertaken by the
restorative dentist. Occlusal adjustment (reshaping
of the occlusal surfaces of the teeth) may be needed
to promote long-term positional stability of the
teeth and reduce or eliminate parafunctional activ-

Fig. 1-7.

	

Apical root resorption subsequent to orthodon-
tic treatment.

ity. On occasion, root resorption (detected on radio-
graphs) (Fig. 1-7) may be attributable to previous
orthodontic treatment. As the crown/root ratio is
affected, future prosthodontic treatment and its
prognosis may also be affected. Restorative treat-
ment can often be simplified by minor tooth move-
ment. When a patient is contemplating orthodontic
treatment, considerable time can be saved if minor
tooth movement (for restorative reasons) is incorpo-
rated from the start. Thus good communication be-
tween the restorative dentist and the orthodontist
may prove very helpful.

Removable Prosthodontic History. The pa-
tient's experiences with removable prostheses must
be carefully evaluated. For example, a removable
partial denture may not have been worn for a vari-
ety of reasons, and the patient may not even have



Chapter 1 History Taking and Clinical Examination

mentioned its existence. Careful questioning and
examination will usually elicit discussion concern-
ing any such devices. Listening to the patient's com-
ments about previously unsuccessful removable
prostheses can be very helpful in assessing whether
future treatment will be more successful.

Oral Surgical History.

	

Information about miss-
ing teeth and any complications that may have oc-
curred during tooth removal is obtained. Special
evaluation and data collection procedures are nec-
essary for patients who require prosthodontic care
subsequent to orthognathic surgery. Before any
treatment is undertaken, the prosthodontic compo-
nent of the proposed treatment should be fully co-
ordinated with the surgical component.

Radiographic History. Previous radiographs
may prove helpful in judging the progress of dental
disease. They should be obtained if possible, be-
cause it is generally better to avoid exposing the pa-
tient to unnecessary ionizing radiation. Dental prac-
tices will usually forward radiographs or acceptable
duplicates promptly upon request. In most in-
stances, however, a current diagnostic radiographic
series is essential and should be obtained as part of
the examination.

TMJ Dysfunction History.

	

A history of pain or
clicking in the temporomandibular joints or neuro-
muscular symptoms, such as tenderness to palpa-
tion, may be due to TMJ dysfunction, which
should normally be treated and resolved before
fixed prosthodontic treatment begins. A screening
questionnaire will efficiently identify these prob-
lems. The patient should be questioned regarding
any previous treatment for joint dysfunction (e.g.,
occlusal devices, medications, biofeedback, or phys-
ical therapy exercises).

An examination consists of the clinician's use of
sight, touch, and hearing to detect conditions out-
side the normal range. To avoid mistakes, it is criti-
cal to record what is actually observed rather than
to make diagnostic comments about the condition.
For example, "swelling," "redness," and "bleeding
on probing of gingival tissue" should be recorded
rather than "gingival inflammation" (which implies
a diagnosis).

Thorough examination and data collection are
needed for the prospective fixed prosthodontic pa-
tient, and the protocol for this effort can be obtained
from various textbooks of oral diagnosis.7.8

EXAMINATION

GENERAL EXAMINATION
The patient's general appearance, gait, and weight
are assessed. Skin color is noted for signs of anemia
or jaundice. Vital signs, such as respiration, pulse,
temperature, and blood pressure, are measured and
recorded. Fixed prosthodontic treatment is often in-
dicated in middle-aged or older patients, who can
be at higher risk for cardiovascular disease. Rela-
tively inexpensive cardiac monitoring units are
available for in-office use (Fig. 1-8). Patients with vi-
tal signs outside normal ranges should be referred
for a comprehensive medical evaluation before de-
finitive treatment is initiated.

EXTRAORAL EXAMINATION
Special attention is given to facial asymmetry because
small deviations from normal may hint at serious un-
derlying conditions. Cervical lymph nodes are pal-
pated, as are the TMJs and the muscles of mastication.

Temporomandibular Joints. The clinician lo-
cates the TMJs by palpating bilaterally just anterior
to the auricular tragi while having the patient open
and close. This permits a comparison between the
relative timing of left and right condylar move-
ments during the opening stroke. Asynchronous
movement may indicate an anterior disk displace-
ment that prevents one of the condyles from making
a normal translatory movement (see Chapter 4). Au-
ricular palpation (Fig. 1-9) with light anterior pres-
sure helps identify potential disorders in the poste-
rior attachment of the disk. Tenderness, or pain on
movement, is noted and can be indicative of inflam-
matory changes in the retrodiscal tissues, which are
highly vascular and innervated. Clicking in the TMJ
is often noticeable through auricular palpation but
may be difficult to detect when palpating directly
over the lateral pole of the condylar process, be-
cause the overlying tissues can "muffle" the click.
Placement of the fingertips on the angles of the
mandible will help identify even a minimal click,
because very little soft tissue lies between the fin-
gertips and the mandibular bone.

A maximum mandibular opening resulting in
less than 35 mm of interincisal movement is consid-
ered to be restricted, because the average opening is
greater than 50 mm.9,10 Such restricted movement on
opening can be indicative of intracapsular changes
in the joints. Similarly, any midline deviation on
opening and/or closing is recorded. The maximum
lateral movements of the patient can be measured
(normal is about 12 mm) (Fig. 1-10).

Muscles of Mastication. Next, the masseter
and temporal muscles, as well as other relevant
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Fig. 1-8.

	

Cardiac monitoring printout.
(Courtesy Dr. T. Quilitz.)

Fig. 1-9.

	

Auricular palpation of the posterior aspects of
the temporomandibular joints.

Fig. 1-10.

	

Maximum opening of more than 50 mm (A)
and lateral movement of about 12 mm (B) are normal.

postural muscles, are palpated for signs of tender-
ness (Fig. 1-11). Palpation is best accomplished bi-
laterally and simultaneously. This allows the patient
to compare and report any differences between the
left and right sides. Light pressure should be used
(the amount of pressure one can tolerate when gen-
tly pushing on one's closed eyelid without feeling
discomfort is a good comparative measure), and if

any difference is reported between the left and right
sides, the patient is asked to classify the discomfort
as mild, moderate, or severe. If there is evidence of
significant asynchronous movement or TMJ dys-
function, a systematic sequence for comprehensive
muscle palpation should be followed as described
by Solberg9 and Krogh-Poulsen and Olsson." Each
palpation site is given a numerical score based on
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Fig. 1-1 1.

	

Muscle palpation.
A, The masseter. B, The temporal.
C, The trapezius. D, The sterno-
cleidomastoid. E, The floor of the
mouth.

the patient's response. If neuromuscular or TMJ
treatment is initiated, the examiner can then repal-
pate the same sites periodically to assess the re-
sponse to treatment (Fig. 1-12).

Lips.

	

The patient is observed for tooth visibility
during normal and exaggerated smiling. This can be
critical in fixed prosthodontic treatment planning,12
especially for margin placement of certain metal-
ceramic crowns. Some patients show only their
maxillary teeth during smiling. More than 25% do
not show the gingival third of the maxillary central
incisors during an exaggerated smile13 (Fig. 1-13).
The extent of the smile will depend on the length
and mobility of the upper lip and the length of the
alveolar process. When the patient laughs, the jaws
open slightly and a dark space is often visible
between the maxillary and mandibular teeth (Fig.
1-14). This has been called the negative space. 14 Miss-
ing teeth, diastemas, and fractured or poorly re-
stored teeth will disrupt the harmony of the nega-
tive space and often require correction."

INTRAORAL EXAMINATION

The intraoral examination can reveal considerable
information concerning the condition of the soft tis-

sues, teeth, and supporting structures. The tongue,
floor of the mouth, vestibule, cheeks, and hard and
soft palates are examined, and any abnormalities
are noted. This information can be properly evalu-
ated during treatment planning only if objective in-
dices, rather than vague assessments, are used.

Periodontal Examination

Robert F. Baima
A periodontal examination should provide informa-
tion regarding the status of bacterial accumulation,
the response of the host tissues, and the degree of ir-
reversible damage. Because long-term periodontal
health is essential to successful fixed prosthodontics
(see Chapter 5), existing periodontal disease must
be corrected before any definitive prosthodontic
treatment is undertaken.

Gingiva. The gingiva should be lightly dried
before examination so that moisture does not ob-
scure subtle changes or detail. Color, texture, size,
contour, consistency, and position are noted and
recorded. The gingiva is then carefully palpated to
express any exudate or pus that may be present in
the sulcular area.
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Fig. 1-12.

	

Palpation sites for assessing muscle tenderness. A, TMJ capsule: lateral and dorsal. B, Mas-
seter: deep and superficial. C, Temporal: anterior and posterior. D, Vertex. E, Neck: nape and base.
F, Stern ocleidomastoid: insertion, body, and origin. G, Medial pterygoid. H, Posterior digastric.
1, Temporal tendon. J, Lateral pterygoid.
(From Ki

	

h-Pouf	N WG, Olsson A: Dent Clin North Am 10:627,1966.)

Fig. 1-13.

	

Smile analysis is an important part of the examination, particularly when anterior crowns
or FPDs are being considered. A, Some individuals show considerable gingival tissue during an exagger-
ated smile. B, Others may not show the gingival margins of even the central incisors.

Fig. 1-14.

	

The "negative" space between the maxillary
and mandibular teeth is assessed during the examination.

Healthy gingiva (Fig. 1-15, A) is pink, stippled,
and firmly bound to the underlying connective tis-
sue. The gingival margin is knife-edged, and
sharply pointed papillae fill the interproximal

spaces. Any deviation from these findings should be
noted. With the development of chronic marginal
gingivitis (Fig. 1-15, B), the gingiva becomes en-
larged and bulbous, loss of stippling occurs, the
margins and papillae are blunted, and bleeding and
exudate are observed.

The width of the band of attached keratinized
gingiva around each tooth may be assessed by mea-
suring the surface band of keratinized tissue in an
apicocoronal dimension with a periodontal probe
and subtracting the measurement of the sulcus
depth. Another method to obtain this measurement
by visual examination is to gently depress the mar-
ginal gingiva with the side of a periodontal probe or
explorer. At the mucogingival junction (MGJ), the
effect of the instrument will be seen to end abruptly,
indicating the transition from tightly bound gingiva
to more flexible mucosa. Injecting anesthetic solu-
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Fig. 1-15.

	

A, Healthy gingivae-pink, knife-edged, and firmly attached. B, Gingivitis-plaque and
calculus have caused marginal inflammation, with changes in color, contour, and consistency of the free
gingival margin. Inflammation extends into the keratinized attached gingiva.

Fig. 1-16.

	

A, Three types of sulcus/pocket-measuring probes. B, Correct position of a periodontal
probe in the interproximal sulcular area, parallel to the root surface and in a vertical direction as far in-
terproximally as possible.

tion into the nonkeratinized mucosa close to the
MGJ to make the mucosa balloon slightly is a third
method of visualizing the MGJ. However, this is
done only if the other methods do not provide the
desired information.

Periodontium. The periodontal probe (Fig.
1-16, A) is one of the most reliable and useful
diagnostic tools available for examining the peri-
odontium. It provides a measurement (in millime-
ters) of the depth of periodontal pockets and
healthy gingival sulci on all surfaces of each tooth.
In this examination the probe is inserted essentially
parallel to the tooth and is "walked" circumferen-
tially through the sulcus in firm but gentle steps, de-
termining the measurement when the probe is in
contact with the apical portion of the sulcus (Fig. 1-
16, B). Thus any sudden change in the attachment
level can be detected. The probe may also be angled
slightly (5 to 10 degrees) in the interproximal areas
to reveal the topography of an existing lesion. Prob-
ing depths (usually six per tooth) are recorded on a
periodontal chart (Fig. 1-17), which also contains
other data pertinent to the periodontal examination
(e.g., tooth mobility or malposition, open or defi-
cient contact areas, inconsistent marginal ridge
heights, missing or impacted teeth, areas of inade-
quate attached keratinized gingiva, gingival reces-

sion, furcation involvements, and malpositioned
frenum attachments).

CLINICAL ATTACHMENT LEVEL

Documenting the level of attachment helps the clin-
ician determine the amount of periodontal destruc-
tion that has occurred and is essential when render-
ing a diagnosis of periodontitis (loss of connective
tissue attachment) . 16,17 This measurement also pro-
vides the clinician with more detailed and accurate
information regarding the prognosis of an individ-
ual tooth. The clinical attachment level (CAL or AL)
is determined by measuring the distance between
the apical extent of the probing depth and a fixed
reference point on the tooth, most commonly either
the apical extent of a restoration and/or the cemen-
toenamel junction (CEJ). This measurement can be
documented on modified periodontal charts (Fig.
1-18) and incorporated with the standard periodon-
tal documentation (see Fig. 1-17) to complete the
clinical periodontal examination. When the free
margin of the gingiva is located on the clinical
crown and the level of the epithelial attachment is at
the CEJ, there is no loss of attachment, and recession
is noted as a negative number. When the level of
the epithelial attachment is on root structure and
the free margin of the gingiva is at the CEJ, the at-
tachment loss equals the probing depth, and the
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recession is 0. In a situation in which there is in-
creased periodontal destruction and recession, the
loss of attachment measurement equals the probing
depth plus the measurement of recession (see Fig.
1-18, B, C). Clinical attachment loss is a measure of
periodontal destruction at a site, rather than current
disease activity, and it may be considered the diag-
nostic "gold standard" for periodontitis.19 It should
be documented in the initial periodontal examina-
tion.") It is an important consideration in the devel-
opment of the overall diagnosis, treatment plan,

and prognosis of the dentition and can be an effec-
tive research tool.

Dental Charting
An accurate charting of the state of the dentition
will reveal important information about the condi-
tion of the teeth and will facilitate treatment plan-
ning. Adequate charting (Fig. 1-19), in addition to
all periodontal information, must show the pres-
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A B C

Fig. 1-18.

	

A, Modified periodontal chart B, Maxillary right sextant of modified periodontal chart
with areas to record probing depths (PD), recession, and attachment loss (AL). C, Maxillary left sextant
of modified periodontal chart exhibiting clinical documentation.
(Courtesy University of Detroit Mercy School of Dentistry, Department of Periodontology and Dental Hygiene).

ence or absence of teeth, dental caries, restorations,
wear faceting and abrasions, fractures, malforma-
tions, and erosions. Missing teeth will often have an
impact on the position of adjacent teeth (see also the
section on arch integrity in Chapter 3). Similarly, the
presence of dental caries on one interproximal sur-
face should alert the examiner to carefully inspect
the adjacent proximal wall, even if caries is not ap-
parent radiographically. The degree and extent of
caries development over time can have a consider-
able impact on the eventual prognosis of fixed
prosthodontic treatment. The condition and type of
the existing restorations are noted (e.g., amalgam,
cast gold, composite resin, all-ceramic). Open con-
tacts and areas where food impaction occurs must
also be identified. The presence of wear facets is in-
dicative of sliding contact sustained over time and
thus may indicate parafunctional activity (see
Chapter 4). Wear facets are often easier to see on di-
agnostic casts, however (see Chapter 2), during the
clinical examination, the location of any observed
facets is recorded. Fracture lines in teeth may re-
quire fixed prosthodontic intervention, although
minor hairline cracks in walls that are not subject to
excessive loading can often go untreated and sim-
ply be observed at recall appointments (see Chapter
32). The location of fractures should be indicated on
the chart, as should any other abnormalities.

Occlusal Examination.

	

The initial clinical ex-
amination starts with the clinician asking the pa-
tient to make a few simple opening and closing
movements while carefully observing the opening
and closing strokes. The objective is to determine to
what extent the patient's occlusion differs from the
ideal (see Chapter 4) and how well the patient has
adapted to this difference. Special attention is given
to initial contact, tooth alignment, eccentric con-
tacts, and jaw maneuverability.

Initial Tooth Contact. The relationship of
teeth in both centric relation (see Chapter 4) and
the intercuspal position should be assessed. If all
teeth come together simultaneously at the end of
terminal hinge closure, the centric relation posi-
tion (CR) of the patient is said to coincide with the
maximum intercuspation (MI) (see Chapters 2
and 4). The patient is guided into a terminal hinge
closure to detect where initial tooth contact oc-
curs (see the sections on bimanual manipulation
and terminal hinge closure in Chapters 2 and 4).
The clinician should ask the patient to "close
featherlight" until any of the teeth touch and to
have the patient help identify where that initial
contact occurs by asking him or her to point at the
location. If initial contact occurs between two
posterior teeth (usually molars), the subsequent
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A

Fig. 1-19.

	

A, An appropriate charting system will designate the location, type, and extent of existing
restorations and the presence of any disease condition, all of which become part of the permanent pa-
tient record.

	

Continued

movement from the initial contact to the MI posi-
tion is carefully observed and its direction noted.
This is referred to as a slide from CR to MI. The
presence, direction, and estimated magnitude of

the slide are recorded, and the teeth on which ini-
tial contact occurs are identified. Any such dis-
crepancy between CR and MI should be evalu-
ated in the context of other signs and symptoms
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C D E

Fig. 1-19, cont'd.

	

B, Radiographic findings obtained from a full-mouth series are correlated with the
clinical findings and noted in the record. C to E, Charting is performed to provide a quick reference to
conditions in the mouth. The following may be useful:
1. Amalgam restorations (C) are depicted by an outline drawing blocked in solidly to show the size,

shape, and location of the restoration.
2. Tooth-colored restorations (D) are depicted by an outline drawing of the size, shape, and location of the

restoration.
3. Gold restorations (E) are depicted by an outline drawing inscribed with diagonal lines to show the size,

shape, and location of the restoration.
4. Missing teeth are denoted by a large X on the facial, lingual, and occlusal diagrams of each tooth that

is not visible clinically or on radiographs.
5. Caries is recorded by circling the tooth number located at the apex of the involved tooth and noting the pres-

ence and location of the cavity in the description column corresponding to the tooth number on the right.
6. Defective restorations are recorded by circling the tooth number and noting the defect in the descrip-

tion column.
(Modified slightly from Sturdevant CM et al: The art and science of operative dentistry, ed 3, St Louis, 1994,

Mosby.)

that may be present (e.g., elevated muscle tone
previously observed during the extraoral exami-
nation, mobility on the teeth where initial contact
occurs, wear facets on the teeth involved in the
slide).

General Alignment (Fig. 1-20). The teeth are
evaluated for crowding, rotation, supra-eruption,
spacing, malocclusion, and vertical and horizontal
overlap. Teeth adjacent to edentulous spaces often
have shifted position slightly. Small amounts of
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Fig. 1-20.

	

Alignment of the dentition can be assessed in-
traorally, although diagnostic casts allow a more detailed as-
sessment. This patient has caries-free teeth in good alignment.

tooth movement can significantly affect fixed
prosthodontic treatment. Tipped teeth will affect
tooth preparation design or in severe cases, may re-
sult in a need for minor tooth movement before
restorative treatment. Supra-erupted teeth are often
overlooked clinically but will often complicate fixed
partial denture design and fabrication.

The relative relationship of adjacent teeth to teeth
requiring fixed prosthodontic treatment is important.
A tooth may have drifted into the space previously
occupied by the tooth in need of treatment because a
large filling was previously lost. Such changes in
alignment can seriously complicate or preclude fab-
rication of a cast restoration for the damaged tooth
and may even necessitate its extraction.

Lateral and Protrusive Contacts. Excursive
contacts on posterior teeth may be undesirable un-
der certain circumstances (see Chapter 4).

The degree of vertical and horizontal overlap of
the teeth is noted. When asked, most patients are ca-
pable of making an unguided protrusive move-
ment. During this movement, the degree of poste-
rior disclusion that results from the overlaps of the
anterior teeth is observed.

The patient is then guided into lateral excursive
movements, and the presence or absence of contacts
on the nonworking side and then the working side
is noted. Such tooth contact in eccentric movements
can be verified with a thin Mylar strip (shim stock).
Any posterior cusps that hold the shim stock will be
evident (Fig. 1-21). Teeth that are subject to exces-
sive loading may develop varying degrees of mo-
bility. Tooth movement (fremitus) should be identi-
fied by palpation (Fig. 1-22). If a heavy contact is
suspected, a finger placed against the buccal or

Fig. 1-21.

	

Eccentric tooth contact can be tested with thin
Mylar shim stock.

Fig. 1-22.

	

Fremitus (movement on palpation) indicates
tooth contact during lateral excursions.

labial surface while the patient lightly taps the teeth
together will locate fremitus in MI.

Jaw Maneuverability.

	

The ease with which the
patient moves the jaw and the way it can be
guided through hinge closure and excursive move-
ments should be assessed, since these factors are a
good guide to neuromuscular and masticatory
function. If the patient has developed a pattern of
protective reflexes, manipulating the jaw will be
difficult. The patient's restricted maneuverability
is recorded.
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Fig. 1-23.

	

A to C, A full-mouth radiographic survey should enable the dentist to make a detailed as-
sessment of the morphology of each tooth and its bone support.

RADIOGRAPHIC EXAMINATION

Radiographs provide essential information to sup-
plement the clinical examination. Detailed knowl-
edge of the extent of bone support and the root mor-
phology of each standing tooth is essential to
establishing a comprehensive fixed prosthodontic
treatment plan. Although radiation exposure guide-

lines recommend limiting the number of radio-
graphs to only those that will result in potential
changes in treatment decisions, a full periapical se-
ries (Fig. 1-23) is normally required for new patients
so that a comprehensive fixed prosthodontic treat-
ment plan can be developed. Patient exposure can
be minimized by using a technique that provides
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the most information with a minimal need for re-
peat films and by using appropriate protection. The
use of digital radiography can further help reduce
radiation exposure.

Panoramic films (Fig. 1-24) provide useful infor-
mation about the presence or absence of teeth. They
are especially helpful in assessing third molars and
impactions, evaluating the bone before implant
placement (see Chapter 13), and screening edentu-
lous arches for buried root tips. However, they do
not provide a sufficiently detailed view for assess-
ing bone support, root morphology, caries, or peri-
apical pathology.

Special radiographs may be needed for the as-
sessment of TMJ disorders. A transcranial exposure
(Fig. 1-25), with the help of a positioning device,
will reveal the lateral third of the mandibular
condyle and can be used to detect structural and po-
sitional changes. However, interpretation may be
difficult.21 More information can be obtained from
serial tomography, arthrography, 22 CT scanning, 23

Fig. 1-24.

	

A panoramic film cannot be substituted for a
full-mouth series because the image is distorted. Neverthe-
less, it is very useful for assessing unerupted teeth, screen-
ing edentulous areas for buried root tips, and evaluating
the bone before implant placement.

Fig. 1-25.

	

A transcranial radiograph shows the lateral
pole of the mandibular condyle (arrow).

magnetic resonance imaging (Fig. 1-26), or digi-
tal subtraction radiography of the joints.

VITALITY TESTING

Before any restorative treatment, pulpal health must
be assessed, usually by measuring the response to
percussion and thermal or electrical stimulation. A
diagnosis of nonvitality can be confirmed by
preparing a test cavity without the administration
of local anesthetic. Vitality tests, however, assess
only the afferent nerve supply. Misdiagnosis can oc-
cur if the nerve supply is damaged but the blood
supply is intact. Careful inspection of radiographs is

Fig. 1-26.

	

More sophisticated techniques permit the
generation of computer-assisted images of clinician-
determined cross-sections. A, A CT scan. B, An MRI show-
ing the soft tissue in greater detail.
(Courtesy Dr. J. Petrie.)
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therefore an essential aid in the examination of such
teeth.

DIAGNOSIS AND PROGNOSIS

Not all patients seeking fixed prosthodontic treat-
ment will present diagnostic problems. Nevertheless,
diagnostic errors are possible, especially when a pa-
tient complains of pain or symptoms of occlusal dys-
function. Treatment may be needed to eliminate ob-
vious dental caries, to restore a fractured prosthesis,
or to replace a missing tooth. A logical and systematic
approach to diagnosis will help avoid mistakes.

DIFFERENTIAL DIAGNOSIS
When the history and examination are completed, a
differential diagnosis is made. The practitioner
should determine the most likely causes of the ob-
served condition(s) and record them in order of
probability. A definitive diagnosis can usually be
developed after such supporting evidence has been
assembled.

A typical diagnosis will condense the informa-
tion obtained during the clinical history taking and
examination. For instance, a diagnosis could read as
follows: 28-year-old male, no significant medical
history; vital signs normal. Chief complaint: Mesio-
lingual cusp fracture on tooth # 30. Teeth # 1, # 16, #
17, # 19, and # 32 missing. Patient reports significant
postoperative discomfort after previous molar ex-
traction. High smile line. Caries: # 6, mesial; # 12,
distal; # 20, mesio-occlusal; and # 30, mesio-
occlusal-distal. Tooth # 8 has received previous
endodontic treatment. Generalized gingivitis four
posterior quadrants, with recession noted on teeth #
23, # 24, and # 25. 5-mm pockets on teeth # 18, # 30,
and # 31. Radiographic evidence of periapical
pathology tooth # 30. Tooth # 30 tests nonvital.

This hypothetical scenario summarizes the pa-
tient's problems, allowing subsequent prioritization
as a treatment plan is developed (see Chapter 3). In
this case, the patient's chief complaint likely has a
longer-term history that has only recently led to
symptoms the patient could identify, causing him to
seek care.

PROGNOSIS
The prognosis is an estimation of the likely course
of a disease. It can be difficult to make, but its im-
portance to patient understanding and successful
treatment planning must nevertheless be recog-
nized. The prognosis of dental disorders is influ-
enced by general factors (age of the patient, lowered
resistance of the oral environment) and local factors
(forces applied to a given tooth, access for oral hy-

giene measures). For example, a young person with
periodontal disease will have a more guarded prog-
nosis than an older person with the same disease ex-
perience. In the younger person, the disease has fol-
lowed a more virulent course because of the
generally less-developed systemic resistance; these
facts should be reflected in treatment planning.

Fixed prostheses function in a hostile environ-
ment: the moist oral environment is subject to con-
stant changes in temperature and acidity and con-
siderable load fluctuation. A comprehensive clinical
examination helps identify the likely prognosis. All
facts and observations are first considered individu-
ally and then correlated appropriately.

General Factors.

	

The overall caries rate of the
patient's dentition indicates future risk to the pa-
tient if the condition is left untreated. Important
variables include the patient's understanding
and comprehension of plaque-control measures as
well as the physical ability to perform those tasks.
Systemic problems analyzed in the context of the
patient's age and overall health provide important
information. Diabetics are prone to a higher inci-
dence of periodontal pathology, and special pre-
cautionary measures may be indicated before treat-
ment begins. Such conditions also affect the overall
prognosis.

Some patients are capable of an extremely high
bite force, whereas others are not. If an elevated
muscle tone of hypertrophied elevator muscles is
identified during the extraoral examination and
multiple intraoral wear facets are observed, loading
of the teeth will be considerably higher than in the
dentition of a frail 90-year-old who tires easily when
asked to close. Other important factors in determin-
ing overall prognosis are the history and success of
previous dental treatments. If a patient's previous
dental care has been successful over a period of
many years, a better prognosis can be anticipated
than when apparently properly fabricated prosthe-
ses fail or become dislodged within a few years of
initial placement.

Local Factors.

	

The observed vertical overlap of
the anterior teeth has a direct impact on the load
distribution in the dentition and thus can have an
impact on the prognosis. In the presence of favor-
able loading, minor tooth mobility is less of a con-
cern than in the presence of unfavorable directed or
high load. Impactions adjacent to a molar that will
be crowned may pose a serious threat in a younger
individual in whom additional growth can be antic-
ipated, but it may be of lesser concern in an older
individual.
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Individual tooth mobility, root angulation, root
morphology, crown-to-root ratios, and many other
variables all have an impact on the overall fixed
prosthodontic prognosis. They will be addressed
later in this book.

SUMMARY

The history and clinical examination must provide
sufficient data for the practitioner to formulate a
successful treatment plan. If they are too hastily ac-
complished, details may be missed that can cause
significant problems during treatment, when it
may be difficult or impossible to make corrections.
Also, the overall outcome and prognosis may be
adversely affected. In particular, it is critical to de-
velop a thorough understanding of special patient
concerns relating to previous care and expectations
about future treatment. Many problems encoun-
tered during fixed prosthodontic treatment are di-
rectly traceable to factors overlooked during the
initial examination and data collection. A diagno-
sis is a summation of the observed problems
and their underlying etiologies. The patient's over-
all prognosis is influenced by general and local
factors.

anterior guidance: 1: the influence of the contacting
surfaces of anterior teeth on tooth-limiting mandibu-
lar movements. 2: the influence of the contacting sur-
faces of the guide pin and anterior guide table on ar-
ticular movements. 3: the fabrication of a relationship

of the anterior teeth preventing posterior tooth con-
tact in all eccentric mandibular movements.

anterior programming device: an individually fabri-
cated anterior guide table that allows mandibular
motion without the influence of tooth contacts and
facilitates the recording of maxillomandibular rela-
tionships; also used for deprogramming.

apex: n, pl apexes: or apices: (1601) 1: the uppermost
point; the vertex. 2: in dentistry, the anatomic end of
a tooth root.

arthrography: n 1: roentgenography of a joint after in-
jection of an opaque contrast material. 2: in den-
tistry, a diagnostic technique that entails filling the
lower, upper, or both joint spaces of the temporo-
mandibular joint with a contrast agent to enable ra-
diographic evaluation of the joint and surrounding
structures; used to diagnose or confirm disk dis-
placements and perforations.

articulate: vb (1691) 1: to join together as a joint. 2: the
relation of contacting surfaces of the teeth or their
artificial replicas in the maxillae to those in the
mandible.

articulate: adj (1586) in speech, to enunciate clearly or
be clearly spoken.

auscultation: n (ca, 1828) the process of determining
the condition of various parts of the body by listen-
ing to the sounds they emit.

buccolingual relationship: any position of reference rel-
ative to the tongue and cheeks.

centric relation record: a registration of the relation-
ship of the maxilla to the mandible when the
mandible is in centric relation. The registration may
be obtained either intraorally or extraorally.

centric slide: obs the movement of the mandible while
in centric relation from the initial occlusal contact
into maximum intercuspation (GPT-4).

chronic pain: pain marked by long duration or fre-
quent recurrence.
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click: n (1611) a brief sharp sound; with reference to
the temporomandibular joint, any bright or sharp
sound emanating from the joint.

condylar axis: a hypothetical line through the man-
dibular condyles around which the mandible may
rotate.

condylar hinge position: obs the position of the con-
dyles of the mandible in the glenoid fossae at which
hinge axis movement is possible ( GPT-4).

crepitation: n a crackling or grating noise in a joint
during movement, likened to the throwing of fine
salt into a fire or rubbing hair between the fingers;
the noise made by rubbing together the ends of a
fracture bone.

deflection: n (1605) 1: a turning aside or off course. 2: a
continuing eccentric displacement of the mandibu-
lar midline incisal path symptomatic of restriction
in movement.

demineralization: n (ca. 1903) 1: loss of minerals (as
salts of calcium) from the body. 2: in dentistry, de-
calcification.

dental cast: a positive life-size reproduction of a part
or parts of the oral cavity.

deprogrammer: n various types of devices or materi-
als used to alter the proprioceptive mechanism dur-
ing mandibular closure.

deviation: n (15c) with respect to movement of the
mandible, a discursive movement that ends in the
centered position and is indicative of interference
during movement.

disk derangement: an abnormal relationship of the ar-
ticular disk to the condyle, fossa, and/or eminence.

diagnostic cast: a life-size reproduction of a part or
parts of the oral cavity and/or facial structures for
the purpose of study and treatment planning.

erosion: n (1541) 1: an eating away; a type of ulcera-
tion. 2: in dentistry, the progressive loss of tooth
substance by chemical processes that do not involve
bacterial action-producing defects that are sharply
defined, wedge-shaped depressions often in facial
and cervical areas.

etiologic factors: the elements or influences that can be
defined as the cause or reason for a disease or lesion.

facet: n (1625) a small, planar surface on any hard
body. Usage: the French spelling of facet, facette, has
continued to confuse the profession regarding pro-
nunciation.

fixed prosthodontics: the branch of prosthodontics
concerned with the replacement and/or restoration
of teeth by artificial substitutes that are not readily
removed from the mouth.

forces of mastication: obs the motive force created by
the dynamic action of the muscles during the phys-
iologic act of mastication ( GPT-4).

fremitus: n (1879) a vibration perceptible on palpation;
in dentistry, a vibration palpable when the teeth
come into contact.

high lip line: the greatest height to which the inferior
border of the upper lip is capable of being raised by
muscle function.

horizontal overlap: the projection of teeth beyond
their antagonists in the horizontal plane.

i ncisal guidance: 1: the influence of the contacting sur-
faces of the mandibular and maxillary anterior teeth
on mandibular movements. 2: the influence of the
contacting surfaces of the guide pin and guide table
on articulator movements.

i nfraocclusion: n malocclusion in which the occluding
surfaces of teeth are below the normal plane of oc-
clusion.

i nitial occlusal contact: the first or initial contact of op-
posing teeth.

interocclusal distance: the distance between the oc-
cluding surfaces of the maxillary and mandibu-
lar teeth when the mandible is in a specified
position.

l abioversion: n labial position of a tooth beyond nor-
mal arch form.

l eaf gauge: a set of blades or leaves of increasing
thickness used to measure the distance between
two points or to provide metered separation.

l ocal etiologic factors: the environmental influences
that may be implicated in the causation, modifica-
tion, and/or perpetuation of a disease entity.

l ow lip line: 1: the lowest position of the inferior bor-
der of the upper lip when it is at rest. 2: the lowest
position of the superior border of the lower lip dur-
ing smiling or voluntary retraction.

mandibular hinge position: obs the position of the man-
dible in relation to the maxilla at which opening
and closing movements can be made on the hinge
axis (GPT-4).

mandibular trismus: reduced mobility of the mandible
resulting from tonic contracture of the masticatory
muscles.

masticatory force: the force applied by the muscles of
mastication during chewing.

muscle spasm: a sudden involuntary contraction of a
muscle or group of muscles attended by pain and
interference with function. It differs from muscle
splinting in that the contraction is sustained even
when the muscle is at rest and the pain/ dysfunction
is present with passive and active movements of the
affected part-also called myospasm.

muscle splinting: (slang) involuntary contraction (rigid-
ity) of muscles occurring as a means of avoiding the
pain caused by movement of the part (resistance
to passive stretch). The involved muscle(s) relaxes
at rest.

musculoskeletal pain: deep, somatic pain that origi-
nates in skeletal muscles, facial sheaths, and ten-
dons (myogenous pain); bone and periosteum (os-
seous pain); joint, joint capsules, and ligaments
(arthralgic pain); and in soft connective tissues.



Section 1 Planning and Preparation

myofascial trigger point: a hyperirritable spot, usually
within a skeletal muscle or in the muscle fascia, that
is painful on compression and can give rise to char-
acteristic referred pain, tenderness (secondary hy-
peralgesia), and autonomic phenomena.

NMR: acronym for Nuclear Magnetic Resonance; a ra-
diologic procedure that provides images in any plane
without radiation or any biologic after-effect by pick-
ing up signals from resonating hydrogen nuclei.

nonworking side interference: undesirable contacts of
the opposing occlusal surfaces on the nonworking
side.

occlude: vb occluded; occluding: vt (1597) 1: to bring to-
gether; to shut. 2: to bring or close the mandibular
teeth into contact with the maxillary teeth.

occlusal force: the result of muscular force applied on
opposing teeth; the force created by the dynamic ac-
tion of the muscles during the physiologic act of
mastication; the result of muscular activity applied
to opposing teeth.

overhang: n (1864) excess restorative material project-
ing beyond a cavity or preparation margin.

palpate: vt palpated; palpating: (1849) to examine by
touch.

panoramic radiograph: a radiograph produced by a
panoramic machine-also called orthopantograph.

percussion: n (1544) 1: the act of striking a part with
sharp blows to help diagnose the condition of the
underlying parts by means of the sound obtained.
2: in dentistry, striking a part with short, sharp
blows as a diagnostic aid in evaluation of a tooth or
dental implant by the sound obtained.

periapical: adj relating to tissues surrounding the apex
of a tooth, including the alveolar bone and peri-
odontal ligament.

periradicular: adj around or surrounding a tooth root.
PFM: acronym for Porcelain Fused to Metal.
physical elasticity of muscle: obs the physical quality of

being elastic; (i.e., yielding to active or passive
physical stretch) (GPT-4).

preoperative records: obs any record(s) made for the
purpose of study or treatment planning ( GPT-4).

pretreatment records: any records made for the pur-
pose of diagnosis, recording of the patient history,
or treatment planning before therapy.

prosthetic restoration: obs an artificial replacement for
an absent part of the human body ( GPT-4).

pulpitis: n inflammation of the dental pulp.
radiograph: n (1880) an image produced on any sensi-

tive surface by means of electromagnetic radiation
other than light; an x-ray photograph.

radiolucent: permitting the passage of radiant energy
with relatively little attenuation by absorption.

radiopaque: (1917) a structure that strongly inhibits
the passage of radiant energy

range of motion: the range, measured in degrees of a
circle, through which a joint can be extended or
flexed. The range of the opening, lateral, and pro-
trusive excursions of the temporomandibular joint.

reciprocal click: a pair of clicks emanating from the
temporomandibular joint, one of which occurs dur-
ing opening movements and the other during clos-
ing movements.

1 record: vb (14c) 1: to register data relating to specific
conditions that exist currently or previously 2: to
register permanently by mechanical means (i.e., jaw
relationships)

2 record: n (14c) 1: an official document. 2: a body of
known or recorded facts about someone or some-
thing.

reduced interarch distance: an occluding vertical di-
mension that results in an excessive interocclusal
distance when the mandible is in rest position and
in a reduced interridge distance when the teeth are
in contact-also called overclosure.

retruded contact position: that guided occlusal relation-
ship occurring at the most retruded position of the
condyles in the joint cavities. A position that may be
more retruded than the centric relation position.

reverse articulation: an occlusal relationship in which
the mandibular teeth are located facial to the oppos-
ing maxillary teeth; the maxillary buccal cusps are po-
sitioned in the central fossae of the mandibular teeth.

root fracture: a microscopic or macroscopic cleavage
of the root in any direction.

tinnitus: n (1843) a noise in the ears, often described as
ringing or roaring.

tomograph: n a radiograph produced from a machine
that has the source of radiation moving in one direc-
tion and the film moving in the opposite direction.

tomography: n a general term for a technique that pro-
vides a distinct image of any selected plane through
the body, while the images of structures that lie
above and below that plane are blurred. The term
body-section radiography has been applied to the pro-
cedure, although the several methods to accomplish
it have been given distinguishing names.

torus: n; pl tori: (1563) a smooth, rounded anatomical
protuberance.

trigger point: a focus of hyperirritability in tissue,
which, when palpated, is locally tender and leads to
heterotopic pain.

unstrained jaw relation: obs 1: the relation of the
mandible to the skull when a state of balanced toms
exists among all the muscles involved 2: any jaw re-
lation that is attained without undue or unnatural
force and that causes no undue distortion of the tis-
sues of the temporomandibular joints (GPT-4).

xerostomia: n dryness of the mouth from lack of nor-
mal secretions.
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anterior guide table
arbitrary facebow
arcon
articulator
articulator controls
centric relation (CR)
centric relation record
diagnostic impressions

Accurate diagnostic casts (Fig. 2-1) transferred to a
semiadjustable articulator are essential in planning
fixed prosthodontic treatment. This permits static
and dynamic relationships of the teeth to be exam-
ined without interference from protective neuro-
muscular reflexes, and unencumbered views from
all directions reveal aspects of the occlusion not al-
ways easily detectable intraorally (e.g., the relation-
ship of the lingual cusps in the occluded position). If
the maxillary cast has been transferred with a face-
bow, a centric relation (CR) interocclusal record has
been used for articulation of the mandibular cast,
and the condylar elements have been appropriately
set (such as with protrusive and/or excursive inte-
rocclusal records), reproducing the patient's move-
ments with reasonable accuracy is possible. If the
casts have been articulated in CR, assessing both the
CR and the MI position is possible, because any slide
can then be reproduced. Other critical information
not immediately apparent during the clinical exami-
nation includes the occlusocervical dimension of
edentulous spaces. On an articulator, these are read-
ily assessed in the occluded position and throughout
the entire range of mandibular movement. Relative
alignment and angulation of proposed abutment
teeth are easier to evaluate on casts than intraorally,
as are many other subtle changes in individual tooth
position. Articulated diagnostic casts permit a de-
tailed analysis of the occlusal plane and the occlu-
sion, and diagnostic procedures can be performed
for a better diagnosis and treatment plan; tooth

diagnostic waxing
hinge axis
i rreversible hydrocolloid
kinematic facebow
nonarcon
pantograph
programming device
third reference point

preparations can be "rehearsed" on the casts, and di-
agnostic waxing procedures allow evaluation of the
eventual outcome of proposed treatment.

IMPRESSION MAKING FOR
DI AGNOSTIC CASTS

Accurate impressions of both dental arches are re-
quired. Flaws in the impressions will result in inac-
curacies in the casts that easily compound. For in-
stance, a small void in the impression caused by
trapping an air bubble on one of the occlusal sur-
faces will result in a nodule on the occlusal table. If
it is not recognized and carefully removed, it will
lead to an inaccurate articulator mounting, and the
diagnostic data will be incorrect.

As long as the impression extends several mil-
limeters beyond the cervical line of the teeth, the
borders of diagnostic impressions are usually not of
great concern for fixed prosthodontic purposes, un-
less a removable prosthesis also is to be fabricated.
Properly manipulated irreversible hydrocolloid (al-
ginate) is sufficiently accurate and offers adequate
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Section 1 Planning and Preparation

surface detail for planning purposes. However, the
material does not reproduce sufficient surface detail
for suitable working casts and dies on which actual
fixed prostheses are fabricated (see Chapter 17).

I RREVERSIBLE HYDROCOLLOID

The irreversible hydrocolloids, or alginates, are es-
sentially sodium or potassium salts of alginic acid
and are therefore water soluble. They react chemi-
cally with calcium sulfate to produce insoluble cal-
cium alginate. These materials contain other ingre-
dients, chiefly diatomaceous earth (for strength and
body), trisodium phosphate (Na3PO4), and similar
compounds to control the setting rate as they react
preferentially with calcium sulfate. When this reac-
tion is complete and the retarder is consumed, gel
formation begins. The clinician can control the reac-
tion rate by varying the temperature of the mixing
water. Because set irreversible hydrocolloid is
largely water, it will readily absorb (by imbibition)
as well as give off (by syneresis) liquid to the at-
mosphere, causing distortion of the impression.
Alginate impressions must therefore be poured
immediately.

DIAGNOSTIC IMPRESSION TECHNIQUE

Armamentarium
Impression trays
Modeling compound
Mixing bowl
Mixing spatula
Gauze squares
Irreversible hydrocolloid
ADA Type 1V or V stone
Vacuum mixer
Humidor
Disinfectant

Distortion of irreversible hydrocolloid can occur
if any part of the impression is unsupported by the
tray or if there is movement of the tray during set-
ting. For these reasons, the tray may need to be ex-
tended and its perimeter modified with modeling
compound (Fig. 2-2).

Impression Making
For optimum results the teeth should be cleaned and
the mouth thoroughly rinsed. Some drying is neces-
sary, but excessively dried tooth surfaces will cause
the irreversible hydrocolloid impression material to
adhere. The material is mixed to a homogeneous
consistency, loaded into the tray, and its surface
smoothed with a moistened, gloved finger.' Concur-
rently, a small amount of material is wiped into the
crevices of the occlusal surfaces (Fig. 2-3, A, B) before
the tray is seated (Fig. 2-3, C). Also, a small amount
can be applied by wiping it into the mucobuccal
fold. As the tray is inserted into the patient's mouth
and seated, the patient is reminded to relax the
cheek muscles. If a patient continues to stretch wide
open while the tray is being fully seated, impression
material is often squeezed out of the mucobuccal
fold or from underneath the upper lip.

A loss of tackiness of the material (gelation) im-
plies initial set. The tray should be removed quickly
2 to 3 minutes after gelation. Teasing or wiggling the
set impression from the mouth causes excessive dis-
tortion due to viscous flow. Also, certain irreversible
hydrocolloid materials distort if held in the mouth
more than 2 or 3 minutes after gelation.3 Following
removal, the impression should be rinsed and disin-
fected, dried slightly with a gentle air stream, and
poured immediately. For disinfection, spraying with

Tray Selection
All impression materials require retention in the im-
pression tray. This can be provided for irreversible hy-
drocolloid by using an adhesive or by making perfo-
rations or undercuts around the rim of the tray. All
types of trays are capable of producing impressions
with clinically acceptable accuracy.' For irreversible
hydrocolloids, the largest tray that will fit comfort-
ably in the patient's mouth should be selected. A
greater bulk of material will produce a more accurate
impression (i.e., a bulky impression has a more favor-
able surface area/volume ratio and is less susceptible
to water loss or gain and therefore unwanted dimen-
sional change). In contrast, elastomeric impression
materials work well with a relatively tightly fitting
custom impression tray in which a relatively uniform
thin layer of material is used. This produces the most
accurate impression (see Chapter 14).

Fig. 2-2.

	

Stock impression trays can be readily modified
with modeling compound to provide better support for the
alginate. Typically the posterior border needs extension. If
the patient has a high palate, the alginate should be sup-
ported here too, although it should not block out the reten-
tive area of the tray.
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a suitable glutaraldehyde and placement in a self-
sealing plastic bag for approximately 10 minutes is
recommended, after which it can be poured. Alter-
natively, the impression can be immersed in
iodophor or glutaraldehyde disinfectant. The disin-
fection protocol is an essential precaution for pre-
venting cross-infection and protecting laboratory
personnel (see Chapter 14). It should be noted that
irreversible hydrocolloid impressions carry signifi-
cantly higher numbers of bacteria than elastomeric
materials.' There is no significant loss of accuracy or

Fig. 2-3.

	

A to C, Making an alginate impression for diag-
nostic casts.

surface detail due to the disinfection procedure. 5,6 To
ensure accuracy, pouring should be completed
within 15 minutes of the time the impression is re-
moved from the mouth. Keeping an impression in a
moist towel is no substitute for pouring within the
specified time. Trimming off gross excess impression
material before setting the tray down on the bench
top is helpful. A vacuum-mixed ADA Type IV or
Type V stone is recommended. The choice of the
brand of stone is important because of the harmful
surface interactions between specific irreversible hy-
drocolloid materials and gypsum products.'

After mixing, a small amount of stone is added in
one location (e.g., the posterior aspect of one of the
molars). Adding small amounts consistently in the
same location will minimize bubble formation (see
the section on pouring stone dies in Chapter 17). If air
is trapped, bubbles can be eliminated by poking at
them with a small instrument (e.g., a periodontal
probe or a wax spatula). While setting, the poured
impressions must be stored tray side down, not in-
verted. Inverting freshly poured impressions results
in a cast with a rough and grainy surface.' Stone is
added to create a sufficient base that provides ade-
quate retention for mounting on the articulator. To
achieve maximum strength and surface detail, the
poured impression should be covered with wet paper
and stored in a humidor for 1 hour. This minimizes
distortion of the irreversible hydrocolloid during the
setting period. The setting gypsum cast should never
be immersed in water. If this is done, setting expan-
sion of plaster, stone, or die stone will double or even
triple through the phenomenon of hygroscopic ex-
pansion (see Chapter 22). For best results, the cast
should be separated 1 hour after pouring.

Evaluation
Although it is apparently a simple procedure, diag-
nostic cast fabrication is often mishandled. Seem-
ingly minor inaccuracies can lead to serious diag-
nostic errors. Questionable impressions and casts
should be discarded and the process repeated (Fig.
2-4). Voids in the impression create nodules on the
poured cast. These can prevent proper articulation
and effectively render useless a subsequent occlusal
analysis or other diagnostic procedure.

Articulator Selection
Handheld casts can provide information concerning
alignment of the individual arches but do not
permit analysis of functional relationships. For an
analysis, the diagnostic casts need to be attached to
an articulator, a mechanical device that simulates
mandibular movement. Articulators can simulate
the movement of the condyles in their corresponding
fossae. They are classified according to how closely
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Fig. 2-5.

	

A small nonadjustable articulator.

Fig. 2-4.

	

Diagnostic casts must be accurate if they are to
articulate properly. A, Occlusal nodules may make proper
occlusal analysis impossible. B, Proper technique will en-
sure a satisfactory cast.

they can reproduce mandibular border movements.
Because the movements are governed by the bones
and ligaments of the TMJs, they are relatively con-
stant and reproducible. Most articulators use me-
chanically adjustable posterior controls to simulate
these movements, although some use plastic pre-
milled or customized fossa analogs. If an articulator
closely reproduces the actual border movements of
a given patient, this will significantly reduce chair
time because the dental laboratory can then design
the prosthesis to be in functional harmony with the
patient's movements. In addition, less time will be
needed for adjustments at delivery.

On some instruments, the upper and lower mem-
bers are permanently attached to each other, while on
others they can be readily separated. The latter group
may have a latch or clamplike feature that locks the
two components together in the hinge position. In-
strument selection depends on the type and complex-
ity of treatment needs, the demands for procedural
accuracy, and general expediency. For instance, when
waxing a fixed partial denture, it is advantageous to
be able to separate the instrument into two more eas-
ily handled parts. Use of the proper instrument for a
given procedure can translate into significant time-
saving during subsequent stages of treatment.

SMALL NONADJUSTABLE ARTICULATORS

Many cast restorations are made on small nonad-
justable articulators (Fig. 2-5). Their use often leads

to restorations with occlusal discrepancies, because
these instruments do not have the capacity to repro-
duce the full range of mandibular movement. Some
discrepancies can be corrected intraorally, but this is
often time consuming and frustrating, leading to in-
creased inaccuracy. If discrepancies are left uncor-
rected, occlusal interferences and associated neuro-
muscular disorders may result.

Of practical significance are differences between
the hinge closure of a small articulator and that of
the patient. The distance between the hinge and the
tooth to be restored is significantly less on most non-
adjustable articulators than in the patient. This can
lead to restorations with premature tooth contacts
because cusp position is affected. This type of arcing
motion on the nonadjustable articulator results in
steeper travel than occurs clinically, resulting in pre-
mature contacts subsequently on fabricated restora-
tions between the distal mandibular inclines and the
mesial maxillary inclines of posterior teeth (Fig. 2-6).

Depending on the specific design of the articula-
tor, ridge and groove direction may be affected in ac-
cordance with the same principle. This is important
to note, because resulting prematurities are likely on
the nonworking side (see Chapters 1 and 4).

SEMIADJUSTABLE ARTICULATORS

For most routine fixed prostheses, the use of a semi-
adjustable articulator (Fig. 2-7) is a practical ap-
proach to providing the necessary diagnostic infor-
mation while minimizing the need for clinical
adjustment during treatment. Semiadjustable in-
struments do not require an inordinate amount of
time or expertise. They are about the same size as
the anatomic structures they represent. Therefore,
the articulated casts can be positioned with suffi-
cient accuracy so that arcing errors will be minimal
and usually of minimal clinical significance (i.e.,
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Fig. 2-6.

	

Discrepancies in the path of closure when using a
small nonadjustable articulator can lead to restorations with
premature occlusal contacts. A, Path of closure of an anatomi-
cally accurate articulator. B, The small nonadjustable instru-
ment has a smaller radius closure path, which results in pre-
mature contact at the clinical try-in between the premolars
during hinge closure.

Fig. 2-7.

	

Semiadjustable arcon articulators. A, The Denar Mark 11. B, The Whip Mix model 2240.
(A Courtesy Dmar Corporation.)

minimal time should be required for chairside ad-
justments of fabricated prostheses).

There are two basic designs of the semiadjustable
articulator: the arcon (for articulator and condyle)
(Fig. 2-8, A, C) and the nonarcon (Fig. 2-8, B, D).
Nonarcon instruments gained considerable popular-

ity in complete denture prosthodontics because the
upper and lower members are rigidly attached, per-
mitting easier control when positioning artificial
teeth. As a consequence of their design, however,
certain inaccuracies occur in cast restorations, which
led to the development of the arcon-type instrument.
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Fig. 2-8.

	

A and C show an arcon; B and D show a nonarcon articulator. An advantage of the arcon
design is that the condylar inclination of the mechanical fossae is at a fixed angle to the maxillary oc-
clusal plane. With the nonarcon design, the angle changes as the articulator is opened, which can lead to
errors when a protrusive record is being used to program the articulator.
(Redrawn from Shillingburg HT et al: Fundamentals of fixed prosthodontics, ed 2, Chicago, 1981, Quintessence
Publishing.)

In an arcon articulator, the condylar spheres are
attached to the lower component of the articulator,
and the mechanical fossae are attached to the upper
member of the instrument. Thus, the arcon articu-
lator is anatomically "correct," which makes under-
standing of mandibular movements easier, as
opposed to the nonarcon articulator (whose move-
ments are confusingly "backward"). The angulation
of the mechanical fossae of an arcon instrument is
fixed relative to the occlusal plane of the maxillary
cast; in the nonarcon design, it is fixed relative to the
occlusal plane of the mandibular cast.

Most semiadjustable articulators permit adjust-
ments to the condylar inclination and progressive
and/or immediate side shift. Some have straight
condylar inclined paths, although more recent
instruments have curved condylar housings, which
are more anatomically correct.

The mechanical fossae on semiadjustable articu-
lators can be adjusted to mimic the movements of
the patient through the use of interocclusal
records. These consist of several thicknesses of

wax or another suitable material in which the pa-
tient has closed. Because these records can be sev-
eral millimeters thick, an error is introduced when
setting nonarcon articulators with protrusive wax
records, because its condylar path is not fixed rela-
tive to the maxillary occlusal plane. As the protru-
sive record used to adjust the instrument is re-
moved from the arcon articulator, the maxillary
occlusal plane and the condylar inclination be-
come more parallel to each other, leading to re-
duced cuspal heights in subsequently fabricated
prostheses (see Table 4-3).

FULLY ADJUSTABLE ARTICULATORS

A fully (or highly) adjustable articulator (Fig. 2-9)
has a wide range of positions and can be set to fol-
low a patient's border movements. The accuracy of
reproduction of movement depends on the care and
skill of the operator, the errors inherent in the artic-
ulator and recording device, and any malalign-
ments due to slight flexing of the mandible and the
nonrigid nature of the TMJs.
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Fig. 2-9.

	

Fully adjustable articulators. A, The Stuart.
B, The Denar D5A.

Rather than relying on wax records to adjust the
instrument, special pantographic tracings are used to
record the patient's border movements in a series of
tracings. The armamentarium used to generate these
tracings is then transferred to the articulator, and the
instrument is adjusted so the articulator replicates
the tracings, essentially reproducing the border
movements of the patient. The ability of fully ad-
justable instruments to track irregular pathways of
movement throughout entire trajectories permits the
fabrication of complex prostheses, requiring minimal
adjustment at the try-in and delivery appointment.

Fully adjustable articulators are not often re-
quired in general practice. Using and adjusting
them can be time consuming and requires a high
level of skill and understanding from the dentist
and the technician. Once this skill has been ac-
quired, however, the detailed information they con-
vey can save considerable chairside time. They can
be very useful as treatment complexity increases
(e.g., when all four posterior quadrants are to be re-
stored simultaneously or when it is necessary to re-
store an entire dentition, especially in the presence
of atypical mandibular movement).

FACEBOWS

TRANSVERSE HORIZONTAL AXIS
The mandibular hinging movement around the
transverse horizontal axis is repeatable. That makes
this imaginary "hinge axis" around which the
mandible may rotate in the sagittal plane of consid-
erable importance when fabricating fixed prosthe-
ses. Facebows are used to record the anteroposterior
and mediolateral spatial position of the maxillary
occlusal surfaces relative to this transverse opening
and closing axis of the patient's mandible. The face-
bow is then attached to the articulator to transfer
the recorded relationship of the maxilla by ensuring
that the corresponding cast is attached in the correct
position relative to the hinge axis of the instrument.
After the maxillary cast has been attached to the ar-
ticulator with mounting stone or plaster, the
mandibular cast is subsequently related to the max-
illary cast through the use of an interocclusal record.
If the patient's casts are accurately transferred to an
instrument, considerable time is saved in the fabri-
cation and delivery of high-quality prostheses.

Most facebows are rigid, caliper-like devices that
permit some adjustments. Two types of facebows are
recognized: arbitrary and kinematic. Arbitrary face-
bows are less accurate than the kinematic type, but
they suffice for most routine dental procedures.
Kinematic facebows are indicated when it is critical
to precisely reproduce the exact opening and closing
movement of the patient on the articulator. For in-
stance, when a decision to alter the vertical dimen-
sion of occlusion is to be made in the dental labora-
tory during the fabrication of fixed prostheses, the
use of a kinematic facebow transfer in conjunction
with an accurate CR interocclusal record is indicated.

KINEMATIC HINGE AXIS FACEBOW
Hinge Axis Recording. The hinge axis of the

mandible can be determined to within 1 mm by ob-
serving the movement of kinematic facebow styli po-
sitioned immediately lateral to the TMJ close to the
skin. A clutch (Fig. 2-10, A), which is essentially a seg-
mented impression traylike device, is attached onto
the mandibular teeth with a suitable rigid material
such as impression plaster. The kinematic facebow
consists of three components: a transverse component
and two adjustable side arms. The transverse rod is at-
tached to the portion of the clutch that protrudes from
the patient's mouth. The side arms are then attached to
the transverse member and adjusted so that the styli
are as close to the joint area as possible. The mandible
is then manipulated to produce a terminal hinge
movement, and the stylus locations are adjusted with
thumbscrews (superiorly and inferiorly, anteriorly
and posteriorly) until they make a purely rotational



Fig. 2-10.

	

Kinematic hinge axis facebow. A, Mandibular
clutch. The clutch separates for removal into two components
by loosening the screws on left and right sides. B, Transferring
the position of the mandibular hinge axis. C, pointers aligned
with the previously marked hinge axis location. D, Kinematic
facebow aligned on the articulator.

Fig 2-11.

	

Hinge axis recording: Left and right styli are attached via a facebow to a clutch affixed to
the mandibular teeth. When the mandible makes a strictly rotational movement, the stylus will remain
stationary if aligned with the actual axis of rotation. If the stylus is positioned forward or backward,
above or below the actual axis, it will travel one of the arcs indicated by the arrows when the mandible
makes a rotational movement. Thus, the arc indicates in what direction an adjustment should be made
to the stylus position.
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movement (Fig. 2-11). Because the entire assembly is
rigidly attached to the mandible, a strictly rotational
movement signifies that stylus position coincides with
the hinge axis. When this purely rotational movement
is verified, the position of the hinge axis is marked
with a dot on the patient's skin, or it may be perma-
nently tattooed if future use is anticipated or required.

Kinematic Facebow Transfer. An impression of
the maxillary cusp tips is obtained in a suitable
recording medium on a facebow fork. The facebow
is attached to the protruding arm of the fork. The
side arms are adjusted until the styli are aligned with
the hinge axis marks on the patient's skin. The pa-
tient must be in the same position that was used
when the axis was marked to prevent skin move-
ment from introducing any inaccuracy. A pointer de-
vice is usually attached to the bow and adjusted to a
repeatable reference point selected by the clinician.
The reference point is used later for reproducibility.
The kinematic facebow recording is then transferred
to the articulator, and the maxillary cast is attached.

The kinematic facebow technique is time con-
suming, so it is generally limited to extensive
prosthodontics, particularly when a change in the
vertical dimension of occlusion is to be made. A less
precisely derived transfer would then lead to unac-
ceptable errors and a compromised result.

ARBITRARY HINGE AXIS FACEBOW

Arbitrary hinge axis facebows (Fig. 2-12) approximate
the horizontal transverse axis and rely on anatomic
average values. Manufacturers design these facebows
so the relationship to the true axis falls within an ac-
ceptable degree of error. Typically, an easily identifi-
able landmark such as the external acoustic meatus is
used to stabilize the bow, which is aligned with ear-
pieces similar to those on a stethoscope. Such face-
bows can be used single-handedly because they are
self-centering and do not require complicated assem-
bly. They give a sufficiently accurate relationship for

most diagnostic and restorative procedures. How-
ever, regardless of which arbitrary position is chosen,
a minimum error of 5 mm from the axis can be ex-
pected. When coupled with the use of a thick inte-
rocclusal record made at an increased vertical dimen-
sion, this factor can lead to considerable inaccuracy.

Anterior Reference Point (Fig. 2-13).

	

The use of
an anterior reference point enables the clinician to
duplicate the recorded position on the articulator at
future appointments. This saves time, because pre-
viously recorded articulator settings can be used
again. An anterior reference point, such as the inner
canthus of the eye or a freckle or mole on the skin,
is selected. After this has been marked, it is used,
along with the two points of the hinge axis, to define
the position of the maxillary cast in space. This has
the following advantages:

After the posterior controls have been adjusted
initially, subsequent casts can be mounted on
the articulator without repeating the facebow
determinations and having to reset the posterior
articulator controls.
Because the maxillary arch is properly posi-
tioned relative to the axis, average values for
posterior articulator controls can be used with-
out having to readjust the instrument on the ba-
sis of eccentric records.
When the articulator has been adjusted, the re-
sulting numerical values for the settings can be
compared with known average values to pro-
vide information about the patient's individual
variations and the likelihood of encountering
difficulties during restorative procedures.

Facebow Transfer
Armamentarium

•

	

Arbitrary-type hinge axis facebow
•

	

Modeling compound
•

	

Cotton rolls

A

Fig. 2-12.

	

A, The Denar Slidematic and, B, Whip
Mix Quick Mount arbitrary hinge axis facebows. Note
the nasion relator as the third reference point.
(A Courtesy Denar Corporation.)

B
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Fig. 2-13.

	

A, B, The Denar Slidematic facebow uses a mark 43 mm superior to the incisal edge of the
maxillary central incisor as an anterior reference point. Other systems use the infraorbital foramen or na-
sion. The mark serves as a reference to average anatomic values. It also allows subsequent casts to be
mounted without a repeat recording.

Step-by-step Procedure

1. Add modeling compound to the facebow
fork (Fig. 2-14, A).

2.

	

Temper in water and seat the fork, making in-
dentations of the maxillary cusp tips. The
facebow fork is positioned in the patient's
mouth, and an impression is made of the
maxillary cusp tips. The impression must be
deep enough to permit accurate reposition-
ing of the maxillary cast after the facebow
fork has been removed from the mouth. Only
the cusp tips should be recorded. It is not
necessary to get an impression of every cusp,
or even an entire cusp-just one that is suffi-
cient to position the diagnostic cast accu-
rately. If the impression is too deep, accurate
repositioning of the cast can become prob-
lematic because the diagnostic casts are not
absolutely accurate reproductions of the
teeth. In general, the tips are reproduced
more accurately than the fossae.

3.

	

Remove the fork from the mouth. Chill and
reseat the fork, and check that no distortion
has occurred (Fig. 2-14, B). The inclusion of
details of pits and fissures in the recording
medium will lead to inaccuracies when try-
ing to seat the stone cast. Trim the recording
medium as necessary before reseating. After
reseating, check for stability.

4.

	

Have the patient stabilize the facebow fork by
biting on cotton rolls. As an alternative, wax
can be added to the mandibular incisor region
of the fork. The mandibular anterior teeth will
stabilize the fork as they engage the wax.

5.

	

Slide the universal joint onto the fork and po-
sition the caliper to align with the anterior
reference mark (Fig. 2-14, C).

6.

	

Tighten the screws securely in the correct se-
quence (Fig. 2-14, D).

7. If the articulator has an adjustable intercon-
dylar width, record this measurement (Fig.
2-14, E). Remove the facebow from the mouth.

The technique is slightly different with other ar-
bitrary facebows (Fig. 2-14, F to K).

Centric Relation Record. A centric relation
record (Fig. 2-15) provides the orientation of
mandibular to maxillary teeth in CR in the terminal
hinge position, where opening and closing are
purely rotational movements. Centric relation is de-
fined as the maxillomandibular relationship in
which the condyles articulate with the thinnest
avascular portion of their respective disks with the
condyle-disk complex in the anterior-superior posi-
tion against the articuaar eminences. This position is
independent of tooth contact.

Maximum intercuspation may or may not occur
coincident with the centric relation position. The
centric relation record is transferred to the maxillary
cast on the articulator and is used to relate the
mandibular cast to the maxillary cast. Once the
mandibular cast is attached to the articulator with
mounting stone, the record is removed. The casts
will then occlude in precisely the CR position as
long as the maxillary cast is correctly related to the
hinge axis with a facebow (see Fig. 2-14). When the
articulator controls are set properly, using appro-
priate excursive records, translated mandibular
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Fig. 2-14.

	

Facebow technique: A to E,
Denar Slidematic Facebow Technique. A,
Indentations obtained in compound. B,
Bitefork positioned. C, Facebow attached to
bitefork, toggles tightened. D, Transfer
complete. E, Width measurement is read
from the top of the facebow. F to K, Whip
Mix Quick Mount Facebow Technique. F,
Armamentarium. G, Note that wax has
been added to the mandibular incisor por-
tion of the bitefork. Softening the wax. H,
Adapting the bitefork to the maxillary
teeth. I, Thinning the posterior aspect of
the wax further facilitates stabilization of
the fork. J, Nasion relator being positioned.
K, Knobs and toggles are tightened.
(F, H to K, Courtesy Whip Mix Corporation.)
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Fig. 2-15.

	

A CR record transfers the tooth relationships
at CR from the patient to the articulator.

positions can be reproduced from CR. A CR/MI
slide will be readily reproducible on casts that have
been articulated in CR. Thus, premature tooth con-
tacts (deflective contacts) can be observed, and it
can be determined whether an occlusal correction is
necessary or appropriate before fixed prosthodontic
treatment. Casts articulated in the maximum inter-
cuspation (MI) position do not permit the evalua-
tion of CR and retruded contact relationships.
Therefore, the articulation of diagnostic casts in CR
is of greater diagnostic value.

When using a kinematic facebow, in theory, the
thickness of a terminal hinge record is unimportant;
a thicker record merely increases the amount of
rotation. When using an arbitrary facebow, any arc-
ing movement will result in some degree of inaccu-
racy. Both techniques are subject to small errors,
which can be minimized by keeping the record
thin. However, it is essential that the teeth not
perforate the record. Any tooth contact during
record fabrication can cause mandibular translation
due to neuromuscular protective reflexes governed

Fig. 2-16.

	

Incorrect CR recording. A, If the mandible is
forced backward (F), the condyles will not be in their most
superior position but will be moved backward and down-
ward (arrow). B, Any restorations made on casts related
with this CR record will be in supraclusion when tried in
the mouth. C, Note the relationship of the anterior teeth.

by mechanoreceptors in the periodontium, render-
ing the resulting articulation useless.

Jaw Manipulation. Accurately mounted casts
depend on precise manipulation of the patient's
mandible by the dentist. The condyles should re-
main in the same place throughout the opening-clos-
ing arc. Trying to force the mandible backward will
lead to downward translation of the condyles, and
restorations made to such a mandibular position
will be in supraclusion at the try-in stage (Fig. 2-16).

The load-bearing surfaces of the condylar pro-
cesses, which face anteriorly, should be manipulated
into apposition with the mandibular fossae of the tem-
poral bones, with the disk properly interposed. The
ease with which this can be accomplished depends on
the degree of the patient's neuromuscular relaxation
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Fig. 2-17.

	

Manipulating a patient's mandible into cen-
tric relation. Note the position of the examiner's thumbs
and fingers on the mandibular border. The bimanual (A)
and the single-handed technique (B).

and on sound technique. The latter, in turn, depends
on the patient permitting the dentist to control the
mandible. Attempts to force or shake the mandible
will lead to a protective muscle response by the patient.

The bimanual manipulation technique described
by Dawson12 is recommended as a reproducible tech-
nique ' 3 that can be reliably learned . 14 In this tech-
nique, the dental chair is reclined and the patient's
head is cradled by the examiner. With both thumbs
on the chin and the fingers resting firmly on the infe-
rior border of the mandible (Fig. 2-17, A), the exam-
iner exerts gentle downward pressure on the thumbs
and upward pressure on the fingers, manipulating
the condyle-disk assemblies into their fully seated
positions in the mandibular fossae. Next, the
mandible is carefully hinged along the arc of terminal
hinge closure. Note: It is more difficult to ensure that
the condyles will be properly located when the sin-
gle-handed approach (Fig 2-17, B) is used with the
fingers exerting upward pressure, although this tech-
nique does allow the other hand to hold the record.

Anterior Programming Device (Fig. 2-18). In
some patients in whom CR does not coincide with IP,

Fig. 2-18.

	

An anterior programming device is used to
facilitate centric relation recording. A, Autopolymerizing
resin is adapted to the maxillary central incisors. The pa-
tient is guided into closure and stopped when the poste-
rior teeth are about 1 mm apart. The indentations are
used as a guide during trimming of the device (B). The
completed device (C) should allow the patient to make
smooth lateral and protrusive movements. An inclined
contact area must be avoided, because it will tend to
retrude the mandible excessively. D, Cross section
through device.
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protective reflexes may be encountered. Because of
well-established protective reflexes that are rein-
forced every time the teeth come together, such pa-
tients will not allow their mandible to be manipu-
lated and hinged easily. If tooth contact can be
prevented, they will "forget" these reflexes, and
manipulation becomes easier. The teeth can be kept
apart with cotton rolls, a plastic leaf gauge, or a small
anterior programming device made of autopolymer-
izing acrylic resin (also known as a Lucia jig)."

If the mandible cannot be manipulated satisfacto-
rily after an anterior programming device has been
in place for 30 minutes, marked neuromuscular
dysfunction is likely. Normally this is relieved by
providing an occlusal device (whose fabrication and
adjustment are described in Chapter 4).

Centric Relation Recording Technique.

	

Differ-
ent techniques can be used to make a CR record. The
choice of recording medium is to some degree a
function of the casts to be articulated. For instance,
very accurate casts made from elastomeric impres-
sion materials can be articulated with a high-accu-
racy interocclusal record material such as polyvinyl
siloxane. On the other hand, less accurate diagnostic
casts poured from irreversible hydrocolloid are bet-
ter articulated using a more "forgiving" material
such as interocclusal wax, provided that the record is
properly reinforced. Most studies have shown con-
siderable variability among various registration ma-
terials and techniques, 16 so particular care is needed
with this procedure.

Reinforced Aluwax Record. The reinforced
Aluwax record is a "forgiving" method for record-
ing the CR position. It is a reliable technique, origi-
nally described by Wirth" and Wirth and Aplin,18
and has provided consistent results. 19,20

Armamentarium (Fig. 2-19, A)
Heat-retaining wax sheet (i.e., Aluwax)*
Soft metal sheet (Ash's metal)*
Sticky wax
Scissors
Ice water

Step-by-step Procedure
1.

	

Soften half a sheet of occlusal wax in warm wa-
ter and adapt it to the maxillary cusp tips. Al-
low the patient to close lightly and make cus
pal indentations of the mandibular teeth (Fig.
2-19, B). These indentations form no part of the
record, but they thin the wax slightly and indi-

*See Appendix A.

cate the approximate positions of the man-
dibular teeth for later reference.

2.

	

Add baseplate wax to the mandibular ante-
rior region of the record and seal along the
periphery (Fig. 2-19, C, D).

3.

	

Readapt the record to the maxillary teeth, re-
softening if necessary. Guide the patient into
centric closure, making shallow indentations
in the baseplate wax. Verify that no posterior
tooth contact occurs. If it does, add an addi-
tional layer of baseplate wax (Fig. 2-19, E, F).

4.

	

Remove the record carefully and verify that
no distortion has occurred. Then chill it thor-
oughly in ice water.

5.

	

Reseat the record on the maxillary teeth and
evaluate it for stability. If the maxillary cast is
available, evaluate the fit on this as well.

6. Add heat-retaining wax in the mandibular
incisor region only (Fig. 2-19, G) and manip-
ulate the mandible as previously described.
Having the patient in a supine position for
this manipulation allows better control.

7.

	

Make indentations of the mandibular incisor
tips in the wax, repeating several times to en-
sure reproducibility. Remove the wax record
and rechill it in ice water until the anterior in-
dentations are hard (Fig. 2-19, H, I).

8.

	

Add a small amount of heat-retaining wax in
the mandibular posterior region and reseat
the record (Fig. 2-19, J, K). Then guide the
mandibular teeth into the anterior indenta-
tions and have the patient close lightly. The
baseplate wax will prevent excessive closure.
Excessive force may distort the record or flex
the mandible. The elevator muscles of the
mandible will ensure that the most superior
position of the condylar processes is recorded.

9.

	

Remove the record and chill it (Fig. 2-19, L). If
there is difficulty in obtaining an undistorted
record, the palatal area can be reinforced with
the soft metal sheet (Fig. 2-19, D). Be sure that
it is kept away from the indentations. Also re-
member that when new wax is added, the
record should be dried; otherwise, the wax
will not adhere and may become detached.

The advantage of this sequential technique is that
the CR position is reproduced multiple times as the
record is generated. The heat-retaining Aluwax is
soft and distorts easily. Therefore, if the patient is not
guided into exactly the same position, this problem
will become readily apparent. Once the completed
record has been obtained with adequate but fairly
shallow indentations for all cusps, the same arcing
motion has been reproduced four times, confirming
that the CR position has been accurately captured.
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Fig. 2-19.

	

CR recording technique. The reproducibility of the CR position is verified because CR has
to be reproduced several times while the record is made. A, Armamentarium. B, A sheet of soft Aluwax
is adapted to the maxillary arch. C, A piece of hard pink wax is added to the lower anterior portion of
the wafer. D, Some Ash's Metal #7 is folded around the posterior border and luted to the wafer with
sticky wax to increase rigidity. E, Note that the maxillary indentations capture only the cusp tips. F, The
reinforced sheet is repositioned and the mandible is guided into CR until the pink wax provides a stop
for vertical closure. G, Some Aluwax is added to the lower incisor indentations. H, The record is reposi-
tioned and the CR closure repeated. I, The incisor indentations are reproduced in the Aluwax. J, After
additional wax is added to the area of the first molars, hinge closure is repeated. The molar indentations
are clearly visible. The incisor indentations should have been reproduced. Any "double" indentation in-
dicates inaccuracy. K, The CR closure is repeated one more time after additional Aluwax is added to the
premolar regions. L, The completed CR record.
(Courtesy Dr. J. N. Nelson.)
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Anterior Programming Device with Elasto-
meric or ZOE Record

Armamentarium
Self-curing resin
Petroleum jelly
Elastomeric material
Syringe
Scalpel blade

Step-by-step Procedure
1. Fabricate an anterior programming device

from self-curing resin. The resin should be
mixed to the consistency of putty and, after lu
brication of the central incisors with petro-
leum jelly, adapted to the teeth. The lingual as-
pect of the anterior programming device
should follow the lingual contours of the teeth.
After trimming, it should result in separation
of the posterior teeth (see Fig. 2-18, D). When
the patient closes on the anterior program-
ming device, no translation should occur.

2.

	

Verify that no posterior contact remains and
that the only occlusal contact is on the ante-
rior programming device. The device should
be stable and remain in position. If necessary,
some petroleum jelly can be applied to its in-
ternal surface.

3.

	

Rehearse the closing of the mandible with the
patient until a reproducible CR position is
obtained.

4.

	

Verify that the syringe tip is large enough to
permit free flow of the elastomeric material.
Enlarge the opening of the syringe tip if nec-
essary by trimming it with a scalpel blade.

5. Dispense and mix the elastomeric material
according to the manufacturer's instructions
(Fig. 2-20, A). (The Automix materials are
convenient.)

6. Blow the occlusal surfaces of the teeth dry,
and syringe the material onto the occlusal of
the mandibular arch (Fig. 2-20, B).

7.

	

Guide the patient's mandible into hinge move-
ment until the mandible comes to rest on the
anterior programming device. Maintain this
position until the material has set (Fig. 2-20, C).

8.

	

Remove the record from the mouth and trim
with the scalpel blade following the buccal
cusps (Fig. 2-20, D).

9. Verify that the mandibular and maxillary
casts seat fully in the record.

As an alternative to the use of elastomeric mater-
ial, a gauze mesh with zinc oxide-eugenol occlusal
registration paste can be used (Fig. 2-21). The step-
by-step procedure follows the one described for the
elastomeric technique. However, rather than syring-
ing the material onto the mandibular arch, the prac-
titioner should coat the interocclusal cloth forms
outside the mouth and interpose them, after which
the patient can be guided into CR. Care must be
taken, however, to position the frame that holds the
cloth form so it does not interfere with the closure
movement.

Other alternatives include using impression plaster
or autopolymerizing resin as the recording medium.
In all these techniques, accuracy depends on complete
seating of the casts into the recording medium. Seating
is often prevented by better detail reproduction in the
record than in the casts, especially around the fossa.

Fig. 2-20.

	

A, Elastomeric material for CR recording. B, Mandibular quadrants coated. C, The patient
remains occluded until the material has set. D, The completed record must be evaluated after trimming.
(A Courtesy Sullivan-Sehein Dental.)
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This additional detail needs to be carefully trimmed
until the cast is completely seated in the record.

Recording Jaw Relationships in Partially Eden-
tulous Dentitions (Fig. 2-22). When there are insuf-
ficient teeth to provide bilateral stability, obtaining a
CR record as described may not be possible. As a re-
sult, acrylic resin record bases must be fabricated. To

avoid errors caused by soft tissue displacement,
which prevents accurate transfer of rigid materials
from one set of casts to another, these bases should be
made on the casts that are to be articulated. If break-
age of the casts is a concern, it may be advisable to
make record bases on an accurate duplicate cast
made with reversible agar hydrocolloid impression
material in a flask designed for that purpose.

Fig. 2-21.

	

Gauze mesh cloth forms with plastic holders, and ZOE paste can be used instead of elas-
tomeric paste.

Fig. 2-22.

	

Acrylic resin record base for mounting
a partially edentulous cast.
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Articulating the Diagnostic Casts
Maxillary Cast (Fig. 2-23).

	

The maxillary cast is
seated in the indentations on the facebow fork after
the facebow is attached to the articulator. Wedges or
specially designed braces can be used to support the
weight of the cast and to prevent the fork from flex-
ing or moving. After it has been scored and wetted,
the cast is attached to the mounting ring of the ar-
ticulator with a low-expansion, fast-setting mount-
ing stone or plaster.

Mandibular Cast (Fig. 2-24). To relate the
mandibular cast properly to the maxillary cast, the
incisal guide pin should be lowered sufficiently to
compensate for the thickness of the centric relation
record. The articulator is inverted, and the record is
seated on the maxillary cast. The mandibular cast is
then carefully seated in the record, and each cast is
checked for stability. The maxillary and mandibular
casts can be luted together with metal rods, or
pieces of wooden tongue blade, and sticky wax. The
mandibular member of the articulator is closed into
mounting stone; the condylar balls should be fully
seated in the corresponding fossae. If the articulator
has a centric latch, this step is simplified. Otherwise,
the articulator should be held until the stone has
reached its initial set. No attempt should be made to
smooth the stone until it has fully set.

Evaluation (Fig. 2-25)
Accuracy is critical in both centric relation and the

intercuspal position. Before the articulator controls
are adjusted, the accuracy of CR must be confirmed
by comparing the tooth contacts on the casts with
those in the mouth. During the clinical examination,
the position of tooth contacts in CR can be marked
with thin articulating film. Normally, the markings
will be on the mesial inclines of maxillary cusps and
the distal inclines of mandibular cusps. Their exact
location can be transferred by having the patient
close through thin occlusal indicator wax. The artic-
ulated casts are closed and the retruded tooth con-
tacts marked with articulating film. When the indi-
cator wax is transferred to the casts, the perforations
should correspond exactly to these marks.

For additional verification, the intercuspal posi-
tion of the articulated casts should be examined.
Maximum intercuspation is usually a translated
mandibular position that may not be reproducible
with absolute accuracy on a semiadjustable articula-
tor. However, any substantive discrepancy invariably
indicates an incorrect mounting. If further confirma-
tion of mounting accuracy is required (as may be the
case when working casts are being articulated), addi-
tional CR records can be made and compared with a
split cast mounting system or a measuring device
such as the Denar Vericheck (Fig. 2-26).

Posterior Articulator Controls
The advantages and disadvantages of the different

articulators are summarized in Table 2-1. The more
sophisticated (fully adjustable) articulators have a
large range of adjustments that can be programmed
to follow the condylar paths precisely. Their posterior
controls are designed to permit simulation of move-
ment of the condylar processes, duplicating protru-
sive and lateral tooth contacts. The semiadjustable in-
struments can be adjusted to a lesser extent. Their
posterior controls are designed to replicate the most
clinically significant features of mandibular move-
ment (e.g., condylar inclination and mandibular side
shift). These instruments can be programmed from
eccentric interocclusal records or a simplified panto-
graph. An alternative technique is to use average val-
ues for the control settings. It is important to note that
no method used to program an articulator to repro-
duce eccentric jaw movements is without error .22

Arbitrary Values. Based on clinical investiga-
tions, certain generally applicable average anatomic
values have evolved for condylar inclination, im-
mediate and progressive sideshift. These values
have been described relative to the Frankfort hori-
zontal plane and the midsagittal plane. For instance,
an average value of 1.0 mm has been reported 23 for
immediate sideshift.

When arbitrary values are used to adjust posterior
articulator controls, the actual instrument settings
will vary from one manufacturer to another. How-
ever, depending on the degree of adjustability of the
articulator, using arbitrary values is not necessarily
less accurate than alternative techniques (e.g., eccen-
tric interocclusal records to program a semiad-
justable articulator, particularly when the instru-
ment can execute only a straight protrusive path).

Eccentric Interocclusal Recordings.

	

Eccentric in-
terocclusal records (check-bites) have been recom-
mended" for setting the posterior controls of a
semiadjustable articulator. These consist of wax or
another recording material interposed between the
maxillary and mandibular arches; they record the
position of the condyles in eccentric mandibular po-
sitions. Static positional records are made in trans-
lated jaw positions: a protrusive record and two lat-
eral records. The protrusive record can be used to
adjust both condylar inclinations on the articulator,
and the lateral records are used to adjust the side
shift on semiadjustable articulators.

An articulator set by an eccentric record is accu-
rate in only two positions: at CR and at the position
recorded by the record (Fig. 2-27). This occurs be-
cause the path taken between these may differ sig-
nificantly on the articulator from what is actually
performed by the mandible. A semiadjustable
instrument may have a protrusive and a sideshift
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Fig. 2-23.

	

Mounting the maxillary cast on a Whip Mix articulator.
A, Remove the incisal pin. B, Adjust the condylar inclination to the facebow
setting. C, Set the sideshift to zero. D, Attach a mounting plate. E, Attach the
facebow earpieces to the condylar elements. F, Facebow attached to the artic-
ulator. G, Position the scored maxillary cast on the bitefork and prewet the
cast. H, Mounting stone is applied to the cast and the mounting plate.
I, Close the upper member of the articulator until it contacts the cross bar of
the facebow. J, Add additional stone as needed.
(Courtesy Whip Mix Corporation.)
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Fig. 2-24.

	

Mounting the mandibular cast. A to D, Denar articulator. A, Position the CR record on the
inverted maxillary cast. B, Adjust the incisal guide pin and orient the mandibular cast in the record.
C, Attach the cast with mounting stone. D, When the pin is raised, the casts will contact in CR closure.
E to H: Whip Mix articulator. E, Position the CR record. F, The incisal guidepin is adjusted, the cast is
stabilized, and plaster is applied to the prewetted cast and the mandibular mounting plate. G, Close the
articulator. H, Completed mounting.
(E to H Courtesy Whip Mix Corporation.)
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Fig. 2-25.

	

Verifying mounting accuracy. A, Occlusal in-
dicator wax is adapted to the maxillary teeth, and the pa-
tient is guided into CR closure. B, The cast contacts are
marked with thin articulating film. C, If the mounting is
accurate, the markings will correspond to perforations in
the wax.

Fig. 2-26.

	

The Denar Vericheck. The casts are positioned
in the same relationship as on the articulator, but the
condylar elements are replaced by four styli. Each marks
graph paper attached to the maxillary half of the articula-
tor. Successive CR records can be compared by examining
these marks.
(Courtesy Denar Corporation.)
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fig. 2-27.

	

A, The typical condylar path is curved, with its steepest inclination near CR. If a semiad-
justable articulator with a straight condylar path is programmed from an eccentric record, very different
values will be obtained (depending on where the record is made) from what is actually performed by
the mandible. B, Record made at Position 1. C, Record made at Position 2.

path that are straight lines, whereas the true paths
will invariably be curved. In an attempt to minimize
errors, many contemporary semiadjustable articula-
tors come with curved fossae.

Armamentarium
•

	

Interocclusal wax record material

Step-by-step Technique
1. Practice the three excursive positions with

the patient until they can be reproduced.
The patient can be guided into an anterior
end-to-end position and left and right lateral
positions where the canines are end-to-end
when viewed from the front. We have found
guiding the patient helpful in obtaining the
records easily, although unguided records
have been equally accurate .25

2. Adapt a wax record to the maxillary arch
(Fig. 2-28, A) and guide the patient into a pro-
trusive position. Have the patient close to
form indentations in the recording medium
(Fig. 2-28, B). Verify that the midline remains
properly aligned and that when viewed from
the side, the maxillary and mandibular in-
cisors are end to end.

3.

	

For the lateral records, add additional wax to
one posterior quadrant of a wax record to
compensate for the additional space on the
patient's nonworking side.

4.

	

Adapt this to the patient's maxillary arch and
guide the patient's mandible into an excur-
sive position, again verifying that the canines
are end to end (Fig. 2-28, C, D).

5.

	

Repeat this step for the other lateral excursion.
6. Mark each record to facilitate its identifica-

tion when using it to adjust the posterior ar-
ticulator controls (Fig. 2-28, E).

Simplified Pantographs (Fig. 2-29).

	

A simplified
pantograph measures only certain components of
mandibular movement thought to be of greatest
clinical significance, usually the condylar inclina-
tions and mandibular sideshift. This device can be
quickly assembled. Numerical values are measured
directly from the recording and are used to set a
semiadjustable articulator to provide useful diag-
nostic information.

Simplified pantographs may reveal an exces-
sively shallow condylar inclination or an exagger-
ated mandibular sideshift. If either of these condi-
tions are identified, restoration of the posterior teeth
is likely to be complex, and the use of a fully ad-
justable articulator is recommended. Some manu-



Chapter 2 Diagnostic Casts and Related Procedures

Fig. 2-28.

	

Eccentric interocclusal records. A, Adaptation of wax to the maxillary arch. B, Protrusive
record. C and D, The patient is guided into left and right lateral excursive movements. Records are
made in the left and right canine edge-to-edge positions. E, The completed records.

Fig. 2-29.

	

A, The Panadent Axi-Path Recorder. B, An axis stylus traces the condylar-path and measures
the amount of Bennett movement while the patient is guided into an eccentric border movement (C).
(A to C courtesy Panadent Corporation.)

facturers offer inserts of standard "fossae" of vary-
ing configuration, whose selection depends on the
measurements obtained with a simplified panto-
graph (Fig. 2-30).

Pantographic Recordings (Fig. 2-31). Fully ad-
justable articulators are usually programmed on the
basis of a pantographic recording. Jaw movements
are registered by directional tracings on recording
plates. The plates are rigidly attached to one jaw, and
the recording styli are attached to the other. A total of
six plates are needed to achieve a precise movement
record of the mandible. Left and right lateral border
and protrusive tracings are made on each plate. The
pantograph is then attached to the articulator, and

the controls are adjusted and modified until the in-
strument can faithfully reproduce the movements of
the styli on the tracings (Fig. 2-32). A simpler, though
less accurate, procedure is to measure the tracings
directly and adjust the condylar controls without
transferring the recordings.

Electronic Pantograph (Fig. 2-33). The Axio-
graph* is an electronic pantograph designed to
record and measure functional and border move-
ments. It consists of upper and lower bows that
record and measure mandibular movements.

*Great Lakes Orthodontics: Tonawanda, N.Y.
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Fig. 2-30.

	

A, The Panadent PCH Ar-
ticulator with support Legs. B, Fossa
blocks (motion analogs) with different
amounts of Bennett movement are se-
lected from the simplified recorder or
lateral check bites. The blocks are ro-
tated to the correct condylar inclination.
C, Schematic showing the sagittal and
transverse planes of the available mo-
tion analogs blocks.
(A to C courtesy Panadent Corporation.)

Fig. 2-31.

	

Pantographic recording with the Stuart instrument.
(Courtesy Drs. R. Giering and J. Petrie.)



Fig. 2-32.

	

Pantographic tracings represent information that could only be obtained with an infinite
number of excursive records: This simplified schematic shows the relative orientation of six recording
plates (attached to the maxillary bow, omitted for clarity) to the scribing styli, attached to the mandibu-
lar bow. W, Working movement; N, nonworking or balancing movement; P, protrusive movement. The
CR position is represented by the intersection of the paths marked by the dot.

Fig. 2-33.

	

Electronic jaw recording system. The Axiotron is an electronic recording system that at-
taches to the Axiograph pantograph.
(Courtesy Great Lakes Orthodontics.)
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Fig. 2-34.

	

A, B, The TMJ articulator is programmed from three-dimensional acrylic resin recordings.
(Courtesy Dr. A. Peregrina.)

Fig. 2-35.

	

Mechanical anterior guide table. A, The pro-
trusive path has been adjusted. The side screw adjusts the
lateral flange. B, Lateral flange adjusted to the right work-
ing movement.

Stereograms (Fig. 2-34).

	

Another approach to re-
producing posterior condylar controls is to cut or
mold a three-dimensional recording of the jaw
movements. This "stereogram" is then used to form
custom-shaped fossae for the condylar heads.

Anterior Guidance
Border movements of the mandible are governed by
tooth contacts and by the shape of the left and right
temporomandibular joints. In patients with normal
jaw relationships, the vertical and horizontal over-
lap of anterior teeth and the lingual concavities of
the maxillary incisors are highly significant during
protrusive movements. In lateral excursions, the
tooth contacts normally existing between the ca-
nines are usually dominant, although the posterior
teeth may also be involved (see Chapter 4). Restora-
tive procedures that change the shape of the ante-
rior teeth can have a profound effect on excursive
tooth contacts. For this reason, when preparation of
anterior teeth is contemplated, the exact nature of
the anterior contacts should be transferred to the ar-
ticulator, where it can be studied and stored before
these teeth are prepared.

Mechanical Anterior Guidance Table (Fig. 2-35).
Most articulator manufacturers supply a mechanical
anterior guidance (incisal guidance) table. Such tables
can be pivoted anteriorly and posteriorly to simulate
protrusive guidance, and they have lateral wings that
can be adjusted to approximate lateral guidance.
However, the sensitivity of these adjustments is in-
sufficient for successfully transferring the existing lin-
gual contours of natural teeth to newly fabricated
restorations. Therefore, the principal use for these me-
chanical tables is in the fabrication of complete den-
tures and occlusal devices (see Chapter 4).
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Custom Acrylic Anterior Guidance Table. This
simple device is used for accurately transferring to
an articulator the contacts of anterior teeth when de-
termining their influence on border movements of
the mandible. Acrylic resin is used to record and
preserve this information, even after the natural lin-
gual contours of the teeth have been altered during
preparation for complete coverage restorations. The
technique is similar to that for stereographic record-
ing used in setting the posterior controls of some
articulators.

Custom Guide Table Fabrication
Armamentarium (Fig. 2-36, A)
•

	

Plastic incisal table
•

	

Tray and fossa acrylic resin
• Petrolatum
Step-by-step Procedure
1.

	

After raising and lubricating the pin, moisten
the plastic incisal table with acrylic resin
monomer to ensure a good bond (Fig. 2-36,
B to D).

2.

	

Mix a small quantity of resin and mold it to
the table (Fig. 2-36, E, F).

3. Raise the incisal pin about 2 mm from the
table, cover its tip with petrolatum, and close
it into the soft resin (Fig. 2-36, G).

4.

	

Manipulate the articulator in hinge, lateral,
and protrusive movements while the resin is
in the doughy stage of polymerization (Fig.
2-36, H to J). As the pin moves through these
excursions, its tip will push into and mold
the doughy acrylic resin lying in its path, ul-
timately creating an accurate and rigid
three-dimensional record of the mandibular
movements and their lateral and protrusive
limits through the functional range (Fig.
2-36, K).

5. Continue these closures until the resin is no
longer plastic, being careful not to abrade or
damage the casts during the process. A thin
film of plastic foil placed between the casts
will help minimize abrasion without signifi-
cantly affecting the accuracy of the guide table.

Evaluation
When the custom anterior guidance table has

been completed, the incisal pin should contact the
table in all excursive movements. This can be
checked with thin Mylar strips (shim stock). If con-
tact is deficient, a small mix of new resin is added
and the process repeated. If too much resin has been
used, the table may interfere with the hinge open-
ing-closing arc of the articulator (Fig. 2-37). Excess
can be easily trimmed away.

Diagnostic Cast Modification
One advantage of having accurately articulated

diagnostic casts is that proposed treatment proce-
dures can be rehearsed on the stone cast before
making any irreversible changes in the patient's
mouth. These diagnostic procedures are essential
when attempting to solve complicated problems.
Even the most experienced clinician may have diffi-
culty deciding between different treatment plans.
Even in apparently simple situations, time that the
practitioner spends rehearsing diagnostic proce-
dures on the casts is usually well rewarded.

Diagnostic cast modifications include the fol-
lowing:

1. Changing the arch relationship preparatory
to orthognathic procedures when surgical
correction of skeletal jaw discrepancy is to be
performed

2.

	

Changing the tooth position before orthodon-
tic procedures (Fig. 2-38)

3. Modifying the occlusal scheme before at-
tempting any selective occlusal adjustment

4.

	

Trial tooth preparation and waxing (Fig. 2-39)
before fixed restorative procedures. (This is
one of the most useful diagnostic techniques
for patients seeking fixed prosthodontics. It
enables the practitioner to rehearse a proposed
restorative plan and to test it on a stone cast,
providing considerable information in ad-
vance of the actual treatment and helping to
explain the intended procedure to the patient.)

On many occasions it will be necessary to com-
bine two or more of these options. In fact, most
treatment planning decisions (e.g., preparation de-
sign, choice of abutment teeth, selection of an opti-
mum path of withdrawal of a fixed partial denture,
or deciding to treat a patient with an FPD or an
RPD) can be simplified by adhering to these diag-
nostic techniques.

SUMMARY

Diagnostic casts provide valuable preliminary in-
formation and a comprehensive overview of the pa-
tient's needs often not apparent during the clinical
examination. They are obtained from accurate irre-
versible hydrocolloid impressions and should be
transferred to a semiadjustable articulator using a
facebow transfer and interocclusal record. For most
routine fixed prosthodontic diagnostic purposes,
the use of an arbitrary hinge axis facebow is suffi-
cient. If special concerns apply, such as a change in
vertical dimension, a kinematic facebow transfer is
needed. Two types of articulators are recognized:
arcon and nonarcon. For highly complex treatment
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Fig. 2-36.

	

Fabrication of a custom
anterior guidance table. A, Arma-
mentarium. B, Incisal pin is raised 1
or 2 mm. C, Lubricate the tip of the
pin. D, Wet the table with monomer.
E, Dispense and mix resin of choice.
F, Apply resin to acrylic table. G, In-
sert pin into doughy resin. H, Track
the protrusive path. 1, Right working
movement and all intermediate lat-
erotrusive paths. J, Left working
movement and all intermediate lat-
ertrusive paths. K, Allow resin to set;
excess resin still needs to be re-
moved.
(Courtesy Whip Mix Corporation.)
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Fig. 2-37.

	

A, A custom anterior guidance table made with excess resin. This must be trimmed if it in-
terferes with the path of closure of the incisal pin. B, The completed table with excess resin ground
away. Note the lateral and protrusive paths.

Fig. 2-38.

	

Diagnostic cast modifications in advance of orthodontic treatment.

needs, a fully adjustable articulator may be indi-
cated. Such articulators are adjusted by using a pan-
tographic tracing.

Diagnostic casts should be articulated in centric
relation to enable observation of deflective tooth
contact and to assess any slide that may be present
from CR to IP Centric relation is defined as the max-
illomandibular relationship in which the condyles
articulate with the thinnest avascular portion of
their respective disks with the complex in the
anterior-superior position against the shapes of the
articular eminences. This position is independent of
tooth contact. It is recorded with a suitable medium
interposed between the maxillary and mandibular
teeth and by guiding the patient into the CR posi-
tion. This can be accomplished through bimanual
manipulation. If many teeth are absent, record bases

with wax rims may need to be fabricated to obtain a
centric relation record.

If a patient's mandible is difficult to manipulate
into a reproducible hinge movement, a deprogram-
ming device is helpful. These can be used to help
minimize "muscle memory," resulting in easier
replication of the rotational hinge movement of the
mandible.

Posterior articulator controls can be adjusted on
the basis of arbitrary values based on anatomic av-
erages, by means of eccentric records, simplified
pantographs, pantographs, or stereographs.

Anterior guidance can be approximated on artic-
ulators with a mechanical guide table. As an alter-
native, a custom acrylic guide table can be gener-
ated from the diagnostic casts. The latter is useful
when anterior teeth are to be restored.
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Fig. 2-39.

	

Diagnostic waxing procedure. Diagnostic tooth preparation and waxing help simplify com-
plex prosthodontic treatment planning for predictable results. A, Before treatment. The patient needs ex-
tensive fixed and removable treatment. B and C, Cross-mounted diagnostic casts. A record base is used
to articulate the partially edentulous mandibular cast. D and E, Diagnostic tooth preparations determine
the correct reduction for esthetics and function. F to I, Diagnostic waxing, done in conjunction with di-
agnostic denture tooth arrangement.
(Courtesy Dr. J. Bailey.)
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Diagnostic procedures such as diagnostic wax-
ing, tooth preparation, and diagnostic cast modifi-
cation can greatly enhance diagnosis and treatment
planning.

adjustable anterior guidance: an anterior guide on an
articulator whose surface may be altered to provide
desired guidance of the articulator's movement
mechanism: the guide may be programmed (cali-
brated) to accept eccentric interocclusal records.

agar: n (1889) a complex sulfated polymer of galac-
tose units, extracted from Gelidium cartilagineum,
Gracilaria confervoides, and related red algae. It is
a mucilaginous substance that melts at approxi-
mately 100°C and solidifies into a gel at approxi-
mately 40°C. It is not digested by most bacteria and
is used as a gel in dental impression materials and
solid culture media for microorganisms.

anterior guidance: 1: the influence of the contacting sur-
faces of anterior teeth on tooth-limiting mandibular
movements. 2: the influence of the contacting sur-
faces of the guide pin and anterior guide table on ar-
ticular movements. 3: the fabrication of a relationship
of the anterior teeth preventing posterior tooth con-
tact in all eccentric mandibular movements.

anterior guide pin: that component of an articulator,
generally a rigid rod attached to one member, con-
tacting the anterior guide table on the opposing
member. It is used to maintain the established verti-
cal separation. The anterior guide pin and table, to-
gether with the condylar elements, direct the move-
ments of the articulator's separate members.

anterior guide table: that component of an articulator
on which the anterior guide pin rests to maintain
the occlusal vertical dimension and influence artic-
ulator movements. The guide table influences the
degree of separation of the casts in all relationships.

anterior programming device: an individually fabri-
cated anterior guide table that allows mandibular
motion without the influence of tooth contacts and
facilitates the recording of maxillomandibular rela-
tionships; also used for deprogramming.

anterior reference point: any point located on the
midface that, together with two posterior reference
points, establishes a reference plane.

arbitrary face-bow: a device used to arbitrarily relate
the maxillary cast to the condylar elements of an ar-
ticulator. The position of the transverse horizontal
axis is estimated on the face before using this device.

arcon: n a contraction of the words articulator and
condyle, used to describe an articulator containing
the condylar path elements within its upper mem-

ber and the condylar elements within the lower
member.

arcon articulator: an articulator that applies the arcon
design. This instrument maintains anatomic guide-
lines by the use of condylar analogs in the mandibu-
lar element and fossae assemblies within the maxil-
lary element.

arrow point tracer: 1: a mechanical device used to
trace a pattern of mandibular movement in a se-
lected plane-usually parallel to the occlusal plane.
2: a mechanical device with a marking point at-
tached to one jaw and a graph plate or tracing plane
attached to the other jaw. It is used to record the di-
rection and range of movements of the mandible.

articulator: n a mechanical instrument that represents
the temporomandibular joints and jaws, to which
maxillary and mandibular casts may be attached to
simulate some or all mandibular movements-
usage: articulators are divisible into four classes.
Class I articulator: a simple holding instrument ca-
pable of accepting a single static registration. Verti-
cal motion is possible. Class II articulator: an instru-
ment that permits horizontal as well as vertical
motion but does not orient the motion to the tem-
poromandibular joints. Class III articulator: an in-
strument that simulates condylar pathways by us-
ing averages or mechanical equivalents for all or
part of the motion. These instruments allow orien-
tation of the casts relative to the joints and may be
arcon or nonarcon instruments. Class IV articulator:
an instrument that will accept three-dimensional
dynamic registrations. These instruments allow ori-
entation of the casts to the temporomandibular
joints and replication of all mandibular movements.

average axis face-bow: a face-bow that relates the
maxillary teeth to the average location of the trans-
verse horizontal axis.

average value articulator: an articulator that is fabri-
cated to permit motion based on mean mandibular
movements-also called Class III articulator.

centric relation: 1: The maxillomandibular relationship
in which the condyles articulate with the thinnest
avascular portion of their respective disks with the
complex in the anterior-superior position against
the shapes of the articuaar eminences. This position
is independent of tooth contact. This position is
clinically discernible when the mandible is directed
superior and anteriorly. It is restricted to a purely
rotational movement about the transverse horizon-
tal axis (GPT 5) 2: The most retruded physiologic re-
lation of the mandible to the maxillae to and from
which the individual can make lateral movements.
It is a condition that can exist at various degrees of
jaw separation. It occurs around the terminal hinge
axis (GPT-3) 3: The most retruded relation of the
mandible to the maxillae when the condyles are in
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the most posterior unstrained position in the glenoid
fossae from which lateral movement can be made, at
any given degree of jaw separation (GPT-1) 4: The
most posterior relation of the lower to the upper jaw
from which lateral movements can be made at a
given vertical dimension (Boucher) 5: A maxilla to
mandible relationship in which the condyles and
disks are thought to be in the midmost uppermost
position. The position has been difficult to define
anatomically but is determined clinically by assess-
ing when the jaw can hinge on a fixed terminal axis
(up to 25 mm). It is a clinically determined relation-
ship of the mandible to the maxilla when the condyle
disk assemblies are positioned in their most superior
position in the mandibular fossae and against the
distal slope of the articular eminence (Ash) 6: The re-
lation of the mandible to the maxillae when the
condyles are in the uppermost and rearmost position
in the glenoid fossae. This position may not be able
to be recorded in the presence of dysfunction of the
masticatory system 7: A clinically determined posi-
tion of the mandible placing both condyles into their
anterior uppermost position. This can be determined
in patients without pain or derangement in the TMJ
(Ramsfjord) Boucher CO. Occlusion in prosthodon-
tics. J Prosthet Dent 1953; 3:633-56. Ash MM. Per-
sonal communication, July 1993. Lang BR, Kelsey
CC. International prosthodontic workshop on com-
plete denture occlusion. Ann Arbor: The University
of Michigan School of Dentistry; 1973. Ramsfjord SP.
Personal communication, July 1993.

centric relation record: a registration of the relation-
ship of the maxilla to the mandible when the
mandible is in centric relation. The registration may
be obtained either intraorally or extraorally,

condylar hinge position: obs the position of the con-
dyles of the mandible in the glenoid fossae at which
hinge axis movement is possible (GPT-4).

deprogrammer: n various types of devices or materi-
als used to alter the proprioceptive mechanism dur-
ing mandibular closure.

diagnostic cast: a life-size reproduction of a part or
parts of the oral cavity and/or facial structures for
the purpose of study and treatment planning.

face-bow: a caliper-like instrument used to record the
spatial relationship of the maxillary arch to some
anatomic reference point or points, which then
transfers this relationship to an articulator; it orients
the dental cast in the same relationship to the open-
ing axis of the articulator. Customarily, the ana-
tomic references are the mandibular condyle's
transverse horizontal axis and one other selected
anterior point; also called hingebow.

face-bow fork: that component of the face-bow used
to attach the occlusion rim to the face-bow.

face-bow record: the registration obtained by means
of a face-bow.

Frankfort horizontal plane: 1: eponym for a plane estab-
lished by the lowest point in the margin of the right
or left bony orbit and the highest point in the margin
of the right or left bony auditory meatus.
2: a horizontal plane represented in profile by a line
between the lowest point on the margin of the orbit to
the highest point on the margin of the auditory mea-
tus; adopted at the 13th General Congress of German
Anthropologists (the Frankfurt Agreement) at Frank-
furt am Main, 1882, and finally by the International
Agreement for the Unification of Craniometric and
Cephalometric Measurements in Monaco in 1906;
also called auriculo-orbital plane, eye-ear plane,
Frankfurt horizontal (FH), Frankfurt horizontal line.

fully adjustable articulator: an articulator that allows
replication of three-dimensional movement of re-
corded mandibular motion-also called Class IV
articulator.

fully adjustable gnathologic articulator: an articulator
that allows replication of three dimensional move-
ment plus timing of recorded mandibular motion-
also called Class IV articulator.

horizontal plane of reference: a horizontal plane estab-
lished on the face of the patient by one anterior ref-
erence point and two posterior reference points
from which measurements of the posterior ana-
tomic determinants of occlusion and mandibular
motion are made.

hydrocolloid: n (1916) a colloid system in which water
is the dispersion medium; those materials described
as colloid sols with water that are used in dentistry
as elastic impression materials.

i ncisal guidance: 1: the influence of the contacting sur-
faces of the mandibular and maxillary anterior teeth
on mandibular movements 2: the influence of the
contacting surfaces of the guide pin and guide table
on articulator movements.

interocclusal record: a registration of the positional re-
lationship of the opposing teeth or arches; a record
of the positional relationship of the teeth or jaws to
each other.

irreversible hydrocolloid: a hydrocolloid consisting of
a sol of alginic acid having a physical state that is
changed by an irreversible chemical reaction form-
ing insoluble calcium alginate-called also alginate,
dental alginate.

kinematic face-bow: a face-bow with adjustable
caliper ends used to locate the transverse horizontal
axis of the mandible.

l ateral interocclusal record: a registration of the posi-
tional relationship of opposing teeth or arches made
in either a right or left lateral position of the mandible.

l eaf gauge: a set of blades or leaves of increasing
thickness used to measure the distance between
two points or to provide metered separation.

Lucia jig: [ Victor O. Lucia, U.S. prosthodontist]:
eponym-see anterior programming device (Lucia
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VO. Treatment of the edentulous patient. Chicago:
Quintessence, 1986.)

maxillomandibular relationship record: a registration
of any positional relationship of the mandible rela-
tive to the maxillae. These records may be made at
any vertical, horizontal, or lateral orientation.

mounting: v the laboratory procedure of attaching a
cast to an articulator or cast relator.

mounting plate: removable metal or resin devices that
attach to the superior and inferior members of an
articulator, which are used to attach casts to the
articulator.

nonadjustable articulator: an articulator that does
not allow adjustment to replicate mandibular
movements.

occlude: b occluded; occluding: vt (1597) 1: to bring to-
gether; to shut 2: to bring or close the mandibular
teeth into contact with the maxillary teeth.

occluding centric relation record: obs a registration of
centric relation made at the established occlusal ver-
tical dimension (GPT-4).

occlusal device: any removable artificial occlusal sur-
face used for diagnosis or therapy affecting the re-
lationship of the mandible to the maxillae. It may be
used for occlusal stabilization, for treatment of tem-
poromandibular disorders, or to prevent wear of
the dentition.

pantograph: n (1723) 1: an instrument used for copy-
ing a planar figure to any desired scale. 2: in den-
tistry, an instrument used to graphically record
paths of mandibular movements and to provide in-
formation for the programming instead of adjust-
ment of an articulator.

pantographic tracing: a graphic record of mandibular
movement in three planes as registered by the stylii
on the recording tables of a pantograph; tracings of
mandibular movement recorded on plates in the
horizontal and sagittal planes.

preliminary cast: a cast formed from a preliminary im-
pression for use in diagnosis or the fabrication of an
impression tray.

preliminary impression: a negative likeness made for
the purpose of diagnosis, treatment planning, or the
fabrication of a tray.

preoperative wax-up: a dental diagnostic procedure in
which planned restorations are developed in wax
on a diagnostic cast to determine optimal clinical
and laboratory procedures necessary to achieve the
desired esthetics and function-also called diagnos-
tic wax-up, preoperative waxing.

protrusive interocclusal record: a registration of the
mandible in relation to the maxillae when both
condyles are advanced in the temporal fossa.

reciprocal click: a pair of clicks emanating from the
temporomandibular joint, one of which occurs dur-
ing opening movements and the other during clos-
ing movements.

1 record: vb (14c) 1: to register data relating to specific
conditions that exist currently or previously. 2: to
register permanently by mechanical means (i.e., jaw
relationships).

2 record: n (14c) 1: an official document 2: a body of
known or recorded facts about someone or some-
thing.

record base: an interim denture base used to support
the record rim material for recording maxillo-
mandibular records.

semiadjustable articulator: an articulator that allows
adjustment to replicate average mandibular move-
ments-also called Class III articulator.

stereographic record: an intra- or extraoral recording
of mandibular movement. Viewed in three planes in
which the registrations are obtained by engraving,
milling, or burnishing the recording medium by
means of studs, rotary instruments, styli, teeth, or
abrasive rims.
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treatment plan rather than have the treatment plan
conform to the patient's needs, success is unlikely.
Frequently, several treatment plans are presented
and discussed, each with advantages and disadvan-
tages. Indeed, failing to explain and present alterna-
tives may be legally negligent.

Treatment is required to accomplish one or more
of the following objectives: correcting an existing
disease, preventing future disease, restoring func-
tion, and improving appearance.

CORRECTION OF EXISTING DISEASE
Existing disease will be revealed during the clinical
examination. The disease process can usually be ar-
rested by identification and reduction of the initiat-
ing factors, identification and improvement of the
resistive factors, or both (Fig. 3-1). For example, oral
hygiene instruction will reduce the amount of resid-
ual plaque, an initiating factor, and thus will reduce
the likelihood of further dental caries. It will also
improve gingival health, and the resulting healthy
tissue will be more resistant to disease. Additional
fluoride intake (e.g., mouth rinses) is also recom-
mended in a patient with a caries problem. Restora-
tive care will replace damaged or missing tooth
structure, but additional treatment is essential for
controlling the disease that caused the damage.

Fig. 3-1.

	

Poor plaque control with dental caries.

Treatment planning consists of formulating a logical
sequence of treatment designed to restore the pa-
tient's dentition to good health, with optimal func-
tion and appearance. The plan should be presented
in written form and should be discussed in detail
with the patient. Good communication with the pa-
tient is essential when formulating the plan. Most
dental disorders can be corrected with several dif-
ferent procedures; the patient's preferences are
paramount in establishing a suitable treatment plan.
An appropriate plan informs the patient about the
present conditions, the extent of dental treatment
proposed, the time and cost of treatment, and the
level of home care and professional follow-up
needed for success. In addition, before any irre-
versible procedures are undertaken, the patient
should understand that some details may need to be
altered during the course of treatment.

This chapter outlines the decisions that will be
necessary when planning treatment for fixed
prosthodontics. Foremost among these is the identifi-
cation of patients' needs and their preferences, which
must be correlated with the range of treatments
available. For long-term success, when a fixed partial
denture (FPD) is being considered, the abutment
teeth must be carefully assessed. Finally, the treat-
ment plan must be properly sequenced as part of an
ongoing program of comprehensive dental care.

I DENTIFICATION OF PATIENT NEEDS

Successful treatment planning is based on proper
identification of the patient's needs. If an attempt is
made to have the patient conform to the "ideal"
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PREVENTION OF FUTURE DISEASE
The likelihood of future disease can be predicted
by evaluating the patient's disease experience and
by knowing the prevalence of the disease in the gen-
eral population. Treatment should be proposed if
future disease seems likely in the absence of such
intervention.

RESTORATION OF FUNCTION
Although objective measurement may be difficult,
the level of function is assessed during the exami-
nation. Treatment may be proposed to correct im-
paired function (e.g., mastication or speech).

IMPROVEMENT OF APPEARANCE
Patients often seek dental treatment because they
are dissatisfied with their appearance. However, it
is difficult to objectively assess dental esthetics. The
dentist should develop expertise in this area and
should be prepared to appraise the appearance of
the patient's dentition and listen carefully to the pa-
tient's views. If the appearance is far outside so-
cially accepted values, the feasibility of corrective
procedures should be brought to the patient's atten-
tion. Long-term dental health should not be com-
promised by unwise attempts to improve appear-
ance. Patients should always be made aware of the
possible adverse consequences of treatment.

occlusion. The indirect procedure, used in making
cast metal crowns (Fig. 3-2, B), facilitates the fabri-
cation of more accurately shaped restorations.

CAST METAL
Cast metal crowns are fabricated outside the mouth
and are cemented with a luting agent. To minimize
exposure of the luting agent to oral fluids, a
long-lasting restoration must have good marginal
adaptation. The highly refined techniques for over-
coming the problem of marginal fit also permit the
manufacture of cast metal crowns with precisely
shaped axial and occlusal surfaces. This ensures con-
tinued periodontal health and good occlusal func-
tion. The internal dimensions of a casting must seat
without binding against the walls while remaining
stable and not becoming displaced during function.
Preparation design for cast metal restorations is crit-
ical and is discussed in detail in Chapter 7.

Intracoronal Restorations (Fig. 3-3). An intra-
coronal cast metal restoration or inlay relies on the
strength of the remaining tooth structure for sup-
port and retention, just as a plastic restoration does.
However, greater tooth bulk is needed to resist any
wedging effect on the preparation walls. Therefore,
this restoration is contraindicated in a significantly
weakened tooth. When fabricated correctly, it is ex-
tremely durable because of the strength and corro-

AVAILABLE MATERIALS
AND TECHNIQUES

All existing restorative materials and techniques
have limitations and cannot exactly match the prop-
erties of natural tooth structure. Before the clinician
selects the appropriate procedure, he or she should
understand these limitations. This will help prevent
an experimental approach to treatment.

PLASTIC MATERIALS
Plastic materials (e.g., silver amalgam or composite
resin) are the most commonly used dental restora-
tives. They allow simple and conservative restora-
tion of damaged teeth. However, their mechanical
properties are inferior to cast metal or metal-
ceramic restorations. Their continued service de-
pends on the strength and integrity of the remain-
ing tooth structure. When the remaining tooth
substance needs reinforcement, a cast metal restora-
tion should be fabricated, usually with amalgam as
the foundation or core (see Chapter 6).

Large amalgam restorations (Fig. 3-2, A) are
shaped or carved directly in the mouth. The great
degree of difficulty associated with this direct ap-
proach often results in defective contours and poor

Fig. 3-2.

	

A, The large amalgam restoration is hard to
condense and contour accurately. B, The complete cast
crown is stronger and can be shaped by an indirect proce-
dure in the dental laboratory.
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sion resistance of the gold casting alloy; in a tooth
with a minimal proximal carious lesion, however, it
usually requires greater removal of tooth structure
than an amalgam preparation. Inlays do not have
sufficient resistance or retention to be used as abut-
ment retainers for fixed partial dentures.

restoration. The margins of an extracoronal restora-
tion often must be near the free gingiva, which can
make maintenance of tissue health difficult. Tooth
preparation for an extracoronal restoration may be
combined with intracoronal features (e.g., grooves
and pinholes) to gain resistance and retention.

Extracoronal Restorations (Fig. 3-4).

	

An extra-
coronal cast metal restoration or crown encircles all
or part of the remaining tooth structure. As such, it
can strengthen and protect a tooth weakened by
caries or trauma. To provide the necessary bulk of
material for strength, considerably more tooth
structure must be removed than for an intracoronal

METAL-CERAMIC

Metal-ceramic restorations (Fig. 3-5) consist of a
tooth-colored layer of porcelain bonded to a cast
metal substructure. They are used when a complete
crown is needed to restore appearance as well as
function. Sufficient reduction of tooth structure is
necessary to provide space for the bulk of porcelain
needed for a natural appearance. Thus the prepara-
tion design for a metal-ceramic crown is among the
least conservative, although tooth structure can be
conserved if only the most visible part of the
restoration is veneered.

The labial margins of a metal-ceramic restoration
are often discernible and may detract from its appear-
ance. They can be hidden by subgingival placement,
although they then have the potential for increasing
gingival inflammation; this should be avoided when
possible.' Appearance can be improved by omitting
the metal shoulder and making the labial margin in
porcelain. As discussed in Chapter 24, this is a more
demanding laboratory procedure.

Fig. 3-3.

	

The MOD inlay is generally contraindicated be-
cause there is the risk of tooth fracture. However, it can be a
very long-lasting restoration. These, placed in 1948, are still
satisfactory after 52 years.

RESIN-VENEERED

Resin-veneered restorations were popular before
the metal-ceramic technique was fully developed,

A

B

Fig. 3-4.

	

A, Complete cast crowns. B, Partial veneer
crown on a second premolar. Fig. 3-5.

	

A, B, Metal-ceramic restorations.
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but problems with wear and discoloration of the
polymethyl methacrylate veneer (Fig. 3-6) limited
their use to long-term provisional restorations. Cur-
rent resin-veneer techniques' incorporate bis-GMA-
based materials (bisphenol-A glycidyl dimethacry-
lates), which have better physical properties than
the earlier acrylic resins, and adhesive techniques to
improve the bond to the supporting metal.

FIBER-REINFORCED RESIN

Advances in composite resin technology, especially
the introduction of glass and polyethylene fibers,
have prompted the use of indirect composite resin
restorations for inlays, crowns, and FPDs. Excellent
marginal adaptation and esthetic results are achiev-
able (Fig 3-7), but because these are newer technolo-
gies, little is known about their longer-term perfor-
mance (see Chapter 27).

COMPLETE CERAMIC

Crowns, inlays, and laminate veneers made entirely
of dental porcelain can be the most esthetically
pleasing of all fixed restorations (Fig. 3-8). Draw-
backs include a comparative lack of strength and the
difficulties associated with achieving an acceptable
marginal fit. The current focus in improving strength
lies with either veneering a high-strength alumina,
zirconia, or spinel core with a more translucent
porcelain or using a leucite-reinforced translucent

Fig. 3-6.

	

Worn acrylic resin veneer.

material 10-12 (see Chapter 25). Complete ceramic
restorations are fabricated by an indirect technique
and generally retained with composite resin. Acid
etching is used to provide retention "keys."

FIXED PARTIAL DENTURES

An FPD (Fig. 3-9) is often indicated where one or
more teeth require removal or are missing. Such
teeth are replaced by pontics that are designed to ful-
fill the functional and often the esthetic requirements
of the missing teeth (see Chapter 19). Pontics are
connected to retainers, which are the restorations on
prepared abutment teeth.

All the components of an FPD are fabricated and
assembled in the laboratory before cementation in
the mouth. This requires precise alignment of tooth
preparations. Because unseating forces on individual
retainers can be considerable, highly retentive
restorations are essential. The predictable long-term
success of an FPD is ensured by controlling the mag-
nitude and direction of forces and by making sure the
patient practices appropriate oral hygiene measures.

IMPLANT-SUPPORTED PROSTHESES

Single or multiple missing teeth can be replaced
with an implant-supported prosthesis (Fig. 3-10).
For the successful "osseointegrated" technique, the
bone is atraumatically drilled to receive precisely
fitting titanium cylinders . 13 These are left in place
without loading for some months until they are in-
vested with bone. Only then are function and es-
thetics restored with a prosthesis (see Chapter 13).

REMOVABLE PARTIAL DENTURES

A removable partial denture (RPD) (Fig. 3-11) is
designed to replace missing teeth and their sup-
porting structures. Forces applied to a well-de-
signed prosthesis are distributed to the remaining
teeth and the residual alveolar ridges. These forces
are most accurately controlled if the abutment teeth
are provided with fixed cast restorations that have
carefully contoured guide planes and rest seats (see
Chapter 20).

Fig. 3-7.

	

Fiber-reinforced fixed partial denture. Fig. 3-8.

	

Complete ceramic restoration.



Fig. 3-9.

	

A, A three-unit FPD showing the main components. B, The pontic rigidly attached to crowns
on the abutment teeth. The connectors should occupy the normal interproximal contact area and be large
enough for strength but not so large as to impede plaque control.

Fig. 3-10.

	

Three-unit FPD supported by two dental implants.

Fig. 3-11.

	

The component parts of an RPD.
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Fig. 3-12.

	

Special planning is required when a combination of a complete maxillary denture is
planned opposing a fixed mandibular prosthesis. In general, a trial maxillary denture is indicated so the
fixed prosthesis can be fabricated to a well-aligned occlusal plane. A, Preoperative appearance. B, Trial
denture articulated with diagnostic waxing. C and D, Completed restoration.
(Courtesy Dr. K.A. Laurell.)

COMPLETE DENTURES
Some of the difficulties encountered with complete
dentures relate to the lack of denture stability and a
gradual loss of supporting bone. Stability is en-
hanced if the denture has a carefully designed oc-
clusion. Problems with stability can be especially se-
vere when the mandibular incisors are the only
teeth retained, with ensuing damage to the oppos-
ing premaxilla," although any treatment plan that
involves a complete denture opposing fixed restora-
tions requires careful planning of the occlusion (Fig.
3-12). For selected patients, providing an overden-
ture that rests on endodontically treated roots may
help preserve the residual ridge and enhance the
stability of the complete denture.'-'

TREATMENT OF TOOTH LOSS

Fig. 3-13.

	

Poor treatment planning. The displaced
premolar should never have been restored under these
circumstances.
(Courtesy Dr. P.B. Robinson.)

A treatment plan involving fixed prosthodontics
will generally include the replacement of missing
teeth. Most teeth are lost as a result of dental caries
or periodontal disease. More rarely they may be
congenitally absent or lost as a result of trauma or
neoplastic disease.

DECISION TO REMOVE A TOOTH
The decision to remove a tooth is part of the treat-
ment-planning process and is made after assessing
the advantages and disadvantages associated with re-
tention of the tooth. Sometimes it is possible to retain
a tooth with an apparently hopeless prognosis by us-

ing highly specialized and complex techniques. At
other times, removing the tooth will be the treatment
of choice. A decision about replacing a missing tooth
is best made at the time its removal is recommended,
rather than months or years after the fact (Fig. 3-13).

CONSEQUENCES OF REMOVAL WITHOUT REPLACEMENT
The stability of an individual tooth depends on a bal-
ance of the forces exerted on that tooth by the adja-
cent and opposing teeth and supporting tissues and
by the soft tissues of the cheeks, lips, and tongue.
When a single tooth is not replaced, this balance is
upset (Fig. 3-14). The consequences may be supra-
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Fig. 3-14.

	

Loss of a mandibular first molar not replaced with an
FPD. The typical consequences are supraclusion of opposing teeth
(1), tilting of adjacent teeth (2), and loss of proximal contacts (3).
(Redrawn from Rosenstiel SF: In Rayne J, editor: General dental treat-
ment, London, 1983, Kluwer Publishing.)

elusion of the opposing tooth or teeth, tilting o€ the
adjacent teeth, and loss of proximal contact (with re-
sulting disturbances in the health of the supporting
structures and the occlusion). Although simple re-
placement of the missing tooth at this late stage may
prevent further disruption, it may be insufficient to
return the dentition to full health. Extended treat-
ment plans, including orthodontic repositioning and
additional cast restorations (to correct the disturbed
occlusal plane), may be needed to compensate for the
lack of treatment at the time of tooth removal.

SELECTION OF ABUTMENT TEETH

Whenever possible, FPDs should be designed as sim-
ply as possible, with a single well-anchored retainer
fixed rigidly at each end of the pontic. The use of
multiple splinted abutment teeth, nonrigid connec-
tors, or intermediate abutments makes the procedure
much more difficult, and often the result compro-
mises the long-term prognosis (Fig. 3-15).

REPLACEMENT OF A SINGLE MISSING TOOTH
Unless bone support has been weakened by ad-
vanced periodontal disease, a single missing tooth

can almost always be replaced by a three-unit FPD
having one mesial and one distal abutment tooth.
An exception is when the FPD is replacing a maxil-
lary or mandibular canine. Under these circum-
stances, the small anterior abutment tooth needs to
be splinted to the central incisor to prevent lateral
drift of the FPD.

Cantilever Fixed Partial Dentures. FPDs in
which only one side of the pontic is attached to a re-
tainer are referred to as cantilevered. An example
would be a lateral incisor pontic attached only to an
extracoronal metal-ceramic retainer on a canine.
Their use remains popular because some of the dif-
ficulties encountered in making a three-unit FPD
are lessened. Also, many clinicians are reluctant to
prepare an intact central incisor, preferring instead
to use a cantilever.

However, the long-term prognosis of the single-
abutment cantilever is poor.16 Forces are best toler-
ated by the periodontal supporting structures when
directed in the long axes of the teeth. 17 This is the
case when a simple three-unit FPD is used. A can-
tilever will induce lateral forces on the supporting
tissues, which may be harmful and lead to tipping,
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Fig. 3-15.

	

A to C, Congenitally missing lateral incisors replaced with two simple three-unit FPDs.
D to F, This patient had a missing canine as well as two congenitally missing laterals. Here, there is a
much greater restorative challenge than in A, requiring an eight-unit prosthesis.

rotation, or drifting of the abutment (Fig. 3-16). Lab-
oratory analysis's" has confirmed the potential
harmful nature of such fixed partial dentures. How-
ever, clinical experience with resin-retained FPDs
has suggested that cantilever designs may be pre-
ferred, especially since readhesion after failure is
greatly facilitated and often leads to predictable
long-term success20 (see Chapter 26).

When multiple missing teeth are replaced, can-
tilever FPDs have considerable application (see p. 70).
The harmful tipping forces are resisted by multiple
abutment teeth, and movement of the abutments is
unlikely. Cantilevers are also successfully used with
implant-supported prostheses (see Chapter 13).

Assessment of Abutment Teeth.

	

Considerable
time and expense are spared, and loss of a patient's

confidence can be avoided, by thoroughly investi-
gating each abutment tooth before proceeding
with tooth preparation. Radiographs are made,
and pulpal health is assessed by evaluating the re-
sponse to thermal and electrical stimulation. Exist-
ing restorations, cavity liners, and residual caries
are removed21 (preferably under a rubber dam),
and a careful check is made for possible pulpal ex-
posure. Teeth in which pulpal health is doubtful
should be endodontically treated before the initia-
tion of fixed prosthodontics. Although a direct
pulp cap may be an acceptable risk for a simple
amalgam or composite resin, conventional en-
dodontic treatment is normally preferred for cast
restorations, especially where the later need for en-
dodontic treatment would jeopardize the overall
success of treatment.
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Fig. 3-16.

	

A, Forces applied to a cantilever FPD are resisted on only one side, leading to imbalance.
Vertical forces can cause tipping, and horizontal forces, rotation, of abutment teeth. B, By including both
adjacent teeth in the prosthesis, it is possible to resist forces much better since the teeth have to be
moved bodily rather than merely rotated or tipped.
(Redrawn from Rosenstiel SF: In Rayne J, editor: General dental treatment, London, 1983, Kluwer Publishing.)

Endodontically Treated Abutments.

	

If a tooth
is properly treated endodontically, it can serve well
as an abutment with a post and core foundation for
retention and strength (see Chapter 12). Failures oc-
cur, however, particularly on teeth with short roots
or little remaining coronal tooth structure. Care is
needed to obtain maximum retention for the post
and core. Sometimes it is better to recommend re-
moval of a badly damaged tooth rather than to at-
tempt endodontic treatment.

Unrestored Abutments.

	

An unrestored, caries-
free tooth is an ideal abutment. It can be prepared
conservatively for a strong retentive restoration with
optimum esthetics (Fig. 3-17). The margin of the re-
tainer can be placed without modifications to ac-
commodate existing restorations or caries. In an
adult patient, an unrestored tooth can be safely pre-
pared without jeopardizing the pulp as long as the
design and technique of tooth preparation are wisely
chosen. Certain patients are reluctant to have a per-
fectly sound tooth cut down to provide anchorage
for a fixed partial denture. In these cases, the overall
dental health of the patient should be emphasized
rather than looking at each tooth individually.

Mesially Tilted Second Molar.

	

Loss of a per-
manent mandibular first molar to caries early in life
is still relatively common (Fig. 3-18). If the space is
ignored, the second molar will tilt mesially, espe-

Fig. 3-17.

	

A, Unrestored abutment teeth can be pre-
pared for conservative retainers. B, An esthetic FPD replac-
ing a maxillary incisor.
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Fig. 3-18.

	

A, Early loss of a mandibular first molar with mesial tilting and drifting of the second and
third molars. B, A conventional three-unit FPD will fail because its seating is prevented by the third molar.
C, A modified preparation design can be used on the distal abutment. D, A better treatment plan would be
to remove the third molar and upright the second molar orthodontically before fabricating an FPD.
(Redrawn front Rosenstiel SF: In Rayne J, editor: General dental treatment, London, 1983, Kluwer Publishing.)
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cially with eruption of the third molar. It then be-
comes difficult or impossible to make a satisfactory
fixed partial denture, because the positional rela-
tionship no longer allows for parallel paths of inser-
tion without interference from the adjacent teeth.
In such circumstances, an FPD is sometimes made
with modified preparation designs or with a non-
rigid connector, or a straightforward solution 22 may
be considered: uprighting the tilted abutment or-
thodontically with a simple fixed appliance. How-
ever, the problem can be avoided altogether if a
space-maintainer appliance (Fig. 3-19) is fabricated
when the first molar is removed. This device may be
as simple as a square section of orthodontic wire
bent to follow the edentulous ridge and anchored
with small restorations in adjacent teeth.

REPLACEMENT OF SEVERAL MISSING TEETH

Fixed prosthodontics becomes more difficult when
several teeth must be replaced. Problems will be en-
countered when restoring a single long, uninter-
rupted edentulous area or multiple edentulous ar-
eas with intermediate abutment teeth (Fig. 3-20),
especially when anterior and posterior teeth are to
be replaced with a single fixed prosthesis. Underes-
timation of the problems involved in extensive
prosthodontics can lead to failure. One key to en-
suring a successful result is to plan the prostheses
by waxing the intended restorations on articulated
diagnostic casts. This is essential for complex fixed
prosthodontic treatments, particularly where an ir-
regular occlusal plane is to be corrected, the vertical
dimension of occlusion is to be altered, an im-
plant-supported prosthesis is recommended, or a
combination of fixed and removable prostheses are
to be used. The precise end point of such compli-

Fig. 3-19.

	

Square section orthodontic wire can be used
as a simple stabilizing appliance to prevent drifting of abut-
ment teeth after exodontia. The wire is retained by placing
small restorations. As an alternative, orthodontic bands can
be used as the retainer. NOTE: These simple stabilizers do
not prevent supraeruption of opposing teeth; in areas
where this is anticipated, a provisional FPD is needed.

cated treatments can be far from evident, even to an
experienced prosthodontist (see Fig. 2-39).

Overloading of Abutment Teeth.

	

The ability of
the abutment teeth to accept applied forces without
drifting or becoming mobile must be estimated and
has a direct influence on the prosthodontic treat-
ment plan. These forces can be particularly severe
during parafunctional grinding and clenching (see
Chapter 4), and the need to eliminate them becomes
obvious during the restoration of such a damaged
dentition. Although it may be hoped that a well-
reconstructed occlusion will reduce the duration
and strength of any parafunctional activity, there is
little scientific evidence to support this. It is unwise
to initiate treatment on the assumption that new
restorations will reduce parafunctional activity, un-
less this has been demonstrated with treatment ap-
pliances over a significant period .23

Direction of Forces.

	

Whereas the magnitude
of any applied force is difficult to regulate, a
well-fabricated fixed partial denture can distribute
these forces in the most favorable way, directing
them in the long axis of the abutment teeth. Poten-
tially damaging lateral forces can be confined to the
anterior teeth, where they are reduced by the longer
lever arm (see Chapter 4).

Root Surface Area. The root surface area of
potential abutment teeth must be assessed when
planning treatment for fixed prosthodontics.
Ante 14 suggested in 1926 that it was unwise to pro-
vide a fixed partial denture when the root surface
area of the abutment was less than the root surface
area of the teeth being replaced; this has been
adopted and reinforced by other authors25-27 as

Ante's law. Average values for the root surface area
of permanent teeth are given in Table 3-1.28 As an ex-
ample of Ante's law, consider the patient who has
lost a first molar and second premolar (Fig. 3-21). In
this situation, a four-unit FPD is an acceptable risk,
as long as there has not been bone loss from peri-
odontal disease, because the second molar and first
premolar abutments have root surface areas ap-
proximately equal to those of the missing teeth. If
the first molar and both premolars are missing,
however, an FPD is not considered a good risk be-
cause the missing teeth have a greater total root sur-
face area than the potential abutments.

Nyman and Ericsson,29 however, cast doubt on
the validity of Ante's law by demonstrating that
teeth with considerably reduced bone support can
be successfully used as fixed partial denture abut-
ments. The majority of the treatments presented by
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Fig. 3-20.

	

A, A five-unit FPD replacing the maxillary first molar and first premolar. The middle abut-
ment can act as a fulcrum during function, with possible unseating of one of the other abutments. To be
successful, this type of FPD needs extremely retentive retainers. B, An alternative approach is a nonrigid
dovetail connector between the molar pontic and the second premolar. C, Where periodontal support is
adequate, a much simpler approach would be to cantilever the first premolar pontic.
(Redrawn from Rosenstiel SF: In Rayne J, editor: General dental treatment, London, 1983, Kluwer Publishing.)
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Fig. 3-21.

	

To assess the support of a fixed partial den-
ture, Ante's law has been invoked. It proposes a relation-
ship between the root surface areas of the missing teeth and
those of the potential abutment teeth. (The numbers repre-
sent root surface area percentages.) If the first molar (22)
and second premolar (11) are missing, the abutments for a
four-unit FPD will have slightly greater total root surface
area (34%) than the teeth being replaced. Then, in the ab-
sence of other detrimental factors, an FPD's prognosis will
be favorable. However, if the first premolar (12) is also
missing, the loss of potential abutment root surface area
will comprise 45%, whereas the remaining abutments have
only 36%, which is much less favorable.

these authors had an abutment root surface area less
than half that of the replaced teeth, and there was
no loss of attachment after 8 to 11 years. They at-
tributed this success to meticulous root planing dur-
ing the active phase of treatment, proper plaque
control during the observed period, and the oc-

Fig. 3-22.

	

A, A misaligned abutment tooth may be diffi-
cult or impossible to prepare for an FPD abutment and pro-
vides poor support. B and C, Where possible, this should
be corrected with orthodontic treatment before restoration.
(Courtesy Dr. G. Gruendeman.)

clusal design of the prostheses. Others have con-
firmed that abutment teeth with limited periodontal
bone can successfully support fixed prostheses .30,31

Root Shape and Angulation. When tooth sup-
port is borderline, the shape of the roots and their
angulation should be considered. A molar with di-
vergent roots will provide better support than a mo-
lar with conical roots and little or no interradicular
bone. A single-rooted tooth with an elliptic cross-
section will offer better support than a tooth with
similar root surface area but a circular cross-section.
Similarly, a well-aligned tooth will provide better
support than a tilted one. Alignment can be im-
proved with orthodontic uprighting (Fig. 3-22).

Periodontal Disease. After horizontal bone
loss from periodontal disease, the PDL-supported
root surface area can be dramatically reduced .32 Be-
cause of the conical shape of most roots (Fig. 3-23),
when one third of the root length has been exposed,
half the supporting area is lost. In addition, the
forces applied to the supporting bone are magnified
because of the greater leverage associated with the
lengthened clinical crown. Thus potential abutment
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Fig. 3-23.

	

A, Because of the conical shape of most roots, the
actual area of support (A) diminishes more than might be ex-
pected from the height of the bone (H). In addition, the center
of rotation (R) moves apically and the lever arm (L) increases,
magnifying the forces on the supportive structure. B, A fixed
partial denture replacing a maxitlary first molar. The first pre-
molar is an abutment providing additional stabilization for
this FPD on abutment teeth with compromised bone support.
(A redrawn from Roseustiel SF: ln Rayne J, editor: General dental
treatment, London, 1983, Kluwer Publishing.)

Fig. 3-24.

	

A, Supragingival margins and large gingival
embrasures facilitate plaque control in a periodontally com-
promised patient. B, Poor prosthetic contours and margins
have contributed to this failure.

teeth need very careful assessment where signifi-
cant bone loss has occurred.

In general, successful fixed prostheses can be fab-
ricated on teeth with severely reduced periodontal
support, provided the periodontal tissues have been
returned to excellent health, and long-term mainte-
nance has been ensured 33 (Fig. 3-24). When exten-
sive reconstruction is attempted without complete
control over the health of the periodontal tissues,
the results can be disastrous.

Healthy periodontal tissues are a prerequisite for
all fixed restorations. If the abutment teeth have
normal bone support, an occasional lapse in plaque
removal by the patient is unlikely to affect the
long-term prognosis. However, when teeth with se-
vere bone loss resulting from periodontal disease
are used as abutments, there is very little tolerance.
It then becomes imperative that excellent plaque-
removal technique be implemented and maintained
at all times.

Span Length.

	

Excessive flexing under occlusal
loads may cause failure of a long-span fixed partial
denture (Fig. 3-25). It can lead to fracture of a porce-
lain veneer, breakage of a connector, loosening of a
retainer, or an unfavorable soft tissue response and
thus render a prosthesis useless. All FPDs flex
slightly when subjected to a load-the longer the
span, the greater the flexing. The relationship be-
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Fig. 3-25.

	

Failure of a long-span fixed partial denture.

Fig. 3-26.

	

The deflection of a fixed partial denture is proportional to the cube of the length of its span.
A, A single pontic will deflect a small amount (D) when subjected to a certain force (F). B, Two pontics will
deflect 23 times as much (8 D) to the same force. C, Three pontics will deflect 33 times as much (27 D).

tween deflection and length of span is not simply
linear but varies with the cube of the length of the
span. Thus, other factors being equal, if a span of a
single pontic is deflected a certain amount, a span of
two similar pontics will move 8 times as much, and
three will move 27 times as much 31 (Fig. 3-26).

Replacing three posterior teeth with an FPD
rarely has a favorable prognosis, especially in the
mandibular arch. Under such circumstances it is
usually better to recommend an implant-supported
prosthesis or a removable partial denture.

When a long-span FPD is fabricated, pontics and
connectors should be made as bulky as possible to

ensure optimum rigidity without jeopardizing gin-
gival health. In addition, the prosthesis should be
made of a material that has high strength and rigid-
ity (see Chapter 16).

Replacing Multiple Anterior Teeth. Special
considerations in this situation include problems
with appearance and the need to resist laterally di-
rected tipping forces.

The four mandibular incisors can usually be re-
placed by a simple fixed partial denture with retain-
ers on each canine. It is not usually necessary to in-
clude the first premolars. If a lone incisor remains, it
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should be removed because its retention will unnec-
essarily complicate the design and fabrication of
the FPD and can jeopardize the long-term result.
Mandibular incisors, because of their small size, gen-
erally make poor abutment teeth. It is particularly
important not to have overcontoured restorations on
these teeth because plaque control will be nearly im-
possible. Thus the clinician may have to make a
choice between (1) compromised esthetics from too
thin a ceramic veneer and (2) pulpal exposure dur-
ing tooth preparation. A third alternative would be
selective tooth removal.

The loss of several maxillary incisors presents a
much greater problem in terms of restoring appear-
ance and providing support. Because of the curva-
ture of the arch, forces directed against a maxillary
incisor pontic will tend to tip the abutment teeth.
Unlike the mandibular incisors, the maxillary in-
cisors are not positioned in a straight line (particu-
larly in patients with narrow or pointed dental
arches). Tipping forces must be resisted by means of
two abutment teeth at each end of a long span ante-
rior FPD. Thus, when replacing the four maxillary
incisors, the clinician should generally use the ca-
nines and first premolars as abutment teeth.36

There may be considerable difficulty in achieving
a good appearance when several maxillary incisors
are being replaced with a fixed partial denture. Ob-
taining the best tooth contours and position for ap-
pearance and phonetics can be a challenge. A good
attempt can be made with the diagnostic waxing
procedure, evaluating any esthetic problems. As
treatment progresses, a provisional restoration is
provided (see Chapter 15). This may be used to test
appearance and phonetics. It may also be readily
shaped and modified to suit the patient, and the fi-
nal restoration can be made as a copy of it, thereby
avoiding any embarrassing misunderstandings
when the finished fixed prosthesis is delivered.

If anterior bone loss has been severe, as can hap-
pen when teeth are lost due to trauma or
periodontal disease, there may be a ridge defect
(Fig. 3-27). In these patients, a removable partial
denture should be considered, especially when
the person has a high smile line, since a fixed partial
denture generally replaces only the missing tooth
structure, not the supporting tissues. Again, a pro-
visional restoration may help the patient determine
the most appropriate treatment. A surgical ridge
augmentation procedure37 may also be an option, al-
though the results can be unpredictable.

INDICATIONS FOR REMOVABLE PARTIAL DENTURES

Whenever possible, edentulous spaces should be re-
stored with fixed rather than removable partial den-

Fig. 3-27.

	

This patient lost two incisors in an accident.
Considerable alveolar bone has also been lost. An aesthetic
fixed prosthesis would be very difficult or impossible to
fabricate without surgical ridge augmentation.
(Courtesy Dr. N. Arehambo.)

Fig. 3-28.

	

A removable partial denture replacing the
mandibular right first and second molars.

tures. A well-fabricated FPD will provide better
health and better function than an RPD and is pre-
ferred by most patients. Under the following cir-
cumstances, however, a removable partial denture
is indicated:

1.

	

Where vertical support from the edentulous
ridge is needed; for example, in the absence
of a distal abutment tooth (Fig. 3-28)

2. Where resistance to lateral movement is
needed from contralateral teeth and soft tis-
sues; for example, to ensure stability with a
long edentulous space

3.

	

When there is considerable bone loss in the
visible anterior region and an FPD would
have an unacceptable appearance (Fig. 3-29)

Multiple edentulous spaces often are best re-
stored with a combination of fixed and removable
partial dentures (Fig. 3-30).
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Fig. 3-29.

	

Where there has been considerable bone loss, an RPD has a more natural appearance than
an FPD.

Fig. 3-30.

	

Treatment planning for multiple edentulous spaces. A combination of fixed and removable
prostheses may provide the best replacement when several teeth are missing. In the maxillary arch, the
missing lateral has been restored with a simple three-unit FPD, which is more easily cleaned than an
RPD. In the mandibular arch, the single remaining premolar is splinted to the canine with a three-unit
FPD. An RPD that fits around a lone-standing premolar usually does not have a good prognosis.
(Redrawn from Rosenstiel SF: In Rayne J, editor: General dental treatment, London, 1983, Kluwer Publishing.)
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SEQUENCE OF TREATMENT

When patient needs have been identified and the
appropriate corrective measures have been deter-
mined, a logical sequence of steps must be decided
on-including the treatment of symptoms, stabi-
lization of deteriorating conditions, definitive ther-
apy, and a program of follow-up care. The impor-
tance of proper sequencing is stressed, since
mistakes can lead to compromised effort or unnec-
essary and expensive remakes.

TREATMENT OF SYMPTOMS

The relief of discomfort accompanying an acute
condition is a priority item in planning treatment
(Fig. 3-31). Discomfort can be due to one or more of
the following: a fractured tooth or teeth, acute pul-
pitis, acute exacerbation of a chronic pulpitis, dental
abscess, an acute pericoronitis or gingivitis, and
myofascial pain dysfunction.

The clinician needs only sufficient diagnostic in-
formation to ascertain the nature of a particular con-
dition and to form a diagnosis; treatment is insti-
tuted without delay. A full examination is neither
desirable nor generally possible until the symptoms
of the acute condition have been addressed.

Dental Caries. Treatment of carious lesions is
approached in a conventional manner, and the teeth
are restored with properly contoured plastic materi-
als. These may serve as a foundation for fixed cast-
ings during a subsequent phase of treatment (see
Chapter 6). However, cast restorations are best
avoided in a patient with active caries because the
results of such extensive treatment would be jeop-
ardized by recurrence of the disease. This can be
prevented by a combination of dietary advice, oral
hygiene measures, and fluoride treatment.

Periodontal Disease. Chronic periodontitis
with continuing irreversible bone loss should be
treated as early as possible by effective daily plaque
control. The proper removal of plaque is possible
only if the teeth are smooth and their contours allow
unimpeded access to the gingival sulci. Therefore,
the following are essential (Fig. 3-33):
• Replacement of defective restorations
• Removal of carious lesions
• Recontouring of overcontoured crowns (espe-

cially near furcation areas)
• Proper oral hygiene instruction adequately im-

plemented at home

Urgent Treatment of Nonacute Problems. For-
tunately, most potential candidates for fixed
prosthodontics do not seek treatment for acute con-
ditions; however, they may have a specific problem
that should receive immediate attention, such as a
lost anterior crown, a cracked or broken porcelain
veneer, or a fractured removable prosthesis (Fig.
3-32).

STABILIZATION OF DETERIORATING CONDITIONS
The second phase of treatment involves stabilizing
conditions such as dental caries or periodontal dis-
ease by removing the etiologic factors, increasing
the patient's resistance, or doing both.

DEFINITIVE THERAPY
When the stabilization phase has been completed,
successful elective long-term treatment aimed at
promoting dental health, restoring function, and
improving appearance can begin. On occasion, this
will take considerable time. Several therapeutic pro-
posals may be applicable to a single patient and
may range in complexity from minimum restorative
treatment with regular maintenance to full mouth
prosthodontic reconstruction preceded by orthog-
nathic surgery and orthodontic treatment. The ad-
vantages and disadvantages of each should be thor-
oughly explained to the patient, with diagnostic
casts and waxings used as guides. When a definitive
plan is established, it should attempt to minimize
the possibility of having to repeat earlier treatment
if problems later occur. Usually oral surgical proce-
dures are scheduled first, followed by periodontics,

Fig. 3-31.

	

Swelling from an acute periapical abscess.
(Courtesy Dr. P.B. Robinson.)

Fig. 3-32.

	

For both appearance and comfort, fractured
porcelain often necessitates urgent treatment.
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endodontics, orthodontics, fixed prosthodontics,
and finally, removable prosthodontics.

Oral Surgery.

	

The treatment plan should allow
time for healing and ridge remodeling. Therefore,
teeth with a hopeless prognosis, unerupted teeth,
and residual roots and root tips should be removed
early. All preprosthetic surgical procedures (e.g.,
ridge contouring) should be undertaken during the
early phase of treatment.

Periodontics. Most periodontal procedures
should (or will) have been accomplished as part of
the stabilization phase of treatment. Any surgery,
pocket elimination, mucogingival procedure,
guided tissue regeneration, or root resection is per-
formed at this time (see Chapter 5).

Endodontics.

	

Some endodontic treatment may
have been accomplished as part of the relief of dis-
comfort and stabilization of conditions. Elective en-
dodontics may be needed to provide adequate
space for a cast restoration or to provide retention
for a badly damaged or worn tooth.

If a tooth with doubtful pulpal health is to be
used as an abutment for an FPD, it should be en-
dodontically treated prophylactically, despite the
consideration that periodic recall may be more ap-
propriate treatment if a single restoration is
planned.

Orthodontics. Minor orthodontic tooth move-
ment is a common adjunct to fixed prosthodontics.
A tooth can be uprighted, rotated, moved laterally,
intruded, or extruded to improve its relationship
before fixed prosthodontic treatment. Orthodontics
should always be considered when a treatment plan
is being proposed, especially if tooth loss has been
neglected and drifting has occurred.

Fig. 3-33.

	

Overhangs and defective restorations impede
proper plaque control and should be corrected as part of
the stabilization process.

Fixed Prosthodontics. Fixed prosthodontic
treatment is initiated only after the preceding
modalities have been completed. This will permit
modification of the original plan if unforeseen diffi-
culties surface during treatment. For example, a
tooth scheduled for endodontic treatment might
prove to be untreatable, requiring considerable
modification of the restorative treatment plan.

Occlusal Adjustment. Occlusal adjustments
are often necessary before the initiation of fixed
prosthodontics. Where extensive fixed prosthodon-
tics is to be provided, an accurate and well-tolerated
occlusal relationship may be obtainable only if a
discrepancy between intercuspal position and cen-
tric relation is eliminated first (see Chapter 4). When
less extensive treatment is planned, it may be ac-
ceptable to conform the fixed prosthesis to the exist-
ing occlusion, provided the patient is functioning
satisfactorily. However, any supraeruption or drift-
ing should be corrected rather than be allowed to
compromise the patient's occlusal scheme.

Anterior Restorations. If both anterior and
posterior teeth are to be restored, the anterior teeth
are usually done first because they influence the
border movements of the mandible and thus the
shape of the occlusal surfaces of the posterior teeth
(see Chapter 4). If the posterior teeth were restored
first, a subsequent change in the lingual contour of
the anterior teeth could require considerable adjust-
ment of the posterior restorations.

Posterior Restorations. Restoring opposing
posterior segments at the same time is often advan-
tageous. This permits the development of an efficient
occlusal scheme through the application of an addi-
tive wax technique (see Chapter 18). One side of the
mouth should be completed before the other side is
treated; restoring all four posterior segments at the
same time might lead to considerably more compli-
cations for the patient and dentist, including fracture
or breaking of provisional restorations, discomfort
with bilateral local anesthesia, and difficulties in con-
firming the accuracy of jaw relationship recordings.

Complex Prosthodontics. Carefully planned
treatment sequencing is particularly important
when complex prosthodontic treatments involving
alteration of the vertical dimension or a combina-
tion of fixed and removable prostheses are required.
One recommended approach is illustrated in Figure
3-34. Two sets of diagnostic casts are accurately
mounted so they can be precisely interchanged on
the articulator. One set is prepared and waxed to the
intended end point of treatment, with denture teeth



Section 1 Planning and Preparation

Fig. 3-34.

	

Complex prosthodontic treatment sequence using cross-mounted
diagnostic cases. A, Diagnostic impressions, facebow, and centric relation records
are made for a patient requiring complex prosthodontic treatment. In this
schematic, a record base was needed for mounting the mandibular cast. B, The
diagnostic casts are duplicated, and each set is mounted in the identical orientation
of an articulator using the facebow and centric record. C, One pair of diagnostic
casts is waxed to the proposed end point of treatment. If a removable prosthesis is
planned, denture teeth are set for this step. The other pair of casts is left unaltered.
D, One arch is treated at a time. For this patient, the mandibular arch has been
prepared for crowns. The working cast is mounted on the articulator with a centric record made against the (unaltered)
maxillary teeth. This record is used to mount the working cast against the (unaltered) maxillary cast. Then the maxillary cast
is removed and replaced with the cross-mounted diagnostically waxed cast. The mandibular restorations are fabricated
against this cast to ensure an optimal occlusal plane. E, Once the mandibular arch has been restored, the maxillary teeth are
prepared and mounted against a cast of the newly restored mandibular arch. F, The completed restoration conforms to the
diagnostic waxing.
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inserted where removable prostheses are to be used.
The waxing is carefully evaluated on the articulator
in relation to occlusion and appearance. When ante-
rior teeth are to be replaced, they can be assessed for
appearance and phonetics directly in the mouth if
they are mounted on a removable record base. De-
finitive tooth preparation starts in one arch only,
preserving the occlusal surfaces of the opposing
arch to act as an essential reference for mounting the
working cast. The definitive restorations are waxed
against the diagnostically waxed cast, establishing
optimal occlusion. When one arch has been com-
pleted, the opposing cast can be restored, achieving
the predicted result.

FOLLOW-UP

A specific program of follow-up care and regular re-
call is an essential part of the treatment plan. The
aim is to monitor dental health, identify the signs of
disease early, and initiate prompt corrective mea-
sures as necessary (see Chapter 32). Restorations do
not last forever, are subject to wear, and may need
replacement. Adequate follow-up will help main-
tain long-term health.

SUMMARY

The basis of logical treatment planning consists of
identifying the patient's needs, eliciting his or her
expectations and wishes, and comparing these with
the available corrective materials and techniques. It
also involves evaluating whether a technique has a
good prognosis. Then a rational sequence of treat-
ment may be initiated for symptomatic relief, stabi-
lization, definitive therapy, and follow-up care. The
extent of treatment is modified throughout and is

dictated by the patient's attitude and by the objec-
tives for that patient.

abfraction: n (1991) the pathologic loss of hard tooth
substance caused by biomechanical loading forces.
Such loss is thought to be due to flexure and ulti-
mate fatigue of enamel and/or dentin at some loca-
tion distant from the actual point of loading.

abutment: n (1634) 1: that part of a structure that di-
rectly receives thrust or pressure; an anchorage. 2: a
tooth, a portion of a tooth, or that portion of a dental
implant that supports and/or retains a prosthesis.

Ante's Law: [Irvin H. Ante, Toronto, Ontario Canada,
dentist]: an eponym in fixed partial prosthodontics
for the observation that the combined pericemental
area of all abutment teeth supporting a fixed partial
denture should be equal to or greater in pericemen-
tal area than the tooth or teeth to be replaced; as for-
mulated for removable partial prosthodontics, the
combined pericemental area of the abutment teeth
plus the mucosa area of the denture base should be
equal to or greater than the pericemental area of the
missing teeth (From Ante IH: The fundamental
principles, design, and construction of crown and
bridge prosthesis, Dent Item Int 50:215-232, 1928.)

artificial crown: a metal, plastic, or ceramic restoration
that covers three or more axial surfaces and the oc-
clusal surface or incisal edge of a tooth.

buccolingual relationship: any position of reference rel-
ative to the tongue and cheeks.

cantilever: n (1667) a projecting beam or member sup-
ported on one end.
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cantilever fixed partial denture: a fixed partial denture
in which the pontic is cantilevered, (i.e., retained
and supported only on one end by one or more
abutments).

clinical crown: the portion of a tooth that extends from
the occlusal table or incisal edge to the free gingival
margin.

complete crown: a restoration that covers all the coro-
nal tooth surfaces (mesial, distal, facial, lingual, and
occlusal).

complete denture: a removable dental prosthesis that
replaces the entire dentition and associated struc-
tures of the maxillae or mandible.

connector: n in fixed prosthodontics, the portion of a
fixed partial denture that unites the retainer(s) and
pontics.

1 crown: n (12c) 1: the highest part, as the topmost part
of the skull, head or tooth; the summit; that portion
of a tooth occlusal to the dentinoenamel junction or
an artificial substitute for this. 2: an artificial replace-
ment that restores missing tooth structure by sur-
rounding part or all of the remaining structure with
a material such as cast metal, porcelain, or a combi-
nation of materials such as metal and porcelain.

2 crown: vt (12c) to place on the head, as to place a
crown on a tooth, dental implant, or tooth substi-
tute-usage: implies fabrication of a restoration for
a tooth on a natural tooth or dental implant.

crown fracture: micro- or macroscopic cleavage in the
coronal portion of a tooth.

crown-root ratio: the physical relationship between
the portion of the tooth within alveolar bone com-
pared with the portion not within the alveolar bone,
as determined by radiograph.

demineralization: n (ca. 1903) 1: loss of minerals (as
salts of calcium) from the body. 2: in dentistry,
decalcification.

extracoronal retainer: that part of a fixed partial den-
ture uniting the abutment to the other elements of a
fixed partial denture that surrounds all or part of
the prepared crown.

fixed partial denture: a partial denture that is luted or
otherwise securely retained to natural teeth, tooth
roots, and/or dental implant abutments that furnish
the primary support for the prosthesis-usage: with
respect to a fixed partial denture retained on dental
implants, adjectives may be used to describe the
means of attachment, such as screw retained f p.d., ce-
ment retained fp.d-also called fixed prosthesis.

fixed partial denture retainer: the part of a fixed partial
denture that unites the abutment(s) to the remain-
der of the restoration.

frenulum: n pl -la (1706) a connecting fold of mem-
brane serving to support or retain a part.

high lip line: the greatest height to which the inferior
border of the upper lip is capable of being raised by
muscle function.

horizontal overlap: the projection of teeth beyond
their antagonists in the horizontal plane.

hydroxyapatite ceramic: a composition of calcium
and phosphate in physiologic ratios to provide a
dense, nonresorbable, and biocompatible ceramic
used for dental implants and residual ridge
augmentation.

immediate denture: a complete denture or removable
partial denture fabricated for placement immedi-
ately following the removal of natural teeth.

i ncisal guidance: 1: the influence of the contacting sur-
faces of the mandibular and maxillary anterior teeth
on mandibular movements. 2: the influence of the
contacting surfaces of the guide pin and guide table
on articulator movements.

indirect retainer: the component of a removable partial
denture that assists the direct retainer(s) in prevent-
ing displacement of the distal extension denture
base by functioning through lever action on the op-
posite side of the fulcrum line when the denture
base moves away from the tissues in pure rotation
around the fulcrum line.

indirect retention: the effect achieved by one or more
indirect retainers of a removable partial denture
that reduces the tendency for a denture base to
move in an occlusal direction or rotate about the ful-
crum line.

i ntermediate abutment: a natural tooth located be-
tween terminal abutments that supports a fixed or
removable prosthesis.

i nterim denture: see interim prosthesis.
interim prosthesis: a fixed or removable prosthesis, de-

signed to enhance esthetics, stabilization, and/or
function for a limited period of time, after which it
is to be replaced by a definitive prosthesis. Often
such prostheses are used to assist in determination
of the therapeutic effectiveness of a specific treat-
ment plan or the form and function of the planned
definitive prosthesis-synonym: provisional prosthe-
sis, provisional restoration,

i nterproximal contact: the area of a tooth that is in
close association, connection, or touch with an adja-
cent tooth in the same arch.

keyway: n an interlock using a matrix and patrix be-
tween the units of a fixed partial denture. It may serve
two functions: 1) to hold the pontic in the proper re-
lationship to the edentulous ridge and the opposing
teeth during occlusal adjustment on the working cast
(during application of any veneering material) and 2)
to reinforce the connector after soldering.

l ow lip line: 1: the lowest position of the inferior bor-
der of the upper lip when it is at rest. 2: the lowest
position of the superior border of the lower lip dur-
ing smiling or voluntary retraction.

masticatory force: the force applied by the muscles of
mastication during chewing.

mesial drift: movement of teeth toward the midline.
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nonrigid connector: any connector that permits limited
movement between otherwise independent mem-
bers of a fixed partial denture.

occlusal analysis: an examination of the occlusion in
which the interocclusal relations of mounted casts
are evaluated.

occlusal device: any removable artificial occlusal sur-
face used far diagnosis or therapy affecting the re-
lationship of the mandible to the maxillae. It may be
used for occlusal stabilization, for treatment of tem-
poromandibular disorders, or to prevent wear of
the dentition.

occlusal equilibration: the modification of the occlusal
form of the teeth with the intent of equalizing oc-
clusal stress, producing simultaneous occlusal con-
tacts, or harmonizing cuspal relations.

occlusal stability: the equalization of contacts that pre-
vents tooth movement after closure.

patrix: n pl patrices: 1: a pattern or die used in type
founding to form a matrix. 2: the extension of a den-
tal attachment system that fits into the matrix.

PFM: acronym for porcelain fused to metal.
plunger cusp: a cusp that tends to force food inter-

proximally.
residual bone: that component of maxillary or man-

dibular bone, once used to support the roots of the
teeth, that remain after the teeth are lost.

residual ridge: the portion of the residual bone and its
soft tissue covering that remains after the removal
of teeth.

span length: the length of a beam between two
supports.

splinting: v 1: in dentistry, the joining of two or more
teeth into a rigid unit by means of fixed or re-
movable restorations or devices. 2: in physiology,
prolonged muscle spasms that inhibit or prevent
movement.

stress breaker: see stress director.
stress director: a device or system that relieves specific

dental structures of part or all of the occlusal forces
and redirects those forces to other bearing struc-
tures or regions.

supraeruption: n movement of a tooth or teeth above
the normal occlusal plane.

supraocclusion: n malocclusion in which the occluding
surfaces of teeth extend beyond the normal occlusal
plane-also called overeruption.

sympathetic nervous system: the part of the autonomic
nervous system that responds to dangerous or
threatening situations by preparing a person physi-
ologically for "fight or flight."

tooth supported: a term used to describe a prosthesis
or part of a prosthesis that depends entirely on nat-
ural teeth for support.

transitional prosthesis: see interim prosthesis.
up-right adj the movement of a tooth into an erect or

normal position.
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Most restorative procedures affect the shape of the
occlusal surfaces. Proper dental care ensures that
functional contact relationships are restored in har-
mony with both dynamic and static conditions.
Maxillary and mandibular teeth should contact to
allow optimum function, minimal trauma to the
supporting structures, and an even load distribu-
tion throughout the dentition. Positional stability of
the teeth is critical if arch integrity and proper func-
tion are to be maintained over time.

As an aid to the diagnosis of occlusal dysfunc-
tion, it is helpful to evaluate the condition of specific
anatomic features and functional aspects of a pa-
tient's occlusion with reference to a concept of "op-
timum" or "ideal" occlusion. Deviation from this
concept can then be measured objectively and may
prove to be a useful guide during treatment plan-
ning and active treatment phases.

Over time, many concepts of "ideal" occlusion
have been proposed. In the literature, the concept of
what is "ideal," "acceptable," and "harmful" con-
tinues to evolve.

This chapter reviews the anatomic structures im-
portant to the study of occlusion and includes a dis-
cussion of mandibular movement. The concepts of
ideal versus pathologic occlusion are introduced, as

i nterference

malocclusion

mandibular movement

mandibular sideshift

mutual protection

nonworking side

occlusal device

parafunction

pathogenic occlusion

Posselt

speaking space

temporomandibular

terminal hinge axis

translation

vertical overlap

working side

joint

is the history of occlusal theory. The chapter con-
cludes with guidelines for the initial phase of oc-
clusal treatment.

ANATOMY

TEMPOROMANDIBULAR JOINTS

The major components of the temporomandibular
joints are the cranial base, the mandible, and the
muscles of mastication with their innervation and
vascular supply. Each joint can be described as gin-
glymoarthrodial, meaning that it is capable of both
a hinging and a gliding articulation. An articular
disk separates the mandibular fossa and articular
tubercle of the temporal bone from the condylar
process of the mandible.

The articulating surfaces of the condylar pro-
cesses and fossae are covered with avascular fibrous
tissue (in contrast to most other joints, which have
hyaline cartilage). The articular disk consists of
dense connective tissue; it also is avascular and de-
void of nerves in the area where articulation nor-
mally occurs. Posteriorly it is attached to loose vas-
cularized connective tissue, the retrodiscal pad or
bilaminar zone*, which connects to the posterior
wall of the articular capsule surrounding the joint
(Fig. 4-1). Medially and laterally the disk is attached
firmly to the poles of the condylar process. Anteri-
orly it fuses with the capsule and with the superior
lateral pterygoid muscle. Superior and inferior to
the articular disk are two spaces, the superior and
inferior synovial cavities. These are bordered pe-
ripherally by the capsule and the synovial mem-
branes and are filled with synovial fluid. Because of
its firm attachment to the poles of each condylar
process, the disk follows condylar movement dur-
ing both hinging and translation, which is made
possible by the loose attachment of the posterior
connective tissues.

*Called bilaminar because it consists of two layers: an
elastic superior layer and a collagenous inelastic infe-
rior layer.
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Fig. 4-1.

	

Temporomandibular joint (lateral section). The mandible is open.
(A courtesy Dr. K.A. Laurell.)

LIGAMENTS

The body of the mandible is attached to the base of
the skull by muscles and also by three paired liga-
ments (Table 4-1): the temporomandibular (also
called the lateral), the sphenomandibular, and the
stylomandibular. Ligaments cannot be stretched sig-
nificantly, so they limit the movement of joints. The
temporomandibular ligaments limit the amount of
rotation of the mandible and protect the structures of
the joint, limiting border movements.' The spheno-

mandibular and stylomandibular ligaments (Fig.
4-2) limit separation between the condylar process
and the disk; the stylomandibular ligaments also
limit protrusive movement of the mandible.

MUSCULATURE

Several muscles are responsible for mandibular
movements. These can be grouped into the muscles
of mastication and the suprahyoid muscles (Fig.
4-3). The former include the temporal, the masseter,
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Fig. 4-2.

	

Ligaments of the temporomandibular joint. A, Mesial view. B, Lateral view.

Fig. 4-3.

	

The muscles of mastication and the suprahyoids.

and the medial and lateral pterygoids; the latter are

	

Muscular Function.

	

The functions of the man-
the geniohyoid, the mylohyoid, and the digastrics.

	

dibular muscles are well-coordinated, complex events.
Their respective origins, insertions, and innervation

	

The three paired muscles of mastication provide
and vascular supply are summarized in Table 4-2.

	

elevation and lateral movement of the mandible.
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These are the temporals, the masseters, and the me-
dial pterygoids. The lateral pterygoid muscles,
each with two bellies (which some suggest should
be considered as two separate muscles), function
horizontally during opening and closing; the infe-
rior belly (or inferior lateral pterygoid) is active
during protrusion, depression, and lateral move-
ment; the superior belly (or superior lateral ptery-
goid) is active during closure. The last is thought
to assist in maintaining the integrity of the
condyle-disk assembly by pulling the condylar
process firmly against the disk, because the supe-
rior belly has been shown to attach to the disk and
the neck of the condyle.

The muscles of the suprahyoid group have a dual
function. They can elevate the hyoid bone or de-
press the mandible. The movement that results
when they contract depends on the state of contrac-
tion of the other muscles of the neck and jaw region.
When the muscles of mastication are in a state of

contraction, the suprahyoids will elevate the hyoid
bone. However, if the infrahyoid muscles (which
anchor the hyoid bone to the sternum and clavicle)
are contracted, the suprahyoids will depress and re-
tract the mandible. The geniohyoid and mylohyoid
initiate the opening movements, and the anterior
belly of the digastric completes mandibular depres-
sion. Although the stylohyoid muscle (which also
belongs to the suprahyoid group) may contribute
indirectly to mandibular movement through fixa-
tion of the hyoid bone, it does not play a significant
role in mandibular movement.

The relative positions of the maxillary and mandib-
ular teeth influence mandibular movement. Many
"ideal" occlusions have been described . 2 In most of
these, the maxillary and mandibular teeth contact
simultaneously when the condylar processes are
fully seated in the mandibular fossae and the teeth
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Fig. 4-4.

	

The Angle Class I occlusal relationship.

do not interfere with harmonious movement of
the mandible during function. In the fully bilateral
seated position of the condyle-disk assemblies,
the maxillary and mandibular teeth ideally exhibit
maximum intercuspation. This means that the
maxillary lingual and mandibular buccal cusps of
the posterior teeth are in evenly distributed and
stable contact with the opposing occlusal fossae.
These centric cusps can then act as stops for verti-
cal closure without excessively loading any one
tooth.

If the mesiobuccal cusp of the maxillary first
molar is aligned with the buccal groove of the
mandibular first molar, an Angle Class I ortho-
dontic relationship (Fig. 4-4) exists; this is consid-
ered normal (see glossary). In such a relationship,
the anterior teeth overlap both horizontally and
vertically. Orthodontic textbooks3 have tradition-
ally described an arbitrary 2 mm for horizontal
and vertical overlap as being ideal. For most pa-
tients, however, greater vertical overlap of the an-
terior teeth is desirable to prevent undesirable
posterior tooth contact as a result of flexing of the
mandible during mastication. Empirically, denti-
tions with greater vertical overlap of the anterior
teeth appear to have a better long-term prognosis
in comparison to dentitions with minimal vertical
overlap.

CENTRIC RELATION

Centric relation is considered the optimal mandibu-
lar position in which the bilateral condyle-disk as-
semblies are fully seated in their corresponding
glenoid fossae, with the condyles positioned along
the anterior slope of the articular eminence. Centric
relation is considered a reliable and reproducible ref-
erence position. If the intercuspal position coincides
with the centric relation position, restorative treat-
ment is often straightforward. When the intercuspal
position does not coincide with centric relation, it is
necessary to determine whether corrective occlusal
therapy is needed before restorative treatment.

Fig. 4-5.

	

Three-dimensional movement of a body can be
defined by a combination of translation (all points within
the body having identical movement) and rotation (all
points turning around an axis).

Fig. 4-6.

	

Reference planes.

MANDIBULAR MOVEMENT

As for any other movement in space, complex
three-dimensional mandibular movement can be
broken down into two basic components: transla-
tion, when all points within a body have identical
motion, and rotation, when the body is turning
about an axis (Fig. 4-5). Every possible three-dimen-
sional movement can be described in terms of these
two components. In addition, it is easier to under-
stand mandibular movement when the components
are described as projections in three perpendicular
planes: sagittal, horizontal, and frontal (Fig. 4-6).

REFERENCE PLANES

Sagittal Plane (Fig. 4-7).

	

In the sagittal plane, the
mandible is capable of a purely rotational move-
ment as well as translation. Rotation occurs around
the terminal hinge axis, an imaginary horizontal
line through the rotational centers of the left and
right condylar processes. The rotational movement
is limited to about 12 mm of incisor separation
before the temporomandibular ligaments and



Section 1 Planning and Preparation

Fig. 4-7.

	

A, Rotation of the mandible in a sagittal plane can be made around the terminal hinge axis.
B, After about 12 mm of incisal opening, the mandible is forced to translate. C, Maximum opening; the
condyles have translated forward.

structures anterior to the mastoid process force the
mandible to translate. The initial rotation or hinging
motion is between the condyle and the articular
disk. During translation, the lateral pterygoid mus-
cle contracts and moves the condyle-disk assembly
forward along the posterior incline of the tubercle.
Condylar movement is similar during protrusive
mandibular movement.

Horizontal Plane. In the horizontal plane, the
mandible is capable of rotation around several ver-
tical axes. For example, lateral movement consists
of rotation around an axis situated in the working
(laterotrusive) condylar process (Fig. 4-8) with
relatively little concurrent translation. A slight
lateral translation-known as Bennett movementt 4
mandibular sideshift, or laterotrusion (Fig. 4-9)-is
frequently present. This may be slightly forward or
slightly backward (lateroprotrusion or lateroretru-
sion). The orbiting (nonworking) condyle travels
forward and medially as limited by the medial as-
pect of the mandibular fossa and the temporo-
mandibular ligament. Finally, the mandible can
make a straight protrusive movement (Fig. 4-10).

Frontal Plane.

	

When observing a lateral move-
ment in the frontal plane, the mediotrusive (or non-
working) condyle moves down and medially while
the laterotrusive (or working) condyle rotates
around the sagittal axis perpendicular to this plane
(Fig. 4-11). Again, as determined by the anatomy of
the medial wall of the mandibular fossa on the
mediotrusive side, transtrusion may be observed: as
determined by the anatomy of the mandibular fossa
on the laterotrusive side, this may be lateral and up-
ward or lateral and downward (laterosurtrusion
and laterodetrusion). A straight protrusive move-
ment observed in the frontal plane, with both
condylar processes moving downward as they

Fig. 4-8.

	

Rotation in the horizontal plane occurs during
lateral movement of the mandible. (The vertical axis is situ-
ated in the condylar process.) Normally there is relatively
little translation (sideshift).

slide along the tubercular eminences, is shown in
Figure 4-12.

BORDER MOVEMENTS

Mandibular movements are limited by the tem-
poromandibular joints and ligaments, the neuro-
muscular system, and the teeth. Posselt was the
first to describe the extremes of mandibular move-
ment, which he called border movements (Fig. 4-13).
His classic work is well worth reviewing as one at-
tempts to understand how the determinants control
the extent to which movement can occur.

Posselt used a three-dimensional representation
of the extreme movements the mandible is capable
of (Fig. 4-13, B). All possible mandibular move-
ments occur within its boundaries. At the top of
both illustrations, a horizontal tracing represents
the protrusive movement of the incisal edge of the
mandibular incisors.

Starting at the intercuspal positions in the protru-
sive pathway, the lower incisors are initially guided
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Fig. 4-9.

	

Right lateral mandibular movement in the hori-

	

Fig. 4-11.

	

Lateral movement in the frontal plane.
zontal plane.

Fig. 4-10.

	

Protrusive mandibular movement in the hori-

	

Fig. 4-12.

	

Protrusive movement in the frontal plane.
zontal plane.

Fig. 4-13.

	

A, Mandibular border movement in the sagittal plane. B, Posselt's three-dimensional repre-
sentation of the total envelope of mandibular movement. 1, Mandibular incisors track along the lingual
concavity of the maxillary anterior teeth. 2, Edge-to-edge position. 3, Incisors move superiorly until pos-
terior tooth contact recurs. 4, Protrusive path. 5, Most protrusive mandibular position.
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A

B

Fig. 4-14.

	

Posterior determinants of occlusion. A, Angle of the articular eminence (condylar guid-
ance angle). 1, Flat; 2, average; 3, steep. B, Anatomy of the medial walls of the mandibular fossae. 1,
Greater than average; 2, average; 3, minimal sideshift.

by the lingual concavity of the maxillary anterior
teeth. This leads to gradual loss of posterior tooth
contact as the incisors reach the edge-to-edge posi-
tion. This is represented in Posselt's diagram by the
initial downward slope. As the mandible moves far-
ther protrusively, the incisors slide over a horizontal
trajectory representing the edge-to-edge position
(the flat portion in the diagram), after which the
lower incisors move upward until new posterior
tooth contact occurs. Further protrusive movement
of the mandible typically takes place without signif-
icant tooth contact.

The border farthest to the right of Posselt's solid
(see Fig. 4-13, B) represents the most protruded open-
ing and closing stroke. The maximal open position of
the mandible is represented by the lowest point in
the diagram. The left border of the diagram repre-
sents the most retruded closing stroke. This move-
ment occurs in two phases: The lower portion con-
sists of a combined rotation and translation, until the
condylar processes return to the fossae. The second
portion of the most retruded closing stroke is repre-
sented by the top portion of the border that is farthest
to the left in Posselt's diagram. It is strictly rotational.
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Fig. 4-15.

	

Anterior determinants of occlusion. Different incisor relationships with differing horizontal
and vertical overlaps (HO and VO) produce different anterior guidance angles (AGA). A, Class 1.
B, Class 11, Division 2 (increased VC; steep AGA). C, Class 11, Division 1 (increased HO; flat AGA).

Posterior and Anterior Determinants (Table
4-3). The characteristics of mandibular movement
are established posteriorly by the morphology of
the temporomandibular joints and anteriorly by the
relationship of the anterior teeth.

The posterior determinants (Fig. 4-14)-shape of
the articular eminences, anatomy of the medial
walls of the mandibular fossae, configuration of the
mandibular condylar processes-cannot be con-
trolled, nor is it possible to influence the neuromus-
cular responses of the patient, unless it is done by
indirect means (e.g., through changes in the config-
uration of the contacting teeth or by the provision of
an occlusal appliance). If a patient has steeply
sloped eminences, there will be a large downward
component of condylar movement during lateral
and protrusive excursions. Similarly, the anatomy
of the medial wall of each fossa normally will allow
the condyle to move slightly medially as it travels
forward (mandibular sideshift, or transtrusion). The
sideshift will become greater as the extent of medial
movement increases. However, the anatomy of the
joint dictates the actual path and timing of condylar
movement. Movement of the laterotrusive or work-
ing condylar process is influenced predominantly
by the anatomy of the lateral wall of the mandibu-
lar fossa. The amount of the sideshift is, of course,
a function of the mediotrusive or nonworking

condyle; on the working side, however, it is the
anatomy of the lateral aspect of the fossa that guides
the working condyle straight out or upward and
downward. The amount of sideshift does not ap-
pear to increase as the result of a loss of occlusion .6

The anterior determinants (Fig. 4-15) are the verti-
cal and horizontal overlaps and the maxillary lin-
gual concavities of the anterior teeth. These can be
altered by restorative and orthodontic treatment. A
greater vertical overlap causes the direction of
mandibular opening to be more vertical during the
early phase of protrusive movement and creates a
more vertical pathway at the end of the chewing
stroke. Increased horizontal overlap allows a more
horizontal jaw movement.

Although the posterior and anterior determinants
combine to affect mandibular movement, no correla-
tion has been established7; that is, patients with steep
anterior guidance angles do not necessarily have a
steep posterior disclusion, and vice versa.

FUNCTIONAL MOVEMENTS

Most functional movement of the mandible (as oc-
curs during mastication and speech) takes place in-
side the physiologic limits established by the teeth,
the temperomandibular joints, and the muscles and
ligaments of mastication; therefore, these move-
ments are rarely coincident with border movements.
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Chewing.

	

When incising food, adults open their
mouth a comfortable distance and move the
mandible forward until they incise, with the anterior
teeth meeting approximately edge to edge. The food
bolus is then transported to the center of the mouth
as the mandible returns to its starting position, with
the incisal edges of the mandibular anterior teeth
tracking along the lingual concavities of the maxil-
lary anterior teeth (Fig. 4-16). The mouth then opens
slightly, the tongue pushes the food onto the occlusal
table, and after moving sideways, the mandible
closes into the food until the guiding teeth (typically
the canines) contact.' The cycle is completed as the
mandible returns to its starting position.9 This pat-
tern repeats itself until the food bolus has been re-
duced to particles that are small enough to be swal-
lowed, at which point the process can start over. The
direction of the mandibular path of closure is influ-
enced by the inclination of the occlusal plane with
the teeth apart and by the occlusal guidance as the
jaw approaches intercuspal position.'°

The chewing pattern observed in children differs
from that found in adults. Until about age 10, chil-
dren begin the chewing stroke with a lateral move-
ment. After the age of 10, they start to chew increas-
ingly like adults, with a more vertical stroke" (Fig.
4-17). Stimuli from the pressoreceptors play an im-
portant role in the development of functional chew-
ing cycles. 12

Mastication is a learned process. At birth no oc-
clusal plane exists, and only after the first teeth have
erupted far enough to contact each other is a mes-
sage sent from the receptors to the cerebral cortex,

which controls the stimuli to the masticatory mus-
culature. Stimuli from the tongue and cheeks, and
perhaps from the musculature itself and from the
periodontium, may influence this feedback pattern.

Speaking. The teeth, tongue, lips, floor of the
mouth, and soft palate form the resonance chamber
that affects pronunciation. During speech, the teeth
are generally not in contact, although the anterior
teeth may come very close together during "C,"
"CH," "S," and "Z" sounds, forming the "speaking
space."" When pronouncing the fricative "F," the
inner vermilion border of the lower lip traps air
against the incisal edges of the maxillary incisors.
Phonetics is a useful diagnostic guide for correcting
vertical dimension and tooth position during fixed
and removable prosthodontic treatment.14

PARAFUNCTIONAL MOVEMENTS

Parafunctional movements of the mandible may be
described as sustained activities that occur beyond
the normal functions of mastication, swallowing, and
speech. There are many forms of parafunctional ac-
tivities, including bruxism, clenching, nail biting,
and pencil chewing, among others. Typically, para-
function is manifested by long periods of increased
muscle contraction and hyperactivity. Concurrently,
excessive occlusal pressure and prolonged tooth con-
tact occur, which is inconsistent with the normal
chewing cycle. Over a protracted period this can re-
sult in excessive wear, widening of the periodontal
ligament (PDL), and mobility, migration, or fracture
of the teeth. Muscle dysfunction such as myospasms,

Fig. 4-16.

	

Comparison of border and chewing movements for soft food at the central incisor. Sagittal,
frontal, and horizontal views in an orthographic projection.
(From Gibbs CH et al: J Prosthet Dent 46:308,1981.)
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myositis, myalgia, and referred pain (headaches)
from trigger point tenderness may also occur. The de-
gree of symptoms varies considerably among indi-
viduals. The two most common forms of parafunc-
tional activities are bruxism and clenching. Increased
radiographic bone density is often seen in patients
with a history of sustained parafunctional activity.

Bruxism.

	

Sustained grinding, rubbing together,
or gnashing of the teeth with greater-than-normal
chewing force is known as bruxism (Fig. 4-18). This
activity may be diurnal, nocturnal, or both. Al-
though bruxism is initiated on a subconscious level,
nocturnal bruxism is potentially more harmful be-
cause the patient is not aware of it while sleeping.
Therefore, it can be difficult to detect, but it should
be suspected in any patient exhibiting abnormal
tooth wear or pain. The prevalence of bruxism is
about 10% and is less common with age." The etiol-
ogy of bruxism is often unclear. Some theories relate
bruxism to malocclusion, neuromuscular distur-
bances, responses to emotional distress, or a combi-
nation of these factors. A study on cohort twins has
demonstrated substantial genetic effects,'° the con-
dition has been related to sleep disturbance,'' and
the symptoms of bruxism are three times more com-

mon in smokers. Altered mastication has been ob-
served in subjects who brux and may be due to
an attempt to avoid premature occlusal contacts (oc-
clusal interferences). There may also be a neuro-
muscular attempt to "rub out" an interfering cusp.
The fulcrum effect of rubbing on posterior interfer-
ences will create a protrusive or laterotrusive move-
ment that can cause overloading of the anterior
teeth, with resultant excessive anterior wear. It is
common for wear on anterior teeth to progress from
initial faceting on the canines to the central and lat-
eral incisors. Once vertical overlap diminishes as
the result of wear, posterior wear facets are com-
monly observed. However, the chewing patterns of
normal subjects can be quite varied, and the rela-
tionship, if any, between altered mastication and oc-
clusal dysfunction is not clear .25

The causes of bruxism are difficult to determine.
One theory states that bruxism is performed on a
subconscious reflex-controlled level and is related
to emotional responses and occlusal interferences.
In certain malocclusions, the neuromuscular system
exerts fine control during chewing to avoid particu-
lar occlusal interferences. As the degree of muscle
activity necessary to avoid the interferences be-
comes greater, an increase in muscle tone may

Fig. 4-17.

	

Frontal views of chewing on the left side. The dashed lines are border movements.
A, Chewing in a young person, characterized by a wide lateral movement on opening and decreased
lateral movement on closing. B, In an older child, the chewing pattern resembles that of an adult.
(From Wickwire NA et al: Angle Orthod 51:48, 1981.)
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result, with subsequent pain in the hyperactive mus-
culature, which in turn can lead to restricted move-
ment. The relationship, if any, between bruxism and
temporomandibular disorders is still unclear.

Patients who brux can exert considerable forces
on their teeth, and much of this may have a lateral
component. Posterior teeth do not tolerate lateral
forces as well as vertical forces in their long axes.
Buccolingual forces, in particular, appear to cause
rapid widening of the periodontal ligament space
and increased mobility.

Clenching. Clenching is defined as forceful
clamping together of the jaws in a static relation-
ship. The pressure thus created can be maintained
over a considerable time with short periods of re-

Fig. 4-18.

	

Extensive abrasion (tooth wear) resulting
from parafunctional grinding in a 23-year-old patient.

laxation in between. The etiology can be associated
with stress, anger, physical exertion, or intense con-
centration on a given task, rather than an occlusal
disorder. As opposed to bruxism, clenching does
not necessarily result in damage to the teeth because
the concentration of pressure is directed more or
less through the long axes of the posterior teeth
without the involvement of detrimental lateral
forces. Abfractions-cervical defects at the CEJ-
may result from sustained clenching.28 AIso, the
increased load may result in damage to the peri-
odontium, temporomandibular joints, and muscles
of mastication. Typically, the elevators will become
overdeveloped. A progression of muscle splinting,
myospasm, and myositis may occur, causing the pa-
tient to seek treatment. As with bruxism, clenching
can be difficult to diagnose and difficult if not im-
possible for the patient to voluntarily control.

Historically, the study of occlusion has undergone
an evolution of concepts. These can be broadly cat-
egorized as bilaterally balanced 3° unilaterally bal-
anced, and mutually protected. Current emphasis in
teaching fixed prosthodontics and restorative den-
tistry has been on the concept of mutual protection
(Fig. 4-19). However, since restorative treatment re-
quirements vary, the clinician should understand
possible combinations of occlusal schemes and their
advantages, disadvantages, and indications.

In most patients, maximum tooth contact occurs
anterior to the centric relation position of the
mandible. Often, this maximum intercuspation po-
sition anterior to centric relation is referred to as cen-
tric occlusion, although the term is also used to refer
to occlusal contact in centric relation. To avoid con-

( STORY OF OCCLUSAL STUDIES

Fig. 4-19.

	

Canine-guided or mutually protected occlu-
sion. During lateral excursions, there are no contacts on the
mediotrusive (nonworking) side; all contacts are between
the laterotrusive (working side) canines.
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fusion, maximum intereuspation (MI) and centric rela-
tion (CR) are the terms used in this text.

BILATERALLY BALANCED ARTICULATION

Early work in removable prosthodontics centered
around the concept of a bilaterally balanced articu-
lation. This requires having a maximum number of
teeth in contact in maximum intereuspation and all
excursive positions. In complete denture fabrica-
tion, this tooth arrangement helps maintain denture
stability because the nonworking contact prevents
the denture from being dislodged. However, as the
principles of bilateral balance were applied to the
natural dentition and in fixed prosthodontics, it
proved to be extremely difficult to accomplish, even
with great attention to detail and sophisticated ar-
ticulators. In addition, high rates of failure resulted.
An increased rate of occlusal wear, increased or ac-
celerated periodontal breakdown, and neuromus-
cular disturbances were commonly observed. The
last were often relieved when posterior contacts on
the mediotrusive side were eliminated in an attempt
to eliminate unfavorable loading. Thus the concept
of a unilaterally balanced occlusion (group func-
tion) evolved31 (Fig. 4-20).

UNILATERALLY BALANCED ARTICULATION

(GROUP FUNCTION)

In a unilaterally balanced articulation, excursive
contact occurs between all opposing posterior teeth
on the laterotrusive (working) side only. On the
mediotrusive (nonworking) side, no contact occurs
until the mandible has reached centric relation.
Thus, in this occlusal arrangement the load is dis-
tributed among the periodontal support of all pos-
terior teeth on the working side. This can be advan-
tageous if, for instance, the periodontal support of

Fig. 4-20.

	

Group function or unilaterally balanced occlu-
sion. During lateral excursions, there are no contacts be-
tween teeth on the mediotrusive (nonworking) side, but
even excursive contacts occur on the laterotrusive (work-
i ng) side.

the canine is compromised. While on the working
side, occlusal load is distributed during excursive
movement, and the posterior teeth on the non-
working side do not contact. In the protrusive
movement, no posterior tooth contact occurs.

Long Centric.

	

As the concept of unilateral bal-
ance evolved, it was suggested that allowing some
freedom of movement in an anteroposterior direc-
tion is advantageous. This concept is known as long

centric. Schuyler" was one of the first to advocate
such an occlusal arrangement. He thought that it
was important for the posterior teeth to be in har-
monious gliding contact when the mandible trans-
lates from centric relation forward to make anterior
tooth contact. Others 33 have advocated long centric
because centric relation only rarely coincides with
the maximum intereuspation position in healthy
natural dentitions. However, its length is arbitrary.
At given vertical dimensions, long centric ranges
from 0.5 to 1.5 mm in length have been advocated.
This theory presupposes that the condyles can
translate horizontally in the fossae over a commen-
surate trajectory before beginning to move down-
ward. It also necessitates a greater horizontal space
between the maxillary and mandibular anterior
teeth (deeper lingual concavity), allowing horizon-
tal movement before posterior disocclusion.

MUTUALLY PROTECTED OCCLUSION

During the early 1960s, an occlusal scheme called
mutually protected occlusion was advocated by Stuart
and Stallard, 4 based on earlier work by D'Amico.35
In this arrangement, centric relation coincides with
the maximum intereuspation position. The six ante-
rior maxillary teeth, together with the six anterior
mandibular teeth, guide excursive movements of
the mandible, and no posterior occlusal contacts oc-
cur during any lateral or protrusive excursions.

The relationship of the anterior teeth, or anterior
guidance, is critical to the success of this occlusal
scheme. In a mutually protected occlusion, the pos-
terior teeth come into contact only at the very end of
each chewing stroke, minimizing horizontal load-
ing on the teeth. Concurrently, the posterior teeth
act as stops for vertical closure when the mandible
returns to its maximum intereuspation position.
Posterior cusps should be sharp and should pass
each other closely without contacting to maximize
occlusal function. Investigations of the neuromus-
cular physiology of the masticatory apparatus indi-
cate advantages associated with a mutually pro-
tected occlusal scheme.8 However, in studies
involving unrestored dentitions, relatively few oc-
clusions can be classified as mutually protected .36
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Optimum Occlusion
In an ideal occlusal arrangement, the load exerted

on the dentition should be distributed optimally. Oc-
clusal contact has been shown 31 to influence muscle
activity during mastication. Any restorative proce-
dures that adversely affect occlusal stability may af-
fect the timing and intensity of elevator muscle ac-
tivity. Horizontal forces on any teeth should be
avoided or at least minimized, and loading should
be predominantly parallel to the long axes of the
teeth. This is facilitated when the tips of the centric
cusps are located centrally over the roots and when
loading of the teeth occurs in the fossae of the oc-
clusal surfaces rather than on the marginal ridges.
Horizontal forces are also minimized if posterior
tooth contact during excursive movements is
avoided. Nevertheless, to enhance masticatory effi-
ciency, the cusps of the posterior teeth should have
adequate height.

The chewing and grinding action of the teeth is
enhanced if opposing cusps on the laterotrusive
side interdigitate at the end of the chewing stroke.
The mutually protected occlusal scheme probably
meets this criterion better than the other occlusal
arrangements. The features of a mutually protected
occlusion are as follows31 :
1. Uniform contact of all teeth around the arch

when the mandibular condylar processes are in
their most superior position

2. Stable posterior tooth contacts with vertically
directed resultant forces

3. Centric relation coincident with maximum in-
tercuspation (intercuspal position) (CR = MI)

4.

	

No contact of posterior teeth in lateral or pro-
trusive movements

5.

	

Anterior tooth contacts harmonizing with func-
tional jaw movements

In achieving these criteria, it is assumed that (1) a
full complement of teeth exists, (2) the supporting
tissues are healthy, (3) there is no cross bite, and (4)
the occlusion is Angle Class I.

Rationale.

	

At first glance it might seem illogi-
cal to load the single-rooted anterior teeth as op-
posed to the multirooted posterior teeth during
chewing.

	

However, the canines and incisors have
a distinct mechanical advantage over the posterior
teeth39: the effectiveness of the force exerted by the
muscles of mastication is notably less when the
loading contact occurs farther anteriorly.

The mandible is a lever of the class III type (Fig.
4-21), which is the least efficient of lever systems.
An example of another class III lever would be a
fishing pole. The longer the pole, the more effort it
takes to pull a fish out of the water. The same holds
true for the muscles of mastication and the teeth: the
farther anteriorly initial tooth-to-tooth contact oc-
curs (i.e., the longer the lever arm), the less effective
will be the forces exerted by the musculature and
the smaller the load to which the teeth are subjected.
The canine-with its long root, significant amount
of periodontal surface area, and strategic position in

Fig. 4-21.

	

Lever system of the mandible. A, The elevator muscles of the mandible insert anterior to
the TMJs and posterior to the teeth, forming a class III lever system. B, The fulcrum (F) is the TMJ, the
force or effort (E) is applied by the muscles of mastication, and the resistance or load (L) is food placed
between the teeth. The load will diminish as the lever arm increases. Therefore less load is placed on the
anterior than on the posterior teeth.
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the dental arch-is well adapted to guiding excur-
sive movements. This function is governed by pres-
soreceptors in the periodontal ligament, receptors
that are very sensitive to mechanical stimulation."

The elimination of posterior contacts during ex-
cursions reduces the amount of lateral force to
which posterior teeth are subjected. Therefore, mo-
lars and premolars in group function are subjected
to greater horizontal and potentially more patho-
logic force than the same teeth in a mutually pro-
tected occlusion.

There are significant differences in the adaptive re-
sponse of patients to occlusal abnormalities. Some in-
dividuals are unable to tolerate seemingly trivial oc-
clusal deficiencies, whereas others are able to sustain
distinct malocclusions without obvious symptoms.
Most patients seem able to adapt to small occlusal
deficiencies without exhibiting acute symptoms.

LOWERED THRESHOLD
Patients with a low pain threshold generally do not
present much difficulty in diagnosis. They readily
identify every pain. A lowered threshold, however,
is not to be confused with hypochondria; it is
merely an indication of poor adaptability to occlusal
discrepancies. NOTE: The tolerance or adaptability
of an individual patient will likely vary-it will be
lower at times of emotional stress and general
malaise, when clinical symptoms such as severe
headaches, muscle spasm, and pain may surface.

RAISED THRESHOLD
Individuals who have adapted to existing malocclu-
sions may report being quite comfortable with their
dentition, although considerable symptoms are evi-
dent. Even in the absence of pain, however, occlusal
treatment may be advised to prevent or minimize
wear on the teeth and damage to the musculature or
temporomandibular joints.

A pathogenic occlusion is defined as an occlusal re-
lationship capable of producing pathologic changes
in the stomatognathic system. In such occlusions suf-
ficient disharmony exists between the teeth and the
TMJs to result in symptoms that require intervention.

SIGNS AND SYMPTOMS
There are many indications that a pathogenic occlu-
sion may be present. Diagnosis is often complicated
because patients almost always have a combination

PATIENT ADAPTABILITY

PATHOGENIC OCCLUSION

of symptoms. Although it is often not possible to
prove a direct correlation between specific symp-
toms and malocclusion, the following symptoms
can help confirm this diagnosis.

Teeth. The teeth may exhibit hypermobility,
open contacts, or abnormal wear. Hypermobility of
an individual tooth or opposing pair of teeth is of-
ten an indication of excessive occlusal force. This
may be due to premature contact in centric relation
or during excursive movements. Such contacts fre-
quently can be detected by placing the tip of the in-
dex finger on the crown portion of the mobile tooth
and asking the patient to repeatedly tap the teeth to-
gether. Small amounts of movement (fremitus) that
otherwise might not be readily seen often can be felt
this way.

Open proximal contacts may be the result of
tooth migration because of an unstable occlusion
and should prompt further investigation (Fig. 4-22).
Diagnostic casts made during previous treatment
will help assess any changes in the stability of the
occlusion. Abnormal tooth wear, cusp fracture, or
chipping of incisal edges may be signs of parafunc-
tional activity 41,42 However, extensive tooth destruc-
tion is often due to a combination of acid erosion
and attrition 43-45 In these cases, the acid may be from
the diet (e.g., excessive citrus fruit consumption)
or endogenous (due to regurgitation or frequent
vomiting).

Periodontium.

	

There is no convincing evidence
that chronic periodontal disease is caused directly
by occlusal overload. However, a widened peri-
odontal ligament space (detected radiographically)
may indicate premature occlusal contact and is
often associated with tooth mobility (Fig. 4-23). Sim-
ilarly, isolated or circumferential periodontal de-
fects are often associated with occlusal trauma. In
patients with advanced periodontal disease who

Fig. 4-22.

	

Unstable occlusion. Removal of a tooth with-
out replacement has led to tilting and drifting.
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Fig. 4-23.

	

Widened periodontal ligament space and in-
creased mobility of mandibular molars. Occlusal premature
contacts were noted in lateral and protrusive movements.

have extensive bone loss, rapid tooth migration may
occur with even minor occlusal discrepancies. Tooth
movement may make it difficult for these patients to
institute proper oral hygiene measures, and the re-
sult may be a recurrence of periodontal disease. Pre-
cise adjustment of the occlusion is probably more
critical in patients with a compromised crown/root
ratio than in those with better periodontal support
(see Chapter 32).

Fig. 4-24.

	

Midline deviation during opening and closing
movements can be indicative of asymmetric muscle activity
or joint derangement. Here, during opening, less than opti-
mal translation occurs on the patient's left side.

Musculature. Acute or chronic muscular pain
on palpation can indicate habits associated with
tension such as bruxing or clenching. Chronic
muscle fatigue can lead to muscle spasm and pain.
In one study, subjects were instructed to grind
their teeth for approximately 30 minutes. They ex-
perienced muscle pain that typically peaked 2 hours
after parafunctioning and lasted as long as 7 days.
Asymmetric muscle activity can be diagnosed by
observing a patient's opening and closing move-
ments in the frontal plane. A deviation of a few mil-
limeters is quite common, but anything beyond this
calls for further examination (Fig. 4-24) and may be
a sign of dysfunction.47 Restricted opening, or tris-
mus, may be due to the fact that the mandibular el-
evator muscles are not relaxing.

Temporomandibular Joints. Pain, clicking, or
popping in the TMJs can indicate TM disorders.
Clicking and popping may be present without the
patient's awareness. A stethoscope is a useful diag-
nostic aid; a recent study found joint sounds are
generally reliable indicators of temporomandibular
disorders . 4 s The patient may complain of TMJ pain
that is actually of muscular origin and is referred to
the joints.

Clicking may also be associated with internal de-
rangements of the joint. A patient with unilateral
clicking when opening and closing (reciprocal click)
in conjunction with a midline deviation may have
a displaced disk. The midline deviation will typi-
cally occur toward the side of the affected joint
because the displaced disk can prevent (or slow
down) the normal anterior translatory movement of
the condyle.

Myofascial Pain Dysfunction. The myofascial
pain dysfunction (MPD) syndrome presents as dif-
fuse unilateral pain in the preauricular area, with
muscle tenderness, clicking, or popping noises in the
contralateral TMJ and limitation of jaw function.
Often the muscles, and not the TMJ, are the primary
site, but over time the functional problem may lead
to organic changes in the joint. Three major theories
relative to the cause of MPD are recognized: The
psychophysiologic theory49 states that MPD results
from bruxing and clenching, with chronic muscle fa-
tigue leading to muscle spasm and altered mandibu-
lar movement. Tooth movement may follow, and the
malocclusion becomes apparent when spasm is re-
lieved. According to this theory, treatment should fo-
cus on emotional rather than physical therapy.
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The muscle theory50 states that continuous mus-
cle hyperactivity is responsible for MPD, with pain
referred to the TMJ and other areas of the head and
neck region.

The mechanical displacement theory51 states that
malocclusion of the teeth displaces the condyles,
and the feedback from the dentition is altered,
which results in muscle spasm.

Correct diagnosis and management is often
complicated by the concurrent presence of multiple
etiologies. Patients with MPD may require multi-
disciplinary treatment involving occlusal therapy,
medications, biofeedback, and physical therapy. Ex-
tensive fixed prosthodontic treatment should be
postponed until the patient's condition(s) have been
stabilized at acceptable levels.

When a patient exhibits signs and symptoms that
appear correlated to occlusal interferences (see also
p. 157), occlusal treatment should be considered.52
Such treatment can include tooth movement
through orthodontics, elimination of deflective oc-
clusal contacts through selective reshaping of the
occlusal surfaces of teeth, or the restoration and re-
placement of missing teeth resulting in more favor-
able distribution of occlusal force.

The objectives of occlusal treatment are as follows:
1. To direct the occlusal forces along the long

axes of the teeth
2.

	

To attain simultaneous contact of all teeth in
centric relation

3.

	

To eliminate any occlusal contact on inclined
planes to enhance the positional stability of
the teeth

4. To have centric relation coincide with the
maximum intercuspation position

5.

	

To arrive at the occlusal scheme selected for
the patient (e.g., unilateral balanced versus
mutually protected)

In the short term, these objectives can be accom-
plished with a removable occlusal device (Fig. 4-25)
fabricated from clear acrylic resin that overlays the
occlusal surfaces of one arch. On a more permanent
basis, this can be accomplished through selective
occlusal reshaping, tooth movement, the placement
of restorations, or a combination of these. Definitive
occlusal treatment involves accurate manipulation
of the mandible, particularly in centric relation. Be-
cause the patient may resist such manipulation as a
result of protective muscular reflexes, some type of
deprogramming device may be needed (e.g., an oc-
clusal device).

OCCLUSAL TREATMENT

Fig. 4-25.

	

Occlusal device.
(Courtesy Dr. WV. Campagni.)

OCCLUSAL DEVICE THERAPY

Occlusal devices (sometimes referred to as occlusal
splints, occlusal appliances, or orthotics) are exten-
sively used in the management of TM disorders
and bruxism." In controlled clinical trials, they
have effectively controlled myofascial pain (i.e.,
the patient's perceived positive changes as a result
of the device therapy). However, no clear hypoth-
esis about the mechanism of action has been
proved, and none of the various hypotheses (repo-
sitioning of condyle and/or the articular disk, re-
duction in masticatory muscle activity, modifica-
tion of "harmful" oral behavior, and changes in the
patient's occlusion) has been consistently sup-
ported by scientific studies . 54 Occlusal devices are
particularly helpful in determining whether a pro-
posed change in a patient's occlusal scheme will be
tolerated. The proposed scheme is created in an
acrylic resin overlay, which allows testing of the
scheme through reversible means, although at a
slightly increased vertical dimension. If a patient
responds favorably to an occlusal device, the re-
sponse to restorative treatment should be positive
as well. Thus, occlusal device therapy can serve as
an important diagnostic procedure before initia-
tion of fixed prosthodontic treatment. The device
can be made for either maxillary or mandibular
teeth. Some clinicians express a preference for one
or the other and cite advantages; however, both
maxillary and mandibular devices have proved
satisfactory.

There are several satisfactory methods for making
an occlusal device . 44 One made from heat-polymer-
ized acrylic resin will have the advantage of dura-
bility, but autopolymerizing resin used alone or in
conjunction with a vacuum-formed matrix can
serve equally well. Box 4-1 compares the indirect
and direct techniques.
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Direct Procedure Using
a Vacuum-Formed Matrix

1.

	

Adapt a sheet of clear thermoplastic resin to
a diagnostic cast using a vacuum-forming
machine. Hard resin (I mm thick) is suit-
able. Be sure that excessive undercuts have
been blocked out. Trim the excess resin so all
facial soft tissues are exposed. On the facial
surfaces of the teeth, the device must be
kept well clear of the gingival margins (Fig.
4-26, A). On the lingual surface of maxillary
devices, the matrix should cover the ante-
rior third of the hard palate for rigidity.

2.

	

Try in the matrix for fit and stability. Add a
small amount of autopolymerizing acrylic
resin in the incisal region. Guide the
mandible into CR using the bimanual ma-
nipulation technique (see Chapter 2). Hinge
the mandible to make shallow indentations
in the resin (Fig. 4-26, B).

3.

	

Add more resin to the incisor and canine re-
gions and guide the patient to retrusive,
protrusive, and lateral closures in the soft
resin. Allow the resin to polymerize. NOTE:
The resin should be allowed to polymerize
on the cast or with the appliance in place in
the mouth. Otherwise, the heat generated
by polymerization may distort the thermo-
plastic matrix.

4.

	

With the help of marking ribbon, adjust the
resin to give smooth, even contacts during
protrusive and lateral excursions as well as
a definite occlusal stop for each incisor in
centric relation (Fig. 4-26, C). Confine pro-
trusive contacts to the incisors and lateral
contacts to the laterotrusive canines (Fig.
4-26, D). All posterior contacts should be re-
lieved at this stage.

5.

	

Have the patient wear the device for a few
minutes in the office. Repeated protrusive
and lateral movements will overcome most
problems in jaw manipulation. Occasionally
it will be necessary for the patient to wear
the device overnight before the acquired
protective muscle patterns are overcome.
NOTE: In such cases, if posterior tooth erup-
tion is to be avoided, the patient must be
seen again within 24 to 48 hours.

6. Add autopolymerizing acrylic resin to the
posterior region of the device and guide the
patient into centric relation. Hold CR until
the acrylic resin has polymerized.

7.

	

Remove the device and examine the impres-
sions of the opposing arch in the resin (Fig.
4-26, E). Polymerization can be accelerated
by placing the device on the cast in warm
water in a pressure pot (Fig. 4-26, F).

8. Place pencil marks in the depressions
formed by the opposing centric cusps. If a
cusp registration is missing, new resin can
be added and the device reseated.

9.

	

Remove excess resin with a bur or wheel to
leave only the pencil marks (Fig. 4-26, G).
All other contacts must be eliminated if pos-
terior disclusion is to be achieved.

10.

	

Check the device in the mouth for CR con-
tacts, marking them with a ribbon. Relieve
heavy contacts by continued adjustment un-
til each centric cusp has an even mark.

11. Identify protrusive and lateral excursions
using different-colored tape. Adjust excur-
sive contacts as necessary, being careful not
to remove the centric cusp stops.

12.

	

Smooth and polish the device, again being
careful not to alter the functional surfaces
(Fig. 4-26, H).

13.

	

After a period of satisfactory use, the device
can be duplicated in heat-polymerized resin
using a standard denture reline technique.

Indirect Procedure Using Autopolymerizing
Acrylic Resin

Accurately mounted diagnostic casts are essential
for this procedure. A relatively small mounting er-
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Fig. 4-26.

	

Direct procedure for the fabrication of an occlusal device.

ror can lead to considerable loss of time at try-in.
Particular attention must be given to occlusal de-
fects or interfering soft tissue projections on the
casts, which could cause errors during mounting.

1.

	

Be sure that the device is made at the same
vertical dimension of occlusion as the CR
record. This will reduce mounting errors de-
rived from using an arbitrary facebow.

2.

	

Fit the articulator with a mechanical incisal
guidance table initially set flat.

3.

	

Lower the incisal guide pin until there is ap-
proximately 1 mm of clearance between the
posterior teeth (Fig. 4-27, A). This should be
the same vertical dimension of occlusion as
the one at which the CR record was made.

4.

	

Depending on the type of articulator used, it
may be necessary to reposition the incisal
guide table after step 3.

5.

	

Check the clearance between opposing casts
during protrusive movement of the articula-
tor. Where this is less than 1 mm, increase it
by tilting the incisal guidance table.

6.

	

Raise the platform wings of the incisal guid-
ance table so there is at least 1 mm of clear-
ance in all lateral excursions (Fig. 4-27, B). It
may be necessary to raise the incisal pin oc-
casionally to ensure adequate clearance.

7.

	

Mark the height of contour of each tooth on
the cast and block out undercuts with wax
(Fig. 4-27, C.
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B

F

Fig. 4-27.

	

A to J, Indirect procedure with autopolymerizing resin for the fabrication of an occlusal device.

8. Form wire clasps to engage facial under-
cuts and seal the cast with a separating
medium (e.g., Al-Cote) and allow it to dry
(Fig. 4-27, D). The opposing cast can be
soaked in water to prevent the acrylic resin
from sticking to it.

9.

	

Fabricate the device with autopolymerizing
clear acrylic resin (Fig. 4-27, E) applied by

alternating liquid and powder (Fig. 4-27, F).
To avoid porosities, the resin should always
be kept wet with monomer and added in
small increments (Fig. 4-27, G).

10.

	

While the resin is still soft, close the articu-
lator (Fig. 4-27, H). Add resin where neces-
sary until a slight depression is formed by
each centric cusp.
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11.

	

Again, while the resin is still soft, close the
articulator into protrusive and lateral excur-
sions. Add or remove resin until it is in con
stant contact with the anterior teeth when
the incisal guide pin contacts the incisal
guidance table. This adjustment need only
be approximate because the working time of
the acrylic resin is limited and the occlusal
contacts will be refined after the resin has
polymerized.

12.

	

Place the device and cast in warm water in a
pressure vessel to polymerize. When this is
complete, flush wax from the cast with boil-
ing water.

13.

	

Refine the occlusion on the articulator (Fig.
4-27,I).

a. There should be even contact for each
centric cusp in centric relation.

b. A stop should exist for each anterior
tooth in CR.

c. Protrusive contact on the incisors
should be smooth and even.

d.

	

There should also be smooth and even
lateral contact on the laterotrusive
(working-side) canines.

14. Remove the device from the cast and
smooth and polish it, taking care not to alter
the functional surfaces (Fig. 4-27, J).

15. At try-in, check for fit and stability. Also
check the occlusal contacts and adjust as
necessary, using different-colored marking
ribbon for centric and eccentric contacts.

Indirect Procedure Using Heat-polymerized
Acrylic Resin

A more durable device can be made with heat-
polymerized acrylic resin. The desired occlusal sur-
face is shaped in wax on articulated diagnostic casts,
or the direct device made with a vacuum-formed
matrix can be used as a pattern. This is flasked and
processed in a manner similar to that for a complete
denture. Because of processing errors, it is important
to remount the cast and make necessary adjustments
before finishing and polishing are completed.

1. Articulate the casts in CR. Allow for a re-
mount procedure by notching the base of the
cast on which the device will be processed.

2.

	

Create the desired configuration of the device
in wax, obtaining centric stops and anterior
guidance. Use the mechanical anterior guid-
ance table as for an autopolymerizing resin
device.

3.

	

Separate the cast from its mounting and flask
as for conventional processing of complete
dentures.

4.

	

Process in clear, heat-cured resin.
5.

	

Rearticulate and adjust the occlusion.
6. Remove the stone cast with a shell blaster.

Polish the external surfaces on a lathe with
pumice and an appropriate polishing com-
pound.

7.

	

Store in 100% humidity.

Attention to Detail
Regardless of the device chosen, success depends

very much on meticulous attention to detail during
the fabrication. When making a direct device, use a
well-adapted and stable vacuum-formed base and
follow the procedure exactly. For example, be sure
that the anterior guidance is properly established
and that the patient's jaw can be easily manipulated
before adding resin to the posterior region. When
the indirect procedure is used, be sure that the casts
articulate to an accurate CR record made at the cor-
rect vertical dimension of occlusion. Inaccurate
mounting is probably the most common cause for
frustration and results in excessive adjustments at
delivery.

FOLLOW-UP

After delivery to the patient, the occlusion must be
verified and corrected as necessary. The patient is
instructed to wear the device 24 hours a day, re-
moving it only for oral hygiene, and to return at reg-
ular weekly and biweekly intervals (or sooner if a
problem is anticipated) for modification. A reduc-
tion in discomfort suggests that definitive occlusal
adjustment (see Chapter 5) or restorative dentistry,
or both, will likely be successful. If device therapy
fails to relieve the discomfort, further evaluation
and diagnosis of the etiology and parameters of the
chief complaint should be pursued.

SUMMARY

Mandibular movement depends on certain ana-
tomic limitations. The extremes, called border move-
ments, are subject to restriction by the temporo-
mandibular joints and ligaments and the teeth.
Speech and mastication are examples of functional
movements. Bruxism and clenching are examples of
parafunctional movements. These accomplish no pur-
poseful objective and are potentially harmful.

A balanced occlusion provides complete denture
patients with stability, because there is even contact
between all the teeth in each excursion. This is poten-
tially destructive in dentate patients and is not indi-
cated for fixed prosthodontic treatment. In a unilater-
ally balanced occlusion (group function), eccentric
occlusal contact occurs only between posterior teeth
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on the laterotrusive (working) side. This may be indi-
cated when it is important to distribute the occlusal
load over multiple teeth. The mutually protected oc-
clusion offers the most desirable distribution of oc-
clusal load. Centric relation coincides with the maxi-
mum intercuspation position, and the relationship of
the maxillary and mandibular anterior teeth (the an-
terior guidance) is instrumental to its success.

In the presence of pathology that is potentially re-
lated to malocclusion, occlusal therapy may be indi-
cated. Occlusal devices can serve as useful diagnos-
tic and therapeutic adjuncts to treatment. For such
patients, occlusal therapy should be initiated and
completed before any substantial restorative care is
undertaken.

Angle's classification of occlusion: [Edward Harley
Angle, American orthodontist, 1855-1930]: eponym
for a classification system of occlusion based on the
interdigitation of the first molar teeth originally de-
scribed by Angle as four major groups depending
on the anteroposterior jaw relationship. Class IV is
no longer used. Class I (normal occlusion or neu-
trocclusion): the dental relationship in which there
is normal anteroposterior relationship of the jaws,
as indicated by correct interdigitation of maxillary
and mandibular molars, but with crowding and ro-
tation of teeth elsewhere, i.e., a dental dysplasia or
arch length deficiency. Class 11 (distocclusion): the
dental relationship in which the mandibular dental

arch is posterior to the maxillary dental arch in one
or both lateral segments; the mandibular first molar
is distal to the maxillary first molar. Further subdi-
vided into two divisions. Division 1: bilateral distal
retrusion with a narrow maxillary arch and pro-
truding maxillary incisors. Subdivisions include
right or left (unilaterally distal with other character-
istics being the same). Division 2: bilateral distal
with a normal or square-shaped maxillary arch,
retruded maxillary central incisors, labially mal-
posed maxillary lateral incisors, and an excessive
vertical overlap. Subdivisions include right or left
(unilaterally distal with other characteristics the
same). Class III (mesiocclusion): the dental relation-
ship in which the mandibular arch is anterior to the
maxillary arch in one or both lateral segments; the
mandibular first molar is mesial to the maxillary
first molar. The mandibular incisors are usually in
anterior cross-bite. Subdivisions include right or left
(unilaterally mesial with other characteristics the
same). Class IV: the dental relationship in which the
occlusal relations of the dental arches present the
peculiar condition of being in distal occlusion in
one lateral half and in mesial occlusion in the other
(no longer used). (Angle EH. Classification of mal-
occlusion. Dental Cosmos 1899; 41:248-64, 350-7.)

anterior open occlusal relationship: the lack of anterior
tooth contact in any occluding position of the pos-
terior teeth

arc of closure: the circular or elliptic arc created by clo-
sure of the mandible, most often viewed in the
mid-sagittal plane, using a reference point on the
mandible (frequently either mandibular central in-
cisors' mesial incisal edge).
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arthrodial joint: a joint that allows gliding motion of
the surfaces.

attrition: (n) (14c) 1: the act of wearing or grinding
down by friction 2: the normal mechanical wear re-
sulting from mastication, limited to contacting sur-
faces of the teeth

balanced articulation: the bilateral, simultaneous, an-
terior, and posterior occlusal contact of teeth in cen-
tric and eccentric positions.

Bennett angle: obs: the angle formed between the
sagittal plane and the average path of the advanc-
ing condyle as viewed in the horizontal plane dur-
ing lateral mandibular movements (GPT-4).

border movement: mandibular movement at the limits
dictated by anatomic structures, as viewed in a
given plane.

bruxism: (n) (ca. 1940) 1: the parafunctional grinding
of teeth 2: an oral habit consisting of involuntary
rhythmic or spasmodic nonfunctional gnashing,
grinding, or clenching of teeth, in other than chew-
ing movements of the mandible, which may lead to
occlusal trauma-called also tooth grinding, oc-
clusal neurosis.

canine protected articulation: a form of mutually pro-
tected articulation in which the vertical and hori-
zontal overlap of the canine teeth disengage the
posterior teeth in the excursive movements of the
mandible.

capsular ligament: within the temporomandibular
joint, a ligament that separately encapsulates the
superior and inferior synovial cavities of the tem-
poromandibular articulation.

capsule: (n) (1693): a fibrous sac or ligament that en-
closes a joint and limits its motion. It is lined with
synovial membrane.

clenching: (vt) (13c): the pressing and clamping of the
jaws and teeth together, frequently associated with
acute nervous tension or physical effort.

determinants of mandibular movement: those ana-
tomic structures that dictate or limit the movements
of the mandible. The anterior determinant of
mandibular movement is the dental articulation.
The posterior determinants of mandibular move-
ment are the temporomandibular articulations and
their associated structures.

disk: n (1664): with respect to the temporomandibular
joint, the avascular interarticular tissue (spelled also
disc).

elevator muscle: one of the muscles that, on contract-
ing, elevates or closes the mandible.

envelope of motion: the three-dimensional space cir-
cumscribed by mandibular border movements
within which all unstrained mandibular movement
occurs.

frontal plane: any plane parallel with the long axis of
the body and at right angles to the median plane,
thus dividing the body into front and back parts. So

called because this plane roughly parallels the
frontal suture of the skull.

group function: multiple contact relations between the
maxillary and mandibular teeth in lateral move-
ments on the working side whereby simultaneous
contact of several teeth act as a group to distribute
occlusal forces.

horizontal overlap: the projection of teeth beyond
their antagonists in the horizontal plane

incisal guidance: 1: the influence of the contacting sur-
faces of the mandibular and maxillary anterior teeth
on mandibular movements 2: the influence of the
contacting surfaces of the guide pin and guide table
on articulator movements.

intercondylar distance: the distance between the rota-
tional centers of two condyles or their analogues.

laterotrusion: (n): condylar movement on the working
side in the horizontal plane. This term may be
used in combination with terms describing con-
dylarmovement in other planes, for example, lat-
erodetrusion, lateroprotrusion, lateroretrusion, and
laterosurtrusion.

malocclusion: (n) (1888) 1: any deviation from a physi-
ologically acceptable contact of opposing dentitions
2: any deviation from a normal occlusion.

mandibular hinge position: (obs): the position of the
mandible in relation to the maxilla at which open-
ing and closing movements can be made on the
hinge axis (GPT-4).

mandibular translation: the translatory (medio-lateral)
movement of the mandible when viewed in the
frontal plane. While this has not been demonstrated
to occur as an immediate sideward movement
when viewed in the frontal plane, it could theoreti-
cally occur in an essentially pure translatory form in
the early part of the motion or in combination with
rotation in the latter part of the motion or both.

masticatory cycle: a three dimensional representation
of mandibular movement produced during the
chewing of food.

mutually protected articulation: an occlusal scheme in
which the posterior teeth prevent excessive contact
of the anterior teeth in maximum intercuspation,
and the anterior teeth disengage the posterior teeth
in all mandibular excursive movements.

occlusal balance: a condition in which there are simul-
taneous contacts of opposing teeth or tooth ana-
logues (i.e., occlusion rims) on both sides of the
opposing dental arches during eccentric move-
ments within the functional range

occlusal contact: 1: the touching of opposing teeth on
elevation of the mandible 2: any contact relation of
opposing teeth.

open occlusal relationship: the lack of tooth contact in
an occluding position.

opening movement: (obs) movement of the mandible
executed during jaw separation (GPT-1).
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parafunction: (adj): disordered or perverted function.
pathogenic occlusion: an occlusal relationship capable

of producing pathologic changes in the stomatog-
nathic system.

posterior border movement: movements of the mandible
along the posterior limit of the envelope of motion.

protrusion: (n) (1646): a position of the mandible ante-
rior to centric relation.

retrodiscal tissue: a mass of loose connective tissue at-
tached to the posterior edge of the articular disk
and extending to and filling the loose folds of the
posterior capsule of the temporomandibular joint-
called also bilaminar zone.

retruded contact position: that guided occlusal relation-
ship occurring at the most retruded position of the
condyles in the joint cavities. A position that may be
more retruded than the centric relation position.

rotation: (n) (1555) 1: the action or process of rotating
on or as if on an axis or center 2: the movement of a
rigid body in which the parts move in circular paths
with their centers on a fixed line called the axis of
rotation. The plane of the circle in which the body
moves is perpendicular to the axis of rotation.

sagittal plane: any vertical plane or section parallel to
the median plane of the body that divides a body
into right and left portions.

synovial fluid: a viscid fluid contained in joint cavities
and secreted by the synovial membrane

temporomandibular joint: 1: the articulation between
the temporal bone and the mandible. It is a diarthro-
dial, bilateral ginglymus arthrodial joint 2: the articu-
lation of the condylar process of the mandible and
the interarticular disk with the mandibular fossa of
the squamous portion of the temporal bone; a di-
arthrodial, sliding hinge (ginglymus) joint. Move-
ment in the upper joint compartment is mostly trans-
lational, whereas that in the lower joint compartment
is mostly rotational. The joint connects the mandibu-
lar condyle to the articular fossa of the temporal bone
with the temporomandibular disk interposed.

translation: (n) (14c): that motion of a rigid body in
which a straight line palling through any two points
always remains parallel to its initial position. The mo-
tion may be described as a sliding or gliding motion.

transverse horizontal axis: an imaginary line around
which the mandible may rotate within the sagittal
plane.

vertical overlap: 1: the distance teeth lap over their an-
tagonists as measured vertically; especially the dis-
tance the maxillary incisal edges extend below
those of the mandibular teeth. It may also be used to
describe the vertical relations of opposing cusps
2: the vertical relationship of the incisal edges of the
maxillary incisors to the mandibular incisors when
the teeth are in maximum intercuspation.

working side the side toward which the mandible
moves in a lateral excursion.
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smooth, shiny mucosa; the latter contains more elas-
tic fibers in its connective tissue. Apical to the MGJ,
the alveolar mucosa then forms the vestibule and at-
taches to the muscles and fascia of the lips and
cheeks.

The gingiva (Fig. 5-2) consists of three parts:
1.

	

Free (marginal) gingiva-extending from the
most corona' aspect of the gingiva to the ep-
ithelial attachment with the tooth

Fig. 5-1.

	

Normal gingiva.

In the fabrication of any fixed prosthesis, the practi-
tioner must determine the periodontal status of the
involved abutment teeth. This allows a reliable and
accurate prognosis for the restoration. Because peri-
odontal disease is a major cause of tooth loss in
adults, the practitioner must be aware of the basic
concepts and clinical modes of therapy available in
periodontics to be able to develop an appropriate
diagnosis and treatment plan.

This chapter reviews these concepts and treat-
ment modalities and gives the practitioner a better
understanding of periodontics and how it relates to
restorative dentistry.

The lining of the oral cavity consists of three types
of mucosa, each with a different function':

1. Masticatory (keratinized) mucosa-covering
the gingiva and hard palate

2. Lining or reflecting mucosa-covering the
lips, cheeks, vestibule, alveoli, floor of the
mouth, and soft palate

3. Specialized (sensory) mucosa-covering the
dorsum of the tongue and taste buds

GINGIVA

Normal gingiva (Fig. 5-1)-exhibiting no fluid exu-
date or inflammation due to bacterial plaque-is
pink and stippled. It varies in width from 1 to 9 mm
and extends from the free margin of the gingiva to
the alveolar mucosa. The gingivae and alveolar mu-
cosa are separated by a demarcation called the
mucogingival junction (MGJ), which marks the dif-
ferentiation between stippled keratinized tissue and

ANATOMY

Fig. 5-2.

	

Normal gingival structure and anatomic land-
marks. MG, Marginal gingiva; FGG, free gingival groove;
AG, attached gingiva; MG], mucogingival junction; AM,
alveolar mucosa.
(Redrawn from Schluger S et al: Periodontal disease, ed 2,
Philadelphia, 1990, Lea & Febiger.)
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2.

	

Attached gingiva-extending from the level
of the epithelial attachment to the junction
between the gingiva and the alveolar mucosa
(the MGJ)

3. Interdental papillae-triangular projections
of gingivae filling the area between adjacent
teeth and consisting of a buccal and a lingual
component separated by a central concavity
(the col)

A V-shaped depression on the labial or buccal
surface of the gingiva at or somewhat apical to the
level of the epithelial attachment to the tooth is
called the free gingival groove. It is not always readily
apparent clinically but can be seen histologically
and may serve as a reference point for dividing
the free gingiva from the labial or buccal-attached
gingiva.

The gingiva consists of dense collagen fibers,
sometimes referred to as the gingivodental ligament,
which can be divided into alveologingival, den-
togingival, circular, dentoperiosteal, and transseptal
groups. These fibers firmly bind the gingiva to the
teeth and are continuous with the underlying alve-
olar periosteum. A more detailed description can be
found in standard periodontal texts .4-8

PERIODONTIUM

The periodontium is a connective tissue structure at-
tached to the periosteum of both the mandible and
the maxillae that anchors the teeth in the mandibu-
lar and maxillary alveolar processes. It provides at-
tachment and support, nutrition, synthesis and re-
sorption, and mechanoreception. The main element
of the periodontium is the periodontal ligament
(PDL), which consists of collagenous fibers embed-
ded in bone and cementum, giving support to the
tooth in function (Fig. 5-3). These fibers, also known
as Sharpey's fibers, follow a wavy course and ter-
minate in either cementum or bone. There are five
principal fiber groups in the PDL that traverse the
space between the tooth root and alveolar bone, pro-
viding attachment and support.'
1. Transseptal fibers-extending interproximally

between adjacent teeth (Their ends are embed-
ded in cementum.)

2.

	

Alveolar crest fibers-beginning just apical to
the epithelial attachment and extending from
cementum to the alveolar crest

3.

	

Horizontal fibers-coursing at right angles from
cementum to the alveolar bone

4.

	

Oblique fibers-extending in an oblique direc-
tion apically, attaching cementum to the alveo-
lar bone (They are the most numerous fibers.)

5. Apical fibers-radiating from cementum into
the alveolar bone at the apex of the root

There are also smaller, irregularly arranged colla-
gen fibers interspersed between the principal fiber
groups. In addition, the PDL contains elastic fibers'
as well as oxytalan fibers.10

Cellular elements found in the PDL include fi-
broblasts (the main synthetic cell, producing colla-
gen and other proteoglycans), cementoblasts and
cementoclasts, osteoblasts and osteoblasts (main-
taining the viability of their respective tissues), and
mast cells and epithelial rests (playing a role in
pathologic conditions of the periodontium).'

DENTOGINGIVAL JUNCTION

At the base of the gingival sulcus (crevice) is the
epithelium-tooth interface, also known as the den-
togingival junction (DGJ). This structural relationship
between hard and soft tissues is unique in the
body. At the ultrastructural level, it is made up of
hemidesmosomes and a basal lamina, which anchor
the epithelial cells to the enamel and cemental
surfaces .4-11

The depth of the sulcus varies in healthy individ-
uals, averaging 1.8 mm.12 In general, the shallower
it is, the more likely the gingiva will be in a state of
health. Sulcular depths up to 3 mm are considered
maintainable. The continued maintenance of the
gingiva in a state of health depends on tight, shal-
low sulci, which in turn depend on optimal plaque
control, and will ensure the success of periodontal
therapy as well as affording a good prognosis for
subsequent restorative treatment.

Fig. 5-3.

	

Normal tooth-gingival interface and coronal
periodontium. CEI, Cementoenamel junction; PDL, peri-
odontal ligament; B, bone; C, cementum.
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DISEASES OF THE PERIODONTIUM

The general term periodontal disease is used to de-
scribe any condition of the periodontium other than
normal. It covers such pathologic states as gingival
hyperplasia, juvenile periodontitis (also known as
periodontosis), and acute necrotizing ulcerative gin-
givitis-all distinct clinical entities that warrant spe-
cific treatment. For information concerning these
disease states, refer to any of the standard peri-
odontal texts. Periodontal disease must be recog-
nized and treated before fixed prosthodontics so
that the gingival tissue levels can be determined to
proper margin placement, esthetics, and gingival
displacement (with an AICl3-impregnated or plain
cord, see Chapter 14). Only when the gingiva and
periodontium are in an optimal state of health can
these determinations be made with ease or pre-
dictability.

This discussion is limited to the etiology and pro-
gression of the inflammatory gingivitis-periodonti-
tis lesion, which affects the majority of adults 13 and
constitutes the bulk of pathologic disorders needing
treatment before restorative dentistry.

ETIOLOGY
Most gingival and periodontal diseases result from
microbial plaque, which causes inflammation and
its subsequent pathologic processes. Other contrib-
utors to inflammation include calculus, acquired
pellicle, materia alba, and food debris. 14

Terminology
Microbial Plaque.

	

Microbial plaque (Fig. 5-4)
is a sticky substance composed of bacteria and their
by-products in an extracellular matrix; it also con-
tains substances from the saliva, diet, and serum. It
is basically a product of the growth of bacterial
colonies and is the initiating factor in gingival and
periodontal disease. If left undisturbed, it will grad-

Fig. 5-4.

	

Gross plaque and calculus accumulation on the
mandibular anterior teeth.

ually cover an entire tooth surface and can be re-
moved only by mechanical means.

Calculus.

	

Dental calculus is a chalky or dark de-
posit attached to the tooth structure. It is essentially
microbial plaque that has undergone mineralization
over time. Calculus can be found on tooth structure
in a supragingival and/or a subgingival location.

Acquired Pellicle.

	

Pellicle is a thin, brown or
gray film of salivary proteins that develops on teeth
after they have been cleaned. It frequently forms
the interface between the tooth surface and dental
deposits.

Materia alba.

	

Materia alba is a white coating
composed of microorganisms, dead epithelial cells,
and leukocytes that adheres loosely to the tooth. It
can be removed from the tooth surface by water
spray or by rinsing.

Structure of the Dental Plaque.

	

Dental plaque
consists mainly of microorganisms, scattered leuko-
cytes, enzymes, food debris, epithelial cells, and
macrophages in an intracellular matrix. Bacteria
make up 70% of the solid portion of the mass. The
remainder is an intracellular matrix consisting of
carbohydrates, proteins, and calcium and phos-
phate ions . 15-17

As the plaque mass increases and matures, the
flora progresses apically from a supragingival posi-
tion, facilitated by the presence of gingival crevicular
fluid. The flora also changes from a predominantly
gram-positive, aerobic, and facultatively anaerobic
population of coccoid morphology to a mix relatively
high in gram-negative, anaerobic, and rodlike or fila-
mentous organisms, along with increasing numbers
of spirochetes. Evidences indicates that an in-
crease in gram-negative organisms leads to an in-
crease in disease activity within the periodontium
and causes both direct and indirect tissue damage.

As the plaque colony matures and increases its
mineral content, calculus forms within the plaque
mass. Although gingival inflammation is often most
severe in areas where calculus is present, the calcu-
lus itself is not the most significant source of in-
flammation; rather, it provides a nidus for plaque
accumulation and retains the plaque in proximity to
the gingiva. Dental plaque is the etiologic agent of
the inflammation.20

PATHOGENESIS
The pathogenesis or sequence of events in the devel-
opment of a gingivitis-periodontitis lesion is very
complex. It involves not only local phenomena in the
gingiva, PDL, tooth surface, and alveolar bone but
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also a number of complex host response mechanisms
modified by the bacterial infection and behavioral
factors.21 Implicated in the pathogenic mechanism
are phagocytic cells, the lymphoid system, antibodies
and immune complexes, complement and clotting
cascades, immune reactions, and the microcircula-
tion. Detailed descriptions of host response in the
gingivitis-periodontitis lesion can be obtained by re-
ferring to standard periodontal texts .

The chronic plaque-induced lesion has been in-
vestigated- 22 in great detail clinically, histopatho-
logically, and ultrastructurally, and the model of
disease activity has remained consistent over time.
From these analyses, an indistinct division into ini-
tial, early, established, and advanced stages has
been put forth. The salient features and approxi-
mate time frame for each stage are presented here.

Initial Lesion.

	

The initial lesion (Fig. 5-5) is lo-
calized in the region of the gingival sulcus and is ev-
ident after approximately 2 to 4 days of undisturbed
plaque accumulation from a baseline of gingival
health. The vessels of the gingiva become enlarged,
and vasculitis occurs, allowing a fluid exudate of
polymorphonuclear leukocytes to form in the sul-
cus. Collagen is lost perivascularly, and the resul-
tant space is filled with proteins and inflammatory
cells. The most coronal portion of the junctional ep-
ithelium becomes altered.

Early Lesion.

	

Although there is no distinct di-
vision between the stages of lesion formation, the
early lesion (Fig. 5-6) generally appears within 4 to
7 days of plaque accumulation. This stage of devel-

opment exhibits further loss of collagen from the
marginal gingiva. In addition, an increase in gingi-
val sulcular fluid flow occurs with increased in-
flammatory cells and the accumulation of lymphoid
cells subjacent to the junctional epithelium. The
basal cells of the junctional epithelium begin to pro-
liferate, and significant alterations are seen in the
connective tissue fibroblasts.

Established Lesion.

	

Within 7 to 21 days the le-
sion enters the established stage (Fig. 5-7). It is still

Fig. 5-6.

	

Early lesion of gingivitis-periodontitis. The pre-
dominant inflammatory cells are lymphocytes subjacent to
the junctional epithelium. The epithelium is beginning to
proliferate into rete ridges.
(Redrawn from Schluger S et al: Periodontal disease, ed 2,

Philadelphia, 1990, Lea & Febiger.)

Fig. 5-5.

	

Initial lesion of gingivitis-periodontitis. There is
a predominance of polymorphonuclear leukocytes in the
beginning stages of inflammation.
(Redrawn from Schluger S et al: Periodontal disease, ed 2,
Philadelphia, 1990, Lea & Febiger.)

Fig. 5-7.

	

Established lesion of gingivitis-periodontitis.
The junctional epithelium is converted into pocket epithe-
lium. Pocket formation may begin. The predominant in-
flammatory cells are plasma cells.
(Redrawn from Schluger S et al: Periodontal disease, ed 2,
Philadelphia, 1990, Lea & Febiger.)



Section 1 Planning and Preparation

Fig. 5-8.

	

Gingivitis.

	

The interproximal gingiva is bul-
bous and inflamed. Note the erythematous and edematous
tissue extending onto the labial portions of the lateral
incisors. Fig. 5-10.

	

Periodontitis. Plaque and calculus accumula-
tion has resulted in a loss of connective tissue attachment
apical to the CEJ.

Fig. 5-9.

	

Advanced lesion of gingivitis-periodontitis.
Pocket formation has begun, with a loss of connective tis-
sue attachment apical to the CEJ. Bone is converted into fi-
brous connective tissue and is subsequently lost. The pre-
dominant inflammatory cells are plasma cells, and there are
scattered lymphocytes present.
(Redrawn from Schluger S et al: Periodontal disease, ed 2,
Philadelphia, 1990, Lea & Febiger.)

located at the apical portion of the gingival sulcus,
and the inflammation is centered in a relatively
small area. There is continuing loss of connective
tissue, with persistence of the features of the early
lesion. This stage exhibits a predominance of
plasma cells, the presence of immunoglobulins in
the connective tissue, and a proliferation of the func-
tional epithelium (Fig. 5-8). Pocket formation, how-
ever, does not necessarily occur.

Advanced Lesion.

	

It is difficult to pinpoint the
time at which the established lesion of gingivitis re-
sults in a loss of connective tissue attachment to the
tooth structure and becomes an advanced lesion or
overt periodontitis (Fig. 5-9). Upon conversion to
the advanced stage, the features of an established
lesion persist. The connective tissue continues to

lose collagen content, and fibroblasts are further al-
tered. Periodontal pockets are formed, with in-
creased probing depths, and the lesion extends into
alveolar bone. The bone marrow converts to fibrous
connective tissue, with a significant loss of connec-
tive tissue attachment to the root of the tooth. This
is accompanied by the manifestations of im-
munopathologic tissue reactions and inflammatory
responses in the gingiva.

Periodontitis. When a loss of connective tissue
attachment occurs, the lesion transforms from gin-
givitis into periodontitis (Fig. 5-10), a disease that may
be characterized by alternating periods of quiescence
and exacerbation. The extent to which the lesion pro-
gresses before it is treated will determine the amount
of bone and connective tissue attachment loss that oc-
curs. It will subsequently affect the prognosis of the
tooth with regard to restorative demands.

EXAMINATION, DIAGNOSIS,
AND TREATMENT PLANNING

Before treatment is rendered, all facts and findings
related to the patient's disease state should be
recorded.',' ," These data can then be used to formu-
late a precise working blueprint for the proposed
treatment. The diagnosis and treatment-planning
stages should be completed before therapy is
initiated. In general practice, the data collection,
diagnosis, and treatment-planning for a patient's
restorative needs are accomplished at approxi-
mately the same time.

The treatment plan should be concise, logical,
and rational-a realistic approach to therapy. It
should not be a rigid or inflexible sequence of
events, because often it will need to be amended as
new information or changing circumstances dictate.
The timing and sequencing of treatment are impor-
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tant to correcting the patient's dental problems as
efficiently as possible.

The following is a viable working model for peri-
odontal treatment:

INITIAL THERAPY

Control of microbial plaque
Toothbrushing
Flossing
Other aids

Scaling and polishing
Correction of defective and/or
overhanging restorations
Root planing
Strategic tooth removal
Stabilization of mobile teeth
Minor tooth movement

EVALUATION OF INITIAL THERAPY

SURGICAL THERAPY

Soft tissue procedures
Gingivectomy
Open debridement
Mucosal repair (see Chapter 6)

Hard tissue procedures
Bone induction
Osseous resection

Treatment of furcation involvements
Odontoplasty-osteoplasty
Root amputation
Hemisection
Provisionalization
Restoration

EVALUATION OF SURGICAL THERAPY

GUIDED TISSUE REGENERATION

( HARD AND SOFT TISSUE PROCEDURES)

Technique
Restoration

MAINTENANCE

PROGNOSIS

INITIAL THERAPY

Initial therapy consists of all treatment carried out
in advance of evaluation for the surgical phases of
periodontal therapy. A number of procedures in
each patient's treatment regimen may be accom-
plished before more definitive or invasive ap-
proaches are undertaken.

Control of Microbial Plaque.

	

The most critical
aspect of periodontal therapy is the control of mi-
crobial flora in the sulcular area. If the patient does
not maintain excellent oral hygiene and thereby the
optimum condition of soft and hard tissues, subse-

Fig. 5-11.

	

Bass sulcular method of toothbrushing.

quent periodontal and restorative treatments will be
jeopardized.

Bacterial plaque occurs on all surfaces of the teeth
but is especially prevalent on the gingival third .25 It
is strongly adherent to the tooth structure, which
means that it is not removed by the chewing of fi-
brous foods . 26 The prevention of plaque accumula-
tion, by either mechanical or chemical means, is crit-
ical to the prevention of hard and soft tissue
pathosis. Although there are chemical means for re-
moving plaque accumulation, only mechanical
methods will be considered in this text. For excel-
lent reviews of the subject of chemical plaque re-
moval, refer to standard periodontal texts.

Toothbrushing. Plaque removal is accom-
plished with a toothbrush and other orophysiother-
apy aids. Many types of toothbrushes can be used
and are classified according to their size, shape,
length, bristle arrangement, and whether they are
manually or electrically powered. Reviews of the
many types of brushes and alternate techniques can
be reviewed in standard periodontal textbooks.
The soft-bristle brush is particularly effective for
cleaning in the gingival sulci and at buccal and lin-
gual surfaces of interproximal areas without
causing gingival damage and tooth abrasion that
can result from a hard-bristle brush. 29

Technique. In toothbrushing, effective placement
of the bristles is more important than the amount of
energy expended. The Bass sulcular method of
brushing (Fig. 5-11) is preferred for most fixed
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prosthodontics patients because it cleans the sulci,
where the margins of restorations are often placed.

The bristles are placed in the sulci at an angle of
approximately 45 degrees to the tooth surface, di-
rected gingivally, and moved back and forth with
short scrubbing motions under light pressure. The
brush is applied in a similar manner throughout the
mouth on all buccal and lingual or palatal surfaces
of the teeth. In the anterior area, where interproxi-
mal spaces are small and where it may seem impos-
sible to place the brush horizontally against the gin-
giva, the brush can be turned vertically for better
access. After the sulcular areas have been cleansed,
the occlusal surfaces are brushed, as is the dorsal
surface of the tongue. For excellent descriptions and
illustrations of toothbrush placement, refer to stan-
dard periodontal texts. 5-7

Flossing. Interproximal plaque can be con-
trolled with dental floss.31 Both waxed and un-
waxed types will clean proximal surfaces, but the
unwaxed floss has several advantages 32 :

1.

	

It is smaller in diameter and thus more easily
passed through interproximal contact areas.

2. It flattens out under tension, and thus each
separate thread effectively covers a larger
surface area.

3.

	

It makes a squeaking noise when applied to a
clean tooth surface, which can be used as a
guide to effective performance.

Technique. A generous length of floss is cut and
wrapped around the middle fingers of each hand.
The forefingers and thumbs are used for placement
(Fig. 5-12). The floss is slipped past the contact area to
the base of the sulcus and is moved up and down on
each proximal tooth surface until both surfaces are
free of plaque. The floss is then removed and inserted
in the next proximal area, systematically progressing
until all the proximal surfaces have been cleaned.

Other Aids.

	

Plaque may also be controlled ef-
fectively by orophysiotherapy aids such as dental
tape, yarn, rubber and wooden tips, toothpicks, in-
terdental stimulators, interproximal brushes, and
electric toothbrushes.

When plaque is removed around a fixed partial
denture or a restoration involving splinted teeth, a
floss threader may be needed. Alternatively, special

Fig. 5-12.

	

Proper use of dental floss. A, Forefinger grip for positioning. B, Thumb grip for position-
ing. C, The floss is placed apical to the contact area and is gently worked to the base of the sulcus.
D, After cleaning the mesial portion of the proximal sulcus, the floss is moved coronally and placed at
the distal portion of the sulcus. E, Cleaning the distal portion of the proximal sulcus (i.e., mesial of the
adjacent tooth).
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lengths of floss with stiffened ends are available and
have been shown to be quite effective.

Disclosing agents may be used to provide better vi-
sualization of areas where plaque control is difficult
or deficient. Erythrosin dye in tablet or liquid form
stains plaque and is readily observable. Ultraviolet
light has been used in combination with fluorescein
dye to reveal plaque deposits, bypassing the undesir-
able red stain that remains after erythrosin use.

All the previously mentioned items are useful in
removing and controlling inflammation-inducing
microbial plaque. However, the most important as-
pect of plaque control is patient motivation. Without
motivation, all orophysiotherapy aids and the
knowledge to apply them are useless.

Scaling and Polishing.

	

Removal of supragingi-
val calculus (scaling) and polishing of the coronal
portion of the tooth are the first definitive steps in
debridement of the teeth. Scaling consists of the re-
moval of deposits and accretions from the crowns of
teeth and from tooth surfaces slightly subgingival.
This is accomplished with the use of sharp scalers or
curettes. The gingiva responds to this removal of
supragingival and slightly subgingival calculus with
a decrease in inflammation and bleeding. Thus the
patient is able to observe the first signs of therapeu-
tic gain, especially when part or half of the mouth is
instrumented at one appointment, and the remain-
der is done after a short amount of time has elapsed.

during the initial therapy phase of treatment by ei-
ther replacement or reshaping and/or removal of
the overhang (Fig. 5-14). Close cooperation and
communication between the periodontist and the
restorative dentist are essential during this treat-
ment phase.

Root Planing. Root planing (Fig. 5-15) is the
process of debriding the root surface with a curette.
It is a more deliberate and more delicately executed
procedure than scaling and requires the adminis-
tration of a local anesthetic in most instances. At

Fig. 5-14.

	

Recontouring of the interproximal space of
the castings seen in Fig. 5-13 allows the patient to clean the
area. Note the excellent gingival health between the central
incisors as a result of good oral hygiene techniques.

Correction of Defective and/or Overhanging
Restorations. Overhanging restorations, open in-
terproximal contacts, and areas of food impaction
contribute to local irritation of the gingiva and (of
greater importance) impede proper plaque control.
These deficiencies (Fig. 5-13) should be corrected

Fig. 5-13.

	

Overhanging splinted restoration connecting
the mandibular right and left central incisors, with oblitera-
tion of the interproximal space by the castings. The pa-
tient's inability to clean this area properly has resulted in
iatrogenic loss of attachment.

Fig. 5-15.

	

Root planing. A, Curette placed in the sulcus
to address calculus. B, The curette, initially placed apical to
the calculus, moves coronally to dislodge the calculus.
C, Accretions removed and the root planed to a smooth fin-
ish. CU, Curette; CA, calculus; S, sulcus; R, root surface.
(Redrawn from Carranza FA Jr: Glickman's clinical periodon-
tology, ed 7, Philadelphia, 1990, WB Saunders.)
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present it constitutes the primary mode of initial
therapy in periodontiss, and evidence suggests that
disease progression will continue without root plan-
ing, even with effective oral hygiene .33

The curette is a spoon-shaped instrument well
suited to cleaning and smoothing root surfaces. It is
applied apically on the root with respect to the ac-
cretion and is moved coronally to lift deposits off
the root surface and to plane it to a glasslike
smoothness. As the patient's plaque-control tech-
niques improve, the changes observed when root
planing is completed may necessitate changing or
modifying the treatment plan, and further therapy
may not be indicated.

Root planing and the incidental curettage of soft
tissue that accompanies it may be an end point of
active periodontal therapy. In many cases the com-
bination of root planing and improved oral hygiene
on the part of the patient leads to manageable prob-
ing depths, and no further treatment is necessary.
For this reason the initial therapy requires careful
evaluation.

Strategic Tooth Removal.

	

An important part of
treatment sequencing is the elimination of teeth that
are hopelessly involved periodontally or are nonre-
storable. Although no hard-and-fast rules exist re-
garding the timing of such extractions, removing
teeth early in therapy is often more advantageous,
when the patient has recently been informed of the
prognosis and is prepared for treatment.

Extractions can be accomplished during initial
therapy when the quadrant being instrumented is
anesthetized. The operator can make an excellent
determination of questionable teeth at this time by
"sounding" the periodontium and can inform the
patient of the verdict immediately. The patient is
thus prepared psychologically (and also pharmaco-
logically) for the removal. Teeth can also be re-
moved during periodontal surgery, when the same
conditions exist.

Early extraction of teeth and/or roots will allow
the socket areas to heal and can provide better access
for plaque control of adjacent tooth surfaces. A transi-
tional or provisional RPD or FPD can also be fabri-
cated and will stabilize the arch and potentially main-
tain or improve occlusion, function, and esthetics.

Stabilization of Mobile Teeth.

	

Tooth mobility
occurs when a tooth is subjected to excessive forces,
especially when bony support is lacking. It is not
necessarily a sign of disease, because it may be a
normal response to abnormal forces, and it does not
always need corrective treatment. However, it is
sometimes a source of discomfort to the patient, and

in these cases it should be treated by reduction of
the abnormal forces after occlusal evaluation. De-
pending on the patient's need, the teeth may also be
treated by splinting with provisional restorations
(see Chapter 15) or an acid-etch resin technique (see
Chapter 26) in conjunction with occlusal adjustment
(see Chapter 6). Such restorations should be care-
fully designed so they do not impede plaque control
or future periodontal treatment. Close communica-
tion between the periodontist and the restorative
dentist is critical in this phase of treatment.

Minor Tooth Movement. Orthodontics can be
of major benefit to periodontal therapy. Malposed
teeth may be realigned to make them more receptive
to periodontal treatment and to improve the efficacy
of plaque-control measures. As seen in Chapter 6,
restorative procedures can also be aided by minor
tooth movement. Thus, for the best treatment of a
patient with complex dental problems, good com-
munication among consulting dentists is essential.

EVALUATION OF INITIAL THERAPY

The periodontium recovering from active disease
should be regularly reexamined and reevaluated to
determine the efficacy of treatment. Soft tissue re-
sponses to the initial therapy are observed along
with the patient's motivation and ability to main-
tain a relatively inflammation-free state. Probing
depths should be recorded again, and the location
of the mucogingival junction noted in relation to the
teeth. Changes must be assessed in regard to the ne-
cessity of further periodontal treatment.

Reevaluation gives the practitioner a firmer grasp
on the progress of treatment, and if necessary, it al-
lows revision of the initial treatment plan. At this
time, the gingiva is healthier, probing depths may
have decreased because of better plaque control and
root planing, and an improved working knowledge
of the patient's abilities and desires should exist.
The combination of these factors facilitates deci-
sions regarding further treatment of the periodon-
tium and allows a more informed prognosis.

SURGICAL THERAPY

There are a number of surgical procedures for the
improvement of plaque removal aimed primarily at
reducing or eliminating probing depths. Accurately
diagnosing and choosing the most appropriate sur-
gical regimen is crucial for maximum results.

Soft Tissue Procedures
Gingivectomy.

	

Gingivectomy is the removal of
diseased or hypertrophied gingiva. Introduced by
G.V. Black,31, 3- it was the first periodontal surgical
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approach to gain widespread acceptance. Gingivec-
tomy is essentially the resection of keratinized gin-
giva only, and it may be applied to the treatment of
suprabony pockets'36 and to fibrous or enlarged gin-
giva, particularly when they result from diphenyl-
hydantoin (Dilantin) therapy37 (see Fig 1-4). How-
ever, it is unsuitable for the treatment of infrabony
defects.

Technique. The surgical technique consists of es-
tablishing bleeding points (Fig. 5-16) at the base of
the gingival sulcus with a pocket marker or peri-
odontal probe to serve as a guide for the gingival
excision. The initial incision (Fig. 5-17) is made to
these points in a beveled fashion with firm, contin-
uous strokes from the gingivectomy knife. The in-
terproximal tissue is freed by sharp excision and is
removed from the site. The resulting ledge of tissue
at the buccal and lingual or palatal terminations of
the incision (Fig. 5-18) is then smoothed with the

Fig. 5-16.

	

Demarcation of pocket depth before the initial
incision of a gingivectomy.

knife or a rotary instrument to a margin continuous
with the remaining tissue.

After vigorous debridement of the newly accessi-
ble tooth surfaces, a surgical dressing is applied for
protection and hemostasis; it remains in place for 7
to 10 days. When it is removed, oral hygiene proce-
dures are immediately resumed (Fig. 5-19).

Contraindications. The major contraindication to
gingivectomy-gingivoplasty is the absence of at-
tached keratinized tissue. The procedure should be
confined to areas of keratinized tissue to prevent
leaving gingival margins that consist of alveolar
mucosa (which is ill-suited to resisting the trauma
of restorative procedures and mastication).

Open Debridement (Modified Widman Proce-
dure). Open debridement or curettage is a surgi-
cal procedure designed to gain better access to root
surfaces for complete debridement and root plan-
ing. The modified Widman approach 38 has been ad-
vocated in recent years, because it allows good soft
tissue flap control, minimum surgical trauma, and
good postoperative integrity without excessive loss
of osseous tissue or connective tissue attachment.

Technique.

	

A sulcular or minimal internal bevel
incision (Fig. 5-20) is made on the buccal or the lin-
gual surfaces of the mandibular teeth. Next, a scal-
loped internal bevel incision is made on the palatal
surfaces of maxillary teeth. The palatal flap is then
thinned and the underlying connective tissue re-
moved. The resulting flaps are reflected minimally
yet sufficiently to allow access for complete de-
bridement of the root surfaces and degranulation of
any osseous lesions in the field. No osseous resec-
tion is accomplished, except where necessary for
proper flap placement. The flaps are then carefully
coapted and sutured to promote healing by primary
intention (Fig. 5-21).

Mucosal Repair. Mucosal reparative surgery
is used to increase the width of the band of kera-
tinized gingiva. It is particularly useful where

Fig. 5-17.

	

Initial incision for the gingivectomy.

Fig. 5-18.

	

Final gingival contours after removal of the
coronal tissue and beveling of the incised area.

Fig. 5-19.

	

Result of the gingivectomy, 6 months after
surgery. Note the excellent gingival health and contours.
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Fig. 5-

	

Internal bevel incision. A, Ending on the bone, to allow reflection of the flap. B, Flap
reflected. The supracrestal connective tissue and epithelium are to be removed. E, Enamel; S, sulcus;
P, supracrestal periodontium; R, root.
(Redrawn from Carranza FA fr: Glickman's clinical periodontology, ed 7, Philadelphia, 1990, WB Saunders.)

A, Initial thinning incision on the buccal for open debridement. B, Lingual flap thinned.
C, Roots planed to remove subgingival accretions. D, Roots debrided and planed. E and F, Flaps coapted
and sutured. G and H, The completed restoration, with a healthy periodontium.

complete-coverage restorations are planned (see
Chapter 6 for a more detailed discussion).

Hard Tissue Procedures
Hard tissue therapy is aimed at modifying the
topography of areas where plaque control is diffi-
cult or impossible. Two examples are obvious:

2.

In areas where an irregular pattern of bone
loss has led to intrabony pockets.
Around root furcations (hard tissue proce-
dures may include techniques for the induc-
tion of new bone formation, for the judicious
removal of bone by surgery, and for tooth
modification or root resection.)

1.
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Bone Induction. Intrabony lesions (Fig. 5-22)
are categorized as one-walled, two-walled, or three-
walled, depending on the remaining osseous topog-
raphy. The three-walled defect responds best to in-
ductive or degranulation procedures, with resulting
new attachment and resolution of all or part of the le-
sion. The one-walled and two-walled (crater) defects
respond better to pocket elimination procedures . 31

Many materials have been used to fill osseous
defects: ceramic; ° sclera, 1 cartilage ,42 bone chips ,43
cementum and dentin,44 osseous coagulum,45 freeze-
dried bone , 46 iliac crest marrow,' hydroxylap-
atite, 49 tricalcium phosphate,'° and bioactive glass
materials. 51,12 Results have been mixed, and no cur-
rently available alloplastic grafting material is
clearly superior to any other in the regeneration of
periodontal defects.

Technique. After the flaps have been reflected and
the lesion thoroughly degranulated, the grafting
material is packed firmly into the lesion until it is
slightly overfilled. The flaps are then coapted, and
interrupted sutures are placed (Fig. 5-23). A surgical
dressing is applied and removed after 7 to 10 days.

Osseous Resection with Apically Positioned
Flaps. Chronic inflammatory periodontitis results
in the loss of osseous tissue, destruction of osseous
architecture, and creation of an intrabony lesion.
The osseous tissue has no predictable or simple pat-
tern of loss; the resorption may take the form of
craters, hemiseptal defects, or well-like (troughlike)
shapes. Craters in the interproximal areas (Fig. 5-24)
are the most common type of lesion.

The objective of osseous resection is to shape the
bone to form even contours. This is accomplished
by leveling interproximal lesions, reducing osseous

recontour lesions that are too wide and/or shallow
for predictable repair or bony fill, thinning bony
ledges, and eliminating or ramping crater defects.
The result is intended to be a sound osseous base for
gingival attachment and the elimination of pockets
and excessive sulcular depth. Long-term studies
have shown that although osseous resection
surgery results in attachment loss and gingival re-
cession, it is the most effective therapy for decreas-
ing pocket depth, which can subsequently be main-
tained by the patient.

Technique. Before reflection of the flaps, the os-
seous topography of the lesion is assessed. After the
area to be treated has been anesthetized, a peri-
odontal probe is inserted into the pocket and forced
through the epithelial attachment and connective
tissue to the osseous crest. Multiple probings are
made and the surface morphology is observed. This
"sounding" of the bone provides a reasonable rep-
resentation of the width and depth of the lesion and
is helpful in designing the incision.

Inverse bevel incisions are made on the buccal
and lingual or palatal surfaces, and full-thickness
mucoperiosteal flaps are reflected to expose the os-
seous tissue. After the flaps are thinned and the le-
sions are thoroughly degranulated, the roots of the
teeth are planed vigorously. Osseous resection is
then accomplished by the combination of rotary in-
strumentation with carbide and/or diamond burs,
chisels, and bone files. When osteoplasty of the in-
terproximal sluiceways, furcation areas, and buccal
and lingual bone is completed, the flaps are posi-
tioned at the crest of the bone in an apical position
on the tooth. Surgical dressings are applied, and in
7 to 10 days, the patient is seen again for suture re-
moval and dressing removal or change.

Fig. 5-22.

	

Osseous defects. A, Three walls of bone present: at the lingual (1), distal (2), and buccal (3).
B, Two walls of bone (1 and 2) in the coronal portion of the defect and three walls (1, 2, and 3) in the api-
cal portion. C, The two coronal walls have been removed and the buccal surface of the bone recon-
toured, leaving the apical three-walled defect to fill with bone after degranulation.
(Redrawn from Carranza FA fr: Glickman's clinical periodontology, ed 7, Philadelphia, 1990, WB Saunders.)
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Fig. 5-23.

	

A, Degranulation of a mesial defect on the mandibular right canine. This is a three-walled
defect, with approximately 9 mm of intrabony lysis. B, The defect has been filled (slightly overfilled)
with autogenous iliac crest marrow coagulum. C, Sulcular depth of approximately 3 mm 4 months after
surgery. D, Osseous fill at reentry 1 year after surgery. Note the rim of bone at the margin of a previ-
ously existing defect (arrow). E, 1 year after surgery there is a near-total fill of the defect. The rim of bone
demarcates the margin of the previous intrabony lesion. F, Result of osseous grafting at the mesial of the
canine 15 months after surgery. The gingival health and contours are excellent. Note the acrylic resin
provisional restoration in place before the final restoration.

A B C

Fig. 5-24.

	

A, Osseous ledge and a crater defect. B, Osseous recontouring. C, Final restoration
3 months after apical positioning of the flap.

Postsurgical Healing. Postsurgically, the healing
of the periodontium must be considered before any
restorative procedures are performed. Initial con-
nective tissue and epithelial healing is complete at 4
to 6 weeks. Final tissue maturation and sulcus re-
formation, however, may not be complete until 6
months to 1 year after surgery.

If the margins of the restorations are to be placed in-
trasulcularly (subgingivally) or at the gingival crest or
if gingival displacement procedures are to be used in
making the impression, waiting as long as possible

postsurgically before attempting these procedures is
recommended. If the restorative margins are to be
placed at a suprasulcular (supragingival) position
(which may not necessitate the use of a gingival dis-
placement cord), these restorations may be started
when the gingiva exhibits initial reepithelialization and
a return to clinical health (approximately 4 to 6 weeks).

Treatment of Furcation Involvement
Diagnosis and treatment of furcation involvement
of multirooted teeth is one of the more difficult
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Fig. 5-25.

	

Normal relationship of the CEJ and the
osseous crest.
(From Baima RF: J Prosthet Dent 56:138, 1986.)

problems encountered in the periodontal-restora-
tive dentistry continuum. Familiarity with the fur-
cation's anatomic and morphologic variations is es-
sential when formulating a treatment plan and
prognosis for multirooted teeth.

Classification of Involvements.

	

Furcation in-
volvements can be classified as Class (or Grade) I,II,
III, and IV Because these classifications are arbi-
trary, however, the reader should refer to periodon-
tal textbooks and other readings for further de-
tail and clarification.

The normal position of the osseous crest (Fig. 5-25)
is approximately 1.5 mm apical to the cementoenamel
junction (CEJ) in a young, healthy adult. If vertical
loss of periodontal support is less than 3 mm apical to
the CEJ, this is considered to be Class I involvement
(Fig. 5-26, A). There is no gross or radiographic evi-
dence of bone loss. Clinically the furca can be probed
up to 1 mm horizontally. If vertical loss is greater than
3 mm but the total horizontal width of the furcation is
not involved, Class II involvement (Fig. 5-26, B) exists.
A portion of the bone and periodontium remains in-
tact, but osseous loss is evident on radiographs. The
furca is penetrable more than 1 mm horizontally but
does not extend through-and-through.

A horizontal through-and-through lesion that is
occluded by gingiva but allows passage of an in-
strument from the buccal, lingual, or palatal surface
is defined as a Class III involvement (Fig. 5-26, C.
The degree of osseous loss is grossly evident on ra-
diographs. A horizontal through-and-through le-
sion that is not occluded by gingiva is defined as a
Class IV involvement (Fig. 5-26, D).

Review of Root Anatomy.

	

The discussion of
root anatomy is logically divided into maxillary and
mandibular teeth.

Most maxillary molars have three roots-
mesiobuccal, distobuccal, and palatal-although

Fig. 5-26.

	

Furcation involvements. A, Class 1. B, Class 11.
C, Class 111. D, Class IV.
(From Baima RF: J Prosthet Dent 56:138, 1986.)

there may be variations, such as fused roots or
fewer roots, particularly with second and third
molars. The mesiobuccal root of most maxillary mo-
lars, especially the first molar, is usually biconcave
and curves to the distal. The distobuccal root also is
biconcave and somewhat less curved. The palatal
root is wide buccolingually and mesiodistally and
palatally diverges from the crown of the tooth. This
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configuration is unique to human dentition and
may pose special problems when preparing, restor-
ing, and designing restorations. The distobuccal
and palatal roots tend to be in the same plane dis-
tally, and the distal furcation is more apical on the
tooth than the mesial furcation. In spite of this
anatomy, the distal furca is more often involved in
periodontal lesions than the mesial furca. From the
apical perspective, a groove tends to unite the buc-
cal and mesiopalatal openings of the bifurcation
and can be probed when there is furca involvement.

Most mandibular molars have two roots-mesial
and distal-although, as with maxillary molars,
there may be variations. The mesial root is flattened
buccolingually, with concave surfaces on each prox-
imal side. It curves distally, especially in first mo-
lars. The distal root is wider buccolingually than the
mesial root and is concave on its mesial side. Its
apex is often curved distally with a flat or convex
distal aspect. Both root surfaces of mandibular mo-
lars facing the furca are concave, resulting in an os-
seous chamber that is wider mesiodistally than ei-
ther the buccal or the lingual furcation opening. The

roof of the furcation is difficult to maintain because
of mesiodistal bifurcation ridges.

NOTE: Maxillary and mandibular second and
third molars often have more apically placed furcas
than first molars and often exhibit fused roots with
little or no furcation .

Maxillary premolars, particularly first premolars
and (at times) mandibular premolars, also have fur-
cations. However, because they are rarely amenable
to treatment by odontoplasty-osteoplasty or root
amputation procedures,' they will not be discussed
here. Students should refer to oral anatomy and
morphology textbooks"', " for further clarification
and study of molar root anatomy.

Odontoplasty-osteoplasty. Lesser degrees of
furcation involvement can often be controlled by
root planing and scaling, adequate oral hygiene,
and/or gingivectomy-gingivoplasty However, when
the involvement is more extensive, recontouring of
the tooth or bone may be necessary.

Class I and incipient Class Il lesions (Fig. 5-27)
can be treated by reflecting the soft tissue in the fur-

C
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Fig. 5-27.

	

Treatment of a Class 11 furcation lesion. A, The periodontal probe discloses approximately
3 mm of horizontal involvement. B, The lesion reduced to Class I by odontoplasty-osteoplasty. Note the
contours of the tooth at the coronal portion of the buccal furcation (arrow). C, Preparations for a fixed
partial denture to be placed in the right mandibular quadrant. Note the figure-8 shape of the molar
preparation. D, Final restoration of the molar. There is excellent gingival health in the furcation area (ar-
row). E, Restoration of the quadrant. Note the slight contact of pontic on ridge and the open embrasures
for access by oral hygiene instruments.
(Courtesy Dr. H.J. Gulbransen.)
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cation area and recontouring both the tooth struc-
ture and the supporting bone to improve access for
cleaning.4,57 Pocket elimination in this manner pro-
vides the best results and the fairest prognosis. A
minimal amount of tooth structure and bone is lost,
and the patient can easily maintain it.

Class II and Class III involvements can be treated
by a procedure known as tunneling. 6,7 The osseous
structure is completely removed in the furcation,
converting the lesion to a through-and-through de-
fect. Teeth suitable for tunneling must have long, di-
vergent roots, which will facilitate penetration by an
oral hygiene aid (e.g., a proximal brush or a pipe
cleaner). Patient selection is particularly important,
because oral hygiene and patient motivation are crit-
ical. Failure to maintain the furcation in a relatively
plaque-free state may lead to caries, which are often
impossible to correct. The common location of acces-
sory canals in the roof of the furca can also be a prob-
lem. Because of irreversible pulp damage, endodon-
tic treatment may be needed at a later date. 58. 62-64

Root Amputation. In many patients, Class II
and Class III furcation lesions are most effectively
treated by root amputation (Fig. 5-28), which elimi-
nates the furcation completely. The indications are
as follows,'-63,65-67:

1.

	

Severe vertical bone loss involving one root
of a mandibular molar or one or two roots of
a maxillary molar

2.

	

Furcation involvement that is not treatable
by odontoplasty-osteoplasty

3.

	

Vertically or horizontally fractured roots or
teeth from trauma or endodontic procedures

4. Unfavorable root proximity precluding
treatment by conservative measures

5.

	

Severe caries
6.

	

Internal or external resorption
7.

	

Inability to treat one root canal successfully
8.

	

Severe dehiscence and sensitivity of a root
that precludes grafting procedures

9.

	

Failure of an abutment in a long-span splint
or FPD

10. Strategic removal of a root to improve the
prognosis of an adjacent tooth

Certain roots will not be suitable for amputation.
Individual considerations include the extent of fur-
cation involvement, the anatomy and topography
of the supporting bone, the anatomy of the root
canal, and the periapical health of the tooth. The
major contraindications to root resection are teeth
exhibiting any of the following 63, 67:

1.

	

Closely approximated or fused roots
2.

	

Significantly decreased general osseous sup-
port or an increased crown/root ratio

3.

	

Remaining structure that will not provide ad-
equate resistance against the forces of masti-
cation

4.

	

Excessive loss of supporting root structure
5.

	

Inability to be treated endodontically
6.

	

Remaining structure that cannot be restored
Before the gingiva is reflected, the furca is probed

with a curved furcation instrument so that the pre-
cise location of the bur cut can be determined (Fig.
5-29). The cut is then made over the center of the
furca but slightly toward the root to be removed. This
will protect the residual root and/or tooth body.
Whenever possible, the cut should be made before
reflecting the flap so the field will be cleaner when
the osseous tissue is exposed. When the cut is made
into the root to be removed, the operator is able to in-
spect the residual root and remaining furcation area.
A lip is often created in the furcation area, however
(Fig. 5-30), and after the root to be extracted has been
delivered, the furcation lip is removed and the tooth
is finally contoured and finished. Removing the lip
from the root of the furca is crucial to the treatment's
success. If this is not done, the osseous tissue will not
be recontoured properly (Figs. 5-31 and 5-32), plaque
control will be impaired, and, in effect, the furca will
still be present .4,67,68

There are few surgical problems with root resec-
tion. The ones most frequently encountered are
fracture of the root69 and loss of a root tip in the

Fig. 5-2.8.

	

Types of root amputation. A, Mesiobuccal.
B, Distobuccal. C, Palatal or mesiobuccal and distobuccal.

Fig. 5-29.

	

Mesiobuccal root amputation. A full-thickness
flap has been reflected to reveal Class I buccal furcation in-
volvement and a Class 11 lesion in the mesiopalatal furca.
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Fig. 5-33.

	

I nitial bur cut for hemisection and removal of
the mesial root of a mandibular right first molar. The cut
was made before reflection of the flap.

Fig. 5-30.

	

The mesiobuccal root is sectioned at approxi-
mately 45 degrees to the tooth trunk. The section has been
made into the root that is to be removed, and the result is a
lip at the buccal furca.

Fig. 5-31.

	

Final osseous contours after removal of the
mesiobuccal root and osteoplasty-ostectomy. The furcation
lip has also been removed.

Fig. 5-32.

	

Mesiobuccal root amputation, 2 months after
surgery. The remaining tooth structure is stabilized with a
wire-and-acrylic resin provisional splint.

maxillary sinus." , " Osseous anatomic features like a
flat mandibular shelf and a flat palatal area can make
access to the surgical site difficult and may complicate
flap placement. Root proximity may complicate flap
placement. Root proximity can pose a problem for
separation and removal of the sectioned fragment
from the surgical site. Mucogingival anatomy must be
considered, because any flap procedure is contraindi-
cated if there is a lack of keratinized attached gingiva.

Hemisection. Heniisection means cutting
a tooth in half. In the case of mandibular molars,
hemisection is followed by removal and subsequent

Fig. 5-34.

	

A, Removal of the mesial root of a mandibu-
lar right first molar and final osseous contouring. B, Hemi-
section and removal of the mesial root, 2 months after
surgery. The remaining tooth structure has been stabilized
with a wire-and-acrylic resin provisional restoration.

restoration of one root or restoration of each half of
the tooth. The latter procedure is sometimes called
premolarization or bicuspidization.68

The technical procedures of hemisection and root
amputation are similar (Fig. 5-33). If one hemisected
root is to be extracted, osteoplasty-osteoectomy and
removal of the furcation lip are performed as previ-
ously described (Fig. 5-34). If the roots are to be
maintained and restored separately, the furca re-
quires special attention for removal of furcation lips
from each root. The individual roots may then be
separated orthodontically, if necessary, to gain new
interseptal osseous area .62-

Provisionalization. Provisional stabilization
is indicated in many cases of root resection to allow
proper healing of the surgical site before definitive
restorations are placed and to stabilize the remain-
ing tooth structure against masticatory forces, 73
(Fig. 5-35).

Normally, an acrylic resin provisional restoration
(Fig. 5-35, A) is provided (as described in Chapter
15), although on occasion an existing restoration can
be successfully modified as a provisional (Fig. 5-35,
D). Acid-etch retained composite resin or amalgam
with orthodontic wire (Fig. 5-35, B, C) can also be
used on an interim basis to maintain space and sta-
bilize remaining tooth structure.
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Fig. 5-35.

	

Provisional restorations. A, Acrylic resin with an overcontoured area corresponding to the
mesial root of the mandibular right second molar. Ideal contouring of such a provisional would remove
excess resin where the root had been amputated (arrow). B, Wire-and-acrylic resin splint stabilizing the
mandibular right quadrant. C, Wire-and-amalgam splint. D, Existing restoration lined with acrylic resin
(arrow). This can serve adequately as a provisional restoration.
(A courtesy Dr. S.B. Ross; C courtesy Dr. K.G. Palcanis; D courtesy Dr. H.J. Gulbransen.)

Restoration.

	

Teeth with a resected root or roots
may be restored in a variety of ways. 66, 73-75 They
may be involved in a treatment plan as single units,
as fixed or removable partial denture abutments, or
as vertical stops for an overdenture.

The most common types of restorations for teeth
with resected roots involve:

1.

	

The remaining root restored as an individual
tooth (Fig. 5-36)

2.

	

The tooth used as an abutment for a fixed or
removable partial denture (Fig. 5-37)

3.

	

Premolarization-individual roots of a molar
restored with premolar morphology 66 (Fig.
5-38)

4.

	

Minimum treatment-amalgam placed in the
root(s) and the occlusion adjusted"

EVALUATION OF SURGICAL THERAPY

The prognosis for a tooth whose root(s) have been
resected and/or amputated depends on many fac-
tors. The manner in which the tooth is to be used in
the restorative plan-as an abutment for a partial
denture or as a single crown-has a bearing on
prognosis.7, 65 The amount of residual osseous struc-
ture to support the remaining tooth also influences
the outlook. Most important, however, are the moti-

vation and oral hygiene of the patient. Long-term
studies considering all of these factors have re-
ported results ranging from 4%, to 38% loss of resid-
ual roots with up to 53 years of postsurgical ser-
vice . 1 With careful diagnosis, treatment planning,
and good surgical technique, the tooth with re-
sected roots may have a favorable prognosis. Plaque
control is critical. For this reason, the patient has the
final word about whether the tooth will ultimately
be lost or remain as a healthy functioning unit in the
dentition.

GUIDED TISSUE REGENERATION (HARD AND SOFT

TISSUE PROCEDURES)

It has long been a goal of periodontal therapists to
replace lost connective tissue attachment and bone.
As previously described, many materials have been
used in the quest for reattachment to diseased root
surfaces. In the recent past, regaining lost attach-
ment with cells from the host has been successful.
Through the use of physical barriers that prevent
cells from the gingival connective tissue and api-
cally migrating oral epithelium from contacting the
root surface, space is created over the root surface,
which allows selective repopulation of this space by
cells from the residual periodontal ligament. These
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Fig. 5-36.

	

Mesial root of a mandibular left first molar prepared for a single crown restoration.
A, Canals have been made parallel for a dowel and core. B, Casting with parallel dowels. C, Dowel and
core restoration cemented and the root prepared for a single crown. D and E, Single nonsplinted restora-
tion of the mesial root of a mandibular left first molar.

C,D E

Fig. 5-37.

	

Distal root of a mandibular right first molar prepared for a dowel and core restoration.
A, The root will be used as an abutment for a fixed partial denture. B and C, Dowel and core restoration
of the root. D, Final restoration, with the root used as the distal abutment for a fixed partial denture.
Note the excellent gingival health and contours. E, Final restoration of the mandibular right quadrant,
lingual view. The point contact of the totally convex pontic and the wide embrasure spaces allow opti-
mum oral hygiene and excellent gingival health.

cells become the regenerated periodontal liga-ment.80, 81

Several types of barriers, 82.85 both resorbable and
nonresorbable, as well as native periosteum 86 have
been used to regenerate the periodontium about
root surfaces,87 in furcations, and with dental im-

plants. The most significant evidence has been
attained by the use of a nonresorbable, polytetraflu-
oroethylene (PTFE) barrier (Gore-Tex Periodontal
Material). Although long-term, follow-up results
are not conclusive, coronal movement of the con-
nective tissue attachment has been impressive in
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Fig. 5-38.

	

Premolarization. Mesial and distal roots of a mandibular right first molar after hemisec-
tion. A, A wire-and-acrylic resin provisional is in place. B, The mesial and distal roots have been pre-
pared for a dowel and core. Each will be restored as an individual premolar. Note that the distal root has
been moved (orthodontically) 4 mm to the distal before the restoration was fabricated to provide room
in the newly created interproximal area for the dowel and core and crown restorations. C, The dowel
and cores in place. Note the space between the roots created by the orthodontic movement. D, Dies with
die relief placed and mounted on a suitable articulator for fabrication of the final restoration. E and F, Fi-
nal result. The open interproximal areas and flat emergence profiles from the gingival area will permit
optimum oral hygiene and assist in the preservation of gingival health.

many clinical and laboratory investigations. Al-
though guided tissue regeneration is a technique-
sensitive mode of therapy and has yet to be viewed
as widely successful, it may prove to be the most
promising approach to regeneration.

Technique (Fig. 5-39 and 5-40).

	

Following diag-
nosis of the lesion and any initial therapy deemed
appropriate, full-thickness flaps are reflected in an
attempt to maintain the maximum amount of tissue
for coverage of the barrier. The lesion is completely
debrided of granulation tissue, and the roots are
planed thoroughly.

The barrier is placed at the CEJ and secured with
sutures placed in a suspensory (sling)-type fashion,
maintaining a position covering the entire root sur-
face. The full-thickness flap is mobilized to cover
the entire surface of the barrier in an apicocoronal as
well as a mesiodistal direction. Antibiotic coverage
and an antibacterial mouthrinse may be prescribed
for the postoperative interval. Weekly monitoring
for possible infection is recommended.

After a healing period of 4 to 6 weeks, a
full-thickness flap is again reflected and is teased
away from the external portion of the barrier. The
barrier is then carefully removed to reveal a glossy
and very vascular surface of new connective tissue.
After the internal surface of the flap is stripped of
epithelium by either sharp or rotary excision, the
flap is placed to cover the entire surface of the new
connective tissue. A periodontal dressing and sys-
temic antibiotics or antibacterial mouthrinse may be
used at the operator's discretion.

Recent studies have favorably demonstrated
the use of calcium sulfate (plaster of paris) as a re-
sorbable barrier. In addition to a significantly reduced
cost versus a PTFE barrier, the main advantage of this
type of barrier is that the desired guided tissue regen-
eration may be accomplished without the need for a
second surgical procedure. The technique of flap re-
flection, degranulation of the defect(s), and wound
closure are similar to those used in other barriers (Fig.
5-41), with primary wound closure over the barrier
being the surgery's main objective.
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Fig. 5-39.

	

Guided tissue regeneration about an anterior tooth. A, Abscess at the mesial of the left lat-
eral incisor. B, After initial debridement and 3 days of antibiotic therapy. Probing depth is 8 mm. C, Ra-
diograph taken at the time of barrier placement. D, The mesial surface after degranulation. Note the de-
gree of bone loss. E, The PTFE barrier placed at the CEJ completely covers the defect. F, Healing at
5 weeks. Note the new connective tissue coronal to the barrier and the CEJ. G, When the barrier is re-
moved, the new connective tissue can be seen at the mesial and buccal surfaces. H, Healing 10 days after
barrier removal. I, Healing at 9 months. Note the minimal sulcular depth with excellent tissue health.
There is slight recession of the CEJ.
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Fig. 5-40.

	

Guided tissue regeneration in a furcation defect. A, Buccal aspect of a mandibular second
molar showing the defect. A curved furcation probe reveals 6 mm of vertical bone loss and 3 mm of hor-
izontal loss. B, With reflection of the flap, the Class 11 defect can be seen. C, PTFE barrier in place at the
CEJ. D, Healing at 6 weeks. Note the recession of the flap at the coronal surface of the barrier. E, After
barrier removal. Note the new connective tissue apical to the margin of the gold crown. F, Healing at 10
weeks. Despite minimum pocket depth, some loss of connective tissue is apparent.

Restoration. Following the completion of
guided tissue regeneration procedures, a period of
healing is necessary that depends on the restorative
needs of the patient. As a general guideline, 6 to 8
weeks should be allowed before using displacement
cord in the sulcus; this will allow tissue maturation.
The subsequent restorative procedures are accom-
plished as described earlier.

MAINTENANCE

Continued reexamination and evaluation of peri-
odontal status are necessary to verify the treat-
ment's success. Of particular importance is the iden-
tification of areas where oral hygiene measures are
partially effective or ineffective. The patient and the
dentist must work together to preserve the health
of the soft and hard tissues and prevent further
periodontal breakdown or the recurrence of active
disease.

There is no standard maintenance schedule for
patients requiring periodontal therapy. Some
should be recalled only at 5- to 6-month intervals;
others should be seen by the dentist (or periodon-
tist) and the hygienist every 2 or 3 months. The
maintenance regimen varies greatly among individ-
uals and requires close coordination between the
patient and the involved professionals.

PROGNOSIS
The progress, course, and outcome of gingival and
periodontal disease are critically dependent on the
patient. Without the ability and desire of the patient to
maintain his or her teeth and periodontium, any treat-
ment will ultimately fail. Determining a prognosis for
the teeth and periodontium debilitated from mod-
erate disease is therefore quite difficult. Unfortu-
nately, failure is often the best teacher.

There are many factors involved when one at-
tempts to arrive at a prognosis for a tooth or an arch.
With optimal intentions and the best technique, a fa-
vorable result can be expected (even in the absence of
good host resistance). Without them, treatment is
doomed to ultimate failure. The age of the patient
may help in predicting the success or failure of the
treatment. Generally speaking, the prognosis is better
for an older patient with a given amount of lost bone
or tissue attachment than for a younger one. The
older individual will often be more resistant to dis-
ease, and the disease will have less effect. The amount
of residual alveolar bone, the number of remaining
teeth and their overall condition, any tooth mobility
and the patient's general occlusion and systemic in-
tegrity all can influence the outcome of therapy.

Also important to the long-term stability and
function of the dentition are the condition of the
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Fig. 5-41.

	

Guided tissue regeneration with a resorbable calcium sulfate barrier. A, Preoperative view
of the maxillary right canine to be restored with a new crown. B, Flaps reflected and granulomatous tis-
sue removed from the defect at the distal surface. C, Three-walled intrabony defect prepared for barrier
placement. D, Defect is filled with dense calcium sulfate graft. E, Calcium sulfate slurry placed to act as
a barrier and facilitate guided tissue regeneration. F, Minimal probing depths before final restoration.
G, Favorable tissue contours after the elimination of the intrabony defect.
(Courtesy Dr. V. Ng.)

arches to be restored and the ability of the restora-
tive dentist to execute complex treatment plans
without iatrogenically disturbing the gingiva and
periodontium. This is a delicate undertaking and
will adversely affect a periodontally unstable arch if
not skillfully performed.

SUMMARY

The periodontium is the most important anatomic
structure of the oral cavity in fixed prosthodontics. Its
main component, the periodontal ligament, anchors

the teeth in the alveolar processes and provides at-
tachment, nutrition, tissue synthesis and resorption,
and mechanoreception. The practitioner embarking
on a restorative program must therefore first make an
accurate periodontal diagnosis and then institute ef-
fective treatment of any periodontal disease-whose
main etiologic factor is neglected accumulations of
plaque. Allowing the proper time for healing after
periodontal surgery is also very important. The heal-
ing time required depends on the design of the
restoration and is critical to the correct placement of
restorations near the free gingival margin.
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As the scope of fixed prosthodontics has expanded,
it has become increasingly clear that failures are of-
ten attributable to inadequate mouth preparation.
In this case, mouth preparation refers to the dental
procedures that need to be accomplished before
fixed prosthodontics can be properly undertaken.
Rarely are crowns or fixed partial dentures pro-
vided without initial therapy of a multidisciplinary
and often extensive nature, because the etiologic
factors that lead to the need for fixed prosthodontics
also promote other pathologic conditions (caries
and periodontal disease are the most common).
These must be corrected as an early phase of treat-
ment. Fixed prosthodontics will be successful only
if restorations are placed on well-restored teeth in a
healthy environment, a fact that can become ob-
scured in the misguided attempt to try to help a pa-
tient by accelerating treatment; unfortunately, such
action often leads to unforgivable failure.

This chapter reviews the ways in which treat-
ment by the different dental disciplines relates to
fixed prosthodontics. Obviously, detailed descrip-
tions of the particular procedures are beyond the
scope of this text.

Comprehensive treatment planning will ensure
that mouth preparation is undertaken in a logical
and efficient sequence aimed at bringing the teeth
and their supporting structures to optimum health.
Equally important is the need to educate and moti-
vate the patient to maintain long-term dental health
through meticulous oral hygiene practices. As a
general plan, the following sequence of treatment
procedures in advance of fixed prosthodontics
should be adhered to:

1.

	

Relief of symptoms (chief complaint)
2.

	

Removal of etiologic factors (e.g., excavation
of caries, removal of deposits)

definitive periodontal

	

multidisciplinary

treatment

	

considerations

foundation restorations

	

occlusal adjustment

minor tooth movement

	

treatment sequence

3.

	

Repair of damage
4.

	

Maintenance of dental health
The following list describes a typical sequence

in the treatment of a patient with extensive dental
disease-including missing teeth, retained roots,
caries, and defective restorations:

Preliminary assessment (Fig. 6-1, A)
Emergency treatment of presenting symptoms

(Fig. 6-1, B)
Oral surgery (Fig. 6-1, C)
Caries control and replacement of existing

restorations (Fig. 6-1, D)
Endodontic treatment (Fig. 6-1, E)
Definitive periodontal treatment, possibly in

conjunction with preliminary occlusal therapy
(Fig. 6-1, F)

Orthodontic treatment
Definitive occlusal treatment
Fixed prosthodontics (Fig. 6-1, G, H)
Removable prosthodontics (Fig. 6-1, I)
Follow-up care
However, the sequence of preparatory treatment

should be flexible. Two or more of these phases
are often performed concurrently. Carious lesions
or defective restorations will often prevent proper
oral hygiene measures, and their elimination or
correction must be a part of preparatory treat-
ment. If caries control results in a pulpal exposure
or exacerbates an existing chronic pulpitis, en-
dodontic treatment may be needed earlier than
anticipated. When the primary symptoms have
been eliminated, the occlusal needs of the patient
are carefully evaluated through clinical examina-
tion and the study of articulated diagnostic
casts. Extensive treatment of both arches simultane-
ously may be beyond the scope of the nonspe-
cialist, and the use of cross-mounted diagnostically
mounted casts should be considered (see p. 75).
This enables treatment of each arch to be ac-
complished predictably and independently. Only
when preparatory occlusal treatment is completed
will the patient be ready for definitive restorative
care.
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Fig. 6-1.

	

Sequence of treatment. A, The patient has pain that seems to originate from the maxillary
right central incisor. In addition, there are several missing teeth, retained roots, caries, calculus, and de-
fective restorations. B, Relief of the acute problem by endodontic treatment of the incisor. C, Removal of
deposits and unrestorable teeth. D, Caries are controlled, and defective restorations are replaced. The
progress of ongoing disease has been halted. E, Endodontic treatment is undertaken, and post-and-cores
and a provisional restoration are placed. F, Definitive periodontal treatment is performed.
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G

	

H

	

I

Fig. 6-1, cont'd. G, Teeth are prepared for the final restoration. H, The fixed restorations are com-
pleted. I, Active phase of the treatment has been accomplished. NOTE: predictable management of com-
plex prosthodontics involving fixed and removable prostheses can be facilitated by adopting the technique
described on p. 78.

SOFT TISSUE PROCEDURES

Any soft tissue abnormalities that may require sur-
gical intervention should be recognized during the
initial or radiographic examination. If necessary, the
patient can be referred to an oral surgeon for further
consultation and/or treatment. Diagnosis of patho-
logic conditions can be difficult, and the general
practitioner should make the appropriate referral to
a specialist when there is doubt.

Elective soft tissue surgery may include alter-
ation of muscle attachments, removal of a wedge of
soft tissue distal to the molars, increase of the
vestibular depth, or modification of edentulous
ridges to accommodate fixed or removable partial
prostheses (Fig. 6-2).

HARD TISSUE PROCEDURES

Simple tooth removal is the most common surgical
procedure involving hard tissue. It should be per-
formed as early during treatment as possible for
maximum healing time and osseous recontouring.

Tuberosity reduction (Fig. 6-3) is also common,
especially when there is inadequate space to accom-
modate a prosthesis. Although maxillary or man-

ORAL SURGERY dibular tori (Fig. 6-4) seldom interfere with the fab-
rication of a fixed partial denture, their excision may
make it easier to design a removable partial denture
and occasionally will improve access for oral hy-
giene measures.

Impacted or unerupted supernumerary teeth
should be removed if damage to adjacent structures
can be avoided.

ORTHOGNATHIC SURGERY

Candidates for orthognathic surgery require care-
ful restorative evaluation and attention before
treatment. Otherwise, an expected improvement in
the facial skeleton may be accompanied by unex-
pected occlusal dysfunction. After surgery, the con-
nection between plaque control, caries prevention,
and periodontal health should be stressed to the
patient.

I MPLANT-SUPPORTED FIXED PROSTHESES

Successful implant dentistry requires meticulous se-
lection of the patient and skillful execution of the
chosen technique. A team approach to treatment is
strongly recommended with close cooperation be-
tween the specialties (see Chapter 13).
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A

C D

Fig. 6-2.

	

A to D, Soft tissue surgery to correct an unfavorable edentulous ridge before FPD fabrication.

B

Fig. 6-3.

	

Tuberosity reduction was indicated for this pa-
tient to accommodate a mandibular removable partial den-
ture. A, Preoperative and, B, postoperative appearances.
(Courtesy Dr. J. Bergamini.)

B

Fig. 6-4.

	

A, Mandibular torus requiring surgical reduc-
tion before the fabrication of an RPD. B, Buccal torus that
was interfering with oral hygiene.

A

A

B
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CARIES AND EXISTING
RESTORATIONS

Crowns and fixed partial dentures are definitive
restorations. They are time-consuming and expen-
sive treatment options and should not be recom-
mended unless an extended lifetime of the restora-
tion is anticipated. Often, teeth requiring crowns
are severely damaged or have large existing
restorations. Any restoration on such teeth must be
carefully examined and a determination made re-
garding its serviceability. If doubt exists, the
restoration should be replaced. Time spent replac-
ing an existing restoration that in retrospect might
have been serviceable is a modest price to pay for
the assurance that the foundation will be caries free
and well restored. Studies have shown that accu-
rately detecting caries beneath a restoration with-
out its complete removal can be very difficult.
Even on caries-free teeth, an existing restoration
may not be a suitable foundation. Preparation de-
sign is different for a foundation than for a conven-
tional restoration, particularly regarding the place-
ment of retention. Generally, when a crown is
needed, the dentist should plan to replace any ex-
isting restorations. Although most teeth will re-
quire foundation restorations, small defects result-
ing from less extensive lesions can often be
incorporated in the design of a cast restoration or
can be blocked out with cement (Fig. 6-5). The lat-
ter is recommended on axial walls where an under-
cut would otherwise result. If a small defect is pre-
sent on the occlusal surface, however, it may be
better to incorporate it into the final restoration
than to block it out. The difficulty, of course, is an-
ticipating this during the preparatory phase of
treatment. Assessment is more difficult when an ex-
isting crown or FPD is being replaced. Then the ex-
tent of damage can be seen only after the defective
restoration has been removed.

FONDATION RESTORATIONS

A foundation restoration, or core, is used to build a
damaged tooth to ideal anatomic form before it is
prepared for a crown. With extensive treatment
plans, the foundation may have to serve for an ex-
tended time. It should provide the patient with ad-
equate function and should be contoured and fin-
ished to facilitate oral hygiene. Subsequent tooth
preparation is greatly simplified if the tooth is built
up to ideal contour. Then it can be prepared essen-
tially as if it were intact. Guide grooves can be used
to facilitate accurate occlusal and axial reduction
(see Chapter 8), and the preparation design will be
consistent from tooth to tooth. The skills learned

Fig. 6-5.

	

Small defects (arrow) that would create under-
cuts are best blocked out intraorally with cement or resin.

preparing preclinical manikins with "ideal" teeth
can be readily transferred to clinical practice.

SELECTION CRITERIA
Selection of the foundation material depends on the
extent of tooth destruction, the overall treatment
plan, and operator preference (Fig. 6-6). The effect
of subsequent tooth preparation for the cast restora-
tion on the retention and resistance of the founda-
tion should be considered. Retention features such
as grooves or pinholes should be placed sufficiently
pulpal to allow adequate room for the definitive
restoration. Adhesive retention may be helpful in
preventing loss of the foundation during tooth
preparation.

Dental Amalgam.

	

Despite its limitations, amal-
gam is still the material of choice for most founda-
tion restorations on posterior teeth. It has good
resistance to microleakage and is therefore recom-
mended when the crown preparation will not ex-
tend more than 1 mm beyond the foundation-tooth
junction.' It can be shaped to ideal restoration form
and serves well as an interim. It has better strength
than the glass ionomers, and retention can be pro-
vided by undercuts, pins, or slots. Adhesive bond-
ing systems such as those based on 4-META* are
also available and may reduce leakage of the
restoration. Additional retention may be pro-
vided with the use of polymeric beads supplied
with the Amalgambond system. Amalgam re-
quires an absolutely rigid matrix for proper con-
densation. Otherwise the foundation will break.
Matrix placement can be demanding when restor-
ing a tooth with little remaining coronal tissue. This
is discussed in the step-by-step procedure on p. 140.
Amalgam has a longer setting time than the other

*4-Methacryloxyethyl trimellitate anhydride.
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Fig. 6-6.

	

The placement of a foundation restoration depends on the extent of damage to the tooth and
should always be designed with the definitive restoration in mind. A, Cement. This is suitable when
damage is minimal. B, Amalgam. C, Pin-retained amalgam. D, Cast gold. E, Post-and-core.
(See Chapter 12.)

foundation materials. This normally delays crown
preparation to a subsequent patient visit. When this
presents a problem, a rapid-setting, high-copper,
spherical alloy should be chosen. These can be pre-
pared for a crown about 30 minutes after placement.
Spherical amalgams are advantageous for founda-
tion restorations because they have greater early
strength than admixed materials, which makes frac-
ture soon after placement less of a problem."

Glass lonomer Cement. This is a suitable
choice for a small lesion. The material sets rapidly,
enabling crown preparation to be performed with
limited delay. When placed correctly, it exhibits ad-
hesion to dentin, although conventional undercut
retention is needed to supplement this. Glass
ionomers designed for use as a core or base are ra-
diopaque; restoration formulations are more radio-
lucent than dentin and should not be used as a core,
because their radiographic appearance may suggest
recurrent caries. The presence of fluoride in glass
ionomers may help prevent recurrent caries. The
chief disadvantage of glass ionomers is their com-
paratively low strength, although newer formula-
tions have improved properties. At this time, glass
ionomers are inferior to amalgam or composite
resin for the restoration of extensive lesions.

Composite Resin. Composite resin exhibits
many of the advantages of glass ionomers. It does
not require condensation and sets rapidly. Formula-
tions are available that release fluoride, which may
provide an anticariogenic benefit."' Bonding is
achieved with a dentinal bonding agent or by etch-

ing a glass ionomer liner. Neither method develops
the bond strengths needed to withstand high masti-
catory forces, and conventional undercut retention
is also needed. There are concerns about continued
polymerization of the resin and its high thermal ex-
pansion coefficient, which may lead to microleak-
age of the crown." Also of concern is the moisture
sorption properties of composite resin that causes
delayed expansion and may lead to axial binding of
crowns made on composite resin cores. Delayed
expansion is not a problem with traditional glass
ionomer, but it is a problem with the resin-
ionomer hybrids and the compomer materials.
Conventional tooth-colored composite resin is not
recommended as a foundation material, because it
is difficult to discern the composite-tooth junction.
Special colored core materials should be used.

Pin-retained Cast Metal Core. A cast metal
core should be considered for an extensively dam-
aged tooth. The cemented foundation is retained
by tapered pins. The preparation requires careful lo-
cation and placement of the pinholes but otherwise
is straightforward. The foundation is fabricated in
the laboratory as an indirect procedure. This in-
creases the complexity and expense of treatment but
facilitates obtaining good preparation form.

Advantages and disadvantages of the available
materials are summarized in Table 6-l.

STEP-BY-STEP PROCEDURES

Amalgam Core (Fig. 6-7)
1. Isolate the tooth. Rubber dam isolation is

strongly recommended for moisture control,



*Bonding can be achieved with 4-META products.
Resin-modified formulations are less sensitive.

infection control, and optimum visibility.
Placement follows techniques developed for
conventional amalgam restorations, although
with extensively damaged teeth, placing the
dam can be a problem. Sometimes cotton roll
isolation must suffice.

2. Design the tooth preparation with the in-
tended cast restoration in mind. Be sure that
the cast restoration does not eliminate reten
tion of the foundation. The preparation will
differ somewhat from a conventional amal-
gam restoration. The ensuing discussion
highlights these differences .21

3.

	

Limit the extent of the outline form. In con-
trast to conventional amalgam preparations,
which are extended to include unsupported
enamel and the deep occlusal fissures, a less
extensive outline is recommended for foun-
dation restorations, because the fissures and
contacts are removed during crown prepara-
tion. Although minimizing foundation out-
line can help conserve supporting tooth
structure, the foundation should be adequate
for the detection of any carious lesions (Fig.
6-7, A).

4. Retain unsupported enamel if convenient.
For a conventional amalgam tooth prepara-
tion, unsupported enamel must always be re
moved; otherwise, the enamel may fracture
during function and leave a deficient margin.
However, for a foundation restoration, the
unsupported enamel may be preserved most
effectively if it is substantial enough to with-
stand condensation forces and if it can be de-
termined whether the enamel-dentin junc-

5.

6.

7.

tion is caries free. Preserving unsupported
enamel may facilitate matrix placement and
improve amalgam condensation (Fig. 6-7, B).
Finish the cavosurface margins. For conven-
tional amalgam restorations, cavosurface
margins of 90 degrees are needed to mini-
mize the potential for fracturing the enamel
and amalgam during function. However, for
foundation restorations, the amalgam-tooth
interface will not be subjected to high stresses
(they are protected by the crown), and mar-
ginal fracture is not likely to be a problem.
Therefore, a 46- to 136-degree margin is ac-
ceptable. Furthermore, such a margin will
conserve useful tooth substance and improve
condensation (Fig. 6-7, C).
Remove any carious dentin carefully and
thoroughly with a hand excavator or large
round bur in a low-speed handpiece. Discol-
ored but hard dentin can be left on the pulpal
wall, but caries-affected areas at the
enamel-dentin junction should be removed
completely. If a pulp exposure occurs during
the preparation, whether carious or mechani-
cal, endodontics or tooth removal will be
necessary. A direct pulp cap is not a good
choice for a tooth requiring an FPD; however,
if endodontics is elected and the pulp cannot
be extirpated immediately, a suitable seda-
tive dressing should be placed.
Create optimum resistance form. Good resis-
tance to masticatory forces is as critical for a
foundation as for a conventional restoration.
Whenever possible, the tooth preparation
should be perpendicular to the occlusal

Chapter 6 Mouth Preparation
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Fig. 6-7.

	

The principles of preparation design for an amalgam foundation restoration differ slightly
from those for a conventional extensive amalgam restoration. A, The outline form of a foundation need
not include fissures or proximal or occlusal contacts, provided complete caries removal can be accom-
plished. B, Unsupported enamel (arrow) can sometimes be left when preparing a foundation restoration.
It may facilitate matrix placement and is removed when the crown is prepared. C, Acute cavosurface
margins are acceptable for a foundation restoration but not for a definitive amalgam. D, Resistance form
is improved by preparing the tooth in a series of steps perpendicular to the direction of occlusal force. E,
When pin retention is used, pinholes should be drilled slightly pulpal and at an angle to the root surface
(solid line) as compared to the way they are placed for a conventional extensive amalgam restoration
(dashed line). This will ensure retention for the foundation remains after crown preparation.
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forces. If a sloping axial wall exists, it should
be modified into a series of steps to enhance
resistance form.

8. Be sure that the foundation restoration has
adequate retention (augmented if necessary
by pins, slots, or wells). Proper placement of
retention features is essential to the prepara-
tion of a successful foundation. The features
must be incorporated into the design so they
are not eliminated during preparation of the
crown (Fig. 6-7, D, E).

This can be a particular problem with the ex-
tensive reduction necessary for a metal-ceramic
restoration. Pin placement is dictated by root furca-
tions and the size of the pulp chamber. Generally,
pins should be placed further pulpally than when
conventional extensive pin amalgams are being pro-
vided; to prevent pulp perforation, they should be
positioned at a slight angle to the long axis of the
tooth. If a pin is slightly exposed during crown
preparation, this may not be a problem-in contrast
to the conventional pin-amalgam restoration. With
a foundation restoration, the pin-amalgam interface
receives little stress during function.

Retention can also be provided by slots or wells.
These will create less residual stress in the dentin
and will thus reduce the risk of pulp exposure or
damage . They should be placed pulpal to the in-
tended crown margin, at a depth of about 1 mm,
with a small carbide bur. Careful condensation of
amalgam into the slots will ensure good restoration
retention.

Bonding agents can assist amalgam retention, but
adhesion is not adequate to resist occlusal loading.
Currently retention is best provided by conven-
tional means. An example of the use of bonding
agents appears in Figure 6-8. If bonding agents are
used, the clinician should follow the manufacturer's
directions about storage and manipulation.

Bases and Varnishes.

	

A base is necessary to
prevent thermal irritation if the preparation ex-
tends close to the pulp. A material with good
physical properties, such as glass ionomer or zinc
phosphate, should be chosen, because weaker
materials are likely to fracture during amalgam
condensation. Excessively thick bases should
be avoided if they would leave inadequate thick-
ness of amalgam foundation after tooth prepara-
tion. Postoperative sensitivity can be prevented
with two or more coats of cavity varnish or a
dentin bonding agent. The coats should be placed
after any pinholes are drilled but before the pins
are placed to avoid material at the pin-amalgam
interface.

Calcium hydroxide liners should be reserved for
use in deep cavities when a microscopic pulp expo-
sure is suspected. They generally have low strength
and do not resist condensation forces well. Macro-
scopic exposures should receive endodontic treat-
ment or, if direct pulp-capping is the only option, a
conventional pin-amalgam should be placed as the
definitive restoration, at least until the success of the
pulp-capping can be guaranteed.

Matrix Placement.

	

A rigid, well-contoured ma-
trix allows the amalgam to be properly condensed
and facilitates carving. However, it can present a
problem when much tooth structure is missing. Con-
ventional matrix retainers, such as the Tofflemire,
are unstable if both the lingual and the buccal walls
are missing. A circumferential matrix (e.g., the Au-
tomatrix*) is useful for extensive restorations. Alter-
natives include copper bands or orthodontic bands.
These are removed by cutting with a bur after the
amalgam has set. Stability of the matrix is improved
by proximal wedging, by crimping to shape, and by
using modeling plastic or autopolymerizing acrylic
resin for external stabilization27(Fig. 6-9).

Condensation. Condensation follows conven-
tional practice, with particular attention paid to
condensing into wells and around pins. If the
foundation is prepared during the same visit, a
high-copper spherical alloy is chosen. A mechanical
condenser is useful for large amalgam restorations.

Contouring and Finishing. Care is needed to
prevent amalgam fracture during matrix removal.
After allowing time for setting, the dentist trims the
amalgam away from the occlusal edge of the matrix
and removes the wedges and matrix retainer. At this
stage it is helpful to cut the buccal ends of the ma-
trix band with scissors close to the tooth. Then the
band can be pulled through the proximal contacts
toward the lingual. Pulling the band occlusally is
more likely to fracture the freshly placed amalgam.

Contouring follows conventional practice if the
foundation is to serve for a significant period. Such
a foundation should also be finished to facilitate
plaque control. If the foundation is to be prepared
shortly after placement, a more rudimentary oc-
clusal contour is acceptable. However, the occlusal
contour should be adequate to provide proper tooth
stability. Moreover, all margins should be carved
properly, because flash will lead to plaque retention
and will make crown margin placement difficult.

*Caulk, Dentsply.
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Fig. 6-8.

	

Adhesives such as AmalgamBond, a 4-META product, maybe helpful in retaining shallow
amalgams. A, Class V caries in a mandibular second molar. B, Shallow Class V cavity is prepared and
dentin conditioned. Good isolation is essential when using adhesives. C, After rinsing and drying, the
adhesive agent is brushed into the prepared cavity. This is followed by the mixed adhesive liner. D, The
amalgam is condensed while the liner is still wet. E, The finished restoration.
(Courtesy Parkell Products, Inc.)

Fig. 6-9.

	

Autopolymerizing resin can help stabilize the
matrix for an amalgam foundation restoration.

Fig. 6-10.

	

The foundation restoration for this crown was
a silver-containing glass ionomer.

Glass Ionomer Core (Fig. 6-10)
1.

	

Isolate the tooth. As with amalgam prepara-
tions, moisture control is critical with glass
ionomer preparations. The setting material is
very sensitive to moisture. When it is set,
it must not be allowed to dry out or it will
deteriorate rapidly. The light-cured, resin-
modified glass-ionomers are less sensitive to
early moisture .29

2.

	

Prepare the tooth for a casting; then remove
any existing restorations and bases, excavate
caries, and create the undercut retention.
Glass ionomer is best for small foundations
on teeth with at least two axial walls of sound
dentin remaining. Presently available glass

ionomers are not strong enough to be used for
large pin-retained foundations. (Often they
are chosen when the foundation and crown
preparation are completed during one visit.)
After tooth preparation and the creation of
undercuts, glass ionomer is used to build the
tooth up to ideal preparation form, provided
any defects are relatively small. Adhesion to
dentin can be enhanced by removing some of
the smear layer with a chemical agent. How-
ever, excessive removal of the smear layer is
not recommended, because it could lead to
pulp irritation. A 20-second application with a
dentin-conditioning agent that contains 10%
polyacrylic acid should be sufficient. Dry the
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tooth with a cotton pledget before placing the
ionomer; do not use an air syringe.

3.

	

Syringe the glass ionomer onto the tooth, be-
ing careful not to create voids at the ce-
ment-tooth interface. Remember: With the
conventional self-hardening formulations,
adhesion of glass ionomer to tooth structure
occurs only if the cement is placed rapidly af-
ter mixing; 10 seconds should be allowed for
loading the syringe and 10 seconds for place-
ment and manipulation. Some manufacturers
provide an encapsulated delivery system that
helps place the cement rapidly. A matrix is
not normally needed for a small cavity, since
the core materials do not slump. After injec-
tion, the cement can be rapidly manipulated
to shape. However, manipulation beyond
3 or 4 seconds will disturb the developing
bond and should be avoided. It is better to
overfill slightly and reprepare the tooth after
it has set (under 5 minutes for the metal-con-
taining cements). If a resin-modified glass-
ionomer is used, this is light-cured according
to the manufacturer's recommendations.

4. Finish the preparation as for other types of
cores. Conventional glass ionomers are ex-
tremely sensitive to drying, even when they
are set, a fact that should be kept in mind
when fabricating the crown preparation,
making the provisional, or making the im-
pression. Resin-modified formulations are
less moisture sensitive. Vital teeth are also
sensitive to desiccation, so this consideration
should not modify normal practice.

Composite Resin
Composite resin foundations are much stronger
than glass ionomer foundations, a difference that
correlates with the higher diametral tensile strength
of the composite .3° They are strong enough for
larger pin-retained cores. However, the current ma-
terials have disadvantages, particularly their ab-
sorption of moisture and high thermal expansion,
which has led many dentists to avoid composite
resin foundations entirely.

Moisture Control.

	

Composite resins are sensi-
tive to moisture contamination, and rubber dam iso-
lation is strongly recommended.

Preparation.

	

Because the material sets rapidly
(about 5 minutes), composite resin is generally cho-
sen if the dentist wishes to place the foundation and
prepare the tooth during the same visit. The crown
is prepared to approximate shape first, and then ex-

isting restorations and caries are removed. A glass
ionomer is an appropriate choice of liner, with addi-
tional retention being provided by pins. For conve-
nient access, the pinholes can be prepared and the
liner placed before the pins are seated.

Placement. Both light-cured and chemically
cured core composites are available. Light-cures
have the convenience of extended working time,
but there is concern about the adequacy of poly-
merization, especially around the pins . 3 ' The au-
topolymerizing materials need to be mixed and
placed quickly, preferably with the aid of a compos-
ite syringe.* A Mylar matrix is used to confine them
and provide good adaptation.

Finishing. Composite resin core materials are
easily prepared with conventional tooth prepara-
tion diamonds.

Pin-retained Cast Core (Fig. 6-11)
As with glass ionomer and composite resin cores,
cast cores are used to build a tooth to ideal prepara-
tion form without the need for matrix placement or
condensation. However, they require the additional
steps of an indirect procedure.

1.

	

Prepare the tooth to approximate shape for a
crown, removing any existing restorations
and caries. Remove or block out all under
cuts, and evacuate any weakly supported
dentin.

2. Make pinholes using the small-diameter
twist drill that comes with self-threading
pins. The locations for these pins will be sim
ilar to those of self-threading pins, but all
restorations using cast pins must have a com-
mon path of withdrawal. Prepare a flat area
around each pin location with a large tapered
carbide, and make the starting point for the
pinhole with a small round bur. Pilot holes
2 mm deep are made for each pin, with the
small-diameter twist drill carefully oriented
in the planned path of withdrawal. Using a
mouth mirror to observe the angulation of
the drills helps ensure correct alignment.
Plastic patterns are available for both tapered
and parallel-sided cast pins. We prefer the ta-
pered pins because they allow some leeway
in paralleling the holes, and their tapered
shape provides strength where needed. How-
ever, the parallel design is more retentive.
The plastic patterns are manufactured to
match specific bur sizes, which are used to

*Centrix Inc., Milford, Conn.
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Fig. 6-11.

	

Pin-retained cast core. A, Badly damaged maxillary molar. The pulp is healthy. B, Caries
excavated and the tooth prepared for a pin-retained cast core. C, Four tapered pins provide retention.
D, The completed foundation.

enlarge the pilot holes. To avoid overheating,
always use low rotational speeds when
drilling pinholes. Finally, a small counter-
sink is created where the pinhole meets the
gingival floor; this will facilitate forming a
die that is free of defects and will help pre-
vent pin fracture.

3.

	

Make the impression with an elastomeric ma-
terial, using a lentulo to fill the pinholes.
Place a small quantity of mold-release sub
stance (e.g., die lubricant) into each pinhole
with a paper point to prevent tearing of the
impression. As an alternative, use the plastic
pattern for the impression.

4.

	

Fabricate a provisional restoration. This pro-
cedure is described in Chapter 15. Place
loose-fitting pins in the pinholes to provide
retention. If retention is not a problem, avoid
introducing luting agent into the pinholes
when cementing the provisional.

5, 6, and 7. Dies, waxing, and casting. These
steps present no special problems. Plastic patterns
are used to form the pins. If a tapered pin fits loosely,
it can be shortened with a scalpel until it fits prop-
erly. Retention of pins in the wax pattern is accom-
plished by flattening the heads of the pins with a
heated instrument. The foundation should be waxed
as exactly as possible to final preparation form, with
particular attention paid to the occlusal reduction. If

it is properly performed, a cast core should require
minimum finishing in the mouth. If necessary, the
die can be sectioned, trimmed, and mounted to fa-
cilitate this. The pattern is then invested and cast
with the same regimen as for inlay castings (which
generally require slightly less expansion than
crowns). Factors that affect casting expansion are
described in Chapter 22.

8.

	

For try-in and cementation, do all grinding or
adjustment of the casting before the cementa-
tion. The newly set cement may be damaged
by vibration. To be acceptable, the fit of the
cast foundation should be good, with com-
plete seating and no discernible rock. A small
marginal defect can be tolerated, provided it
is not indicative of incomplete seating, be-
cause the margins will be completely covered
by the definitive restoration. During cemen-
tation, completely fill the pinholes with ce-
ment; this can be done with a lentulo.

ENDODONTICS

ASSESSMENT

During the initial data collection, attention must be
directed toward potential endodontic needs of the
patient. The clinical examination should include vi-
tality testing of all teeth in the dental arch. This may
be done with an electric pulp tester, an "ice pencil"
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(conveniently made by filling an anesthetic needle
cap with water and freezing), an aerosol cryogen
spray, or heated gutta-percha. Tenderness to percus-
sion should also be noted. Any abnormal sensitivity,
soft tissue swellings, fistulous tracts, or discolored
teeth will prompt a suspicion of pulpal involvement.

Patients who have definite symptoms seldom
present problems in diagnosis, because pain is gen-
erally their chief complaint. When there is doubt
concerning pulpal health, however, patients should
be examined radiographically during the mouth
preparation phase, and the films should be carefully
inspected for signs of periapical disease (a radiolu-
cency or widening of the PDL space). When there is
doubt regarding the endodontic prognosis of a
tooth, radiographic findings (Fig. 6-12) should al-
ways be evaluated in reference to the results of per-
cussion and vitality tests.

TREATMENT
As a general rule, conventional (or orthograde)
rather than surgical (or retrograde) endodontics
should be performed if possible-not only because
additional trauma results from the surgical ap-
proach but also because apicoectomy adversely af-
fects the crown/root ratio and thus the support of
the planned prosthesis. If an existing post prevents
access to a recurrent periapical lesion, the post can
usually be removed. (A Masserann kit has shown
some success with this-see Chapter 12.) When a
post-and-core restoration is needed in an endodon-

Fig. 6-12.

	

Commonly seen periapical lesions.
A, Widened periodontal ligament space. B and C, Large
radiolucencies (established granulomas or cysts).
(Courtesy Dr. G. Taylor.)

B

tically treated tooth, 3 to 5 mm of apical seal should
be retained (see Chapter 12).

Performing elective endodontics may be desir-
able in the following situations: when there are
problems in obtaining a compatible line of draw be-
tween multiple abutments, when it is impossible to
gain adequate retention in a badly worn or dam-
aged tooth, and when the endodontic prognosis of
an abutment tooth is compromised and additional
preparation is likely to further jeopardize its
longevity.

DEFINITIVE PERIODONTAL
TREATMENT

Robert F. Baima
Unless a patient's existing periodontal disease has
been properly diagnosed and treated, fixed prostho-
dontics is doomed to failure. The treatment modali-
ties presented in Chapter 5 form the basis for an ef-
fective approach to chronic periodontal disease. In
addition, certain specific periodontal procedures
may be indicated to improve the prognosis of a
restoration. They are presented in the ensuing
paragraphs.

MUCOSAL REPARATIVE THERAPY
The width of the band of attached keratinized gin-
giva may be increased by surgical grafting as part of
mouth preparation before restorative treatment. Al-
though the amount of gingiva necessary for
long-term periodontal health is open to debate and
definite conclusions are difficult to draw, compre-
hensive evaluation of the amount of attached
keratinized tissue is always advised .32,33 It is recom-
mended 34,35 that a tooth to be treated with a restora-
tion extending into the gingival sulcus should
have approximately 5 mm of keratinized gingiva, at
least 3 mm of which is attached gingiva. Where
less keratinized gingiva is present, or in areas of
localized gingival recession, a grafting or other
gingival augmentation procedure should be con-
sidered.

FREE AUTOGENOUS GINGIVAL GRAFT FIG. 6-13)
A free (detached) autogenous gingival graft is used
to increase the width of attached gingiva in areas
where it is deemed inadequate. The donor site most
commonly used is the hard palate, although any
area of keratinized tissues, such as an edentulous
ridge or the retromolar pad, may be suitable.

The recipient bed site is prepared by making a
horizontal split-thickness incision just coronal to the
mucogingival junction. As the incision passes apical
to the junction, it may become either split thickness
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B

D

Fig. 6-13.

	

Free autogenous gingival graft. A, The location of the mucogingival junction is determined
by moving the edge of a probe coronally. B, The recipient site is prepared. C, The graft is sutured to
place. Some apical adjustment will be needed around the premolar before application of the surgical
dressing. D, The healed graft. (Compare the width of attached keratinized gingiva here with that in A.)
The defective restoration can be treated at this stage.

or full thickness. The recipient bed is trimmed of
tissue tags and thinned. (A template of tinfoil may
be used as a guide for the correct size and shape of
the graft.) The graft is then carefully removed from
the donor site, and any fat or glandular tissue is ex-
cised, leaving a maximum thickness of 1 mm. Ster-
ile saline is used to keep the graft moist until it is
placed on the recipient bed for a check of size and
shape, and it is then further shaped if necessary.
When the proper dimensions have been attained,
the graft is sutured into place. Finally, the graft site
and the donor site may be covered with a surgical
dressing. Complete healing requires approximately
6 weeks, at which time the donor site and the
grafted site should appear normal.

LATERALLY POSITIONED PEDICLE GRAFT (FIG. 6-14)

The laterally positioned pedicle graft is used for
an area of recession or lack of attached gingiva on a
single tooth when there are adequate amounts of
keratinized gingiva in adjacent teeth or edentulous
spaces. Although several studies have proposed
techniques that use free (detached) autogenous gin-
gival grafts for root coverage ,42- 4 the pedicle graft
can be a more predictable treatment due to mainte-
nance of the blood supply to the pedicle.

The recipient site is prepared by excising 1 to 3
mm of split-thickness marginal gingiva bordering
the recession area. At the donor site, oblique vertical

incisions are placed in the mucosa as far apically as
possible to ensure adequate blood supply for the
graft. The apical area of the donor tissue is made
wider than the coronal area. The flap is mobilized
and placed on the recipient site and sutured into
place. A free gingival graft may be needed to cover
the donor site. A surgical dressing is placed over
the site.

There are certain limitations of laterally posi-
tioned pedicle grafts:

1. Some recession always occurs at the donor
site (an average of about 1 mm) when the free
margin of the gingiva is involved.45

2.

	

Severe recession is possible if the donor site
uncovers any bony fenestration or dehis-
cence. However, because the graft retains its
vascularity, it may be used to cover areas of
recession rather than just to increase the band
of attached keratinized gingiva. Success in
covering areas of previously denuded root
surface may be limited, depending on the
amount and morphology of the recession, 46,47

and the attachment between graft and root
will often be epithelial rather than connective
tissue.

CORONALLY POSITIONED PEDICLE GRAFT (FIG. 6-15)

A coronally positioned pedicle graft 48,49 is used
when a single tooth exhibits gingival recession and

A

C
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Fig. 6-14.

	

Laterally positioned pedicle graft. A and B show localized recession around a mandibular
incisor. The lateral incisor has an adequate band (width) of keratinized tissue, so it is suitable as a donor
site. C, Bed preparation of the recipient site. An incision is made obliquely toward the site. D, Releasing
incision at the distal of the donor site. The graft is rotated into position over the recipient site. E, Flap su-
tured in position. A free autogenous gingival graft may be used to cover the donor site. F, The healed
graft. There will almost always be some loss of attachment at the donor site (average 1 mm).

A

C

B

Fig. 6-15.

	

Coronally positioned pedicle graft. A, The position of the free gingival margin after auto-
genous graft placement. There is approximately 4 mm of recession. B, Incisions for the pedicle. Diver-
gence of the incisions will ensure an adequate blood supply because the base of the flap is broad. C, The
pedicle is coronally positioned and sutured snugly to place at the CEJ with horizontal and suspension
sutures. D, The healed graft.
(Courtesy Dr. S.B. Ross.)

D
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sensitivity. If the width of the attached keratinized
gingiva is inadequate, a free autogenous gingival
graft may be placed to increase it before the coronal
positioning.

Although there are various techniques diver-
gent vertical incisions are most commonly placed as
far apically as possible into the mucosa. This results
in a broader apical than coronal portion of the flap
and ensures that the flap will have an adequate
blood supply. The root surface is planed to a
glasslike finish, and the graft is sutured in a coronal
position to obtain maximum root coverage. Recent
studies have used an alternative guided tissue re-
generation technique to promote reattachment be-
fore suturing the graft. 52 52,53 After the graft has been
held in position with pressure to decrease hemor-
rhage and to obtain proper placement, it is covered
with a surgical dressing.

SUBEPITHELIAL CONNECTIVE TISSUE GRAFT

Connective tissue that does not carry epithelium
has also been used for gingival grafting purposes.
This technique involves the use of subepithelial
connective tissue harvested from the palate in a
split-thickness fashion, which allows the wound to
be closed after removal of the graft. This approach
minimizes patient discomfort at the donor site.

The graft is placed at the recipient site between a
minimally reflected split-thickness flap and the
periosteum, covering the root. This "sandwich"
placement of the connective tissue supplies the graft
with blood from two different sources . 43,54 A "tun-
nel" placement may be used as an alternative tech-
nique, and up to 100% coverage of root recession
has been reported.

CROWN- LENGTHENING PROCEDURES (FIG. 6-16)

Surgical crown lengthening or extension may be in-
dicated to improve the appearance of an anterior
tooth or when the clinical crown is too short to pro-
vide adequate retention without the restoration's
impinging on the normal soft tissue attachment 56 or
biologic width.* This attachment averages approxi-
mately 2 mm in width, and any restoration that im-
pinges on it may cause bone loss because of the ef-
fort of the host to maintain the 2 mm distance. If
impingement occurs in an interproximal area, it can
lead to problems with plaque control and possible
osseous resorption. Therefore, from the stand-

*The term biologic width refers to the combined connec-
tive tissue-epithelial attachment from the crest of the
alveolar bone to the base of the gingival sulcus. 34

A B C

D E F

Fig. 6-16.

	

Surgical crown lengthening. A, Fractured and carious second premolar. B, Reflection of a
flap and removal of granulation tissue. C, Bone removed on the mesial to increase the distance to the
fracture site to 3.5 mm. D, Distally the bone is removed so there will be 3.5 mm from the caries to the
alveolar crest. E, Healing after the surgical crown lengthening. F, Final crown restoration after cementa-
tion, before restoration of the sextant with a removable partial denture.
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point of prognosis, the biologic width should never
be compromised.

In some patients, an apparently hopeless tooth
with extensive subgingival caries, a subgingival
fracture, or root perforation resulting from en-
dodontics can be successfully restored after crown
lengthening. Crown lengthening increases the
crown/root ratio, however, and a pretreatment de-
cision must be made about whether the tooth
should be removed or restored.

Crown lengthening may be accomplished either
surgically or with combined orthodontic-periodon-
tic techniques, depending on the patient and the
dental situation.

Surgical Crown Lengthening (see Fig. 6-16)
It is sometimes possible to achieve an effective in-
crease in crown length by gingivectomy or removal
of gingiva by electrosurgery alone, although most
often osseous recontouring is needed to prevent en-
croachment of the prosthesis on the biologic width.
For these procedures, a full thickness mucoperi-
osteal flap is reflected, and the osseous resection cre-
ates 3.5 to 4.0 mm of space between the gingival
crest and the margin of the existing restoration or
carious lesion.56 65 In these instances, however, the
following factors should be considered:

1. Esthetics. When surgical crown lengthening
(Fig. 6-17) is indicated, it may be difficult to
achieve a harmonious transition from the tis
sue around the lengthened tooth to that
around adjacent teeth. Alternatives include
orthodontic extrusion or removal and replace-
ment with a prosthesis. If surgery is under-
taken, most of the osseous reduction should
be on the lingual or palatal side, where there
is usually no esthetic problem, with blending
on the labial or buccal side only as
necessary.

2.

	

Root length within bone. If there is limited os-
seous support, it may be better to remove the
tooth and replace it with a prosthesis than to
have the patient undergo surgery on a tooth
with a doubtful prognosis.

3.

	

Effect on adjacent teeth. Often a fracture or de-
fect will be of such depth that it cannot be
eliminated without severely endangering the
adjacent teeth. In these instances removal or
orthodontic extrusion may be preferable.

4.

	

Root furcation exposure in a posterior tooth. If
this situation cannot be remedied by osteo-
plasty and/or odontoplasty, the tooth may
require removal.

5.

	

Mobility. Postsurgical mobility of a tooth with
small or conical roots is a valid concern. If
such a tooth cannot support itself or cannot
be supported by the adjacent teeth, then re-
moval may be necessary.

6.

	

Extent of the defect. The severity and compli-
cations of any fracture, root caries, or cervical
wear must be carefully evaluated during the
treatment planning phase.

7.

	

Root perforation. This is uncommon, but if it oc-
curs during endodontic therapy, its location
will determine whether to remove, orthodonti-
cally extrude, or lengthen the tooth surgically. 16

Although surgical crown lengthening may not be
a panacea for fractured, perforated, or badly de-
cayed teeth, it can help solve difficult and/or com-
plex restorative problems when used with proper
clinical judgment.

MAINTENANCE AND RECONSTRUCTION OF THE

I NTERDENTAL PAPILLA (FIGS. 6-18 TO 6-2O)

The presence or absence of the interproximal
papilla, especially in the maxillary anterior area, is a
concern to the restorative dentist, the periodontist,
and the patient. Multiple techniques have been

B

Fig. 6-17.

	

Esthetic problems can occur after surgical crown lengthening of an anterior tooth. A, Lat-
eral incisor is lengthened to include a mesial periodontal defect. B, Esthetics would have been better if
the distal had been included and the gingival contour gradually sloped.

A
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Fig. 6-18.

	

Technique for surgical reproduction of the interdental papilla. A, Intrasulcular incision and
buccal incision placed in the interdental papilla, leaving the existing papilla attached to the palatal flap.
B, Split-thickness flap is elevated buccally and palatally. Connective tissue graft is prepared for place-
ment under the buccal and palatal flaps. C, Buccal and palatal flaps are sutured after connective tissue
from the retromolar area is placed under the flap.
(From Azzi R, Etienne D, Carranza F: Int J Periodontol Rest Dent 18:467, 1998.)

Fig. 6-19.

	

Reconstruction of the interdental papilla. A, Poorly contoured and bulky crowns on maxil-
lary central incisors with loss of interdental papilla. B, Replaced crowns 1 year after cementation with
improved tissue contours. However, interdental papilla remains in an apical position. C, Papillary inci-
sions. D, Incisions to harvest retromolar connective tissue combined with incisions to the thin palatal
flap. E, Connective tissue harvested in bulk. F, Connective tissue graft trimmed for placement into the
papillary area.
(From Azzi R, Etienne D, Carranza F: Int J Periodontol Rest Dent 18:467, 1998.)
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Fig. 6-19, cont'd.

	

G, Connective tissue graft placed under buccal and
palatal flaps in the interdental area. H, Flaps are sutured over connective tissue
graft. 1, Three-day postoperative view of papillary graft. J, Final tissue contours
around replacement crowns.

A B

Fig. 6-20.

	

Reconstruction of the interdental papilla. A, Preoperative view of papillary deficiency in
the interproximal area of teeth #24 and #25. B, Results of papillary graft and final tissue contour.
(From Azzi R, Etienne D, Carranza F: Int J Periodontol Rest Dent 18:467, 1998.)

used, with and without the use of guided tissue or
bone regeneration, to maintain and reconstruct the
interdental papilla . 67-72 The results of these proce-
dures have not been predictable or reproducible.
The reconstruction or preservation of the papilla is
dependent on multiple factors such as the amount
of attachment lost in the area, the blood supply
available for the newly created papilla,68 and the
distance from the contact area to the crest of the in-
terproximal bone .'3 The majority of the techniques
used for restoration or reconstruction of the inter-
dental papilla are surgical in nature and therefore
involve coordination and co-therapy with surgical
or periodontal colleagues. Consultation with the

appropriate surgeon before planning the final
restoration of the area is crucial.

ORTHODONTIC -PERIODONTIC EXTRUSION (FIG. 6-21)

Orthodontic extrusion 60,61,74 may be

	

considered
whenever a fracture or carious lesion extends apical
to the free margin of the gingiva. However, it is es-
pecially important where esthetics is a prime con-
cern. The margin of the fracture or lesion is moved
away from the alveolar crest orthodontically (with
brackets, wires, and/or elastic bands), and the gin-
giva often requires surgical repositioning when or-
thodontic therapy is completed.
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Fig. 6-21.

	

Orthodontic extrusion before restoring a badly damaged tooth. A, This maxillary first premo-
lar has been perforated mesially (arrow). A surgical crown lengthening was contraindicated because of the
level of the perforation apical to the osseous crest. B, A flap was reflected to debride the perforation and as-
sociated lesion. C, Orthodontic brackets cemented with rebounding wire initially When the wire is placed in
the premolar bracket, it will impart an occlusally directed force. (The occlusion must be relieved periodically
as the tooth moves.) D, Completion of the extrusion. E, Osseous recontouring at this stage ensures a harmo-
nious bony and gingival contour. F and G, Coronal tooth structure restored with a metal-ceramic crown.
(Courtesy Dr. S.B. Ross.)

ORTHODONTIC TREATMENT

Minor orthodontic tooth movement can signifi-
cantly enhance the prognosis of subsequent restora-
tive treatment. Uprighting malpositioned abutment
teeth can improve axial alignment, create more fa-
vorable pontic spaces, and improve embrasure form
in the fixed prosthesis. It can also direct occlusal
forces along the long axes of the teeth and often
leads to a substantial conservation of tooth structure
(see Fig. 7-11, B, C).

ASSESSMENT

The clinical examination should focus on tooth mal-
positioning both buccolingually and mesiodistally.
Abnormal tooth relationships such as anterior or
posterior cross bites should alert the dentist to the
possible need for orthodontic treatment. In particu-
lar, attempts to correct abnormal tooth relationships

with fixed prosthodontics alone are rarely success-
ful; orthodontic preparation is normally preferred.

The need for orthodontic treatment is determined
through a careful analysis of articulated diagnostic
casts, whose usefulness can be enhanced with a den-
tal surveyor (Fig. 6-22). One helpful procedure is to
section a duplicate cast (Fig. 6-23) and reassemble it
according to the proposed orthodontic modifications.
This facilitates assessing the validity of any minor
tooth movement (e.g., closing diastemas, uprighting
molars, aligning tilted teeth) and is especially valu-
able when explaining the treatment proposal to the
patient. Diagnostic preparations and waxing proce-
dures made on these altered casts often clearly illus-
trate the benefits of minor tooth movement. Many
dentists are now using computer imaging technol-
ogy to optimize esthetic treatment planning and im-
prove patient communication (Fig. 6-24).



Fig. 6-22.

	

Use of diagnostic preparations and a dental surveyor in assessing the need for orthodontic
treatment before fixed prosthodontics.

Fig. 6-23.

	

Diagnostic cast sectioning for determination of desired orthodontic tooth movement.
(Courtesy Dr. P. Ngan.)

Fig. 6-24.

	

Computer imaging technology can assist in treatment planning and communicating to the
patient the esthetic changes that are envisioned. The equipment consists of a video camera, a monitor,
and a computer. The software allows the video image to be manipulated to ascertain the post-treatment
appearance.
(Courtesy Envision International, Inc.)
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TREATMENT

In general practice it is often possible to perform
minor tooth movement before fixed prosthodontic
treatment without referral to an orthodontist. How-
ever, a specialist should be consulted if treatment is

more complex than the straightforward tipping, up-
righting, or extruding of an abutment tooth.

For tipping or extruding a single anterior tooth,
acid-etch brackets can be used with a multistrand
elastic wire ligated in place to attain the desired po-

E F G

Fig. 6-25.

	

Orthodontic tooth movement as an adjunct to fixed prosthodontics. A to C, Minor tooth
movement before correction of a diastema. D to G, A mesially tilted molar uprighted with a coil spring
before the provision of a fixed partial denture. (D to G courtesy Dr. P. Ngan.)

A B

Fig. 6-26.

	

A, The maxillary premolar (arrow) was prepared for a metal-ceramic crown but was inade-
quately provisionalized. Unfortunately, the patient failed to return when the provisional became dis-
lodged. The tooth had moved distally and was in contact with the first molar, making crown placement
impossible. B, A removable appliance was used to reposition the tooth before impression making.
(Courtesy Dr. P. Nganj
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sition. When moving any anterior tooth, however,
the amount of labial bone should be carefully eval-
uated and found to be adequate. Orthodontic treat-
ment should also be considered when restorations
are being used to correct a diastema. Often esthetics
can be dramatically improved by distributing the
space of a midline diastema around all the anterior
teeth (Fig. 6-25, A to C). A diagnostic waxing proce-
dure will help determine the optimum tooth posi-
tion. Uprighting a mesially tilted molar can be ac-
complished with a coil spring (Fig. 6-25, D to G), but
the tooth should first be adjusted out of occlusion. A
neglected crown preparation can be salvaged with a
simple orthodontic appliance (Fig. 6-26). All ortho-
dontic movement requires adequate anchorage so
that inadvertent movement of other teeth will be
avoided.

Mouth preparation often involves reorganization of
the patient's occlusion, typically to make intercus-
pal position coincident with centric relation and re-
move eccentric interferences (see Chapter 4). This
may be done therapeutically, principally to relieve
symptoms of occlusal dysfunction, or as a prerequi-
site to extensive restorative treatment. The coinci-
dence of CR and MI greatly facilitates accurately
transferring the patient's casts to an articulator. Oc-
clusal adjustment as a therapeutic modality is
fraught with controversy. The current balance of re-
search places a low priority on the influence of oc-
clusion in disorders of the temporomandibular
joints and associated musculature . 84 Also, there is
clinical evidence to the contrary . However, these
disorders should be diagnosed and alleviated be-
fore definitive fixed prosthodontics is undertaken.
This can generally be achieved by noninvasive, re-
versible means. The role of occlusal forces in the
progress of periodontal disease is also controversial.
The balance of current research indicates that oc-
clusal forces do not initiate periodontitis but may
modify attachment loss caused by plaque-induced
inflammatory periodontal disease.89

When selective reshaping of the natural dentition
is being considered, it is important to remember
that this is a purely subtractive procedure (tissue is
removed), and it is limited by the thickness of the
enamel. Obviously, before any irreversible changes
are made in the dentition, a careful diagnosis must
establish whether restorations will be needed.

DIAGNOSTIC ADJUSTMENT
Two sets of articulated diagnostic casts (Fig. 6-27)
are required for diagnostic occlusal adjustment. One
set will serve as a reference; the other will be used to

DEFINITIVE OCCLUSAL TREATMENT

evaluate how much tooth structure has been re-
moved and how much more must be removed to
meet the objectives of the procedure. This will re-
veal the efficacy of the treatment plan before any-
thing is done clinically.

The occlusal surfaces of each cast are painted
with poster paint (which will not soak into the
stone) to demonstrate the extent of any planned cor-
rective reshaping. The pin setting on the articulator
is recorded before adjustment so the operator can
judge the amount of enamel that must be removed.
Each step of the adjustment is recorded sequentially
on a reshaping list. When completed, the procedure
is reviewed carefully. Areas where enamel is likely
to be penetrated are identified so that the patient
can be advised of the likely need for additional re-
strictions on these teeth.

The primary objectives of selective occlusal re-
shaping are as follows:

e To redistribute forces parallel to the long axes
of the teeth by eliminating contacts on inclined
planes and creating cusp-fossa occlusion
To eliminate deflective occlusal contacts: cen-
tric relation coincides with the intercuspal po-
sition
To improve worn occlusal anatomy, enhance
cuspal shape, narrow occlusal tables, and
reemphasize proper developmental and sup-
plemental grooves in otherwise flat surfaces
To correct marginal ridge discrepancies and
extrusions so oral hygiene will be easier
To correct tooth malalignment through selec-
tive reshaping

It will not always be possible to achieve every
one of these goals. If a choice must be made, correc-
tive therapy should not be at the expense of func-
tional surfaces and should not destroy any func-
tional contact.

Fig. 6-27.

	

Diagnostic occlusal adjustment on articulated
casts.
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CLINICAL OCCLUSAL ADJUSTMENT

Patient Selection. Careful analysis of the diag-
nostic occlusal adjustment is necessary to determine
whether the patient is a good candidate for such irre-
versible subtractive treatment. Precise reduction
and close attention to the sequence are essential. A
written record of each reduction is also recom-
mended. If too much is ground off a tooth, it cannot
be put back on. The following should be considered
as contraindications to definitive occlusal adjustment:

1.

	

A bruxer whose habit cannot be controlled
2. A diagnostic correction that indicates that

too much tooth structure will be removed
3.

	

A complex spatial relationship (e.g., an An-
gle Class II and a skeletal Class 111)

4. Maxillary lingual cusps contacting man-
dibular buccal cusps

5.

	

An open anterior occlusal relationship
6.

	

Excessive wear
7.

	

Before orthodontic or orthognathic treatment
8.

	

Before physical or occlusal appliance therapy
9.

	

A patient with temporomandibular pain
10.

	

A patient whose jaw movements cannot be
manipulated easily

Occlusal adjustment needs to be undertaken in a
logical sequence to avoid repetition and improve
the efficacy of treatment. Although different se-
quences have been proposed, we find the one de-
scribed next to be successful.

Elimination of Centric Relation interferences.
As the mandible rotates around the terminal hinge
axis, each mandibular tooth follows its own arc of
closure. If the intercuspal and CR positions do not
coincide, premature contacts will be unavoidable.

Step-by-Step Procedure
1.

	

Manipulate the mandible and mark the teeth so
both the initial contact in centric relation and
the extent and direction of jaw movement to in-
tercuspation are seen. This movement, or slide,
can be in either an anterior or a lateral direction.

2.

	

Find any interferences that cause the condylar
processes to be displaced anteriorly (protrusive
interferences). These will usually be between
the mesial inclines of maxillary teeth and the
distal inclines of mandibular teeth (Fig. 6-28).

3.

	

Continue the adjustment until all teeth contact
evenly (except possibly the incisors). If excur-
sive movements are guided adequately by the
canines, it may be better to stop when bilateral
canine-to-canine contact has been reestablished.

4. When dealing with a laterally displacing pre-
maturity, adjust the buccal-facing inclines of the
maxillary and the lingual-facing inclines of the
mandibular teeth. The premature contact will
usually be on either the laterotrusive or the
mediotrusive side of the mandible (lateral slide
or medial slide).

5. When dealing with a lateral slide, adjust the
buccal inclines of the maxillary lingual cusps
and the lingual inclines of the mandibular buc
cal cusps until there is contact on the cusp tips
(Fig. 6-29).

6. When dealing with a medial slide, adjust the
buccal inclines of the mandibular buccal cusps
or the lingual inclines of the maxillary lingual
cusps until there is contact on the cusp tips. At
this time, any further adjustments can be made
through widening of the opposing central
grooves by reduction of the internal inclines of

Fig. 6-28.

	

interferences that deflect the mandible anteriorly (protrusive interferences) are found be-
tween the mesial inclines of maxillary teeth and the distal inclines of mandibular teeth.
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the maxillary buccal and mandibular lingual
cusps (Fig. 6-30).

Evaluation.

	

The foregoing rules for occlusal ad-
justment should be followed as closely as possible
while maintaining the normal anatomic form of the
tooth. When the discrepancy between CR and MI
has been corrected, there will be uniform contact be-
tween all posterior teeth. This can be verified with
thin Mylar shim stock held in forceps (Fig. 6-31).

ribbons to distinguish between centric and eccentric
contacts.

The goals of this second phase of adjustment are
to eliminate contact between all posterior teeth dur-
ing protrusive movements and to eliminate any in-
terferences on the nonworking (mediotrusive) as
well as the working (laterotrusive) side. In certain
patients, group function of the working side con-
tacts should be considered rather than the more

Elimination of Lateral and Protrusive Interfer-
ences. The second phase of occlusal adjustment
concentrates on laterotrusive, mediotrusive, and
protrusive interferences. Use red and blue marking

Fig. 6-30.

	

Correcting a medial slide by selective grind-
ing. A, The contacting inclines are adjusted until the cusp
tips are in contact (B). The opposing central grooves are
then widened (C and D).

Fig. 6-29.

	

Laterally displacing contact between the buc-
cal incline of a maxillary lingual cusp and the lingual in-
cline of a mandibular buccal cusp.

Fig. 6-31.

	

Verifying occlusal contacts with thin Mylar
shim stock.
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ideal mutually protected occlusion (e.g., when
there is mobility or poor bone support of the ca-
nines). In other patients, group function may be
retained because of wear or malpositioning of the
canines.

During this phase of adjustment, it is essential
that no centric contacts be removed. In general, lat-
eral and protrusive interferences are eliminated by
creating a groove that permits escape of the centric
cusp during eccentric movement (Fig. 6-32).

SUIWMARY

A logical treatment sequence should be planned be-
fore beginning any fixed prosthodontic interven-
tion. Such planning will normally be multidiscipli-
nary-it will incorporate oral surgery; operative
dentistry; and endodontic, periodontic, orthodontic,
and/or occlusal therapies. Mouth preparation is
particularly important to fixed prosthodontics,
which, like all dental disciplines, is facilitated and
enhanced by meticulous preparatory treatment.

Fig. 6-32.

	

Detection of eccentric interferences is facilitated by understanding where they normally oc-
cur. The arrows represent the paths of opposing centric cusps during each excursion (mediotrusive, pro-
trusive, and laterotrusive). Look, for example, to find a mediotrusive interference distobuccal to a centric
contact. In the maxillary arch, the pattern is reversed.



1 base: vt (1587): the act of placing a lining material
under a dental restoration.

2 base: n (14c): any substance placed under a restora-
tion that blocks out undercuts in the preparation,
acts as a thermal or chemical barrier to the pulp,
and/or controls the thickness of the overlying
restoration-called also base material-usage: ad-
jectives such as insulating b., therapeutic b may also
be used.

creep: n (1818): the slow change in dimensions of an
object due to prolonged exposure to high tempera-
ture or stress.

debridement: n (ca. 1842): the removal of inflamed, de-
vitalized, contaminated tissue or foreign material
from or adjacent to a lesion.

deflective occlusal contact: a contact that displaces a
tooth, diverts the mandible from its intended move-
ment, or displaces a removable denture from its
basal seat.

exposure: n (1606) 1: the act of laying open, as a surgi-
cal or dental exposure 2: in radiology, a measure of
the roentgen rays or gamma radiation at a certain
place based on its ability to cause ionization. The
unit of exposure is the roentgen, called also expo-
sure dose.

extrusion: n (1540): the movement of teeth beyond the
natural occlusal plane that may be accompanied by
a similar movement of their supporting tissues.

graft: n (14c): a tissue or material used to repair a de-
fect or deficiency.

maximal intercuspal position: the complete intercuspa-
tion of the opposing teeth independent of condylar
position, sometimes referred to as the best fit of the
teeth regardless of the condylar position-called
also maximal intercuspation.

mouth guard: a resilient intraoral device useful in re-
ducing mouth injuries and protecting the teeth and
surrounding structures from injury.

protrusive deflection: a continuing eccentric displace-
ment of the midline incisal path on protrusion,
symptomatic of a restriction of movement.

pulp capping: application of a material to protect the
pulp from external influences and promote healing,
done either directly or indirectly.
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Teeth do not possess the regenerative ability found in
most other tissues. Therefore, once enamel or dentin
is lost as a result of caries, trauma, or wear, restora-
tive materials must be used to reestablish form and
function. Teeth require preparation to receive restora-
tions, and these preparations must be based on fun-
damental principles from which basic criteria can be
developed to help predict the success of prosthodon-
tic treatment. Careful attention to every detail is im-
perative during tooth preparation. A good prepara-
tion will ensure that subsequent techniques (e.g.,
provisionalization, impression making, pouring of
dies and casts, waxing) can be accomplished.

The principles of tooth preparation may be di-
vided into three broad categories:

1. Biologic considerations, which affect the
health of the oral tissues

2. Mechanical considerations, which affect the
integrity and durability of the restoration

3.

	

Esthetic considerations, which affect the ap-
pearance of the patient

Successful tooth preparation and subsequent
restoration depend on simultaneous consideration of
all these factors. Often improvement in one area will
adversely affect another, and striving for perfection
in one may lead to failure in another. For example, in
the fabrication of a metal-ceramic crown (see Chapter
24), sufficient thickness of porcelain is necessary for a
lifelike appearance. However, if too much tooth
structure is removed to accommodate a greater thick-
ness of porcelain for esthetic reasons, the pulpal tis-
sue may be damaged (biologic consideration) and
the tooth unduly weakened (mechanical considera-
tion). An in-depth knowledge and understanding
of the various criteria are prerequisites to the devel-
opment of satisfactory tooth preparation skills.
Predictable accomplishment of optimum tooth
preparation (Fig. 7-1) often entails finding the best

Fig. 7-1.

	

The optimum restoration should satisfy bio-
logic, mechanical, and esthetic requirements.

combination of compromises among the prevalent
biologic, mechanical, and esthetic considerations.

BIOLOGIC CONSIDERATIONS

Surgical procedures involving living tissues must
be carefully executed to avoid unnecessary damage.
The adjacent teeth, soft tissues, and the pulp of the
tooth being prepared are easily damaged in tooth
preparation. If poor preparation leads to inadequate
marginal fit or deficient crown contour, plaque con-
trol around fixed restorations will become more dif-
ficult. This will impede the long-term maintenance
of dental health.

PREVENTION OF DAMAGE DURING

TOOTH PREPARATION

Adjacent Teeth.

	

latrogenic damage to an adja-
cent tooth is a common error in dentistry. Even if a
damaged proximal contact area is carefully re-
shaped and polished, it will be more susceptible to
dental caries than the original undamaged tooth
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surface. This is presumably because the original
surface enamel contains higher fluoride concentra-
tions and the interrupted layer is more prone to
plaque retention. The technique of tooth prepara-
tion must avoid and prevent damage to the adjacent
tooth surfaces.

A metal matrix band around the adjacent tooth
for protection may be helpful; however, the thin
band can still be perforated and the underlying
enamel damaged. The preferred method is to use
the proximal enamel of the tooth being prepared for
protection of the adjacent structures. Teeth are 1.5 to
2 mm wider at the contact area than at the cemen-
toenamel junction (CEJ), and a thin, tapered dia-
mond can be passed through the interproximal con-
tact area (Fig. 7-2) to leave a slight lip or fin of
enamel without causing excessive tooth reduction
or undesirable angulation of the rotary instrument.

Soft Tissues.

	

Damage to the soft tissues of the
tongue and cheeks can be prevented by careful re-
traction with an aspirator tip, mouth mirror (Fig.
7-3), or flanged saliva ejector. Great care is needed to
protect the tongue when the lingual surfaces of
mandibular molars are being prepared.

Pulp.

	

Great care also is needed to prevent pul-
pal injuries during fixed prosthodontic procedures,

especially complete crown preparation. Pulpal de-
generation that occurs many years after tooth
preparation has been documented.' Extreme tem-
peratures, chemical irritation, or microorganisms
can cause an irreversible pulpitis, particularly
when they occur on freshly sectioned dentinal
tubules. Prevention of pulpal damage necessitates
selection of techniques and materials that will re-
duce the risk of damage while preparing tooth
structure.

Tooth preparations must take into consideration
the morphology of the dental pulp chamber. Pulp
size, which can be evaluated on a radiograph, de-
creases with age. Average pulp dimensions have
been related to coronal contour 4 and are presented
in Table 7-1 and Figure 7-4.

Causes of Injury
Temperature.

	

Considerable heat is generated by
friction between a rotary instrument and the surface
being prepared (Fig. 7-5). Excessive pressure, higher
rotational speeds, and the type, shape, and condition
of the cutting instrument (Fig. 7-6) may all increase
generated heat.' With a high-speed handpiece, a
feather-light touch allows efficient removal of tooth
material with minimal heat generation. Nevertheless,
even with the lightest touch, the tooth will be over-
heated unless a water spray is used. This must be ac-
curately directed at the area of contact between tooth
and bur. It will also remove debris (important be-
cause clogging reduces cutting efficiency) and pre-
vent desiccation of the dentin (a cause of severe pul-
pal irritation' 6). If the spray prevents adequate
visibility, as may be the case when finishing a lingual
margin, a slow-speed handpiece or hand instrumen-
tation should be used. Relying on air cooling with a
high-speed handpiece is hazardous, because it can
easily overheat a tooth and damage the pulp.'

Fig. 7-2.

	

Damage to adjacent teeth is prevented by mak-
ing a thin "lip" of enamel as the bur passes through a prox-
i mal contact.

Fig. 7-3.

	

Mouth mirror protecting the soft tissues during
tooth preparation.
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Fig. 7-4.

	

Relationship between tooth preparation and
pulp chamber size. The dotted lines represent pulp cham-
ber morphology at various ages. A, Maxillary central in-
cisor with a metal-ceramic crown preparation. B, Maxillary
lateral incisor with a metal-ceramic crown preparation.
C, Maxillary canine with a pinledge preparation.
(From Ohashi Y: Shikagakuho 68:726,1968.)

Fig. 7-5.

	

Pulpal temperature rise during tooth prepara-
tion. Group I, air turbine, water cooled. Group II, air tur-
bine, dry. Group III, low speed, water cooled. Group IV,
low speed, dry.
(From Zach L, Cohen G: Oral Surg 19:515,1965.)

Particular care is needed when preparing
grooves or pinholes, because coolant cannot reach
the cutting edge of the bur. To prevent heat buildup,
these retention features should always be prepared
at low rotational speed.

Chemical Action.

	

The chemical action of cer-
tain dental materials (bases, restorative resins, sol-
vents, and luting agents) can cause pulpal damage,"
particularly when they are applied to freshly cut
dentin. Cavity varnish or dentin bonding agents
will form an effective barrier in most instances, but
their effect on the retention of a cemented restora-
tion is controversial.

Chemical agents are sometimes used for cleaning
and degreasing tooth preparations. However, they
have been shown to be pulpal irritants. Thus their
use is generally contraindicated, particularly be-
cause they do not improve the retention of ce-
mented restorations. 13

Bacterial Action.

	

Pulpal damage under restora-
tions has been attributed 14,15 to bacteria that either
were left behind or gained access to the dentin be-
cause of microleakage. However, many dental mate-
rials, including zinc phosphate cement, have an an-
tibacterial effect ; because vital dentin seems to resist
infection," the routine use of antimicrobials may not
be advantageous. Many dentists now use an antimi-
crobial agent, such as Consepsis,* after tooth

*Ultradent Products, Inc.
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A B

Fig. 7-6.

	

Scanning electron micrographs of a rotary instrument. A, Unused diamond. B, Unused car-
bide. C, Worn diamond. D, Diamond particles have fractured at the level of the binder.
(Courtesy Dr. J.L. Sandrik.)

Fig. 7-7.

	

A considerable amount of care is needed when
preparing a tooth for a complete crown because of the ex-
tensive nature of the reduction, with many dentinal tubules
sectioned. Each tubule communicates directly with the den-
tal pulp.

preparation and before cementation, although the
benefit has not been documented in clinical trials.18

NOTE: All carious dentin should be removed be-
fore placing a restoration that will serve as a foun-
dation for a fixed prosthesis. An indirect pulp cap is
not recommended, because its later failure is likely
to jeopardize extensive prosthodontic treatment.

CONSERVATION OF TOOTH STRUCTURE

One of the basic tenets of restorative dentistry is to
conserve as much tooth structure as possible consis-
tent with the mechanical and esthetic principles of
tooth preparation. This will reduce the harmful pul-
pal effects of the various procedures and materials
used. The thickness of remaining dentin has been
shown" to be inversely proportional to the pulpal
response, and tooth preparations extending deeply
toward the pulp should be avoided. Dowden20 has
argued that any damage to the odontoblastic
processes will adversely affect the cell nucleus at the
dentin-pulp interface, no matter how far from the
nucleus it occurs. For this reason, when assessing
likely adverse pulpal response, the amount of
dentin removed is important; particular care must
be exercised when preparing vital teeth for com-
plete-coverage restorations (Fig. 7-7).

Tooth structure is conserved by using the follow-
ing guidelines:

1.

	

Use of partial-coverage rather than complete-
coverage restorations (Fig. 7-8)

C D
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Fig. 7-8.

	

Conservation of tooth structure by
using partial-coverage restorations. In this case,
they are used as FPD abutments to replace con-
genitally missing lateral incisors.

2.

	

Preparation of teeth with the minimum prac-
tical convergence angle (taper) between axial
walls (Fig. 7-9)

3.

	

Preparation of the occlusal surface so reduc-
tion follows the anatomic planes to give uni-
form thickness in the restoration (Fig. 7-10)

4. Preparation of the axial surfaces so tooth
structure is removed evenly; if necessary,
teeth should be orthodontically repositioned
(Fig. 7-11)

5.

	

Selection of a conservative margin compati-
ble with the other principles of tooth prepa-
ration (Fig. 7-12)

6.

	

Avoidance of unnecessary apical extension of
the preparation (Fig. 7-13)

CONSIDERATIONS AFFECTING FUTURE DENTAL HEALTH

An improperly prepared tooth may have an adverse
effect on long-term dental health. For example, in-
sufficient axial reduction inevitably results in an
overcontoured restoration that hampers plaque
control. This may cause periodontal disease or
dental caries. Alternatively, inadequate occlusal re-
duction may result in occlusal dysfunction, and
poor margin placement may lead to chipped
enamel or cusp fracture.

Axial Reduction. Gingival inflammation is
commonly associated with crowns and FPD abut-
ments having excessive axial contours, probably be-
cause it is more difficult for the patient to maintain
plaque control around the gingival margin. A
tooth preparation must provide sufficient space for

Fig. 7-9.

	

Excessive taper results in considerable loss of
tooth structure (shaded area).

Fig. 7-10.

	

An anatomically prepared occlusal surface re-
sults in adequate clearance without excessive tooth reduc-
tion. A flat occlusal preparation will result in either (1) in-
sufficient clearance or (2) an excessive amount of reduction.
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9 degrees

Fig. 7-11 .

	

To conserve tooth structure, the preparation of axial
surfaces should be as uniform as possible. A, The path of withdrawal
should coincide with the long axis of the tooth, which for a mandibu-
lar premolar is typically inclined 9 degrees lingually. Preparing the
tooth perpendicular to the occlusal plane is a commonly seen error
and results in additional tooth reduction (shaded area). B and C, Tooth
structure is conserved by uprighting a tilted FPD abutment.

Fig. 7-12.

	

A shoulder margin (2) is less conservative
than a chamfer (1).

A

Fig. 7-13.

	

A, Apical extension of the preparation can necessi-
tate additional tooth reduction. B, Preparations for periodontally
involved teeth may necessitate considerable reduction if the
margins are to be placed subgingivally for esthetic reasons.
C, Supragingival margins are preferred where applicable.

B

C
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the development of good axial contours. This will
enable the junction between the restoration and the
tooth to be smooth and free of any ledges or abrupt
changes in direction.

Under most circumstances a crown should dupli-
cate the contours and profile of the original tooth
(unless the restoration is needed to correct a mal-
formed or malpositioned tooth). If an error is made,
a slightly undercontoured flat restoration is better
because it is easier to keep free of plaque; however,
increasing proximal contour on anterior crowns to
maintain the interproximal papilla23 (see Chapter 5)
may be beneficial. Sufficient tooth structure must be
removed to allow the development of correctly
formed axial contours (Fig. 7-14), particularly in the
interproximal and furcation areas of posterior teeth,
where periodontal disease often begins.

Margin Placement. Whenever possible, the
margin of the preparation should be supragingival.
Subgingival margins of cemented restorations have
been identified as a major factor in periodontal
disease, particularly where they encroach on the ep-

ithelial attachment (see Chapter 5). Supragingival
margins are easier to prepare accurately without
trauma to the soft tissues. They can usually also be
situated on hard enamel, whereas subgingival mar-
gins are often on dentin or cementum.

Other advantages of supragingival margins in-
clude the following:

1.

	

They can be easily finished.
2.

	

They are more easily kept clean.
3.

	

Impressions are more easily made, with less
potential for soft tissue damage.

4.

	

Restorations can be easily evaluated at recall
appointments.

However, a subgingival margin (Fig. 7-15) is jus-
tified if any of the following pertain:

1.

	

Dental caries, cervical erosion, or restorations
extend subgingivally, and a crown-lengthen-
ing procedure (see Chapter 6) is not indicated.

2.

	

The proximal contact area extends to the gin-
gival crest.

3.

	

Additional retention is needed.
4.

	

The margin of a metal-ceramic crown is to be
hidden behind the labiogingival crest.

B

Fig. 7-14.

	

A and B, Tooth preparations with adequate axial reduction allow the development of prop-
erly contoured embrasures. Tissue is conserved by using partial coverage and supragingival margins
where possible. C, Preparing furcation areas adequately is important; otherwise, the restoration will be
excessively contoured, making plaque control difficult.
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Fig. 7-15.

	

Examples where subgingival margins are indicated. A, To include an existing restoration.
B, To extend apical to the proximal contact (adequate proximal clearance). C and D, To hide the metal
collar of metal-ceramic crowns.

5.

	

Root sensitivity cannot be controlled by more
conservative procedures, such as the applica-
tion of dentin bonding agents.

6.

	

Modification of the axial contour is indicated.

Margin Adaptation.

	

The junction between a ce-
mented restoration and the tooth is always a poten-
tial site for recurrent caries because of dissolution of
the luting agent and inherent roughness. The more
accurately the restoration is adapted to the tooth,
the lesser the chance of recurrent caries or peri-
odontal disease . 3° Although a precise figure for ac-
ceptable margin adaptation is not available, a
skilled technician can make a casting that fits to
within 10 um and a porcelain margin that fits to
within 50 um, provided the tooth is properly pre-
pared. A well-designed preparation has a smooth
and even margin. Rough, irregular, or "stepped"
junctions greatly increase the length of the margin
and substantially reduce the adaptation of the
restoration (Fig. 7-16). The importance of preparing
smooth margins cannot be overemphasized. Time
spent obtaining a smooth margin will make the sub-
sequent steps of tissue displacement, impression
making, die formation, waxing, and finishing much
easier and will ultimately provide the patient with a
longer-lasting restoration.

Margin Geometry.

	

The cross-sectional configu-
ration of the margin has been the subject of much
analysis and debate .33 Different shapes have been
described and advocated .41,42 For evaluation, the
following guidelines for margin design should be
considered:
1. Ease of preparation without overextension or

unsupported enamel
2.

	

Ease of identification in the impression and on
the die

3.

	

A distinct boundary to which the wax pattern
can be finished

4. Sufficient bulk of material (to enable the wax
pattern to be handled without distortion and to
give the restoration strength and, when porce-
lain is used, esthetics)

5. Conservation of tooth structure (provided the
other criteria are met)

Proposed margin designs are presented in Ta-
ble 7-2.

Although they are conservative of tooth struc-
ture, featheredge or shoulderless crown prepara-
tions (Fig. 7-17, A) should be avoided because they
fail to provide adequate bulk at the margins. Over-
contoured restorations often result from feath-
eredge margins because the technician can handle
the wax pattern without distortion only by increas-
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Fig. 7-16.

	

A and B, Poor preparation design, leading to increased margin length. C, A rough, irregu-
lar margin will make the fabrication of an accurately fitted restoration almost impossible. D, An accu-
rately fitting margin is possible only if it is prepared smoothly.

ing its bulk beyond the original contours. A varia-
tion of the featheredge, the chisel edge margin (Fig.
7-17, B), is formed when there is a larger angle be-
tween the axial surfaces and the unprepared tooth
structure. Unfortunately, this margin is frequently
associated with an excessively tapered preparation
or one in which the axial reduction is not correctly
aligned with the long axis of the tooth.

Under most circumstances, featheredges and
chisel edges are unacceptable. Historically their
main advantage was that they facilitated the mak-
ing of impressions with rigid modeling compound
in copper bands (a technique rarely used today), be-
cause there was no ledge on which a band could
catch. A chamfer margin (Fig. 7-17, C ) is particu-
larly suitable for cast metal crowns and the
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Fig. 7-17.

	

Margin designs: A, Featheredge. B, Chisel. C, Chamfer. D, Bevel. E, Shoulder. F, Sloped
shoulder. G, Beveled shoulder. Scanning electron micrographs. H, Feather-chisel edge. I, Chamfer.
J, Bevel. K, Shoulder. L, Sloped shoulder. M, Beveled shoulder.
(Courtesy Dr. H. Lin.)

metal-only portion of metal-ceramic crowns (Fig.
7-18). It is distinct and easily identified, provides
room for adequate bulk of material, and can be
placed with precision, although care is needed to
avoid leaving a ledge of unsupported enamel.

Probably the most suitable instrument for mak-
ing a chamfer margin is the tapered diamond with a
rounded tip; the margin formed is the exact image
of the instrument (Fig. 7-19). Marginal accuracy de-
pends on having a high-quality diamond and a
true-running handpiece. The gingival margin is pre-
pared with the diamond held precisely in the in-

tended path of withdrawal of the restoration (Fig.
7-20). Tilting it away from the tooth will create an
undercut, whereas angling it toward the tooth will
lead to overreduction and loss of retention. The
chamfer should never be prepared wider than half
the tip of the diamond; otherwise, an unsupported
lip of enamel could result (Fig. 7-21). Some authori-
ties have recommended the use of a diamond with
a noncutting guide tip to aid accurate chamfer
placement. 13 However, the guide has been shown to
damage tooth structure beyond the intended prepa-
ration margin . 44
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Fig. 7-18.

	

Chamfer margins are recommended for cast metal crowns (A) and the lingual margin of a
metal-ceramic crown (B). Compare the scanning electron micrographs of a chamfer (C) achieved with a
fine-grit diamond after initial preparation with a coarser instrument (D) and a chamfer achieved with
finishing carbides (E and F).
(C to F courtesy Dr. H. Lin.)

Under some circumstances a beveled margin (Fig.
7-17, D) is more suitable for cast restorations, partic-
ularly if a ledge or shoulder already exists, possibly
from dental caries, cervical erosion, or a previous
restoration. The objective in beveling is threefold:
(1) to allow the cast metal margin to be bent or bur-
nished against the prepared tooth structure; (2) to
minimize the marginal discrepancy33 caused by a
complete crown that fails to seat completely (how-
ever, Pascoe has shown that when an oversized
crown is considered, the discrepancy is increased
rather than decreased [Fig. 7-22]); and (3) to protect
the unprepared tooth structure from chipping (e.g.,
by removing unsupported enamel). NOTE: When
access for burnishing is limited, there is little ad-
vantage in beveling. This applies particularly to a

Fig. 7-19.

	

A chamfer margin is
formed as the negative image of a
round-ended tapered diamond.
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Fig. 7-20.

	

Precise control of the orientation of the diamond is very important. A, Tilting away from
the tooth creates an undercut. B, Tilting toward the tooth results in excessive convergence.

Fig. 7-21.

	

A chamfer should not be wider than half the
bur used to form it. Otherwise, a lip of unsupported
enamel will be left.

gingival margin, where beveling would lead to sub-
gingival extension of the preparation or placement
of the margin on dentin rather than on enamel. Fa-
cial margins of maxillary partial-coverage restora-
tions should be beveled to protect the remaining
tooth structure and to allow for burnishing.

Because a shoulder margin (Fig. 7-17, E) allows
room for porcelain, it is recommended for the facial
part of metal-ceramic crowns, especially when the
porcelain margin technique is used. It should form
a 90-degree angle with the unprepared tooth sur-
face. An acute angle is likely to chip (Fig. 7-23, A). In
practice, dentists tend to underprepare the facial
shoulder, leading to restorations with inferior es-
thetics or poor axial contour.

Some authorities46 have recommended a heavy
chamfer rather than a shoulder margin, and some

Fig. 7-22.

	

Effect on marginal fit of beveling the gingival
margin. A, If the internal cross section of a crown is the
same as or less than that of the prepared tooth, a 45-degree
bevel will decrease the marginal discrepancy by 70%. B, If
the internal diameter is slightly larger than the prepared
tooth, beveling will increase the marginal discrepancy. In
practice, crowns are made slightly larger than the prepared
tooth to allow for the luting agent.

find a chamfer easier to prepare with precision. Ear-
lier work36,37 found less distortion of the metal
framework during porcelain application, although
with modern alloys, this doesn't appear to be a
problem (see Chapter 19).
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Fig. 7-23.

	

A, A shoulder provides more bulk of metal than a heavy chamfer, which may facilitate the
laboratory steps. B, A disadvantage of the shoulder bevel is that its margin must be placed deeper in the
gingival sulcus so that the wider band of metal will be hidden (compare d with D). C, Scanning electron
micrograph of a shoulder margin prepared with a high-speed diamond. D, This margin has been refined
with a sharp chisel. E, This has been beveled with a tungsten carbide bur. F, This bevel was placed with
a sharp hand instrument.
(Microscopy by Dr. J. Sandrik, teeth prepared by Dr. G. Byrne.)
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B C

Fig. 7-24.

	

A, Nonreplacement of missing teeth has led to supraocclusion and a protrusive interfer-
ence (arrow). B, Teeth reduced with the help of trial tooth preparations and diagnostic waxing.
C, Restorations with anterior guidance.

A 120-degree sloped shoulder margin (Fig. 7-17, F)
is used as an alternative to the 90-degree shoulder
for the facial margin of a metal-ceramic crown. The
sloped shoulder reduces the possibility of leaving
unsupported enamel and yet leaves sufficient bulk
to allow thinning of the metal framework to a
knife-edge for acceptable esthetics.

A beveled shoulder margin (Fig. 7-17, G) is often
recommended for the facial surface of a metal-
ceramic restoration where a metal collar (as op-
posed to a porcelain labial margin) is used. The
beveling removes unsupported enamel and may al-
low some finishing of the metal. However, a shoul-
der or sloped shoulder is preferred for biologic and
esthetic reasons. This allows improved esthetics be-
cause the metal margin can be thinned to a knife
edge and hidden in the sulcus without the need for
positioning the margin closer to the epithelial at-
tachment (Fig. 7-23, B).

Occlusal Considerations. A satisfactory tooth
preparation should allow sufficient space for devel-
oping a functional occlusal scheme in the finished
restoration. Sometimes a patient's occlusion is dis-
rupted by supraerupted or tilted teeth (Fig. 7-24).
When these teeth are prepared for restoration, the

eventual occlusal plane must be carefully analyzed
and the teeth reduced accordingly. Often consider-
able reduction is needed to compensate for the
supraeruption of abutment teeth.

Sometimes even endodontic treatment is neces-
sary to make enough room. However, under these
circumstances, violating the principle of conserva-
tion of tooth structure is preferable to the potential
harm from a traumatic occlusal scheme. Obviously,
careful judgment is needed, and diagnostic tooth
preparations and waxing procedures are essential to
determining the exact amount of reduction required
to develop an optimum occlusion.

Preventing Tooth Fracture. No tooth is un-
breakable. If teeth are smashed together (as in an
automobile accident, sport injury, or biting on a
hard object unexpectedly), a cusp may break. Cus-
pal fracture also can occur from parafunctional
habits such as bruxism.

The likelihood that a restored tooth will fracture
can be lessened if the tooth preparation is designed
to minimize potentially destructive stresses (Fig.
7-25). For example, an intracoronal cast restoration
(inlay) has a greater potential for fracture because
when occlusal forces are applied to the restoration,



Chapter 7 Principles of Tooth Preparation

Fig. 7-25.

	

A, An intracoronal cast restoration (inlay) can act as a wedge during cementation or func-
tion. If the cusps are weakened, fracture will occur. B, A cuspal-coverage onlay provides better protec-
tion but often lacks retention. C, A complete crown provides the best protection against fracture. It also
has the best retention, but it can be associated with periodontal disease and poor esthetics.
(Redrawn from Rosenstiel SF: In Rayne J, editor: General dental treatment, London, 1983, Kluwer Publishing.)

it tends to wedge opposing walls of the tooth apart.
This wedging must be resisted by the remaining
tooth structure; if the structure is thin (as with a
wide preparation isthmus), the tooth may fracture
during function. Providing a cuspal coverage
restoration (onlay) rather than an inlay lessens the
chance of such fracture. However, although not
conservative of tooth structure, a complete crown is
often a better solution, because it offers the greatest
protection against tooth fracture, tending to "hold"
the cusps of the tooth together.

The design of tooth preparations for fixed prostho-
dontics must adhere to certain mechanical principles;
otherwise, the restoration may become dislodged or
may distort or fracture during service. These princi-
ples have evolved from theoretical and clinical obser-
vations and are supported by experimental studies.

Mechanical considerations can be divided into
three categories:

1.

	

Providing retention form
2.

	

Providing resistance form
3.

	

Preventing deformation of the restoration

MECHANICAL CONSIDERATIONS

RETENTION FORM

Certain forces (e.g., when the jaws are moved apart
after biting on very sticky food) act on a cemented
restoration in the same direction as the path of with-
drawal. The quality of a preparation that prevents
the restoration from becoming dislodged by such
forces parallel to the path of withdrawal is known
as retention. Only dental caries and porcelain failure
outrank lack of retention as a cause of failure of
crowns and fixed partial dentures . 48,49

The following factors must be considered when
deciding whether retention is adequate for a given
fixed restoration:

1.

	

Magnitude of the dislodging forces
2.

	

Geometry of the tooth preparation
3. Roughness of the fitting surface of the

restoration
4.

	

Materials being cemented
5.

	

Film thickness of the luting agent

Magnitude of the Dislodging Forces. Forces
that tend to remove a cemented restoration along its
path of withdrawal are small compared to those
that tend to seat or tilt it. A fixed partial denture or
splint can be subjected to such forces by pulling
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with floss under the connectors; however, the
greatest removal forces generally arise when excep-
tionally sticky food (e.g., caramel) is eaten. The
magnitude of the dislodging forces depends on the
stickiness of the food and the surface area and tex-
ture of the restoration being pulled.

Geometry of the Tooth Preparation.

	

Most fixed
prostheses depend on the geometric form of the
preparation rather than on adhesion for retention be-
cause most of the traditional cements (e.g., zinc
phosphate) are nonadhesive (i.e., they act by in-
creasing the frictional resistance between tooth and
restoration). The grains of cement prevent two sur-
faces from sliding, although they do not prevent one
surface from being lifted from another. This is anal-
ogous to the effect of particles of sand or dust within
machinery. They do not have a specific adhesion
to metal, but they increase the friction between
sliding metal parts. If sand or dust gets into an old-
fashioned, mechanical camera or watch, the increase
in friction can effectively jam the mechanism.

Cement is effective only if the restoration has a
single path of withdrawal (i.e., the tooth is shaped
to restrain the free movement of the restoration).
The relationship between a nut and a bolt is an ex-
ample of restrained movement (Fig. 7-26). The nut is
not free to move in any direction but can move only
along the precisely determined helical path of the
threads on the bolt.

The relationship between two bodies, one (in this
case a tooth preparation) restraining movement of

Fig. 7-26. A, The relationship of a nut and a bolt is an ex-
ample of restrained movement; the nut must move along a
precisely defined helical path (arrows). B, For effective re-
tention, a tooth preparation must constrain the movement
of a restoration. For this to occur, it must be cylindrical.
(See Figure 7-27.)

the other (a cemented restoration), has been studied
mathematically and is known in analytical mechan-
ics as a closed lower pair of kinematic elements. In
fixed prosthodontics, a sliding pair is the only pair
that has relevance. It is formed by two cylindrical*
surfaces constrained to slide along one another. The
elements are constrained if the curve that defines
the cylinder is closed or shaped to prevent move-
ment at right angles to the axis of the cylinder
(Fig. 7-27).

A tooth preparation will be cylindrical if the axial
surfaces are prepared by a cylindrical bur held at a
constant angle. The gingival margin of the prepara-
tion becomes the fixed curve of the mathematical
definition, and the occlusoaxial line angle of the
tooth preparation should be a replica of the gingival
margin geometry. The curve of a complete crown
preparation is closed, whereas the grooves of a par-
tial crown preparation prevent movement at right
angles to the long axis of the cylinder. However, if
one wall of the complete crown preparation is over-

*Cylinder is defined in its mathematical sense as the
solid generated by a straight line parallel to another
straight line and moving so that its ends describe a
fixed curve.

Fig. 7-27.

	

A preparation is cylindrical if the two hori-
zontal cross sections of the prepared axial tooth surface
(1 and 2) are coincident. A, This complete crown is cylindri-
cal and therefore retentive. B, A partial crown will be reten-
tive if its sections are coincident and perpendicular move-
ment is prevented by grooves. C, This preparation is
cylindrical (1 and 2 coincide) but not retentive, because it
can move perpendicularly to the axis of the cylinder.
(Redrawn from Rosenstiel E: Br Dent J 103:388, 1957.)
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tapered, it will no longer be cylindrical, and the ce-
mented restoration will not be constrained by the
preparation because the restoration then has multi-
ple paths of withdrawal. Under these circum-
stances, the cement particles will tend to lift away
from rather than slide along the preparation, and
the only retention will be a result of the cement's
limited adhesion (Fig. 7-28).

Taper.

	

Theoretically, maximum retention is ob-
tained if a tooth preparation has parallel walls.
However, it is impossible to prepare a tooth this
way using current techniques and instrumentation;
slight undercuts are created that prevent the
restoration from seating.

An undercut is defined as a divergence between
opposing axial walls, or wall segments, in a cervi-
cal-occlusal direction (Fig. 7-29, A). For instance, if
the cervical diameter of a tooth preparation at the
margin is narrower than at the occlusoaxial junction
(reverse taper), it will be impossible to seat a com-
plete cast crown of similar geometry (Fig. 7-29, B).
Undercuts can be present whenever two axial walls
face in opposite directions (Fig. 7-29, C. Thus the
mesial wall of a complete cast crown preparation
can be undercut relative to the distal wall; in addi-

tion, the buccal wall can be undercut relative to the
lingual wall; finally, in a partial veneer preparation,
the lingual wall of a proximal groove can be under-
cut relative to the lingual wall of the preparation.

A slight convergence, or taper, is necessary in the
completed preparation. As long as this taper is small,
the movement of the cemented restoration will be ef-
fectively restrained by the preparation and will have
what is known as a limited path of withdrawal. As the
taper increases, however, so does the free movement
of the restoration, and retention will be reduced.

The relationship between the degree of axial wall
taper and the magnitude of retention was first
demonstrated experimentally by Jorgensen in
1955. He cemented brass caps on Galalith cones of
different tapers and measured retention with a ten-
sile-testing machine. The relationship was found to
be hyperbolic, with retention rapidly becoming less
as taper increased (Fig. 7-30), although the relation-

Fig. 7-28.

	

A, Cross sections 1 and 2 do not coincide, and
the preparation thus has little retention. B, Under these cir-
cumstances, very little friction develops between the ce-
ment and the axial walls, and the cement is subjected to
tensile stress. C, A retentive near-parallel preparation with
frictional resistance. The cement is placed under shear
stress.
(A redrawn from Rosmstiel E: Br Dent J 103:388, 1957.)

Fig. 7-29.

	

A, An undercut is formed if opposing walls
diverge. B, A crown is prepared, because an undercut
preparation cannot "seat," since it cannot pass over the di-
vergent walls. C, Undercuts are possible in other locations
when fixed partial dentures or restorations with prepara-
tion features such as grooves or boxes are prepared. Here
one buccal facing wall (B) can be undercut relative to (four)
lingual facing walls (L).
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ship was no longer hyperbolic when the internal
surfaces of the caps were roughened. The retention
of a cap with 10 degrees of taper* was approxi-
mately half that of a cap with 5 degrees. Similar re-
sults have been reported by other workers.

Selection of the appropriate degree of taper for
tooth preparation involves compromise. Too small a
taper may lead to unwanted undercuts; too large
will no longer be retentive. The recommended con-
vergence between opposing walls is 6 degrees,
which has been shown to optimize retention for
zinc phosphate cement. 55 Recognizing this angle is
important (Fig. 7-31), although there is no need to
deliberately tilt a rotary cutting instrument to create
a taper, since this will invariably lead to overprepa-
ration. Rather, teeth are readily prepared with a ro-
tary instrument of the desired taper held at a con-
stant angulation. The rotary instrument should be
moved through a cylindrical path as the tooth is
prepared, and the taper of the instrument should
produce the desired axial wall taper on the com-
pleted preparation. In practice, many dentists expe-

*In this discussion, as is generally the case in the den-
tal literature, taper and convergence are used inter-
changeably and refer to the angle between diametri-
cally opposed axial walls.

Fig. 7-30.

	

Relationship between retention and conver-
gence angle. *, Experimental values; x, calculated values
outside the experimental range.
(Redrawn from Jorgensen KD: Acta Odontol Scand 13:35,
1955.)

rience difficulty consistently avoiding excessively
tapered preparations, particularly when preparing
posterior teeth with limited access . 56 Some authori-
ties recommend the routine use of grooves to reduce
the incidence of restoration displacement. It is un-
clear, however, whether accurate groove alignment
is more easily achieved than axial wall convergence,
and skillfully prepared axial walls at a minimal con-
vergence are very conservative of tooth structure.

Surface Area. Provided the restoration has a
limited path of withdrawal, its retention depends
on the length of this path or, more precisely, on the
surface area in sliding contact. Therefore, crowns
with long axial walls are more retentive than those
with short axial walls,-'' and molar crowns are more
retentive than premolar crowns of similar taper.
Surfaces where the crown is essentially being pulled
away from rather than sliding along the tooth, such
as the occlusal surface, do not add much to total
retention.

Stress Concentration. When a retentive fail-
ure occurs, cement often adheres to both the tooth
preparation and the fitting surface of the restora-
tion. In these cases, cohesive failure occurs through
the cement layer because the strength of the cement
is less than the induced stresses. A computerized
analysis of these stresses-' ,' reveals that they are not
uniform throughout the cement but are concen-
trated around the junction of the axial and occlusal
surfaces. Changes in the geometry of the prepara-
tion (e.g., rounding the internal line angles) may re-
duce stress concentrations and thus increase the re-
tention of the restoration.

Type of Preparation.

	

Different types of prepa-
ration have different retentive values that corre-
spond fairly closely to the surface area of the axial

Fig. 7-31.

	

The recommended convergence angle is
6 degrees. This is a very slight taper. (The angle between
the hands of a clock showing 12:01 is 5 1/2, degrees.)



walls, as long as other factors (e.g., taper) are kept
constant. Thus the retention of a complete crown is
about double that of partial-coverage restorations 59
(Fig. 7-32).

Adding grooves or boxes (Fig. 7-33) to a prepara-
tion with a limited path of withdrawal does not
markedly affect its retention because the surface
area is not increased significantly. However, where
the addition of a groove limits the paths of with-
drawal, retention is increased . 60,61

Roughness of the Surfaces Being Cemented.
When the internal surface of a restoration is very
smooth, retentive failure occurs not through the ce-
ment but at the cement-restoration interface. Under
these circumstances, retention will be increased if the
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restoration is roughened or grooved . The casting
is most effectively prepared by air-abrading the fit-
ting surface with 50 um of alumina. This should be
done carefully to avoid abrading the polished sur-
faces or margins. Airborne particle abrasion has been
shown65 to increase in vitro retention by 64%.

Failure rarely occurs at the cement-tooth inter-
face. Therefore, deliberately roughening the tooth
preparation hardly influences retention and is not
recommended, because roughness adds to the diffi-
culty of impression making and waxing.

Materials Being Cemented. Retention is af-
fected by both the casting alloy and the core or
buildup material. Laboratory testing results have
yet to be confirmed by longer-term clinical studies,
but it appears that the more reactive the alloy is, the
more adhesion there will be with certain luting
agents. Therefore, base metal alloys are better re-
tained than less reactive high-gold content metals .

The effect of adhesion to different core materials
also has been tested, with conflicting results. One
laboratory study67 examining adhesion between ce-
ments and core materials found that the cement ad-
hered better to amalgam than to composite resin or
cast gold. However, when crowns were tested for
retention, higher values were found with the com-
posite resin than with amalgam cores . The differ-
ences may have been due to dimensional changes of
the core materials, although the clinical implications
of this finding are not clear.

Type of Luting Agent.

	

The type of luting agent
chosen affects the retention of a cemented restora-
tion .69 However, the decision regarding which
agent to use is also based on other factors. In gen-
eral, the data suggest that adhesive resin cements
are the most retentive (Fig 7-34), although
long-term clinical evidence about the durability of
the bond is not available.

Film Thickness of the Luting Agent.

	

There is
conflicting evidence about the effect of increased
thickness of the cement film on retention of a
restoration. This may be important if a slightly over-
sized casting is made (as when the die-spacer tech-
nique is used).

The factors that influence the retention of a ce-
mented restoration are summarized in Table 7-3.

RESISTANCE FORM

Certain features must be present in the preparation
to prevent dislodgment of a cemented restoration.
Mastication and parafunctional activity may subject
a prosthesis to substantial horizontal or oblique
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Fig. 7-34.

	

Crown retention studies. Effect of luting agent. These six in vitro studies evaluated the ef-
fect of luting agent on crown retention.9 0-92 The data were normalized as a percentage of the reten-
tion value with zinc phosphate cement. Adhesive resins had consistently greater retention than zinc
phosphate. Conventional resins and glass ionomers yielded less consistent results.
(From Rosenstiel SF et al: 1 Prosthet Dent 80:280, 1998.)

forces. These forces are normally much greater than
the ones overcome by retention, especially if the
restoration is loaded during eccentric contact be-
tween posterior teeth. Lateral forces tend to displace
the restoration by causing rotation around the gin-
gival margin. Rotation is prevented by any areas of
the tooth preparation that are placed in compres-
sion, called resistance areas (Fig. 7-35). Multiple resis-
tance areas cumulatively make up the resistance
form of a tooth preparation.

Adequate resistance depends on the following:
1. Magnitude and direction of the dislodging

forces
2.

	

Geometry of the tooth preparation
3.

	

Physical properties of the luting agent

Magnitude and Direction of the Dislodging
Forces. Some patients can develop enormous bit-
ing forces. Gibbs et al" discovered one individual
(Fig. 7-36) who had a biting force of 4340 N (443
kg).* Although this is considered extraordinary,
restorations should nevertheless be designed to
withstand forces approaching such magnitude. In
one laboratory study,-" a complete crown cemented
on a nickel-chromium test die was found to be ca-
pable of withstanding over 13,500 N (1400 kg)-a
far greater force than would occur in the mouth-
before becoming displaced (Fig. 7-37).

*This compares with the world record super heavy-
weight (105+ kg) snatch of 205.5 kg.

Fig. 7-35.

	

The resistance area (RA) of a complete crown
is placed under compression when a lateral force (F) is ap-
plied. NRA, Nonresisting area.
(Redrawn from Hegdahl T, Silness J:1 Oral Rehabil 4:201, 1977.)

In a normal occlusion, biting force is distributed
over all the teeth; most of it is axially directed. If a
fixed prosthesis is carefully made with a properly de-
signed occlusion, the load should be well distributed
and favorably directed (see Chapter 4). However, if a
patient has a biting habit such as pipe smoking or
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bruxing, it may be difficult to prevent fairly large
oblique forces from being applied to a restoration.
Consequently the completed tooth preparation and
restoration must be able to withstand considerable
oblique forces as well as the normal axial ones.

Geometry of the Tooth Preparation.

	

As with re-
tention, preparation geometry plays a key role in at-
taining desirable resistance form. The tooth prepara-
tion must be shaped so that particular areas of
the axial wall will prevent rotation of the crown.

Fig. 7-36.

	

Mr. H. sitting beside 443 kg of gymnasium
weights to illustrate the magnitude of his biting strength.
(Reproduced from Gibbs CH et al: J Prosthet Dent 56:226,1986.)

Hegdahl and Silness79 analyzed how these resisting
areas alter as changes are made in the geometry of the
tooth preparation. They demonstrated that increased
preparation taper and rounding of axial angles tend
to reduce resistance. Short tooth preparations with
large diameters were found to have very little resis-
tance form. In general, molar teeth require more par-
allel preparation than premolar or anterior teeth to
achieve adequate resistance form."" The relationship
between preparation height, or diameter, and resis-
tance to displacement is approximately linear. , '

A partial-coverage restoration may have less re-
sistance (Fig. 7-38) than a complete crown because it

Fig. 7-37.

	

Resistance of different preparation designs.
The line connects preparations with statistically similar dis-
placement forces (p > 0.05).
(Modified from Kishimoto M et al: J Prosthet Dent 49:188, 1983.)

Fig. 7-38.

	

Resistance form of partial and complete crowns. A, The buccoaxial wall (RA) of a complete
crown should provide good resistance to rotation around a lingual axis. B, In a partial crown, resistance
must be furnished by mesial and distal grooves. C, In a short or excessively tapered complete crown, re-
sistance form is minimal because most of the buccal wall is missing. A mesiodistal groove should be
placed to increase resistance form. D, Poor resistance form is less a problem in a short partial crown,
provided the grooves have sufficient definition. However, lack of retention form may indicate the need
for complete coverage.
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has no buccal resistance areas. Resistance must be
provided by boxes or grooves (Fig. 7-39) and will be
greatest if they have walls that are perpendicular to
the direction of the applied force. Thus U-shaped
grooves or flared boxes provide more resistance than
V-shaped ones. -'y The resistance form of an excessively
tapered preparation can be improved by adding
grooves or pinholes, because these interfere with
rotational movement and in so doing subject
additional areas of the luting agent to compression.

Physical Properties of the Luting Agent.

	

Re-
sistance to deformation is affected by physical prop-
erties of the luting agent, such as compressive
strength and modulus of elasticity. To satisfy
ADA/ANSI specification no. 96 (ISO 9917), the
compressive strength of zinc phosphate cement
must exceed 70 MPa* at 24 hours (Fig. 7-40). Glass

*One megapascal (MPa) equals 1 million
square meter.

newtons per

ionomer cements and most resins have higher com-
pressive strength, whereas polycarboxylates have
similar values. 82

Increasing temperature has a dramatic effect on
the compressive strength of luting agents, particu-
larly weakening reinforced zinc oxide-eugenol ce-
ment (Fig. 7-41). An increase from room tempera-
ture (23° C) to body temperature (37° C) halves the
compressive strength of reinforced zinc oxide-
eugenol cements, and a rise in temperature to 50c C
(equivalent to hot food) reduces the compressive
strength by over 80% .83 Equivalent testing of more
modern cements has not been reported.

Zinc phosphate cements have a higher modulus
of elasticity than do polycarboxylate cements,
which exhibit relatively large plastic deformation.
This may account for the observation that the reten-
tive ability of polycarboxylate cement is more de-
pendent on the taper of the preparation than is the
retention with zinc phosphate cement."-'

The factors that affect the resistance to displace-
ment of a cemented restoration are summarized in
Table 7-4.

DEFORMATION

A restoration must have sufficient strength to pre-
vent permanent deformation during function (Fig.
7-42). Otherwise, it will fail (typically at the restora-
tion-cement, or the metal-porcelain, interface). This
may be a result of inappropriate alloy selection, in-
adequate tooth preparation, or poor metal-ceramic
framework design.

Alloy Selection. Although Type I and Type II
gold alloys (see Chapter 22) are satisfactory for in-
tracoronal cast restorations, they are too soft for

Fig. 7-39.

	

A, The grooves of a partial crown should pro-
vide the maximum resistance to rotation around an axis sit-
uated at the linguogingival margin. B, The lingual walls of
the groove-the resistance areas (RA)-should be prepared
perpendicular to the direction of force (F).

Fig. 7-40.

	

Compressive strength of luting agents. Higher-strength values were reported in these stud-
ies with the resin cements and glass ionomers than with zinc phosphate or polycarboxylate. Resin-
modified glass ionomer exhibited greater variation than other cements.
(From Rosenstiel SF et al: J Prosthet Dent 80:280, 1998)
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Fig. 7-41.

	

Compressive strength of luting agents at different temperatures.
(Redrawn from Mesu FP: 1 Prosthet Dent 49:59, 1983.)

Fig. 7-42.

	

Ceramic failure resulting from deformation of
the metal substructure.

crowns and fixed partial dentures, for which Type
III or Type IV gold alloys (or an appropriate
low-gold alternative) are chosen. These are harder,
and their strength and hardness can be increased by
heat treatment.

High-noble metal content metal-ceramic alloys
have a hardness equivalent to that of Type IV golds,
whereas nickel-chromium alloys are considerably
harder. These may be indicated when large forces
are anticipated, such as with a long-span FPD, al-
though their use presents certain problems (see
Chapter 16).

Adequate Tooth Reduction. Even the stronger
alloys need sufficient bulk if they are to withstand
occlusal forces. Largely based on empirical data,
there should be a minimum alloy thickness of about
1.5 mm over centric cusps (buccal in the mandible,
lingual in the maxillae). The less stressed noncentric
cusps can be protected with less metal (1 mm is ad-
equate in most circumstances) for a strong and
long-lasting restoration. Occlusal reduction should
be as uniform as possible, following the cuspal
planes of the teeth; this will ensure that sufficient
occlusal clearance is combined with preservation of
as much tooth structure as possible. In addition, an
anatomically prepared occlusal surface (Fig. 7-43)
will give rigidity to the crown because of the "cor-
rugated effect""6 of the planes.

When teeth are malaligned or overerupted, the
occlusal surface needs to be prepared with the
eventual restoration in mind. For example, a
supraerupted tooth may need considerably more
than 1.5 mm of reduction to result in adequate clear-
ance to reestablish an ideal occlusal plane (Fig.
7-44). Diagnostic tooth preparation and waxing are
helpful in determining the correct tooth reduction.

Margin Design. Distortion of the restoration
margin is prevented by designing the preparation
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Fig. 7-43.

	

Anatomic occlusal reduction is conservative of tooth structure and gives rigidity to the
restoration.

Fig. 7-44.

	

This molar relationship is a result of extreme occlusal wear.
When designing a tooth preparation, consideration of the eventual oc-
clusal plane is essential. This is done with the aid of a diagnostic waxing
procedure.

Fig. 7-45.

	

Grooves and ledges provide rigidity in pinledges (A to C) and partial-coverage
restorations (D).

outline to avoid occlusal contact in this area. Also,
tooth reduction should provide sufficient room for
bulk of metal at the margin to prevent distortion. As
discussed earlier, one disadvantage of the feath-
eredge preparation is that the resulting thin layer of
gold is not as strong as the comparatively thicker
restoration of a chamfer preparation.

The grooves and ledges incorporated in a partial-
coverage restoration provide essential strengthen-
ing for the casting, particularly an anterior pinledge
retainer (Fig. 7-45).

ESTHETIC CONSIDERATIONS

The restorative dentist should develop skill in de-
termining the esthetic expectations of the patient.
Patients prefer their dental restorations to look as
natural as possible. However, care must be taken
that esthetic considerations are not pursued at the
expense of a patient's long-term oral health or func-
tional efficiency.

At the initial examination it is important to make
a full assessment of the appearance of each patient,
noting which areas of which teeth show during
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smiling, talking, and laughing. The patient's es-
thetic requirements must be discussed and related
to oral hygiene needs and the potential for disease.
The final decision regarding an appropriate restora-
tion can then be made with the full cooperation and
informed consent of the patient.

METAL-CERAMIC RESTORATIONS

The poor appearance of some metal-ceramic
restorations is often due to insufficient porcelain
thickness. On the other hand, adequate porcelain
thickness is sometimes obtained at the expense of
proper axial contour (such overcontoured restora-
tions almost invariably lead to periodontal disease).
In addition, the labial margin of a metal-ceramic
crown is not always accurately placed. To correct all
these deficiencies, certain principles are recom-
mended during tooth preparation that will ensure
sufficient room for porcelain and accurate place-
ment of the margins. Otherwise, good appearance
would be achievable only at the expense of peri-
odontal health.

Facial Tooth Reduction.

	

If there is to be suffi-
cient bulk of porcelain for appearance and metal for
strength, adequate reduction of the facial surface is
essential. The exact amount of reduction will de-
pend to some extent on the physical properties of
the alloy used for the substructure as well as on the
manufacturer and the shade of the porcelain. A min-
imum reduction of 1.5 mm typically is required for
optimal appearance. Adequate thickness of porce-
lain (Fig. 7-46) is needed to create a sense of color
depth and translucency. Shade problems are fre-
quently encountered in maxillary incisor crowns at
the incisal and cervical thirds of the restoration,

Fig. 7-46.

	

Adequate porcelain thickness is essential for
preventing direct light reflection from the highly pigmented
opaque porcelain. The most critical areas are the gingival
and incisal thirds; in practice, opaque modifying stains are
often used in these areas.
(Redrawn from McLean JW: The science and art of dental ce-
ramics, vol 1, Chicago, 1979, Quintessence Publishing.)

where direct light reflection from the opaque layer
can make the restoration appear very noticeable. Be-
cause opaque porcelains generally have a different
shade from body porcelains, they often need to be
modified with special stains in these areas."

With very thin teeth (e.g., mandibular incisors) it
may be impossible to achieve adequate tooth reduc-
tion without exposing the pulp or leaving a severely
weakened tooth preparation. Under these circum-
stances a less than ideal appearance may have to be
accepted.

The labial surfaces of anterior teeth should be
prepared for metal-ceramic restorations in two
distinct planes (Fig. 7-47). If they are prepared in a
single plane, insufficient reduction in either the
cervical or the incisal area of the preparation will
result.

Incisal Reduction. The incisal edge of a
metal-ceramic restoration has no metal backing and
can be made with a translucency similar to that of
natural tooth structure. An incisal reduction of 2
mm is recommended for good esthetics. Excessive
incisal reduction must be avoided because it re-
duces the resistance and retention form of the
preparation.

Proximal Reduction.

	

The extent of proximal re-
duction is contingent on exact predetermination of
the location of the metal-ceramic junction in the
completed restoration. The proximal surfaces of an-
terior teeth will look most natural if they are re-
stored as the incisal edges, without metal backing.
This will allow some light to pass through the
restoration in a manner similar to what occurs on a
natural tooth (Fig. 7-48). Obviously, if the restora-
tion is part of a fixed partial denture, the need for
connectors will make this impossible.

Labial Margin Placement. Supragingival mar-
gin placement has many biologic advantages. The
restorations are easier to prepare properly and eas-

Fig. 7-47.

	

Recommended tooth preparation for a
metal-ceramic restoration. The facial reduction has two dis-
tinct planes.
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ier to keep clean. Nevertheless, subgingival margins
may be indicated for esthetic reasons, particularly
when the patient has a high lip line and the use of a
metal collar labial margin is contemplated.

The patient's smile is observed as part of the ini-
tial examination (see Chapter 1). It is important to
record which teeth and which parts of each tooth
are exposed. Patients with a high lip line, which ex-
poses considerable gingival tissue, present the
greatest problem if complete crowns are needed.
Where the root surface is not discolored, appear-
ance can be restored with a metal-ceramic restora-
tion having a supragingival porcelain labial margin-
sometimes called a "collarless" design (see Chapter
24). If the patient has a low lip line, a metal
supragingival collar may be placed because the
metal is not seen during normal function. Metal
margins generally have a more accurate fit than
porcelain margins.

However, it cannot be assumed that the patient
will be happy with a supragingival metal collar just
because the metal is not visible during normal func-
tion. Some patients have reservations about ex-
posed metal, and the advantages of such supragin-
gival margins must be carefully explained before
treatment.

Metal collars can be hidden below the gingival
crest, although there will be some discoloration if
the gingival tissue is thin. Successful margin place-
ment within the gingival sulcus requires care to en-
sure that inflammation and/or recession, with re-
sulting metal exposure, are avoided or minimized.
The periodontium must be healthy before the tooth
is prepared. If periodontal surgery is needed, the
sulcular space should not be eliminated completely;
rather, a postsurgical depth of about 2 mm should
be the objective. Sufficient time should be allowed
after surgery for the periodontal tissues to stabilize.
Wise found that the gingival crest does not stabi-
lize until 20 weeks after surgery.

Fig. 7-48.

	

The proximal surfaces of these anterior
metal-ceramic crowns are restored in porcelain, which al-
lows light to be transmitted for maximum esthetics.

Margins should not be placed so far apically that
they encroach on the attachment; extension to
within 1.5 mm of the alveolar crest will lead to bone
resorption. The margin should follow the contour
of the free gingiva, being further apical in the mid-
dle of the tooth and further incisal interproximally.
A common error (Fig. 7-49) is to prepare the tooth so
the margin lies almost in one plane, with exposure
of the collar labially and irreversible loss of bone
and papilla proximally.

PARTIAL-COVERAGE RESTORATIONS

Whenever possible, accomplishment of an estheti-
cally acceptable result without the use of metal-
ceramic crowns is preferred, not only because tooth
structure is conserved but also because no restora-
tive material can approach the appearance of intact
tooth enamel. Esthetic partial-coverage restorations
depend on accurate placement of the potentially
visible facial and proximal margins. Understand-
ably, many patients will not readily accept a visible
display of metal. If a partial-coverage restoration is
poorly prepared, the patient may demand that it be
replaced by a metal-ceramic crown, and the result
will be unnecessary loss of tooth structure and a
greater potential for tissue damage.

Proximal Margin. Placement of the proximal
margins (particularly the mesial, generally more
visible, margin) is critical to the esthetic result of a
partial-coverage restoration. The rule here is to

Fig. 7-49.

	

A, Poor preparation design. The apical mar-
gin of the preparation does not follow the free gingival
contours. B, The restoration displays a metal collar labially,
and the deep proximal margins have led to periodontal
disease.
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place the margin just buccal to the proximal contact
area, where metal will be hidden by the distal line
angle of the neighboring tooth. Tooth preparation
angulation is critical and should normally follow
the long axes of posterior teeth and the incisal two
thirds of the facial surface of anteriors. If a buccal or
lingual tilt is given to the tooth preparation, metal
may be visible (Fig. 7-50).

The distal margin of posterior partial-coverage
restorations is less visible than the mesial margin.
Often in this area it is advantageous to extend the
preparation farther beyond the contact point for
easier preparation and finishing of the restoration
and better access for oral hygiene.

Facial Margin.

	

The facial margin of a maxillary
partial-coverage restoration should be extended just

beyond the occlusofacial line angle. A short bevel is
needed to prevent enamel chipping. A chamfer can
be placed where appearance is less important (e.g.,
on molars) because this will provide greater bulk of
metal for strength.

If the buccal margin of metal is correctly shaped
(Fig. 7-51), it will not reflect light to an observer. As
a result, the tooth will appear to be merely a little
shorter than normal and not as though its buccal
cusp is outlined in metal. If the buccal margin is
skillfully placed following the original cuspal con-
tour, the final restoration will have an acceptable
appearance.

When mandibular partial cast crowns are made,
metal display is unavoidable because the occlusal
surface of mandibular teeth can be seen during
speech. A chamfer, rather than a bevel, is recom-

Fig. 7-50.

	

A, Correct placement of the mesial margin of a
partial-coverage restoration is essential to good esthetics. To
allow proper access for finishing, the restoration must extend
just beyond the contact area, but the metal must remain hid-
den from the casual observer. B, The tooth should be pre-
pared in its long axis; otherwise, metal will be displayed.

Fig. 7-51.

	

A, The facial margin of a partial crown should be shaped so that light is not reflected di-
rectly to the observer. B, A three-unit FPD. The mesial abutment is canine shaped to look like a lateral in-
cisor. The distal abutment is a partial crown, which proved to be esthetically acceptable because the fa-
cial surface had been correctly contoured.
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mended for the buccal margin because it provides a
greater bulk of metal around the highly stressed
centric cusp (Fig. 7-52). If the appearance of metal is
unacceptable to the patient, a metal-ceramic restora-
tion with porcelain coverage on the occlusal surface
can be made.

Anterior partial-coverage restorations can be fab-
ricated to show no metal (Fig. 7-53), but their prepa-
ration requires considerable care. The facial margin
is extended just beyond the highest contour of the
incisal edge but not quite to the incisolabial line an-
gle. Here the metal will protect the tooth from chip-
ping but will not be visible.

Fig. 7-52.

	

A substantial chamfer is recommended for the
centric buccal cusp of a mandibular partial cast crown. It
will provide greater bulk of metal in a stressed area.

Fig. 7-53.

	

A, Teeth can be prepared for partial-coverage
restorations that do not show any metal. Success depends
on very careful margin placement. B, The incisal edge is not
completely covered. The restoration margin is located be-
tween the highest point of the incisal contour and the in-
cisofacial angle.

PLANNING AND EVALUATING
TOOTH PREPARATIONS

Tooth preparation is a technically complicated and
irreversible procedure. Thus it is the practitioner's
responsibility to carry it out properly every time.
Mistakes are often difficult, if not impossible, to
correct.

DIAGNOSTIC TOOTH PREPARATIONS
Diagnostic tooth preparations are performed on ar-
ticulated casts before the actual clinical preparation.
They yield information with regard to the following:

e Selecting the appropriate path of withdrawal
for a fixed partial denture, particularly when
the abutment teeth are tilted or have an atypi-
cal coronal contour (Fig. 7-54)
Determining the best location for the facial
and proximal margins of a partial-coverage
restoration so the metal will not be visible (Fig.
7-55)
Deciding on the amount of tooth reduction
necessary to accomplish a planned change in
the occlusion

Another advantage of diagnostic tooth prepara-
tions is that the operator can practice each step of the
intended restoration. Mistakes are not permanently
destructive. Additionally, diagnostic preparations
can be used in the prefabrication of provisional
restorations, significantly reducing the appointment
time at tooth preparation (the indirect/direct tech-
nique is described in Chapter 15).

Diagnostic Waxing Procedures (Fig. 7-56). For
all but the most straightforward prosthodontic treat-
ment plans, a diagnostic waxing procedure should be
performed. This is done on diagnostic tooth prepara-
tions and establishes the optimum contour and oc-
clusion of the eventual prosthesis. The procedure is
of particular benefit if the patient's occlusal scheme
or anterior (incisal) guidance requires alteration.

Fig. 7-54.

	

Selecting the best path of withdrawal for a
fixed partial denture with the aid of diagnostic tooth
preparations.
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Fig. 7-55.

	

Diagnostic tooth preparations are extremely
helpful in determining the ideal reduction for esthetic par-
tial-coverage restorations.

Evaluative Procedures during Tooth Prepara-
tion. Each step of a tooth preparation should be
carefully evaluated with direct vision or indirectly
with a dental mirror. Alignment of multiple abut-
ment teeth can be a special problem, and using the
mirror helps to superimpose the image of adjacent
abutment teeth. Complex preparations should be
evaluated by making an alginate impression and
pouring it in fast-setting stone. A dental surveyor
(Fig. 7-57) can then be used to precisely measure the
axial inclinations of the tooth preparation. The less
experienced dentist may hesitate to make such an
impression for fear of losing time. However, the in-
formation obtained often saves time in subsequent
procedures by identifying problems that can then be
addressed immediately. During tooth preparation,
it is useful to learn to use the contraangle handpiece
as both a measuring and a cutting instrument. This
is done by concentrating on the top surface of the
turbine head, which is perpendicular to the shank of
the bur. If the top surface is kept parallel to the oc-
clusal surface of the tooth being prepared, the bur
will automatically be in the correct orientation (Fig.
7-58). To prevent undercuts or excessive conver-
gence during axial reduction, the handpiece must
be maintained at the same angulation. The correct
taper is imparted by the diamond instrument. Keep-
ing the turbine head at its correct angulation ini-
tially is often most effectively done by supporting it
with a finger of the opposite hand.

PATIENT AND OPERATOR POSITIONING

Learning the proper patient and operator positions
is as beneficial as learning the proper preparation

Fig. 7-56.

	

A, B, Diagnostic waxing procedure.
(Courtesy Dr. M. Chen.)

Fig. 7-57.

	

A dental surveyor can be used to evaluate the
axial alignments of a tooth preparation.
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steps. Of particular importance are the advantages
of obtaining a direct view of the preparation, which
is always preferred to an indirect or mirror view.
However, certain areas (e.g., the distal surfaces of
maxillary molars) cannot be seen directly.

Inexperience, coupled with a hesitation to move
the patient's head into a more favorable position,
can unnecessarily complicate tooth preparation. For
instance, having the patient rotate the head to the
left or right side can considerably improve the visi-
bility of molar teeth that are being prepared. In most
instances a direct view can be obtained by subtly
changing the operator's or the patient's position.
Having the patient open maximally does not neces-
sarily provide the best view. If the jaw is partially
open, the cheek may be retracted more easily (Fig.
7-59), and if the patient is encouraged to make a lat-
eral excursion, the distobuccal line angle, together
with the buccal third of the distal wall, may be seen

Fig. 7-58.

	

Top surface of the handpiece held parallel to
the occlusal surface. The bur is in correct axial alignment.

directly. In practice, the mirror is essential only to
visualizing a small portion of the distal surface.
When preparing a complete crown, the parts of the
tooth most easily seen should be prepared first,
leaving the other areas for preparation with the help
of the mirror as a final stage.

SUMMARY

The principles of tooth preparation can be catego-
rized into biologic, mechanical, and esthetic consid-
erations. Often these principles conflict, and the prac-
titioner must decide how the restoration should be
designed. One area may be given too much empha-
sis, and the long-term success of the procedure may
be limited by a lack of consideration of other factors.

Experience will help in determining whether
preparations are "complete." Each tooth prepara-
tion must be measured by clearly defined criteria,
which can be used to identify and correct problems.
Diagnostic tooth preparations and evaluative im-
pressions are often very helpful. The types of prepa-
ration described in the following chapters are ex-
plained in a step-by-step format. Understanding the
pertinent theories underlying each step is crucial.
Successful preparation can be obtained most easily
by systematically following the steps. It is critical to
refrain from "jumping ahead" before the previous
step has been evaluated and, if necessary, corrected.
If the clinician proceeds too rapidly, precious chair
time will be lost, and the quality of the preparation
will probably suffer.

axial inclination: 1: the relationship of the long axis of a
body to a designated plane 2: in dentistry, the align-
ment of the long axis of a tooth to a horizontal plane.

Fig. 7-59.

	

Careful patient positioning can help obtain a direct view during tooth preparation. A, Of-
ten access is better if the mouth is not open maximally, because partial opening allows the cheek to be
more easily retracted. B, Access to the buccal surface. C, Access to the lingual surface. A direct view is
obtained by tilting the patient's head.
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axis of preparation: the planned line or path of place-
ment and removal for a dental restoration.

1 bevel: n (1611): a slanting edge.
2 bevel: vt: the process of slanting or sloping the finish

lines and curves of a tooth preparation.
chamfer: n 1: a finish line design for tooth preparation

in which the gingival aspect meets the external ax-
ial surface at an obtuse angle 2: a small groove or
furrow 3: the surface found by cutting away the an-
gle of intersection of two faces of a piece of material
(i.e., stone, metal, wood): a beveled edge.

clearance: n obs: a condition in which bodies may pass
each other without hindrance. Also, the distance be-
tween bodies (GPT-4).

clinical crown: the portion of a tooth that extends from
the occlusal table or incisal edge to the free gingival
margin.

divergence: n (1656) 1: a drawing apart as a surface
extends away from a common point 2: the reverse
taper of walls of a preparation for a restoration-
divergency n, pl -cies (1709).

draw: vt: the taper or convergence of walls of a prepa-
ration for a restoration; slang-DRAFT, DRAUGHT.

finish line: n (1899) 1: a line of demarcation 2: the pe-
ripheral extension of a tooth preparation 3: the
planned junction of different materials 4: the termi-
nal portion of the prepared tooth.

groove: n: a long narrow channel or depression,
such as the indentation between tooth cusps or
the retentive features placed on tooth surfaces to
augment the retentive characteristics of crown
preparations.

i nterocclusal clearance: 1: the arrangement in which
the opposing occlusal surfaces may pass one an-
other without any contact 2: the amount of reduc-
tion achieved during tooth preparation to provide
for an adequate thickness of restorative material.

margin: n (14c): the outer edge of a crown, inlay, onlay,
or other restoration. The boundary surface of a
tooth preparation and/or restoration is termed the
finish line or finish curve.

path of placement: the specific direction in which a
prosthesis is placed on the abutment teeth.

resistance form: the features of a tooth preparation
that enhance the stability of a restoration and resist
dislodgment along an axis other than the path of
placement.

retention form: the feature of a tooth preparation that
resists dislodgment of a crown in a vertical direc-
tion or along the path of placement.
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Although esthetic factors may limit its application,
the all-metal complete cast crown should always be
offered to patients requiring restoration for badly
damaged posterior teeth. The complete cast crown
has the best longevity of all fixed restorations. It can
be used to rebuild a single tooth or as a retainer for
a fixed partial denture (FPD). It involves all axial
walls as well as the occlusal surface of the tooth be-
ing restored (Fig. 8-1).

Preparation for a complete cast crown requires
that adequate tooth structure be removed to allow
restoration of the tooth to its original contours.
Tooth structure should be preserved when possible,
but reduction should produce a crown of acceptable
strength.

significance when dealing with malaligned teeth, al-
though the extent of possible recontouring is lim-
ited by periodontal considerations. Similarly, it is
possible to allow better access to furcations for im-
proved patient oral hygiene through recontouring
of buccal and lingual walls (Fig. 8-2). When special
requirements exist for axial contours, such as where
retainers are needed for removable partial dentures,
a complete crown is often the only restoration that
will allow the necessary modifications for the cre-
ation of properly shaped survey lines, guide planes,
and occlusal rests (Fig. 8-3). (See Chapter 21.)

The restoration permits easy modification of
the occlusion, which is often difficult to accomplish
if a more conservative restoration is made. This is

ADVANTAGES

Because all axial surfaces of the tooth are included
in the preparation, the complete cast crown has
greater retention than a more conservative restora-
tion on the same tooth (e.g., a seven-eighths or
three-quarter crown [see Fig. 7-32]).

Normally a complete cast crown preparation also
has greater resistance form than a partial-coverage
restoration on the same tooth. For a partial veneer
crown to rotate off the tooth, only the tooth struc-
ture immediately lingual to the occlusal portion of
the proximal groove or box need fail. However, if
the axial walls of a complete cast crown have been
prepared with the proper degree of taper or conver-
gence, a significant amount of tooth structure must
fail before the crown can be torqued off.

The strength of a complete cast crown is superior
to that of other restorations. Its cylinder-like config-
uration encircles the tooth and is reinforced by a
corrugated occlusal surface. Just as an O-shaped
link in a chain resists deformation better than a
C-shaped link, this restoration is less easily de-
formed than its counterparts, which are more con-
servative of tooth structure.

A complete cast crown allows the operator to
modify axial tooth contour. This can be of special

Fig. 8-1.

	

Complete cast crowns used to restore the molar
teeth. The canines and premolars, which are more visible
because of their more anterior arch position, have been re-
stored with metal-ceramic crowns.
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Fig. 8-2.

	

Fluting of the axial walls of a molar complete
cast crown (arrow) will allow better access to the furcation
area for oral hygiene and will improve the long-term prog-
nosis of the restoration.

though a properly fitting complete cast crown with
good axial contour should minimize this).

After cementation, it is no longer feasible to per-
form electric vitality testing of an abutment tooth.
The conductivity of the metal interferes with the
test. This can be a disadvantage if future complica-
tions occur, although thermal tests occasionally will
yield the necessary information.

Patients may object to the display of metal asso-
ciated with complete cast crowns, and in those with
a normal smile line, the restoration may be re-
stricted to maxillary molars and mandibular molars
and premolars.

Fig. 8-3.

	

Complete cast crowns used as retainers to ac-
commodate a mandibular removable partial denture.
Metal-ceramic crowns have been placed on the mandibular
left canine (A) and the maxillary first molar (B). Note the
occlusal rests (A, arrows) and the survey contours (B),
which extend to form reciprocating guide planes. (See
Chapter 21.)

especially important when supraerupted teeth are
present or when the occlusal plane needs to be
reestablished.

DISADVANTAGES

Because all coronal surfaces are involved in the
preparation for a complete cast crown, removal of
tooth structure is extensive and can have adverse ef-
fects on the pulp and periodontium. Because of the
proximity of the margin to the gingiva, it is not un-
common to see inflammation of gingival tissues (al-

INDICATIONS

CONTRAINDICATIONS

The complete cast crown is indicated on teeth that
exhibit extensive coronal destruction by caries or
trauma. It is the restoration of choice whenever
maximum retention and resistance are needed. On
short clinical crowns or when high displacement
forces are anticipated, such as for the retainer of a
long-span FPD, grooves should be included as ad-
ditional retentive features.

This restoration is fabricated when correction of
axial contours is not feasible with a more conser-
vative technique. The restoration also may be used
to support a removable partial denture, because
obtaining the necessary contours with a partial-
coverage restoration is more difficult. Although
proximal guide planes can sometimes be prepared
through simple enamel modification, arriving at
properly inclined reciprocal guide planes and sur-
vey contours is often impractical. The minimum di-
mensions required for occlusal rests of an RPD
framework necessitate removing significant amounts
of enamel and, if the dentin is exposed, restoring the
tooth with a cast crown.*

The complete cast crown is indicated on en-
dodontically treated teeth. Its superior strength
compensates for the loss of tooth structure that re-
sults from previous restorations, carious lesions,
and endodontic access.

The complete cast crown is contraindicated if treat-
ment objectives can be met with a more conserva-
tive restoration. Wherever an intact buccal or lin-
gual wall exists, use of a partial-coverage restoration

*On mandibular premolars, a rest can sometimes be
placed on top of the modified occlusal surface without
interfering with the occlusion or articulation.
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should be considered. In particular, if less than max-
imum retention and resistance are needed (e.g., on a
short-span fixed partial denture), a preparation
more conservative of tooth structure is called for.
Similarly, if an adequate buccal contour exists or can
be obtained through enamel modification (enamelo-
plasty), a complete crown is not indicated. If a high
esthetic need exists (e.g., anterior teeth), a complete
cast crown is also contraindicated.

The occlusal reduction must allow adequate room
for the restorative material from which the cast
crown is to be fabricated: Type III or IV gold casting
alloy or their low-gold content equivalent. Mini-
mum recommended clearance is I mm on noncen-
tric cusps and 1.5 mm on centric cusps. The occlusal
reduction should follow normal anatomic contours
to remain as conservative of tooth structure as pos-
sible. Axial reduction should parallel the long axis
of the tooth while allowing for the recommended
6-degree taper or convergence between opposing
axial surfaces.

The margin should have a chamfer configuration
and should ideally be located supragingivally.
Sometimes crown lengthening is indicated to obtain
a supragingival margin, rather than risk future peri-
odontal disease (see Chapter 6). The chamfer should
be smooth and distinct and allow for approximately
0.5 mm of metal thickness at the margin. Typically it
will be an exact replica of half the rotary instrument
that was used to prepare it. (The recommended di-
mensions for reduction are shown in Figure 8-4.)

CRITERIA

SPECIAL CONSIDERATIONS

Functional (Centric) Cusp Bevel. Proper tooth
preparation for a complete cast crown will result in
the reduction being directly beneath the cusps of the
crown (see Fig. 7-43). This is important for ensuring
optimum restoration contour with maximum dura-
bility and conservation of tooth structure. Proper
placement of the functional cusp bevel will achieve it.
Because additional reduction is needed for the func-
tional cusps (to give 1.5 mm of occlusal clearance), the
bevel must be angled flatter than the external surface
(Fig. 8-5). On most teeth the functional cusp bevel
will be placed at about 45 degrees to the long axis.

Nonfunctional (Noncentric) Cusp Bevel. All
complete crown preparations should be assessed for
adequate reduction at the occlusoaxial line angles of
the nonfunctional cusps. A minimum of 0.6 mm of
clearance is needed here for adequate strength.
Maxillary molars in particular often require an ad-
ditional reduction bevel in this area (Fig. 8-6). With-
out it, an overcontoured restoration that does not
follow normal configuration may result. Such addi-
tional reduction is often unnecessary for mandibu-
lar molars, however, because they are lingually in-
clined and their profile is relatively straight.

Fig. 8-4.

	

Recommended dimensions for a complete cast
crown. On functional cusps (buccal mandibular and lingual
maxillary) the occlusal clearance should be equal to or
greater than 1.5 mm. On nonfunctional cusps, a clearance of
at least 1 mm is needed. The chamfer should allow for ap-
proximately 0.5 mm of metal thickness at the margin.

Fig. 8-5.

	

The functional cusp bevel is prepared by slant-
ing the bur at a flatter angle than the cuspal angulation. This
will ensure additional reduction for the functional cusp.

Fig. 8-6.

	

The configuration of the facial wall of the max-
illary molars may require slight additional reduction in the
occlusal third to prevent an overcontoured restoration.



Chapter 8 The Complete Cast Crown Preparation

Chamfer Width. Increasing the faciolingual
width of a complete crown is a common fault in
practice and is a leading cause of periodontal dis-
ease associated with restorations. Adequate cham-
fer width (minimum 0.5 mm) is important for
developing optimum axial contour. However, on
small premolars it may be advantageous to prepare
a slightly narrower chamfer to conserve tooth
structure and retention form. This requires increas-
ingly careful manipulation of the wax pattern dur-
ing fabrication of the restoration and careful assess-
ment to ensure that the crown is not excessively
contoured.

The clinical procedure to prepare a tooth for a com-
plete cast crown consists of the following steps:

Occlusal guiding grooves
Occlusal reduction
Axial alignment grooves
Axial reduction
Finishing and evaluation
Armamentarium (Fig. 8-7 and Table 8-1)

STEP-BY-STEP PROCEDURE
The tooth preparation steps have been illustrated
for a mandibular second molar. Depending on the
tooth to be prepared (e.g., a premolar versus a mo-
lar) the exact number of guiding grooves may vary.
The recommended sequence remains identical,
however.

Guiding Grooves for Occlusal Reduction. A
tapered carbide or a narrow, tapered diamond is
recommended to place the guiding grooves for oc-
clusal reduction.*

1.

	

Place depth holes approximately 1 mm deep
in the central, mesial, and distal fossae and
connect them so that a channel runs the
length of the central groove and extends into
the mesial and distal marginal ridge.

2.

	

Place guiding grooves in the buccal and lin-
gual developmental grooves and in each tri-

PREPARATION

3.

angular ridge extending from the cusp tip to
the center of its base (Figs. 8-8 and 8-9).
Because the centric or functional cusp is to be
protected by an adequate thickness of metal,

Fig. 8-7.

	

Armamentarium for the complete cast crown
preparation.

*The use of guiding grooves for occlusal reduction is
helpful only if the tooth is in good occlusal relationship
before preparation. On most teeth this can be achieved
with a foundation restoration and is done as part of the
mouth preparation phase of treatment. Where this is not
practical (e.g., when correcting occlusal discrepancies or
replacing existing crowns), a matrix is made from the
diagnostic waxing procedure, and this is used to assess
optimal reduction (see Fig. 15-14, A).

Fig. 8-8.

	

Guiding grooves are placed on the occlusal sur-
face. They are deeper on the functional cusp, and for the
functional cusp bevel they diminish in depth from the cusp
tip to the cervical margin.
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A

Fig. 8-10.

	

After the guiding grooves are placed, the oc-
clusal reduction is performed. Either the mesial or the dis-
tal half is maintained initially as a reference.

instruments being used. The practitioner
should memorize the diameters of the rotary
instruments; this will facilitate assessing the
adequacy of the reduction in progress. If nec-
essary, a periodontal probe can be used to
measure the extent of reduction. Correct an-
gulation of the grooves is needed to ensure
that the occlusal reduction is correctly situ-
ated beneath the occlusal surface of the
restoration. On the nonfunctional cusp, the
groove should parallel the intended cuspal
inclination; on the functional cusp, it should
be angled slightly flatter to ensure the addi-
tional reduction of the functional cusp.

Occlusal Reduction.

	

Once the guiding grooves
have been deemed satisfactory, the tooth structure
that remains between the grooves is removed with
the carbide or the narrow, round-end, tapered dia-
mond. Proper placement of the grooves automati-
cally results in adequate occlusal clearance.

5.

	

Complete the occlusal reduction in two steps
(Fig. 8-10). Half the occlusal surface is re-
duced first so that the other half can be main-
tained as a reference. When the necessary
reduction of the first half has been accom-
plished, reduction of the remaining half can
be completed (Fig. 8-11).

6.

	

On completion, check that a minimum clear-
ance of 1.5 mm has been established on func-
tional cusps and at least 1.0 mm on nonfunc
tional cusps. This clearance must be verified

Fig. 8-9.

	

A, A complete cast crown is indicated on this
mandibular second molar with occlusal, proximal, and cer-
vical lesions as well as a buccal longitudinal fracture. B, Ini-
tial depth grooves placed for occlusal reduction. Note that
they have not yet been extended onto the buccal surface,
where the functional cusp bevel will be placed.

place a functional cusp bevel to ensure this in
the area of contact with the opposing tooth.
The depth of this guiding groove should be
slightly less than 1.5 mm (to allow for smooth-
ing) in the area of the centric stop, and it should
gradually diminish in a cervical direction.

4. Use the guiding grooves to ensure that oc-
clusal reduction follows anatomic configura-
tion and thus minimizes the loss of tooth
structure while ensuring adequate reduction,
as dictated by the mechanical properties of
the alloy from which the restoration is to be
fabricated. The guiding grooves must be
placed with accuracy; the practitioner should
concentrate on the position, depth, and angu-
lation of each groove. A groove should be
placed in the low point and high point of
each cusp. The low points are the central and
developmental grooves; the high points are
the cusp tips and triangular ridges. Correct
depth (0.8 mm* for the central groove and
nonfunctional cusps, 1.3 mm* for the func-
tional cusps) is achieved by knowledge of the

*Allowing 0.2 mm for smoothing the preparation.
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A

B

A

Fig. 8-11.

	

A, Note the angulation of the bur as the func-
tional cusp bevel is placed. B, Completed occlusal reduc-
tion. Note that it follows normal occlusal form. Three dis-
tinct planes can be seen buccolingually.

Fig. 8-12.

	

Evaluation of the adequacy of occlusal clear-
ance. A, The patient closes into softened wax. B, The thick-
ness of the wax is assessed visually and measured with a
wax caliper after it has been removed from the mouth.

in all excursive movements that the patient
can make. The patient should close into sev-
eral layers of dark-colored utility wax in
maximum intercuspation (Fig. 8-12).

7.

	

Remove the wax from the mouth and evalu-
ate it for thin spots, which can be measured
with a wax caliper.

8. Place the wax back in the patient's mouth
and have the patient move the mandible into
protrusive and excursive positions. On re
moval, the thickness of the utility wax is
again measured, this time to verify that ade-
quate clearance exists in the dynamic range
as well as the intercuspal position. A conve-
nient alternative is to use an occlusal reduc-
tion gauge* (Fig 8-13).

Alignment Grooves for Axial Reduction.

	

After
the occlusal reduction is completed, three alignment
grooves are placed in each buccal and lingual wall
with a narrow, round-end, tapered diamond. One is
placed in the center of the wall, and one in each
mesial and distal transitional line angle (Fig. 8-14).

1. When these guiding grooves are placed, be
sure that the shank of the diamond is parallel

*Thompson Dental Mfg. Co., Inc: Missoula, Montana.

Fig. 8-13.

	

Occlusal clearance can be judged intraorally
with a reduction gauge. This instrument has 1-mm- and
1.5-mm-diameter spherical tips.

to the proposed path of withdrawal of the
restoration. This automatically produces a
convergence between the axial walls of the
alignment grooves that is identical to the

B
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Fig

	

-1

	

.

	

Alignment grooves for axial reduction are
placed in the buccal and lingual surfaces parallel to the
long axis of the tooth buccolingually and mesiodistally.

taper of the diamond. If a diamond with a 6-
degree taper is used, an identical axial con-
vergence on the preparation wall will result.

2.

	

Do not let the diamond cut into the tooth be-
yond the point where its tip is buried in tooth
structure up to the midpoint; otherwise, a lip
of unsupported tooth enamel will be created
(see Fig. 7-21). Gingivally the resulting depth
of the alignment grooves therefore should be
no more than one half the width of the tip of
the diamond. Occlusocervically, the place-
ment of the tip of the instrument will deter-
mine the location of the margin (Fig. 8-15).

3. Note that the alignment grooves determine
the path of withdrawal of the restoration.
They should be placed parallel to the pro
posed path of withdrawal, typically the long
axis of the tooth.

4.

	

Use a periodontal probe to assess the relative
parallelism of the alignment grooves with one
another or with the proposed path of with
drawal, of a secondary retainer if the prepared
tooth is to serve as a fixed partial denture
abutment. When uncertainty exists regarding
the correct placement of alignment grooves
(as is likely on long-span fixed partial denture
abutments), making an impression with irre-
versible hydrocolloid (alginate) is especially
helpful. This can be poured in rapid-setting
stone, and the resulting cast can be analyzed

Fig.	-1	 .

	

A, The diamond is aligned parallel to the long
axis of the tooth as the buccal guiding grooves for axial
alignment are placed. B, After all six grooves have been
placed. Note that they are deep occlusally but shallower to-
ward the cervical margin.

with a dental surveyor.* At this time, correc-
tions may still be easily made before unneces-
sary tooth reduction has occurred.

Axial Reduction.

	

The technique for axial reduc
tion is similar to that for occlusal reduction.

	

The
remaining islands of tooth structure between the
alignment grooves are removed while the chamfer
margin is being placed, and the same narrow,
round-tipped diamond is used for the procedure
(Figs. 8-16 and 8-17).

5.

	

As with the occlusal reduction, perform the
axial reduction for half the tooth at a time,
maintaining the other half as a reference for
assessing adequacy of the preparation.

6.

	

Pay special attention to the interproximal .ar-
eas to prevent unintentional damage to the
adjacent teeth. This often results if the practi
tioner is impatient and attempts to force the
diamond into the area. Sufficient time must
be allowed for the cutting instrument to cre-
ate its own space (Fig. 8-18). Typically, if the

*The same cast can be used to fabricate the provisional
restoration (see Chapter 15).



Fig. 8-16.

	

If axial reduction is completed first on either
the distal or the mesial half of the tooth, evaluation is sim-
plified because the remaining intact tooth can serve as a
reference.

A

Fig. 8-17.

	

A, Note the alignment of the diamond as
tooth structure between the alignment grooves is removed.
B, Axial reduction. The distobuccal axial reduction has been
completed.

proper cervical placement of the margin has
been selected with proper axial alignment of
the instrument, a lip of tooth enamel will be
maintained between the diamond and the
adjacent tooth that protects it from any dam-
age (Fig. 8-19).

7.

	

If desired, protect the adjacent teeth by plac-
ing a metal matrix band. The most difficult

Fig. 8-18.

	

A, As the mesiobuccal axial reduction is per-
formed, a cervical chamfer is placed. B, Make the chamfer
of relatively even width and maintain the somewhat angu-
lar preparation outline form to maximize resistance form.

Fig. 8-19.

	

A lip of enamel (arrow) protects the adjacent
tooth from iatrogenic damage as the axial reduction is
completed.

interproximal areas to reduce are those with
significant buccolingual dimension and those
with root proximity. Typically, however, the
critical area will be only a few millimeters in
length.

8. Cut into the proximal area from both sides
until only a few millimeters of interproximal
island remain (Fig. 8-20). This area can then
be removed and contact broken by using
thinner, tapered diamonds. If the adjacent
proximal surface is damaged, it must be

B
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A

B
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Fig. 8-21.

	

A, Note that adequate clearance (? 0.6 mm)
exists between the external surface of the proximal chamfer
and the adjacent tooth. B, Occlusal view of the preparation.

B

Fig. 8-20.

	

Preparation of the proximal contact area.

9.

polished with white stones, silicone points,
and prophylaxis paste before impression
making. Ideally a fluoride application should
be given for improved resistance and to pre-
vent demineralization of the surface enamel.
Place the cervical chamfer concurrently with
axial reduction. Its width should be approxi-
mately 0.5 mm, which will allow adequate
bulk of metal at the margin. This chamfer
must be smooth and continuous mesiodis-
tally, and a distinct resistance against vertical
displacement should be detected when
probed with the tip of an explorer (Fig. 8-21).
Unsupported enamel cannot be tolerated be-
cause it is likely to fracture when the restora-
tion is tried in or cemented, which will result
in an open margin and early failure of the
restoration.

Fig. 8-22.

	

A, The transition from lingual to occlusal is
rounded with a fine-grit diamond. B, All sharp line angles
between occlusal reduction and functional cusp bevel are
similarly rounded. C, The margin is refined, and any minor
irregularities are removed.

A

Finishing. A smooth surface finish and conti-
nuity of all prepared surfaces will aid most phases
of fabrication of the restoration. Smooth transi-
tions from occlusal to axial surfaces facilitate im-
pression making, waxing, investing, and casting be-
cause bubble formation is reduced (Fig. 8-22).

1. Use a fine-grit diamond or carbide bur of
slightly greater diameter for finishing the
chamfer margin. This should be done as

smoothly as possible, with the handpiece op-
erating at reduced speed. NOTE: Some prac-
titioners favor using a low-speed contraangle
for the finishing. A properly finished margin
should be glassy smooth when touched by
the tine of an explorer.

2. Finish all prepared surfaces and slightly
round all line angles. If necessary, place a

B

C

A
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A

B

Fig. 8-23.

	

Completed preparation. The carious lesions
have been excavated and the resulting irregularities
blocked out with amalgam. A, Buccal appearance.
B, Occlusal appearance.

nonfunctional cusp bevel at this time (Fig.
8-23). During finishing of the chamfer, the use
of air cooling alone is recommended to im-
prove visibility. However, when only air cool-
ing is used, a water spray should be applied
from time to time to prevent the tooth from
dehydrating, and the possible development
of pulpal damage, as well as to wash away
debris. The wider diamond is recommended
because it will smooth out any unwanted rip-
ples that may have been created during axial
reduction and will eliminate any unsup-
ported enamel at the margin.

3.

	

Place additional retentive features as needed
(e.g., grooves or boxes) with the tapered car-
bide bur (Fig. 8-24).

The criteria used to determine the need for such
features to enhance retention and resistance are de-
scribed in Chapter 7.

Evaluation. Upon completion, the preparation
is evaluated to assess whether all the criteria have
been fulfilled (Fig. 8-25).

One of the more common errors in complete cast
crown preparations is overtapering of the opposing
axial walls. This significantly reduces the retention
of the completed restoration. If a tooth preparation
has been inadvertently overreduced through exces-

Fig. 8-24.

	

A, When opposing axial walls are excessively
tapered, internal features such as this buccal groove can be
used to improve retention and resistance form. B, Mesially
tipped molars and short premolars often benefit from
grooves and/or boxes incorporated in the preparation
design.

Fig. 8-25.

	

The completed preparation is characterized
by a smooth, even chamfer; a 6-degree taper; and gradual
transitions between all prepared surfaces.

sive tapering of axial walls, it should be carefully
evaluated to determine how it can be corrected. If a
band of several millimeters of tooth structure can
be prepared circumferentially with a restricted ta-
per of approximately 6 degrees, it is probably un-
necessary to modify the preparation further to
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compensate for areas of excessive reduction in the
occlusal third. If this is not the case, an approach
slightly less conservative of tooth structure may be
warranted: (1) uprighting overtapered axial walls
to obtain the mechanical advantage of increased re-
tention or (2) using grooves, boxes, or pinholes as
needed.

No undercuts between any opposing axial walls
can be accepted. When the diamond is placed
against the axial surface of the prepared tooth, par-
allel to the path of withdrawal, it should be possible
to move the instrument around the tooth so the en-
tire height of the preparation is touching the dia-
mond at all times. The tip of the diamond should
rest on the chamfer throughout this movement, and
no light should be visible between the instrument
and the axial surface.

Finally, occlusal and proximal clearances are as-
sessed. They should be adjusted if inadequate pro-
vision has been made for the restorative material.
Any problems must be corrected before provision-
alization (Fig. 8-26) and impression making.

The complete cast crown, an all-metal restoration
often used on single posterior teeth as a retainer for
a fixed partial denture, provides greater retention
and resistance than any other type of restoration. It
is not indicated for every restorative circumstance,
however. It is unnecessary if the buccal and/or lin-
gual walls of a tooth are intact or if less than maxi-
mum retention is needed. The rather extensive re-
moval of tooth structure required in its preparation
can have adverse pulpal and periodontal effects. Its
high strength makes it especially suitable for restor-
ing an endodontically treated tooth, although in pa-
tients who find visible metal a significant drawback,
the metal-ceramic or a more conservative partial-
coverage restoration may be preferred.

A well-organized approach to preparation for a
complete cast crown should be based on the selec-
tive use of guiding grooves of predetermined depth
correlated with specific properties of the restorative
material. Adequate occlusal reduction is necessary,

SUMMARY

A

B

Fig. 8-26.

	

A, Acrylic resin provisional restoration is ce-
mented. B, Complete cast crown is cemented.

following the normal anatomic tooth contours, and
the axial reduction should also conform to the nor-
mal configuration of the tooth, with minimum taper
(6 degrees). Under no circumstances should under-
cuts remain in the proximal walls. These must be re-
moved by additional tooth preparation or blocked
out with a suitable base material. The chamfer is the
margin of choice for a complete cast crown. It
should be distinct and of adequate width. No un-
supported enamel can be permitted. Occlusocervi-
cally, the margin should be supragingival, and it
should be smooth and continuous mesiodistally.
When assessing the adequacy of the chamfer, one
should be able to feel distinct resistance against ver-
tical displacement by an explorer or periodontal
probe.
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In many dental practices the metal-ceramic crown is
one of the most widely used fixed restorations. This
has resulted in part from technologic improvements
in the fabrication of restoration by dental laborato-
ries and in part from the growing amount of cos-
metic demands that challenge dentists today.

The restoration consists of a complete-coverage
cast metal crown (or substructure) that is veneered
with a layer of fused porcelain to mimic the appear-
ance of a natural tooth. The extent of the veneer can
vary.

To be successful, a metal-ceramic crown prepara-
tion requires considerable tooth reduction wherever
the metal substructure is to be veneered with dental
porcelain. Only with sufficient thickness can the
darker color of the metal substructure be masked
and the veneer duplicate the appearance of a nat-
ural tooth. The porcelain veneer must have a certain
minimum thickness for esthetics. Consequently,
much tooth reduction is necessary, and the metal-
ceramic preparation is one of the least conservative
of tooth structures (Fig. 9-1).

Historically, attempts to veneer metal restora-
tions with porcelain had several problems. A major
challenge was the development of an alloy and a ce-
ramic material with compatible physical properties
that would provide adequate bond strength. In ad-
dition, it was initially difficult to obtain a natural
appearance.

The technical aspects of the fabrication of this
restoration are discussed more in Chapter 24. For
now, only a brief description is provided. The metal
substructure is waxed and then cast in a special
metal-ceramic alloy having a higher fusing range
and a lower thermal expansion than conventional
gold alloys. After preparatory finishing procedures,
this substructure, or framework, is veneered with
dental porcelain. The porcelain is fused onto the
framework in much the same manner as household
articles are enameled. Modern dental porcelains
fuse at a temperature of about 960° C (1760° F). Be-
cause conventional gold alloys would melt at this
temperature, the special alloys are necessary.

Fig. 9-1.

	

Recommended minimum dimensions for a
metal-ceramic restoration on an anterior tooth (A) and a
posterior tooth (B). Note the significant reduction needed
compared to that for a complete cast or partial veneer
crown.

I NDICATIONS

The metal-ceramic crown is indicated on teeth that
require complete coverage, where significant es-
thetic demands are placed on the dentist (e.g., the
anterior teeth). It should be recognized, however,
that, if esthetic considerations are paramount, an
all-ceramic crown (see Chapters 11 and 25) has dis-
tinct cosmetic advantages over the metal-ceramic
restoration; nevertheless, the metal-ceramic crown
is more durable than the all-ceramic crown and gen-
erally has superior marginal fit. Furthermore, it can

216
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serve as a retainer for a fixed partial denture be-
cause its metal substructure can accommodate cast
or soldered connectors. Whereas the all-ceramic
restoration cannot accommodate a rest for a remov-
able prosthesis, the metal-ceramic crown may be
successfully modified to incorporate occlusal and
cingulum rests as well as milled proximal and reci-
procal guide planes in its metal substructure (see
Chapter 21).

Typical indications are similar to those for
all-metal complete crowns: extensive tooth destruc-
tion as a result of caries, trauma, or existing previ-
ous restorations that precludes the use of a more
conservative restoration; the need for superior re-
tention and strength; an endodontically treated
tooth in conjunction with a suitable supporting
structure (a post-and-core); and the need to recon-
tour axial surfaces or correct minor malinclinations.
Within certain limits this restoration can also be
used to correct the occlusal plane.

Contraindications for the metal-ceramic crown, as
for all fixed restorations, include patients with ac-
tive caries or untreated periodontal disease. In
young patients with large pulp chambers, the
metal-ceramic crown is also contraindicated be-
cause of the high risk of pulp exposure (see Fig.
7-4). If at all possible, a more conservative restora-
tive option such as a composite resin or porcelain
laminate veneer (see Chapter 25) is preferred.

A metal-ceramic restoration should not be con-
sidered whenever a more conservative retainer is
feasible, unless maximum retention is needed-as
for a long-span FPD. If the facial wall is intact, the
practitioner should decide whether it is truly neces-
sary to involve all axial surfaces of the tooth in the
proposed restoration. Although perhaps technically
more demanding and time consuming, a more con-
servative solution usually can be found to satisfy
the patient's needs that may provide superior
long-term service.

The metal-ceramic restoration combines, to a large
degree, the strength of cast metal with the esthetics
of an all-ceramic crown. The underlying principle is
to reinforce a brittle, more cosmetically pleasing
material through support derived from the stronger
metal substructure. Natural appearance can be
closely matched by good technique and if desired
through characterization of the restoration with in-
ternally or externally applied stains. Retentive qual-

CONTRAINDICATIONS

ADVANTAGES

ities are excellent because all axial walls are in-
cluded in the preparation, and it is usually quite
easy to ensure adequate resistance form during
tooth preparation. The complete-coverage aspect of
the restoration permits easy correction of axial form.
In addition, the required preparation often is much
less demanding than for partial-coverage retainers.
Generally, the degree of difficulty of a metal-
ceramic preparation is comparable to that of prepar-
ing a posterior tooth for a complete cast crown.

DISADVANTAGES

The preparation for a metal-ceramic crown requires
significant tooth reduction to provide sufficient
space for the restorative materials. To achieve better
esthetics, the facial margin of an anterior restoration
is often placed subgingivally, which increases the
potential for periodontal disease. However, a
supragingival margin can be used if significant
cosmetic concerns do not prohibit it or if the restora-
tion incorporates a porcelain labial margin (see
Chapter 24).

Compared to an all-ceramic restoration, the
metal-ceramic crown may have slightly inferior es-
thetics, but it can be used in higher-stress situations
or on teeth that would not provide adequate sup-
port for an all-ceramic restoration.

Because of the glasslike nature of the veneering
material, a metal-ceramic crown is subject to brittle
fracture (although such failure can usually be attrib-
uted to poor design or fabrication of the restoration).
A frequent problem is the difficulty of accurate shade
selection and of communicating it to the dental ce-
ramist. This is often underestimated by the novice.
Since many procedural steps are required for both
metal casting and porcelain application, laboratory
costs generally place the metal-ceramic restoration
among the more expensive of dental procedures.

PREPARATION
The recommended sequence of preparation is illus-
trated for a maxillary right central incisor (Fig. 9-2);
however, the same step-by-step approach can be ap-
plied to other teeth (Fig. 9-3). As with all tooth
preparations, a systematic and organized approach
to tooth reduction will save time.

Armamentarium (Fig. 9-4). The instruments
needed to prepare teeth for a metal-ceramic crown
include:

•

	

Round-tipped rotary diamonds (regular grit
for bulk reduction, fine grit for finishing) or
carbides
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Fig. 9-2.

	

Preparation of a maxillary incisor for a metal-ceramic crown. A, Heavily restored maxillary
central incisor. B and C, Rotary instrument aligned with the cervical one third and incisal two thirds to
gauge correct planes of reduction. D and E, Guiding grooves placed in the two planes. The cervical
groove is made parallel to the path of withdrawal, which usually coincides with the long axis of the
tooth. The incisal depth groove is prepared parallel to the facial contour of the tooth. F and G, Incisal
guiding grooves are placed. H, Incisal edge reduction. I to K, Facial reduction accomplished in two
planes. L, Breaking proximal contact, maintaining a lip of enamel to protect the adjacent tooth from in-
advertent damage. M and N, Proximal reduction. O, Placing a 0.5-mm lingual chamfer.
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Fig. 9-2, cont'd.

	

P, A
football-shaped diamond is rec-
ommended for lingual reduction
of anterior teeth. Alternatively, a
wheel-shaped diamond may be
used. Q to S, Finishing the prepa-
ration with a fine-grit diamond.
T, The completed preparation.

Fig. 9-3.

	

Preparation of a maxillary premolar for a metal-ceramic crown. A, Depth holes. B, Occlusal
depth cuts. C, Half of the occlusal reduction is completed. D, Occlusal reduction is complete. Guiding
grooves are placed for axial reduction. E and F, Lingual chamfer and facial shoulder are prepared on half
the tooth. G, Completed preparation.
(A to E, Lingual view; F and G, buccal view.)

R
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Fig. 9-4.

	

Armamentarium for the metal-ceramic crown
preparation.

Football- or wheel-shaped diamond (for lin-
gual reduction of anterior teeth)
Flat-ended, tapered diamond (for shoulder
preparation)
Finishing stones
Explorer and periodontal probe
Hatchet and chisel

The actual sequence of steps can be varied
slightly depending on operator preference.

Step-By-Step Procedure. The preparation is
divided into five major steps: guiding grooves, in-
cisal or occlusal reduction, labial or buccal reduc-
tion in the area to be veneered with porcelain, axial
reduction of the proximal and lingual surfaces, and
final finishing of all prepared surfaces.

Guiding Grooves
1. Place three depth grooves (Fig. 9-5), one in

the center of the facial surface and one each
in the approximate locations of the mesiofa
cial and distofacial line angles (see Fig. 9-2, A
to E). These will be in two planes: the cervical
portion to parallel the long axis of the tooth,
the incisal (occlusal) portion to follow the
normal facial contour (see Fig. 9-2, D and E).

2. Perform the facial reduction in the cervical
and incisal planes. The cervical plane will de-
termine the path of withdrawal of the com-
pleted restoration. The incisal or occlusal
plane will provide the space needed for the
porcelain veneer; it should be approximately
1.3 mm deep to allow for additional reduc-
tion during finishing. The incisal grooves
usually extend halfway down the facial sur-
face, although (depending on the shape of the
tooth) they may extend to include the incisal
two thirds. Cervical grooves are generally
made parallel to the long axis of the tooth.
However, they can be adjusted slightly to cre-
ate a more desirable path of withdrawal; in
particular, some labial inclination will im-

Fig. 9-5.

	

Depth grooves in the facial wall are placed in
two directions: incisally, parallel to the tooth contour; cervi-
cally, parallel to the path of withdrawal. The grooves
should be 1.3 mm deep.

prove retention on a tooth with little cingu-
lum height. On small teeth it may be advis-
able to keep the cervical grooves somewhat
shallower near the margin.

3. Place three depth grooves (about 1.8 mm
deep) in the incisal edge of an anterior tooth.
This will provide the needed reduction of 2
mm and allow finishing (see Fig. 9-2, F and
G). Verify the depth of these grooves can be
verified with a periodontal probe. On poste-
rior teeth where the occlusion is to be estab-
lished in porcelain, 2 mm of clearance must
exist. If the occlusion is to be established in
metal, the same minimum clearances are
needed as for a complete cast crown. Poste-
rior occlusal reduction incorporates a func-
tional cusp bevel on the lingual cusp, similar
to that for a complete cast crown. When ini-
tially positioning the diamond for anterior
teeth, it may be helpful to observe the long
axis of the opposing tooth in the intercuspal
position and to orient the instrument perpen-
dicular to that (Fig. 9-6). The grooves must
not be too deep; otherwise, an overreduced
and undulating surface will result.

Incisal (Occlusal) Reduction.

	

The completed
reduction of the incisal edge on an anterior tooth
should allow 2 mm for adequate material thickness
to permit translucency in the completed restoration.
Posterior teeth generally require less (1.5 mm) be-
cause esthetics is not as critical. Caution must be
used, however, because excessive occlusal reduc-
tion shortens the axial walls and thus is a common
cause of inadequate retention and resistance form in
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Fig. 9-6.

	

A, Depth grooves 1.8 mm deep placed in the incisal edges to ensure adequate and even re-
duction. B, Incisal reduction completed on the left central and lateral incisors. Note the angulation of the
diamond, perpendicular to the direction of loading by the mandibular anterior teeth.

the completed preparation. This can be particularly
problematic on anterior teeth (where as a conse-
quence of tooth form, most of the retention is de-
rived from the proximal walls).

4.

	

Remove the islands of remaining tooth struc-
ture. On anterior teeth, access is usually un-
restricted, and the thickest portion of the cut
ting instrument can be used to maximize
cutting efficiency (see Fig. 9-2, H). On poste-
rior teeth, the same pattern is followed as in
preparing depth grooves for a complete cast
crown (see Chapter 8). This will include the
use of a centric cusp bevel, although addi-
tional occlusal reduction will be needed
where the porcelain is to be applied (see Fig.
9-3, A to C.

Labial (Buccal) Reduction. When completed,
the reduction of the facial surface should have pro-
duced sufficient space to accommodate the metal
substructure and porcelain veneer. A minimum of 1.2
mm is necessary to permit the ceramist to produce a
restoration with satisfactory appearance (1.5 mm is
preferable). This requires significant tooth reduction.
For comparison, the cervical diameter of a maxillary
central incisor averages between 6 and 7 mm.

In the cervical area of small teeth, obtaining opti-
mal reduction is not always feasible (see Fig. 7-4.)
Often a compromise is made with lesser reduction
in the area where the cervical shoulder margin is
prepared.

5. Remove the remaining tooth structure be-
tween depth grooves (see Fig. 9-2,1 to L), cre-
ating a shoulder at the cervical margin (Fig.
9-7). If a restoration with a narrow subgingi-
val metal collar is to be fabricated and suffi-
cient sulcular depth is present, place the
shoulder approximately 0.5 mm apical to the
crest of the free gingiva at this time. Addi-
tional finishing will then result in a margin
that is 0.75 to 1 mm subgingival. Use ade-
quate water spray during the entire phase of

B

Fig. 9-7.

	

A, The cervical shoulder is established as the
tooth structure between the depth grooves is removed. The
rotary instrument is moved parallel to the intended path of
withdrawal during this procedure. B, The facial reduction
should be completed in two phases, initially maintaining
one half intact for assessment of the adequacy of reduction.
Note the two distinct planes of reduction on the facial. The
proximal aspect parallels the cervical reduction on the fa-
cial wall. C, Facial reduction completed. A 6-degree taper
has been established between the proximal walls.

preparation, because a significant amount of
tooth structure is being removed and copious
irrigation (along with intermittent strokes)
will expedite the preparation process. Such a
cautious approach will prevent unnecessary
trauma to the pulp. The resulting shoulder

A

C
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should be approximately 1 mm wide and
should extend well into the proximal embra-
sures when viewed from the incisal (occlusal)
side (Fig. 9-8). Where access permits, estab-
lishing this shoulder from the proximal gin-
gival crest toward the middle of the facial
wall is preferred. This will minimize place-
ment of the initial shoulder preparation too
close to the epithelial attachment. If the mar-
gin is established from facial to proximal, a
tendency exists to "bury" the instrument and
encroach on the epithelial attachment. A con-
scious effort to maintain proper margin posi-
tion relative to the crest of the free gingiva is
critical (see Fig. 7-49). The location and spe-
cific configuration of the facial margin de-
pend on several factors: the type of metal-
ceramic restoration selected, the cosmetic
expectations of the patient, and operator
preference.

From a periodontal point of view, a supragingival
margin is always preferred. Its application is re-
stricted, however, because patients often object to a
visible metal collar or discolored root surface. Such
objections are common, even when the gingival
margin is not visible during normal function, as in
patients with a low lip line. This generally limits the

Fig. 9-8.

	

A, The facial shoulder preparation should wrap
around into the interproximal embrasure and extend at
least 1 mm lingual to the proximal contact. B, The shoulder
preparation extends adequately to the lingual side of the
proximal contact. Note that on the mesial (visible) side, the
preparation extends slightly farther than on the distal (cos-
metically less critical) side.

use of supragingival margins to posterior teeth (Fig.
9-9) and to un-discolored anterior teeth (in which
case a porcelain labial margin is preferred; see Chap-
ter 24). The optimum location of the margin should
be carefully determined with the full cooperation of
the patient. Where a subgingival margin is to be
placed, careful tissue manipulation is essential; oth-
erwise, there will be damage that leads to permanent
gingival recession and subsequent exposure of
the metal collar. This is most effectively avoided
through meticulous gingival displacement with a
cord before finishing (Fig. 9-10). The configuration of
the margin is also finalized at this time (Fig. 9-11).

Axial Reduction of the Proximal and Lingual
Surfaces. (see Fig. 9-2, M to P). Sufficient tooth
structure must be removed to provide a distinct,
smooth chamfer of about 0.5 mm width.

6.

	

Reduce the proximoaxial and linguoaxial sur-
faces with the diamond held parallel to the in-
tended path of withdrawal of the restoration.
These walls should converge slightly from
cervical to incisal or occlusal. A taper of ap-
proximately 6 degrees is recommended. On
anterior teeth, a lingual concavity is prepared
for adequate clearance for the restorative ma-
terial(s). Typically, 1 mm is required if the
centric contacts in the completed restoration
are to be located on metal. When contact is on
porcelain, additional reduction will be neces-
sary. For anterior teeth, usually only one
groove is placed, in the center of the lingual
surface. For molars, three grooves can be
placed in a manner similar to that described
for the all-metal complete cast crown.

Fig. 9-9.

	

Supragingival margins on the maxillary premo-
lars. They were possible because of a favorable lip line hid-
ing the cervical aspect of these posterior teeth. The subgin-
gival margins on the mandibular premolars were prepared
only because of previously existing restorations.
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7. Make a lingual alignment groove by posi-
tioning the diamond parallel to the cervical
plane of the facial reduction. When the
round-tipped diamond of appropriate size
and shape is aligned properly, it will be al-
most halfway submerged into tooth struc-
ture. Verify the alignment of the groove, and
carry the axial reduction from the groove
along the lingual surface into the proximal;
maintain the originally selected alignment of
the diamond at all times.

8. As the lingual chamfer is developed, extend
it buccally into the proximal to blend with the
interproximal shoulder placed earlier (Fig.
9-12). Alternatively, a facial approach may be
used. Although this is slightly more difficult
initially, after some practice it should be easy
to eliminate the lingual guiding groove and
to perform the proximal and lingual axial re-
duction in one step; however, this requires
that the diamond be held freehand parallel to
the path of withdrawal. The proximal flange

Fig. 9-10.

	

A, A gingival displacement cord (under tension) is placed in the interproximal sulcus. B, A
second instrument can be used to prevent it from rebounding from the sulcus after it has been packed.

C

Fig. 9-11.

	

A, After tissue displacement, the facial margin is extended apically. Caution is needed, be-
cause if the diamond inadvertently grabs the cord, it may be ripped out of the sulcus and traumatize the
epithelial attachment. B, Note the additional apical extension of the shoulder on the distal aspect. C, The
entire facial shoulder is placed at a level that will be subgingival after the tissue rebounds. D, The facial
margin has been prepared to the level of the previously placed cord.

A B

D
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Fig. 9-12.

	

A lingual chamfer is prepared to allow ade-
quate space for metal. A smooth transition from interproxi-
mal shoulder to chamfer is essential.

that resulted from the shoulder preparation
can be used as a reference for judging align-
ment of the rotary instrument (Fig. 9-13). The
interproximal margin should not be inadver-
tently placed too far gingivally and thereby
infringe on the attachment apparatus. It must
follow the soft tissue contour (see p. 150). On
posterior teeth, the lingual wall reduction
blends into the functional cusp bevel placed
during the occlusal reduction. Anterior teeth
require an additional step: After preparation
of the cingulum wall, one or more depth
grooves are placed in the lingual surface.
These are approximately 1 mm deep.

9. Use a football-shaped diamond to reduce
the lingual surface of anterior teeth (see Fig.
9-2, P). It is helpful to stop when half this re
duction has been completed to evaluate
clearance in the intercuspal position and all
excursions. The remaining intact tooth struc-
ture can serve as a reference.

Finishing. The margin must provide distinct
resistance to vertical displacement of an explorer
tip, and it must be smooth and continuous circum-
ferentially. (A properly finished margin should feel
like smooth glass slab.) All other line angles should
be rounded, and the completed preparation should
have a satin finish free from obvious diamond
scratch marks. Tissue displacement is particularly
helpful when finishing subgingival margins (Fig.
9-14). Sometimes this step is postponed until just
before impression making after tissue displacement.

10.

	

Finish the margins with diamonds, hand in-
struments, or carbides (see Fig. 9-2, Q and
R). All internal line angles should be ra-
diused to facilitate the impression-making
and die-pouring steps (see Fig. 9-2, S). The

Fig. 9-13.

	

A, Proximal reduction of the flange with a fa-
cial approach. B, Once sufficient tooth structure has been
removed, the cervical chamfer is prepared simultaneously
with the lingual axial surface. After the distolingual prepa-
ration has been completed, the mesial chamfer is blended
into a smooth transition with the shoulder.

Fig. 9-14.

	

Controlled tissue displacement can be helpful
when finishing the margin with a fine-grit diamond or an-
other rotary instrument.

finishing steps for the facial margin depend
on the design of margin chosen (see Table
7-2 and Fig. 9-15). A porcelain labial margin
requires proper support for the porcelain. A
shoulder with a 90-degree cavosurface angle
is recommended. This type of shoulder can
also be used for a crown with a conventional
metal collar and offers the advantage of al-
lowing the collar to be kept narrow. How-
ever, there is then the risk of leaving unsup-
ported enamel. For this reason, the margin
is often beveled or sloped to create a more
obtuse cavosurface angle (Fig. 9-16). A
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Fig. 9-17.

	

The shoulder bevel.

Fig. 9-15.

	

A, Completed preparation. Note that the tran-
sition from incisal to axial walls is rounded, and a distinct
90-degree or slightly sloping shoulder has been established.
B, Even chamfer width and a smooth transition between
lingual and axial surfaces. The chamfer is distinct and
blends smoothly into the facial shoulder.

Fig. 9-16.

	

A, 90-degree shoulder. B, 120-degree shoul-
der. C, Shoulder bevel.

flat-ended diamond in a low-speed hand-
piece creates the 90-degree shoulder. Any
unsupported enamel must be removed sub-
sequently by careful planing with a sharp
chisel. Care must also be taken to orient the
rotary instrument as it moves around the
tooth if inadvertent undercuts are to be
avoided. When a metal-collar design of ce-
ramic restoration is planned, the need for a
90-degree shoulder is less critical. A sloping
shoulder has been advocated to ensure the
elimination of unsupported enamel and to
minimize marginal gap width (see Chapter
7). Such a shoulder (cavosurface angle of
about 120 degrees) can be accomplished
with a flat-ended diamond by changing its
alignment, paying particular attention to the
configuration of the tooth structure cervical
to the margin. Alternatively, a hatchet can be
used to plane the margin to the correct an-
gulation. Again, be careful to avoid under-
cutting the axial wall of the preparation
where it meets the shoulder during finish-
ing. A shoulder-bevel margin is most effec-
tively achieved with a flame-shaped carbide

Fig. 9-18.

	

A, Facial and B, lingual views of metal-
ceramic preparations.

bur or hand instrument, depending on the
length of bevel required (Fig. 9-17). Gener-
ally a short bevel with a cavosurface angle
of 135 degrees is advocated, although longer
bevels have been recommended for im-
proved marginal fit. Special care must be ex-
erted where the bevel meets the interproxi-
mal chamfer. The chamfer and bevel should
be continuous with each other. Care must be
taken not to damage the epithelial attach-
ment during beveling; tissue displacement
before preparation of subgingival bevels is
recommended.

11. After a satisfactory facial margin has been
obtained, round all sharp line angles within
the preparation (see Fig. 9-2, S). This will fa
cilitate surface wetting and expedite subse-
quent procedures (impression making,
pouring of casts, waxing, and investing). A
fine-grit diamond operating at low speed is
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particularly useful. However, where access
allows, a slightly larger tapered diamond
may be preferred because the greater diam-
eter of its tip prevents "ditching" of the
chamfer. Blend all surfaces together, and re-

Fig. 9-19.

	

The "wingless" variation does not exhibit the
defined transition from chamfer to shoulder seen in Fig.
9-15. Rather, the shoulder gradually narrows toward the
lingual side. Interproximally, the same criteria for mini-
mum extension of the shoulder apply as for the wing-type
or flange preparation.

move any sharp transitions (see Figs. 9-2, T;
9-18; and 9-19).

Evaluation.

	

Areas often missed during finish-
ing are the incisal edges of anterior preparations
and the transition from occlusal to axial wall of pos-
terior preparations. The completed chamfer should
provide 0.5 mm of space for the restoration at the
margin. The chamfer must be smooth and continu-
ous, and when evaluated, a distinct resistance to
vertical displacement of the tip of an explorer or pe-
riodontal probe should be felt. The chamfer should
be continuous with the interproximal shoulder or
beveled shoulder. The cavosurface angle of the
chamfer should be slightly obtuse or 90 degrees.
Under no circumstances should any unsupported
tooth structure remain, especially at the facial mar-
gin. Care is also needed to avoid creating an under-
cut between the facial and lingual walls. This aspect
of the preparation should be thoroughly evaluated.
Excessive convergence should also be avoided, be-
cause this may lead to pulpal exposure. All residual
debris is removed with thorough irrigation. (Vari-
ous examples of metal-ceramic preparations are
shown in Figs. 9-20 and 9-21.)

Fig. 9-20.

	

Metal-ceramic crowns used to restore maxillary incisor teeth.
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B

A, Metal-ceramic preparations on the maxillary premolars in conjunction with more con-
servative preparations on the molars. B, Buccal view of the preparations. Note that, by comparison, con-
siderable tooth reduction was needed on the premolars to accommodate metal-ceramic restorations.
C, Except for the molars, all remaining teeth in this patient have been prepared for metal-ceramic
restorations. Note the subtle variations and modifications of the same underlying theme: wing-type
preparations on the anterior teeth, wingless on the premolars. D, Mandibular arch of the same patient.
Many of the smaller mandibular teeth were prepared with wingless restorations. Because of previously
existing restorations, excessively heavy shoulderlike chamfers resulted on some of the posterior teeth.

A

C D
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An extracoronal metal restoration that covers only
part of the clinical crown is considered to be a par-
tial veneer crown. It can also be referred to as a
partial-coverage restoration. An intracoronal cast
metal restoration is called an inlay or an onlay if one
or more cusps are restored. Examples of these
restorations are presented in Figure 10-1. Partial ve-
neer crowns generally include all tooth surfaces ex-
cept the buccal or labial wall in the preparation.
Whenever feasible, a partial-coverage restoration
should be selected rather than a complete veneer be-
cause it preserves more of the tooth's coronal surface.
However, the preparation is more demanding and is
not routinely provided by practitioners. Buccolingual
displacement of the restoration is prevented by inter-
nal features (e.g., proximal boxes and grooves). The
partial veneer can be used as a single-tooth restora-
tion, or it may serve as a retainer for a fixed partial

A

B

Fig. 10-1

	

A, Partial veneer crowns serving as retainers
on the premolars for a four-unit FPD replacing the maxil-
lary first molar. B, Maxillary premolars restored with gold
inlays, molar restored with gold onlay. These restorations
have served for about 30 years.

denture (FPD). It can be used on both anterior and
posterior teeth. Because it does not cover the entire
coronal surface, it tends to be less retentive than a
complete crown and is less resistant to displacement.
Unless the partial veneer is very carefully prepared,
the reduced retention may contraindicate its use. In-
lays and onlays are even less retentive than partial
veneer crowns and are not recommended for FPD
abutment retainers. However, they provide the ad-
vantages of a casting, with less enamel removal than
a crown. When carefully performed, they can pro-
duce an exceptionally long-lasting restoration.

PARTIAL VENEER CROWNS

Several types of partial veneers exist: for posterior
teeth-three-quarter, modified three-quarter, and
seven-eighths crowns; for anterior teeth-three-
quarter crowns and pinledges.

The indications, contraindications, advantages,
and disadvantages of partial veneer crowns will be
considered first, and any specific deviations that
pertain to a given preparation will be identified as
that type is discussed.

I NDICATIONS
Partial veneer crowns often can be used to restore
posterior teeth that have lost moderate amounts
of tooth structure, provided the buccal wall is intact
and well supported by sound tooth structure. They
are also commonly used as retainers for a fixed
partial denture or where restoration or alteration of
the occlusal surface is needed. Anterior partial ve-
neers are rarely suitable for restoring damaged
teeth, but they can be used as retainers, to reestab-
lish anterior guidance, and to splint teeth. They are
particularly suitable for teeth with sufficient bulk
because they can accommodate the necessary reten-
tive features.

CONTRAINDICATIONS
Partial veneer restorations are contraindicated
on teeth that have a short clinical crown because

230
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retention may not be adequate. They are also
contraindicated as retainers for long-span FPDs.
They are rarely suitable for endodontically treated
teeth, especially anteriors, because insufficient sup-
porting tooth structure remains for the retentive fea-
tures. Likewise, they should not be used on en-
dodontically treated posterior teeth if the buccal
cusps are weakened by the access cavity or on teeth
with an extensively damaged crown. As is true of all
cast restorations, partial veneers are contraindicated
in dentitions with active caries or periodontal
disease.

The shape and alignment of teeth are important
determinants of the feasibility of partial veneer
crowns. The alignment of axial surfaces should be
evaluated, and partial veneers should not be placed
on teeth that are proximally bulbous. Making the
necessary proximal grooves on these teeth is likely
to leave unsupported enamel. Similarly it may be
impossible to prepare adequate grooves on thin
teeth of restricted faciolingual dimension.

Partial veneers are usually prepared parallel to the
long axis of the tooth, and poorly aligned abutment
teeth may not be suitable. When poorly aligned teeth
are being prepared for a partial-coverage restoration,
problems with unsupported enamel often result.

ADVANTAGES

The primary advantage associated with partial ve-
neer crowns is conservation of tooth structure. An-
other advantage is reduced pulpal and periodontal
insult during tooth preparation. Access to supra-
gingival margins is rather easy and allows the oper-
ator to perform selected finishing procedures that
are more difficult or impossible with complete-
coverage restorations. Access is also better for oral
hygiene. Because less of the margin approximates
the soft tissues subgingivally, there is less gingival
involvement than with complete coverage.

During cementation of a partial veneer, the luting
agent can escape more easily, which produces rela-
tively good seating of the restoration. Because of di-
rect visibility, verification of seating and cement re-
moval are simple. After cementation, the remaining
intact facial or buccal tooth structure permits elec-
tric vitality testing.

restoration, which may be unacceptable to patients
with high cosmetic expectations.

PREPARATION

The following discussions will cover the teeth most
commonly prepared for partial veneer restorations.
It should be noted that the use of partial veneers on
anterior teeth has declined because of the difficulty
in achieving an esthetic result. The technique illus-
trated may be suitable for posterior teeth and, with
minimal variation, for other teeth. On both poste-
rior and anterior teeth, meticulous care and preci-
sion are required if partial veneers are to be a
successful (conservative) alternative to complete-
coverage restorations.

Armamentarium (Fig. 10-2). The necessary in-
struments for a partial veneer crown preparation in-
clude the following:

• Narrow (approximately 0.8 mm), round-tipped,
tapered diamond (regular or coarse grit)

• Regular-size, (approximately 1.2 mm), round-
tipped, tapered diamond (fine grit) or carbide
Football-shaped or wheel-shaped diamond
(regular grit)
Tapered and straight carbide fissure burs
Small, round carbide bur
Small-diameter twist drill
Inverted-cone carbide bur
Finishing stones
Mirror
Explorer and periodontal probe
Chisels

This is the typical armamentarium for a partial
veneer crown preparation. Depending on operator
preference, additional instruments can be used. The
regular- or coarse-grit diamonds are used for bulk
reduction, and the fine-grit diamonds or carbides
are used for finishing. Pinholes are prepared with
the twist drill and finalized with a tapered carbide.
The fissure burs are recommended for preparing

DISADVANTAGES

Partial veneer restorations have less retention and
resistance than complete cast crowns. Preparing the
tooth for this type of coverage is difficult, primarily
because only limited adjustments can be made in
the path of withdrawal. The placement of grooves,
boxes, and pinholes requires dexterity from the op-
erator. Some metal is displayed in the completed

Fig. 10-2.

	

Armamentarium for a partial veneer crown
preparation.
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boxes and ledges, and the inverted-cone carbide is
recommended for preparing incisal offsets. Hand
instruments can be used to finish proximal flares
and bevels. A periodontal probe is invaluable when
assessing the direction and dimension of the vari-
ous steps.

POSTERIOR PARTIAL VENEER CROWN PREPARATIONS

Maxillary Premolar Three-quarter Crown (Fig.
10-3). The three-quarter crown preparation derives
its name from the number of axial walls involved.

Except for a slight bevel or chamfer placed along the
buccocclusal line angle, the buccal tooth surface re-
mains intact. The other surfaces (including the oc-
clusal surface) are prepared to accommodate a cast-
ing in the same manner as a complete crown
preparation (see Chapter 8), differing only in the
need for axial retention grooves.

Occlusal Reduction. Upon the completion of
occlusal reduction, a clearance of at least 1.5 mm
should exist on the centric cusp and at least 1.0 mm

H

G

Fig. 10-3.

	

The maxillary premotar three-quarter crown. A, Initial depth holes are placed in the mesial
and distal fossae approximately 0.8 mm deep. B, They are connected by a guiding groove that extends
through the central groove. Additional guiding grooves are placed on the lingual cusp similar to those
for a complete cast crown (see Fig. 8-8). The depth cut placed on the triangular ridge of the buccal cusp
becomes shallower as it approaches the cusp tip. C, Half the occlusal reduction is completed. Note the
centric cusp bevel. The occlusocervical height of the buccal surface is not reduced at this stage. D, Oc-
clusal reduction completed. E, After guiding grooves are placed in the lingual surface of the tooth paral-
lel to the proposed path of withdrawal, the proximoaxial and linguoaxial reductions are initiated. Simul-
taneously a smooth and even-width cervical chamfer is created. F, When the axial reduction of the first
half is considered acceptable, the other half can begin. G, Proximal grooves are placed perpendicular to
the prepared surface, and the buccal wall of each groove is flared to leave no unsupported enamel. The
proximal flares are connected with a narrow contrabevel. After rounding of the line angles, the prepara-
tion is complete. H, The interproximal clearance relative to adjacent teeth extends cervically as well as
near the occlusal aspect of the buccal flares of the proximal grooves.
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on the noncentric cusp and in the central groove. Si-
multaneously, the tooth should be prepared so that
the restoration displays a minimum of metal, with
preservation of the buccal wall outline.

1.

	

Before any partial veneer crown preparation,
mark the proposed location of the margin of
the completed preparation on the tooth with
a pencil (Fig. 10-4).

2. Place depth grooves for the occlusal reduc-
tion. These should be made with a tapered
carbide or narrow diamond in the develop
mental grooves of the mesial and distal fos-
sae and on the crest of the triangular ridge.
In the central groove they should be slightly
less (about 0.2 mm) than 1 mm deep to
allow for finishing; on the centric (lingual)
cusp they should be slightly less than
1.5 mm deep in the location of the occlusal
contacts.

3.

	

Place three depth grooves on the lingual in-
cline of the buccal cusp. Initially, these should
be kept somewhat shallow as they approach
the buccal cusp ridge (Fig. 10-3, B). In the area
of occlusal contact, the groove should be
about 0.8 mm deep so that there will be at
least 1 mm of clearance after finishing.

4. Verify groove depth with a periodontal
probe. When this is found to be acceptable,
remove the islands of tooth structure remain-
ing between the grooves (Fig. 10-3, C and D).

5. Assess the amount of occlusal clearance in
the intercuspal position and in all excursive
movements of the mandible (Fig. 10-5).
Grinding a small concavity on the incline of
the buccal cusp may help obtain sufficient
clearance while maintaining the original oc-
clusocervical dimension of the buccal tooth
surface (Fig. 10-6).

Fig. 10-4.

	

The anticipated location of the completed
preparation is marked with a pencil.

Axial Reduction
6.

	

Place grooves for axial alignment in the cen-
ter of the lingual surface and in the mesiolin-
gual and distolingual transitional line angles.
These should be parallel to the long axis of
the tooth and should not exceed half the
width of the tip of the diamond used to place
them.

7.

	

Because the path of withdrawal of a partial
veneer is critical, assess these grooves care-
fully when correction is still possible. A com
mon error is to incline the path of withdrawal
toward the buccal. This either reduces reten-
tion or leads to an excessive display of metal.
A periodontal probe placed in each groove
should be carefully viewed in both planes
(mesiodistal and buccolingual). It often helps
to pour an irreversible hydrocolloid (algi-
nate) impression in fast-setting plaster and to
evaluate the cast with a dental surveyor, par-
ticularly if multiple partial veneers are being
used as retainers for an FPD.

Fig. 10-5.

	

A common error is insufficient reduction of
tooth structure in the marginal ridge area (arrow).

Fig. 10-6.

	

Recommended minimum clearances for re-
duction of a partial veneer crown preparation. Slight hol-
low grinding of the lingual incline of the buccal cusp re-
sults in an acceptable clearance with the least display of
metal. Also, the final restoration retains the normal con-
tours of the cuspal ridge, so incident light is not reflected,
and the restoration is less evident.
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8.

	

After verifying the alignment, remove tooth
structure between the guide grooves (with a
smooth continuous motion) and place a cer-
vical chamfer (Fig. 10-7).

9. Carry the diamond into the proximal em-
brasure and reduce the proximal wall (Fig.
10-3, E and F). For proper reduction of the
axial tooth surface, it is important to under-
stand the factors that determine correct po-
sitioning of the proximal groove. A proximal
groove is placed parallel to the path of with-
drawal. Normally, unsupported tooth struc-
ture will remain on the buccal side of the
groove, and this side is flared to remove it.
Figure 10-8 illustrates the relationship
among the initial axial reduction, groove
placement, and location of the cavosurface
angle where the flare meets the intact buccal
wall. The cavosurface angle is especially sig-
nificant when preparing a tooth for a partial
veneer that should display a minimum of
metal; the further to the buccal the margin
is, the more gold will be visible. A subtle but

Fig. 10-7.

	

Proximal and lingual axial reduction is per-
formed with a round-tipped diamond. The proximal reduc-
tion is stopped short of the proposed location of the buccal
margin.

extremely important variable that deter-
mines the final location of the cavosurface
angle is the apical extension of the prepara-
tion. As the cervical chamfer extends closer
to the cementoenamel junction, more axial
tooth structure is removed. Consequently,
the deepest portion of the groove (its pulpal
wall) will be located slightly closer to the
center of the tooth. This results in a flare that
can extend farther onto the facial or buccal
surface than desirable. Marking the location
of the intended facial flare on the tooth with
a pencil before initiating the proximoaxial
reduction is helpful. The intersection of this
mark with the reduced occlusal surface is a
convenient reference point.

10. Stop the proximal reduction well short of
the pencil mark and usually slightly short of
breaking the proximal contact (Fig. 10-9).
The resulting flange should be parallel to
the linguoaxial preparation, with the cham-
fer placed sufficiently cervical to provide at
least 0.6 mm of clearance with the adjacent
tooth and the axial wall allowing for a prox-
imal groove of at least 4 mm of length oc-
clusocervically (see Fig. 10-3, F).

Groove Placement. Preparation of the proxi-
mal grooves is best done with a tapered carbide bur.

11. Position the bur against the interproximal
flange parallel to the path of withdrawal
and make a groove perpendicular to the ax-
ial surface. The groove need not be deeper
than 1 mm at its cervical end but may be
deeper near its occlusal end (Fig. 10-10).
During this stage, the bur must be held pre-
cisely parallel to the selected path of with-
drawal. Allowing it to tip axially will result
in excessive taper between opposing proxi-
mal grooves, which is a common error. The

Fig. 10-8.

	

A, Upon completion of the proximal axial re-
duction, a groove is placed perpendicular to the prepared
surface. B, Note that some unsupported tooth structure re-
mains at the cavosurface angle. C, After the buccal wall of
the proximal groove is flared, no unsupported tooth struc-
ture remains. NOTE: It is important to anticipate in ad
vance the influence of the buccal extent of the proximoaxial
reduction (A) on the ultimate location of the margin.

Fig. 10-9.

	

The distal proximal reduction is stopped be-
fore breaking proximal contact. After groove placement and
subsequent flaring, interproximal clearance will result.



Chapter 10 The Partial Veneer Crown, Inlay, and Onlay Preparations

criteria that need to be met consist of the fol-
lowing (see Figs. 10-9 and 10-11):

The grooves should resist lingual displacement
of a periodontal probe or explorer.

The walls of the grooves should not be undercut
relative to the selected path of withdrawal.

The walls should be flared toward the intact buc-
cal surface of the tooth (see Fig. 10-3, G and H).

Fig. 10-10.

	

Because of the rotary instrument's taper
( A), the proximal groove is deeper near the occlusal table.
The floor of the groove should be flat and smooth. Often
the proximal chamfer will extend slightly cervically to the
floor of the groove. If only minimal difference exists, as in
B, the cervical margin adjacent to the groove can be
beveled. The recommended occlusocervical height for a
proximal groove is 4 mm.

Fig. 10-1 1.

	

The 90-degree angle between the lingual
walls of the proximal grooves will resist lingual displace-
ment. Because the buccal aspect of the grooves has been ad-
equately flared, no unsupported tooth structure remains.

Depending on available access, it may be feasible
to complete the flaring with the same rotary instru-
ment that was used to place the groove (Fig. 10-12).
However, removing the last lip of unsupported
tooth structure with a chisel is often a better option,
because this minimizes the risk of damage to the ad-
jacent tooth.

Buccocclusal Contrabevel
12.

	

Connect the mesial and distal flares with a
narrow contrabevel that follows the buccal
cusp ridges. This can be placed with a dia
mond, a carbide, or even a hand instrument.
Its primary purpose is to remove any un-
supported enamel and thereby protect the
buccal cusp tip from chipping during func-
tion. If group function is planned (as op-
posed to a mutually protected occlusion), a
heavier bevel, chamfer, or occlusal offset
will be needed, because tooth contact occurs
in this area during excursive movement.
The bevel should remain within the curva-
ture of the cusp tip rather than extend onto
the buccal wall (Fig. 10-13). This will result
in a convex shape of the restoration, and
light will be prevented from reflecting back
to a casual observer (see Fig. 10-6). Thus the
restoration will be less obvious, and the out-
line form of remaining buccal enamel will
be perceived as the shape of the tooth.

Occlusal Offset.

	

If additional bulk is needed to
ensure rigidity of the restoration, it can be provided
with an occlusal offset. This V-shaped groove ex-
tends from the proximal grooves along the buccal
cusp. It is not usually necessary for posterior partial
veneer crowns but is essential for the structural
durability of anterior partial veneer crowns. This is
described in detail on p. 243.

Fig. 10-12.

	

A, Initial preparation of the mesial proximal groove. Note that the carbide is oriented
parallel to the path of withdrawal as dictated by the lingual surface of the tooth. B, Initial flaring has re-
sulted in elimination of most unsupported tooth structure. C, Hand or rotary instruments will be used to
refine these proximal flares and remove all unsupported enamel.
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Fig. 10-13.

	

The buccocclusal contrabevel remains
within the curvature of the cusp tip rather than extending
onto the buccal surface. Fig. 10-15.

	

Three-quarter crown preparation on a maxil-
lary molar. Note that the occlusal reduction follows normal
anatomic form.

Fig. 10-16.

	

The three-quarter crown preparation on a
maxillary first molar.

Fig. 10-14.

	

A fine-grit diamond in a low-speed con-
traangle is used to place the buccocclusal contrabevel con-
necting the mesioproximal and distoproximal flares.

Finishing
13.

	

Round all sharp internal line angles to facil-
itate subsequent procedures. A fine-grit dia-
mond or carbide can be used to blend the
surfaces (Fig. 10-14).

14. Reevaluate the flares, paying particular at-
tention to any remaining undercuts, which
must be removed. The flares should be
straight and smooth, with sufficient clear-

ance between them and the adjacent tooth.
A minimum clearance of 0.6 mm is recom-
mended. The mesial flare cannot extend be-
yond the transitional line angle. However,
because the distal margin is less visible, it
may extend slightly farther to the buccal, al-
lowing better access for oral hygiene.

Maxillary Molar Three-quarter Crown (Fig.
10-15 and Fig. 10-16). The principles used in a pre-
molar preparation also apply for a maxillary molar.
However, some additional leeway may exist for
groove placement because more tooth structure is
present on molars than on premolars. Also, because
of their less prominent position in the dental arch,
molars are less visible. As a result, the mesioproxi-
mal flare can sometimes be extended onto the buc-
cal surface without incurring esthetic liability.

Maxillary Molar Seven-eighths Crown (Fig.
10-17). The seven-eighths crown preparation in-
cludes, in addition to the surfaces covered by the
three-quarter crown, the distal half of the buccal
surface. Therefore the mesial aspect of this prepara-
tion resembles that for a three-quarter crown; the
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Fig. 10-17.

	

The maxillary molar seven-eighths crown preparation. A, Occlusal depth grooves. On the
lingual of the mesiobuccal cusp, they are identical to grooves for any centric cusp. On the buccal, note
their difference from grooves placed on the triangular ridges. The mesial groove becomes shallower as it
approaches the cuspal ridge; the distal extends through the cuspal ridge. B, Mesial half of the occlusal
reduction is completed. Normal occlusal form can be recognized in the reduced area. C, Occlusal reduc-
tion completed. D, Distal half of the axial reduction completed. This is comparable to the preparation for
a complete cast crown. The rotary instrument is moved parallel to the guiding grooves placed in the lin-
gual tooth surface. E, Mesial half of the axial reduction completed and a proximal groove placed. F, The
buccal groove, with flaring of the mesial groove. Note the monoplane of the flare, extending from the
deepest portion of the groove to the cavosurface angle. G, A contrabevel connects the mesial flare with
the buccal groove. The mesial wall of the buccal groove is smooth and has a 90-degree cavosurface an-
gle, leaving no unsupported enamel.

distal aspect resembles that for a complete crown.
The mesial half of the buccal tooth surface remains
intact and is protected by a narrow contrabevel or
chamfer similar to the one used in the three-quarter
crown preparation. A distal groove may be placed,

although generally this is not necessary. A groove in
the middle of the buccal surface is placed parallel to
the path of withdrawal. Distal to this groove the
buccal surface is reduced in two planes, cervical and
occlusal, with the cervical paralleling the path of
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withdrawal and the occlusal following the normal
anatomic contour. The lingual surface of the tooth
also is reduced in two planes, and centric cusp
bevels are incorporated.

Occlusal Reduction.

	

Upon completion of the
occlusal reduction, adequate clearance should exist
in all excursive movements of the mandible. Mini-
mum measurements are the same as for the
three-quarter crown preparation.

1.

	

Place depth grooves in the central and devel-
opmental grooves as well as on the crests of
the triangular ridges. To delineate the extent of
the lingual centric cusp bevel, they should ex-
tend onto the lingual surface of the tooth. On
the lingual incline of the mesiobuccal cusp
they will resemble depth cuts for the three-
quarter crown preparation. On the distobuccal
cusp they should be approximately 0.8 mm
deep to provide sufficient occlusal clearance
for this noncentric cusp (see Fig. 10-17, A).

2. Remove the tooth structure between the
depth grooves. Concave shaping of the result-
ing mesiobuccal incline may again prove use-
ful because it will permit the occlusocervical
height of the cusp to be maintained. When
completed, this bevel should provide 1.5 mm
of clearance in the intercuspal position as well
as throughout all excursive movements of the
mandible (see Fig. 10-17, B and C).

Axial Reduction.

	

In principle, the steps for ax-
ial reduction follow those for occlusal reduction.

3.

	

Place three alignment grooves in the lingual
wall and transfer the selected path of with-
drawal to the distobuccal transitional line an-
gle area, where a fourth alignment groove
can be placed.

4.

	

Start the reduction in the middle of the lin-
gual surface. The mesial half is prepared like
a three-quarter crown and the distal half like
a complete crown (see Fig. 10-17, D).

5.

	

Carry the facial reduction sufficiently mesial
to include the buccal groove. Although the
occlusal half of the buccal surface of maxil
lary molars is rather flat, some additional re-
duction may be necessary in the occlusal
third. This follows the normal anatomic con-
figuration of the tooth and often resembles a
small version of the centric cusp bevel. If cor-
rectly performed, the reduction will allow for
contouring of the restoration so that when
viewed from the mesial, the distal half of the
restoration is hidden behind the mesiobuccal
cusp. A frequent error is to overtaper the

Fig. 10-18.

	

The seven-eighths crown preparation. Note
that adequate clearance has been established. From this
perspective it is evident why little or no flaring is necessary
for the buccal groove as opposed to the considerable flaring
needed for the mesial groove.

buccal wall segment, with resulting loss of
retention.

Groove Placement, Flaring, and Contrabevel
6. Prepare the mesial groove like the three-

quarter crown (see Fig. 10-17, E and F).
7.

	

Place the buccal groove parallel to the mesial
groove and perpendicular to the buccoaxial
wall. Often it is not necessary to flare the buc
cal groove because the flat configuration of
this area of the tooth precludes any unsup-
ported enamel after the groove is placed. The
buccal groove should resist mesiodistal dis-
placement of a probe.

8.

	

Connect the two grooves with a smooth con-
trabevel that follows the ridge of the mesiobuc-
cal cusp (see Fig. 10-17, G). This bevel should
meet the same criteria as described in the
three-quarter crown preparation. Adequate
clearance must be established interproximally
upon completion (Fig. 10-18). All surfaces are
finished to the same specifications as the pre-
ceding preparations (Fig. 10-19).

Mandibular Premolar Modified Three-quarter
Crown (Fig. 10-20). Mandibular partial veneer
preparations are made more often on premolars
than on molars. They differ from maxillary molar
three-quarter crown preparations in two respects:

Additional retention is required because of the
shorter crown lengths of mandibular teeth.
This can be obtained by extending the prepa-
ration buccally, although because of their
rather prominent position in the dental arch,
these teeth should be modified only distal to
their height of contour (Fig. 10-21).

The axial surface that is not prepared (the buccal)
includes the functional cusp. This means that
additional tooth structure must be removed to
provide sufficient bulk of metal for strength.
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Fig. 10-19.

	

A, Seven-eighths crowns
restoring maxillary molars. B and C, Fixed
partial denture retainers: a seven-eighths
crown as the distal and a three-quarter
crown as the mesial.

Fig. 10-20.

	

The mandibular premolar modified three-quarter crown preparation. A, Depth holes
placed in the mesial and distal fossae approximately 0.8 mm deep. B, The holes are connected by a guid-
ing groove that extends through the central groove and the mesial and distal marginal ridges. Guiding
grooves are also placed in the buccal and lingual triangular ridges, extending through the cuspal ridges
on both sides. C, Half the occlusal reduction is completed. D, Occlusal reduction and mesial half of the
axial reduction are completed. E, Axial reduction is completed. The proximal grooves have been placed.
Note that the distal groove is located close to the buccolingual center of the tooth. This permits retention
of considerable tooth structure in the area of the distobuccal line angle, enhancing the resistance form of
the preparation. F, The mesial groove has been flared and the centric cusp chamfer placed. G, Facial
view. There is considerable width of the chamfer on the centric cusp. Note that the distobuccal cervical
margin angles occlusally as it progresses mesially. This permits a more conservative tooth preparation in
the area of the distobuccal modification that is placed to improve resistance form.
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Fig. 10-21.

	

Modified three-quarter crown restoring a mandibular second premolar. It is serving as
the anterior retainer for a three-unit FPD. Because the distobuccal modification remains in the distal
fourth of the buccal preparation, it is hidden behind the normal height of contour of the buccal tooth
surface. Note the considerable thickness of gold that protects the buccal cusp.

Occlusal Reduction
1.

	

Place 0.8-mm depth grooves on the buccal in-
clines of the lingual cusp and 1.3-mm
grooves on the lingual inclines of the buccal
cusp (see Fig. 10-20, A and B). These guiding
grooves are once again placed to follow the
basic groove and fissure pattern of the oc-
clusal surface. Only one depth cut needs to be
placed to accommodate the functional cusp
bevel on the distal aspect of the distal ridge.

2.

	

Reduce the occlusal surface by removing the
tooth structure between the grooves (see Fig.
10-20, C).

Axial Reduction
3.

	

Place guiding grooves on the lingual surface
to parallel the proposed path of withdrawal
and the long axis of the tooth.

4. Prepare the mesial as already described for
the three-quarter and seven-eighths crown
(see Fig. 10-20, D).

5. Reduce the distal surface as for a complete
crown, extending the preparation to the tran-
sitional line angle and onto the buccal sur
face. However, it should not extend mesially
beyond the middle of the distal half of the
buccal surface, and the chamfer should not
extend too far cervically; otherwise, the dis-
tobuccal line angle will be unnecessarily re-
duced, which would decrease the resistance
form (see Fig. 10-20, E).

Finishing. The modified three-quarter crown
preparation can include two or three grooves.

6. Place the mesial and buccal grooves as
described for the seven-eighths crown (see
Fig. 10-20, F). Another distal groove may be
placed. In general, to gain as much length as

possible, the grooves of the three-quarter
crown should be slightly buccal. Care must
be taken so that the distal groove is slightly
closer to the center of the distal wall (so the
distobuccal line angle will not be under-
mined).

7.

	

Connect the mesial and buccal grooves with
a centric cusp chamfer after the grooves and
mesial flare have been placed and evaluated.
The chamfer must be heavy enough to allow
1.5 mm of clearance in the area of occlusal
contact (see Fig. 10-20, G). A regular or thick
diamond is used to place the chamfer, which
should connect the grooves and provide a
protective "staple" linkage of alloy in the
completed restoration. Insufficient tooth re-
duction where this chamfer meets the mesial
flare is a common error. Finally, all prepared
surfaces are smoothed and the internal line
angles rounded.

ANTERIOR PARTIAL VENEER CROWN PREPARATIONS

As stated, with the advent of metal-ceramic restora-
tions, the use of partial veneers on anterior teeth has
become rare. Nevertheless, two anterior partial ve-
neer crown preparations are worthy of considera-
tion (Figs. 10-22 and 10-23).

Maxillary Canine Three-quarter Crown (Figs.
10-24 and 10-25). The three-quarter crown on a
maxillary canine is probably one of the most de-
manding of all tooth preparations. As with such
preparations on other teeth, on a maxillary canine it
involves the proximal and lingual surfaces and
leaves the facial surface intact. However, the greater
degree of difficulty stems from the different shape of
the canine tooth. Unless the placement of grooves is
determined very precisely in advance, there will be
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Fig. 10-22.

	

A, Deficient anterior guidance resulting from years of parafunctional activity. B, An ante-
rior partial veneer crown has reestablished it, allowing the intact sound labial tooth structure to be re-
tained as a conservative alternative to a metal-ceramic restoration.

Fig. 10-23.

	

A, Caries-free canine and lateral incisor of adequate bulk-excellent candidates for ante-
rior partial veneer crowns. B, The canine restored with a three-quarter crown, serving as the anterior re-
tainer for a three-unit FPD to replace the first premolar. The lateral incisor has been restored with a mod-
ified pinledge that serves as a retainer for an anterior four-unit FPD. Satisfactory esthetics (C) with
minimal display of metal are apparent.

an undesirable display of metal in the interproximal
embrasures (see Fig. 10-25, A and B). The relatively
short proximal walls do not allow much correction
after initial groove placement. Similarly, the greater
degree of curvature in each proximal wall immedi-
ately adjacent to the contact area significantly influ-
ences the location of the preparation's facial margin.

Incisal and Lingual Reduction
1. Remove enough enamel to allow 1 mm of

metal thickness. The design of the incisal
bevel should prevent contact between oppos
ing teeth and the incisal margin. However,
the original configuration of the facial surface
should be preserved without significant



Fig. 10-24.

	

The maxillary canine three-quarter crown preparation. A, A guiding groove is placed on
the lingual surface. B, Half the lingual surface is reduced. Clearance is verified before reduction of the
other half. C, Lingual reduction is completed, with an incisal bevel placed. No significant change has oc-
curred in the incisocervical height. D, After an alignment groove is placed in the center of the cingulum
wall, half the axial reduction is complete. Note that the path of withdrawal parallels the incisal or mid-
dle third of the labial surface. As a result, the lingual chamfer is quite wide, perhaps even resembling a
shoulder. This permits paralleling of the cingulum wall, with the proximal grooves and pinhole provid-
ing additional retention. E, Axial reduction is completed. Any final modification of the path of with-
drawal is done at this time before groove placement. F, Proximal grooves. The visible mesial groove has
been flared, but unsupported enamel remains on both grooves where they meet the incisal bevel.
G, Completed preparation. The lingual pinhole is surrounded by adequate dentin. Note the horizontal
ledge prepared before pinhole placement.

Fig. 10-25.

	

A, Proposed margin location outlined on the tooth with a pencil. B, Careful assessment of
the anticipated outline from as many directions as possible is valuable at this time. C, Preparing the in-
cisal bevel. Typically a lingually tilted bevel is prepared at a 45-degree angle to the long axis of the tooth.
D, The lingual surface is reduced with a wheel- or football-shaped diamond.
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incisal reduction of the tooth. Outlining the
anticipated location of the margin with a pen-
cil can be helpful.

2.

	

Place depth grooves for both the incisal bevel
and the lingual reduction (see Fig. 10-24, A).
The direction of the bevel may vary some
what depending on the configuration of the
tooth. Generally it will make an angle of ap-
proximately 45 degrees with the long axis of
the tooth.

3. After the depth has been verified, perform
the reduction. A football- or wheel-shaped di-
amond is used to reduce the concave lingual
wall (see Figs. 10-24, B, and 10-25, D). The lin-
gual reduction should not extend onto the
cingulum itself, which will be prepared as
part of the axial reduction. (The completed
reduction is shown in Fig. 10-24, C.)

Axial Reduction and Groove Placement.

	

The
path of withdrawal of the restoration must be accu-
rately determined before axial reduction. Mesiodis-
tally it should parallel the long axis of the tooth;
buccolingually it should parallel the middle third or
incisal two thirds of the facial surface. This will per-
mit the preparation of proximal grooves of opti-
mum length in an area of the tooth where sufficient
bulk is present.

4.

	

To enhance the retention and resistance form
of the preparation, place a slightly exagger-
ated chamfer on the lingual aspect of the tooth
(see Fig. 10-24, D) and a guiding groove in the

Fig. 10-26.

	

A, A regular-grit diamond is used to com-
plete the axial reduction. Mesiodistally the diamond is ori-
ented parallel to the long axis of the tooth. B, When com-
pleted, a mesial and distal flange results that will serve as a
guide during preparation of the proximal groove.

middle of the lingual wall. When alignment
has been verified, the axial reduction can be
performed in the same manner as the other
preparations (Fig. 10-26). It is important to un-
derstand the difference between this phase of
the preparation on a canine, with little bulk of
lingual tooth structure as opposed to a premo-
lar or molar. After completion, a proximal
flange should result that will guide the rotary
instrument during groove placement (see Figs.
10-24, E, and 10-26, B). The technical aspects of
the preparation of proximal grooves are like
those described for the other partial veneer
preparations (Figs. 10-27 and 10-28). The pri-
mary difference is the direction in which the
groove is prepared. Because the groove is
placed perpendicular to the proximal wall, its
deepest portion will be slightly labial to the
proximal flange that results when proximoax-
ial reduction is completed. As a result, the
proximal flares will extend slightly farther
onto the facial surface. This is even more ac-
centuated by the curvature of the proximal
wall (Fig. 10-29). Meticulous assessment of the
needed extent of the initial axial reduction is a
prerequisite for successful preparation (see
Fig. 10-24, F, and 10-30). (The required inter-
proximal clearance is illustrated in Fig. 10-31.)

Incisal Offset and Lingual Pinhole.

	

Anterior
partial veneer crowns require a means of reinforce-
ment for preserving the casting's integrity. Posterior
three-quarter crowns usually do not need as much
additional reinforcement because the solid "corru-
gated" occlusal surface provides rigidity. For an an-
terior tooth, an incisal offset or groove is needed to
create a band of thicker metal to provide a "staple"

Axial

	

Groove

	

Flare
reduction

Fig. 10-27.

	

A, Because the groove is prepared perpen-
dicular to the proximal surface of the tooth, its deepest por-
tion will be slightly buccal to where axial reduction was
halted. B, The dotted line indicates the proposed flare. Note
that the curvature of the tooth causes the final margin to be
located a considerable distance buccal to where the initial
axial reduction stopped. C, Completed flares.



Fig. 10-28.

	

A, A tapered carbide is used to place the proximal groove. B, Initial groove preparation is
completed. C, The carbide is moved parallel to itself. D, Mesial and distal grooves must be prepared in
strict alignment.

Fig. 10-29.

	

Differences between the proximal flares on premolars and canines. A designates where
the initial proximal reduction is halted. Because a facial component is present in the direction of groove
placement on the canine, as opposed to the premolar, the starting point (B) for the flare is located farther
to the facial. In conjunction with the greater degree of proximal curvature of canines, it is critical that the
initial axial reduction not be carried too far facially; otherwise, the final margin will extend too far onto
the labial surface of the tooth and result in excessive display of metal.

Fig. 10-30.

	

A, Unsupported enamel remaining after initial groove placement. B, A carbide bur can be
used to flare the grooves. C, The flared groove. Note the irregularity of the margin near the cervical as-
pect of the groove. D, After the flaring. Note that a mesial box, rather than a groove, has been prepared.
This restoration is designed to contain an intracoronal removable partial denture rest; hence, the box.
Nevertheless, there is adequate resistance to lingual displacement. E, A special mandrel is placed in the
box to ensure that it fits within its confines. It is identical in size to the male attachment of the RPD.



Fig. 10-31.

	

Completed three-quarter crown preparation.
Note the location of the facial margin relative to the adja-
cent teeth. Sufficient interproximal clearance has been es-
tablished, but unnecessary display of metal is avoided.

ameter twist drill* (it must be parallel to the
precise path of withdrawal of the restoration);
fourth, the preparation is completed with a ta-
pered carbide bur to a pinhole depth of ap-
proximately 2 mm; finally, a larger, round bur
is used to countersink or bevel the junction
between pinhole and ledge.

The technical aspects of pinhole preparation are
described in the ensuing paragraphs. The com-
pleted preparation (Fig. 10-33) is carefully assessed
for any remaining undercuts. The flares are a com-
mon area for undercuts, and all surfaces should be
smoothed as previously described.

Fig. 10-32.

	

An inverted-cone diamond or carbide can be
used to prepare the incisal offset. Note the faciolingual in-
clination of the rotary instruments.

configuration. This provides additional rigidity and
resistance against bending of the casting.

5. Connect the mesial and distal grooves with
an incisal offset. It should improve the gen-
eral resistance form of the preparation
against lingual displacement and should
have a V configuration. Sufficient dentin
must be preserved facially to the offset to pre-
vent the metal from being visible through the
translucent tooth enamel. This is most effec-
tively accomplished with an offset that is
slightly narrower labiolingually than in-
cisocervically. The offset should follow the
normal configuration of the incisal edge, and
its transition into the proximal flares should
be smooth and continuous. An inverted-cone
diamond or carbide (Fig. 10-32) can be used
to prepare the offset.

6.

	

Place a pinhole in the cingulum area slightly
off center to improve the retention and resis-
tance form of this preparation. The pinhole is
prepared in five stages: first, a small horizon-
tal ledge is made with a large, tapered carbide
bur; second, a slight "dimple" is created with
a round bur at the intended pinhole location;
third, a pilot hole is prepared with a small-di-

PINLEDGE PREPARATIONS

A pinledge (Fig. 10-34) is occasionally used as a sin-
gle restoration, generally to reestablish anterior
guidance, in which case only the lingual surface is
prepared. More commonly, however, it is used as a
retainer for a fixed partial denture (Fig. 10-35) or to
splint periodontally compromised teeth (Fig. 10-36).
In these cases, one or more of the proximal surfaces
are included in the preparation design to accommo-
date the required connector(s). Retention and resis-
tance are provided primarily by pins that extend to
a depth of 2 mm into dentin. Compared to other re-
tainers, the pinledge preparation is very conserva-
tive of tooth structure.

The preparation steps themselves are not diffi-
cult, but advance planning and a thorough under-
standing of the various steps are prerequisites to
success. Diagnostic preparation on an accurate cast
is particularly useful during the planning phase.
Preparation of a number of parallel pinholes with
a common path of withdrawal can be intimidating.
With some practice, however, this can be accom-
plished freehand by most operators, especially
when a tapered bur is used. Paralleling devices are
available for practitioners who do not feel com-
fortable preparing multiple pinholes. Generally,
pinledges are highly esthetic restorations. Plaque
control after treatment is easier because of short
margin length and largely supragingival margin
location.

Indications. The pinledge is indicated for un-
damaged anterior teeth in dentitions with a low
caries experience. The presence of a small proximal
carious lesion, however, does not preclude its use. If
a high esthetic requirement exists, the advantage
of this restoration is that the labial tooth surface

*The twist drills supplied with threaded pin kits for
amalgam retention are suitable.

Chapter 10 The Partial Veneer Crown, Inlay, and Onlay Preparations
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Fig. 10-33.

	

A, Completed three-quarter crown preparation on a maxillary canine. B, The contralateral
canine. C, A three-quarter crown serves as the anterior retainer for a three-unit FPD; its female intracoro-
nal RPD rest is incorporated in the mesial box. D, Note the connector and the open embrasures on the
contralateral side. E to G, Labial views of the cemented FPDs. H, The definitive RPD.

Fig. 10-34.

	

The pinledge preparation on a maxillary central incisor. A, Guiding grooves placed for
lingual reduction. B, The lingual reduction completed and an incisal bevel placed. C, Incisal and cervical
ledges prepared. D, Indentations have been made. Note the spacing of the ledges relative to each other
and to the pulp. All pinholes will be in sound dentin. E, Pinholes prepared to a depth of 2 mm. The junc-
tion between the ledge and the pinholes has been countersunk.
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Fig. 10-35.

	

A, Modified pinledge serving as a retainer for a four-unit FPD. An additional pinhole was
placed in the cingulum and in the cervical aspect of the proximal groove; in the latter instance, this was
done because insufficient tooth structure remained to provide resistance against lingual displacement.
B, The FPD on the master cast. C, A four-unit FPD consisting of a modified pinledge, two metal-ceramic
pontics, and a metal-ceramic crown.

Fig. 10-36.

	

A, Periodontally compromised but caries-free teeth of adequate buccolingual width are
excellent candidates for a pinledge retained fixed splint. B, The master cast. C, Pinledge splint consisting
of six separate castings that were soldered together and seated. D, A minimum display of metal results.
The pinledge preparations permit retention of the intact labial enamel of all six anterior teeth.

remains intact, although this is sometimes offset by
the display of a slight amount of metal along the in-
cisal edge. Pinledges can be prepared on bulbous
teeth that are unsuitable for three-quarter crowns,
which would result in a significant amount of
unsupported enamel interproximally. The lingual
concavity of a maxillary anterior tooth can be modi-
fied successfully with a pinledge restoration (see Fig.
10-22) to establish the desired anterior guidance.

Contraindications.

	

Patients with poor oral hy-
giene or a high caries rate are not good candidates

for this type of restoration. Young patients with large
pulps generally are better served by a resin-retained
FPD (see Chapter 26). Often it is not possible to place
pinholes of adequate size and length in teeth that are
thin labiolingually (Fig. 10-37). Pinledges are con-
traindicated on nonvital teeth and when the align-
ment of the abutment will conflict with the proposed
path of withdrawal of the fixed partial denture. Be-
cause less surface area is involved in the prepara-
tion, pinledges are not as retentive as their less con-
servative counterparts. Therefore they should not be
used when optimum retention is needed.
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Maxillary Central Incisor Pinledge.

	

Three de-
signs of pinledge preparations are discussed here:
the conventional pinledge (see Fig. 10-34), involving
only the lingual surface of the tooth; the pinledge

Fig. 10-37.

	

Where incisors are thin labiolingually and
insufficient dentin remains facial to the casting, appearance
is compromised by a pinledge restoration.

Fig. 10-38.

	

Pinledge preparation with a proximal slice.
The slice provides room for an FPD connector. Sufficient
tooth structure should remain between the slice and the
pinhole adjacent to it. Note that the junction between pin-
hole and ledge has been beveled or countersunk.

with a proximal slice (Fig. 10-38); and the pinledge
with a proximal groove (Fig. 10-39, A). The latter
two can serve equally well as retainers for an FPD;
choosing one over the other depends primarily on
tooth configuration and the presence or absence of
caries. A tooth with a slight proximal convexity can
often be prepared successfully with a proximal slice,
whereas one with a small carious lesion often lends
itself better to the proximal groove variation. The
pinledge preparation with proximal slice is de-
scribed first.

Design
1.

	

Draw the outline of the proposed preparation
onto the tooth (Fig. 10-40). A line is marked
along the height of contour of the incisal edge
and on the proximal wall to include the area
needed for a connector. The lingual chamfer
is placed immediately adjacent to the crest of
the marginal ridge. The cervical extent of the
margin is on the height of contour of the cin-
gulum, but it may be extended farther cervi-
cally at a later stage to blend into the proxi-
mal aspect of the preparation.

Proximal Reduction
2.

	

Prepare the proximal slice with a tapered di-
amond. (Disks may be preferred by some op-
erators.) The diamond is either held parallel
to the path of withdrawal or given a slight
lingual inclination. The primary purpose of
this step is to provide sufficient reduction to
allow adequate metal in the area for a subse-
quent connector. The proximal reduction in-
cludes the proximal contact area, but care

Fig. 10-39.

	

A, Modified pinledge preparation with a proximal groove. The path of withdrawal of this
groove is compatible with the preparation as well as with the pinholes. B, A similar preparation on a
maxillary canine. Note two similarities with the three-quarter crown: the heavy lingual chamfer and the
incisal offset blending into the proximal groove to provide additional bulk for reinforcement.
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must be taken not to extend the reduction too
far facially, because this will alter the outline
form of the tooth. For esthetic reasons, the
reduction must not extend onto the labial
surface.

Incisal and Lingual Reduction
3. Prepare the incisal bevel with the diamond

inclined slightly toward the lingual. It ex-
tends just beyond the previously placed pen
cil line on the crest of the incisal edge, but it
must remain within the curvature of the in-
cisal edge to minimize display of metal. Suf-
ficient clearance provides functional contact
on metal rather than on the junction between
metal and tooth structure. The desired metal
thickness is 1 mm, except in the area close to
the margin.

4.

	

Perform the lingual reduction with a football-
or wheel-shaped diamond after placing re-
duction grooves as has been described in
other anterior preparations. Metal thickness
of 1 mm is required in the intercuspal posi-
tion and throughout excursive movements.
The reduction follows the lingual marginal

ridge and continues its chamfer configura-
tion cervically until it runs into the proximal
reduction. To facilitate subsequent stages of
the preparation, care must be taken to main-
tain as much tooth structure as possible in the
incisal third.

5. Smooth the incisal and lingual reduction
with fine-grit diamonds and stones before
preparing the ledges and pinholes.

Ledges and Indentations.

	

Two ledges are pre-
pared across the reduced lingual surface. They will
provide room for sufficient bulk of metal to ensure
rigidity. The restoration would otherwise not be
very strong because it would consist of only a thin
sheet of metal.

The ledges are prepared parallel to the incisal
edge of the tooth as viewed from the lingual and
parallel to one another as viewed from the incisal. In
selected areas they will be widened to provide in-
dentations of sufficient size to accommodate the
pinholes. The determination of the incisocervical lo-
cation of the ledges depends on the configuration of
the pulp and the available bulk of tooth structure
(Fig. 10-41). Usually the incisal ledge is prepared 2

Fig. 10-40.

	

A, Although periodontally compromised and malpositioned, these six caries-free anterior
teeth are excellent for pinledge preparations. B, Orthodontic repositioning of the teeth. C, Stabilization
after the repositioning. D, Outline of the proposed preparations drawn on the teeth.
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Fig. 10-41.

	

Proximal lingual view of the location of ledges relative to the height of the crown. The in-
cisal ledge is placed so its floor is one fourth of the preparation's height from the incisal edge. The cervi-
cal ledge is placed so its floor bisects the cervical fourth. Note that the path of insertion is parallel to the
incisal two thirds of the labial wall. Adequate offset of the cervical pinhole either mesially or distally is
needed to prevent pulpal exposure.

to 2.5 mm cervical to the incisal edge, or one fourth
of the total height of the preparation from the incisal
edge. The cervical ledge is placed on the crest of the
cingulum at the center of the cervical one fourth of
the preparation.

6.

	

Prepare two ledges with a cylindrical carbide
bur. The recommended minimum width for
the ledge is 0.7 mm. Drawing the proposed
location of the ledges on the lingual surface
of the tooth is helpful. The design of the
ledges must be compatible with the path of
withdrawal of the restoration, which is paral-
lel to the incisal two thirds of the labial sur-
face of the tooth.

7.

	

Make indentations in the left and right sides
of the incisal ledge and slightly off center in
the cervical ledge to prevent subsequent pulp
exposure when the pinholes are placed.
These incisal indentations will be as widely
spaced as possible to retain as much dentin as
possible between the pinholes and the pulp.
Because the completed pinhole must be sur-
rounded by sound dentin, it is not possible to
place holes in the extreme corners because of
the tooth's morphology. However, every ef-
fort should be made to prepare the indenta-
tions so that the pinholes will be surrounded
by dentin and away from the pulp. This is
particularly important for younger patients.
The relationship between recommended pin-
hole locations and the pulp is illustrated in
Fig. 10-42. Generally this means that the in-
dentations are just within the mesial and dis-
tal marginal ridges, about 1.5 mm inside the
external tooth contour (Fig. 10-43). The same
carbide bur can be used to prepare the inden-

tations. When completed, the configuration
of the indentations should resemble a half
cylinder. Again, their orientation is parallel to
the selected path of withdrawal and their
floor should be smooth and continuous with
the floor of the ledges. When combined, they
should provide a flat area 1 to 1.2 mm wide
buccolingually.

Pinhole Preparation
8.

	

Sink pilot channels with either a small, round
bur or a small twist drill. The shallow inden-
tations will prevent skating of the selected
bur. The depth of the completed pinhole
should be at least 2 mm but can be as much
as 3 mm when the placement and orientation
of the pilot channels are satisfactory.

9.

	

Enlarge and deepen the pilot channels with a
tapered carbide bur when their placement
and orientation are satisfactory. At this stage,
any small corrections in orientation can be
made. Less experienced operators may
spend a great deal of time attempting to de-
termine the correct alignment of the bur.
However, it should be remembered that the
design and location of the pinholes have al-
ready been determined by the placement of
the ledges and indentations, so the only re-
maining concern should be verification of
the position of the rotary instrument and at-
tainment of the minimum depth of the pin-
holes. Some operators find it helpful to place
a second bur in a prepared pinhole to help
transfer the path of withdrawal, although
precautions must be taken to prevent its be-
ing swallowed or inhaled. Preparing multiple



F

Fig. 10-42.

	

Relationship between pinhole placement and pulp configuration. A to C, Lingual view.
D to F, Cross section through incisal pinholes. G to I, Cross section through cervical pinholes. Dotted
lines show the mean pulp chamber size of various age groups.
(Data from Ghashi Y. Shikagakuho 68:726,1968.)

A B

Fig. 10-43.

	

A, Proposed location of the ledges marked on the teeth with a pencil. Note the orienta-
tion of the carbide relative to the long axis of the tooth. B, Ledge preparation completed on one side.
Pilot holes for some pinholes have been placed.
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pinholes a little at a time may also be
helpful, moving from one to the next and
gradually deepening each. This will permit
alignment verification as the pinholes are
prepared.

10.

	

Bevel the junction between pinhole and in-
dentation with a round bur slightly larger

than the largest diameter of the pinhole (Fig.
10-44). (The required interproximal clear-
ance is illustrated in Fig. 10-45.)
Inspect all surfaces of the preparation for
smoothness and evaluate the margin. Cor-
rect any area that requires more distinct de-
lineation (Fig. 10-46).

Fig. 10-44.

	

Note the relation among the ledge, the indentation, and the pinhole. Recommended di-
mensions are given in the buccolingual cross section on the right. a, Ledge; b, indentation; c, pinhole;
d, countersink.

Fig. 10-45.

	

Modified pinledge preparation with a proximal groove. Adequate interproximal clear-
ance has resulted from the proximal flare.

A

C

Fig. 10-46.

	

A, Ledges and indentations pre-
pared. B, Pinhole preparation with low-speed
handpiece. C, The completed pinledge prepara-
tions. Utility wax has been placed over the brack-
ets for impression making.

B
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I NLAYS AND ONLAYS

INDICATIONS
An inlay can be used instead of amalgam for pa-
tients with a low caries rate who require a small
Class II restoration in a tooth with ample support-
ing dentin. It is among the least complicated cast
restorations to make and can be very durable when
it is carefully done. An onlay allows the damaged
occlusal surface to be restored with a casting in the
most conservative manner. It should be considered
in the restoration of a severely worn dentition when
the teeth are otherwise minimally damaged or for
the replacement of an MOD amalgam restoration
when sufficient tooth structure remains for reten-
tion and resistance form.

CONTRAINDICATIONS
Since these restorations rely on intracoronal (wedg-
ing) retention, inlays and onlays are contraindi-
cated unless there is sufficient bulk to provide
resistance and retention form. MOD inlays may in-
crease the risk of cusp fracture and are generally
not recommended. Extensive onlays, required
where caries or existing restorations extend beyond
the facial or lingual line angles, are contraindicated
unless pins are used to supplement retention and
resistance.

ADVANTAGES
Cast inlays and onlays can prove to be extremely
long-lived restorations because of the excellent me-
chanical properties of the gold alloy. Low creep and
corrosion mean that if inlay or onlay margins
are accurately cast and finished, they will not dete-
riorate. The lack of corrosion may be an esthetic
advantage. Gold will not lead to the tooth dis-
coloration sometimes associated with dental
amalgam. Unlike an inlay or amalgam, an onlay
can support cusps, reducing the risk of tooth
fracture.

PREPARATION
Armamentarium (Fig. 10-47). Carbide burs are

usually used for inlay or onlay preparations, but di-
amonds can be substituted if preferred:

Tapered carbide burs
Round carbide burs
Cylindrical carbide burs
Finishing stones
Mirror
Explorer and periodontal probe
Chisels
Hatchet
Gingival margin trimmers
Excavators
High- and low-speed handpieces
Articulating film

CLASS II INLAY PREPARATION FIG. 10-48)
Occlusal Analysis
1.

	

Carefully assess the occlusal contact relation-
ship and mark it with articulating film. The
margins of the restoration should not be too
close (<1.0 mm) to a centric contact; other-
wise, there will be damaging stresses at the
gold-enamel junction.

2. Apply rubber dam. Because good visibility
and moisture control are essential during
tooth preparation and caries excavation, the
use of a rubber dam is strongly recommended.

Outline Form
3.

	

Penetrate the central groove just to the depth
of the dentin (typically about 1.8 mm) with a
small, round or tapered carbide bur held in
the path of withdrawal of the inlay. Generally
this will be perpendicular to an imaginary
line connecting the buccal and lingual cusps,
not necessarily perpendicular to the occlusal
plane. For example, on mandibular premo-
lars it will be angled toward the lingual.

DISADVANTAGES
In the restoration of a small carious lesion, an inlay
is not very conservative of tooth structure. This is
because additional tooth removal is necessary after
minimal proximal extension to achieve a cavity
preparation without undercuts and to permit access
for impression making. This extension may lead to
additional display of metal and gingival encroach-
ment, which is undesirable for periodontal health.
Since they do not encircle the tooth, inlays rely on
the bulk of the buccal and lingual cusps for resis-
tance and retention form. There is concern that high
occlusal force will lead to cusp fracture due to
wedging from the inlay. Fig. 10-47.

	

Armamentarium for inlays and onlays.
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G

Fig. 10-48.

	

The MO inlay preparation. A, Depth hole extending just into the dentin. B, An occlusal
outline is prepared following the central groove. C, The outline is extended proximally and then gingi-
vally, undermining the marginal ridge and removing caries. D, Unsupported enamel is removed, and
the walls of the proximal box are defined. This is easily accomplished with hand instruments. E, Proxi-
mogingival bevels can be placed with tapered or flame-shaped carbides and hand instruments. F, An oc-
clusal bevel or chamfer complete the preparation. G, Occlusal view of the completed preparation.

Fig. 10-49.

	

Preparation of a mandibular molar tooth for
an MO inlay. A, Occlusal outline. B, Proximal box initiated.
C, Proximal box extended to remove contact. D, Completed
preparation.
(Courtesy Dr. H. Bowman.)

4.

	

Extend the occlusal outline through the cen-
tral groove with the tapered carbide. The bur
should be held in the same path of with
drawal and kept at the same depth just into

5.

6.

dentin. The buccolingual extension should be
as conservative as possible to preserve the
bulk of the buccal and lingual cusps. Resis-
tance to proximal displacement is achieved
with a small occlusal dovetail or pinhole. The
outline should avoid the occlusal contacts.
Extend the outline proximally, undermining
the marginal ridge, and stop it at the height of
contour of the ridge (Fig. 10-49, A).
Advance the bur cervically to the carious le-
sion and then lingually and buccally, taking
care to hold it in the precise path of with-
drawal. There should be a thin layer of
enamel remaining between the side of the bur
and the adjacent tooth (Fig. 10-49, B). This
will prevent accidental damage. The bur
should move parallel to the original unpre-
pared proximal surface, creating a convex ax-
ial wall in the box. The opposing buccal and
lingual walls contribute significantly to reten-
tion, so great care must be taken not to tilt the
bur during this step. It should be held in the
path of withdrawal throughout. The width of
the gingival floor of the box should be about
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1.0 mm (mesiodistally). Correct cervical, lin-
gual, and buccal extension at this stage is
just beyond the proximal contact area. The
completed inlay will require a minimum of
0.6 mm of proximal clearance to allow an
impression to be made, but some of this will
be achieved with the proximal flares and
gingival bevels. Sharp line angles between
the occlusal outline and proximal box are
rounded at this time (Fig. 10-49, C).

Caries Excavation
7. Identify and remove any caries not elimi-

nated by the proximal box preparation, us-
ing an excavator or a round bur in the
low-speed handpiece.

8.

	

Place a cement base to restore the excavated
tissue in the axial wall and/or pulpal floor.
If necessary, the preparation can be ex
tended buccally or lingually. NOTE: an inlay
is not a suitable restoration for extensive
caries, and carrying it beyond the line an-
gles will lead to a significant loss of reten-
tion and resistance form.

Axiogingival Groove and Bevel Placement
9.

	

Prepare a small, well-defined groove at the
junction of axial and gingival walls at the
base of the proximal box to enhance resis-
tance form and prevent distortion of the
wax pattern during manipulation. It is eas-
ily placed with a gingival margin trimmer
held in contact with the axial wall to prevent
creating an undercut.

10. Place a 45-degree gingival margin bevel
with a thin, tapered carbide or fine-grit
diamond. Correct orientation is achieved by
holding the instrument parallel to the gingi-
val one third of the proximal surface of the
adjacent tooth. The bur should not be tilted
buccally or lingually to the path of with-
drawal; otherwise, an undercut will be cre-
ated at the corners of the box (a commonly
seen fault in inlay preparations).

11.

	

Prepare proximal bevels on the buccal and
lingual walls with the tapered bur oriented
in the path of withdrawal. There should be a
smooth transition between the proximal and
gingival bevels.

12.

	

Place an occlusal bevel to improve marginal
fit and allow finishing of the restoration.
When the cuspal anatomy is steep, a con
ventional straight bevel will create too little
gold near the margin for strength and dura-
bility. A hollow-ground bevel or chamfer is

normally preferred and can be conveniently
placed with a round bur or stone.

13. As a final step, smooth the preparation
where necessary, paying particular attention
to the margin (Fig. 10-49, D).

MOD ONLAY PREPARATION FIG. 10 -
The occlusal outline and proximal boxes of an onlay
preparation are similar to those of an inlay. The ad-
ditional steps are the occlusal reduction and a func-
tional (centric) cusp ledge.

Outline Form
1. Prepare the occlusal outline with a tapered

carbide bur just beyond the enamel-dentin
junction (approximately 1.8 mm deep) and
extend it through the central groove, incorpo-
rating any deep buccal or lingual grooves.
Existing amalgam restorations are removed
as part of this step.

2.

	

Extend the outline both mesially and distally
to the height of contour of the marginal ridge.
As with an inlay, the boxes with an MOD on
lay are prepared by advancing the bur gingi-
vally and then buccally and lingually, always
holding it in the precise path of withdrawal
of the preparation. By ensuring that there is a
thin section of proximal enamel remaining as
the bur advances, damage to the adjacent
tooth will be prevented (Fig. 10-51, A). Cor-
rect gingival, buccal, and lingual extension of
the preparation normally depends on the
contact area with the adjacent tooth. A mini-
mum clearance of 0.6 mm is needed for im-
pression making. Sometimes existing restora-
tions or caries require a box to be extended
beyond optimal. However, if a box requires
extension beyond the transitional line angle,
the preparation will have little resistance
form, and an alternative restoration such as
a complete crown should be considered.
Preparing the boxes is a key step when fabri-
cating an onlay. The tapered bur should be
held precisely in the planned path of with-
drawal throughout. Tilting, often caused by
trying to advance the bur too quickly, is com-
monly done and is difficult to correct.

3.

	

Round sharp line angles between the occlusal
outline and proximal boxes.

Caries Excavation
4.

	

Remove any remaining caries using an excava-
tor or a round bur in the low-speed handpiece.

5.

	

Place a cement base to restore the excavated
tissue. Good judgment is needed to ensure
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Fig. 10-50.

	

The MOD onlay preparation.
A, An occlusal outline is prepared to follow the
central fossa, and the marginal ridges are un-
dermined. B, The proximal boxes are refined.
They should extend just beyond the proximal
contact area. C, Depth grooves are placed for
occlusal reduction-0.8 mm on the noncentric
cusp and 1.3 mm on the centric cusp. D, Note
the lingual functional cusp bevel as part of the
completed occlusal reduction. A lingual shoul-
der is prepared, approximately at the level of
the occlusal isthmus. E, Continuous bevel com-
pletes the preparation. The bevel on the Lingual
shoulder makes a smooth transition into the
proximal bevel of the box. A small contrabevel
is placed on the buccal cavosurface margin.
F, Occlusal view of the completed preparation.

Fig. 10-51.

	

Preparation of a mandibular molar tooth for an MOD onlay. A, Preparation outline.
B, Proximal boxes extended to remove contacts. C, Occlusal reduction grooves. D, Centric cusp ledge
placed for distal half. E and F, Completed preparation.
(Courtesy Dr. H. Bowman.)
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that adequate sound dentin is present on the
axial walls to provide retention and resistance.

Occlusal Reduction
6. Place depth grooves on the centric (func-

tional) cusps. To give additional clearance at
the cusp tip, the bur must be oriented more
horizontally than the intended restoration
cusp. The grooves should be 1.3 mm deep,
allowing 0.2 mm for smoothing.

7. Place 0.8 mm grooves on the noncentric
cusps. On noncentric cusps, the bur is ori-
ented parallel to the cuspal inclines. As with
all depth grooves, it is assumed that the
tooth is in good occlusal relation before
preparation. If it is not, a vacuum-formed
matrix made from the diagnostic waxing
procedure is recommended as a guide.

8.

	

Connect the grooves to form the occlusal re-
duction, maintaining the general contour of
the original anatomy.

9. Prepare a 1.0-mm centric cusp ledge with
the cylindrical carbide bur (Fig. 10-51, D).
This will give the restoration bulk in a
high-stress area, preventing deformation
during function. The ledge should be placed
about 1 mm apical to the opposing centric
contacts. It extends into the proximal boxes

but should not be positioned too far api-
cally; otherwise, the resistance form from
the boxes will be lost.

10. Round any sharp line angles, particularly
at the junction of the ledge and occlusal
surface.

11. Check for adequate occlusal reduction by
having the patient close into soft wax and
measuring with a thickness gauge.

Margin Placement
12.

	

Establish a smooth, continuous bevel on all
margins. The gingival bevel is placed, as for
an inlay, with the thin carbide or diamond
held at 45 degrees to the path of with-
drawal, or approximately parallel to the ad-
jacent tooth contour. This will blend
smoothly with the buccal and lingual
bevels, which have been prepared with the
bur held in the path of withdrawal.

13. Bevel the noncentric and centric cusps.
Where additional bulk at the margin is
needed, a chamfer should be substituted for
the straight bevel. This can be placed with a
round-tipped diamond.

14.

	

Complete the preparation by rechecking the
occlusal clearance in all excursions and as-
sessing for smoothness (Fig. 10-51, E and F).
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All-ceramic inlays, onlays, veneers, and crowns are
some of the most esthetically pleasing prosthodontic
restorations. Because there is no metal to block light
transmission, they can resemble natural tooth struc-
ture better in terms of color and translucency than
any other restorative option. Their chief disadvan-
tage is their susceptibility to fracture, although this
is lessened by use of the resin-bonded technique.

The restorations may be fabricated in several
ways. The technique (first developed over 100 years
ago) originally called for a platinum foil matrix to
be intimately adapted to a die. This supported the
porcelain during firing and prevented distortion.
The foil was removed before cementation of the
restoration.

Today, popular fabrication processes for the
restorations include hot-pressing and slip-casting.
These options are discussed in Chapter 25.

COMPLETE CERAMIC CROWNS

Complete ceramic crowns should have relatively
even thickness circumferentially. For the hot-
pressed ceramic crown (IPS Empress* or Optimalt)
(Fig. 11-1) usually about 1 to 1.5 mm is needed to

*Ivoclar-AG: Schaan, Liechtenstein.
tjeneric/Pentron, Inc: Wallingford, Conn.

create an esthetically pleasing restoration. Incisally,
a greater ceramic thickness may be required.

Only minor differences in tooth preparation de-
sign exist among the restorations fabricated with
the various techniques. Therefore, the hot-pressed
crown preparation is described in detail, and the
necessary variations are discussed when pertinent.

ADVANTAGES
The advantages of a complete ceramic crown in-
clude its superior esthetics, its excellent translu-
cency (similar to that of natural tooth structure),
and its generally good tissue response. Lack of rein-
forcement by a metal substructure permits slightly
more conservative reduction of the facial surface
than is possible with the metal-ceramic crown, al-
though the lingual surface needs additional reduc-
tion for strength. The appearance of the completed
restoration can be influenced and modified by se-
lecting different colors of luting agent. However,
changing cement color under restorations that rely
on an opaque core for strength, such as the slip cast
alumina core system (InCeram*), will be ineffective.

DISADVANTAGES
The disadvantages of a complete ceramic crown in-
clude reduced strength of the restoration because of
the absence of a reinforcing metal substructure. Be-
cause of the need for a shoulder-type margin cir-
cumferentially, significant tooth reduction is neces-
sary on the proximal and lingual aspects. Porcelain
brittleness, when combined with the lack of a rein-
forcing substructure, requires the incorporation of a
circumferential support with a shoulder. Thus, by
comparison, the proximal and lingual reductions
are less conservative than those needed for a
metal-ceramic crown.

Difficulties may be associated with obtaining a
well-fitting margin when certain techniques are
used. The "unforgiving" nature of porcelain, if an

Fig. 11 -1.

	

Recommended reduction for the all-ceramic
crown. *Vita Zahnfabrik: Bad Sackingen, Germany.
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inadequate tooth preparation goes uncorrected, can
result in fracture.

Proper preparation design is critical to ensuring
mechanical success. A 90-degree cavosurface angle
is needed to prevent unfavorable distribution of
stresses and to minimize the risk of fracture (Fig.
11-2). The preparation should provide support for
the porcelain along its entire incisal edge. Thus a se-
verely damaged tooth (Fig. 11-3) should not be re-
stored with a ceramic crown.

All-ceramic restorations are not effective as re-
tainers for a fixed partial denture, although the
strongest of the slip-cast materials (In-Ceram zirco-
nia) and the higher-strength pressed systems (IPS
Empress 2) may be suitable for anterior applications.
The brittle nature of porcelain requires that connec-
tors of large, cross-sectional dimension (a minimum
of 4 x 4 mm is recommended) be incorporated in the
FPD design. Typically this leads to impingement on
the interdental papilla by the connector, with in-
creased potential for periodontal failure.

Fig. 11 -2.

	

A sloping shoulder is not recommended for
the all-ceramic crown. It does not support the porcelain. In-
cisal loading will lead to tensile stresses near the margin.

Fig., 11 -3.

	

Removal of an existing anterior crown. De-
fects in this tooth make it unsuitable for an all-ceramic
crown.

Wear has been observed on the functional sur-
faces of natural teeth that oppose porcelain restora-
tions. This also applies to teeth opposed by
metal-ceramic restorations, especially the mandibu-
lar incisors, which can exhibit significant wear over
time (see Fig 17-1).

I NDICATIONS
The complete ceramic crown is indicated in areas
with a high esthetic requirement where a more con-
servative restoration would be inadequate (Fig.
11-4). Usually such a tooth has proximal and/or fa-
cial caries that can no longer be effectively restored
with composite resin. The tooth should be relatively
intact with sufficient coronal structure to support
the restoration, particularly in the incisal area,
where it is important not to exceed a maximum
porcelain thickness of 2 mm; otherwise, brittle fail-
ure of the material will occur.

Because of the relative weakness of the restora-
tion, the occlusal load should be favorably distrib-
uted (Fig. 11-5). Generally this means that centric
contact must be in an area where the porcelain is

Fig. 11 -4.

	

A, Inadequately fitting all-ceramic crowns
have led to recurrent caries and gingival recession around
these central incisors. The patient, a professional model,
had a high esthetic requirement. B, The gingival defect was
corrected by minor periodontal recontouring, the teeth
were reprepared, and new all-ceramic crowns were
provided.
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Fig. 11-5.

	

The occlusion on an all-ceramic crown is criti-
cal for avoiding fracture. Centric contacts are best confined
to the middle third of the lingual surface. Anterior guid-
ance should be smooth and consistent with contact on the
adjacent teeth. Leaving the restoration out of contact is not
recommended. Future eruption may lead to protrusive in-
terferences, precipitating fracture.

Fig. 11 -6.

	

Unfavorable occlusal loading such as this
edge-to-edge relationship on the lateral incisor is a con-
traindication to the all-ceramic crown, particularly in view
of the parafunctional activity of this patient.

supported by tooth structure (e.g., in the middle
third of the lingual wall).

CONTRAINDICATIONS

The ceramic crown is contraindicated when a more
conservative restoration can be used. Rarely are they
recommended for molar teeth. The increased oc-
clusal load and the reduced esthetic demand make
metal-ceramics the treatment of choice. If occlusal
loading is unfavorable (Fig. 11-6) or if it is not possi-
ble to provide adequate support or an even shoulder
width of at least 1 mm circumferentially, a metal-
ceramic restoration should be considered instead.

Fig. 11-7.

	

Armamentarium for an all-ceramic crown
preparation.

Fig. 11-8.

	

All-ceramic crown preparation. A, Labial
view. B, Lingual view. To prevent stress concentrations in
the ceramic, all internal line angles should be rounded. The
shoulder should be as smooth as possible to facilitate the
technical aspects of fabrication.

PREPARATION

Armamentarium (Fig. 11-7). The instruments
needed for preparing a ceramic crown include the
following:

Narrow, round-tipped, tapered diamonds, reg-
ular and coarse grit (0.8 mm)
Square-tipped, tapered diamond, regular grit
(1.0 mm)
Football-shaped diamond
Finishing stones and carbides
Mirror
Periodontal probe
Explorer
Chisels and hatchets
High- and low-speed handpieces

Step-by-Step Procedure (Fig. 11-8).

	

The prepa-
ration sequence for a ceramic crown is similar to
that for a metal-ceramic crown; the principal differ-
ence is the need for a 1-mm-wide chamfer circum-
ferentially (Fig. 11-9).
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Fig. 11-9.

	

Note the uniform chamfer width of 1 mm on
this all-ceramic crown preparation.

Incisal (Occlusal) Reduction. The completed
reduction of the incisal edge should provide 1.5 to 2
mm of clearance for porcelain in all excursive move-
ments of the mandible. This will permit fabrication of
a cosmetically pleasing restoration with adequate
strength. If the restoration is used for posterior teeth
(rare), 1.5 to 2 mm of clearance is needed on all cusps.

1.

	

Place three depth grooves in the incisal edge,
initially keeping them approximately 1.3 mm
deep to allow for additional loss of tooth
structure during finishing. The grooves are
oriented perpendicular to the long axis of the
opposing tooth to provide adequate support
for the porcelain crown.

2.

	

Complete the incisal reduction, reducing half
the surface at a time, and verify its adequacy
upon completion.

Facial Reduction
3.

	

After placing depth grooves, reduce the facial
or buccal surface and verify that adequate
clearance exists for 1 mm of porcelain thick
ness. One depth groove is placed in the mid-
dle of the facial wall, and one each in the
mesiofacial and distofacial transitional line
angles. The reduction is then performed with
a cervical component parallel to the proposed
path of withdrawal and an incisal component
parallel to the original contour of the tooth.
The depth of these grooves should be ap-
proximately 0.8 mm to allow finishing. The
reduction is performed on half of the facial
surface at a time.

4.

	

Do the bulk reduction with the round-tipped
tapered diamond (which will result in a
heavy chamfer margin). Be sure to maintain
copious irrigation throughout.

Lingual Reduction
5.

	

Use the football-shaped diamond for lingual
reduction after placing depth grooves ap-
proximately 0.8 mm deep. The lingual reduc
tion is done like the other anterior tooth
preparations (see Chapters 9 and 10) until a
clearance of 1 mm in all mandibular excur-

sive movements has been obtained. Ade-
quate space must exist for the porcelain in all
load-bearing areas.

6. After the selected path of withdrawal has
been transferred from the cervical wall of the
facial preparation, place a depth groove in
the middle of the cingulum wall.

7. Repeat the shoulder preparation, this time
from the center of the cingulum wall into the
proximal, until the lingual shoulder meets
the facial shoulder. This margin should fol-
low the free gingival crest and should not ex-
tend too far subgingivally.

Chamfer Preparation. For subgingival mar-
gins, displace the tissue with cord before proceed-
ing with the chamfer preparation. The ultimate ob-
jective is to direct stresses optimally in the
completed porcelain restoration. This is accom-
plished when the chamfer or rounded shoulder
margin completely supports the crown; then any
forces exerted on the crown will be in a direction
parallel to its path of withdrawal. A sloping shoul-
der will result in unfavorable loading of the porce-
lain, with a greater likelihood of tensile failure. A
90-degree cavosurface angle is optimal. Care must
be taken, however, that no residual unsupported
enamel is overlooked, because it might chip off.

The completed chamfer should be 1 mm wide,
smooth, continuous, and free of any irregularities.

Finishing
8. Finish the prepared surfaces to a final

smoothness as described for the other tooth
preparations. Be sure to round any remaining
sharp line angles to prevent a wedging ac-
tion, which can cause fracture.

9.

	

Perform any additional margin refinement as
needed, using either the diamond or a car-
bide rotary instrument of choice.

CERAMIC INLAYS AND ONLAYS

For patients demanding esthetic restorations, ce-
ramic inlays and onlays provide a durable alternative
to posterior composite resins. The procedure consists
of bonding the ceramic restoration to the prepared
tooth with an acid-etch technique. The bonding
mechanism relies on acid etching of the enamel and
the use of composite resin, as seen in the resin-
retained FPD technique (see Chapter 26). Bonding to
porcelain is achieved by etching with hydrofluoric
acid and the use of a silane coupling agent (materials
are identical to those marketed as porcelain repair
kits). A similar restoration uses indirectly fabricated
composite resin instead of the ceramic inlays.
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I NDICATIONS

A ceramic inlay can be used instead of amalgam or
a gold inlay for patients with a low caries rate re-
quiring a Class II restoration and wishing to restore
the tooth to its original appearance. It is the most
conservative ceramic restoration and enables most
of the remaining enamel to be preserved.

CONTRAINDICATIONS

Because these restorations are time consuming and
expensive, they are contraindicated in patients with
poor oral hygiene or active caries. Because of their
brittle nature, ceramics may be contraindicated in
patients with excessive occlusal loading, such as
bruxers.

ADVANTAGES

Ceramic inlays and onlays can be extremely esthetic
restorations. The restoration wear associated with
posterior composite restorations is not a problem
with the ceramics. Marginal leakage associated with
polymerization shrinkage and high thermal coeffi-
cient of expansion of the resin is reduced, because
the luting layer is very thin.

DISADVANTAGES

Accurate occlusion can be difficult to achieve with
ceramic inlays and onlays. Because they are fragile,
intraoral occlusal adjustment is impractical before
they are bonded to place. Therefore, any areas of ad-
justment need careful finishing and polishing,

which is a time-consuming procedure. Rough
porcelain is extremely abrasive of the opposing
enamel. Castable glass-ceramics (see Chapter 25)
are less abrasive than the traditional feldspathic
porcelain. Wear of the composite resin-luting agent
can be a problem, leading to marginal gaps. These
will eventually allow chipping or recurrent caries.
Accuracy is important with these restorations, be-
cause accurately fitting restorations (marginal gaps
less than 100 u m) have been shown to reduce this
problem significantly. Finishing of the margins can
be difficult in the less accessible interproximal areas.
Resin flash or overhangs are difficult to detect and
can initiate periodontal disease.

Bonded ceramic inlays are a relatively new con-
cept, and long-term clinical performance is hard to
judge. The patient should always be made aware
that unforeseen problems may surface over time
when a newer procedure is used.

PREPARATION (FIG 1 1 -10)

Armamentarium (Fig 11-11). As for metal in-
lays, carbide burs are used in the preparation, but
diamonds may be substituted:

• Tapered carbide burs
• Round carbide burs
• Cylindrical carbide burs
• Finishing stones
• Mirror
• Explorer and periodontal probe
• Chisels

Fig. 11 -10.

	

Maxillary first molar preparation for an MOD ceramic inlay. A, Defective restoration.
B, The restoration and caries removed. C, Unsupported enamel removed and glass ionomer base placed.
D, The completed ceramic restoration.
(Courtesy Dr. R. Seghi.)



• Gingival margin trimmers

	

3.

	

Round all internal line angles. Sharp angles
• Excavators

	

lead to stress concentrations and increase the
• High- and low-speed handpieces

	

likelihood of voids during the luting procedure.
• Articulating film

Step-by-Step Procedure.

	

Rubber dam isolation
is recommended for visibility and moisture control.
Before applying the dam, mark and assess the oc-
clusal contact relationship with articulating film. To
avoid chipping or wear of the luting resin, the mar-
gins of the restoration should not be at a centric
contact.

Outline Form
1.

	

Prepare the outline form. This will generally
be governed by the existing restorations and
caries and is broadly similar to that for con
ventional metal inlays and onlays (see Chap-
ter 10). Because of the resin bonding, axial
wall undercuts can sometimes be blocked out
with resin-modified glass ionomer cement,
preserving additional enamel for adhesion.
However, undermined or weakened enamel
should always be removed. The central
groove reduction (typically about 1.8 mm)
follows the anatomy of the unprepared tooth
rather than a monoplane. This will provide
additional bulk for the ceramic. The outline
should avoid occlusal contacts. Areas to be
onlayed need 1.5 mm of clearance in all ex-
cursions to prevent ceramic fracture.

2. Extend the box to allow a minimum of 0.6
mm of proximal clearance for impression
making. The margin should be kept supra
gingival, which will make isolation during
the critical luting procedure easier and will
improve access for finishing. If necessary,
electrosurgery or crown lengthening (p. 150)
can be done. The width of the gingival floor
of the box should be approximately 1.0 mm.

Fig. 11 -11 .

	

Armamentarium for the porcelain laminate
veneer preparation.

PORCELAIN LAMINATE VENEERS

Caries Excavation
4. Remove any caries not included in the out-

line form preparation with an excavator or a
round bur in the low-speed handpiece.

5.

	

Place a resin-modified glass ionomer cement
base to restore the excavated tissue in the gin-
gival wall.

Margin Design
6.

	

Use a 90-degree butt joint for ceramic inlay
margins. Bevels are contraindicated because
bulk is needed to prevent fracture. A distinct
heavy chamfer is recommended for ceramic
onlay margins.

Finishing
7.

	

Refine the margins with finishing burs and
hand instruments, trimming back any glass
ionomer base. Smooth, distinct margins are
essential to an accurately fitting ceramic
restoration.

Occlusal Clearance (for Onlays)
8.

	

Check this after the rubber dam is removed.
A 1.5-mm clearance is needed to prevent frac-
ture in all excursions. This can be easily eval
uated by measuring the thickness of the resin
provisional restoration with a dial caliper.

Laminate veneering (Fig. 11-12) is a conservative
method of restoring the appearance of discolored,

Fig. 11 -12.

	

Esthetic facial veneers. A, Discolored maxil-
lary central incisors. B, Prepared for porcelain veneers.
C, The laminates etched before bonding. D, Restorations in
place.
(Courtesy Dr. C. Zmick.)
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pitted, or fractured anterior teeth. It consists of
bonding thin ceramic laminates onto the labial sur-
faces of affected teeth. The bonding procedure is the
same as that for ceramic inlays.

ADVANTAGES AND INDICATIONS

The main advantage of facial veneers is that they are
conservative of tooth structure. Typically only about
0.5 mm of facial reduction is needed. Since this is
confined to the enamel layer, local anesthesia is not
usually required. The main disadvantage of the pro-
cedure relates to difficulty in obtaining restorations
that are not excessively contoured. This is almost in-
evitable in the gingival area if enamel is left for
bonding. Currently, little has been reported about
the effect of the restorations on long-term gingival
health and whether or how often they will need re-
placement over a patient's lifetime.

Esthetic veneers should always be considered as
a conservative alternative to cemented crowns. In
many practices they have largely replaced metal-
ceramic crowns for the treatment of multiple discol-
ored but otherwise sound teeth.

PREPARATION

Armamentarium. The instruments needed for
preparing a porcelain laminate veneer include the
following:

1-mm round bur or 0.5-mm depth cutter
Narrow, round-tipped, tapered diamonds, reg-
ular and coarse grit (0.8 mm)
Finishing strip
Finishing stones
Mirror
Periodontal probe
Explorer

Step-by-Step Procedure (Fig. 11-13).

	

The gingi-
val third and proximal line angles are often over-
contoured with these restorations. Therefore, maxi-
mum reduction should be achieved with minimum
penetration into the dentin.

1. Make a series of depth holes with a round
bur to help avoid penetrating abnormally
thin enamel. The required amount of reduc
tion will depend somewhat on the extent of
discoloration. A minimum of 0.5 mm is usu-

C,D

Fig. 11 -13.

	

Porcelain facial veneer preparation. A, The proximal contact areas and incisal edge are
preserved, and the preparation is limited to enamel. Normally a reduction depth of about 0.5 mm is rec-
ommended, but making a series of depth holes with a round bur will guard against penetrating thin
enamel. B, Tetracycline-stained teeth. Composite resin veneers were placed earlier but failed to mask the
discoloration satisfactorily. Six maxillary porcelain labial veneers will be provided. C and D, Completed
tooth preparations. E, Provisionals made directly with composite resin, which are retained by etching
small areas of enamel (see Chapter 15).

E



Chapter 11 Tooth Preparation for All-Ceramic Restorations

2.

3.

ally adequate. The reduction should follow
the anatomic contours of the tooth.
Place the "long chamfer" margin (Fig. 11-14).
This design has an obtuse cavosurface angle,
which exposes the enamel prism ends at the
margin for better etching. The margin should
closely follow the gingival crest so that all
discolored enamel will be veneered without
undue encroachment on the gingival sulcus.
Wherever possible, place the preparation
margin labial to the proximal contact area to
preserve it in enamel. However, slight clear-
ance for separating the working cast and for
accessing the proximal margins for finishing
and polishing is essential. A diamond finish-
ing strip helps create the necessary clearance.
Sometimes the proximal margins are ex-
tended lingually to include existing restora-
tions. This can necessitate considerable tooth

4.

5.

reduction to avoid creating an undercut.
Some authorities advocate placing the ce-
ramic margin on composite rather than ex-
tending the preparation to enamel, but this
is not recommended. Extensive existing
restorations are a contraindication for porce-
lain laminate veneers.
If possible, do not reduce the incisal edge
(Fig. 11-15); this helps support the porcelain
and makes chipping less likely. If the incisal
edge length is to be increased, the prepara-
tion should extend to the lingual. Care is
needed to avoid undercuts with this modifi-
cation. Visualizing the path of insertion of the
restoration is important, because an undercut
will prevent placement of the veneer.
To prevent areas of stress concentration in the
porcelain, be sure that all prepared surfaces
are rounded (see Fig. 11-13, C, D).

Fig. 11 -14.

	

The recommended margin ("long chamfer")
for facial veneers has an obtuse cavosurface angle so the
ends of the enamel prisms will be exposed for differential
etching.

Fig. 11 -15.

	

The preferred design for porcelain laminate
veneers maintains part of the incisal edge in enamel. If the
edge is to be lengthened, a modified preparation with lin-
gual extension will be needed (dotted line).
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An endodontically treated tooth should have a
good prognosis. It can resume full function and
serve satisfactorily as an abutment for a fixed or re-
movable partial denture. However, special tech-
niques are needed to restore such a tooth. Usually a
considerable amount of tooth structure has been
lost because of caries, endodontic treatment, and the
placement of previous restorations. The loss of
tooth structure makes retention of subsequent
restorations more problematic and increases the
likelihood of fracture during functional loading.

Two factors influence the choice of technique: the
type of tooth (whether it is an incisor, canine, premo-
lar, or molar) and the amount of remaining coronal
tooth structure. The latter is probably the most im-
portant indicator when determining the prognosis.

Different clinical techniques have been proposed
to solve these problems, and opinions vary about
the most appropriate one. Recent experimental data
have improved our understanding of the difficulties
inherent in restoring an endodontically treated
tooth. This chapter offers a rational and practical ap-
proach to the challenge.

TREATMENT PLANNING

Extensive caries or periodontal disease may make
removal of a tooth more sensible than endodonti-
cally treating it, although a severely damaged tooth
occasionally can be restored after orthodontic repo-
sitioning or root resection (Fig. 12-1). This should be
done if its loss will significantly jeopardize the pa-

tient's occlusal function or the total treatment plan,
particularly if dental implants are not an option.
When the decision is made to treat the tooth en-
dodontically, consideration must have been given to
its subsequent restoration. Before restoration, exist-
ing endodontically treated teeth need to be assessed
carefully for the following':

Good apical seal
No sensitivity to pressure
No exudate
No fistula
No apical sensitivity
No active inflammation

Inadequate root fillings should be retreated. If
doubt remains, the tooth should be observed until
there is definite evidence of success or failure.

If the coronal structures are largely intact and
loading is favorable as on anterior teeth that are far-
ther removed from the fulcrum, a simple filling can
be placed in the access cavity (Fig. 12-2, A). However,
if a substantial amount of coronal structure is miss-
ing, a cast post-and-core is indicated instead (Fig.
12-2, B). Molars are often restored with amalgam or a
combination of one or more cemented posts and
amalgam or composite resin (Fig. 12-2, C and D).

Although one-piece post-crowns were once
made, such prostheses are of historical interest only.
Superior results can now be obtained with a two-
step technique (Fig. 12-3) consisting of a post-and-
core foundation and a separate crown. Most often a
metal post is used, which provides the necessary re-
tention for the core. This replaces any lost coronal
tooth structure of the tooth preparation. The shape
of the residual coronal tooth structure, combined
with the core, should result in an ideal shape for the
preparation (Fig. 12-4).

Prefabricated metal, carbon fiber, ceramic, and
glass fiber posts are available. These last two op-
tions provide esthetic alternatives to metal posts. 2 -3
They are used in conjunction with a plastic material
such as composite resin, amalgam, or glass ionomer.

With the two-step approach of fabricating a sepa-
rate crown over a cast post-and-core, achieving a
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Fig. 12-1.

	

A to C, A severely damaged tooth can sometimes be retained after orthodontic extrusion
(see Chapter 6). D and E, Plaque control around periodontally compromised teeth may be improved af-
ter hemisectioning (see Chapter 5).
(D and E courtesy Dr. H. Kahn.)

Fig. 12-2.

	

A, An anterior tooth with intact clinical crown can be predictably restored with a compos-
ite restoration in the access cavity. B, When most coronal tissue is missing, a cast post-and-core is indi-
cated to obtain optimal tooth preparation form. C, In mandibular molars an amalgam foundation is sup-
ported by a cemented prefabricated post in the distal canal. D, In maxillary molars the palatal canal is
most often used.

satisfactory marginal fit is easier because the expan-
sion rate of the two castings can be controlled indi-
vidually. A cast post-and-core needs to be slightly
smaller than the canal to achieve optimal internal

seating, whereas the crown needs to be slightly
larger to achieve optimal seating (see Chapter 7).
The two-step approach further permits fabrication
of a replacement crown, if necessary, without the
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Fig. 12-3.

	

A, The first molar and second premolar have
been restored with post-and-cores. Note the margins, opti-
mally located on sound tooth structure, cervical to the cast-
ings. B, Extracoronal restorations in place.

Fig. 12-4.

	

The second premolar has been restored with a
cast post-and-core, before a metal-ceramic crown.
(Courtesy Dr. R. Webber.)

need for post removal. Finally, a different path of
placement than the one selected for the post-and-
core may be selected for the crown. This is often
helpful when the tooth is restored to serve as an
abutment for a fixed partial denture (FPD).

CLINICAL FAILURE

Morphologic and functional differences between an-
terior teeth and posterior teeth require that they be
treated differently after endodontic therapy, mainly
because different loading considerations apply.

One retrospective analysis' involving 638 patients
evaluated 788 post-and-cores: 456 custom cast post-
and-cores and 332 foundations with ParaPosts. Four
to five years after cementation, reported failure rates
in males were significantly higher than in females,
and failure rates above age 60 were three times as
high as failure rates for younger patients. Maxillary
failure rates (15%) were three times as high as
mandibular failure rates (5%), and more prevalent in
lateral incisors, canines, and premolars than central

incisors and molars. Failure rate under fixed partial
dentures was significantly lower than under single
crowns. The latter may be due to load reduction re-
sulting from bracing by the FPD. No correlation was
apparent between failure and reduced marginal
height of the encasing bone. Custom cast post-
and-cores exhibited slightly higher failure rates
than amalgam foundations. This observation was
also made by Sorensen and Martinoff. However,
Torbjorner et a14 suggest that custom cast post-and-
cores tend to be used more often in teeth that already
have considerably weakened root structure. Thus,
regardless of the technique selected for subsequent
restoration, the teeth themselves are already more
prone to failure. Distal cantilevers appear to con-
tribute to post-and-core failure in endodontically
treated abutment teeth that support the cantilever.

Most of the failures just discussed are influenced
by load. In general, as loading increases, failure rates
appear to increase concomitantly. Failure loads have
been shown to increase as the load angle approaches
parallelism to the long axes of the teeth . 6 This sug-
gests that failure will occur more readily under
lateral loading. When planning the restoration of en-
dodontically treated teeth, the practitioner's progno-
sis must consider the strength of the remaining tooth
structure weighed carefully against the load to
which the restored tooth will be subjected.

CONSIDERATIONS FOR ANTERIOR TEETH

Endodontically treated anterior teeth do not always
need complete coverage by placing a complete
crown, except when plastic restorative materials
have limited prognosis (e.g., if the tooth has large
proximal composite restorations and unsupported
tooth structure). Many otherwise intact teeth
function satisfactorily with a composite resin
restoration.

Although commonly believed, it has not been
demonstrated experimentally that endodontically
treated teeth are weaker or more brittle than vital
teeth. Their moisture content, however, may be re-
duced.' Laboratory testing' has actually revealed a
similar resistance to fracture between untreated and
endodontically treated anterior teeth. Nevertheless,
clinical fracture does occur, and attempts have been
made to strengthen the tooth by removing part of
the root canal filling and replacing it with a metal
post. In reality, placement of a post requires the re-
moval of additional tooth structure (Box 12-1),
which is likely to weaken the tooth.

Cementing a post in an endodontically treated
tooth is a fairly common clinical procedure despite
the paucity of data to support its success. In fact, a
laboratory study and two stress analyses"', " have



Fig. 12-5.

	

Experimental stress distributions in an en-
dodontically treated tooth with a cemented post. When the
tooth is loaded, the lingual surface is in tension, and the fa-
cial surface is in compression. The centrally located ce-
mented post lies in the neutral axis (i.e., not in tension or
compression).
(Redrawn from Guzy GE, Nicholls JI: J Prosthet Dent 42:39,
1979.)

determined that no significant reinforcement re-
sults. This might be explained by the hypothesis
that, when the tooth is loaded, stresses are greatest
at the facial and lingual surfaces of the root and an
internal post, being only minimally stressed, does
not help prevent fracture (Fig. 12-5). Other studies,
however, contradict this assumption . 8,12 Cemented
posts may further limit or complicate endodontic
retreatment options if these are necessary. In addi-
tion, if coronal destruction occurs, post removal
may be necessary to provide adequate support for a
future core.

For these reasons, a metal post is not recom-
mended in anterior teeth that do not require com-
plete coverage restorations. This view is supported
by a retrospective study that did not show any im-
provement in prognosis for endodontically treated

Chapter 12 Restoration of the Endodontically Treated Tooth

Fig. 12-6.

	

Cross section through a central incisor. The
dotted line indicates the original tooth contour before
preparation for a metal-ceramic restoration. Even with min-
imum reduction for the extracoronal restoration, note the
weakened facial wall, which would not be able to support a
prosthesis successfully. The sharp lingual wall complicates
pattern fabrication.

anterior teeth restored with a post. In another study,
post placement did not influence the position or an-
gle of radicular fracture."

Discoloration in the absence of significant tooth
loss may be more effectively treated by bleaching'-'
than by the placement of a complete crown, al-
though not all stained teeth can be bleached suc-
cessfully. Resorption can be an unfortunate side ef-
fect of nonvital bleaching. '6 However, when loss of
coronal tooth structure is extensive or the tooth will
be serving as an FPD or RPD abutment, a complete
crown becomes mandatory. Retention and support
then must be derived from within the canal because
a limited amount of coronal dentin remains once the
reduction for complete coverage has been com-
pleted. Coupled with the loss of internal tooth struc-
ture necessary for endodontic treatment, the re-
maining walls become thin and fragile (Fig. 12-6),
often requiring their reduction in height.

CONSIDERATIONS FOR POSTERIOR TEETH

Endodontically treated posterior teeth are subject to
greater loading than anterior teeth because of their
closer proximity to the transverse horizontal axis.
This, combined with their morphologic characteris-
tics (having cusps that can be wedged apart), makes
them more susceptible to fracture. Careful occlusal
adjustment will reduce potentially damaging lateral
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Fig. 12-7.

	

A, Mandibular premolar and hemisected mo-
lar restored with cast post-and-cores. B, Waxed three-unit
FPD. C, The FPD cemented in place.
(Courtesy Dr. F Hsu.)

forces during excursive movements. Nevertheless,
endodontically treated posterior tooth should re-
ceive cuspal coverage to prevent biting forces from
causing fracture. Possible exceptions are mandibu-
lar premolars and first molars with intact marginal
ridges and conservative access cavities not sub-
jected to excessive occlusal forces (i.e., posterior dis-
clusion in conjunction with normal muscle activity).

Complete coverage is recommended on teeth
with a high risk of fracture. This is especially true
for maxillary premolars, because complete coverage
gives the best protection against fracture, since the
tooth is completely encircled by the restoration.
However, considerable tooth reduction is required,
particularly when a metal-ceramic restoration is to
be used. When significant coronal tooth loss has oc-
curred, a cast post-and-core (Fig. 12-7) or an amal-
gam foundation restoration is needed.

PRINCIPLES OF TOOTH
PREPARATION

Many of the principles of tooth preparation dis-
cussed in Chapter 7 apply equally to the prepara-
tion of endodontically treated teeth, although cer-
tain additional concepts must be understood to
avoid failure.

CONSERVATION OF TOOTH STRUCTURE

Preparation of the Canal (Fig. 12-8).

	

When cre-
ating post space, great care must be used to remove
only minimal tooth structure from the canal. Exces-
sive enlargement can perforate or weaken the root,
which then may split during cementation of the post
or subsequent function. The thickness of the remain-
ing dentin is the prime variable in fracture resistance
of the root. Experimental impact testing of teeth with
cemented posts of different diameters' showed that
teeth with a thicker (1.8 mm) post fractured more
easily than those with a thinner (1.3 mm) one.

Photoelastic stress analysis also has shown that
internal stresses are reduced with thinner posts.
Conversely, the root can be compared to a ring. The
strength of a ring is proportional to the difference
between the fourth powers of its internal and exter-
nal radii. This implies that the strength of a pre-
pared root comes from its periphery, not from its in-
terior, so a post of reasonable size should not
weaken the root significantly." Nevertheless, it is
difficult to enlarge a root canal uniformly and to
judge with accuracy how much tooth structure has
been removed and how thick the remaining dentin
is. Most roots are narrower mesiodistally than faci-
olingually and often have proximal concavities that
cannot be seen on a standard periapical radiograph.
Experimentally, most root fractures originate from
these concavities because the remaining dentin
thickness is minimal. Therefore the root canal
should be enlarged only enough to enable the post
to fit accurately yet passively while ensuring
strength and retention. Along the length of the post
space, enlargement seldom needs to exceed what
would have been accomplished with one or two ad-
ditional file sizes beyond the largest size used for
endodontic treatment. Because of the more coronal
position of the post space, a much larger file must be
used to accomplish this (Fig. 12-9).

Preparation of Coronal Tissue.

	

Endodontically
treated teeth often have lost much coronal tooth
structure as a result of caries, of previously placed
restorations, or in preparation of the endodontic ac-
cess cavity. However, if a cast core is to be used, fur-
ther reduction is needed to accommodate a com-
plete crown and to remove undercuts from the
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Fig. 12-10.

	

A, It is preferable to maintain as much coro-
nal tooth structure as possible, provided it is sound and of
reasonable strength. B, Extensive caries has resulted in the
loss of all coronal tooth structure. This is less desirable than
the situation in A, because greater forces are transmitted to
the root.

Fig. 12-8.

	

Faciolingual cross section through a maxillary
central incisor prepared for a post-and-core. Six features of
successful design are identified: 1, Adequate apical seal;
2, minimum canal enlargement (no undercuts remaining);
3, adequate post length; 4, positive horizontal stop (to mini-
mize wedging); 5, vertical wall to prevent rotation (similar
to a box); 6, extension of the final restoration margin onto
sound tooth structure.

Fig. 12-9.

	

Use of a prefabricated post entails enlarging
the canal one or two file sizes to obtain a good fit at a pre-
determined depth. A, Incorrect; the prefabricated post is
too narrow. B, Incorrect; the prefabricated post does not ex-
tend to the apical seal. C, Correct; the prefabricated post is
fitted by enlarging the canal slightly.

chamber and internal walls. This may leave very lit-
tle coronal dentin. Every effort should be made to
save as much of the coronal tooth structure as pos-
sible, because this helps reduce stress concentra-
tions at the gingival margin." The amount of re-
maining tooth structure is probably the single most
important predictor of clinical success. If more than
2 mm of coronal tooth structure remains, the post
design probably has a limited role in the fracture re-

Fig. 12-11.

	

Extending a preparation apically creates a
ferrule and helps prevents fracture of an endodontically
treated tooth during function. A, Prepared with a ferrule
(arrows). B, Prepared without a ferrule.

sistance of the restored tooth . The once common
clinical practice of routine coronal reduction to the
gingival level before post-and-core fabrication is
outmoded and should be avoided (Fig. 12-10). Ex-
tension of the axial wall of the crown apical to the
missing tooth structure provides what is known as
a ferrule (Fig. 12-11) and is thought to help bind the
remaining tooth structure together, preventing root
fracture during function .22-24 Although there is evi-
dence that preserving as much coronal tooth struc-
ture as possible will enhance prognosis, it is less
clear whether the prognosis will improve by creat-
ing a ferrule in an extensively damaged tooth by
surgical crown-lengthening. In this latter circum-
stance, although the crown-lengthening allows a
ferrule, it also leads to a much less favorable crown-
to-root ratio and therefore increased leverage on the
root during function (Fig. 12-12). One recent labora-
tory study showed that creating a ferrule through
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Fig. 12-12.

	

Effect of apical preparation on crown-to-root ratio. A, Schematic of extensively damaged
premolar tooth. Apical extension of the gingival margin would encroach on the biologic width (p. • • e),
This preparation has no ferrule. B, Creating a ferrule with orthodontic extrusion (see Fig. 6-21) reduces
root length (R) while crown length (C) remains unchanged. C, Surgical crown lengthening also reduces
root length (R) but increases crown length (C). This results in a much less favorable crown-to-root ratio,
which may not in fact strengthen the restoration.
(Courtesy Dr. A.G. Gegauff. From Gegauff AG:J Dent Res 78:223,1999 [abstract].)

Fig. 12-13.

	

Comparison of forces needed to remove dif-
ferent prefabricated post systems.
(Redrawn from Standlee JP, Caputo AA: J Prosthet Dent
68:436,1992.)

Fig. 12-14.

	

The use of a parallel-sided post in a tapered
canal requires considerable enlargement of the post space,
which can weaken the root significantly.
(Courtesy Dr. R. Webber.)

crown lengthening resulted in a weaker, rather than
a stronger, restored tooth.'-' Creating a ferrule with
orthodontic extrusion may be preferred as, al-
though the root is effectively shortened, the crown
is not lengthened (see Fig. 12-12, B).

RETENTION FORM

Anterior Teeth.

	

Dislodgment of a post-retained
anterior crown is frequently seen clinically and
results from inadequate retention form of the pre-
pared root. Post retention is affected by the prepara-
tion geometry, post length, diameter, surface tex-
ture, and by the luting agent.

Preparation Geometry.

	

Some canals, particu-
larly in maxillary central incisors, have a nearly cir-
cular cross section (see Table 12-3). These can be pre-
pared with a twist drill or reamer to provide a
cavity with parallel walls or minimal taper, allow-
ing the use of a preformed post of corresponding
size and configuration. Conversely, canals with el-
liptical cross sections must be prepared with a re-
stricted amount of taper (usually 6 to 8 degrees) to
ensure adequate retention while eliminating unde-
sired undercuts. This is analogous to an extracoro-
nal preparation (see Chapter 7). With extracoronal
preparations, retention increases rapidly as vertical
wall taper is reduced (see Chapter 7). Although re-
tention can be further increased by using a threaded
post, which screws into dentin, this procedure is not
recommended because of residual stress in the
dentin. If the procedure is used, however, threaded
posts must be "backed off" to ensure passivity; oth-
erwise, the root will fracture.

Laboratory testing has confirmed that parallel-
sided posts are more retentive than tapered posts
and that threaded posts are the most retentive (Fig.
12-13). However, these comparisons are relevant

http://Dr.A.G.Gegauff.From
http://Dr.A.G.Gegauff.From
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Fig. 12-15.

	

Effect of the depth of embedding a post on its retentive capacity.
(Data from Standlee JP et al: J Prosthet Dent 39:401, 1978.)

Fig. 12-16.

	

Faciolingual longitudinal sections through a maxillary central incisor. A, With a post of
the correct length, a force (F) applied near the incisal edge of the crown will generate a resultant couple
(R). B, When the post is too short, this couple will be greater (R'), leading to the increased possibility of
root fracture.

only if the post fits the root canal properly, because
retention is proportional to the total surface area.

Circular parallel post systems are only effective
in the most apical portion of the post space because
the majority of prepared post spaces demonstrate
considerable flare in the occlusal half. Similarly,
when the root canal is elliptical, a parallel-sided
post will not be effective unless the canal is consid-
erably enlarged, which would significantly weaken
the root unnecessarily (Fig. 12-14).

Post Length. Studies have shown that as
post length increases, so does retention. However,
the relationship is not necessarily linear (Fig. 12-15).
A post that is too short will fail (Fig. 12-16), whereas
one that is too long may damage the seal of the root

canal fill or risk root perforation if the apical third is
curved or tapered (Fig. 12-17). Absolute guidelines
for optimal post length are difficult to define. Ideally,
the post should be as long as possible without jeop-
ardizing the apical seal or the strength or integrity of
the remaining root structure. Most endodontic texts
advocate maintaining a 5-mm apical seal. However,
if a post is shorter than the coronal height of the clin-
ical crown of the tooth, the prognosis is considered
unfavorable, because stress is distributed over a
smaller surface area, thereby increasing the proba-
bility of radicular fracture. A short root and a
tall clinical crown present the clinician with the
dilemma of having to compromise the mechanics,
the apical seal, or both. Under such circumstances,
an apical seal of 3 mm is considered acceptable.
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Fig. 12-17.

	

A, Correct post length. B, The post is too short; the consequences are inadequate reten-
tion and increased risk of root fracture. C, The post is too long, jeopardizing the apical seal.

Post Diameter.

	

Increasing the post diameter in
an attempt to increase retention is not recom-
mended because it may unnecessarily weaken the
remaining root. Although one group of investiga-
tors reported that increasing the post diameter in-
creased retention, other groups do not confirm
this. Empirical evidence suggests that the overall
prognosis is good when post diameter does not ex-
ceed one third of the cross-sectional diameter of the
root.

Post Surface Texture.

	

A serrated or roughened
post is more retentive than a smooth one," and
controlled grooving of the post and root canal (Fig.
12-18) considerably increases the retention of a
tapered post.

Luting Agent. When considering traditional
cements, the choice of luting agent seems to have lit-
tle effect on post retention or the fracture resis-
tance of dentin. 34 However, adhesive resin luting
agents (see Chapter 31) have the potential to im-
prove the performance of post-and-core restora-
tions; laboratory studies have shown improved re-
tention. Resin cements may be indicated if a post
becomes dislodged. Resin cements are affected by
eugenol-containing root canal sealers, which should

be removed by irrigation with ethanol or etching
with 37% phosphoric acid if the adhesive is to be ef-
fective. 37 Zinc phosphate and glass ionomer have
similar retentive properties-polycarboxylate and
composite resin have slightly less .38 Some resin and
glass ionomer cements have demonstrated signifi-
cantly higher retention in comparison to hybrid ce-
ments. Although the choice of luting agent may
become more important if the post has a poor fit
within the cana1, a post-and-core should be re-
made if any rotation or wobble is present.

Posterior Teeth (Fig. 12-19). Relatively long
posts with a circular cross section provide good re-
tention and support in anterior teeth but should be
avoided in posterior teeth, which often have curved
roots and elliptical or ribbon-shaped canals. For
these teeth, retention is better provided by two or
more relatively short posts in the divergent canals.

When amalgam is used as the core material, it can
be condensed either around cemented metal posts
or directly into short, prepared post spaces. If more
than 3 to 4 mm of coronal tooth structure remains,
use of the root canals for retention is not necessary,
and this avoids the chance of perforation. Using
the canals for retention can provide good results;Z
although the strength of the tooth once a complete
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Fig. 12-18.

	

Effect of horizontal grooving on the retention of tapered posts. NS, Not significant.
(Modified slightly from Wood WW: I Prosthet Dent 49:504,1983.)

Fig. 12-19.

	

When preparing posterior teeth for intra-
coronal retention, the practitioner must be careful to avoid
perforation, especially on the distal surface of mesial roots
and the mesial surface of distal roots, where residual tooth
structure is normally thinnest (arrozvs).

additional retention, which was compromised be-
cause of the missing tooth structure. In mandibular
molars, the larger distal canal is recommended for
post placement. In maxillary molars, the palatal
canal is used (see Fig.12-2, C and D).

Although it is possible to restore a molar with
three or more missing cusps with multiple posts
and amalgam, the tooth's overall importance must
be assessed. If retaining the tooth is critical, a cast
core can be used (made in sections that have differ-
ent paths of withdrawal) (Fig. 12-20). An alternative
preparation method for a posterior tooth is selecting
the canals that are widest (normally the palatal of
maxillary molars and the distal of mandibular mo-
lars) for the major post and then preparing short
auxiliary post spaces in the other canals with the
same path of withdrawal (Fig. 12-21).

crown has been provided is not dramatically influ-
enced by differences in technique.

Mandibular premolars and molars with a reason-
able amount of remaining coronal tooth structure,
when coupled with a circumferential cervical band
of tooth structure with restricted taper of about 2
mm, can often be restored with amalgam directly
condensed into the chamber. Core buildups in mo-
lars with one or more missing cusps will benefit
from one or more cemented posts around which the
amalgam can be condensed. The posts provide the

RESISTANCE FORM

Stress Distribution.

	

One of the functions of a
post-and-core is to improve resistance to laterally
directed forces by distributing them over as large an
area as possible. However, excessive internal prepa-
ration of the root weakens it, and the possibility of
failure increases. The post design should distribute
stresses as evenly as possible. The incidence of
radicular fracture increases with the use of threaded
posts, and threaded flexible posts do not appear to
reduce stress concentrations during function.
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Fig. 12-20.

	

Cast cores for posterior teeth can be made in interlocking sections, with each section hav-
ing its own path of withdrawal.

Fig. 12-21.

	

Single-piece castings can be made by selecting the larger-diameter canal and extending a
second post for a limited distance into the smaller canal. A, A maxillary first premolar. B, A maxillary
first molar. C, A mandibular first molar. D to F, Post-and-core provided for a maxillary first premolar by
the indirect technique.
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The influence of post design on stress distribu-
tion has been tested using photoelastic materi
als, strain gauges,46 and finite element
analysis . From these laboratory studies, the fol-
lowing conclusions have been drawn:

1. The greatest stress concentrations are found
at the shoulder, particularly interproximally,
and at the apex. Dentin should be conserved
in these areas if possible.

2.

	

Stresses are reduced as post length increases.
3. Parallel-sided posts may distribute stress

more evenly than tapered posts, which may
have a wedging effect. However, parallel
posts generate high stresses at the apex.

4.

	

Sharp angles should be avoided because they
produce high stresses during loading.

5. High stress can be generated during inser-
tion, particularly with smooth, parallel-sided
posts that have no vent for cement escape.

6.

	

Threaded posts can produce high stress con-
centrations during insertion and loading, but
they have been shown to distribute stress
evenly if the posts are backed off a half-turn
and when the head contact area is of suffi-
cient size

7.

	

The cement layer results in a more even stress
distribution to the root with less stress con-
centrations.

Rotational Resistance (Fig. 12-22).

	

It is impor-
tant that a post with a circular cross section does not
rotate during function. This should not present a
problem in areas where sufficient coronal tooth
structure remains, because rotation is usually pre-
vented by a vertical coronal wall. In areas where
coronal dentin has been completely lost, a small
groove placed in the canal can serve as an antirota-

Fig. 12-22.

	

Rotational resistance in an extensively dam-
aged tooth can be obtained by preparing a small groove in
the root canal. This must be in the path of placement of the
post-and-core.

tional element. The groove is normally located
where the root is bulkiest, usually on the lingual as-
pect. Alternatively, rotation can be prevented by an
auxiliary pin in the root face. Rotation of a threaded
post can also be prevented28 by preparing a small
cavity (half in the post, half in the root) and con-
densing amalgam into it after the post is cemented.

PROCEDURES

Tooth preparation for endodontically treated teeth
can be considered a three-stage operation:

1.

	

Removal of the root canal filling material to
the appropriate depth

2.

	

Enlargement of the canal
3.

	

Preparation of the coronal tooth structure

REMOVAL OF THE ENDODONTIC FILLING MATERIAL
The root canal system should first be completely ob-
turated; space should then be made for a post, thus
ensuring that lateral canals are sealed. A post cannot
be placed if the canal is filled with a full-length sil-
ver point, so these must be removed and the tooth
retreated with gutta-percha.

There are two commonly used methods to remove
gutta-percha (Fig. 12-23): one uses a warmed en-
dodontic plugger, and the other uses a rotary instru-
ment, which is sometimes used in conjunction with
chemical agents. Although it is more time consuming,
the warmed endodontic plugger is preferred because
it eliminates the possibility that the rotary instrument
will inadvertently damage the dentin. If it is more con-
venient, the gutta-percha can be removed with a
warmed condenser immediately after obturation (al-
though not with a rotary instrument). This will not
disturb the apical seal .s°, 51 This method offers the addi-
tional advantage of allowing the operator to work in
an area where the root canal anatomy is still familiar.

1. Before removing gutta-percha, calculate the
appropriate length of the post. It should be
adequate for retention and resistance but not
long enough to weaken the apical seal. As a
guide, make the post length equal to the height
of the anatomic crown (or two-thirds the length
of the root), but leave 5 mm of apical gutta-per-
cha. On short teeth, it will not be possible to
meet both these restrictions, and a compro-
mise must be made. An absolute minimum of
3 mm of apical fill is needed. If this cannot be
achieved without having a very short post,
the tooth's prognosis is seriously impaired.

2. Avoid the apical 5 mm if possible. Curva-
tures and lateral canals may be found in this
segment. Average values for crown and root
length are given in Table 12-1. If the working
length of the root canal is known, the length



Fig. 12-23.

	

Gutta-percha can be removed from the canal with a heated endodontic plugger (A and
B), a non-end-cutting bur (C) (e.g., a Gates Glidden drill), or a ParaPost drill (D) (with a rubber stop to
ensure accuracy of the preparation depth).
(A and B courtesy Dr. D.A. Miller.)
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of the post space can be easily determined.
Therefore, the incisal or occlusal reference
point must not be lost as a result of prema-
ture removal of coronal tooth structure.

3. To prevent aspiration of an endodontic in-
strument, apply a rubber dam before prepar-
ing the post space.

4.

	

Select an endodontic condenser large enough
to hold heat well but not so large that it binds
against the canal walls.

5. Mark it at the appropriate length (normally
endodontic working length minus 5 mm),
heat it, and place it in the canal to soften the
gutta-percha.

6.

	

If the gutta-percha is old and has lost its ther-
moplasticity, use a rotary instrument, making
sure that it follows the gutta-percha and
does not engage dentin (this will cause a root
perforation). For this reason, high-speed in-
struments and conventional burs are con-
traindicated. Special post preparation instru-
ments are available (Fig. 12-24). Peeso-Reamers
and Gates Glidden drills are often used for this
purpose. These are considered "safe-tip" in-
struments because they are not end-cutting
burs. The friction generated between the fill
and the tip of these burs softens the gutta-
percha, allowing the rotary instrument to track
the canal with reasonable predictability. One
study comparing rotary instruments-2 con-
cluded that the Gates Glidden drill conformed
to the original canal more consistently than the
ParaPost drill, which is an end-cutting instru-
ment. The latter is a twist drill and should only
be used to parallel the walls of the post space.
Considerable heat can be generated when us-
ing these rotary instruments, especially during
the ParaPost preparation stage.

NOTE: End-cutting instruments should never
be used to gain length because root perforation will
result!

7.

	

If using a rotary instrument, choose it to be
slightly narrower than the canal.

8.

	

Make sure the instrument follows the center
of the gutta-percha and does not cut dentin.
Often, only a part of the root canal fill needs to
be removed with a rotary instrument, and the
remainder can be removed with the heated
condenser. A rotary instrument should not be
used immediately after obturation, because it
may disturb the apical seal.-"

9.

	

When the gutta-percha has been removed to
the appropriate depth, shape the canal as
needed.

This can be accomplished by using an endodon-
tic hand instrument or a low-speed drill. This pro-
cedure removes undercuts and prepares the canal to
receive an appropriately sized post without exces-
sively enlarging the canal. Files are a conservative
approach to shaping the canal walls and permit si-
multaneous removal of any small residual undercuts
in the chamber. If a parallel-shaped post is desired,
a low-speed twist drill set to the same length as the
most recently used Peeso-Reamer can be used.

The post should be no more than one third the
diameter of the root,'-- with the root and walls at
least 1 mm thick. Obviously, when deciding on ap-
propriate post diameters, a knowledge of average
root dimensions is important. These have been cal-
culated-6 and are presented in Table 12-2. Knowl-
edge of root canal cross section also is significant in
post selection. Prefabricated posts are circular in
cross section, but many root canals are elliptical,
which makes uniform reduction with a drill impos-
sible. A summary of canal shapes is presented in
Table 12-3.

Fig. 12-24.

	

Commonly used instruments for gutta-percha removal and canal enlargement. A, En-
dodontic pluggers, two sizes of Peeso-Reamers with corresponding twist drills and endodontic file. Note
attached floss as a safety precaution. B, The ParaPost twist drill corresponds in size to an aluminum post
used to fabricate provisionals, a plastic post for patterns, and a stainless-steel or titanium post.
(Courtesy Dr. J.A. Nelson.)
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ENLARGEMENT OF THE CANAL

Before enlargement of the canal, the type of post
system to be used for fabrication of the post-and-
core must be chosen.

The advantages and disadvantages of different
post types are summarized in Table 12-4. Because
no system has universal application, being familiar
with more than one technique is a significant
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advantage. A wide range of prefabricated posts are
available. They come in many shapes and sizes
(Table 12-5 and Figs. 12-25 and 12-26). The diame-
ters of nine popular prefabricated posts are given in
Table 12-6. Parallel-sided prefabricated posts are
recommended for conservatively prepared root

canals in teeth with roots of circular cross section.
Excessively flared canals (e.g., those found in young
persons or in individuals after retreatment of an en-
dodontic failure) are most effectively managed with
a custom post. However, situations should be eval-
uated on an individual basis.

Text continued on p. 297

Fig. 12-25. Classification of prefabricated posts. A, Tapered, smooth-sided posts. B, Tapered, serrated
posts. C, Tapered, threaded posts. D, Parallel, smooth-sided posts. E, Parallel, serrated posts. F, Parallel,
threaded posts.
(Redrawn from Shillingburg HT, Kessler JC: Restoration of the endodontically treated tooth, Chicago, 1982,
Quintessence Publishing.)

Fig. 12-26.

	

Radiographs of the six categories of endodontic posts. A, KG Endowel, tapered and
smooth sided. B, Unimetric, tapered and serrated. C, Dentatus, tapered and threaded. D, CTH Beta,
parallel sided and smooth. E, ParaPost (two sizes), parallel sided and serrated. F, Flexi-Post (in the right
maxillary first molar), parallel sided and threaded (note the split shank).
(A courtesy Dr. D.A. Miller and Dr. H.W. Zuckerman; B courtesy Dr. I.A. Roseman; C courtesy Dr. FS. Weine
and Dr. S. Strauss; D courtesy Dr. J.F. Tardera; E courtesy Dr. J.L. Wingo; F courtesy Dr. L.R. Farsakian.)











Prefabricated Posts (Fig. 12-27)
1.

	

Enlarge the canal one or two sizes with a drill,
endodontic file, or reamer that matches the
configuration of the post (see Fig. 12-27, A and
B). When using rotary instruments, alternate
between the Peeso-Reamers and twist drills
that correspond in size. In the case of a
threaded post, the appropriate drill is fol-
lowed by a tap that prethreads the internal
wall of the post space. Parallel-sided posts are
more retentive and distribute stresses better
than tapered posts, but they do not conform
well to the shape of a canal that has been
flared to facilitate condensation of gutta-per-
cha. In this situation, it may not be possible to
enlarge the canal sufficiently to provide ade-
quate retention for the post; in that case, a ta-
pered custom-made post is preferred.

2. Use a prefabricated post (see Fig. 12-27, C)
that matches standard endodontic instru-
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Fig. 12-27.

	

Enlargement of the root canal for a prefabricated post.

ments. A tapered post will conform better to
the canal than a parallel-sided post and re-
quires less removal of dentin to achieve an
adequate fit. However, it will be slightly less
retentive and will cause greater stress con-
centrations, although retention may be im-
proved by controlled grooving. 3 l

3. Be especially careful not to remove more
dentin at the apical extent of the post space
than is necessary (see Figs. 12-14 and 12-27).

NOTE: If careful measurement techniques have
been followed, radiographs are not normally re-
quired to verify the post space preparation.

Most of the time a preformed parallel-sided post
will fit only in the most apical portion of the canal.
Modified posts are available with tapered ends, and
these conform better to the shape of the canal
although they have slightly less retention than par-
allel-sided posts do, particularly the shorter ones.
In the absence of a vertical stop on sound tooth
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structure, such posts can also create an undesirable
wedging effect.

Custom-made Posts (Fig. 12-28)
1.

	

Use custom-made posts in canals that have a
noncircular cross section or extreme taper.
Enlarging canals to conform to a preformed
post may lead to perforation. Often very little
preparation will be needed for a custom-
made post. However, undercuts within the
canal must be removed, and some additional
shaping usually is necessary.

2. Be most careful on molars to avoid root
perforation. In mandibular molars the distal
wall of the mesial root is particularly suscep
tible. In maxillary molars the curvature of the
mesiobuccal root makes mesial or distal per-
foration more likely (Fig. 12-29).

PREPARATION OF THE CORONAL TOOTH STRUCTURE

After the post space has been prepared, the coronal
tooth structure is reduced for the extracoronal

Fig. 12-28.

	

Custom-made posts are indicated for teeth
with root canals whose cross section is not circular or is ex-
tremely tapered. Further enlargement of the root canal is of-
ten not necessary on these teeth.

restoration. Anterior teeth requiring a post-and-core
are most effectively restored with a metal-ceramic
crown (see Chapters 9 and 24).

1.

	

Ignore any missing tooth structure (from pre-
vious restorative procedures, caries, fracture,
or endodontic access) and prepare the re
maining tooth as though it were undamaged
(i.e., if a porcelain labial margin restoration is
planned, a facial shoulder and lingual cham-
fer are placed).

2.

	

Be sure that the facial structure of the tooth is
adequately reduced for good esthetics.

3. Remove all internal and external undercuts
that will prevent withdrawal of the pattern.

4. Remove any unsupported tooth structure,
but preserve as much of the crown as possi-
ble. Because tooth structure has been re-
moved internally and externally, the remain-
ing walls often are thin and weakened.
Defining absolute measurements for the di-
mensions of the residual coronal walls is dif-
ficult, but ideally they should be at least
1 mm wide. Wall height is reduced proportion-
ally to the remaining wall thickness because
tall, thin walls have a tendency to fracture
when the provisional restoration is removed
and during try-in and seating of the casting.

5.

	

In addition, be sure that part of the remaining
coronal tissue is prepared perpendicular to
the post (see step 4 in Fig. 12-8), because this
will create a positive stop to prevent over-
seating and splitting of the tooth. Similarly,
rotation of the post must be prevented by
preparing a flat surface parallel to the post
(see step 5 in Fig. 12-8). If insufficient tooth
structure for this feature remains, an anti-
rotation groove should be placed in the canal
(see Fig. 12-22).

6. Complete the preparation by eliminating
sharp angles and establishing a smooth finish
line.

POST FABRICATION

Prefabricated Posts. Technique simplicity is
one advantage of using prefabricated posts. A post is
selected to match the dimensions of the canal, and
only minimum adjustment is needed for seating it to
the full depth of the post space. The coronal half of
the post may have an inadequate fit because the root
canal has been flared. This can be corrected by
adding material when the core is made.

Fig. 12-29.

	

Distal root curvature contributed to this
mesial perforation (arrow) of a mandibular molar and ne-
cessitated removal of the distal root segment.
(Courtesy Dr. J. Davila.)

Available Materials (see Table 12-5).

	

Prefabri-
cated parallel-sided posts are made of platinum-
gold-palladium (Pt-Au-Pd or PGP), nickel-chromium
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(Ni-Cr), cobalt-chromium (Co-Cr), or stainless steel
clasp wire. Serrated posts come in stainless steel,
titanium, or nonoxidizing noble alloy. Tapered
posts are available in Au-Pt, Ni-Cr, and titanium al-
loys. All these posts have a high modulus of elastic-
ity and an elongated grain structure, which con-
tribute to their more suitable physical properties as
compared to cast posts. Essentially, they are more
rigid.

Failure of posts cast in Type III gold when loaded
at a 45-degree angle has been attributed to bend-
ing. Although posts cast in stiffer (Type IV) gold or
Ni-Cr alloys can be expected to resist bending bet-
ter, prefabricated posts should possess even more
desirable physical properties, although their prop-
erties can deteriorate when a core is cast to a
wrought post 59

Carbon-fiber posts have increased in popularity
during recent years.* These posts consist of bundles
of stretched aligned carbon fibers embedded in an
epoxy matrix. The resulting post is strong but has
significantly lower stiffness and strength when
compared to ceramic and metal posts."' Preliminary
retrospective study of this system appears promis-
ing" (Fig 12-30). However, a laboratory study com-
paring teeth restored with carbon fiber posts and
composite-resin foundations and teeth restored
with custom post-and-cores cast in Type III alloy
showed significantly higher fracture thresholds for
the cast post-and-cores . 62 One advantage of a carbon
fiber post is the ease of its removal for retreatment.
The preferred technique involves drilling apically.
The very strong carbon fibers prevent the drill from
tracking laterally, avoiding penetration of the
dentin. Therefore, if concern exists about the long-
term prognosis of an endodontically treated tooth, a
carbon fiber post should be considered. The chief
disadvantage of a carbon fiber post is its black ap-
pearance, which presents an esthetic problem (as
can metal posts).

Manufacturers have developed high-strength ce-
ramic (zirconia) postst (Fig. 12-31) and ceramic
composite$ (Fig 12-32) and woven fiber (e.g., poly-
ethylene) posts,§ all of which have excellent esthetic
properties (see also Chapters 25 and 27). Ceramic is
very strong and rigid; woven fiber is less strong and
more flexible . 65 Because the systems are relatively
new, judging how well the foundations will per-

form in clinical practice is difficult, but they should
be considered where esthetic demands are high.

Corrosion Resistance. Several reports 68
have linked root fracture to corrosion of base metal
prefabricated post-and-core systems. One study,
reporting on 468 teeth with vertical or oblique root
fracture, attributed 72% of these failures to elec-
trolytic action of dissimilar metals used for the post
and the core (reaction occurring between tin in the
amalgam core and stainless steel, German silver, or
brass in the post). The authors suggested that vol-
ume changes produced by corrosion products split
the root. Although possible fracture mechanisms
have been suggested . these studies are confusing
cause with effect: The corrosion may have occurred
subsequent to root fracture rather than causing it.

Further study is needed to answer the question
conclusively. However, in the meantime, avoiding
the use of potentially corrodible dissimilar metals
for post, core, and crown is recommended.

Custom-made Posts. A custom-made post can
be cast from a direct pattern fabricated in the pa-
tient's mouth, or an indirect pattern can be fabri-
cated in the dental laboratory. A direct technique
using autopolymerizing or light-polymerized resin
is recommended for single canals, whereas an indi-
rect procedure is more appropriate for multiple
canals.

Direct Procedure
1.

	

Lightly lubricate the canal and notch a loose-
fitting plastic dowel (Fig. 12-33, A). It should
extend to the full depth of the prepared canal.

2.

	

Use the bead-brush technique (Fig. 12-33, B)
to add resin to the dowel (Fig. 12-33, C) and
seat it in the prepared canal. This should be
done in two steps: Add resin only to the canal
orifice first. An alternative is to mix some
resin and roll it into a thin cylinder. This is in-
troduced into the canal and pushed to place
with the monomer-moistened plastic dowel.

3.

	

Do not allow the resin to harden fully within
the canal. Loosen and reseat it several times
while it is still rubbery.

4.

	

Once the resin has polymerized, remove the
pattern (Fig. 12-33, D).

5.

	

Form the apical part of the post by adding
additional resin and reseating and removing
the post, taking care not to lock it in the canal.

6.

	

Identify any undercuts that can be trimmed
away carefully with a scalpel.

The post pattern is complete when it can be in-
serted and removed easily without binding in the
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Fig. 12-30.

	

Carbon fiber posts. A, The C-Post system is available in various sizes and configurations.
B, Gutta-percha is removed with hot instruments or a Gates Glidden drill. The canal is prepared sequen-
tially with the drills provided by the manufacturer. C, The post is seated in the canal and shortened with a
diamond rotary instrument or disk. Wire cutters should never be used to cut carbon fiber composites, be-
cause they crush and weaken the composite structure. D, The canal is prepared by etching and priming ac-
cording to the manufacturer's recommendations. The n the post is prepared by airborne particle abrasion.
E, The luting resin is introduced into the canal with a lentulo spiral. F, The post is seated and the core built
up with the recommended core resin. G, The preparation is finalized. H, The completed restoration.
(Courtesy Bisco, Inc.)
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Fig. 12-31.

	

A, Zirconia posts, such as the CosmoPost, shown with the corresponding rotary instru-
ments, are esthetic and strong. B, Special pressable ceramics are available to form the core (composite
resin can also be used). (See also Fig. 25-19.)
(Courtesy Ivoclar North America.)

Fig. 12-33.

	

Fabrication of an acrylic resin pattern for a custom-made post.
(Courtesy Dr. R. Webber.)
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canal. Once the pattern has been made, additional
resin or light-polymerized resin* is added for the
core.

Pattern Fabrication with Thermoplastic
Post (Fig. 12-34)
1.

	

Fit the plastic rod to the prepared post space.
Trim the rod until the bevel area is approxi-
mately 1.5 to 2 mm occlusal to the finish line
for the core.

2.

	

Lubricate the canal with a periodontal probe
and petroleum jelly.

3.

4.

5.

Heat the thermoplastic resin over a flame un-
til the material turns clear or heat the resin in
a low-temperature glue gunt.
Apply a small amount of the heated resin
to the apical end of the rod to cover two
thirds of the anticipated length of the post
pattern.
Fully insert the rod into the prepared post
space. Lift after 5 to 10 seconds and reseat. In-
spect the post pattern for completeness and
remove any projections that result from un-
dercuts in the canal with a scalpel blade.

*LX Gel, Dentatus: New York; Palavit G LC, Heraeus
Kulzer, Inc.: South Bend, Indiana.

Fig. 12-34.

	

The Merritt EZ Cast Post system. A, The canal is lubricated and excess lubricant removed
with paper points. The post was previously trimmed until its beveled portion protrudes about 1.5 to 2
mm above the tooth preparation. B, A stick of the thermoplastic material is heated. C, The plastic rod is
covered for about two thirds of the anticipated post length. D, The coated post is inserted and can be re-
moved in 5 to 10 seconds. E, After any protrusions have been removed, the core is built from autopoly-
merizing resin and trimmed to ideal tooth preparation form. F, The completed custom post-and-core.
(From Rosenstiel SF et al: J Prosthet Dent 77:209, 1997.)
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6. For the direct technique, fabricate the core
with conventional autopolymerizing resin
using the brush-bead technique or syringe
a light polymerized pattern resin (an easier
technique).

7.

	

If the indirect technique is preferred, pick up
the pattern with an elastomeric impression
material, which can be poured in the conven
tional manner. Soak the cast in warm water to
help release the pattern. Reseat the post pat-
tern and wax the core.

8.

	

Invest and cast the post-and-core. Phosphate-
bonded investment is recommended because
of its higher strength.

Indirect Procedure (Fig. 12-35). Any elas-
tomeric material will make an accurate impression
of the root canal if a wire reinforcement is placed to
prevent distortion.

1.

	

Cut pieces of orthodontic wire to length and
shape them like the letter J (Fig. 12-35, A).

2. Verify the fit of the wire in each canal. It
should fit loosely and extend to the full depth

of the post space. If the fit is too tight, the im-
pression material will strip away from the
wire when the impression is removed.

3.

	

Coat the wire with tray adhesive. If subgingi-
val margins are present, tissue displacement
may be helpful. Lubricate the canals to facili
tate removal of the impression without dis-
tortion (die lubricant is suitable).

4. Using a lentulo spiral, fill the canals with
elastomeric impression material. Before
loading the impression syringe, verify that
the lentulo will spiral material in an apical
direction (clockwise). Pick up a small
amount of material with the largest lentulo
spiral that fits into the post space. Insert the
lentulo with the handpiece set at low rota-
tional speed to slowly carry material into the
apical portion of the post space. Then in-
crease handpiece speed and slowly with-
draw the lentulo from the post space. This
technique prevents the impression material
from being dragged out. Repeat until the
post space is filled.

Fig. 12-35.

	

Indirect procedure for post-and-cores.
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5.

	

Seat the wire reinforcement to the full depth
of each post space, syringe in more impres-
sion material around the prepared teeth, and
insert the impression tray (see Fig. 12-35, B).

6. Remove the impression (see Fig. 12-35, C,

evaluate it, and pour the working cast (see
Fig. 12-35, D) as usual (see Chapter 17).

NOTE: Access for waxing is generally adequate
without placement of dowel pins or sectioning of
the cast.

7. In the laboratory, roughen a loose-fitting
plastic post (a plastic toothpick is suitable)
and, using the impression as a guide, make
sure that it extends into the entire depth of
the canal.

8.

	

Apply a thin coat of sticky wax to the plastic
post and, after lubricating the stone cast, add
soft inlay wax in increments (Fig. 12-36). Start
from the most apical and make sure that the
post is correctly oriented as it is seated to
adapt the wax. When this post pattern has
been fabricated, the wax core can be added
and shaped.

9. Use the impression to evaluate whether the
wax pattern is completely adapted to the post
space.

CORE FABRICATION

The core of a post-and-core restoration replaces
missing coronal tooth structure and thereby forms

the shape of the tooth preparation. It can be shaped
in resin or wax and added to the post pattern before
the assembly is cast in metal. This prevents possible
failure at the post-core interface. The core can also
be cast onto most prefabricated post systems (al-
though there is then some concern that the casting
process may unfavorably affect the physical proper-
ties of wrought metal posts). A third alternative is to
make the core from a plastic restorative material
such as amalgam, glass ionomer, or composite resin.

Plastic Filling Materials. The advantages of
amalgam, glass ionomer, or resin include the
following:

1.

	

Maximum tooth structure can be conserved
because undercuts do not need to be re-
moved.

2.

	

Treatment requires one less patient visit.
3.

	

There are fewer laboratory procedures.
4. Testing generally shows good resistance to

fatigue testing71 and good strength character-
istics, 72 possibly because of the good adapta
tion to tooth structure. However, these plastic
restorative materials, especially the glass
ionomers, have lower tensile strength than
do cast metals.

Disadvantages include the following:
1.

	

Long-term success may be affected by corro-
sion of amalgam cores, the low strength of
glass ionomer' 73 or the continued polymeriza
tion'' and high thermal expansion coeffi-
cients of composite resin cores.

2. Microleakage with temperature fluctuations
(thermocycling) is greater under composite
resin and amalgam cores than under conven
tional crown preparations'-' (however, the ex-
tent of leakage under cast cores has yet to be
determined).

3. Difficulty may be encountered with certain
operative procedures such as rubber dam or
matrix application (particularly on badly
damaged teeth).

Amalgam cores are suitable for restoring posterior
teeth, particularly when some coronal structure re-
mains. The procedure described by Nayyar et a1, 42
with amalgam also used for the posts, is conservative
of tooth structure. The cores are placed during the
same appointment as the root canal obturation, be-
cause then the teeth are still isolated by the rubber
dam, the root canal morphology is still fresh
in the practitioner's mind, and the cores can serve as
a support for the provisional restoration (Fig. 12-37).

Fig. 12-36.

	

Post-and-core patterns made by adding wax
to prefabricated plastic posts.

Step-by-Step Procedure for Amalgam (see also
Chapter 6).
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1. Apply the rubber dam and remove gutta-
percha from the pulp chamber as well as 2 to
4 mm into each root canal if less than 4 mm of
coronal height remains. Use a warmed en-
dodontic instrument.

2. Remove any existing restoration, under-
mined enamel, or carious or weakened dentin.
Establish the cavity form using conventional
principles of resistance and retention form.
Even if cusps are missing, pins are not nor-
mally required because adequate retention
can be gained by extending the amalgam into
the root canals.

3.

	

If you suspect that the floor of the pulp cham-
ber is thin, protect it from condensing pres-
sures with a cement base.

4.

	

Fit a matrix band. Where lack of tooth struc-
ture makes the application of a conventional
matrix system difficult, an orthodontic or an-
nealed copper band may be used.

5. Condense the first increments of amalgam
(select a material with high early strength)
into the root canals with an endodontic
plugger.

6. Fill the pulp chamber and coronal cavity in
the conventional manner.

7.

	

Carve the alloy to shape. The impression can
be made immediately. Alternatively, the
amalgam can be built up to anatomic contour

and later prepared for a com-plete crown.
Under these circumstances, avoid forces that
would fracture the tooth or newly placed
restoration.

Cast Metal.

	

Cast metal cores have the follow-
ing advantages:

1.

	

They can be cast directly onto a prefabricated
post, providing a restoration with good
strength characteristics.

2. Conventional high-noble, metal-content al-
loys can be used.

3.

	

An indirect procedure can be used, making
restoration of posterior teeth easier.

Direct Procedure for Single-rooted Teeth

Direct patterns can be formed by combining a
prefabricated post with autopolymerizing resin.
Alternatively, a thermoplastic material can be used
to create a post pattern ' 76 and the core portion can be
developed in either autopolymerizing resin, light
polymerized resin, or wax.

Pattern Fabrication with Autopolymerizing

Resin (Fig. 12-38)
1. Use a prefabricated metal or custom acrylic

resin post.
2.

	

Add resin by the "bead" technique, dipping
a small brush in monomer and then into

Fig. 12-37.

	

Retention for an amalgam core can be obtained from the root canal system, preserving as
much tooth structure as possible.
(B to D courtesy Dr. M. Padilla.)
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Fig. 12-38.

	

Direct pattern for a single-rooted tooth.

polymer and applying it to the post. Some ex-
perts recommend light-cured resin to facili-
tate this step."

3. Slightly overbuild the core and let it poly-
merize fully (Fig. 12-38, A).

4.

	

Shape the core with carbide finishing burs or
paper disks (Fig. 12-38, B). Use water spray to
prevent overheating of the acrylic resin. Cor-
rect any small defects with wax.

5.

	

Remove the pattern (Fig. 12-38, C; sprue and
invest it immediately.

Direct Pattern for Multirooted
Teeth (Fig. 12-39)
A direct pattern can be used for multirooted pos-

terior teeth, although limited access may make the
indirect approach easier. A single-piece core with
auxiliary posts is used, as opposed to the multisec-
tion core recommended for indirect posterior cast
post-and-cores. The core is cast directly onto the post
of one canal. (The other canals already have prefab-
ricated posts that pass through holes in the core.)

Fig. 12-39.

	

A direct post-and-core for posterior teeth
can be made by cementing a prefabricated post through a
casting. Here the two buccal canals had a common path of
withdrawal and could be incorporated into the core casting.
More typically, only one canal has a fixed post, and the oth-
ers are cemented through the core.

The procedure is simple, as long as smooth par-
allel-sided or tapered posts are used.

1. Fit prefabricated posts into the prepared
canals. One post is roughened; the others are
left smooth and lubricated. All posts should
extend beyond the eventual preparation.

2. Build up the core with autopolymerizing
resin, using the bead technique.

3.

	

Shape the core to final form with carbide fin-
ishing burs.

4. Grip the smooth, lubricated posts with for-
ceps and remove them.

5. Remove, invest, and cast the core with the
roughened single post. When this has been
done, the holes for the auxiliary posts can be
refined with the appropriate twist drill.

6. After verifying the fit at try-in, cement the
core and auxiliary posts to place.

Indirect Pattern for Posterior
Teeth (Fig. 12-40)
1.

	

Wax the custom-made posts as described pre-
viously.

2.

	

Build part of the core around the first post.
3.

	

Remove any undercuts adjacent to other post
holes and cast the first section.

4.

	

Wax additional sections and cast them.
Using dovetails to interlock the sections makes

the procedure more complicated and is probably of
limited benefit, especially because the final buildup
is held together by the fixed cast restoration.

PROVISIONAL RESTORATIONS (see Chapter 15)
To prevent drifting of opposing or adjacent teeth, an
endodontically treated tooth requires a proper pro-
visional restoration immediately following comple-
tion of endodontics (Fig. 12-41). Of particular im-
portance are good proximal contacts to prevent
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Fig. 12-40.

	

A to D, Multipiece post-and-cores can be made by the indirect technique, waxing each
section to ensure that no undercuts are created. E to H, Alternatively, interlocking sections can be made,
but this complicates the laboratory phase.

tooth migration leading to unwanted root proxim-
ity. If a cast post-and-core is made, an additional
provisional restoration is needed while the post-
and-core is being fabricated. This can be retained by
fitting a wire (e.g., a paper clip or orthodontic wire)
into the prepared canal. The restoration is then con-
veniently fabricated with autopolymerizing resin
by the direct technique.

INVESTING AND CASTING
A cast post-and-core should fit somewhat loosely in
the canal. A tight fit may cause root fracture. The
casting should be slightly undersized, which can be
accomplished by restricting expansion of the invest-
ment (i.e., by omitting the usual ring liner or casting
at a lower mold temperature [see Chapter 22]). An
accelerated casting technique may facilitate the
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Fig. 12-41.

	

Provisional restorations made for endodon-
tically treated teeth by lining a polycarbonate crown with
autopolymerizing resin. The post is made of metal wire (or-
thodontic wire or a paper clip, [see Chapter 15]).
(A from Taylor GN, Land MF: In Clark JW, editor: Clinical den-
tistry, New York, 1985, Harper & Row.)

laboratory phase. The casting alloy should have
suitable physical properties. Extra-hard partial den-
ture gold (ADA Type IV) or nickel chromium alloys
have high moduli of elasticity and are suitable for
cast posts. A sound casting technique is essential be-
cause any undetected porosity could lead to a weak-
ened casting that might fail in function (Fig. 12-42).

Casting a core onto a prefabricated post avoids
problems of porosity, but the preheating temperature
of the investment mold should be restricted if recrys-
tallization of the wrought post'`' is to be avoided.

Fig. 12-42.

	

Fractured post.
(Courtesy Dr. D. Francisco.)

EVALUATION

The practitioner must be particularly careful that
casting defects do not interfere with seating of the
post; otherwise, root fracture will result. Post-and-
cores should be inserted with gentle pressure. How-
ever, the marginal fit of a cast foundation is not as
critical as that of other cast restorations, because the
margins will be covered by the final casting. Air-
abrading the surface to a matte-type finish may help
detect interferences at try-in (Fig. 12-43).

The shape of the foundation is evaluated and ad-
justed as necessary. No adjustments should be made
immediately after cementation because vibration
from the bur could fracture the setting cement and
cause premature failure.

CEMENTATION

The luting agent must fill all dead space within the
root canal system (Fig. 12-44). Voids may be a cause
of periodontal inflammation via the lateral canals.
A rotary (lentulo) paste filler or cement tube (Fig.
12-45) is used to fill the canal with cement. The post-
and-core is inserted gently to reduce hydrostatic
pressure, which could cause root fracture. If a paral-
lel-sided post is being used, a groove should be
placed along the side of the post to allow excess ce-
ment to escape.

REMOVAL OF EXISTING POSTS

Occasionally an existing post-and-core must be re-
moved (e.g., for retreatment of a failed root canal
filling). Patients must understand in advance that
post removal is a risky process and occasionally re-
sults in radicular fracture. If sufficient length of
post is exposed coronally, the post can be retrieved
with thin-beaked forceps. Vibrating the post first
with an ultrasonic sealer will weaken brittle ce-
ment and facilitate removal. A thin sealer tip or
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Fig. 12-43.

	

The fitting surface of the casting must be

	

Fig. 12-44.

	

Residual voids after cementation can cause
carefully evaluated. Any nodules could lead to root fracture

	

inflammation.
if undetected.

	

(Courtesy Dr. D. Francisco.)

Fig. 12-45.

	

A, Lentulo rotary paste fillers or a cement tube are used to fill the post space completely.
B, The post is first coated with cement. C, The canal is filled with cement. D, To avoid the risk of frac-
ture, the post-and-core is very gently seated. A small cement line is not usually significant, because dis-
solution is prevented by the presence of the definitive restoration.
(B to D courtesy Dr. M. Padilla.)
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special post removal tip is recommended (Fig.
12-46). Although histologic examination with ani-
mal models shows no harmful effect in the peri-
odontal tissues, ultrasonic removal is slower than
other methods and may result in an increased
number of canal and intradentin cracks." Alterna-
tively, a post puller can be used .82 This device con-
sists of a vise to grip the post and legs that bear on

the root face. A screw activates the vise and ex-
tracts the post.

A post that has fractured within the root canal
cannot be removed with a post puller or forceps.
The post can be drilled out, but great care is
needed to avoid perforation. The technique is
best limited to relatively short fractured posts (Fig.
12-47).

Fig. 12-46.

	

Post removal by ultrasonic device. A, Preoperative radiograph of the left maxillary first
premolar with a parallel-sided threaded post that had to be removed for endodontic retreatment. B, Af-
ter the coronal portion of the post has been well isolated, the tip of the ultrasonic device is placed
against it, and energy is applied to disrupt the cement interface. Note the suction tip, which removes
water spray used with the ultrasonic handpiece. C, After a time, the post becomes loose within the canal
and can be retrieved by forceps. D, Radiograph of the premolar after post removal.
(Courtesy Dr. L. L. Lazare.)

Fig. 12-47.

	

Post removal by high-speed bur. A, Preoper-
ative radiograph of the right maxillary lateral incisor, in
which both the crown and part of a post have been frac-
tured off. A portion of the Kurer-type, parallel-sided,
threaded post remains within the canal. B, Because of the
large diameter of the post and its position within the canal,
a high-speed handpiece was chosen to drill it out. C, Radio-
graph to verify the correct orientation of the bur's progress
inside the canal. With this method of post removal, the op-

erator must be extremely careful not to let the high-speed
bur contact the canal wall, which would seriously compro-
mise tooth structure. D, Radiograph of the incisor after post
removal and retreatment.
(Courtesy Dr. D. A. Miller.)

A
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Another means of handling an embedded frac-
tured post (described by Masserann" in 1966) uses
special hollow end-cutting tubes (or trephines) to pre-
pare a thin trench around the post (Fig. 12-48). This
technique has shown success . 84 Retrieval can be facil-
itated by using an adhesive to attach a hollow tube ex-
tractor or by using a threaded extractor 86 (Fig. 12-49).

SUMMARY

Although the restoration of endodontically treated
teeth has been rationalized considerably by recent

laboratory research data, information from con-
trolled long-term clinical trials is still necessary and
difficult to obtain. Different clinical procedures have
been advocated, many of which are successful if
properly used. Where the crown is preserved, an an-
terior tooth can be safely restored with a plastic fill-
ing. To prevent fracture of posterior teeth, cast restora-
tions providing cuspal coverage are recommended.

Preserving as much tooth structure as possible is
important, particularly within the root canal, where
the amount of remaining dentin may be difficult to
assess.

Fig. 12-48.

	

Masserann technique for the removal of fractured posts. A and B, Maxillary incisor with
a post that has fractured inside the canal. C, The diameter of the post is gauged with a sizing tool.
D, The selected trephine is carefully rotated counterclockwise to create a narrow channel around the
post. E, When the instrument has removed sufficient material, the post is recovered. F, The fractured
crown and post after removal.
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Fig. 12-49.

	

Post removal by extractor. A, The Thomas (Gonon) post-removing system. It includes pli-
ers, trephine burs, mandrels, and washers. B, Preoperative radiograph of the left maxillary lateral incisor
with a post. C, Note the flared shape of the post in this preoperative view and the height of the sur-
rounding tooth structure. D, A high-speed bur is used to free the post from coronal tooth structure and
parallel its sides. (NOTE: An ultrasonic device may be used at this point to disturb the cement interface.)
E, A trephine bur machines the post to the correct diameter and places threads for the mandrel. F, The
mandrel is threaded onto the post with special washers, which distribute the forces from the extractor
evenly over the tooth. G, The beaks of the pliers are fitted onto the mandrel; the knob of the pliers is
then rotated, which separates the beaks, and the post is extruded from the tooth. H, The removed post,
still attached to the mandrel and pliers. I, Radiograph of the lateral incisor after post removal.
(Courtesy Dr. D. A. Miller.)

A post-and-core is used to provide retention and
support for a cast restoration. It should be of ade-
quate length for good stress distribution but not so
long as to jeopardize the apical seal. The safest
method to create post space is to use a warmed en-
dodontic plugger to remove the gutta-percha. Ante-
rior teeth, particularly those with flared or elliptical

canals, should be built up with a custom cast post-
and-core, although prefabricated posts can be used
successfully too. Esthetic post materials should be
considered if a dark post would ruin an esthetic
restoration. Amalgam can be used satisfactorily on
posterior teeth, although a casting may be preferred
if much coronal tooth structure is missing.
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anatomic crown: the portion of a natural tooth that ex-
tends coronal from the cementoenamel junction-
called also anatomical crown.

apex: n, pl apexes: or apices: (1601) 1: the uppermost
point; the vertex; 2: in dentistry, the anatomic end of
a tooth root.

autopolymerizing resin: a resin whose polymerization
is initiated by a chemical activator.

avulsion: n (1622): a forcible separation or detachment,
as in a tearing away of a body part surgically or
accidentally.

dowel: n (13c): a post, usually made of metal that is
fitted into a prepared root canal of a natural
tooth. When combined with an artificial crown or
core, it provides retention and resistance for the
restoration.

elastic: adj (1653): susceptible to being stretched, com-
pressed, or distorted and then tending to resume
the original shape.

elastic modulus: the stiffness or flexibility of a material
within the elastic range. Within the elastic range,
the material deforms in direct proportion of the
stress applied as represented by Hooke's law.

endoscope: n (1861): a flexible or rigid thin tube used
for examining the interior of a structure.

exposure: n (1606) 1: the act of laying open, as a surgi-
cal or dental exposure 2: in radiology, a measure of
the roentgen rays or gamma radiation at a certain
place based on its ability to cause ionization. The
unit of exposure is the roentgen, called also expo-
sure dose.

ferrule: n (15c) 1: a metal band or ring used to fit the
root or crown of a tooth 2: any short tube or bush-
ing for making a tight joint.

monomer: n (1914): a chemical compound that can un-
dergo polymerization; any molecule that can be
bound to a similar molecule to form a polymer.

polymerization: n (1872): the forming of a compound by
the joining together of molecules of small molecular
weights into a compound of large molecular weight.

post-core: see dowel.
resin: n (14c) 1: any of various solid or semisolid

amorphous natural organic substances that usually
are transparent or translucent and brown to yellow;
usually formed in plant secretions; are soluble in or-
ganic solvents but not water; are used chiefly in var-
nishes, inks, plastics, and medicine; and are found
in many dental impression materials 2: a broad term
used to describe natural or synthetic substances that
form plastic materials after polymerization. They
are named according to their chemical composition,
physical structure, and means for activation of
polymerization.

root: n (bef. 12c): the portion of the tooth apical to the
cementoenamel junction that is normally covered
by cementum and is attached to the periodontal lig-
ament and hence to the supporting bone.

stress: n (14c): force per unit area; a force exerted on
one body that presses on, pulls on, pushes against,
or tends to invest or compress another body; the de-
formation caused in a body by such a force; an in-
ternal force that resists an externally applied load or
force. It is normally defined in terms of mechanical
stress, which is the force divided by the perpendic-
ular cross sectional area over which the force is ap-
plied.

wax pattern: a wax form that is the positive likeness of
an object to be fabricated.
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Today the continued high rate of success achieved
with osseointegrated dental implants allows a
greater number of patients to enjoy the benefits of
fixed rather than removable restorations. The
main indications for implant restorations in the par-
tially edentulous patient are the free-end distal ex-
tension where no posterior abutment is available
(Fig. 13-1) and the long edentulous span. In both
these situations, the conventional dental treatment
plan would include a removable partial denture.
However, with the advent of implant abutments,
the patient can benefit from fixed restorations. Ad-
ditionally, in the short edentulous span, the single
implant is a popular option (Fig. 13-2).

IMPLANT TYPES

There are three major subgroups of dental implants:
subperiosteal, transosteal, and endosteal (Fig. 13-3).
The first two, subperiosteal and transosteal, are de-
signed primarily to anchor dentures in the com-
pletely edentulous patient and thus fall outside the
scope of this chapter. The third, endosteal implants,
are surgically placed within alveolar or basal bone
and are most commonly used for the treatment of
partially edentulous patients, either singly or in
multiples. They can be further subdivided by shape
into blade form (plateform) and root form (cylindri-
cal). Blades are wedge shaped or rectangular in
cross section and are generally 2.5 mm wide, 8 to 15

implant body
implant placement

implant prosthodontics

implant substructure

i mplant surgery

osseointegration

peri-implantitis

transosteal dental implant

Fig. 13-1.

	

A, Radiograph of two-unit fixed partial den-
ture supported by two dental implants. B, Clinical example
of bilateral two-unit fixed partial dentures.

mm deep, and 15 to 30 mm long. Root forms are 3 to
6 mm in diameter and 8 to 20 mm long, often with
external threads (Fig. 13-4). Endosteal implants are
also categorized as one stage or two stage. The
one-stage implant is designed to be placed in the
bone and to immediately project through mucosa

313
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A B

Fig. 13-2.

	

A, Single-tooth implant abutment tightened to place. B, Implant crown replacing a single
missing tooth (cement retained).

A B

C

Fig. 13-3.

	

The three major subgroups of dental implants. A, Subperiosteal. B, Transosteal. C and D,
Endosteal. Endosteal implants can be further subdivided into plate form (C) and root form (D).

Fig. 13-4.

	

Common types of root-form implants. Left to
right: titanium screw, titanium alloy hollow basket, tita-
nium plasma-sprayed cylinder, hydroxyapatite-coated
cylinder.

into the oral cavity. The two-stage implant requires
two surgical procedures. First, the implant is placed
in bone to the level of the cortical plate and the oral
mucosa is sutured over it; this is left for a prescribed

healing period (usually 3 months in the mandible
and 6 to 9 months in the maxilla), depending on the
quality of bone. Then, in a second surgery, the mu-
cosa is reflected from the superior surface of the im-
plant, and an extension collar or abutment that pro-
jects into the oral cavity is fastened to the implant.
Some authors have suggested shortening the time
before implant loading, but the long-term conse-
quences of this are unknown.

PLATE IMPLANTS (BLADES)

Blades were the first dental implant to experience
reasonable success in a large number of patients. All
the original studies on blades used one-stage sys-
tems, but the success rates were considerably lower
than those of current root-form implants. It has been
suggested 6 that many of the problems of blade im-
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plants can be traced to the high temperature at
which the bone sites were prepared and the routine
immediate loading of this type of implant. Both
these practices have been linked to the fibrous en-
capsulation that occurred with many of the original
blade implants. Consequently, submergible tita-
nium blades are now available, and more recent
blade studies' have reported success rates above
80% for 5 years. However, the drawbacks to blade
implants remain-difficulty of preparing precision
slots for blade placement compared to placing holes
accurately for root-form implants and the disas-
trously large circumferential area of the jaw that can
be affected when a blade fails.

ROOT-FORM IMPLANTS (CYLINDERS)
Cylindrical root-form dental implants are consid-
ered to be state-of-the-art implant dentistry. Advan-
tages include adaptability to multiple intraoral loca-
tions, uniformly precise implant-site preparation,
and comparatively low adverse consequences simi-
lar to that experienced when a tooth is lost. Most
root forms are made of titanium or titanium alloy
with or without hydroxyapatite coating, materials
that are perceived to have the highest biofunctional-
ity. Both threaded and nonthreaded designs are
available and are quite popular. Today many of the
titanium implants are grit blasted or acid etched to
roughen the surface and increase the area for bone
contact.

The NIH consensus conference' in 1988 reported
that root-form implants already constituted 78% of
the implant market. This trend is credited to the
Branemark system, which set the precedent for sur-
gical techniques and restorative procedures that re-
sult in predictably successful implants. Two of the
most important additions from the Swedish re-
search team, led by PI. Branemark, were atraumatic
implant placement and delayed implant loading.
These factors contributed to a remarkably increased
degree of implant predictability. The original Brane-
mark success rate of 91% in the mandible over 15
years' has become the benchmark by which other
implant systems are judged." Many of the other
root-form implant systems are also believed to have
reached or exceeded this high level of long-term
success.

TREATMENT PLANNING FOR THE
I MPLANT PATIENT

Implant success reported from major research insti-
tutions is quite high. However, meticulous attention
to the procedures of patient selection, diagnosis, and
treatment planning is required to duplicate this suc-

cess. Indications for dental implant treatment in the
partially edentulous patient are provided in Box 13-1.

A combined surgical and restorative treatment
plan must be devised for prospective implant pa-
tients. Feasible nonimplant alternatives should be
included in the overall treatment discussions. Pa-
tients need to be evaluated preoperatively and as-
sessed as to whether they will be able to tolerate the
procedure. The predictable risks and expected bene-
fits should be weighed for each person. Although
the placement of dental implants does entail some
risks, they are relatively minor. Absolute contraindi-
cations, based on immediate surgical and anesthetic
risks, are limited to individuals who are acutely ill,
individuals with uncontrolled metabolic disease,
and pregnant women (contraindications that apply
to virtually all elective surgical procedures).

Local and systemic contraindications that
threaten long-term implant retention must also be
evaluated. Implants may be contraindicated in pa-
tients with abnormal bone metabolism, poor oral
hygiene, and previous radiation to the implant site.
Most potential implant placement patients became
edentulous or partially edentulous from caries and
periodontal disease resulting from poor oral hy-
giene. Suspicion that inadequate hygiene will con-
tinue is a relative contraindication to implant place-
ment. Patients must be motivated and educated in
oral hygiene techniques as part of their preparation
for implants. Some individuals, such as those suf-
fering from paralysis of the arms, debilitating
arthritis, cerebral palsy, and severe mental retarda-
tion, may not be able to improve their hygiene. Im-
plants are contraindicated in these patients unless
adequate oral hygiene will be provided by caregivers.
A summary of contraindications to implant place-
ment is presented in Box 13-2.

CLINICAL EVALUATION
Evaluation of the planned implant site begins with
a thorough clinical examination. This examination
will determine whether there is adequate bone and
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will identify anatomic structures that could inter-
fere with ideal implant placement. Visual inspection
and palpation allow the detection of flabby excess
tissue, bony ridges, and sharp underlying osseous
formations and undercuts that would limit implant
insertion. However, clinical inspection alone may
not be adequate if there is thick overlying soft tissue
that is dense, immobile, and fibrous.

RADIOGRAPHIC EVALUATION
Radiographic evaluation is also necessary. The best
initial film is the panoramic view. However, there
can be variations in magnification (5% to 35%); a
small radiopaque reference object should therefore
be placed near the proposed implant placement site
during the exposure (Fig. 13-5). Measurement of
this image on the actual radiograph will enable the
practitioner to correct for any magnification error
(Fig. 13-6). A ball bearing placed in wax on a den-
ture baseplate or in poly(vinyl siloxane) impression
putty works well. Some new panoramic radiogra-
phy machines have standardized enlargement ra-
tios, which makes correction markers less necessary.

The widths of the posterior mandible and maxilla
are determined primarily by clinical examination.
Bone width not revealed on a panoramic film can be
evaluated in the anterior maxilla and mandible with
a cephalometric film (Fig. 13-7). The location of the
inferior alveolar canal and maxillary sinus can be
determined by specialized CT scans, although high
radiation exposure and considerable expense may
limit their routine use.

DIAGNOSTIC CASTS
Accurately mounted diagnostic casts (see Chapter 2)
are essential for treatment planning. They are used to
study the remaining dentition, evaluate the residual
bone, and analyze maxillomandibular relationships.
They can be helpful to the surgeon for fixture place-
ment. A diagnostic waxing is done on the cast or on
a duplicate. Proposed fixture installation sites are
checked for proper alignment, direction, location,
and relation to the remaining dentition. The waxing
helps determine the most esthetic placement of the

r1. Acute illness
2. Terminal illness
3. Pregnancy
4. Uncontrolled metabolic disease
5. Tumoricidal radiation to the implant site
6. Unrealistic patient expectation
7. Improper patient motivation
8. Lack of operator experience
9. Inability to restore with a prosthesis Fig. 13-5. Ball bearings (5-mm diameter) placed on the

diagnostic cast at the proposed implant site.

Fig. 13-6.

	

A panoramic radiograph exposed with the ball bearings positioned intraorally with a wax or
resin baseplate.
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teeth to be restored and the potential for functional
speech disturbances. After adjustments and the diag-
nostic waxing are completed, a resin template can be
made from the cast to guide the surgeon during im-

plant placement (Fig. 13-8). Diagnostic waxings and
surgical templates are essential when planning im-
plants as part of a full-mouth reconstruction or when
restoring the anterior esthetic zone (Fig. 13-9).

Fig. 13-7.

	

The lateral cephalometric radiograph can indicate bone

width in the anterior midline.

C,D

Fig. 13-8.

	

A, Mounted diagnostic casts show an edentulous ridge and the interarch distance. B, Diag-
nostic waxing of a three-unit fixed prosthesis to replace the posterior teeth. C, To fabricate the surgical
template, an alginate impression is made of the diagnostic waxing. D, An impression is poured to make
a stone cast of the diagnostic waxing. E, A 1.5-mm vacuum-formed matrix is adapted to the stone cast.
F, The matrix is trimmed from the duplicate cast and returned to the partially edentulous cast. The hol-
low matrix area is filled with autopolymerizing clear resin. The resin can be trimmed and holes drilled
to guide the surgeon during implant site preparation (G).

E
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BONE SOUNDING
When the results of clinical and radiographic exam-
inations are equivocal and additional information is
needed, sounding of the bone with a probe may be

attempted. Under local anesthesia, a needle or
sharp caliper is pushed through the tissue until it
contacts bone. This can help judge soft tissue thick-
ness at the planned implant sites.

E

G

Fig. 13-9.

	

A, Diagnostic cast with missing maxillary left lateral incisor. B, The denture tooth is posi-
tioned for optimum esthetics. C, The denture tooth is trimmed from the lingual side until it is 2 mm
thick. D, If the tooth is held in position with light-cured composite, a vacuum matrix can be performed

directly without duplicating the cast. E, The matrix can be trimmed to the height of contour with a stiff
bristle brush. F, The denture tooth can be glued back into the matrix. G and H, The surgeon can use this
template to guide both horizontal and vertical positioning.

B

D

F

H

A

C



Chapter 13 Implant-Supported Fixed Prostheses

PRINCIPLES OF IMPLANT LOCATION

ANATOMIC LIMITATIONS
To maximize the chance of success, the implant
should be placed entirely within bone and away
from significant anatomic structures (e.g., the infe-
rior alveolar canal). Ideally, 10 mm of vertical bone
dimension and 6 mm of horizontal should be avail-
able for implant placement. These dimensions will
prevent encroachment on anatomic structures and
allow 1.0 mm of bone on both the lingual and the fa-
cial aspect of the implant. There should also be ade-
quate space between adjacent implants. The mini-
mum recommended distance varies slightly among
implant systems but is generally accepted as 3.0 mm
(Fig. 13-10). This space is needed to ensure bone vi-
ability between the implants and to allow adequate
oral hygiene once the restorative dentistry is com-
plete. Specific limitations due to anatomic varia-
tions among different areas of the jaws also must
be considered. These include implant length, diam-
eter, proximity to adjacent structures, and time re-
quired for integration.

The anterior maxilla, posterior maxilla, anterior
mandible, and posterior mandible each require spe-
cial considerations in placing implants. Some com-
mon guidelines include staying 2.0 mm above the
superior aspect of the inferior alveolar canal, 5.0 mm
anterior to the mental foramen, and 1.0 mm from the
periodontal ligament of adjacent natural teeth.

After tooth loss, resorption of the ridge follows a
pattern that results in crestal bone thinning and a

Fig. 13-10.

	

Recommended minimum distances (in mil-
limeters) between implants and between implants and nat-
uralteeth.

change in angulation of the residual ridge. These se-
quelae most often cause problems in the anterior
mandible and maxilla. The irregular anatomy of the
residual ridge may lead to problems with achieving
ideal implant angulation or adequate bone thick-
ness along the labial aspect of the implant. Tech-
niques for the management of these problems dur-
ing surgery will be discussed, but they must be
anticipated in the preoperative phase.

Anterior Maxilla.

	

The anterior maxilla must be
evaluated for proximity to the nasal cavity. A mini-
mum of 1.0 mm of bone should remain between the
apex of the implant and the nasal vestibule. Due to
resorption of the anterior maxilla, the incisive
foramen may be located near the residual ridge,
especially in patients whose edentulous maxilla
has been allowed to function against a natural
mandibular anterior dentition. Anterior maxillary
implants should be located slightly off midline, on
either side of the incisive foramen.

Posterior Maxilla. Implant placement in the
posterior maxilla poses two specific concerns:

First, the bone of the posterior maxilla is less
dense than that of the posterior mandible. It has
larger marrow spaces and a thinner cortex, which
can affect treatment planning, since increased time
must be allowed for integration of the implants and
additional implants may be needed. A minimum of
6 months is usually needed for adequate integration
of implants placed in the maxilla. In addition, one
implant for every tooth that is being replaced is nor-
mally recommended, especially in the posterior
maxilla.

The second concern is that the maxillary sinus is
close to the edentulous ridge in the posterior max-
illa. Frequently, because of the resorption of bone
and increased pneumatization of the sinus, only a
few millimeters of bone remain between the ridge
and the sinus (Fig. 13-11, A). In treatment planning
for implants in the posterior maxilla, the surgeon
should leave 1.0 mm of bone between the floor of
the sinus and the implant so the implant can be an-
chored apically into cortical bone of the sinus floor.
Adequate bone height for implant stability can usu-
ally be found between the nasal cavity and the max-
illary sinus. If there is not adequate bone for implant
placement and support, bony augmentation through
the sinus should be considered (Fig. 13-11).

Anterior Mandible. With respect to anatomic
limitations, the anterior mandible is usually the
most straightforward area for treatment planning. It
usually has adequate height and width for implant
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Fig. 13-12.

	

Whenever possible, implants should engage
two cortical plates of bone.

Fig. 13-13.

	

Shorter implants usually have two prob-
lems: (1) less bone contact and (2) longer crowns, which in-
crease the forces acting on the implant.

plant to the superior aspect of the inferior alveolar
canal. This is an important guideline: disregarding
it can cause damage to the nerve and numbness of
the lower lip. If adequate length is not present for
even the shortest implant, nerve repositioning, on-
lay grafting, or a conventional nonimplant-borne
prosthesis must be considered.

Implants placed in the posterior mandible are
usually shorter, do not engage cortical bone inferi-
orly, and must support increased biomechanical oc-
clusal forces once they are loaded due to their loca-
tion in the posterior area. Consequently, allowing
slightly more time for integration may be beneficial.
In additional, if short implants (8 to 10 mm) are
used, "overengineering" and placing more implants
than usual to withstand the occlusal load is recom-
mended. Short implants are often necessary because
of bone resorption, thus increasing the crown-to-im-
plant ratio when the normal plane of occlusion is
reestablished (Fig. 13-13).

The width of the residual ridge must be carefully
evaluated in the posterior mandible. Attachments of
the mylohyoid muscle maintain it along the supe-
rior aspect of the ridge, and a deep (lingual) depres-
sion exists immediately below it. This area should

Fig. 13-11.

	

A, The arrow denotes thin maxillary bone
inferior to the sinus, which would be inadequate for im-
plant placement without additional grafting procedures.
B, The patient, successfully treated with dental implants af-
ter graft placement.

placement, and the bone quality is normally excel-
lent, which makes it require the least amount of
time for integration. Some success with immediate
loading of implants in the anterior mandible has
even been reported.

When possible, an implant in the anterior
mandible should be placed through the entire cancel-
lous bone so the apex of the implant will engage the
cortex of the inferior mandibular border (Fig. 13-12).
In the premolar area, care must be taken that the im-
plant does not impinge on the inferior dental nerve.
Since this nerve courses as much as 3.0 mm anterior
to the mental foramen before turning posteriorly and
superiorly to exit at the foramen, an implant should
be at least 5.0 mm anterior to the foramen.

Posterior Mandible. The posterior mandible
poses some limitations on implant placement. The
inferior alveolar nerve traverses the mandibular
body in this region, and treatment planning must al-
low for a 2.0-mm margin from the apex of the im-
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Fig. 13-14.

	

Implant placement and angulation dictate the screw emergence position and crown con-
tours. Esthetics and access for hygiene can be greatly affected. A, The natural tooth. B, Ideal implant lo-
cation with acceptable crown contours and lingual screw emergence. C and D, Less ideal implant loca-
tion. E, Laboratory example of an implant placed too far apically and facially. F, Clinical example of an
implant placed too far lingually.

be palpated at the time of evaluation and examined
at surgery:

RESTORATIVE CONSIDERATIONS
Implant Placement.

	

Implant placement is criti-
cally important to the design of the restoration. Thus
the treatment-planning aspects of implant place-
ment must begin with a restorative dentistry consul-
tation. Implant placement dictates the appearance,
contour, and long-term function of the prosthesis. To
prevent damage, staying at least 1.0 mm away from
the adjacent natural tooth is essential, but staying as
close to the natural tooth as possible is also impor-
tant, so acceptable contours can be created by the
restorative dentist. For proper access during oral hy-
giene procedures, a minimum of 3.0 mm should be
left between implants. In addition, implants must
not encroach on the embrasure spaces or be angled
so that screw access is necessary through the facial
surfaces of the completed restoration (Fig. 13-14).

To minimize harmful lateral forces, the long axis
of the implant should be positioned in the central
fossae of the restoration. This dictates placing the
implant accurately in all three planes of space. Su-
peroinferior placement is important to ensure the
optimal emergence profile of the restoration. Ide-
ally, the superior surface of the implant should be
2.0 to 3.0 mm directly inferior to the emergence po-

sition of the planned restoration, particularly when
the restoration is to be located in the anterior es-
thetic zone (see Fig. 13-15).

Implant and Restoration Size. The choice of
implant and its superior-inferior placement location
are modified by the diameter of the intended
restoration and can be adjusted for different sizes of
teeth.

For example, the typical root diameter of a max-
illary central incisor is 8.0 mm; the average implant
diameter is 4.0 mm. Therefore, a distance of 2.0 to
3.0 mm is needed to make the transition gradually
from 4.0 to 8.0 mm. If this is done over too short a
distance, the restoration will be overcontoured or
look unnatural. By contrast, many mandibular cen-
trals and laterals are smaller than 4.0 mm at the
cementoenamel junction. Therefore, an esthetic
restoration on a 4.0-mm implant is impossible.
Smaller-diameter implants (about 3.0 mm) have
been developed to allow esthetic restoration in
these areas. It is also possible to use a larger implant
(5.0 to 6.0 mm) for molar restorations with adequate
bone (Fig. 13-16).

Restoration size must always be considered
during the treatment-planning stage so that a
properly sized implant will be placed in the ideal
location.
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Fig. 13-15.

	

Superior or inferior positioning may affect crown
contours and pocket depth. A, The implant is not placed deep
enough. This creates a short, overcontoured crown. B, Placement
2 to 3 mm apical to the tooth emergence position is ideal. C, Plac-
ing the implant 4 mm apical to the crown contours may create an
excessively deep gingival sulcus. D to H, Clinical example of a
properly positioned implant, both facially and apically, resulting
in good esthetics.
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Fig. 13-16.

	

A, Small-diameter implant and abutment positioned to restore a mandibular lateral
incisor. The fixed abutment can be custom prepared and narrowed to allow restoration of a small-
diameter tooth. B, Completed implant restoration of the mandibular lateral incisor. C, Wide-diameter
(5.0 mm) implant in position to replace maxillary first molar. D, Completed implant restoration of the
maxillary first molar.

Fig. 13-17.

	

A, Scanning electron micrograph (SEM) of
the standard external hexagon on an implant and corre-
sponding abutment. B, SEM of six finger projections from
an implant (known as a spline interface).

Single Tooth Implant.

	

Treatment planning for
the single tooth restoration, particularly in the ante-
rior esthetic zone, is one of the most challenging
problems faced by the implant restorative dentist.
Placement of the implant for both esthetics and bio-
mechanical loading (to minimize screw loosening)
is especially critical. In addition, at the treatment-
planning stage, the decision to place an implant
with an antirotational feature built into the system
(e.g., a spline or a hexagon) is essential (Fig. 13-17).

SURGICAL GUIDE

The coordination of surgical and prosthetic proce-
dures through proper treatment planning is one of
the more critical factors in obtaining ideal esthetic
results for the implant restoration. A surgical guide
template is extremely useful for anterior implants
because slight variations in angulation can signifi-
cantly affect the appearance of the final restoration.
Construction of the surgical guide template has be-
come a requirement in those patients in whom it is
necessary to optimize fixed replacement and ensure
correct emergence profiles. Surgical templates can
also be beneficial in areas where esthetics is less im-
portant. The objectives for using a surgical template
in partially edentulous patients are as follows:
(1) delineate the embrasures, (2) locate the implant
within the restoration contour, (3) align implants
with the long axis of the completed restoration, and
(4) identify the level of the CEJ or tooth emergence
from the soft tissue.

A clear resin facial veneer template is recom-
mended for anterior implant placement to allow the
surgeon access to the osseous receptor site and an
unimpeded view of the frontal and sagittal angula-
tions as the site is being prepared. This type of tem-
plate is fabricated from a diagnostic waxing or den-
ture tooth arrangement on a mounted cast. The
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waxing is duplicated with alginate or poly(vinyl
siloxane) and poured in quick-setting stone. Then
1.5 mm (0.060 inch) of vacuum-formed matrix ma-
terial is adapted to the replicated cast. For accurate
orientation, the vacuum-formed matrix should be
trimmed to extend over the full facial surface of the
teeth being restored and about a third of the facial
surface of the remaining dentition. This template is
removed from the duplicate cast and returned to the
original cast. A 2-mm thickness of autopolymeriz-
ing resin is added to the lingual surface to compen-

sate for the space occupied by the porcelain on the
implant restoration (Fig. 13-18). (The total thickness,
including an additional millimeter from the vacuum-
formed matrix, will be about 3.0 mm.) The surgeon
must stay as close as possible to this guide during
implant placement, which will allow maximum
flexibility in selecting an implant site without vio-
lating the facial surface or forcing screw access holes
to be located inappropriately in the facial restora-
tion. Following this guide will enable the surgeon to
place a fixture in the best location with minimum

Fig. 13-18.

	

Anterior surgical guide template fabrication. A, The apical extent of the template is
not removed, which allows the superior-inferior orientation of implant placement to be determined.
B, Full-thickness flap incisions are made, preserving the interdental papilla. C, A tissue flap is reflected
to expose bone for preparation of the implant site. D, Resin (2.0 mm) has been added to the lingual as-
pect of the matrix; the rest of the lingual area was left open so the surgeon can choose the best available
bone. The site should be prepared as close to the template as possible. E, The implant is tapped into po-
sition at an angle that allows optimum esthetics and access for hygiene. F, The implant is positioned 2.0
to 3.0 mm apical to the desired emergence position of the final restoration. G, The surgical site is su-
tured. A 6-month healing time will be allowed.
(Courtesy Dr. J.A. Holloway.)
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undesirable sagittal angulation. If a cement-retained
restoration is desired, the orientation of the implant
can be slightly more facial.

Although the use of a guide is most necessary in
the maxillary anterior region, where bony dimen-
sions are sometimes surprising and often unfavor-
able, the guide may also be useful in posterior areas
with wide edentulous ridges. However, a different
type of guide or template is fabricated in this area.
Holes are drilled through the resin into the underly-
ing cast and are paralleled with a milling machine
or dental surveyor. Such templates even more accu-
rately locate the placement of an implant and direct
the inclination of its long axis.

Surgical templates also can be fabricated for a
maxillary edentulous arch that is to be restored with
a fixed prosthesis. Such templates are described
later in the chapter, but the same preoperative plan-
ning and interspecialty cooperation are as impor-
tant here as was just described.

Peter E. Larsen
Implant surgery can be performed in an ambula-
tory setting under local anesthesia. However, it re-
quires more time than other surgical procedures, so
conscious sedation may be preferred. Although
placing an implant is less traumatic than extracting
a tooth, patients expect it to be more traumatic. Pre-
operative education and conscious sedation should
lessen the anxiety.

For a complete description of the surgical proce-
dures involved in implant placement, refer to one of
the current standard texts.

SURGICAL ACCESS
Several types of incision can be used to gain access
to the residual ridge for implant placement. The in-
cision chosen should allow retraction of the soft tis-
sue for unimpeded implant placement and should
preserve attached tissue esthetics and quantity.

When the quantity of attached tissue is adequate
and the underlying bone is expected to be of suffi-
cient width, a simple crestal incision is recom-
mended. However, closure must be performed care-
fully, because the implant lies directly beneath. In
the posterior mandible, an incision may be placed
toward the buccal aspect of the ridge to allow the
flap to be retracted by a suture. This may be a dis-
advantage, however, because the incision line is
then immediately over the area where the bone may
be thinnest, and a dehiscence can occur during
surgery. An incision slightly to the palatal side is
particularly effective in the maxillary anterior zone.

IMPLANT SURGERY

After the bone is exposed, the surgical template is
positioned, and a periodontal probe is used to make
a preliminary assessment of the potential implant
site. The residual ridge may have areas that are un-
even or with sharp ridges. These areas should be
smoothed before implant placement.

I MPLANT PLACEMENT
Placement procedures for all implant systems re-
quire atraumatic preparation of the recipient site.
Thermal injury to bone is minimized by using a
low-speed, high-torque handpiece, along with copi-
ous irrigation. The irrigation is either externally or
internally applied and directed through channels in
the drill. Manufacturer recommendations relating
to the type of irrigation and speed of the drilling
equipment should be followed. Threaded implants
often require final thread preparation in the bone at
very low speeds.

The implant recipient site is prepared with a series
of gradually enlarged burs. All implant systems have
an initial small-diameter drill used to mark the im-
plant site. The implant site is located using the surgi-
cal template, which may also assist in directing angu-
lation of the implant. The center of the implant
recipient site is marked with the initial drill, and a pi-
lot hole is prepared. A paralleling pin is then placed in
the preparation to check alignment and angulation.

At this point, a final determination is made re-
garding the adequacy of the recipient site for im-
plant placement. Although implant placement is a
surgical procedure, it is influenced by critical
restorative parameters. The stent communicates the
range of acceptable implant positions and angula-
tions. At this step, if it is apparent that supporting
bone will not allow proper positioning of the im-
plant, further osseous augmentation may be neces-
sary, either simultaneously with implant placement,
or as a separate procedure with implant placement
delayed until proper osseous support is available.

After the desired depth and diameter of the
recipient site are achieved, the implant is placed.
For titanium implants, an uncontaminated sur-
face oxide layer is required for osseointegration.
Hydroxyapatite-coated implants are also sensitive
to contamination.

Nonthreaded implants are positioned in the re-
cipient site and gently tapped into place with a mal-
let and seating instrument. Threaded implants are
screwed into place, which also requires cutting the
screw threads in the recipient site. Self-tapping im-
plants are available for use in the maxilla, where the
bone is soft enough to make prethreading unneces-
sary. After all implants are placed, tension-free clo-
sure prevents wound dehiscence.
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POSTOPERATIVE EVALUATION
A radiograph should be taken postoperatively to
evaluate the position of the implant in relation
to adjacent structures (e.g., the sinus and the inferior
alveolar canal) and other implants. Any significant
problems noticed at this time should be corrected.

Patients are given mild analgesics and 0.12%
chlorhexidine gluconate rinses for 2 weeks after
surgery to keep bacterial populations to a minimum
during healing. Weekly evaluations are recom-
mended until soft tissue healing is complete (2 to 3
weeks). If possible, complete or removable partial
dentures should not be worn for 1 week after
surgery. The resin over the implant can then be re-
duced by 2.0 or 3.0 mm and replaced with a soft
liner, so that the denture can be worn without injur-
ing the healing implant site.

IMPLANT UNCOVERING
If a two-stage system is used, implant uncovering is
performed after complete implant fixture integra-
tion has been achieved. The time interval for inte-
gration to occur varies and depends on the particu-
lar site and patient. Longer times may be required if
the bone quality and surgery were less than ideal or
if the bone-to-implant interface was questionable at
the time of placement. In general, recommended in-
tegration times are 6 months in the maxilla, 3
months in the anterior mandible, and 4 months in
the posterior mandible.

The goals of surgical uncovering are to accurately
attach the abutment to the implant, to preserve at-
tached tissue, and to recontour tissue as necessary.
These goals may be accomplished with any of these
three techniques: the tissue punch, crestal incision,
or flap repositioning.

After the implant is exposed, the implant abut-
ment is placed. There are two approaches for this
procedure. The first approach is to place the same
abutment as will be used in the restoration. The sec-
ond approach is to place a temporary healing cap
that will remain until the tissue heals and will then
be replaced by the abutment during the surgical
treatment procedures.

When the abutment is placed, the superstructure
must be completely seated on the implant body
without gaps or intervening tissue. In systems with
antirotational facets in the implant (see Fig. 13-17),
these features must be aligned to allow complete seat-
ing of the abutment. The superstructure-implant
body interface should be evaluated radiographically
immediately after the uncovering. If a gap is present,
the superstructure must be repositioned.

IMPLANT RESTORATIONS

Osseointegrated implants are generally designed to
support screw- or cement-retained implant restora-
tions. These implant systems offer many advan-
tages over conventional dental restorations and
one-stage implants (Box 13-3).

Fabrication of screw-retained implant restora-
tions requires a number of components unique to
implant dentistry. For less experienced clinicians,
the large number of parts included within one sys-
tem might create problems. This section describes in
generic terms the component parts typically needed
to restore an osseointegrated implant. There are
many implant systems, and although all the major
components are available for each system, many
differ slightly in specific design and materials. The
basic steps for implant restoration fabrication are
described in Figure 13-19.

CLINICAL IMPLANT COMPONENTS
Terms used to describe similar implant components
vary widely among manufacturing companies. A
list of terms used in this book and a partial list of al-
ternative terms are described in Box 13-4.

Implant Body.

	

The implant body is the compo-
nent placed within the bone during first-stage
surgery. It may be a threaded or nonthreaded root
form and is normally made of either titanium or ti-
tanium alloy of varying surface roughnesses, with
or without a hydroxyapatite coating (Fig. 13-20). Al-
though some controversy exists regarding the opti-
mum shape and surface coating for an implant in
different parts of the mouth, the significant factors
for success are precise placement, atraumatic
surgery, unloaded healing, and passive restoration.
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Fig. 13-19.

	

A, Healing caps in place 2 weeks after second-stage surgery. A two-unit implant prosthesis
will be fabricated distal to the conventional crown on the mandibular second premolar. B, Two abutments

are selected to thread into the implants when the healing caps are removed. C, The abutments are placed
intraorally, and the premolar is prepared for a conventional crown. D, The impression posts are tightened
onto the abutments, and a displacement cord is placed only around the conventional preparation. E, After
an impression is made, the impression posts are removed from the mouth and attached to the laboratory
analogs. F, Impression posts and analogs are relocated in the impression before pouring. G, The impres-
sion posts locate the analogs in the same position on the cast as the abutments are in the mouth. H, Im-
pression posts removed from the analogs. Waxing sleeves are attached, and a full-contour waxing is com-
pleted and cut back. I, The unit is then cast, incorporating the waxing sleeves in the prosthesis, and is
fitted back on the cast. J, Porcelain is applied to the prosthesis, which is secured by retaining screws coun-
tersunk below the occlusal surface. K, The completed prosthesis replaces the mandibular first and second
molars. Composite resin covers the screw access holes. The prosthesis is not joined to the conventional
crown on the mandibular second premolar. L, Radiograph of the completed restorations.
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Fig. 13-20.

	

Four main categories of osseointegrated im-
plants. Left to right: titanium screw, hydroxyapatite-coated
screw, hydroxyapatite-coated cylinder, titanium
plasma-sprayed cylinder.

A

B

Fig. 13-21.

	

Cover screw in place during the initial
implant-healing phase. Soft tissue is sutured over the im-
plant. A removable prosthesis can be worn over this area
during healing.

Fig. 13-22.

	

Two types of healing abutments. Both allow
for soft tissue healing after second-stage surgery. A, This
type screws into the implant. B, This type screws into the
abutment. It is more commonly referred to as a healing cap.

All contemporary dental implants have an inter-
nally threaded portion that can accept second-stage
screw placements. These implants also may incor-
porate an antirotational feature within the design of
the fixture body. If it is incorporated, the antirota-
tional feature may be either internal or external.

Implant bodies can also be classified as one stage

or two stage. One-stage implants project through the
soft tissue immediately after Stage I surgery. Two-
stage implants are typically covered with soft tissue
at this point. When a tall cover screw or healing cap
is placed on a two-stage implant to project it
through the tissue at the time of placement, this is
referred to as "using a two-stage implant with a
one-stage protocol."

Cover Screw.

	

During the healing phase follow-
ing first-stage surgery, a screw is normally placed in
the superior aspect of the fixture. It is usually low in
profile to facilitate the suturing of soft tissue in the
two-stage implant or to minimize loading in the one-
stage implant (Fig. 13-21). At second-stage surgery, it
is removed and replaced by subsequent compo-
nents. In some systems the screw is made slightly

larger than the diameter of the implant, which facil-
itates abutment placement by ensuring that bone
does not grow over the edge of the implant. The im-
plant surgeon should always be sure that the sealing
screw is completely seated after stage-one surgery to
prevent bone from growing between the screw and
the implant. If this occurs, removing the bone may
damage the superior surface of the implant and af-
fect the fit of subsequent components.

Healing Abutment. Healing abutments are
dome-shaped screws placed after second-stage
surgery and before insertion of the prosthesis. They
range in length from 2 to 10 mm and project
through the soft tissue into the oral cavity. They
may screw directly into the fixture or, in some sys-
tems, onto the abutment immediately after second-
stage surgery. Those that screw onto the abutment
are commonly referred to as healing caps (Fig. 13-22).
Both healing abutments are made of titanium or ti-
tanium alloy. In areas where esthetics is paramount,
healing should be sufficiently completed around a
healing cap to stabilize the gingival margin. At this
time, abutments of appropriate length are selected
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to ensure that the metal-porcelain interface of
the restoration will be located subgingivally. In
areas where tissue esthetics is not critical, adequate
healing for impressions usually takes 2 weeks. In es-
thetic zones, 3 to 5 weeks may be required before
abutment selection. In addition, knowing the
length of the healing cap can expedite abutment
selection.

Abutments. Abutments are the component of
the implant system that screw directly into the im-
plant. They will eventually support the prosthesis
in screw-retained restorations, since they accept the
retaining screw of the prosthesis. For cement-
retained restorations, they may be shaped like a

conventional crown preparation. Abutments take
many forms (Fig. 13-23). Their walls are usually
smooth, polished, and straight-sided titanium or ti-
tanium alloy. Their length ranges from 1 to 10 mm.
In nonesthetic areas, 1 to 2 mm of titanium should
be allowed to penetrate the soft tissue to maximize
the patient's ability to clean the prosthesis (Fig.
13-24). In esthetic areas, an abutment can be selected
to allow porcelain to be carried subgingivally for
optimum esthetics (Fig. 13-25).

In implant systems that incorporate an antirota-
tional feature, the abutment must have two compo-
nents that move independently of each other-one
engages the antirotational feature, and the other se-
cures the abutment within the fixture (Fig. 13-26).

Fig. 13-23.

	

Types of abutments (left to right): A, Standard. Length can be selected to make the margin
subgingival or supergingival. B, Fixed. This abutment is much like a conventional post-and-core. It is
screwed into the implants, has a prepared finish line, and receives a cemented restoration. C, Angled.
This type is available when implant angles must be corrected for esthetic or biomechanical reasons.
D, Tapered. This type can be used to make the transition to restoration more gradual in larger teeth.
E, Nonsegmented, or direct. This type is used in areas of limited interarch distance or areas where es-

thetics is important. The restoration can be built directly on the implant, so there is no intervening abut-
ment. This direct restoration technique has been called the UCLA abutment.
(Modified from Peterson et al: Contemporary oral surgery, ed 3, St Louis, 1998, Mosby.)

B

Fig. 13-24.

	

A, Healing abutments projecting through the soft tissue. B, Implant restorations sup-
ported by standard abutments that allow easy access for oral hygiene.

A
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C

B

Fig. 13-25.

	

A, Healing abutments projecting through the tissue for implant restoration of maxillary

central incisors. B, Fixed abutments selected with margins 1 to 2 mm subgingival. C, Completed, ce-
mented restorations. D, Overall esthetic result.

Fig. 13-26.

	

When an antirotational feature is to be engaged by the
abutment, one component of the abutment (the sleeve) must fit the hexa-
gon whereas the other (the screw) independently tightens the compo-
nents together.

A
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Angled abutments use a similar technique to correct
divergently placed implants (Figs. 13-27 and 13-28).
Some systems have recently included tapered or
wide-base abutments, which allow teeth with larger
cross-sectional diameters to be restored with more
physiologic contours. The nonsegmented implant

crown (UCLA) bypasses the abutment portion by us-
ing a sleeve waxed directly to the implant. Using
nonsegmented implant crowns may be necessary
when soft tissue thickness is less than 2 mm. All-ce-
ramic components designed to be tightened directly
to the implant also have been introduced (Fig. 13-29).

A B C

Fig. 13-27.

	

A, This implant in the maxillary lateral incisor position is angled too far facially to restore
with a straight abutment. B, An abutment angled 15 degrees with subgingival margins is screwed to
place. C, The completed crown cemented onto the angled abutment. A provisional luting agent can be
used to maintain retrievability, although choosing a suitable material that retains the restoration ade-
quately but can still be removed is not always easy.

A B

Fig. 13-28.

	

A, Severely angled implants require 25-degree angled abutments. B, Completed restora-
tion on 25-degree angled abutments with retaining screws redirected toward the occlusal surface.

B

Fig. 13-29.

	

A, An all-ceramic abutment designed to fit directly against the implant is compatible with
aluminous dental porcelain. B, A screw-retained, all-ceramic restoration can be used on larger teeth and
has excellent esthetics.
(Courtesy Drs. A. Ingber and V. Prestipino.)

A
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The choice of abutment size will depend on the
vertical distance between the fixture base and op-
posing dentition, the existing sulcular depth, and
the esthetic requirements in the area being restored.
For acceptable appearance, fixtures in the posterior
maxilla or mandible may require margin termina-
tion at or below the gingival crest. An anterior max-
illary crown may require 2 to 3 mm of subgingival
porcelain at the facial gingival margin to create the
proper emergence profile and appearance. Frame-
work fit should be checked on multiple unit restora-
tions if abutment margins are no more than 1 mm
subgingivally. Periodontal probing of the sulcus af-
ter the healing cap is removed will reveal the space

available for subgingival extension and can be per-
formed at the time of abutment placement or fol-
lowing a period of tissue healing around a provi-
sional restoration. When these measurements have
been made, the correct abutment is attached to the
implant. The abutment length can have a dramatic
effect on restoration contours (Fig. 13-30).

Impression Posts. Impression posts facilitate
transfer of the intraoral location of the implant or
abutment to a similar position on the laboratory
cast. They may screw into the implant or onto the
abutment and are customarily subdivided into fix-
ture types or abutment types (Fig. 13-31).

A B

Fig. 13-30.

	

A, Two crowns fabricated for the same lingually tipped mandibular implant. The arrows
denote the connection to the implant body for both units. Crown 2 is fabricated on a 4-mm abutment.
Crown 1 is connected directly to the implant body, allowing the creation of more physiologic contours.
B, One-year follow-up of crown 1. The soft tissue response is excellent despite a poorly placed implant.

Fig. 13-31.

	

Types of impression posts. A, A one-piece (screws onto abutment) is used if the abutment
does not need to be changed on the laboratory cast. B, A one-piece (transfer) is attached directly to the
fixture if the abutment does need to be changed on the cast (it should have a flat side if angle correction
will be necessary). C, A two-piece (pick-up), used to orient the antirotational feature or to make impres-
sions of very divergent implants.
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With the transfer impression post in place, an im-
pression is made intraorally. Both of these can be
further subdivided into transfer types (indirect) and
pick-up (direct) types after radiographs are taken to
confirm complete engagement. Heavier-body im-
pression materials (e.g., poly[vinyl siloxane] and
polyether) are usually recommended, although any
conventional impression material can be used.
When the impression is removed from the mouth,
the impression post remains in place on the implant
abutment or on the fixture. It is then removed from
the mouth and joined to the laboratory analog be-

fore being transferred to the impression in the
proper orientation. If the clinician anticipates that
the implant angulation will have to be corrected on
the laboratory cast, a flat-sided impression post that
goes directly into the fixture or implant should be
used (Fig. 13-32). The flat side of the post will accu-
rately orient the location of the implant and position
the threads and the antirotational feature. When an
angled abutment is placed or screwed into the im-
plant, it must be oriented in the same position as the
prosthesis was fabricated in the laboratory. Com-
pletely symmetric impression posts are contraindi-

A,B

D,E

G,H

J,K

F

L

Fig. 13-32.

	

A, A standard transfer impression post is a sleeve that matches the implant diameter. A
screw penetrates through its center. B, The screw can be placed through the impression post sleeve and
carried to the mouth with the standard hex driver (C). D, Impression post seated into the implant.
E, Radiograph confirming complete seating. F, Complete impression, clearly showing flat sides. G, Labo-
ratory analog corresponding to the size of the implant. H, Impression post removed from the mouth and

attached to a laboratory analog. 1, Impression post/analog complex inserted into the impression with
flat sides properly oriented. J, Polyether impression material injected around the complex before pour-
ing. K and L, Impression post orients the laboratory analog to cast as the implant body is positioned in
the mouth.

1

C
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cated if angle correction may be necessary. If the
clinician decides to transfer the orientation of an an-
tirotational feature from the mouth to the laboratory
model, the two-piece pick-up (direct) impression
technique should be used. This technique requires a
two-piece impression post with a removable guide
pin that screws directly into the abutment or onto
the fixture. It uses a square coping with a long guide
pin and usually an open-top tray. The impression
coping is designed with square side walls to pre-
vent rotation in the impression material. An
open-top impression tray allows access to the guide
pin for unscrewing after the material has set so that
the copings can be picked up within the impression
when removed from the mouth (Fig. 13-33). When
implants are oriented at significantly divergent an-
gles, the pick-up technique is generally considered
to be the more accurate of the two procedures. The
transfer technique is more convenient and some-
times mandatory when space is limited and screw-
driver access would be limited. Before an implant
impression is taken, a radiograph should be made

A

B

to ensure that the components are properly assem-
bled. This requirement is especially important when
an antirotational feature is involved.

Laboratory Analogs. Laboratory analogs are
made to represent exactly the top of the implant fix-
ture or the abutment in the laboratory cast. There-
fore, they can be classified as fixture analogs and
abutment analogs (Fig. 13-34). Both types screw di-
rectly into the impression post after it has been re-
moved from the mouth, and the joined components
are returned to the impression before pouring. The
final impression should be poured in either dental
stone or die stone. The gingival tissues can be re-
produced by injecting an elastomer (e.g., Perma-
dyne*) to represent soft tissue around the laboratory
analog before pouring. This will facilitate removal
of the impression post from the stone cast and the
placement of subsequent abutments without break-
ing the stone and losing the reference point of the
soft tissue (Fig. 13-35).

Abutment analogs are generally attached to an
implant impression post. Implant body impression
posts are normally attached to implant body
analogs. The advantage of using the implant body
analog is that the abutments can be changed in the
laboratory. Also, if a flat-sided impression post has
been used to orient the threads or the hexagon of
the implant body analog properly, the decision to
correct the implant angulation can be deferred until
the laboratory stage. If the clinician is confident that
the appropriate abutment has been selected, using
the abutment impression post and abutment ana-
log can simplify the procedure. If a supragingival

*ESPE-North America: Norristown, Pa.

Fig. 13-33.

	

A, Cross-sectional view of the two-piece im-
pression post, which remains within the impression mater-
ial. B, The impression screw passes through the coping to
attach the laboratory analog.

Fig. 13-34.

	

Laboratory analogs. These represent either
implants or abutments. A duplicates the top of the implant.
B duplicates the top of the abutment.
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A

C

B

Hg. 13-35.

	

A and B, Polyether impression material injected around a laboratory analog before the
impression is poured. The gingival material should not cover any retention features of the analog. C, The
impression material reproduces the patient's soft tissue contours adjacent to the implant. The impression
post may be removed and other components inserted without losing the associated anatomic landmarks.
D, Completed restoration.
(Courtesy Dr. C. Pechous.)

Fig. 13-36.

	

Plastic waxing sleeve tightened to a labora-
tory analog.

Fig. 13-37.

	

Gold cylinder tightened to a laboratory
analog.

abutment margin has been selected, a soft tissue
cast will not be necessary.

Waxing Sleeves.

	

Waxing sleeves are attached to
the abutment by the relating screw on the labora-
tory model. They will eventually become part of the
prosthesis. In nonsegmented implant crowns, they
are attached directly to the implant body analog in
the cast.

Commonly referred to as UCLA abutments, they
may be plastic patterns that will be burned out and
cast as part of the restoration framework (Fig.
13-36), precious metal that will be incorporated in

the framework when it is cast to the precious alloy
cylinder, or a combination of each (Fig. 13-37). Us-
ing a metal waxing sleeve ensures that two ma-
chined surfaces will always be in contact. The cast
surface of the plastic waxing sleeve may be retooled
before it is returned to the fixture.

Waxing sleeves are available in several vertical
dimensions. Tall ones can be shortened to conform
to the requirements of the occlusal plane. Today,
most waxing sleeves are a combination of gold alloy
and plastic (Fig. 13-38). This combination allows the
machined fit of the alloy at the implant, with the
cost advantage of plastic at the waxing surface.

D
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A B

Fig. 13-38.

	

A, Waxing sleeves with gold alloy base and plastic extension. B, On the laboratory cast,
the technician can wax to the plastic extension. The wax and plastic will be burned out, and the new al-
loy will be "cast to" the original alloy base.

A

Fig. 13-39.

	

Two types of prosthesis-retaining screws.
A, Nonsegmented crown retained to implant. B, Crown re-
tained on abutment.

B

Prosthesis-retaining Screws.

	

Prosthesis-retain-
ing screws penetrate the fixed restoration and se-
cure it to the abutment (Fig. 13-39). They are tight-
ened with a screwdriver and attach nonsegmented
crowns to the body of the implant. They generally
are made of titanium, titanium alloy, or gold alloy
and may be long (which allows them to penetrate
the total length of the implant crown) or short
(which requires countersinking them into the oc-
clusal surface of the restoration). Screws that are
countersunk must be covered by an initial layer of
resilient material (e.g., gutta-percha, cotton, or sili-
cone). A subsequent seal of composite resin is
placed over the resilient plug (Fig. 13-40).

IMPLANT RESTORATIVE OPTIONS

Distal-extension Implant Restoration.

	

Implant
support offers major advantages in the treatment of
partially edentulous patients in whom no terminal
abutment is available. In this situation, the conven-
tional dental treatment plan would include a re-

Fig. 13-40.

	

A, Prosthesis-retaining screws countersunk
below the occlusal surface of the restoration. B, Composite
resin placed in screw access holes after the retaining screws
are tightened.

movable partial denture. However, with the im-
plant alternative, patients can avoid the discomfort
and inconvenience of a removable prosthesis.

There are two distal-extension restorative op-
tions. One option is to place an implant distal to the
most posterior natural abutment and fabricate a
fixed prosthesis connecting the implant with the
natural tooth. However, there are problems associ-
ated with implants connected to natural teeth (see
p. 356). The other option is to place two or more im-
plants posterior to the most distal natural tooth and
fabricate a completely implant-supported restora-
tion (Fig. 13-41). If the crown-to-implant ratio is fa-
vorable, two implants to support a three-unit fixed
partial denture may be considered. If implants are
short and crowns are long, one implant to replace
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A B

Fig. 13-41.

	

A, Two implants placed distal to the mandibular canine. B, The completed restoration is
not connected to the natural tooth.

Fig. 13-42.

	

A, Natural tooth prepared between two im-
plants. B, Telescopic coping permanently cemented onto
the natural tooth. C, Prosthesis placed with screw retention
on the implants and temporary cement retention on the
telescopic coping.

each missing tooth is highly recommended. If doubt
remains, more implants are used when heavier
forces are expected (e.g., the posterior part of the
mouth in patients with evidence of parafunctional

activity). Fewer implants are used when lighter
forces are expected (e.g., those opposing a complete
denture or those supporting a prosthesis in the an-
terior part of the mouth).

Long Edentulous Span Restoration. Similar
options can be used when treating a long edentu-
lous span. The clinician may choose to have multi-
ple implants placed between the remaining natural
teeth and to fabricate a fully implant-supported
restoration. As an alternative, one or two implants
can be placed in the long edentulous span and the
final restoration connected to natural teeth. When it
is necessary to connect implants and the natural
teeth, protecting the teeth with telescopic copings is
recommended (Fig. 13-42). In this manner, prosthe-
sis retrievability can be maintained. In addition,
some long edentulous spans require the reconstruc-
tion of soft and hard tissue as well as teeth. In these
instances, using resin teeth processed to a metal
substructure rather than a conventional metal-
ceramic restoration is recommended. Soft tissue es-
thetics can be more easily and accurately mimicked
with heat-processed resin and large defects (Fig.
13-43). This type of restoration has been called a hy-
brid because it combines the principles of conven-
tional fixed and removable prosthodontics. For
smaller defects, pink porcelain can be used to com-
pensate for missing soft tissue (see Fig. 13-24, B).

Single-tooth Implant Restoration. The use of
single implants in restoring missing teeth is an at-
tractive option for the patient and the dentist. How-
ever, it requires careful implant placement and
precise control of all prosthetic components. Sin-
gle-tooth restorations supported by implants may
be indicated in the following situations:
1.

	

An otherwise intact dentition
2. A dentition with spaces that would be more

difficult to treat with conventional fixed
prosthodontics
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B

Fig. 13-43.

	

A, Large mandibular defect created by a shotgun wound. B, Metal substructure of a hy-
brid prosthesis tried onto three implants in this defect. C, Denture resin can more effectively recreate the
soft tissue color and contours in the completed restoration than dental porcelain. D, Hybrid restoration
restoring the defect.

3. Distally missing teeth when cantilevers or re-
movable partial dentures are not indicated

4. A prosthesis that needs to closely mimic the
missing natural tooth

The requirements for single-tooth implant crowns
are as follows:
1. Esthetics
2. Antirotation-to avoid prosthetic component

loosening
3.

	

Simplicity-to minimize the amount of compo-
nents used

4.

	

Accessibility-to maintain optimum oral health
5.

	

Variability-to allow the clinician to control the
height, diameter, and angulation of the implant
restoration

Several systems have been developed to comply
with these demands. Common indications include
congenitally missing maxillary lateral incisors (Fig.
13-44) and teeth in which endodontic treatment was
unsuccessful (Fig. 13-45). Screw loosening has most
commonly been associated with the terminally po-
sitioned single molar implant crown (Fig. 13-46).

Matching the soft tissue contours of adjacent nat-
ural teeth remains the most difficult challenge for
completing the anterior single-tooth restoration.
These contours can be reliably created with provi-
sional restorations. One technique, which combines
soft tissue contouring and provisional placement, is

Fig. 13-44.

	

A, Lateral incisor crowns attached to im-
plant abutments. B, Single tooth implant crowns replacing
the maxillary lateral incisors.

shown in Figure 13-47. When the tissue has matured
around the provisional restoration, a final impres-
sion can be taken to complete the definitive restora-
tion (Fig. 13-48). Impressions can also be made at

B



Section 2 Clinical Procedures-Part I

A

Fig. 13-45.

	

A, Occlusal view of a single tooth implant crown replacing a fractured mandibular pre-
molar. B, Buccal view of a single-tooth implant crown replacing a mandibular premolar.

Fig. 13-46.

	

Screw loosening is most commonly associated with
single-tooth molar implant crowns.

A,B

D,E F

Fig. 13-47.

	

A, Soft tissue healing 2 weeks after second-stage surgery and placement of a healing cap.
B, The healing cap removed. Note that the interdental papilla has been preserved. An impression post
may be placed, and an implant master cast prepared. C, Soft tissue cast prepared with a laboratory bur
to create the ideal soft tissue architecture. D, A gold waxing sleeve attached to the laboratory analog re-
tains the provisional restoration. E, A full-contour wax pattern can be used to fabricate the provisional.
F, Duplicate cast of the full-contour wax pattern.

	

Continued

C



G,H

Fig. 13-47, cont'd.	 G, An acrylic template is adapted to the duplicate cast and returned to the mas-
ter cast. H, Waxing posts to create a screw access hole in the provisional restoration. I, A provisional im-
plant restoration is fabricated by one of the techniques described in Chapter 15. J, The soft tissue is con-
toured to accept a provisional restoration. A diamond curettage bur can be used when sufficient attached
tissue is present. K, Soft tissue contouring improves esthetics, minimizes pocket depths, and allows
more physiologic restoration contours. L, The provisional restoration. Soft tissue is allowed to heal for
4 to 6 weeks before the final impression is made.

the time of Stage I surgery so that a provisional can
be delivered at Stage II to facilitate more ideal soft
tissue contours (Fig. 13-49). The best soft tissue es-
thetics are still generally achieved when interdental
papillae are present before the surgery. If soft tissue
contours are deficient before surgery, the patient
should expect some compromise in the final soft tis-
sue result.

Fixed Restoration in the Completely Edentulous
Arch. For completely edentulous patients who
require nonremovable restorations, there are two
implant options: a hybrid prosthesis and a fixed
metal-ceramic rehabilitation (Figs. 13-50 to 13-52).

The hybrid prosthesis is a cast alloy framework
with processed denture resin and teeth. It requires a
minimum of five implants in the mandible and six
in the maxilla. One major determining factor for se-
lecting this option is the amount of bone and soft
tissue lost. For patients who have had moderate
bone loss, the prosthesis restores both bone and soft
tissue contours.

The metal-ceramic rehabilitation also requires
five implants in the mandible and six in the maxilla.
It can be made esthetically pleasing only if minimal

bone loss has occurred and is best suited for pa-
tients who have recently lost their natural teeth
(within 5 years). For patients with severe bone loss,
there is probably only one option: a removable
restoration (Fig. 13-53).

The main advantage of a completely fixed
restoration, whether it is hybrid or metal-ceramic, is
that it is completely retained by the patient at all
times. Therefore, patients experience the psycho-
logic benefit of having a restoration that closely re-
sembles their original natural teeth. In addition,
movement within the system is minimized, and the
components tend to wear out less quickly. Because
the prosthesis is screw retained, the dentist can re-
move it, allowing access for cleaning and repairs. A
potential disadvantage is that the implants must be
precisely placed, especially in the maxillary anterior
esthetic zone. Implants placed in embrasure spaces
can lead to disastrous esthetic results and can im-
pede access for hygiene. With a hybrid prosthesis,
the clinician must decide between leaving enough
space for hygiene access and minimizing space for
optimum esthetics. Some patients may be con-
cerned by the amount of metal shown in a hybrid
prosthesis. However, from a conversational distance,

I
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B

Fig. 13-48.

	

A, Soft tissue around a maxillary implant provisional restoration after 6 weeks of healing.
B, New soft tissue contours compared to the healing abutment previously in place. C, Final impression
made and a master cast fabricated. The new soft tissue contours are reproduced. D, Implant crown
placed on the maxillary right central incisor. E, Preservation of the interdental papilla is important for
patients with medium to high smile lines. F, One-year follow-up showing that the patient has main-
tained healthy soft tissue contours.
(Courtesy Dr. J. Holloway.)

A
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Fig. 13-49.

	

Stage It provisional technique. A, Patient missing maxillary right central incisor. B, Surgi-
cal template in position. C, Once the screw-shaped implant is in place, the fixture mount is luted to the
surgical template with resin before it is unscrewed from the mouth. D, Analog attached to the fixture
mount. E, Diagnostic stone cast prepared to position analog. F, Template placed back on diagnostic cast.
G, Dental stone is flowed around the analog. The position of the analog is identical to the position of the
implant in the mouth. H to L, A plastic sleeve is used for the fabrication of a provisional restoration that
can be delivered at Stage 11 surgery.

A,B

D,E

G,H

J,K
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Fig. 13-50.

	

A metal-ceramic implant restoration may be
indicated if adequate bone and soft tissue contours are
available.

A

B

Fig. 13-51.

	

Hybrid restorations are the treatment of
choice for edentulous patients with moderate bone
resorption.

Fig. 13-53.

	

The amount of bone resorption dictates the
treatment options for an edentulous patient. A, Minimal re-
sorption may allow metal-ceramic restorations. B, Moder-
ate resorption may necessitate resin-to-metal (hybrid)
restorations. C, Severe resorption will require only implant-
supported overdentures for optimum esthetic results.

C

Fig. 13-52.

	

Radiograph showing fixed restorations sup-
ported by six implants in the maxilla and five in the
mandible.

a properly made prosthesis will be hardly notice-
able. Esthetic and phonetic problems in the maxil-
lary arch can often be avoided by not placing im-
plants near the midline and restoring the incisor
teeth with pontics. This approach to implant place-
ment improves the restorative outcome consider-
ably (Fig. 13-54).

CEMENT-RETAINED VERSUS SCREW-RETAINED

IMPLANT CROWNS

Cemented implant crowns can be luted to a
screw-retained abutment. Zinc phosphate, glass
ionomer, and composite resin cements have all been
suggested for this purpose. However, retrievability
of the implant restoration is ordinarily not consid-
ered when a permanent cement is used. The provi-
sional cements have been recommended because
they allow restoration retrieval. However, unpre-
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Fig. 13-54.

	

A, A surgical template can be fabricated for an edentulous patient by duplicating the ex-
isting denture in clear resin. B, The lingual aspect of the template is removed, leaving the most facial
2 mm of resin intact. The surgeon will have access to the bone, but it will be confined to the arch form.
C, The ideal positions for maxillary implants are the canine, second premolar, and second molar areas.
Cross arch implant parallelism is also important. D, Access for hygiene must be allowed around implant
abutments. E, If implants are located posterior to the canine, access for hygiene can be created without
compromising esthetics or phonetics. F, Reasonable esthetics and phonetics can be accomplished with a
hybrid restoration if modified ridge-lap pontics are used in the maxillary central and lateral incisor
positions.

dictability of the temporary luting agents can lead
to a difficult retrieval or premature displacement.

Simplicity and, in some systems, economy are the
major advantages of cement-retained restorations.
In addition, cementing allows minor angle correc-
tions to compensate for discrepancies between the
implant inclination and the facial crown contour
(Fig. 13-55). Resistance to rotation is particularly
critical with cemented prosthetics, and the abut-
ment should then incorporate an antirotational fea-
ture. Very small teeth are most easily replaced with
cement-retained implant crowns (Fig. 13-56).

One misconception about cement-retained
crowns is that they are simpler and have fewer
screw-loosening episodes. They actually require
more chair time and have the same propensity to

loosen. They are, however, more esthetically pleas-
ing and less expensive.

The screw-retained implant crown is fastened
either to the abutment or directly to the implant.
The main advantage of this restoration is its retriev-
ability. Retrievability allows for crown removal,
which can facilitate soft tissue evaluation, calculus
debridement, and any other necessary modifica-
tions. In addition, future treatment considerations
can be made more easily and are less costly if the
implant restoration is retrievable. However, in
screw-retained restorations, the access hole must be
through the occlusal table of posterior teeth or
the lingual surface of anterior teeth. Forces can then
be directed in the long axis of the implant, and
optimum esthetics is more easily achieved. This
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Fig. 13-55.

	

A, Implant in position to replace
central incisor. B, A laboratory cast demonstrates
facial angulation of the implant. C, An angled
abutment allows esthetic restoration (D).

Fig. 13-56.

	

A, Very small teeth are difficult to restore es-
thetically with screw-retained restorations. B, Occlusal view
of screw-retained mandibular central incisors. Note the dis-
crepancy in incisal edge widths caused by the screw access
holes.

Fig. 13-57.

	

Torque on the screw develops a preload
(clamping force) between the implant and the crown.

requirement dictates an ideal surgical location,
which is not always possible because of anatomic
limitations. The primary disadvantage of a
screw-retained implant restoration is that the screw
may loosen during function. Many techniques for
retaining screw connection have been reported. The
direct mechanical interlock or antirotational feature
appears to be the most effective.

If the screw is sufficiently tightened into the im-
plant crown to seat it, a clamping load or preload is
developed between the implant and the crown (Fig.
13-57). If this clamping force is greater than the
forces trying to separate the joint between implant
and crown, the screw will not loosen. An implant
screw should be tightened with sufficient force to
seat the crown, but not so much as to affect the
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Fig. 13-58.

	

The screw will loosen only if the joint-
separating force is greater than the clamping force.

bone-implant interface. Torque wrenches are avail-
able to achieve this. In addition, lateral forces
(which tend to separate the joint) should be elimi-
nated or reduced (Fig. 13-58 and Box 13-5.)

BIOMECHANICAL FACTORS
AFFECTING LONG-TERM
I MPLANT SUCCESS

OCCLUSION (Box 13-6)
Bone resorption around dental implants can be
caused by premature loading or repeated overload-
ing. Vertical or angular bone loss is usually charac-
teristic of bone resorption caused by occlusal
trauma. When pressure from traumatic occlusion is
concentrated, bone resorption occurs by osteoclastic
activity. In the natural dentition, bone remodeling
typically occurs once the severe stress concentration

is reduced or eliminated. However, in the osseointe-
grated implant system, after bone resorbs, it usually
does not reform. Because dental implants most ef-
fectively resist forces directed primarily in their long
axis, lateral forces on implants should be minimized.

Lateral forces in the posterior part of the mouth
are greater and more destructive than lateral forces
in the anterior part of the mouth. When they cannot
be completely eliminated from the implant prosthe-
sis, efforts should be made to distribute them
equally over as many teeth as possible.

Implant restorations should be designed to mini-
mize damaging forces at the implant-bone interface,
with particular attention to the occlusion. Flatter in-
clines can be developed on implant cusps, creating
more vertical resultant forces and a shorter moment
arm (Fig. 13-59). Whenever possible, a cusp-fossa
relationship should be established in the intercuspal
position with no eccentric occlusal contacts (see
Chapter 18). The maxillary single-tooth restoration
is vulnerable to screw loosening due to occlusal
contacts, which usually produce an inclined resul-
tant force with increased torque on the retaining
screw. Optimum implant orientation will effectively
reduce these forces.

In general, the location and inclination of force
should be seriously considered in the restorative
phase of implant treatment. Divergent implant
placement increases the moment arm through which
force is transmitted to the bone-implant interface;
this could exceed the threshold for bone resorption.
Interchangeable components to alter implant angles
have been produced by implant body manufactur-
ers. However, it has been shown that increasing
abutment angles also produces increased stresses at
the bone-implant interface. Angled abutments may
solve immediate esthetic or contour problems while
masking potential long-term consequences created
by an implant placement that is poorly planned or
dictated by the patient's anatomy.

Inadequate implant distribution may also lead to
excessive cantilevers or forces that could potentiate
overloading of implant bodies. Whenever possible,
dental implants should be joined so that forces may
be more equally distributed over multiple implants.
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Fig. 13-59.

	

Sharper cusp inclines and wider occlusal ta-
bles increase the resultant force on implant components.

Ideally, one implant for every tooth to be restored
should be placed. This number is particularly im-
portant when shorter implants are placed in
poorer-quality bone. When implants longer than 13
mm can be placed in dense bone, two for every three
teeth being replaced are acceptable. Full arch restora-
tions should not be considered on less than six im-
plants in the maxilla and five in the mandible. Im-
plant cantilevers should be kept as short as possible.
However, cantilevering considerable distances off
five well-integrated fixtures in the anterior mandible
is possible. Quite often, cantilevering to the first mo-
lar is possible. Equations based on the distribution
and length of fixtures have been proposed."

CONNECTING IMPLANTS TO NATURAL TEETH
It has been suggested" that connecting a single os-
seointegrated implant to one natural tooth with a
fixed partial denture can create excessive forces be-
cause of the relative immobility of the osseointe-
grated implant compared to the functional mobility
of a natural tooth. During function, the tooth moves
within the limits of its periodontal ligament, which
can create stress at the neck of the implant up to two
times the implied load on the prosthesis (Fig. 13-60).
Potential problems with this type of restoration in-
clude (1) breakdown of the osseointegration, (2) ce-
ment failure on the natural abutment, (3) screw or
abutment loosening, and (4) failure of the implant
prosthetic component. This situation is encountered
clinically when the most posterior abutment is lost
in the dental arch and a fixed prosthesis is needed to
connect a single implant to the natural tooth. If pos-
sible, a totally implant-supported fixed partial den-

Fig. 13-60.

	

When a single implant is attached to a nat-
ural tooth, biting forces on the natural tooth and pontic
cause stress to be concentrated at the superior portion of
the implant.

Fig. 13-61.

	

A semi-precision attachment may compen-

sate for vertical displacement forces in the tooth and an
implant-supported fixed prosthesis. It does not compensate
for forces in the buccolingual direction.
(Courtesy Dr. G. Seal.)

ture with two or more implants should be provided.
However, anatomic limitations of the maxillary si-
nus or the mandibular canal often limit restorative
efforts directed at a single fixture site.

When connecting an implant to a natural tooth is
necessary, multiple implant or natural tooth abut-
ments should be used. A semi-precision attachment
(keyway) in the prosthesis between the implant and
the natural tooth may solve potential problems 14 (Fig.
13-61). However, under most circumstances, when a
load is applied to the pontic, the additional move-
ment at the attachment actually increases the can-
tilever effect on the implant abutment. In practice,
the only advantage of a semi-precision attachment
may be that it allows a screw-retained implant abut-
ment crown to be removed for periodic evaluation.
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A B

Fig. 13-62.

	

A, Metal try-in for maxillary rehabilitation using implant abutments and a telescopic cop-
ing on the maxillary left premolar. B, Prosthesis screw retained on implants with temporary luting agent
over the telescopic coping.

SHOCK-ABSORBING ELEMENTS
Because there is no movement between the bone and
an osseointegrated implant, incorporating some
type of shock-absorbing layer to reduce occlusal im-
pact forces may be necessary. One theory claims that
such forces may exceed the threshold necessary for
bone resorption to occur. This shock absorber could
be specially designed into the implant system, or the
occlusal surface of the restoration might be con-
structed of acrylic resin to accomplish the same ef

Fig. 13-63.

	

Metal framework fit should be evaluated

	

fect. These recommendations are based on theoreti-
with only a single retaining screw in place.

	

cal calculations rather than on clinical data, and the
need for shock-absorbing elements remains a con-
troversial subject in implant dentistry.

When circumstances dictate using a natural tooth
abutment, a telescopic coping should be considered.
This is permanently cemented to the natural tooth
and can prevent decay if loosening occurs. Provi-
sional cement is used to attach the prosthesis to the
coping. If it leaches out of the implant crown, the
natural tooth will still be protected (Fig. 13-62).

I MPLANT AND FRAMEWORK FIT
Pathogenic forces can be placed on an implant if the
framework does not fit passively. When all the pros-
thesis-retaining screws are tightened, gaps between
the abutment and a poorly fitting framework will
close, giving the appearance of an acceptable fit.
However, significant compressive forces are placed
on the interfacial bone, which can lead to implant
failure. The fit of all implant frameworks should be
checked with only one screw in place. No visible
amounts of space or any amounts of movement
with finger pressure should be discernible on any of
the other implant abutments (Fig. 13-63). If a non-
passively fitting framework is identified, it should
be sectioned and soldered and then reassessed for
passive fit. A relation record should also be made.

MAINTENANCE

The goal of implant maintenance is to eradicate mi-
crobial populations affecting the prosthesis. Al-
though dental implants may be more resistant than
natural teeth to the effects of bacterial plaque, this
has yet to be definitively proved. Until more re-
search is available, proper and timely home care
measures for prolonging the lifetime of an implant
are most effective. Clinicians must ensure that the
patient receives thorough instruction in mainte-
nance techniques, including an initial session with
the clinician. This should be reinforced by a training
session with the dental hygienist during a recall
visit. Recall visits should be scheduled at least every
3 months during the first year. The patient's oral hy-
giene should be evaluated and documented at a re-
call visit; reinstruction should be provided when
necessary. Sulcular debridement must be perfomed
with plastic or wooden scalers, since conventional
instruments will scratch the titanium. Implant abut-
ments may be polished using rubber cups with a
low-abrasive polishing paste or tin oxide.
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At each recall appointment, implant mobility
should be evaluated; any bleeding after probing
should be examined. Framework fit and occlusion
also must be checked. Attention to both biologic and
biomechanical factors is important to the long-term
success of dental implants.

COMPLICATIONS

BONE LOSS
The primary complication with dental implant ther-
apy is bone loss around the implant (Fig. 13-64).
Any loss exceeding 0.2 mm per year is cause for
concern. Multiple factors are associated with im-
plant bone loss:

1.

	

Inappropriate size and shape of the implant
2.

	

Inadequate number of implants or implant
positioning

3.

	

Poor quality or inadequate amount of avail-
able bone

4.

	

Initial instability of the implant
5.

	

Compromised healing phase
6.

	

Inadequate fit of the prosthesis
7.

	

Improper design of the prosthesis (e.g., ex-
cessive cantilever, poor access for hygiene)

8.

	

Excessive occlusal forces
9. Deficient fit of abutment components (i.e.,

gaps that allow bacterial colonization)
10.

	

Inadequate oral hygiene
11. Systemic influence (e.g., tobacco use,

diabetes)
The restorative dentist should pay particular at-

tention to the fit of the prosthesis, the access for hy-
giene, and the presence of excessive occlusal forces.
If bone loss reaches 25% to 30%, revision surgery
should be considered.

PROSTHETIC FAILURE
Additional implant prosthetic complications in-
clude fracture of the implant components or the

prosthesis. Fracture of implant components is usu-
ally attributed to fatigue from biomechanical over-
load (Fig. 13-65). Failure of the implant prosthesis is
usually traceable to less than ideal laboratory pro-
cedures or prosthesis design (Figs. 13-66 and 13-67).

SUMMARY

Implant-supported prostheses, using cylindrical os-
seointegrated fixtures placed by a two-stage surgi-
cal technique, should be considered in the treatment
of any partially edentulous patient. They are a reli-
able solution to many situations that are difficult to
treat by conventional measures: the patient who

Fig. 13-65.

	

Fractured abutment screw on a tooth and
implant-supported prosthesis.

Fig. 13-66.

	

Porcelain fracture on an implant prosthesis
with inadequate metal support.

Fig. 13-64.

	

To monitor implant bone loss, radiographs
should be evaluated once a year.

Fig. 13-67.

	

Resin fracture on a hybrid prosthesis. The
prosthesis can be retrieved easily for repair.
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cannot wear removable appliances, the patient with
a long edentulous span or other circumstance (e.g.,
short roots) that diminishes the prognosis for an

FPD, and the patient with a single missing tooth but
sound adjacent teeth.

Success with implant prosthodontics requires the
same attention to detail and careful planning as con-

ventional fixed prosthodontics. Often a team ap-
proach is recommended, with a surgeon placing the
implant and a restorative dentist designing the
prosthesis. The critical stage is optimum placement

of the implant(s). The surgeon's main concern is
that it be well within the available bone and away

from vital structures (e.g., the inferior dental canal).
The restorative dentist's main concern is that the

positioning and angulation of each fixture allow op-
timum occlusion, esthetics, and tissue health as well

as minimum stresses at the implant-bone interface.
Information obtained from a clinical examination,
radiographs, and a diagnostic waxing on articulated

casts is crucial to planning. Surgery is guided by a
template made from the diagnostic waxing.

Depending on the implant site, a two-stage surgi-
cal technique requires 3 to 6 months for bone to heal

against the implant. In a second surgery, the implant
is uncovered and implant abutments are screwed

into place. Subsequently, a screw-retained prosthesis
is fabricated to restore function and appearance.

Several implant systems are available, each with

a variety of components for restorative manage-
ment (e.g., an antirotational feature incorporated in
an implant for single tooth replacement).

Problems unique to implant prosthodontics in-
clude screw loosening and bone loss from prema-

ture loading or repeated overloading. Occlusal con-
siderations, prosthesis fit, plaque control, and

follow-up care are all primary concerns to the pro-
fessionals who deal with implants and convention-
ally supported prostheses.

dental implant: a prosthetic device of alloplastic mate-
rial implanted into the oral tissues beneath the mu-
cosal or/and periosteal layer, and/or within the
bone to provide retention and support for a fixed or
removable prosthesis; a substance that is placed
into or/and upon the jaw bone to support a fixed or
removable prosthesis-usage: although dental im-
plants may be classified by their silhouette or geo-
metrical form (i.e., fin, screw, cylinder, blade, bas-
ket, rootform, etc.) generally, dental implants are
classified based on their anchorage component as it
relates to the alveolar bone that provides support
and stability. Thus, there are eposteal dental implants,
endosteal dental implants, and transosteal dental im-
plants. Some dental implants possess both eposteal
and endosteal components (by design or subse-
quent anchorage change); the decision as to what
anchorage system provides the most support at ini-
tial placement determines which category is used to
best describe the dental implant.

endosteal dental implant: a device placed into the alve-
olar and/or basal bone of the mandible or maxilla
and transecting only one cortical plate. The en-
dosteal dental implant is composed of an anchor-
age component, the dental implant body, which,
ideally, is within the bone, and a retentive compo-
nent(s), the dental implant abutment, which connects
to the implant body, passes through the oral mu-
cosa, and serves to support and/or retain the pros-
thesis. Such an abutment may be for interim or
definitive application-usage: interim abutment, de-

finitive abutment. Descriptions of the implant body
that use silhouette or geometric forms, such as
cylinder, blade, basket, or endodontic, may be used
as adjectives to enhance understanding of the
geometry of any endosteal dental implant. Interim

or definitive abutments may be composed of one or
more elements. The abutment elements usually are
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described by means of their geometric form, i.e.,
screw, coping, cylinder, lug.

hybrid prosthesis: slang: a nonspecific term for any
prosthesis that does not follow conventional design.
Frequently it is used to describe a prosthesis that is
composed of different materials, types of denture
teeth (porcelain, plastic, composite), variable acrylic
denture resins, differing metals, etc. It may refer to
a fixed partial denture or any removable prosthesis.

'implant: v (1890): to graft or insert a material such as
an alloplastic substance, an encapsulated drug, or
tissue into the body of a recipient.

implant: n (1809): any object or material, such as an
alloplastic substance or other tissue, which is par-
tially or completely inserted or grafted into the
body for therapeutic, diagnostic, prosthetic, or ex-
perimental purposes.

i mplant abutment: the portion of a dental implant that
serves to support and/or retain any prosthesis-
usage: frequently dental implant abutments, espe-
cially those used with endosteal dental implants,
are changed to alter abutment design or use before
a definitive prosthesis is fabricated. Such a prelimi-
nary abutment is termed an interim abutment. The
abutment chosen to support the definitive prosthe-
sis is termed a definitive abutment.

i mplant body: the portion of a dental implant that pro-
vides support for the abutment(s) through adapta-
tion upon (eposteal), within (endosteal), or through
(transosteal) the alveolar bone-usage: eposteal

dental implants alveolar bone support system has,
heretofore, been termed the implant frame, implant
framework, or implant substructure, however, this is an
integral component of that dental implant and is not
subservient to any other component.

i mplant prosthodontics: the phase of prosthodontics
concerning the replacement of missing teeth and/or
associated structures by restorations that are at-
tached to dental implants.

implant substructure: the metal framework of a
eposteal dental implant that is embedded beneath
the soft tissues, in contact with the bone, and stabi-
lized by means of endosteal screws. The periosteal
tissues retain the framework to the bone. The frame-
work supports the prosthesis, frequently by means
of abutments and other superstructure components.

i mplant surgery: (1993): the phase of implant dentistry
concerning the selection, planning, and placement
of the implant body and abutment.

i mplantology obs: a term historically conceived as the
study or science of placing and restoring dental im-
plants.

osseous: adj (1707): bony.
osseous integration: (1993) 1: the apparent direct at-

tachment or connection of osseous tissue to an inert,
alloplastic material without intervening connective
tissue 2: the process and resultant apparent direct

connection of an exogeous material's surface and
the host bone tissues, without intervening fibrous
connective tissue present 3: the interface between
alloplastic materials and living tissue.

peri-implantitis: in periodontics, a term used to de-
scribe inflammation around a dental implant, usu-
ally its abutment.

transosteal dental implant: 1: a dental implant that pen-
etrates both cortical plates and passes through the
full thickness of the alveolar bone 2: a dental implant
composed of a metal plate with retentive pins to
hold it against the inferior border of the mandible
that supports transosteal pins that penetrate
through the full thickness of the mandible and pass
into the mouth in the parasymphyseal region-
called also staple bone plant, mandibular staple implant,
transmandibular implant.
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Because it is neither possible nor desirable to make
patterns for fixed prostheses directly in the mouth,
an impression, or negative likeness of the teeth and
surrounding structures, is necessary to obtain a cast.
This cast is then used to make a restoration in the
laboratory. To obtain the cast, an elastic impression
material is placed in a tray that is inserted into the
patient's mouth. When the material has set, it is re-
moved from the mouth. A suitable dental stone is
then poured into the "negative" impression, and a
positive likeness or working cast is obtained.

An acceptable impression must be an exact
record of all aspects of the prepared tooth. This
means it must include sufficient unprepared tooth
structure immediately adjacent to the margins for
the dentist and laboratory technician to identify the
contour of the tooth and all prepared surfaces. The
contour of the unprepared tooth structure cervical
to the preparation margin is critical information that
must be available when the restoration is fabricated
in the dental laboratory. If the impression does not
reproduce this critical area where tooth and future
restoration meet, fabricating the restoration with
proper contours is not possible (barring some lucky
guesswork).

All teeth in the arch and the soft tissues immedi-
ately surrounding the tooth preparation must be re-
produced in the impression. They will allow the cast
to be accurately articulated and will contribute to
proper contouring of the planned restoration. Par-
ticular attention is given to reproducing the lingual
surfaces of anterior teeth because they influence an-
terior guidance, which determines the occlusal mor-

i schemia

monomer

polyether

polysulfide

reversible hydrocolloid

tissue displacement

phology of the posterior teeth (see Chapter 4). The
impression must be free of air bubbles, tears, thin
spots, and other imperfections that might produce
inaccuracies.

The patient's mouth is a challenging environ-
ment in which to make an accurate impression.
Moisture control is probably one of the most impor-
tant aspects of successful impression making. Ex-
cept for the polyethers, all elastomeric impression
materials are hydrophobic' (i.e., they do not tolerate
or displace moisture). Any moisture will result in
voids. Consequently, saliva flow into the area must
be reduced and diverted to obtain the necessary dry
field of operation.

When the preparation margins extend subgingi-
vally, the adjacent gingival tissues must be dis-
placed laterally to allow access and to provide ade-
quate thickness of the impression material. This
may require enlarging the gingival sulcus through
mechanical, chemical, or surgical means and must
be done without jeopardizing periodontal health.
Improper manipulation of impression material and
tissue displacement can lead to permanent soft tis-
sue damage.

PREREQUISITES

TISSUE HEALTH
After the teeth are prepared and a provisional
restoration has been made (see Chapter 15), the
health of the surrounding soft tissues must be
reevaluated. Careful preparation will result in min-
imal tissue damage; however, if a subgingival mar-
gin is needed, some tissue trauma in the sulcular
area may be unavoidable. The effects of this trauma
can be transient as long as the patient receives a
properly made provisional restoration and main-
tains adequate oral hygiene. However, if the provi-
sional is poorly contoured, not polished, or has de-
fective margins, plaque retention will lead to a
localized inflammatory response. The combination
of such tissue trauma in the presence of preexisting
periodontal disease can produce disastrous results.

354
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Periodontal disease must be treated and resolved
before fixed prostheses are placed.

On occasion, a defective restoration will con-
tribute to the inflammatory sulcular response. If this
is the case, a properly adapted and well-contoured
polished provisional must be fabricated and ce-
mented on the prepared teeth; the focus must shift
from the teeth to the soft tissues, which must be re-

turned to a state of optimum health before impres-
sion making is even considered.

SALIVA CONTROL
Depending on the location of the preparations in the
dental arch, several techniques can be used to create
the necessary dry field of operation (Fig. 14-1). In ar-
eas where only supragingival margins are present,

Fig. 14-1.

	

Saliva control for impression making. When correctly placed, maxillary cotton rolls block
salivary flow from the parotid gland. A, The evacuator removes saliva from the floor of the mouth, keep-
ing the prepared tooth dry while the flange displaces the tongue medially. B, Svedopter and Speejector
saliva evacuators. C, Placement of the Svedopter with cotton rolls. D, An absorbent card. E, The dispos-
able Hygoformic aspirator system. F, Denta Pops aspirator system.
(E courtesy Sullivan-Schein Dental.)
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moisture control with a rubber dam is probably the
most appropriate method. However, in most in-
stances a rubber dam cannot be used, and absorbent
cotton rolls must be placed at the source of the
saliva; an evacuator must be placed where the
saliva pools. In the maxillary arch, placing a single
cotton roll in the vestibule immediately buccal to
the preparation and a saliva evacuator in the op-
posing lingual sulcus is usually sufficient. When
working on a maxillary second or third molar, mul-
tiple cotton rolls must sometimes be placed imme-
diately buccal to the preparation and slightly ante-
rior to block off the parotid duct, which opens just
anterior to the maxillary first molar. If a maxillary
roll does not stay in position but slips down, it can
be retained with a finger or the mouth mirror. When
making a mandibular impression, placing addi-
tional cotton rolls to block off the sublingual and
submandibular salivary ducts is usually necessary.
Rolls on the buccal and lingual sides of the prepared
teeth will help with soft tissue retraction-the cot-
ton on the buccal side displaces the cheek laterally,
and the cotton on the lingual side displaces the
tongue medially. One or two cotton rolls placed ver-
tically between the horizontally placed cotton rolls
in the buccal vestibules will help maintain the latter
in position.

An alternative to multiple cotton rolls is place-
ment of one long roll "horseshoe fashion" in the
maxillary and mandibular mucobuccal folds. How-
ever, when part of the cotton is saturated, the entire
roll must be replaced. The use of moisture-absorb-
ing cards (see Fig. 14-1, D) is another method for
controlling saliva flow. These cards are pressed-
paper wafers covered with a reflective foil on one
side. The paper side is placed against the dried buc-
cal tissue and adheres to it. In addition, two cotton
rolls should be placed in the maxillary and
mandibular vestibules to control saliva and displace
the cheek laterally.

The tongue can be a problem when working in
the mandibular arch. Saliva evacuators may help
eliminate excess flow, but most of these are dis-
placed easily by a "probing" tongue. If lingually
placed cotton rolls continually become dislodged or,
in conjunction with a conventional saliva evacuator,
fail to control moisture adequately, a flanged-type
evacuator (e.g., the Svedopter* or the Speejectort)
should be considered (see Fig. 14-1, B). To avoid the
risk of soft tissue trauma, this device must be placed
carefully. A cotton roll between the blade and the

mylohyoid ridge of the alveolar process will mini-
mize intraoral patient discomfort. Simultaneously, if
properly positioned, this type of device will provide
a "stop" that prevents the flange from being dis-
placed farther buccally, allowing excellent lingual
access to mandibular posterior teeth. Care must be
taken not to tighten the chin clamp excessively, be-
cause considerable discomfort can result from pres-
sure to the floor of the mouth. A disposable saliva
ejector designed to displace the tongue may also be
effective (see Fig 14-1, E and F).

In addition to the pain control normally needed
during tissue displacement, local anesthesia may
help considerably with saliva control during impres-
sion making. Nerve impulses from the periodontal
ligament form part of the mechanism that regulates
saliva flow; when these are blocked by the anes-
thetic, saliva production is considerably reduced.

When saliva control is especially difficult, a
medication with antisialagogic action may be con-
sidered. Dry mouth is a side effect of certain anti-
cholinergics 2,3 (drugs that inhibit parasympathetic
innervation and thereby reduce secretions, including
saliva). This group of drugs includes atropine,
dicyclomine, and methantheline. Anticholinergics
should be prescribed with caution in older adults
and should not be used in any patient with heart dis-
ease. They are also contraindicated in individuals
with glaucoma, because they can cause permanent
blindness. The incidence of undiagnosed glaucoma
in the general population is high, and some physi-
cians recommend that all patients be evaluated oph-
thalmologically before anticholinergics are used.

Clonidine, 4 an antihypertensive drug, has success-
fully reduced salivary output. It is considered safer
than anticholinergics and has no specified con-
traindications. However, it should be used cautiously
in patients who take hypertension medication. In a
clinical trials 0.2 mg of clonidine reduced salivary
flow as effectively as 50 mg of methantheline.

DISPLACEMENT OF GINGIVAL TISSUES
Tissue displacement is commonly needed to obtain
adequate access to the prepared tooth to expose all
necessary surfaces, both prepared and not pre-
pared. This is most effectively achieved by place-
ment of a displacement cord (generally impreg-
nated with a chemical agent). Sometimes gingival
tissue is excised with a scalpel or with electro-
surgery.

Displacement Cord. Some enlargement of the
gingival sulcus can be obtained by placing a nonim-
pregnated cord and leaving it in place for a sufficient
length of time. The cord is pushed into the sulcus and
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mechanically stretches the circumferential periodon-
tal fibers. Placement is often easier if a braided (e.g.,
Gingibraid)* or a knitted (e.g., Ultrapak) cord is
used. However, larger sizes of braided cord should
be avoided because they have a tendency to "double
up" and can become too thick for atraumatic intra-
sulcular placement. In areas where very narrow sulci
preclude placement of the smaller sizes of twisted or
braided cord, wool-like cords that can be flattened
are preferable for initial displacement of tissue.

Better sulcus enlargement can be achieved with a
chemically impregnated cord or by dipping the cord
in an astringent (e.g., Hemodent). These materials
contain aluminum or iron salts and cause a transient
ischemia, shrinking the gingival tissue. Even so, the
sulcus closes quickly (less than 30 seconds) after the
cord is removed; therefore, the impression must be
taken immediately. In addition, medicaments help
control seepage of gingival fluid. Aluminum chlo-
ride (AICI 3 ) and ferric sulfate (Fe2(SO4)3) are suitable
because they cause minimal tissue damage. As an
alternative, a sympathomimetic amine-containing
eye wash or nasal decongestant have been shown
to be effective.'

Many of the chemicals used for their astringent
effect are stable only at narrow ranges of low pH
levels. Table 14-1 shows the mean pH of some com-
monly used materials. The low pH levels have
raised concern about the effect of acidic solutions on
tooth structure and, perhaps more importantly, on
the smear layer. Figure 14-2 represents scanning
electron micrographs of dentin after various dura-
tions of exposure to a commonly used ferric sulfate

solution. Contact between the astringent and the
prepared tooth surfaces must be minimized if the
smear layer is to be maintained. A nonacidic hemo-
static agent can be used as an alternative.

Several displacement cords preimpregnated with
epinephrine are available commercially. Epineph-
rine should be used with caution, because it may
cause a tachycardia," particularly if it is placed on
lacerated tissue. Dosage control is also a potential
problem. In a recent study," clinicians were unable
to detect any advantages of using gingival retrac-
tion cords that were impregnated with epinephrine.

Step-by-step Procedure
1. Isolate the prepared teeth with cotton rolls,

place saliva evacuators as required, and dry
the field with air.

2.

	

Cut a length of cord sufficient to encircle the
tooth (Fig. 14-3, A and B). Do not overdesic-
cate the tooth, because this may lead to post-
operative sensitivity.

3. Dip the cord in astringent solution and
squeeze out the excess with a gauze square.
An impregnated cord can be placed dry but
should be moistened in situ to prevent the
thin sulcular epithelium from sticking to it
and tearing when it is removed.

4.

	

If a nonbraided cord is used, twist it tightly
for easier placement.

5. Loop the cord around the tooth and gently
push it into the sulcus with a suitable instru-
ment (Fig. 14-3, C).

It is best to start in the interproximal area (Fig.
14-3, D), because the cord can be more easily placed
here than facially or lingually. The instrument
should be angled toward the tooth so the cord is
pushed directly into the area. It should also be an-
gled slightly toward any cord already packed; oth-
erwise, that portion might be displaced. A second
instrument (Fig. 14-3, E) may aid placement.



Fig. 14-2.

	

Disturbance of the dentinal smear layer after contact with hemostatic agents. A, Dentin
surface prepared with a high-speed, fine-grit diamond. B, After exposure to 15.5% Fe2(SO4)3 solution for
30 seconds. The smear layer is largely removed, but many dentinal tubules are still occluded. C, After 2
minutes of exposure. Now the smear layer is totally removed, although the peritubular dentin appears
to be largely intact. D, After 5 minutes of exposure. Now the dentin is etched, and the peritubular dentin
has been removed.
(Front Land MF et al: J Prosthet Dent 72:4, 1994.)

Fig. 14-3.

	

A, Cutting a section of cord of adequate length to surround the tooth. B, From left to right:
twisted cord, braided cord, wool-like cord in various sizes. C, Most cord-packing instruments have a
slightly rounded tip with serrations to hold the cord while positioning it intrasulcularly. D, Initial proxi-
mal cord placement. E, An additional instrument prevents the cord from dislodging.

B

D

A

C

E

C,D
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NOTE: Tissue displacement must be done gently
but with sufficient firmness to place the cord just api-
cal to the margin. Overpacking should be avoided
because it could cause tearing of the gingival attach-
ment, leading to irreversible recession. Repeated use
of displacement cord in the sulcus also should be
avoided, since this can cause gingival recession.

Evaluation
Difficulty with tissue displacement is often the re-
sult of gingival inflammation. The inflamed and
swollen tissue bleeds easily, preventing access by
the impression material.

Initial assessment of cord placement can be a use-
ful indicator of the amount of displacement accom-
plished. When looking at the tooth preparation
from the occlusal aspect, one should be able to see
the preparation margin circumferentially and the
uninterrupted cord, with no soft tissue folded over
it, in contact with the tooth. If there is any doubt, as-
sessing displacement by removing the cord is a
good idea. The entire preparation margin should be
clearly visible and will remain directly accessable
for about a minute.

Typically, if the result is acceptable, a second cord
is quickly inserted to maintain the displacement
while the impression material is mixed. If the sulcus
enlargement is not favorable, the tissue health
should be reassessed, particularly if adequate dis-
placement cannot be obtained by repeating the pre-
vious steps.

Sometimes a double cord is helpful. First, a thin
cord is placed and trimmed so that its ends do not
overlap. A second, larger cord is then placed in the

normal manner and removed. The thin, first cord re-
mains during impression making. When using this
technique, the clinician should be careful not to
damage the epithelial attachment.

On many occasions it is better to delay impres-
sion making and concentrate on how to improve tis-
sue health (e.g., by reassessing the quality of the
provisional restoration and reinforcing oral hygiene
instructions) rather than attempting impression
making under adverse conditions. Minor hemor-
rhaging can sometimes be controlled with an astrin-
gent* or by infiltrating a local anesthetic directly
into the adjacent gingival papillae.

Electrosurgery.

	

An electrosurgery unit (Fig.
14-4, A) may be used for minor tissue removal before
impression making. In one technique ,16 the inner ep-
ithelial lining of the gingival sulcus is removed, thus
improving access for a subgingival crown margin
(Fig. 14-4, B and C) and effectively controlling post-
surgical hemorrhage l' (provided the tissues are not
inflamed). Unfortunately, there is the potential for
gingival tissue recession after treatment.18

An electrosurgery unit works by passage of a
high-frequency current (1 to 4 million Hzt) through
the tissue from a large electrode to a small one. At
the small electrode, the current induces rapid local-
ized polarity changes that cause cell breakdown

*ViscoStat or Astringedent (15.5% ferric sulfate) used
with the Dento-Infusor tips according to the recommen-
dations of Ultradent Products, Inc., has been effective.
t1 hertz = 1 cycle/second.

Fig. 14-4.

	

A, An electrosurgery unit. B and C, Proce-
dure for enlarging the gingival sulcus.

(A courtesy Macan Engineering Co.)
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("cutting"). For restorative procedures, an unmodu-
lated alternating current is recommended, because
it will minimize damage to deeper tissues.

The following facts should be considered before
attempting electrosurgery:

1. It is contraindicated on or near patients with
any electronic medical device (e.g., a cardiac
pacemaker, TENS unit, insulin pump)" or pa
tients with delayed healing as a result of debil-
itating disease or radiation therapy.

2.

	

It is not suitable on thin attached gingivae (e.g.,
the labial tissue of maxillary canines).

3.

	

It should not be used with metal instruments,
because contact could cause electric shock. (Plas-
tic mirrors and evacuation tubes are available.)

4.

	

Profound soft tissue anesthesia is mandatory.
5. A thin wire electrode is best for sulcular en-

largement. Gingival contouring is usually per-
formed with a loop electrode.

6.

	

The instrument should be set to unmodulated
alternating current mode.

7. The electrode should be passed rapidly
through the tissue with a single light stroke
and kept moving at all times.

8.

	

If the tip drags, the instrument is at too low a
setting and the current should be increased.

9.

	

If sparking is visible in the tissue, the instru-
ment is at too high a setting and the current
should be decreased.

10.

	

A cutting stroke should not be repeated within
5 seconds.

11.

	

The electrode must remain free of tissue frag-
ments.

12. The electrode must not touch any metallic
restoration. Contact lasting just 0.4 second has
been shown to lead to irreversible pulpal dam-
age in dogs . 20

13.

	

The sulcus should be swabbed with hydrogen
peroxide before the displacement cord is placed.

MATERIALS SCIENCE

James L. Sandrik
ELASTIC IMPRESSION MATERIALS
There is an extensive variety of materials for mak-
ing a precision negative mold of soft and hard tis-
sues. In order of their historical development, they
consist of the following:
1.

	

Reversible hydrocolloid
2.

	

Polysulfide polymer
3.

	

Condensation silicone
4. Polyether
5.

	

Addition silicone
Irreversible hydrocolloid is not sufficiently accu-

rate for cast restorations. Each material has advan-

tages and disadvantages, and none is entirely free of
shortcomings. However, they all share one impor-
tant characteristic: when handled correctly, they can
produce casts of sufficient accuracy and surface
detail22 for the fabrication of clinically acceptable
fixed prostheses.

Nevertheless, there are reasons for selecting one
material over another: If it becomes necessary to
store the impression before a cast will be made, the
polyethers and addition silicones are preferable be-
cause they exhibit sufficient long-term dimensional
stability; the other materials, particularly the re-
versible hydrocolloids, must be poured immedi-
ately. If the impression will be poured in epoxy or
will be electroplated (see Chapter 17), reversible hy-
drocolloid should not be selected because it is com-
patible only with die stone.

The advantages and disadvantages of the elastic
impression materials are summarized in Table 14-2.

Reversible Hydrocolloid (Fig. 14-5).

	

Reversible
hydrocolloid (also called agar hydrocolloid or simply
hydrocolloid) was originally derived as a natural
product of kelp. However, the material currently
available is considerably different.

If poured immediately, reversible hydrocolloid
produces casts of excellent dimensional accuracy
and acceptable surface detail. At elevated tempera-
tures, it changes from a gel to a sol. This change is
reversible-i.e., as the material cools, the viscous
fluid sol is converted to an elastic gel. Agar changes
from gel to sol at 99° C (210° F) but remains a sol as
low as 50° C (122° F), forming a gel only slightly
above body temperature. These unique characteris-
tics are very favorable for its use as an impression
material.

Reversible hydrocolloid is supplied in a range of
viscosities. Generally a heavy-bodied tray material
is used with a less viscous syringe material. The re-
quired temperature changes are effected with a spe-
cial conditioning unit and water-cooled impression
trays.

Reversible hydrocolloid's lack of dimensional
stability is due primarily to the ease with which wa-
ter can be released from or absorbed by the material
(syneresis and imbibition). The accuracy of a re-
versible hydrocolloid impression is improved if the
material has as much bulk as possible (low surface
area/volume ratio). This contrasts with the elas-
tomeric impression materials, whose accuracy is im-
proved by minimizing bulk (e.g., polysulfide and
condensation silicone), because stresses produced
during removal are reduced . 23 Therefore, an addi-
tional advantage of reversible hydrocolloid is that a
custom impression tray is not required.



Chapter 14 Tissu e Management and Impression Making

B

Fig. 14-5.

	

Reversible hydrocolloid impression material. A, Tray material. B, Syringe material.
(Courtesy Sullivan-Schein Dental.)

Polysulfide Polymer (Fig. 14-6). The polysul-
fides, commonly (though erroneously) known
as rubber bases,* were introduced in the early to
middle 1950s. They were received enthusiastically
by dentists because they had better dimensional
stability and tear strength than hydrocolloid. Nev-
ertheless, they should be poured as soon as possible
after impression making; delays of more than an
hour result in clinically significant dimensional
change.19

There is a slight contraction of polysulfide during
polymerization, but the effects can be minimized
with a custom impression tray to reduce the bulk of

the material. 14 Generally a double-mix technique is
used with a heavy-bodied tray material and a less
viscous syringe material. These polymerize simulta-
neously, forming a chemical bond of adequate
strength.25

The high tear resistance26,27 and enhanced elastic
properties of polysulfide facilitate impression mak-
ing in sulcular areas and pinholes, and it has im-
proved dimensional stability over hydrocolloid (in-
ferior to polyether and addition silicone). Although
it is the least expensive elastomer, it is not well-
liked by patients because of its unpleasant sulfide
odor and long setting time in the mouth (about 10
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Fig. 14-6.

	

Polysulfide polymer.
(Courtesy Sullivan-Schein Dental.)

Fig. 14-7.

	

Condensation silicone.

minutes). Furthermore, high humidity and temper-
ature dramatically reduce its working time ,28 which
may be so short that polymerization begins before it
is inserted in the mouth, resulting in severe distor-
tion). Although air conditioning is common in den-
tal operatories, temperatures near 25 ° C (77° F) with
humidity in excess of 60% can create problems.

Most polysulfide materials are polymerized with
the aid of lead peroxides, which explains this mater-
ial's typical brown color. The unpolymerized product
is sticky and should be handled carefully, because it
stains clothing permanently. Alternatives to lead are
available; copper hydroxide is the most common.
Cu(OH)2- polymerized polysulfide is light green and
shares many of the characteristics of the PbO 2-poly-
merized material (except for a reduced setting time).

Condensation Silicone (Fig. 14-7). Some of
polysulfide's disadvantages have been overcome by
condensation silicone, which is essentially odorless
and can be pigmented to virtually any shade. Un-
fortunately, its dimensional stability is less than that
of polysulfide but greater than that of reversible hy-
drocolloid. An additional advantage of this silicone
is its relatively short setting time in the mouth
(about 6 to 8 minutes). As a result, patients tend to
prefer condensation silicone over polysulfide. In ad-
dition, condensation silicone is also less affected by
high operating room temperatures and humidity .23

Silicone's main disadvantage is its poor wetting
characteristics, which stems from its being ex-
tremely hydrophobic (for this reason, it is used in
commercial sprays that protect automobile electri-
cal systems from moisture). In this context, the pre-
pared teeth and gingival sulci must be completely
free of moisture to make possible a defect-free im-
pression. Pouring without trapping air bubbles is
also more difficult than with other impression ma-
terials, and a surfactant may be needed. Silicone
impression material is available in a variety of vis-
cosities. One technique involves a heavily filled

putty material that is used to customize a stock im-
pression tray in the mouth, generally with a poly-
ethylene spacer. The spacer allows room for a thin
wash of light-bodied material, which makes the im-
pression. The technique requires considerable care
in seating, however, to prevent strain in the set
putty. If this happens, the impression will rebound
when removed from the mouth, resulting in dies
that are too small.29 Care is also needed to avoid
contaminating the putty surface with saliva, which
will prevent the wash impression from adhering
properly.30

Silicone and polysulfide have a dimensional in-
stability that results from their mode of polymeriza-
tion. They are both condensation polymers, which
as a by-product of their polymerization reactions,
give off alcohol and water, respectively. As a result,
evaporation from the set material causes dimen-
sional contraction in both.

Polyether (Fig. 14-8). Polyether impression mate-
rial, developed in Germany in the mid-1960s, has a
polymerization mechanism unlike those of the
other elastomers. No volatile by-product is formed,
which results in excellent dimensional stability. In
addition, its polymerization shrinkage 31 is unusu-
ally low compared with most room temperature-
cured polymer systems. However, its thermal ex-
pansion32 is greater than that of polysulfide.

With the high dimensional stability of polyether,
accurate casts can be produced when the material
is poured more than a day after the impression
has been made. This is especially useful when pour-
ing the impression immediately is impossible or in-
convenient. Another advantage of polyether is its
short setting time in the mouth (about 5 minutes,
which is less than half the time required for poly-
sulfide). For these reasons, polyether is used by
many practitioners.

However, polyether has certain disadvantages.
The stiffness of the set material is one such disad-
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Fig. 14-8.

	

Polyether impression material.
(Courtesy Sullivan-Schein Dental.)

Fig. 14-9.

	

Addition silicone.
(Courtesy Sullivan-Schein Dental.)

vantage, which causes problems when separating a
stone cast from the impression. Thin and single
teeth, in particular, are liable to break unless the
practitioner uses great care. Polyether is stable
only if stored dry, because it will absorb moisture
and undergo significant dimensional change. Poly-
ether's relatively short working time may limit the
number of prepared teeth that can be reliably cap-
tured in a single impression. Isolated cases of aller-
gic hypersensitivity33 to polyether elastomer have
been reported (manifested as sudden onset of burn-
ing, itching, and general oral discomfort). There-
fore, the allergic patient's record should carry a
warning against polyether's future use, and an al-
ternative elastomer should be chosen. Recent im-
provements in these materials have reportedly re-
duced this problem.

Addition Silicone (Fig. 14-9).

	

Addition silicone
was introduced as a dental impression material in

the 1970s. Also known as poly(vinyl siloxane) (poly-

siloxane is the generic chemical expression for sili-
cone resins), it is similar in many respects to con-
densation silicone, except that it has much greater
dimensional stability34 (equivalent to polyether
polymer), and its working time is more affected by
temperature. 22 The set material is less rigid than
polyether but stiffer than polysulfide. As with the
other materials previously described, adverse
soft-tissue responses have been reported .35 One dis-

advantage of this material is the setting inhibition
caused by some brands of latex gloves. 36 The prob-
lem is most apparent if a hand-mixed putty is used,
but problems can occur if the tissues are touched
with gloved hands immediately before impression
placement. If the putty system is used, gloves that
do not interfere with setting should be selected .3'
Like condensation silicone, addition silicones are
hydrophobic. Some formulations contain surfac-

tants, which gives them hydrophilic properties, 38
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imparting wettability similar to polyethers. 39 How-
ever, these products also expand like polyether
when in contact with moisture .40 Addition silicone is
generally used as a two-viscosity system, although
monophase formulations are also available. It is eas-
ier to trap bubbles when using the monophase."

Manufacturer recommendations should be fol-
lowed when a cast is being poured, and pouring
should be delayed with some of the earlier prod-
ucts. If this is not done, a generalized porosity of the
cast surface caused by gas from the impression ma-
terial will develop. Newer products contain "scav-
engers" that prevent the escape of gas at the poly-
mer-cast interface. Addition silicone that contains
scavenger material can be poured immediately.

CUSTOM TRAY FABRICATION
A custom tray improves the accuracy42 of an elas-
tomeric impression by limiting the volume of the
material, thus reducing two sources of error:
stresses during removal and thermal contraction.
Although reducing the bulk of an elastomeric im-
pression material increases its accuracy, the oppo-
site is true for reversible hydrocolloid impressions.
In hydrocolloid impressions, dimensional change is
due to water loss (or gain) from the surface of the
impression. A bulky hydrocolloid impression has a
lower surface area/volume ratio and is therefore
less subject to dimensional change.

Generally a custom tray is made from autopoly-
merizing acrylic resin (Fig. 14-10), although thermo-
plastic or photopolymerized resins are sometimes

Fig. 14-10.

	

Custom tray fabrication. A, Armamentarium. B, Outlining the border of the tray on the
diagnostic cast. C, The tray should extend 3 to 5 mm from the gingival margin and about 3 mm beyond
the most distal tooth. D, Softened baseplate wax is adapted to form a spacer. Typically two thicknesses
will provide the recommended 2 to 3 mm of space. E, Spacer is trimmed to the pencil line. F, Wax is re-
moved to form the tray stops. G, Covered with tinfoil. H, The foil is adapted to the stops.

Continued
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used. Thermoplastic materials can be softened in a
waterbath and adapted either manually or with a
vacuum former with a heating element (Figs. 14-11
and 14-12). The accuracy of impressions made with
a thermoplastic tray material or light-polymerized
materials is comparable to that made with an au-
topolymerized resin . 43- 44 Light-polymerized materi-
als are convenient because a storage period is not
needed for the completion of polymerization 45 (Fig.
14-13). In addition, the resin is less susceptible to
distortion in moisture, making the impression suit-
able for the electroformed die technique (see Chap-
ter 17). With the appropriate adhesive, it produces a
better bond to the impression material.46

With any system, tray rigidity is important, be-
cause even slight flexing of the tray will lead to a
distorted impression. This is particularly frustrating
because the errors are usually undetectable until the
practitioner attempts to seat the restoration. For this
reason, thin, disposable plastic trays are unaccept-
able . 7 Resin thicknesses of 2 to 3 mm are needed for
adequate rigidity. Clearance between the tray and
the teeth should also be 2 to 3 mm; however, greater
clearance is necessary for the more rigid polyether
materials.

Armamentarium (see Fig. 14-10, A)
•

	

Baseplate wax

Fig. 14-10, cont'd.	 I, Custom tray resin. J, While it is still doughy, the resin is molded to a horse-
shoe shape (semicircle for maxillary trays). K, Wooden slab and roller used in an alternative method.
L, The resin is gently adapted to the cast, and the excess is trimmed. M and N, Resin is moistened with
monomer to attach the handle. O, When the resin has cured, the periphery is shaped with an
acrylic-trimming bur. P, Maxillary and mandibular custom trays.
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B

Fig. 14-11.

	

Thermoplastic custom tray material. A and B, The material is softened in hot water.
C, The material has been adapted to the spaced cast.

A

Fig. 14-12.

	

Vacuum-formed custom tray material. A, The thermoplastic sheets are much thicker and
more rigid than those used for making provisional restorations (see Chapter 15), but the same equip-
ment is used (B).

0.025 mm (0.001 in) tinfoil
Scalpel
Scissors
Waxing instrument

Step-by-step Procedure (see Fig. 14-10, B to P)
1.

	

Using a pencil, mark the border of the tray on
the diagnostic cast (see Fig. 14-10, B) approx-
imately 5 mm apically to the crest of the free
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A

Fig. 14-13.

	

Visible light-polymerized custom
tray material. A and B, The material is removed
from the packet and adapted to the spaced cast.
C, The assembly is placed on the turntable of a
special curing unit and exposed to intense light.

gingiva. Allow for muscle and frenum attach-
ments (see Fig. 14-10, C). Maxillary trays do
not always necessitate covering the entire
palate, although this may be desirable if a re-
movable appliance is planned after comple-
tion of the fixed prostheses. Under no cir-
cumstances should the posterior border
extend farther than the demarcation between
hard and soft palates.

2.

	

Adapt a wax or other suitable spacer to the
diagnostic cast (see Fig. 14-10, D). Two layers
of baseplate wax will result in a combined
thickness of approximately 2.5 mm (the
sheets should be measured with a thickness
gauge, because wax thicknesses vary).

3.

	

Soften the wax by carefully heating it over a
Bunsen burner or in hot water. Overheating
may melt it and produce an undesirable
thin spot. Only light pressure should be
applied.

4.

	

After the second sheet of wax has been ap-
plied, trim it back (see Fig. 14-10, E) until the
pencil line is just visible. An alternative tech
nique involves repeated dipping of the cast in
molten wax. The cast is thoroughly wetted
and then dipped three or four times to obtain
a sufficient and uniform wax thickness
(about 2 or 3 mm). This creates the space
needed for the impression material. Three
stops are needed in the tray to maintain even

Fig. 14-14.

	

If necessary, a tray stop can be placed on the

hard palate.

space for the impression material in the oral
cavity. These are placed on noncentric cusps of
teeth that are not to be prepared (buccal cusps
of the maxillary, lingual cusps of the mandibu-
lar). If all teeth are involved, a larger soft tissue
stop (Fig. 14-14) can be placed on the crest of
the alveolar ridge or in the center of the hard
palate. Stops are made (Fig. 14-15) by remov-
ing wax at an angle of 45 degrees to the oc-
clusal surfaces of three teeth that have a tripo-
dal arrangement in the arch. This will lend
stability to the tray, and the 45-degree slope
will help center the tray during insertion.
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5.

6.

7.

8.

9.

Apply a layer of tinfoil over the wax (which
may melt from the polymerization heat of
the material) to prevent it from contaminat-
ing the inside of the tray.
Mix autopolymerizing acrylic resin (see Fig.
14-10, 1) according to the manufacturer's
recommendations. The use of vinyl gloves is
recommended to prevent the development
of sensitivity to the monomer.
After the resin is mixed, set it aside until it is
doughy (with the consistency of putty). A
template (see Fig. 14-10, J) or a wooden slab
and roller (see Fig. 14-10, K) may help obtain
a consistent thickness, although with prac-
tice the resin can be thinned out accurately
by hand. Care must be taken not to stretch
the material when manipulating it; thin ar-
eas in the resin may lead to a flexible tray
and produce distortions.
Gently adapt the resin to the cast (see Fig.
14-10, L). A handle made from the excess
resin can be attached at this time. If working
time is unavailable, it can also be attached
later with a separate second mix of acrylic
resin (see Fig. 14-10, M and N). Buccal
ridges, which are helpful with impression
removal, can also be added (Fig. 14-16).
After the material has polymerized, remove
it from the cast and trim it with an
acrylic-trimming bur (see Fig. 14-10, O)
where the indentation made by the wax

ledge is visible. All rough edges should be
rounded to prevent soft tissue trauma.

10.

	

If necessary, fill defects in the stops with ad-
ditional resin, wetting the set tray material
with monomer to ensure a good bond. To
prevent the material from lifting up, some
pressure should be maintained during this
phase.

Evaluation
The completed custom tray (see Fig. 14-10, P) needs
to be rigid, with a consistent thickness of 2 to 3 mm.
It should extend about 3 to 5 mm cervical to the gin-
gival margins and should be shaped to allow mus-
cle attachments. It should be stable on the cast with
stops that can maintain an impression thickness of 2
or 3 mm. The tray must be smooth, with no sharp
edges. Finally, the handle should be sturdy and
shaped to fit between the patient's lips (Fig. 14-17).

To avoid distortion from continued polymerization
of the resin' 48 the tray should be made at least 9 hours
before its use. When a tray is needed more urgently, it
can be placed in boiling water for 5 minutes and al-
lowed to cool to room temperature. A light-polymer-
ized tray can also be made (see Fig. 14-13).

Fig. 14-16.

	

Buccal ridges can be provided to facilitate
removal of the impression.
(Courtesy Dr. H. Lin.)

Fig. 14-17.

	

A custom tray should be smooth and well
finished. This will enhance patient acceptance.

Fig. 14-15.

	

Cross section through a mandibular custom
tray. Stops have been placed on the noncentric cusps so that
distortion will not interfere with the intercuspal relation-
ship. The 45-degree slope helps to center the tray. Space ex-
ists for the impression material.
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IMPRESSION MAKING

ELASTOMERIC MATERIALS
NOTE: When performing the following steps, an
assistant is essential, unless the automix technique
is used.

Step-by-step Procedure
Heavy Body-Light Body Combination
1.

	

Try the custom tray in the mouth to verify its
fit. Correct as needed.

2.

	

Apply tray adhesive to extend a few millime-
ters onto the external surface of the tray (Fig.
14-18, A).

3.

	

Isolate the abutment teeth and place gingival
displacement cord in the sulcus.

4. On separate pads (one for the tray and one
for the syringe material), disperse equal
amounts of base and accelerator (Fig. 14-18, B
and C.

NOTE: When mixing polysulfide polymers, pick
up the brown catalyst first (Fig. 14-18, D) rather than
the white base material, because the base will stick
to the spatula and make it virtually impossible to
incorporate all the catalyst.

5.

	

Blend the two pastes thoroughly (Fig. 14-18, E).
Initially, the spatula is kept somewhat vertical

Fig. 14-18.

	

Elastomeric impression making (polysulfide polymer). A, Adhesive applied to the tray.
Sufficient time is allowed for drying. B, Heavy-bodied tray material. C, Light-bodied syringe material.
D, The brown catalyst is picked up first. E, The light-bodied (white) material is thoroughly spatulated.
F, Impression syringe being loaded.

	

Continued
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Fig. 14-18, cont'd.

	

G and H, Meanwhile, an assistant mixes the heavy-bodied material. I, The spat-
ula is wiped to prevent unmixed material from being incorporated into the impression. J and K, Dis-
placement cord is removed, and the impression material is syringed into the sulcus, around the prepared
teeth, and into the grooves of the occlusal surfaces. L, The impression tray is filled with heavy-bodied
material and seated.

during mixing, which is changed gradually to
a more horizontal position as the two pastes
become better incorporated. At this time, the
spatula is wiped on a clean paper towel. Mix-
ing continues for another 10 seconds to ensure
that the material is homogeneous.

6.

	

Load the syringe. This can be done by hold-
ing the barrel vertically and pushing it
through the mix and then angling and sliding
it sideways over the mixing pad. The syringe

can also be loaded from the other end (Fig.
14-18, F) by picking up the mixing sheet,
forming a funnel, and expressing the material
into the breech of the syringe.

NOTE: Concurrently with steps 5 through 9, have
the assistant mix the heavy-bodied material in a
similar manner as the light-bodied material (Fig.
14-18, G to I) and load the tray.

7. Remove the displacement cord and gently
dry the preparation with compressed air.
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Fig. 14-19.

	

A, A syringe-loading system is useful, especially for the single-mix technique. B, The
mixed impression material is placed in a plastic sleeve attached to the rear of an impression syringe.
C and D, It is forced into the barrel with a plastic piston. E, The piston-sleeve unit is removed, and the
impression syringe barrel is inserted (F).

8.

	

Place the tip of the syringe nozzle so that it
touches the margin and inject the material
slowly (Fig. 14-18, J). The tip should be in
serted into the most distal embrasure first.
This will prevent the material from flowing
down over the preparation and trapping air
bubbles. The tip is moved so that it follows
the material rather than travelling ahead of it.
When all the margins and axial surfaces
have been covered, the material is air-blown
into a thin layer. This improves the accuracy
of the impression because the light-bodied
material has greater polymerization shrink-
age than the tray material.

9. Syringe along any edentulous spaces, lin-
gual concavities of the anterior teeth (which
are important for guidance), and occlusal
surfaces of the posterior teeth (which are im-
portant for obtaining an accurate articula-
tion) (Fig. 14-18, K).

10.

	

Seat the tray (Fig. 14-18, L). It must remain
immobile while the material undergoes
polymerization (6 to 12 minutes, depending
on the material). Otherwise, strains will form
in the elastomer, which can cause distortion
of the impression when it is removed. The
manufacturer's recommendations for maxi-
mum working time and minimum setting
time should be followed. It is difficult to
judge clinically when elastomers start to de-
velop elasticity.49 Any delay in seating the
tray will result in a distorted impression. It is

tempting to remove the impression too soon,
since the patient may find it uncomfortable.
However, premature impression removal is
a common cause of distorted impressions.
Because setting times vary from batch to
batch, allowing the impression to set longer
than what the manufacturer recommends is
a wise precaution.

Single-mix Technique (Fig. 14-19). The same steps
are performed for the single-mix technique as for the
heavy body-light body technique; however, as the
name indicates, only one mix is used to load the sy-
ringe and fill the tray. Most single-mix materials tend
to produce a more viscous combination with a
slightly shorter working time. (An alternate technique
for loading the syringe is shown in Figure 14-19.)

Automix Technique (Fig. 14-20). Most manufac-
turers offer impression material in prepackaged car-
tridges with a disposable mixing tip attached. The
cartridge is inserted in a caulking gunlike device,
and the base and catalyst are extruded into the mix-
ing tip, where mixing occurs as they progress to the
end of the tube. The homogeneously incorporated
material can be directly placed on the prepared
tooth and impression tray. One of this system's ad-
vantages is the elimination of hand mixing on pads;
the elimination of this variable has been shown
to produce fewer voids in the impression .5o Follow-
ing the manufacturer's directions and bleeding
the cartridge before inserting the tip are crucial.
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Fig. 14-20.

	

A, Automixing addition silicone im-
pression materials are available in a range of viscosi-
ties. B, The barrels should be bled to ensure that any
partially set material is removed and that the flow
will be even from each component. To prevent cross-
contamination of the catalyst and base, a mixing tip
should remain attached to the cartridge after each use.
C, The light-bodied material can be dispensed into an
impression syringe or directly onto the prepared tooth
with a special tip (D). The heavy-bodied material is
dispensed into the adhesive-coated tray (E).

Automixing is not available for the polysulfide
polymers because these materials are too sticky for
proper combination.

Machine Mixing Technique (Fig. 14-21). An al-
ternative method for improving impression mixing
is to use a machine mixer.* This system is conve-
nient and produces void-free impressions.

Evaluation (Fig. 14-22)
The impression must be inspected for accuracy

when it is removed. (Magnification is helpful.) If bub-
bles or voids appear in the margin, the impression
must be discarded. An intact, uninterrupted cuff of
impression material should be present beyond every
margin. Streaks of base or catalyst material indicate

*Pentamix, ESPE America, Inc: Norristown, Pa.

improper mixing and may render an impression use-
less. If the impression passes all these tests, it can
then be disinfected (see p. 376) and poured to obtain
a die and working cast (see Chapter 17).

REVERSIBLE HYDROCOLLOID

Reversible hydrocolloid impression material re-
quires a special conditioning unit (Fig. 14-23), which
is made up of three thermostatically controlled wa-
ter baths:

1.

	

A liquefaction bath (100° C [212° F]) for the
heavy-bodied tray material and the light-
bodied syringe material

2. A storage bath (about 65° C [150° F]) for
maintaining liquefied materials until needed

3. A tempering bath (about 40° C [105° F])
for reducing the temperature of the
heavy-bodied tray material enough to avoid
tissue damage.
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Fig. 14-21.

	

Machine mixing system. A, Pentamix
machine. B, Polyether impression material. C, Load-
ing an impression tray.
(Courtesy ESPE America, Inc.)

Fig. 14-22.

	

A, The impression is removed and evaluated after the recommended setting time.
B, There should be an uninterrupted cuff of material around each preparation margin.

Fig. 14-23.

	

Hydrocolloid conditioning equipment consists
of three thermostatically controlled water baths: boiling, stor-
age, and tempering.
(Courtesy Van R Dental Products, Inc.)
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Step-by-step Procedure
1. Select the correct size of water-cooled im-

pression tray. For maximum accuracy, use as
large a size as can be comfortably accommo-
dated by the patient.

2.

	

Place small modeling compound or prefabri-
cated stops (tripod fashion) in the tray to pre-
vent overseating.

3.

	

For adequate access, displace the gingival tis-
sues as previously described.

4. Fill the impression tray with heavy-bodied
material from the storage bath wash hydro-

5.

6.

colloid (Fig. 14-24, A). Squeeze some onto the
tray material (Fig. 14-24, B) and submerge the
tray in a tempering bath (Fig. 14-24, C. Load
the syringe and replace it in the storage tank.
Carefully remove the cord from the sulcus,
flood the sulcus with warm water (Fig. 14-
24, D) (some techniques omit this step), and
inject the light-bodied impression material as
for polysulfide polymer. Then cover the en-
tire surface of the prepared tooth.
Remove the impression tray from the tem-
pering tank, wipe off the surface layer with a

Fig. 14-24.

	

Hydrocolloid impression technique. A, The water-cooled impression tray is loaded with
heavy-bodied material. B, The wash hydrocolloid is squeezed onto the tray material in the area of the
preparations. C, The filled tray is placed in a tempering bath for the recommended 7 minutes. D, The en-
tire arch is flooded with water or a surfactant. E, The tray is seated, and water-cooling tubes are connected.
F, The completed impression. Light-bodied material should have been displaced by the tray material.
(Courtesy Van R Dental Products, Inc.)
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gauze square, and place it in the patient's
mouth. After seating, cold water is circulated
through the tray until the impression mater-
ial is completely set (Fig. 14-24, E). This usu-
ally takes 5 or 6 minutes.

7. Hold the tray firmly in the patient's mouth
while the impression material is setting.

8.

	

Remove the tray with a rapid motion, wash it
with cold water, disinfect it (see Table 14-3),
immerse it in potassium sulfate solution (if
the manufacturer recommends this), and
evaluate it for accuracy.

9.

	

After the impression is judged to be accept-
able, pour immediately in Type IV or V stone.

Step-by-step Procedure
1. Apply a separating medium (e.g., die lubri-

cant) to the pinholes and isolate and displace
the tissue in the conventional manner.

2.

	

After mixing the light-bodied impression ma-
terial, set aside a small amount for placement
into the pinholes.

Cement Tube
3.

	

Fill the tube and squeeze a small amount of
material into each pinhole. Make sure that no
air is trapped in the base of the pinhole (in
sert an explorer into the material, remove,
and repeat the application).

Evaluation (Fig. 14-24, F)
A reversible hydrocolloid impression is evaluated in
the same manner as polysulfide polymer. However,
the translucency of the material may make small
imperfections difficult to detect. If doubt exists, it
may be expedient to make a new impression, be-
cause this does not require additional tissue dis-
placement and can be easily accomplished.

SPECIAL CONSIDERATIONS
Certain modifications of the basic impression tech-
nique are sometimes needed, particularly for mak-
ing impressions with additional retention features
such as pinholes and post space.

Pin-retained Restorations (Fig. 14-25). Elas-
tomeric impression materials are strong enough to
reproduce a pinhole without tearing. However, to
avoid bubbles, they must be introduced carefully
into the pinhole with a lentulo or cement tube. With
reversible hydrocolloid, a special nylon bristle must
be used for the impression.

Lentulo

4.

	

Be sure that the slow-speed handpiece is ro-
tating clockwise before picking up a small
quantity of impression material.

5.

	

Spiral the material into the pinholes, rotating
slowly while moving the lentulo along the
side of the pinhole.

6.

	

Increase the speed of the lentulo while back-
ing it out (to prevent the material from being
pulled out).

Prefabricated Plastic Pin
7. When making a reversible hydrocolloid

impression of a pin-retained restoration,
use elastomer bristles to register the pin
holes. The bristles can be modified as
necessary with a sharp scalpel to eliminate
any inaccuracy relating to fit. Their lengths
should be adjusted so that they do not
contact the impression tray. (A bristle should
extend 2 mm above the opening of the
pinhole.)

Fig. 14-25.

	

Elastomeric impression for pin-retained restorations. A, A lentulo fills each pinhole; then
material is syringed around the prepared teeth in the normal way, and the tray is seated. B, The com-
pleted impression.
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8. Apply a separating medium to the pinhole
before placing the bristle and completing the
impression.

Post-and-cores. Elastomeric materials can be
successfully used to make impressions of the post
space when endodontically treated teeth are being
restored. The procedure involves reinforcing the im-
pression with a plastic pin or suitable wire (e.g., or-
thodontic wire) as described in Chapter 12.

DISINFECTION
When they are removed from the patient's mouth, it
must be assumed that all impression materials have
been in contact with body fluids. They should be dis-
infected according to the recommended procedures
for the material being used. After being removed
from the patient's mouth, the impression is immedi-
ately rinsed with tap water and dried with an air sy-
ringe. Suitable chemicals should be used, such as glu-
taraldehyde solutions or iodophor sprays. Table 14-3
shows the most commonly recommended techniques
for the materials discussed in this section. Some are
perfectly acceptable for one material but unsuitable
for others. Because of its tendency to distort and ab-
sorb moisture, polyether or "hydrophilic" addition
silicone impression materials should be sprayed and
stored in a plastic bag rather than submerged and
soaked in a glutaraldehyde solution. Disinfection is
an essential step for preventing cross-infection and
exposure of laboratory personnel. If it is performed
properly, disinfection will not affect the accuracy or
surface reproduction of the elastomer.51, 92

EVALUATION
After disinfection, the completed impression (Fig.
14-26) is inspected carefully before the working cast

is made. An elastomeric impression should be dried
before it is evaluated. The following points are then
considered:

1. Has the material been properly mixed? An
impression that contains visible streaks of
base or catalyst material should be rejected.

2. Is there an area where the custom tray
shows through? This must be identified and
its potential impact on the quality of the im-
pression assessed. A common error is rota-
tion and the resulting inaccurate seating of
the tray. This can result in the tray contact-
ing several teeth and an uneven thickness
of impression material. Normally this will
occur only at the tray stops, but when
it touches a critical area, the impression
must be discarded and a new one made.
However, if a thin spot is not near the pre-
pared teeth, it can sometimes be allowed to
remain.

3.

	

Are there any voids, folds, or creases? These
should have been avoided by careful tech-
nique; however, the impression may still be
acceptable when a small defect occurs in a
noncritical area (e.g., away from the margin
of a prepared tooth). Careful judgment must
be exercised.

4.

	

Is there an even, uninterrupted extension of
impression material beyond the margins of
the prepared teeth? This is essential if restora
tions with well-fitting margins and correct
contours are to be made.

5.

	

Has the impression material separated from
the tray? This is a common cause of distorted
impressions and results from improper ap
plication and/or inadequate drying of the
adhesive.

Modified from Merchant VA: CDA J 20:10, 31, 1992.

"Immersion time should be minimized. Dip in glutaraldehyde, rinse in sterile water, dip again, and delay pouring for 10 minutes while main-

taining a humid environment. Alternatively, spray with sodium hypochlorite, rinse, and respray with a similar 10-minute delay before pouring.

tNote: Imbibition distortion results from prolonged immersion. 1:10 hypochlorite or chlorine dioxide: spray, rinse, repeat, spray again, and

delay pouring for approximately 10 minutes.



SUMMARY

An impression or negative likeness of the teeth and
surrounding structures is used to obtain a cast, on
which the planned restoration is fabricated. A good
impression is an exact negative replica of each pre-
pared tooth and must include all of the prepared
surfaces and an adequate amount of unprepared
tooth structure adjacent to the margin.

Healthy soft tissues and the control of saliva flow
are essential for a successful impression. However,
caution must be exercised to prevent injury to the
gingiva. Cotton rolls, cards, and saliva evacuators
are needed for adequate moisture control. During
the impression procedure, using a local anesthetic
to minimize discomfort and to reduce saliva flow is
recommended.

Both mechanical-chemical and surgical methods
for enlargement of the gingival sulcus can be used
to obtain access to subgingival margins of prepared
teeth. However, a narrow cord impregnated with a
mild astringent (e.g., AIC13) is recommended. To

Fig. 14-26.

	

The completed impression. Careful tech-
nique will ensure a complete cuff of impression material
beyond the margin and will greatly facilitate trimming of
the die and contouring of the wax pattern.
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protect the smear layer, excessive contact between
hemostatic agents and cut tooth structure should be
avoided.

A custom acrylic resin tray should be used when
making an impression with any of the elastomeric
materials. All impression materials should be
rinsed, dried, and disinfected when removed from
the mouth. Impressions made with polysulfide
polymer should be poured within 1 hour. Impres-
sions made with polyether or addition silicone have
high dimensional stability and can be stored con-
siderably longer before pouring. When making
pin-retained restorations, a cement tube, lentulo, or
nylon bristle is needed for an accurate impression of
the pinholes or post spaces. In this technique and
others, a good impression is critical for an accu-
rately fitting restoration.

acceieraror: n (1611) 1: a substance that speeds a chem-
ical reaction 2: in physiology, a nerve, muscle, or
substance that quickens movement or response

agar: n (1889): a complex sulfated polymer of galac-
tose units, extracted from Gelidium cartilagineum,
Gracilaria confervoides, and related red algae. It is a
mucilaginous substance that melts at approxi-
mately 100°C and solidifies into a gel at approxi-
mately 40°C. It is not digested by most bacteria and
is used as a gel in dental impression materials and
solid culture media for microorganisms.

autopolymer: n: a material that polymerizes by chem-
ical reaction without external heat, as a result of the
addition of an activator and a catalyst-autopoly-
merization vb

catalyst: n (1902): a substance that accelerates a chem-
ical reaction without affecting the properties of the
materials involved
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custom tray: an individualized impression tray made
from a cast recovered from a preliminary impres-
sion. It is used in making a final impression

dimensional stability: the ability of a material to retain
its size and form

elastomer: n (ca. 1934): a polymer whose glass transi-
tion temperature is below its service temperature
(usually room temperature). These materials are
characterized by low stiffness and extremely large
elastic strains-elastomeric adj

final impression: the impression that represents the
completion of the registration of the surface or
object

gingival displacement: the deflection of the marginal
gingiva away from a tooth

hydrocolloid: n (1916): a colloid system in which water
is the dispersion medium; those materials described
as a colloid sol with water that are used in dentistry
as elastic impression materials

i mpression: n: a negative likeness or copy in reverse of
the surface of an object; an imprint of the teeth and
adjacent structures for use in dentistry

i mpression material: any substance or combination of
substances used for making an impression or nega-
tive reproduction

i mpression technique: obs: a method and manner used
i n making a negative likeness (GPT-4)

i mpression tray: 1: a receptacle into which suitable
impression material is placed to make a negative
likeness 2: a device that is used to carry, confine,
and control impression material while making an
impression

ischemia: n (ca. 1860): local and temporary deficiency
of blood, chiefly resulting from the contraction of a
blood vessel

master impression: the negative likeness made for the
purpose of fabricating a prosthesis

monomer: n (1914): a chemical compound that can un-
dergo polymerization; any molecule that can be
bound to a similar molecule to form a polymer

polyether: adj: an elastomeric impression material of
ethylene oxide and tetra-hydrofuron copolymers
that polymerizes under the influence of an aromatic
ester

polysulfide: n (1849): an elastomeric impression mate-
rial of polysulfide polymer (mercaptan) that cross-
links under the influence of oxidizing agents such
as lead perioxide

polyvinylsiloxane: n: an addition reaction silicone elas-
tomeric impression material of silicone polymers
having terminal vinyl groups that cross-link with
silanes on activation by a platinum or palladium
salt catalyst

reversible hydrocolloid: colloidal gels in which the
gelation is brought about by cooling and can be re-
turned to the sol condition when the temperature is
sufficiently increased

tissue displacement: the change in the form or position
of tissues as a result of pressure

tissue reaction: the response of tissues to an altered
condition
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acrylic resin

	

poly(methylmethacrylate)
autopolymerizing resin

	

poly(R' methacrylate)
exotherm

	

provisional luting agent
external surface form (ESF)

	

tissue surface form (TSF)

inadequate restoration may lead to unnecessary re-
pairs or to the need to treat gingival inflammation
and remake the impression. Such problems can be
avoided if one thoroughly understands what is
required of the provisional and makes the effort to
meet these requirements.

Provisional crowns or fixed partial dentures are es-
sential to prosthodontic therapy. The word provi-
sional means established for the time being, pending
a permanent arrangement. Even though a definitive
restoration may be placed as quickly as 2 weeks af-
ter tooth preparation, the provisional restoration
must satisfy important needs of the patient and
dentist. Unfortunately, temporary usually connotes
laxity, and this may imply that requirements per-
taining to the more permanent condition are ig-
nored. If this connotation becomes a philosophy
governing the provisional phase of treatment, the
dentist will needlessly be reducing clinical effi-
ciency and treatment quality. Experience has repeat-
edly shown that the time and effort expended in ful-
filling the requisites of provisional restorations are
well spent.

Because of unforeseen events (e.g., laboratory de-
lays or patient unavailability), a provisional restora-
tion may have to function for an extended period.
On the other hand, a delay in placing the definitive
restoration may be deliberate (e.g., because the etio-
logic factors of a temporomandibular disorder or
periodontal disease must be corrected). Whatever
the intended length of time of treatment, a provi-
sional will have to be adequate to maintain patient
health. Thus it should not be casually fabricated on
the basis of expected short-term use.

Provisional procedures also must be efficiently
performed, because they are done while the patient
is in the operatory and during the same appoint-
ment that the teeth are prepared. Costly chairside
time should be used efficiently with the practitioner
producing an acceptable restoration. Failure to do
so will result in the eventual loss of more time
than was initially thought saved. For example, an

An optimum provisional restoration must satisfy
many interrelated factors, which can be classified as
biologic, mechanical, and esthetic (Fig. 15-1).

BIOLOGIC REQUIREMENTS

Pulp Protection. A provisional restoration
must seal and insulate the prepared tooth surface
from the oral environment to prevent sensitivity
and further irritation to the pulp. Because of the sec-

REQUIREMENTS

Fig. 15-1.

	

Factors to be considered in making a provi-
sional restoration. The dark red area represents the opti-
mum, in which biologic, mechanical, and esthetic require-
ments are adequately met.

380
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tioning of dentinal tubules, a certain degree of pulp
trauma is inevitable during tooth preparation (Fig.
15-2).

When healthy, each tubule contains the cytoplas-
mic process of a cell body (the odontoblast), whose
nucleus is in the pulp cavity. Unless the environ-
ment around the exposed dentin is carefully con-
trolled, adverse pulp effects can be expected.' In ad-
dition, the pulp health of a tooth requiring a cast
restoration is likely to be compromised before and
after preparation (Table 15-1). In severe situations,
leakage can cause irreversible pulpitis and the re-
sulting need for root canal treatment .z

Periodontal Health. To facilitate plaque re-
moval, a provisional restoration must have good
marginal fit, proper contour, and a smooth surface.

This is particularly important when the crown mar-
gin will be placed apical to the free gingival mar-
gin. 3 If the provisional restoration is inadequate and
plaque control is impaired, gingival health will de-teriorate.4

The maintenance of good gingival health is al-
ways desirable, but it has special practical signifi-
cance when fixed prosthodontics is undertaken. In-
flamed or hemorrhagic gingival tissues make
subsequent procedures (e.g., impression making
and cementation) very difficult. The longer the pro-
visional restoration must serve, the more significant
become any deficiencies in its fit and contour (Fig.
15-3). When gingival tissue is impinged upon, is-
chemia is likely. This can be detected initially as tis-
sue blanching. If it is not corrected, a localized in-
flammation or necrosis will develop.

Fig. 15-2.

	

Pulp trauma and exposure of the dentinal
tubules from tooth preparation.

Occlusal Compatibility and Tooth Position. The
provisional restoration should establish or maintain
proper contacts with adjacent and opposing teeth
(Fig. 15-4). Inadequate contacts allow supraeruption
and horizontal movement.

Supraeruption is detected at try-in when the de-
finitive restoration makes premature contact. Cor-
recting this in the operatory is possible, but the ef-
fort is time consuming and often leads to a
restoration with poor occlusal form and function.
Horizontal movement results in excessive or defi-
cient proximal contacts. The former requires tedious
chairside adjustment; the latter involves a labora-
tory procedure to add metal or ceramic to the
deficient site. This often results in a compromised

Fig. 15-3.

	

A provisional restoration should have good
marginal fit, proper contour, and a smooth surface finish.
A, The properly contoured provisional. Smoothly continu-
ous with the external surface of the tooth. B, Overcontour-
ing. Irregular transition from the restoration to the root sur-
face and inadequate marginal adaptation. These factors
contribute to plaque accumulation and an unhealthy
periodontium.
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Fig. 15-5.

	

A missing proximal contact allows tooth mi-
gration. The resulting root proximity may require surgical
or orthodontic correction for impression making (see Fig.
6-26).

Fig. 15-7.

	

The connectors of a provisional fixed partial
denture are often purposely overcontoured. A, In the ante-

rior region, the degree of overcontouring is substantially
limited by esthetic requirements. B, In the posterior region,
esthetics is less restrictive, but overcontouring still must not
jeopardize maintenance of periodontal health.

Fig. 15-6. The provisional restoration must protect the
tooth. Fracture of a tooth after the impression phase delays
treatment and jeopardizes restorability.

proximal contour. This, along with root proximity
(Fig. 15-5), impairs oral hygiene measures.

Prevention of Enamel Fracture (Fig. 15-6).

	

The
provisional restoration should protect crown prepa-
ration margins. This is particularly true with
partial-coverage designs in which the margin of the
preparation is close to the occlusal surface of the
tooth and could be damaged during chewing. Even
a small chip of enamel will make the definitive
restoration unsatisfactory and necessitate a time-
consuming remake.

MECHANICAL REQUIREMENTS

Function.

	

The greatest stresses in a provisional
restoration are likely to occur during chewing.
Unless the patient avoids contacting the prosthe-
sis when eating, internal stresses will be similar
to those occurring in the definitive restoration.
The strength of poly (methyl methacrylate) resin is
about one-twentieth that of metal-ceramic alloys,5
making fracture of the provisional restoration much
more likely. Fracture is not usually a problem with a
complete crown as long as the tooth has been ade-
quately reduced. Breakage occurs more frequently
with partial-coverage restorations and fixed partial
dentures. Partial-coverage restorations are inher-
ently weaker because they do not completely encir-
cle the tooth.

An FPD must function as a beam in which sub-
stantial occlusal forces are transmitted to the abut-
ments. This creates high stresses in the connectors,'
which are often the site of failure. To reduce the risk
of failure, connector size must be increased in the
provisional compared to the definitive restoration
(Fig. 15-7). Greater strength is achieved by reducing
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Fig. 15-8.

	

In this mesiodistal section, an overcontoured
connector crowds the gingiva. Pressure ischemia and poor
access for plaque removal promote gingivitis.

the depth and sharpness of the embrasures. This in-
creases the cross-sectional area of the connector while
reducing the stress concentration associated with
sharp internal line angles. The biologic and some-
times the esthetic requirements place limits on just
how much larger connectors can be made. To avoid
jeopardizing periodontal health, they should not be
overcontoured near the gingiva (Fig. 15-8). Good ac-
cess for plaque control must have high priority.

In some instances high-strength provisionals (e.g.,
cast metal, fiber reinforced or heat-processed resin)
can spare the practitioner and the patient inconve-
nience, lost time, and the expense of remaking a
restoration (Box 15-1).

Displacement. To avoid irritation to the pulp
and tooth movement, a displaced provisional must
be recemented promptly. An additional office visit is
usually required, resulting in considerable inconve-
nience to the patient and the dentist. Displacement
is best prevented through proper tooth preparation
and a provisional with a closely adapted internal
surface. Excessive space between the restoration
and the tooth places greater demands on the luting
agent, which has lower strength than regular ce-
ment and thus cannot tolerate the added force. For
this and for biologic reasons, unlined preformed
crowns should be avoided.

Removal for Reuse. Provisional restorations
often need to be reused and therefore should not be
damaged when removed from the teeth. In most in-

stances, if the cement is sufficiently weak and the
provisional has been well fabricated, it will not
break when removed.

ESTHETIC REQUIREMENTS
The appearance of a provisional restoration is par-
ticularly important for incisors, canines, and some-
times premolars. Although it may not be possible to
duplicate exactly the appearance of an unrestored
natural tooth, tooth contour, color, translucency, and
texture are essential attributes. When conditions re-
quire it, esthetic enhancement procedures are avail-
able to create personalized details; however, be-
cause these are not routinely called for, they are
addressed on p. 413, following the discussion of ce-
mentation and repair.

The degree to which a material matches the color
of adjacent teeth initially is an essential requirement
of prosthodontics. However, color stability can gov-
ern the selection of materials when a long period of
service is anticipated, because some resins discolor
after several months in the mouth.' The propensity
for discoloration due to stain accumulation8 or sec-
ondary to home bleaching procedures differs ac-
cording to resin composition (see Table 15-3, F).

The provisional is often used as a guide to
achieving optimum esthetics in the definitive
restoration. In complete denture prosthodontics, it
is customary to have a wax try-in so the patient can
respond to the dentist's esthetic interpretation be-
fore the denture is processed. Many dentists con-
sider this essential because of the frequency of pa-
tient requests for changes and the ease with which
such changes can be made. When fixed prosthodon-
tics is being performed in the anterior oral cavity, it
greatly influences appearance; the patient should be
given an opportunity to voice an opinion. Beauty
and personal appearance are highly subjective and
difficult to communicate verbally, and a facsimile
prosthesis can play a vital role in the patient's con-
sideration of esthetics and the impact that the pros-
thesis will have on self-image. Obtaining the opin-
ions of others whose judgment is valued is also
important. An accurate provisional is a practical
way of obtaining specific feedback for the design of
a definitive restoration. Verbal descriptions are of-
ten too vague and frequently cause overcorrections,
which are difficult to reverse in the definitive
restoration. The provisional is shaped and modified
until its appearance is mutually acceptable to the
dentist and the patient. When this is achieved, an
impression is made of the provisional (Fig. 15-9)
and a cast is poured. This cast accompanies the
fixed prosthodontic working cast to the laboratory,
where the contours are duplicated. This process is
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Fig. 15-9.

	

A, This provisional FPD established anterior
guidance and pontic form before work on the definitive
restoration was begun. (Note the facial cavosurface margin
of the mandibular second premolar covered by the provi-
sional to protect it from damage.) B, The definitive restora-
tion closely matches its predecessor in form and function.

more efficient when it begins with diagnostic wax-
ing procedures. Involving the patient in decision-
making results in greater patient satisfaction.

MATERIALS AND PROCEDURES

Many procedures using a wide variety of materials
are available to make satisfactory provisional
restorations (Fig. 15-10). As new materials are intro-
duced, associated techniques are reported, creating
even more variety. Particularly helpful is the fact
that all the procedures have in common the forma-
tion of a mold cavity into which a plastic material is
poured or packed. Furthermore, the mold cavity is
created by two correlated parts: one forms the ex-
ternal contour of the crown or fixed partial denture,
and the other forms the prepared tooth surfaces and
(when present) the edentulous ridge contact area.
The terms external surface form (ESF) and tissue
surface form (TSF) are suggested for these mold
parts. This terminology will be used in the ensuing
discussions.

EXTERNAL SURFACE FORM
There are two general categories of external surface
forms: custom and preformed.

Custom.

	

A custom ESF is a negative reproduc-
tion of either the patient's teeth before preparation
or a modified diagnostic cast. It may be obtained di-
rectly with any impression material. Impressions
made in a quadrant tray with irreversible hydrocol-
loid or silicone rubber are convenient. The higher
cost of silicone rubber may be offset by its ability to
be retained for possible reuse at any future appoint-
ment. Accurate reseating of the ESF is easier, and
the mold cavity produces better results if thin areas
of impression material (as may be found interproxi-
mally or around the gingival margin) are trimmed
away (Fig. 15-11). Moldable putty materials are
popular because they can be used without a tray
and can be easily trimmed to minimum size with a
sharp knife. In addition, their flexibility facilitates
subsequent removal of the polymerized resin (Fig.
15-12).

A custom ESF can be produced from thermoplas-
tic sheets, which are heated and adapted to a stone
cast with vacuum or air pressure while the material
is still pliable (Fig. 15-13). This produces a transpar-
ent form with thin walls, which makes it advanta-
geous in the direct technique because of its mini-
mum interference with the occlusion. It is filled with
resin, placed in the mouth, and fully seated as the
patient closes into maximum intercuspation. Little
additional effort is required to adjust the occlusal
contacts. The thinness of the material may also be a
disadvantage in the direct technique, however. The
material is a poor dissipater of the heat released
during resin polymerization,10 so care must be taken
to remove it from the mouth before injury can occur.
A thermoplastic ESF has other uses in fixed prostho-
dontic treatment, in both the clinical and the labora-
tory phase; for example, it can help evaluate the ad-
equacy of tooth reduction" 12 (Fig. 15-14).

Transparent sheets are available in cellulose ac-
etate or polypropylene and come in various sizes
and thicknesses; a 125 x 125 mm sheet of 0.5 mm
thickness is recommended for provisional restora-
tions. Polypropylene is preferred because it pro-
duces better surface detail and is more tear resis-
tant. Better tear resistance makes initial removal
from the forming cast less tedious and enables the
ESF to be used more than once.

Although thermoplastic sheets have a number of
advantages, a wide variety of other materials and
methods can be used successfully. For example,
some practitioners favor baseplate wax because it is
convenient and economical (see Fig. 15-10, B).

Preformed.

	

A variety of preformed "crowns" is
available commercially. On their own, they rarely sat-
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Fig. 15-10.

	

Although there are many variations, molds used in making provisional restorations con-
sist of an external surface form (ESF) and a tissue surface form (TSF). Direct techniques use the patient's
mouth directly as the TSF. A, Indirect technique: ESF, An alginate impression; TSF, a quick-set plaster
cast. B, Direct technique: ESF, A baseplate wax impression; TSF, the patient. C, Direct technique: ESF, A
vacuum-formed acetate sheet; TSF, the patient. D, Direct technique: ESF, A polycarbonate preformed
shell; TSF, the patient. E, Indirect-direct technique: ESF, A custom preformed three-unit FPD shell (nos. 9
to 11) made indirectly; TSF, the patient. F, Indirect technique: ESF, A silicone putty impression; TSF, a
quick-set plaster cast.

Fig. 15-11.

	

Shortening proximal projections of the impression material
facilitates complete reseating of the ESF. Note that excess impression
material palatally and facially has been trimmed away with a sharp knife
for this reason. The anterior sextant tray shown was selected because it
adequately captures the teeth adjacent to the proposed provisional
restoration.



Fig. 15-12.

	

A, One of the flexible silicone putties suitable for making external surface forms. B, The
putty form has been spread apart. Note the completed resin provisional in place, to demonstrate the de-
gree of putty flexibility.

Fig. 15-13.

	

A, inexpensive system for producing external surface
forms from thermoplastic sheets. B, After heating, the sheet is formed
with reusable putty; finger pressure is applied over a stone cast. C, A
more expensive system, incorporating an electric heating element and a
vacuum source. D, Trimmed polypropylene external surface form. Note
the detail that can be captured with this material.

Fig. 15-14.

	

A, The thinness and transparency of these ESFs allow their use directly as tooth-
reduction guides both in and out of the mouth. B, Tooth reduction may be assessed by using the ESF to
mold alginate over the prepared tooth. When the alginate is set, the ESF is removed, and a periodontal
probe is pushed through the alginate for measurements at desired locations.
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isfy the requirements of a provisional restoration, but
they can be thought of as ESFs rather than as finished
restorations and therefore must be lined with au-
topolymerizing resin. Most crown forms need some
modification (e.g., internal relief, axial recontouring,
occlusal adjustment) in addition to the lining proce-
dure (Fig. 15-15). When extensive modification is re-
quired, a custom ESF is superior because it is less
time consuming. Preformed crowns are generally
limited to single restorations, since using them as
pontics for fixed partial dentures is not feasible.

Fig. 15-15.

	

A, The time required to modify this particu-
lar preformed crown outweighs the advantages it might
provide. If a custom external surface form were available, it
would be more efficient and more economical. B, The ex-
cessively tapered internal lingual wall of this preformed
crown requires grinding to accommodate a properly pre-

pared tooth. (The stone cast in the lower portion of the il-
lustration duplicates the internal surface of the preformed
crown.)

Materials from which preformed ESFs are made
(Fig. 15-16) include polycarbonate, cellulose acetate,
aluminum, tin-silver, and nickel-chromium. These
are available in a variety of tooth types and sizes
(Table 15-2).

Polycarbonate.

	

Polycarbonate (Fig. 15-17) has
the most natural appearance of all the preformed
materials. When properly selected and modified, its
appearance rivals a well-executed porcelain restora-
tion and is a very color-stable resin. Although it is
available in only one shade, this can be modified to
a limited extent by the shade of the lining resin.
Polycarbonate ESFs are supplied in incisor, canine,
and premolar tooth types.

Fig. 15-16.

	

A, Preformed anterior crown forms: polycar-
bonate (left) and cellulose acetate (right). B, Preformed pos-
terior crown forms: aluminum shell (left), aluminum
anatomic (center), and tin-silver anatomic (right).



Section 2 Clinical Procedures-Part I

Fig. 15-17.

	

Polycarbonate crowns. Available in maxil-
lary and mandibular incisor, canine, and premolar shapes.

Cellulose Acetate. Cellulose acetate is a thin
(02 to 0.3 mm) transparent material available in all
tooth types and a range of sizes (see Fig. 15-16, A).
Shades are entirely dependent on the autopolymer-
izing resin. The resin does not chemically or me-
chanically bond to the inside surface of the shell, so
after polymerization the shell is peeled off and dis-
carded to prevent staining at the interface. How-
ever, removing the shell requires the addition of
resin to reestablish proximal contacts.

Aluminum and Tin-silver (Fig. 15-18). Alu-
minum and tin-silver are suitable for posterior
teeth. The most elaborate crown forms have
anatomically shaped occlusal and axial surfaces.
The most basic and least expensive forms are
merely cylindrical shells resembling a tin can (see
Fig. 15-16, B).

Nonanatomic cylindrical shells are inexpensive
but require modification to achieve acceptable oc-
clusal and axial surfaces. Using crowns that have
been preformed as individual maxillary and man-
dibular posterior teeth is more efficient. Care must
also be taken to avoid fracturing the delicate cavo-
surface margin of the tooth preparation when fitting
a metal crown form. This risk is greater if adapta-
tion is carried out directly by having the patient
forcefully occlude on the crown shell. The edge of
the shell can engage the margin and fracture it un-
der biting pressure. An even greater risk occurs
when the crown has a constricted cervical contour.
Tin-silver crowns are deliberately designed this way
(see Fig. 15-16, B). This highly ductile alloy allows

Fig. 15-18.

	

Aluminum anatomic crowns. Available in a
variety of sizes and shapes. The manufacturer has pro-
duced two maxillary and four mandibular shapes for the
left and right side of the mouth, each in six sizes.

Fig. 15-19.

	

Nickel-chromium anatomic crowns. Avail-
able also in an array of sizes and shapes, including ones
for the primary teeth, with straight and contoured axial
surfaces.

the crown cervix to be stretched to fit the tooth
closely. Direct stretching on the tooth is practical
only where featheredge margins are used. For other
margin designs, cervical enlargement should be
performed indirectly on a swaging block, which are
supplied with the crown kit.

Nickel-chromium (Fig. 15-19).

	

Nickel-chromium
shells are used primarily for children with exten-
sively damaged primary teeth. In that application
they are not lined with resin but are trimmed,
adapted with contouring pliers, and luted with a
high-strength cement. They may be applied to sec-
ondary teeth but are more suitable for primary
teeth. Nickel-chromium alloy is very hard and
therefore can be used for longer-term provisional
restorations.

TISSUE SURFACE FORM

There are two primary categories of tissue surface
forms: indirect and direct. A third category, indirect-
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Fig. 15-20.

	

Labial (A) and gingival (B) ulcerations subsequent to brief poly(methyl methacrylate)
monomer exposure.

Fig. 15-21.

	

Heat generated during resin polymerization. Under nonclinical experimental conditions,
the temperature increases are severe. Sevriton, a poly(methyl methacrylate) resin, produced significantly
higher temperatures than the others represented. This is useful information when selecting intraoral
resins. However, under clinical conditions, the differences may be insignificant.
(Redrawn from Braden M et al: Br Dent J 141:269, 1976.)

direct, results from the sequential application of
these two forms.

Indirect Procedure.

	

An impression is made of
the prepared teeth and ridge tissue and is poured in
quick-setting gypsum or poly(vinyl siloxane). 13 The
provisionals are fabricated outside the mouth. This
technique has the following advantages over direct
procedures:
1. There is no contact of free monomer with the

prepared tooth or gingiva, which might cause
tissue damage 14 and an allergic reaction or sen
sitization. l5-18 One group of investigatorsl 9 re-
ported a 20% incidence of allergic sensitivity in

2.

subjects previously exposed to a monomer
patch test. The risk of sensitization in patients
who are not allergic to monomer increases with
the frequency of exposure. In allergic patients,
an exposure to even small amounts of monomer
usually causes painful ulceration and stomatitis
(Fig. 15-20).
The procedure avoids subjecting a prepared
tooth to the heat created from polymerizing
resin. The exotherm charted in Figure 15-21 in-
dicates temperature increases with time for sev-
eral materials under similar experimental con-
ditions. Clinical simulation experiments20,21
have shown peak temperature increases of
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3.

Fig. 15-22.

	

These exotherms (time in minutes) are de-
rived from a simulated clinical procedure for making a sin-
gle crown using silicone putty as the ESF. A thermocouple
probe in the pulp chamber of an extracted tooth was used
to measure temperature changes. Initial readings reflect the
cooling effect of room-temperature resin mixtures. For all
three classes of resins tested, the temperatures did not ex-
ceed 35° C until more than 6 minutes had elapsed.
(Redrawn from Tjan AHL et al: J Prosthet Dent 62:622,1989.)

approximately 10° C in the pulp chambers of
prepared teeth upon which direct provisional
restorations had been made. That amount of
temperature elevation is capable of causing irre-
versible pulp damage.22 The simulation experi-
ments also indicate that an increase in tempera-
ture depends directly on the type and volume of
resin present. Therefore, a directly made
restoration with a large pontic is more likely to
cause injury than one for a single crown (espe-
cially if the tooth is prepared conservatively).
These studies also demonstrate that the
heat-conducting properties of the ESFs signifi-
cantly influence the maximum temperature
reached. However, it is important to note that
peak temperatures were not reached until 7 to 9
minutes had elapsed21 (Fig. 15-22). For this rea-
son, and also because it must be drawn through
the undercuts of adjacent proximal tooth sur-
faces, the resin should be removed at the rub-
bery stage of polymerization, which typically
occurs 2 to 3 minutes after insertion in the
mouth. In Figure 15-22, the temperature in-
crease is negligible at 3 minutes, suggesting that
thermal injury is easily avoidable.
The marginal fit of provisional restorations that
have been polymerized undisturbed on stone
casts is significantly better than that of provi-
sionals that have been removed from the mouth
before becoming rigid .

23,24 This is because (a) the
stone restricts resin shrinkage during poly-
merization and (b) separating the resin from
the tooth causes distortion. Directly made
long-span or multi-abutment FPDs are likely
to have unacceptable marginal discrepancies
caused by shrinkage and distortion.

4.

	

When a dimensionally stable elastomer impres-
sion is made to form the TSF, 13 it can be retained
for possible reuse with the ESF. This allows re
placement restorations to be made without hav-
ing the patient present. For example, if a patient
calls to report a lost interim FPD, a replacement
can be made at the dentist's convenience before
the patient arrives. This minimizes disruption
of the office schedule and earns the patient's ap-
preciation. It is not known whether using an
elastomer TSF results in margins that fit as well
as those obtained with a gypsum TSF. The elas-
tomer may not resist polymerization shrinkage
as effectively as the gypsum.

5.

	

This technique gives the patient a chance to rest
and lets the dentist perform other tasks, pro-
vided an assistant is trained to carry out the lab-
oratory procedures.

Direct Procedure.

	

The patient's prepared teeth
and gingival tissues (in the case of an FPD) directly
provide the tissue surface form, so the intermediate
steps of the indirect technique are eliminated. This is
convenient when assistant training and office labo-
ratory facilities are inadequate for efficiently pro-
ducing an indirect restoration. However, the direct
technique has significant disadvantages: potential
tissue trauma from the polymerizing resin and in-
herently poorer marginal fit. Therefore, the routine
use of directly formed provisional restorations is not
recommended when indirect techniques are feasible.

Indirect-direct Procedure. In this technique,
the indirect component produces a "custom-made-
preformed ESF" similar to a preformed polycarbon-
ate crown. In most cases the practitioner uses a cus-
tom ESF with an underprepared diagnostic cast as
the TSF. The resulting mold forms a shell that is
lined with additional resin after tooth preparation
(using the patient for the TSF). This last step is the
direct component of the procedure. Another
method of creating the shell eliminates the need for
an indirect TSF. It is accomplished by painting
monomer liquid into the ESF and carefully sprin-
kling or blowing resin powder on it. The thickness
of the resin shell is difficult to control with this tech-
nique, however, and may result in time-consuming
corrective grinding.

The indirect-direct approach offers these advan-
tages:

1.

	

Chairside time is reduced. Most of the proce-
dures are completed before the patient's visit.

2.

	

Less heat is generated in the mouth. The vol-
ume of resin used during lining is compara-
tively small.
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3.

	

Contact between the resin monomer and soft
tissues is minimized compared to the direct
procedure. Because pontic ridge areas do not
normally require lining, there is a reduced
risk of allergic reaction.

However, even with the diagnostic cast method,
adjustments are frequently needed to seat the shell
completely on the prepared tooth. This is the pri-
mary disadvantage of the indirect-direct procedure.

PROVISIONAL RESTORATIVE MATERIALS
While in a fluid state, the provisional restorative
materials fill the cavity formed by the external and
tissue surface forms; they then solidify, producing a
rigid restoration.

•

	

Good appearance-translucent, color control-
lable, color stable

•

	

Good patient acceptance-nonirritating, odor-
less

•

	

Ease of adding to or repairing
•

	

Chemical compatibility with provisional lut-
ing agents

Currently Available Materials (Fig. 15-23).

	

The
ideal provisional material has not yet been devel-
oped. A major problem still to be solved is dimen-
sional change during solidification. These materials
shrink during polymerization, which causes mar-
ginal discrepancy 23-25 especially when the direct
technique is used (Fig. 15-24). In addition, the resins
currently used are exothermic and not entirely bio-
compatible.

The materials can be divided into four resin
groups:

Poly(methyl methacrylate)
Poly(R' methacrylate)*

*The R' represents an alkyl group larger than methyl
(e.g., ethyl or isobutyl).

Ideal Properties.

	

An ideal provisional material
has the following characteristics:

• Convenient handling-adequate working
time, easy moldability, rapid setting time

• Biocompatibility-nontoxic, nonallergenic,
nonexothermic

•

	

Dimensional stability during solidification
•

	

Ease of contouring and polishing
•

	

Adequate strength and abrasion resistance

Fig. 15-23.

	

Currently available provisional materials: A, A poly(methyl methacrylate) resin.
B, A poly(R' methacrylate) resin. C, Microfilled composite resins using an automixing delivery system.
D, Light-cured resins: a microfilled urthane-dimetharcylate (left) and a light-cured poly(ethyl
methacrylate).
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Fig. 15-24.

	

With ideal axial wall convergence, a 2% reduction in crown diameter results in a compar-
atively high marginal discrepancy.

Microfilled composite
Light-cured
The properties of these resins are compared in

Table 15-3. Overall performances are similar, with
no resin being superior in all categories. A material
should be chosen according to the specific require-
ments or conditions of the particular treatment. For
example, materials with the least toxicity and least
polymerization shrinkage should be chosen for a di-
rect technique. When a long-span prosthesis is be-
ing fabricated, high strength is an important selec-
tion criterion.

MATERIALS SCIENCE

William M. Johnston
The material used for fabrication of a provisional

restoration consists of pigments, monomers, filler,
and an initiator, which combine to form an esthetic
restorative substance. The pigments are incorpo-
rated by the manufacturer, so the set material will
resemble a natural tooth structure as much as possi-
ble, with a variety of shades available. Although the
other ingredients have a role in the handling, set-
ting, and final properties of the provisional, the pri-
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mary monomer determines many of the material's
important characteristics. The monomer's ability to
convert to a polymer allows the material (after it has
been formed as desired) to set into a solid that is
durable enough to withstand the oral environment
for the necessary interim period.

Depending on the brand, the most commonly
used monomers are methyl methacrylate, ethyl
methacrylate, isobutyl methacrylate, bis-GMA, and
urethane dimethacrylate. Each of these monomers,
whether used whole or in combinations, may be
converted to a polymer by free-radical polymeriza-
tion, although the conversion process is never per-
fectly complete.

FREE-RADICAL POLYMERIZATION

The polymerization process invokes chemical, me-
chanical, dimensional, and thermal changes that af-
fect the success of these materials in dentistry. Since
monomers may be unpleasant or even harmful bio-
logically, the chemical conversion of a monomer to a
biologically inert polymer is desirable. Also, if the
polymerization process is prematurely terminated or
not properly initiated, the resulting restoration may
not have adequate mechanical properties and will
likely fail. However, because the density of the poly-
mer is inherently and often substantially greater than
that of the monomer, a dimensional contraction oc-
curs during polymerization. The polymerization re-
action is exothermic, which causes the material to be-
come hot before it loses its fluidity. As a result, an
additional contraction occurs when the restoration
cools. If a direct technique is being used, the heat of
reaction can cause irreversible damage to nearby pul-
pal tissues, which may already have been thermally
insulted during cavity preparation (see p. 389).

Initiation. Free-radical polymerization begins
with the formation of a free radical (a process called
activation) and the subsequent combination of this
free radical with a monomer. Free radicals are
formed by the decomposition of a chemical (the ini-
tiator). The method of decomposition depends on
the nature of the initiator. Possible initiators include
benzoyl peroxide and Camphoroquinone.

Benzoyl peroxide decomposes to free radicals at
approximately 50° C or higher in a process called
thermal activation. Excessive temperatures should be
avoided during the early stages of thermal activa-
tion, because some monomers vaporize at tempera-
tures near 100° C, with subsequent formation of
porosity in the resultant polymer. Thermal activa-
tion results in greater contraction on cooling than
with other activation methods and is therefore usu-
ally avoided for provisional restorations.

Benzoyl peroxide also decomposes to free radi-
cals when catalyzed by a tertiary amine; this
process is called chemical activation. Chemical acti-
vation occurs when the activator, initiator, and
monomer are mixed together, so these materials are
usually supplied separately-the monomer and ac-
tivator are in one container, and the initiator and
filler are in another. To prevent voids, proper mix-
ing is essential. Since chemical activation requires
intimate contact between the chemical activator
and the initiator, it is not as efficient as thermal ac-
tivation. Inefficient activation of the initiator results
in more residual monomer and less color stability
of the restoration, since unreacted benzoyl perox-
ide can cause color changes. However, since ben-
zoyl peroxide is decomposed by both thermal and
chemical activation, increased temperature can en-
hance its decomposition in a chemically cured sys-
tem and will not increase contraction if the restora-
tion initially undergoes chemical setting. Heating a
recently set restoration in 100° C water will pro-
mote greater polymerization efficiency and remove
any unconverted monomer, which might cause a
sensitivity reaction in a patient susceptible to
monomer irritation.

Camphoroquinone decomposes to free radicals
in the presence of both an aliphatic amine and blue
light energy; this process is called visible-light activa-
tion. Light-activated materials have two advan-
tages: (1) the ingredients can be mixed by the man-
ufacturer with little porosity, and (2) working time
is virtually unlimited because no setting occurs if
the material is kept in a dark environment. A limita-
tion of this method is the depth to which visible
light can penetrate (less for darker materials).
Whenever possible, the activation illumination
should be directed toward the center of the restora-
tion from all surfaces. For darker materials, the ex-
posure time should be longer.

Propagation.

	

When it has begun, the polymer-
ization process continues by including more

monomer molecules in the growing molecular
chain. The material must not be disturbed, because
defects can be easily incorporated if the material is
jostled during this phase. During propagation, the
following occurs:

1.

	

The setting material undergoes an increase in
density, causing contraction.

2.

	

The exothermic heat of reaction may cause a
substantial increase in temperature, with sub-
sequent increased contraction.

3. Other physical properties (e.g., rigidity,
strength, and resistance to dissolution)
increase.
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Termination.

	

Due to the randomness of position
of the growing chains, some of them may combine
and terminate the growth process. This type of ter-
mination cannot be avoided, although it is better to
have termination only after polymerization of all the
monomer has occurred. Termination may also result
from the reaction with eugenol, hydroquinone, or
oxygen, so contact with these substances must be
avoided, or at least minimized, when possible.

PROPERTIES ASSOCIATED WITH THE MONOMER
The various monomers exhibit different initial and
setting characteristics and result in polymers with
significantly different properties (i.e., viscosity before
setting, exothermic heat of reaction, dimensional
change on setting, and strength). In general, the
exothermic heat of reaction on setting and the physi-
cal strength of the set mass is inversely proportional
to the size of the monomer molecule. Properties of
available materials are presented in Table 15-3.

Filler. Although the primary properties of a
provisional restorative material are determined by
the monomer(s) involved, a decrease in the less de-
sirable setting and mechanical properties is accom-
plished mainly with the filler. An increase in filler
content reduces the relative amounts of exothermic
heat and contraction while increasing the strength
of the set material. However, too much filler can
lead to insufficient handling characteristics before
setting, and this will impede mixing and shaping
and will introduce porosity in the set restoration.
For light-activated systems, the amount of filler is
determined by the manufacturer; for other systems,
incorporating as much filler as possible without in-
terfering in the handling or manipulation character-
istics of the material is preferred.

PROCEDURES

To minimize duplication, a basic clinical and labora-
tory armamentarium are listed here once; they can be
referred to throughout the chapter as needed. As each
new procedure is discussed, only items necessary to
augment the basic armamentarium will be listed.

Clinical Armamentarium (Fig. 15-25)
• Gloves
• Face mask
• Protective eyewear
• Mouth mirror
• Explorer
• Periodontal probe
• Saliva evacuator

Fig. 15-25.

	

Basic clinical armamentarium.

• Cotton rolls
• Gauze squares
• Gingival displacement cord
• Astringent solution
• Cotton-roll pliers
• Plastic filling instrument
• Cotton pellets
• Petrolatum
• Autopolymerizing resin
• Dropper
• Three dappen dishes
• Cement spatula
• Backhaus towel clamp forceps
• Soft lead pencil
• Straight, slow-speed handpiece
• Carborundum disks with mandrels, SHP
• Fine garnet paper disks (/,-inch diameter) with

mandrels, SHP
• Tungsten carbide burs, SHP
• High-speed handpiece with air-water supply
• Round bur (no. 4), FG
• Tungsten carbide 12-fluted finishing bur, FG

(e.g., 7803)
• High-volume evacuation
• Articulating ribbon and holder
• Camel hair brush (no. 0)
• Cup of warm water
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Fig. 15-26.

	

Basic laboratory armamentarium. A, Assorted small
items appearing on the accompanying list. B, Pressure curing vessel.
C, Cast trimmer. D, Dental lathe and dust collector. E, Ultrasonic
cleaner and liquid detergent.

Laboratory Armamentarium (Fig. 15-26)
• Protective eyewear
• Face mask (for respiratory protection)
• Soft lead pencil
• Camel hair brushes (nos. 4 and 6)
• Gypsum-resin separating medium
• Autopolymerizing resin
• Dropper
• Two dappen dishes
• Cement spatula
• Polypropylene syringe
• Rubber bands
• Pressure vessel

• Cast trimmer
• Straight, slow-speed handpiece
• Carborundum disks with mandrels, SHP
• Fine garnet paper disks (7/8-inch diameter) with

mandrels, SHP
• Tungsten carbide burs, SHP
• Dental lathe
• Muslin wheels
• Robinson bristle brushes
• Felt wheels (1-inch diameter) with mandrels
• Fine pumice
• Resin-polishing compound
• Ultrasonic cleaner with detergent solution
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CUSTOM INDIRECT PROVISIONAL FIXED

PARTIAL DENTURES

The custom indirect procedure is probably the best
overall technique for FPDs and should provide the
most predictable results with the least risk to patient
health.

Additions to Clinical Armamentarium
• Shade guide
• Irreversible hydrocolloid impression material
• Rubber bowl
• Impression tray
• Mixing spatula

Step-by-step Procedure
1.

	

After shade selection and tooth preparation,
obtain an impression tray for an irreversible
hydrocolloid impression. A sextant impres
sion is adequate only if it extends one tooth
beyond the abutments, so the external surface
form will index accurately with the cast (TSF).

2. Displace the gingiva if necessary to expose
the cavosurface margins (Fig. 15-27).

3. Make an irreversible hydrocolloid impres-
sion. Other clinical procedures (e.g., making
the definitive impression) can be performed
while the assistant is pouring the cast.

Additions to Laboratory Armamentarium
• Accelerated-setting plaster
• Rubber bowl
• Spatula
• Vibrator
• External surface form

1. Pour the quick-setting stone or plaster into
the irreversible hydrocolloid impression and
allow it to set for 8 minutes.

2.

	

Remove the cast and trim it to provide proper
indexing with the external surface form. The
external surface form is normally made from
a diagnostic waxing of the proposed restora-
tion. Make sure the two forms fit together
passively and completely.

3. Paint the cast uniformly with separating
medium (Fig. 15-28). Avoid leaving un-
painted "islands" on the cast, especially at
the cavosurface margin areas. Drying can be
accelerated by a gentle air stream. Do not
forcefully blow the medium from the surface
of the cast. When the cast is thoroughly dry,
mark the cavosurface margins of the prepara-
tions with a soft lead pencil to serve later as a
guide for trimming. This is optional and
should not be done where the margins are
highly visible.

4. Mix autopolymerizing resin (methyl meth-
acrylate is a good choice) and load it into a
polypropylene syringe. The orifice of the
syringe tip should be about 2 or 3 mm in
diameter.

5. Fill the external surface form methodically
with the syringe, starting at one end of the
restoration space and working to the other.

Step-by-step Procedure
Plaster setting can be accelerated by shaking dry
powder with the water before mixing (1 teaspoon of
powder/30 ml).26 A commercially available quick-
setting plaster may also be used.

Fig. 15-27.

	

Subgingival margins often require tissue dis-
placement before an adequate impression can be made. Al-
ginate in a disposable tray produces an economical and sat-
isfactory impression. After treatment for infection control,
the impression is cast in quick-set plaster to create the TSF.

Fig. 15-28.

	

A, After trimming, the indirect TSF is mated
with the ESF to verify accurate passive indexing. B, When
this is accomplished, the forms are separated, and the TSF
is completely coated with a resin-gypsum separating
medium (brushed on).
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To avoid trapping air, keep the syringe tip in
constant contact with the resin. The mold
should not be overfilled; the resin should just
reach the level of the gingiva (Fig. 15-29).

6.

	

Seat the tissue surface form into the filled ex-
ternal surface form (Fig. 15-30). They can be
lightly held together by rubber bands. The
assembly is then placed in warm water
(40° C/100' F) in a pressure vessel, and air is
applied at about 0.15 MPa (20 psi). Pressure
curing will reduce resin porosity.

7.

	

Remove the assembly after 5 minutes.
8.

	

Separate the external surface form from the
cured resin restoration, which usually re-

Fig. 15-29.

	

A polymer syringe with a widened orifice
(2-mm diameter) is useful for filling the ESE To avoid en-
trapping air, it is best to begin at one end and progress
slowly to the other, keeping the syringe tip in contact with
the expressed resin.

mains in contact with the tissue surface
form (Fig. 15-31). The bulk of the stone can
be removed on a cast trimmer and with a
Carborundum disk (Fig. 15-32). If the mar-
gins were marked with lead, dielike rem-
nants of the tissue surface form should be
retained as a guide for correct trimming.
However, the tissue surface form often sep-
arates completely from the resin during
handling. This is an advantage, because it
eliminates any further effort to remove the
stone. Even if the margins were marked, it
would probably be better to discard the
stone and carefully mark the resin margins
with a fine-point graphite pencil. This
should not be postponed, because the mar-
gins are more difficult to identify accurately
after trimming begins.

9. Eliminate resin flash with an acrylic-trim-
ming bur and a fine-grit garnet paper disk.

10.

	

Contour the pontic areas according to proper
pontic design procedures (Fig. 15-33). (See
Chapter 19.)

11.

	

Finish the restoration with wet pumice. Do
not neglect the gingival surface of the pon-
tic. If this area is not accessible, use a Robin-
son brush on a straight handpiece.

12. Check for and remove any resin blebs or
remnants of stone on the internal surfaces of
the restoration.

Fig. 15-30.

	

A, The resin-filled external surface form placed on the tissue surface form. B, Rubber
bands around the mold assembly and located over adjacent unprepared teeth. This will avoid distorting
the external surface form. C, The assembly is placed into a pressure vessel filled with warm water.
D, The resin cures for 5 minutes under 0.15-MPa (20-psi) pressure.
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13. Using proper infection-control procedures,
clean the restoration in preparation for clin-
ical try-in.

Evaluation. The provisional FPD should be
evaluated in the patient's mouth for proximal con-
tacts, contour, surface defects, marginal fit, and oc-
clusion. Deficient proximal contacts, imperfections
in contour, or surface defects can be corrected by
adding resin, using the bead-brush technique (Figs.
15-34 and 15-68).

Unacceptable marginal fit can be corrected in the
Fig. 15-31.

	

External surface form removed.

	

same manner as custom indirect-direct fixed partial
dentures (p. 401, steps 3 to 9), as long as the patient

Fig. 15-32.

	

Tissue surface form re-
duced to attain the final shape of the
restoration. A, Bulk reduction on a cast
trimmer. B, Sectioning and removal of
pontic-contact areas. C, Linguogingi-
val surface of the pontic shaped with

a tapered bur. D, An abrasive disk
(7/8-inch diameter, garnet) is excellent
for creating proper embrasure form.
It must be carefully oriented parallel to
the desired contour to avoid overtrim-
ming at the margins. E, The contoured
restoration.

Fig. 15-33.

	

The restoration before try-in.

	

Fig. 15-34.

	

Proximal contact added by the bead-brush
technique. When the resin reaches the doughy stage, the
restoration is set on the prepared tooth to form the contact.
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has no history of a monomer allergy. If occlusal cor-
rection is needed, the restoration is marked with ar-
ticulating ribbon and adjusted with a 12-fluted
tungsten carbide finishing bur rotating at high
speed. Copious air-water spray is used to prevent
the resin from melting (Fig. 15-35). Adequate intra-
oral evacuation and eye protection are essential.

14. After practicing appropriate infection-
control procedures, return to the laboratory
for final wet pumice finishing and dry pol
ishing with a resin-polishing compound. If
access to the gingival surfaces of the pontics
is restricted, a 3/4- inch diameter felt wheel
can be used for polishing.

CUSTOM INDIRECT-DIRECT PROVISIONAL FIXED

PARTIAL DENTURES

The custom indirect-direct procedure may be a good
compromise when laboratory support is not imme-
diately available and chair time must be minimized.

Additions to Laboratory Armamentarium
(Fig. 15-36)

• Diagnostic tissue surface form (duplicate of
conservatively prepared diagnostic cast)

Fig. 15-35.

	

intraoral adjustment of occlusal contacts.

• External surface form (vacuum-formed poly-
propylene sheet)

• Original diagnostically prepared cast mounted
on an articulator

• Articulating ribbon

Step-by-step Procedure
1. Prepare the abutment teeth on accurately

mounted diagnostic casts (Fig. 15-37). The di-
agnostic preparation should be more conser
vative than the eventual tooth preparation
and should have supragingival margins.
These preparations are often helpful for treat-
ment planning (see Chapter 3).

2. Make an irreversible hydrocolloid impres-
sion of the diagnostic preparations to dupli-
cate them in stone (Fig. 15-38).

3.

	

Coat the stone tissue surface form with sepa-
rating medium.

4. Perform a diagnostic waxing procedure on
the articulated casts. This step is also often
recommended in the treatment-planning
phase. The external surface form is made
from the diagnostically waxed cast. If a ther-
moplastic sheet is used, it should be molded
over a stone duplicate of the cast rather than
directly on the wax (which will melt if con-
tacted by the heated sheet) (Fig. 15-39).

5. Make sure the external and tissue surface
forms fit together accurately (Fig. 15-40).

Fig. 15-36.

	

Additions to the basic laboratory armamen-
tarium for the indirect-direct procedure: the diagnostic tis-
sue surface form and the polypropylene external surface
form.

Fig. 15-37.

	

Preparations involved in making the articu-

l ator-mounted diagnostic cast. A, Conservative depth-
orientation grooves. B, Placement of supragingival cavosur-

face margins.
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Fig. 15-38.

	

The prepared cast is duplicated with an algi-
nate impression. This creates the indirect tissue surface
form. Quick-set plaster is used.

6. Syringe the resin into the external surface
form and complete the provisional restora-
tion as described in the preceding section (see
Figs. 15-29 to 15-33).

7.

	

If the wax has been removed from the diag-
nostic cast (after duplication), seat the com-
pleted provisional (custom-preformed ESF)
on it and refine the occlusion with the articu-
lator. If this cannot be done, more time will be
required for adjustment.

8. Finish and clean the preformed ESF for
try-in, which will follow tooth preparation
(Fig. 15-41).

Addition to Clinical Armamentarium
• Custom-preformed ESF

Step-by-step Procedure
1.

	

Prepare the patient's teeth in the usual man-
ner.

2.

	

Try-in the preformed ESF (Fig. 15-42). If it is
not compatible with the occlusion (i.e., it does
not seat completely) and the teeth have been

Fig. 15-39.

	

Creating a custom external surface form
from a diagnostic waxing. A, The diagnostically waxed ar-

ticulated casts. Patterns should satisfy biologic, mechanical,
and esthetic requirements. B, If a thermoplastic ESF is de-
sired, the completed waxing must be duplicated in stone.

Fig. 15-41.

	

The completed custom-preformed ESF. This
is the end product of the indirect component of the indi-
rect-direct technique.

Fig. 15-40.

	

Proper relationship between the ESF and the
TSF. If it is necessary to remove any cast artifacts to correct
the relationship, this should be done before the separating
medium is applied.

Fig. 15-42.

	

The custom-preformed ESF fully seated over
the prepared teeth. Note the marginal discrepancy on each
abutment. The tip of the periodontal probe easily fits into
the space, which will be filled by a direct lining procedure.
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reduced adequately, the internal surface of
the ESF should be relieved until the occlusion
is acceptable. If necessary, reduce the teeth
further; the ESF should then be reevaluated
and adjusted. The adjustment process can be
tedious, particularly if the preliminary steps
were not performed carefully enough. This
is the indirect-direct procedure's primary
disadvantage. The remaining steps outline
the (direct) procedure for lining, which is
necessary for internal and marginal adap-
tation (Fig. 15-43). Because of their rela-
tively low potential for tissue trauma, resins
in the poly(-R' methacrylate) group are rec-
ommended for direct procedures.

3.

	

Apply a uniform coat of petrolatum on the
prepared abutment teeth, gingival tissues,
and external surfaces of the ESF.

4.

	

Make a vent hole with a round bur through
the occlusal (or lingual) surface of each abut-
ment retainer.

5.

	

Fill the retainers with resin, and after it loses
its surface sheen, seat the restoration. The
quantity of excess resin expressed around the
margin can be controlled by placing finger-
tips over the vent holes in a manner similar to
playing a flute. When a small amount of ex-
cess resin appears around the entire periph-
ery of the margin, the fingertip is lifted, al-
lowing trapped air and remaining excess

resin to escape. Resin on the occlusal surface
can be wiped away immediately, eliminating
the need to grind it off after it sets.

6.

	

When the rubbery stage of polymerization is
reached (about 2 minutes in the mouth), en-
gage the facial and lingual surfaces of an
abutment retainer with the Backhaus forceps
and rock the provisional buccolingually to
loosen it. Move to the other retainer and rock
it in a similar manner. When the FPD is loos-
ened at both ends, remove it from the mouth.
The forceps tines make small indentations in
the resin, but this is not usually a concern for
posterior units. The defects can be smoothed
later during the finishing procedures.

7.

	

Place the provisional in warm water (37° C)
to hasten polymerization.

8.

	

After 3 to 5 minutes, mark the margins with a
sharp pencil and eliminate the excess resin. The
bulk can be removed with an acrylic resin
trimming bur or Carborundum disk (Fig.
15-44). A fine-grit garnet paper disk completes
axial shaping. Accurate trimming to the mar-
gins can be simplified by holding the disk par-
allel to the desired final contour. A paper-thin
extension remaining beyond the marked mar-
gin indicates that the contour is correct and the
cavosurface margin is fully covered. Often this
flash can be easily peeled away from the mar-
gin with the fingers (Fig. 15-45).

Fig. 15-43.

	

Lining the custom-preformed external surface form. This is the direct component of the
indirect-direct technique. A, Oral tissues are protected with petrolatum. B, Vent holes help to eliminate
trapped air. C, Abutment retainers filled with lining resin. D, The restoration completely seated. (The
amount of resin at the margins is controlled by covering or uncovering the vent holes.)
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Fig. 15-44.

	

Removal of excess after the lining resin
hardens. A, Margins are marked with a sharp soft lead pen-
cil. B, Gross resin excess is quickly removed. (Margins must
be avoided.) C, The final axial contours, connectors, and
marginal fit are perfected with an abrasive disk rotating to-

ward the margin to prevent debris from obscuring the pen-
cil line. Note the orientation of the disk, parallel to the de-
sired final contour.

9.

	

Confirm the marginal fit and occlusion, refin-
ish and polish where necessary, and cement
the restoration (Fig. 15-46).

CUSTOM SINGLE-UNIT PROVISIONAL RESTORATIONS

Complete Crown.

	

Single-unit complete crowns
or splinted crowns may be made directly or indi-

Fig. 15-45.

	

Flash at the margin of a restoration whose
axial surface was contoured with proper disk orientation.

Fig. 15-46.

	

Occlusal contacts of the completed restora-
tion are checked and adjusted before polishing.

rectly by following the basic procedures described
for fixed partial dentures. Because poetics are not
involved, creating an external surface form is sim-
pler. Diagnostic procedures are not required unless
extensive coronal changes are planned. For exam-
ple, extensive changes are usually required when
increasing the vertical dimension of occlusion. If di-
agnostic procedures are not needed, an alginate im-
pression of the crown or crowns before tooth prepa-
ration should be adequate. The impression can
serve directly as the ESF or indirectly when a cast
has been poured in another impression material.

Onlay and Partial Veneer Crown. The tech-
nique for making onlay and partial veneer provi-
sionals is similar to that for custom single crowns.
However, the provisionals are more easily distorted
during handling because of the conservative tooth
preparations that interrupt the continuity of the ax-
ial walls. The direct method therefore demands ex-
tra care when separating the resin from the tooth.
Significantly better results can be expected with the
indirect procedure.

Two other points deserve mention. When trim-
ming the polymerized resin to the margin, leaving
excess resin at the occlusal cavosurface margin (see
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Fig. 15-9) is recommended. This will help prevent
fracture of enamel, which is likely to result from the
lower strength of resin compared to metal. Second, if
lining is needed, an occlusal vent hole is not neces-
sary, because the shape of these restorations provides
an adequate escape for trapped air and excess resin.

Inlay. Inlays are small and difficult to handle,
especially during trimming. Making interim
restorations requires a number of modifications.

Additions to Clinical Armamentarium
• Tofflemire retainer/matrix band
• Wedges
• Amalgam condenser
• Spoon excavator
• Scalpel handle and blade (no. 15)

Step-by-step Procedure
1. For a two- or three-surface inlay, apply the

matrix band and wedges in the same manner
as condensing a Class 11 amalgam restoration.
The wedges should be placed with firm pres-
sure so that proximal contact is reestablished
when the band is removed. The band must
seal all aspects of the proximal cavosurface
margins.

2. Using petrolatum on a small cotton pellet,
lightly coat all sides of the cavity preparation
and the matrix band.

3.

	

Make a handle to remove the resin by placing
one end of a 2- to 3-cm length of unwaxed
dental floss in the preparation cavity.

4.

	

Mix a small amount of poly-R' methacrylate.
When it can be kneaded like bread dough,
mold a small cone of it on the end of an amal-
gam condenser.

5.

	

Lightly condense the resin into the cavity, be-
ing careful not to force it past the matrix into
an undercut. Immediately remove as much
occlusal excess as possible with a sharp
spoon excavator.

6.

	

Monitor the polymerization by light probing
with a hand instrument. When the resin
reaches the late rubbery stage, remove it by
tugging the floss handle with cotton roll for-
ceps along the path of withdrawal (Fig.
15-47).

7.

	

Place the resin in a cup of warm water (37° C)
for 5 minutes.

8. Mark the margins with a sharp pencil and
trim away any flash.

9.

	

Return the cured resin to the cavity preparation
and adjust the occlusion using marking film
and a slow-speed handpiece. (Take extreme

Fig. 15-47.

	

A floss handle facilitates removal of an inlay
resin provisional during the late rubbery stage.

care to avoid removing tooth structure if the
definitive impression has already been made.)
Leave the floss handle in place as long as it
does not interfere with occlusal adjustments.

10. Remove the adjusted provisional with the
floss handle and put it aside where it may be
found easily after impression making for the
definitive inlay.

11. Clean and dry the cavity preparation and
place a thin coat of provisional cement on
the cavity walls. Immediately insert the pro-
visional restoration.

12.

	

When the cement is set, remove the excess
with an explorer and a spoon excavator.
Carefully cut off the floss handle with the
scalpel blade.

LAMINATE VENEERS

Additions to Clinical Armamentarium
• Composite resin shade guide
• Light-cured composite resin
• Hand-held curing light
• Phosphoric acid etchant gel
• Light-cured unfilled resin bonding agent

Step-by-step Procedure
1.

	

Select the most appropriate resin shade or com-
bination of shades before preparing the tooth.

2.

	

When tooth preparation is complete, apply a
thin coat of petrolatum to the prepared tooth
surface.

3.

	

Using a plastic instrument wetted with alco-
hol, form the preselected shade of light-cured
resin to the desired contour on the lubricated
tooth.

NOTE: If the material is difficult to control, place-
ment and curing may be accomplished in stages.

Another option is forming the veneers indirectly
by creating a TSF and an ESF, as was recommended
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for the fixed partial denture provisional restoration.
The indirect method may be more efficient if multi-
ple veneers are being made.

4. Light-cure the resin and remove it from the
tooth surface.

5. Thoroughly clean the petrolatum from the
prepared tooth enamel and internal surface
of the veneer if necessary. Apply the etchant
gel to three 1-mm diameter areas to form an
equilateral triangle (two corners at the
mesioincisal and distoincisal line angles and
the third centered more cervically). Allow the
etchant to remain for 20 seconds, rinse com-
pletely with water, and dry.

6.

	

Place a small amount of the unfilled bonding
agent on the three etched areas. Immediately
place the veneer on the tooth, hold it in
place, and light-cure for 10 seconds. Remove
any excess bonding agent, then cure for 60
seconds.

7.

	

At the patient's return visit, remove the ve-
neers with a spoon excavator.

MASS-PRODUCED ESF PROVISIONAL CROWNS
Under most circumstances, a custom external sur-
face form will produce the best results in the short-
est time. However, there are times when a custom
ESF is not available (e.g., a first-visit emergency in
which a crown is missing and must be replaced). If
by coincidence a crown form closely matches the
size and shape of the desired provisional, the
mass-produced form is more convenient than initi-
ating custom procedures (generating a diagnostic
cast and waxing the missing crown contours). Such
coincidences are not routine and should not be re-
lied upon. Regardless of the situation, mass-
produced provisional crowns should be thought of
as ESFs; they need to be lined with resin to meet the
basic requirements of a provisional restoration.

POLYCARBONATE CROWN FORMS
Polycarbonate crown forms are useful for provi-
sional restorations on single anterior teeth and
premolars.

Additions to Clinical Armamentarium
• Assorted polycarbonate crowns
• Boley gauge or dividers
• Green stone, SHP

Step-by-step Procedure
1. Measure the mesiodistal width of the crown

space with dividers (some crown kits provide a
selection guide) and select a shell with the same
or slightly larger width (Fig. 15-48).

Fig. 15-48.

	

Crown selection. A, Measuring the
mesiodistal width of the space with dividers. B, Appropri-
ate crown size for the measured space.

2. Mark the crown height (from the incisal
edge) with a pencil (Fig. 15-49). Use this mea-
surement as a guide to trimming the shell so
it matches the approximate curvature of the
prepared cavosurface margin. A green stone
should be used for this trimming.

3. Try the shell on the prepared tooth (Fig.
15-50), being especially careful that the incisal
edge and labial surface of the shell align
properly with those of the adjacent teeth. The
internal surface of the shell will often need re-
duction to achieve this match. Since it is usu-
ally better to adjust it after lining, the occlu-
sion should be ignored for now. When the
shell can be properly positioned without
forceful gingival contact, it is ready to be
lined with resin.

4.

	

Apply a uniformly thin coat of petrolatum to
the prepared teeth and adjacent gingivae
(Fig. 15-51). This will prevent direct contact
of the monomer with these tissues and will
reduce the risk of injury.
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Fig. 15-49.

	

Crown length adjustment. A, Incisocervical
height required for the completed restoration. B, Measure-
ment transferred to the crown. C, Cervical portion of the
crown adjusted to duplicate the curvature of the cavosur-
face margin.

Fig. 15-50.

	

A, The cervical portion of the crown is
trimmed until the length and axial inclination are correct.
B, If necessary, internal surfaces are adjusted for proper ori-
entation of the crown.

5. Mix the autopolymerizing resin and fill the
shell (poly[R' methacrylate] is recommended).
When the surface just loses its gloss or the resin
forms a peak without slumping, place the shell

Fig. 15-51.

	

Lining the adjusted shell. A, Protection with
petrolatum. The shell is filled with resin (B) and seated
(C), when the resin does not slump after a peak is formed
with the tip of an explorer. D, Excess resin is immediately
removed after the crown has been positioned.

over the tooth and align the incisal and labial
surfaces with those of the adjacent teeth.

6. Immediately eliminate any marginal excess.
If polymerization is too far advanced, the
doughy resin will pull away from the margin
and require later repair.

7.

	

When the rubbery stage of polymerization is
reached (after about 2 minutes), rock the
crown faciolingually to loosen and remove it.
The Backhaus forceps should be kept within
easy reach in case there is difficulty separat-
ing the crown from the tooth. However, be-
cause it makes small indentations in the
crown surface, the forceps should be used
only when needed on anterior units.

8.

	

Place the crown in warm water (37° C) (Fig.
15-52).

9. When the resin has fully set (about 5 min-
utes), mark the margins with a sharp pencil.
The axial surfaces can be shaped, and flash
eliminated, with SHP carbide burs or abra-
sive disks.
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Fig. 15-52.

	

A, When the resin has reached the rubbery stage, the crown is removed and placed in
warm water (37° C. Hot water must not be used, because it will increase resin shrinkage. However,
warm water is not recommended for poly(methyl methacrylate) resin, because excessive shrinkage will
make the marginal fit unacceptable. B, After about 5 minutes in warm water, the resin should be rigid
enough for marking the margins. C, Initial removal of the excess lining resin is accomplished with a
coarse garnet disk.

Fig. 15-53.

	

A, A considerable amount of lingual reduction may be required. If it is only minor, it can
be done intraorally. B, To increase efficiency and to facilitate patient comfort, any bulk reduction should
be done extraorally. C, Finalized lingual contour that promotes gingival health and allows access for oral

hygiene. Note the more natural contour of the left central incisor compared to that of the provisional
crown on the right central.

Fig. 15-54.

	

A, A rag wheel and pumice are used before polishing with compound. Note the parallel
orientation of the wheel to the crowns axial surface at the point of contact (arrow). The crown should be
positioned so the wheel rotates from the surface toward the margin. B, An explorer and dental floss are
used to carefully remove all excess cement. C, Overpolishing results in a deficient mesial contact (arrow).
The bead-brush technique is recommended for correcting a small inadequacy.

10.

	

Try on the newly lined crown and adjust the
lingual surface to the desired occlusion and
contour (Fig. 15-53).

11. Polish and cement the restoration (Fig.
15-54).

ALUMINUM CROWN FORMS
Aluminum shells are useful for restoring single pos-
terior teeth, where their unnatural appearance is not
a disadvantage.
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Fig. 15-56.

	

Aluminum crown selection and modification.
A, Mesiodistal dimension of the space. B, Appropriate crown
size, nearest this measurement. C, Contouring pliers to make
small size modifications. This is frequently unnecessary.

Additions to Clinical Armamentarium
(Fig. 15-55)

• Assorted aluminum crowns
• Dividers
• Crown-and-collar scissors
• Contouring pliers
• Cylindrical green stone, SHP
• Coarse garnet paper disk (/,-inch diameter)

Step-by-step Procedure
1.

	

Measure the mesiodistal width of the crown
space with dividers and select an appropriate
shell type with a width as close as possible to
that measured. A slightly larger or smaller
shell can be deformed with contouring pliers
to achieve the proper fit (Fig. 15-56).

Fig. 15-57.

	

A, Cervical portion of the crown trimmed to
proper length. B, Smoothing the cut edge to prevent gingi-
val injury.

2.

	

Measure the occlusocervical height and trim
the shell with crown-and-collar scissors so
that it extends about 1 mm apical to the cavo
surface margin (Fig. 15-57). Sharp burrs left
by the scissors should be smoothed or
rounded with the green stone.

3. Place the trimmed shell over the prepared
tooth and gradually apply seating pressure
while observing the gingiva. Trim the mar
gins further wherever the gingiva blanches.
The shell margin should not engage the pre-
pared tooth margin.

4.

	

Repeat the try-in and trim as necessary.
5. Instruct the patient to close with moderate

force. The soft aluminum should deform until
normal intercuspation is reached (Fig. 15-58).

6. Apply petrolatum to the prepared tooth
and adjacent gingival tissues; mix poly (R'
methacrylate) resin and fill the shell.

7.

	

When the resin surface becomes matte, place
the shell over the tooth and guide it to a
slightly supraclusal position. Instruct the pa-
tient to close (Fig. 15-59).

8. To avoid pulling the resin away from the
cavosurface margin, immediately remove the
marginal excess.

9.

	

When the rubbery stage of polymerization is
reached (about 2 minutes in the mouth), en-
gage the crown with the Backhaus forceps to
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Fig. 15-58.

	

The patient is instructed to bite on the shell
after the length has been adjusted. Note the occlusal inden-
tation and gingival blanching (arrows). Additional shorten-
ing should be done where the blanching occurs.

B

Fig. 15-60.

	

A, Backhaus forceps provides definite pur-
chase of the shell for controlled removal. B, After 5 minutes
in warm water, the margin is marked with a pencil. A
coarse garnet disk is recommended for initial contouring of
the axial surfaces. This usually requires partially removing
the aluminum shell. After the overcontoured aluminum has
been ground away, a fine garnet disk is used to finalize the
axial contours (including the marginal areas). Again, disk
orientation is important to establishing a straight emer-
gence profile and well-adapted margins.

The small buccal and lingual holes created in the
surface of the aluminum will not usually be a prob-
lem and can be ignored until the patient returns; at
that time, they may be used to remove the crown
again.

10. Place the shell in a cup of warm water
(37° C).

11. After about 5 minutes, mark the margins
and trim away any excess. To establish peri-
odontally healthy axial contours, the alu
minum shell frequently is ground away in
certain areas (Fig. 15-61).

12.

	

Replace the crown and adjust the occlusion
as deemed necessary. If either proximal sur-
face lacks contact, resin can be added to cor
rect the deficiency. Metal must be ground
away in the contact area to provide a
resin-to-resin bond (Fig. 15-62).

13.

	

Polish, clean, and cement the restoration.

Fig. 15-59.

	

A, Protection with petrolatum. B, The ad-
j usted shell is filled with lining resin and seated just short
of its final position after the resin has lost its sheen. C, The
final position is determined by the patient's closing into
maximum intercuspation. Excess resin is immediately
removed.

just penetrate the aluminum shell (Fig. 15-60).
Loosen and remove the crown by rocking it
buccolingually or by using the thumb and in-
dex finger of the other hand to apply oc-
clusally directed force under the tines.

POST-AND-CORE PROVISIONAL RESTORATIONS

Intraradicular retention and support are often ob-
tained from a cast metal post-and-core (see Chapter
12). A provisional restoration will be needed while
the casting is being made.
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Fig. 15-61.

	

A, Proper contouring of the axial walls exposes lining resin in the cervical area. Note the
indentations in the shell from the Backhaus forceps. B, Final occlusal adjustment will remove the an-
odized gold finish, but this is of no concern.

Fig. 15-62.

	

Adding proximal contacts to aluminum crowns. A, Contacts are absent in this lined crown
(arrows). B, The metal in the contact area is ground away to expose the underlying resin. The bead-brush
technique is then used for correcting the deficiency. C, Crown after resin addition to the mesial surface. To
improve the gingival embrasure form, further contouring with a disk is recommended.

Additions to Clinical Armamentarium
• Wire
• Wire-cutting pliers
• Cylindrical green stone, SHP
• Wire-bending pliers
• Paper points

Step-by-step Procedure
1.

	

Place a piece of wire (e.g., a straightened pa-
per clip) in the post space. To avoid root frac-
ture, it must extend passively to the end of
the post space. If binding occurs, a mounted
stone can be used to taper the wire.

2.

	

Mark the wire with a pencil at the mouth of
the post space. Then, at a point slightly oc-
clusal to this mark, use the pliers to make a
180-degree bend in the wire (Fig. 15-63).

3.

	

Lubricate the tooth and surrounding soft tis-
sues with petrolatum. Paper points are con-
venient for lubricating the post space.

4. Fill the ESF with provisional resin (polyR'
methacrylate is recommended).

5.

	

When the resin loses its surface gloss, place
the wire in the post space and seat the ESF
over it (Fig. 15-64).

NOTE: Precautions should be taken to protect the
patient from swallowing or aspirating the wire.

6.

	

Remove the ESF while the resin is still rubbery
(about 2 to 2 1/2 minutes). The stage of polymer-
ization should be monitored. If the resin is al-
lowed to become rigid and lock into the un-
dercut surfaces within the post preparation,
removing it and the wire will be time consum-
ing and will risk the tooth's restorability. Usu-
ally the provisional will remain in the ESF,
which can be placed in warm water to hasten
polymerization. The wire must not be dis-
turbed while the resin is soft. If the provisional
remains on the tooth, it should be loosened
and reseated several times and then removed
before the resin has fully polymerized.

7.

	

Mark the margins with a pencil, and trim and
contour the restoration with disks or SHP
carbide burs.
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Fig. 15-63.

	

Provisional post preparation. A, The wire is marked so that the bend will be made at the
correct level. When in position, the wire must not interfere with the external surface form. B, A 180-de-
gree or greater bend in the wire to resist displacement in the lining resin.

Fig. 15-64.

	

A, Wire in the post space just before placement of the filled external surface form. A
gauze throat pack is recommended to protect the patient from aspirating or swallowing the wire.
B, Filled ESF seated.

Fig. 15-65.

	

The completed provisional post and crown
restoration. Note the unusual mesial contour (which is the
result of a mesiobuccal root amputation).

8.

	

Try-in the restoration and adjust as necessary.
9.

	

Polish, clean, and cement the restoration (Fig.
15-65).

CEMENTATION

The primary function of the provisional luting agent
is to provide a seal, preventing marginal leakage
and pulp irritation. The luting agent should not be
relied upon to resist occlusal forces, because it is
purposely formulated to have low strength. Unin-
tentional displacement of a provisional restoration

is frequently caused by a nonretentive tooth prepa-
ration or excessive cement space rather than the
choice of luting agent.

Ideal Properties.

	

Desirable characteristics of a
provisional luting agent are as follows:

• Ability to seal against leakage of oral fluid
• Strength consistent with intentional removal
• Low solubility
• Blandness or obtundency
• Chemical compatibility with the provisional

polymer
• Convenience of dispensing and mixing
• Ease of eliminating excess
• Adequate working time and short setting time
• Compatibility with the definitive luting agent

Available Materials (Fig. 15-66). Of the pres-
ently available materials, zinc oxide-eugenol ce-
ments appear to be the most satisfactory. Zinc
phosphate, zinc polycarboxylate, and glass ionomer
cements are not recommended because their com-
paratively high strength makes intentional removal
difficult. High-strength cements frequently damage
the restoration or even the tooth when removal is at-
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tempted. Weaker ZOE cements allow easy removal,
which enables reuse of the restoration. In addition
to its acceptable sealing properties, ZOE also has an
obtundent effect on the pulp.27 Unfortunately, free
eugenol acts as a plasticizer of methacrylate resins.
It has been shown to reduce surface hardness28 and
presumably strength. New resin applied over poly-
merized resin previously in contact with free
eugenol results in softening-29 of the added resin,
making linings or repairs unsuccessful. The R'
methacrylates are severely affected by free eugenol.
Methyl methacrylates are affected moderately, and
the composites are only slightly softened. These ad-
verse effects have prompted the marketing of provi-
sional luting agents without eugenol. However, sev-
eral studies have shown that the mere presence of
eugenol in a cement is not enough to cause adverse
effects. Unreacted or free eugenol must also be pre-
sent to cause problems. Therefore, when using
products that contain eugenol, one must be sure
that the correct proportions are blended. It is still
unclear whether free eugenol is necessary to elicit
pulpal desensitization.

Temporary cements that contain eugenol are
also a concern when resin luting agents will be
used to cement the definitive restoration. One
study demonstrated that both residual ZOE- and
noneugenol-containing temporary cements reduced
the tensile bond strength of resin luting agents.30 In
practice, all traces of temporary cement should be
thoroughly removed to maximize adhesion. Air
abrasion with aluminum oxide will effectively re-
move residual ZOE cement residue, but alcohol and
organic solvents will not.31 Similarly, cleansing with
pumice will leave a ZOE residue mixed with
pumice, which can inhibit bonding. 32 Etching with
37% phosphoric acid after cleaning with pumice
may be an alternative means of ZOE removal when

a resin luting agent is planned . 33 The retention of
cast crowns cemented with zinc phosphate cement
or resin-modified glass ionomer or composite resin
cores exposed to ZOE does not appear to be af-
fected.

In situations when the tooth preparation lacks re-
tention, when a span is great or long-term use is an-
ticipated, or when parafunction exists, using a
higher-strength cement may be desirable. A good
compromise would be reinforced zinc oxide-
eugenol; another might be eugenol-free zinc oxide,
which has slightly greater strength than cements
containing eugeno1. 34 Conversely, sometimes mini-
mum strength is desired, as with temporary place-
ment of the definitive restoration. (Its removal may
be needed to refire the porcelain.) Petrolatum can be
mixed with equal parts of the provisional cement
base and catalyst to reduce the cement's strength by
more than half.

Armamentarium (Fig. 15-67)
• Provisional luting agent
• Mixing pad
• Cement spatula
• Plastic filling instrument
• Petrolatum
• Mirror and explorer
• Dental floss

Step-by-step Procedure (Fig. 15-68)
Most provisional luting agents are supplied as a
two-part system.

1. To facilitate removal of excess cement, lubri-
cate the polished external surfaces of the
restoration with petrolatum (see Fig. 15-68, A).

2.

	

Mix the two pastes together rapidly and ap-
ply a small quantity just occlusal to the cavo-
surface margin (see Fig. 15-68, B). A marginal
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Fig. 15-68.

	

Luting procedure. A, The external surface is lightly coated with petrolatum to aid re-
moval of the set cement. B, Careful placement of the cement will seal the margins and reduce the clean-
up effort. C, The restoration is seated with firm finger pressure, or (for posterior restorations) the patient
may occlude on a cotton roll. D and E, An explorer is used to remove excess and to probe the sulcus
gently for remnants. F, The proximal contact areas and sulcus are cleaned with dental floss, followed by
copious irrigation with the air-water syringe.

bead of cement forms the required seal
against oral fluids. Filling the crown or abut-
ment retainers should be avoided, because it
prolongs cleanup and increases the risk of
leaving debris in the sulcus.

3.

	

Seat the restoration and allow the cement to
set (see Fig. 15-68, C.

4. Carefully remove excess with an explorer
and dental floss (see Fig. 15-68, D to F).

NOTE: Cement remnants left in the sulcus irritate
the gingiva and may cause severe periodontal in-
flammation with possible bone loss. Therefore, the
sulcus must be carefully checked and irrigated with
the air-water syringe.

REMOVAL, RECEMENTATION, AND REPAIR
The provisional restoration is removed when the
patient returns for placement of the definitive
restoration or for continued preparation. Fracture of
the prepared tooth or foundation must be avoided.
This risk can be minimized if removal forces are di-
rected parallel to the long axis of the preparation.
The Backhaus or a hemostatic forceps is effective for
obtaining sound purchase on a single unit (Fig.
15-69). A slight buccolingual rocking motion will
help break the cement seal.

Damage can occur when a fixed partial denture is
being removed. If one abutment retainer suddenly
breaks loose, the other can be subjected to severe

Fig. 15-69.

	

Backhaus towel clamp forceps provide posi-
tive purchase on provisional restorations. For maximum con-
trol, occlusal finger pressure is applied directly to the tines.

flexure stresses when the FPD acts as a lever arm.
Care must be exercised to remove the prosthesis
along the path of withdrawal. Looping dental floss
under the connector at each end of the FPD is some-
times helpful.

Armamentarium
• Backhaus towel clamp or hemostatic forceps
• Spoon excavator
• Ultrasonic cleaner with cement-remover solu-

tion

Step-by-step Procedure
1. If the provisional restoration is going to be

recemented, clean out the bulk of the cement
with a spoon excavator.
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Fig. 15-70.

	

Bead-brush technique for repairs. A, Monomer liquid is painted on the surface of the
thoroughly cleaned restoration to which resin will be added. The brush is dipped in monomer and
briefly touched to the powder, forming a small bead on the tip. C, The bead is touched to the repair site,
and the brush handle is rolled to deposit it. Bead placement continues in this manner until the desired
contour is achieved. To prevent excessive porosity, the unset resin should be painted lightly with
monomer until it is hard.

2.

	

Place the provisional in a cement-dissolving
solution and set this in the ultrasonic cleaner.

3.

	

Line the provisional with a fresh mix of resin
if necessary (e.g., if the tooth preparation has
been modified). The internal surface is re-
lieved slightly and painted with monomer to
ensure good bonding of the new lining.

A fractured or damaged provisional can be easily
repaired with resin added directly by using the
bead-brush technique (Fig. 15-70).

ESTHETIC ENHANCEMENT
Contour, color, translucency, and texture are the key
elements of coronal appearance. Contour and color
are fundamental and more important than the other
two elements. The indirect FPD procedure just de-
scribed includes methods for controlling contour
and color. Diagnostic waxing provides the ultimate
control of contour. Using a shade guide before tooth
preparation gives the operator some control of
color. If contour and color are well controlled, most
provisional restorations will have a very acceptable,
and even excellent, appearance. However, skill and
attention to detail are required if this to be routinely
achieved. Although it is listed third, translucency
can be a significant appearance element for patients
with unabraded teeth. Texture, the least important
element of appearance, usually can be controlled
easily.

Color.

	

Although some resin manufacturers use
only general color descriptions (e.g., light, medium,
dark) for their products, most cross-reference their
colors to popular shade guides for porcelain or den-
ture teeth. However, even when cross-referenced,
manufacturer and material differences make shade
matching inaccurate. More effective control of color

Fig. 15-71.

	

This provisional stain kit contains violet,
blue, yellow, orange, brown, white, and gray paint-on col-
orants to create custom effects and a clear material used to
form a glazed, translucent surface. The liquids are designed
to dry quickly, which requires that they be kept covered un-
til immediately before use. A thinner and brush cleaner are
provided.

can be accomplished with a custom shade guide.
This can be easily made by casting the resins into an
elastomeric putty mold of an extracted incisor
crown. A wider selection of shades can be created
by combining two or more existing hues in known
proportions. Resin coloring tints are also an option.

Custom color effects that simulate intrinsic and
extrinsic stains, cracks, or hypocalcification of adja-
cent teeth may be added to provisional restorations
with paint-on stain kits (Fig. 15-71). These should be
applied quickly, avoiding overmanipulation, which
causes streaking and surface roughness. Under
ideal conditions, the surface should have a glazed
appearance similar to porcelain. Thickening of
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stains as a result of the evaporation of solvent is a
common problem that hampers manipulation. Poor
resistance to abrasion is another problem with
paint-on colorants. Loss of the pigments in high-
abrasion areas produces an unattractive mottled
effect.

Translucency. Coronal translucency is deter-
mined by the type and amount of enamel present.
At the incisal edge of an unworn anterior tooth
where there is no dentin in the light path, a blue or
gray hue often appears, which results from the dark
oral cavity. This effect is most pronounced with
enamel that scatters very little light due to the ab-
sence of pigments or opacifying mineralization
(e.g., fluorosis). Although less obvious, the translu-
cent appearance of enamel is observable over the
entire incisal or occlusal third of the crown. There-
fore, when it is visible in adjacent teeth or when a
more realistic appearance is desired, translucency
can be simulated in the provisional. The procedure
requires two resins-one colored to match the body
and one to match the enamel of the tooth. Some
manufacturers produce enamel or incisal shades
that may be used without modification. When these
are not available or when variation is needed, clear
resin powder may be mixed with a smaller fraction
of the "body" powder to produce the desired
translucency.

Two procedures can be used to create a trans-
lucent effect. In the first, which is more difficult
to control, the enamel color resin is carefully
bead-brushed onto the occlusal or incisal surface of
the ESF and tapered to end at the middle or cervical
third. The resin's tendency to flow where it is not
wanted can be controlled by the orientation of the
ESF with respect to gravity and by manipulation
with the brush tip. When the desired distribution of
enamel color resin is achieved, a disposable syringe
is loaded with body color resin and the ESF is im-
mediately filled, avoiding disruption of the enamel
color resin. The TSF is then positioned in the ESF,
and normal procedures are followed. The result is a
more natural-appearing provisional restoration
with translucency in the incisal or occlusal portion
that closely matches the existing dentition (Fig.
15-72).

In the second procedure, the enamel color resin is
allowed to polymerize on the ESF without adding
body color resin or the TSF. The rigid enamel veneer
is removed from the ESF and trimmed to occupy
only the space intended for enamel. Checking that
the ESF and TSF can be mated without interference
from the in-place veneer is important. With the ve-
neer in place, monomer liquid is painted on it, and
the body color resin is added. The TSF is then in-

Fig. 15-72.

	

The layering of translucent resin and dentin-
shaded resin allow a more realistic appearance of the pre-
molar and canine provisionals. They serve as RPD abut-
ments and are splinted together to help resist dislodgment
by the RPD clasp assembly.

serted, and standard procedures are followed for
the remainder of the restoration. The timing for this
procedure is less critical than for the first and may
be better suited to practitioners with less experi-
ence. A disadvantage is that sometimes there is an
obvious demarcation between the enamel and the
body resins.

Texture. Texture effects require only a small
amount of time, but in some cases they contribute
significantly to the overall appearance of the provi-
sional. These effects are most important for maxil-
lary anterior teeth adjacent to teeth with well-
defined lobes, imbrication lines, or developmental
defects.

Developmental lobes are most effectively simu-
lated in wax during the final stage of the diagnostic
waxing. To produce a natural effect, it is critical to
avoid making grooves that are straight or sharp-
edged or have uniform cross sections. Instead,
grooves should be created with a gentle crescent
shape, with softening of the edges and slight vary-
ing of the cross section by burnishing with the
largest-diameter waxing wire. If a polypropylene
sheet is used to form the ESF, these subtle details
can be reproduced in the resin.

Placement of developmental defects is most ef-
fectively accomplished in the resin just before
pumice and rag wheel finishing. Depending on
their size and definition, these features may be cre-
ated with a sharp-edged, inverted-cone green stone
rotating parallel to the occlusal plane and touched
briefly to the resin. Often the defects are most no-
ticeable in the cervical third of the tooth, but an ad-
jacent tooth is the best guide for determining their
distribution.
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Imbrication lines may be simulated with a
coarse diamond rotary instrument rotating slowly
and moved across the facial surface from proximal
to proximal. This will reduce the surface re-
flectance of the resin after it is finished and pol-
ished. However, as with all texture effects, overfin-
ishing will obliterate these lines. Care must be
taken to monitor the finishing by rinsing pumice
from the surface and drying it. A completely
smooth and highly polished provisional may be
excellent for plaque control but will not be estheti-
cally compatible with the adjacent teeth. The pa-
tient should be asked which of these two factors is
more important.

SUMMARY

Although provisional restorations are usually in-
tended for short-term use and then discarded, they
can be made to provide pleasing esthetics, adequate
support, and good protection for teeth while main-
taining periodontal health. They may be fabricated
in the dental office from any of several commer-
cially available materials and a number of practical
methods. The success of fixed prosthodontics often
depends on the care with which the provisional is
designed and fabricated.

acrylic resin: 1: pertaining to polymers of acrylic acid,
meth-acrylic acid, or acrylonitril; for example,
acrylic fibers or acrylic resins 2: any of a group of
thermoplastic resins made by polymerizing esters
of acrylic or methylmethacrylate acids

outopolymer: n: a material that polymerizes by chem-
ical reaction without external heat, as a result of the

addition of an activator and a catalyst-autopoly-
merization vb

autopolymerizing resin: a resin whose polymerization
initiated by a chemical activator

bench set: a stage of resin processing that allows a
chemical reaction to occur under the conditions
present in the ambient environment; also used to
describe the continuing polymerization of impres-
sion materials beyond the manufacturer's stated set
time

methyl methacrylate resin: a transparent, thermoplastic
acrylic resin that is used in dentistry by mixing liq-
uid methyl methacrylate monomer with the poly-
mer powder. The resultant mixture forms a pliable
plastic termed a dough, which is packed into a mold
before to initiation of polymerization

photoactive: adj: reacting chemically to visible light or
ultraviolet radiation-photoactivation

pumice: n 1: a type of volcanic glass used as an abra-
sive. It is prepared in various grits and used for fin-
ishing and polishing 2: a polishing agent, in pow-
dered form, used for natural teeth and fixed and
removable restorations

resin: n 1: any of various solid or semisolid amorphous
natural organic substances that usually are transpar-
ent or translucent and brown to yellow; usually
formed in plant secretions; are soluble in organic sol-
vents but not water; are used chiefly in varnishes,
inks, plastics, and medicine; and are found in many
dental impression materials 2: a broad term used to
describe natural or synthetic substances that form
plastic materials after polymerization. They are
named according to their chemical composition,
physical structure, and means for activation of poly-
merization

resin crown: a resin restoration that restores a clinical
crown without a metal substructure

thermoplastic: adj (1883): a characteristic or property
of a material that allows it to be softened by the ap-
plication of heat and return to the hardened state on
cooling-thermoplasticity n
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certified dental technician (CDT)

	

margin design
i nfection control

	

work authorization

To make a high-quality fixed prosthesis, all mem-
bers of the dental team must understand what they
can reasonably expect from each other. A mutual

knowledge of individual limitations is also critical.
The dentist who does not understand and appreci-
ate the challenges faced by the technician is at a se-
rious disadvantage when prescribing and delegat-
ing laboratory procedures (Fig. 16-1). Critical to the
development of sound clinical judgment is a thor-
ough understanding of technical procedures and
their rationale, which will be described in the chap-
ters of this section.

Fig. 16-1.

	

A, This six-unit anterior metal-ceramic frame-
work did not seat. After sectioning between the incisors, the
adaptation of the individual components was satisfactory.
Note the (correct) narrow width of the soldering gap. B, The
two segments indexed with autopolymerizing resin for sub-
sequent soldering. C, The dentist sectioned this FPD incor-
rectly: the soldering gap is much too wide (arrow), and dis-
tortion during soldering will almost certainly result. A
remake of at least one of the FPD components is indicated.

DENTAL TECHNOLOGY
CERTIFICATION

The National Organization of Dental Laboratories is
committed to upholding and advancing the com-
mercial dental laboratory industry. They emphasize
the following information':

In 46 states there are no laws to set minimum
qualifications for performance of dental technology
or the operation of a dental laboratory. Technicians
and laboratories that become certified do so as evi-
dence of their commitment to maintaining profes-
sional standards in dental technology. The standards
and requirements for certification do not vary across
state lines. A certified dental technician (CDT)
tested in New England must demonstrate the same
competencies as a CDT tested on the Pacific coast.

Whenever and wherever the credibility and re-
sponsibility of a dental technician or laboratory is
measured, the objective third-party certificate cre-
dential is the reliable hallmark of competence. Cer-
tification is endorsed by dental organizations, en-
couraged by military services, and acknowledged
by third-party payers and courts of law.

The first CDTs were tested in 1958. Today the Na-
tional Board for Certification (NBC) tests more than
1700 technicians annually. In 1978 the current stan-
dards for laboratory certification were adopted; to-
day there are more than 500 certified dental labora-
tories. To qualify for certification, technicians must
have a 2-year dental technology degree (or the
equivalent) and must pass written and practical ex-
aminations. To maintain certification, they must
document at least 10 hours of continuing education

418



Chapter 16 Communicating with the Dental Laboratory

annually, including study of infection control. The
requirements for a certified dental laboratory in-
clude certification (CDT) of its supervisory techni-
cians; professional standards of health, safety, and
maintenance in the laboratory facility; and conscien-
tious training and practice in infection control tech-
niques. Certification must be renewed annually.*

MUTUAL RESPONSIBILITIES
Good communication is the key to a dental team's
technical success .2,3 This requires a close working re-
lationship between the dentist and laboratory tech-
nician. Anticipating satisfactory results is absolutely
unrealistic if the dentist does not have a reasonable
amount of experience with, and a thorough under-
standing of, dental laboratory procedures. Active
participation is paramount, and clinicians who take
the time to develop an in-depth understanding of
laboratory work make better clinical decisions be-
cause of their understanding of applicable technical
and materials science limitations. Only then can a
dentist select the best compromise between techni-
cal restrictions on the one hand and biologic factors
and esthetic needs on the other. Similarly, if the
technician does not appreciate and respect the clini-
cal rationale of the treating dentist, the results will
be less than satisfactory (Fig. 16-2). The dentist can
earn this respect by being prepared to meet personal
responsibilities and by actively participating in the
technical decision-making process.

A survey' of fixed prosthodontic laboratories re-
vealed that dentists delegate a significant propor-
tion of this responsibility. The technicians surveyed
were often dissatisfied with the quality of work re-
ceived; complaints included insufficient informa-

Fig. 16-2.

	

It is often difficult for the technician to appreci-
ate soft tissue contours and embrasure form. These substruc-
tures were not cut back sufficiently interproximally (arrows).

*Reproduced by permission of National Organization
of Dental Laboratories.

tion about the work authorization, deficient im-
pressions, and inadequate records. This survey
highlighted significant problems in dentist-techni-
cian communication. In other studies and opinions
concerning dentist-technician interaction, whether
written by dentists or technicians, the authors em-
phasized that improvement is achievable only by
improving communication.'

The American Dental Association (ADA) has is-
sued guidelines to improve the relationship between
dentist and technicians.6 They are reprinted here:

Working relationships between dentists and dental lab-

oratories: The current high standard of prosthetic
dental care is directly related to, and remains depen-
dent upon, mutual respect within the dental team
for the abilities and contributions of each member.
The following guidelines are designed to foster good
relations between dental laboratories, dental labora-
tory technicians and the dental profession.

The dentist, being duly licensed, should:
(1) Provide the laboratory with signed written in-

structions detailing the work which is to be per-
formed and prescribing the appropriate materials to
be used;

(2) Provide the laboratory with accurate impres-
sions, casts, interocclusal records or mountings;

(3) Identify the margins, postdam, borders, relief
and/or prosthetic design on all submitted cases;

(4) Furnish a shade description, photograph,
drawing or shade button that most closely achieves
the desired results;

(5) Provide a verbal or written approval for the
laboratory to proceed with the fabrication of the
prosthesis or approve modifications, if notified by
the laboratory that a submitted case may have ques-
tionable areas or unclear instructions and submit
written approval to the laboratory after the item in
question has been clarified;

(6) Retain a copy of the written instructions for a
period of time as may be required by law;

(7) Follow appropriate laboratory infection con-
trol protocol as outlined in the ADA's infection con-
trol guidelines.

The dental laboratory should:
(1) Produce dental prostheses following the writ-

ten instructions provided by the dentist and using
the impressions, casts, interocclusal records or
mountings as submitted;

(2) Review the case with the prescribing dentist
for clarification if a question arises;

(3) Match the shade as described in the original
instructions, within the limitations of the materials
available for use;

(4) Notify the dentist immediately if it is deter-
mined that work on the case cannot proceed;
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(5) Fabricate the prostheses in a timely manner;
(6) Inform the dentist of the materials used in the

fabrication of the case;
(7) Follow appropriate laboratory infection con-

trol protocol as outlined in the ADA's infection con-
trol guidelines.*

RESPONSIBILITIES OF THE DENTIST

The dentist has the overall responsibility for the treat-
ment rendered. Delegating many procedures to aux-
iliary personnel is possible if all the necessary infor-
mation is provided to enable them to deliver
high-quality service. However, errors such as insuffi-
cient tooth reduction, uncertainty about the location
of tooth preparation margins, improper interocclusal
records and articulations, and ambiguity in commu-
nicating the desired shades for esthetic restorations
to the technician hamper this responsibility.

I NFECTION CONTROL
The U.S. Department of Health and Human Services'
and the ADA 8 have issued guidelines about the disin-
fection and handling of impressions and other mater-
ial transferred from the dental office to the dental lab-
oratory. Applicable guidelines are detailed in Chapter
14. Strict adherence to infection control guidelines

*Reproduced by permission of The American Dental
Association.

cannot be overemphasized, because the potential for
infection of dental laboratory personnel exists. In
a 1990 sample, 67% of all materials sent from dental
offices to dental laboratories were contaminated.

TOOTH PREPARATION
An organized approach to tooth preparation has
been discussed in Chapters 7 to 12, which provide
the criteria for minimally necessary clearances for
the various restorations.

Inadequate tooth reduction in the cervical third
for a metal-ceramic restoration is a common error.
Obviously, on long clinical crowns of vital teeth
(e.g., after periodontal surgery) it will not always be
possible to reduce the desired 1.2 to 1.5 mm without
pulp exposure. Nevertheless, it is generally impos-
sible, even for an experienced ceramist, to achieve
superior esthetic results if the tooth is underpre-
pared.'° Inexperienced technicians tend to resolve
the problem by overcontouring (Fig. 16-3), but this
usually leads to the initiation or recurrence of peri-
odontal disease. Esthetic difficulties like this should
be discussed during the treatment planning phase.
Communication regarding any deviation from
"ideal" criteria is essential and can prevent misun-
derstanding, frustration, and ultimate failure.

PREPARATION MARGINS
Margins should be easily discernible and accessible
on the casts submitted to the technician. The saying
"If you can't see it, you can't wax it" describes the

Fig. 16-3.

	

Restoration failure resulting from excessive axial contours. A, Recently placed metal-ceramic
crowns have contributed to gingival inflammation. B, The crowns removed. C and D, Excessive contour.
E, The fault is readily appreciated from a gingival view.

	

Continued



Chapter 16 Communicating with the De ntal Laboratory

situation well. (The requirements for dies are listed
in Chapter 17.)

The dentist should outline the margins on the
dies11 (Fig. 16-4). However, in practice, few dentists
do this . 12 If the teeth are properly prepared and the
impression is accurate, the margins should be obvi-
ous, which makes this step unnecessary. When
doubt exists, the dentist's knowledge of the extent
of the preparation should resolve any uncertainty.

Dentists must understand the importance of mar-
gin design. For instance, it is unrealistic to request
a collarless restoration on a shoulder-bevel type of
margin or an all-ceramic crown restoration on a
tooth with a narrow chamfer finish line (Figs. 16-5
and 16-6).

Although an experienced technician will proba-
bly bring any unrealistic demands to the attention

of the dentist, some well-meaning technicians may
attempt to meet a request that is doomed to failure
from the beginning. To quote one excellent dentist,
"When you discover an error has occurred, STOP.
Don't proceed. Return to the step where the error
occurred and correct it. Attempting to blunder on
without correcting it properly will only compound
and complicate the error."

ARTICULATION

Proper articulation of opposing casts is the re-
sponsibility of the dentist. Often it is advisable
to schedule a separate appointment with the
patient for verification of the articulation. This
is particularly critical as the complexity of treat-
ment increases (Fig. 16-7). An apparently slight
discrepancy may require a remake or hours of



Fig. 16-4.

	

Marking the preparation margin with a colored
pencil. The line must be clearly visible but of minimal
thickness.

Fig. 16-5.

	

The expectations of the dentist are not realistic.
These cervically under-reduced preparations are unsuitable
for the metal-ceramic restorations requested. Also, buccolin-
gual resistance is compromised by the excessive taper.

Fig 16-6.

	

Three types of esthetic restorations. The restoration
with the metal collar can be fabricated on a shoulder or shoulder-
bevel margin. The porcelain labial margin metal-ceramic crown

can be fabricated on a shoulder margin; the all-ceramic crown re-
quires a slightly rounded internal angle. The last two require
margins that are "glasslike" in smoothness.

Fig. 16-7.

	

A to D, In the presence of compromised periodontal support, optimal loading is critical to
enhance the prognosis. Accurate occlusion is essential to successful restoration of this periodontally com-
promised patient for whom multiple hemisections, root resections, and amputations have been performed.
Extensive communication with the technician is necessary.

	

Cotttituted



Fig. 16-7, eont'd.

	

E to H, The occlusal relationship is transferred to the articulator with small impres-
sion plaster indices and a Lucia jig made from autopolymerizing resin (see Chapter 2). 1 to L, Wax patterns
are designed to combine occlusal function with maximum access for oral hygiene. Note the buccolingual
reduction in width of the occlusal table (1) and the emergence profile on the maxillary molars (K and L).

Continued
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Fig. 16-7, eont'd.

	

M and N, Restorations on the working cast. O to S, Restorations in place. Note that
occlusal rests have already been incorporated in the fixed prostheses in the mandibular arch (S) to prepare
for possible future failure (see Chapter 32). T and U, Note that embrasure design allows proper cleaning.
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corrective grinding and a compromised result.
With careful planning, verification of the articula-
tion can be done efficiently and will result in peace
of mind.

WORK AUTHORIZATION
In addition to certain general information that is re-
quired by law, a work authorization form (Fig. 16-8)
should include the following:



Section 3 Laboratory Procedures

1. General description of the restoration to be
made

2.

	

Material specification (e.g., ADA Type IV gold)
3.

	

Desired occlusal scheme
4.

	

Connector design for FPDs
5.

	

Pontic design, including the material specifica-
tion for tissue contact

6. Substructure design for metal-ceramic restora-
tions

7. Information regarding the shade selection for
esthetic restorations

8.

	

Proposed RPD design (if applicable)
9.

	

Date of the next scheduled patient appointment
and the stage of completion required by then

The dentist must be familiar with the materials
the technician prefers to use for certain procedures.
Specifying those materials can save both time and
effort. The technician should also respect the selec-
tion when the dentist requests a specific material.
Written instructions should be explicit.13

Communication improves if the technician and
dentist discuss a particular choice rather than a bald
statement written on the work authorization form. It
may be inconvenient for the technician to comply
with a request, so its importance should be discussed.

Occlusion. The work authorization form should
designate the location of the occlusal contacts. It must
be specified whether they are to be on metal or por-
celain. In theory, the two most desirable occlusal
schemes are cusp-fossa and cusp-marginal ridge. As-
suming that these will be attained in every case is un-
realistic, however, because they can only be accom-
plished consistently when the opposing teeth are
reasonably close to ideal relative positions (Angle
Class I-see Chapter 1). Compromises often must be
made, especially when teeth are being restored to con-
form to an existing dentition. For example, when a
mandibular molar is in a buccolingual end-to-end pos-
terior relationship with its antagonist, a decision must
be made whether to restore the tooth in a cross-bite re-
lationship or whether the tooth preparation should be
modified (additional reduction of the buccal func-
tional cusp bevel) to accommodate a more conven-
tional occlusal relationship. As an alternative, restor-
ing the opposing tooth may need to be considered.

If the dentist has performed a diagnostic tooth
preparation and waxing (see Chapter 2), it is possi-
ble to prescribe the desired occlusal relationship
with good accuracy. Occasionally, when a single
crown is to be made, an existing malocclusion may
be accepted. This can limit the need for more exten-
sive treatment, although it makes sense only if the
opposing teeth will not need a restoration in the
near future.

Connectors. The work authorization form
should specify which connectors are to be cast,
which are to be preceramic soldered, and which are
to be postceramic soldered. The sequence of the
planned procedures should be indicated and dis-
cussed when necessary or when clarity can be en-
hanced. If nonrigid connectors are requested, the
desired type of connector and path of placement
should be specified.

Pontic and Substructure Design. Pontic de-
sign is discussed in Chapter 20. A simple checklist
on the work authorization form should suffice if the
dentist and technician have agreed on applicable
expectations and requirements. 13,14

The design of metal substructures for metal-
ceramic restorations is somewhat controversial.
Many technicians believe that it is not necessary to
first create the contours of the completed restoration
in wax and then cut back the veneering area. We
disagree, and present our reasoning in Chapter 19
(Fig 16-9). The authorization should specify
whether the anatomic contour wax patterns are to
be returned for evaluation and possible modifica-
tion. The more complex the restorative effort, the
more critical a careful evaluation becomes at this
stage. Long-term success is the goal, and inadequate
framework design is a relatively common cause of
failure for which the dentist will bear the responsi-
bility (although often blaming the ceramist).

Shade Selection.

	

With the prevalence of metal-
ceramic restorations, dentists and technicians have
become acutely aware of the difficulty involved in
communicating shade selection. A thorough under-
standing of the principles of color science (pre-
sented in Chapter 23) and the use of internal and
surface colorants (discussed in Chapters 24 and 30)
is essential to both parties.

Many dentists and technicians have found a dia-
gram of the tooth that allows specifications of mul-
tiple shades helpful (Fig. 16-10). 11 The diagram
should be large enough to designate a cervical
shade, an incisal shade, and any applicable individ-
ual characterization. Diagrams on most preprinted
laboratory prescription forms do not provide ade-
quate space (see Fig. 16-8), so other space must be
available. A separate entry regarding the value or
brightness can be helpful. When selecting a shade,
the dentist should use a guide that corresponds to
the ceramic system used by the technician. On occa-
sion, it may not be possible to obtain a match with a
simple shade guide (e.g., the Vita Lumin vacuum
system). In those cases an alternative guide or a
shade distribution chart (outlined in Chapter 23)
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Fig. 16-9.

	

Full contour waxing (A) and cutback (B) with
the use of incisal (A) and facial (B) vinyl polysiloxane in-
dexes leads to predictable success when esthetics are para-
mount (C).

Fig. 16-10.

	

A shade distribution chart must be adequate
in size to permit inclusion of enough detail. Subtle differ-
ences observed in cervical shades are identified, as are sur-
face details such as hypocalcification, incisal translucency,
and stains.

tomized tab is sent to the dental laboratory. The ce-

ramist then has an actual reference and can compare
the work and make the required modifications, thus

ensuring predictable success.
If esthetic requirements are extensive or difficult

to communicate through the means described above,
involving dental laboratory personnel in the shade

selection process may be helpful. The ADA takes the
position that when a dentist requests the assistance

of a dental laboratory technician in the shade selec-
tion process, this does not constitute the practice of

dentistry by the technician, provided the activity is
undertaken in consultation with the dentist and that

it complies with the dentist's written instructions.
Such assistance is most appropriately provided

in the dentist's office.'

should be used. The dentist must have excellent

color perception skills and should be able to pre-
cisely transfer those onto a written prescription that

includes a large, detailed diagram that allows the
ceramist to accurately reproduce the shade ob-
served and described by the clinician. Close com-

munication and cooperation are obviously neces-
sary, and a trial porcelain firing may be needed.

A practical alternative to written color communi-
cation is the use of light-cured, resin-based staining

kits to custom-stain a shade-tab. The closest match-
ing shade-tab is selected and modified using stains

mixed with liquid resin. Once the desired match has
been obtained, the resin is light-cured, and the cus-

Additional Information. Additional informa-

tion will often help the technician considerably.

Reference to diagnostic waxing can communicate
specific information about desired tooth length and

form or a desired occlusal arrangement. A custom an-
terior guide table (see Chapter 2) provides specific in-

formation to follow as anterior guidance is estab-
lished in maxillary and/or mandibular anterior
crowns. Casts of provisional restorations are invalu-

able to the technician when he or she is asked to

fabricate fixed partial dentures with a high esthetic
requirement. They provide information about mid-

lines, incisal edge position, and coronal form and are
the most practical way of accurately conveying infor-
mation to the laboratory (Fig. 16-11). The diagnostic

waxing enables the dentist to explore all the treatment



Section 3 Laboratory Procedures

Fig. 16-11.

	

A, Diagnostic casts, guide table, and waxing
provide additional information for the technician. B, Care-
fully adjusted provisional restorations can be duplicated in
an irreversible hydrocolloid impression and replicated in
the definitive prosthesis by the technician.

alternatives before choosing a course of therapy. A
resin provisional can be fabricated and adjusted in-
traorally as necessary for optimum appearance and
function. Color photographs can be especially help-
ful in conveying essential additional information.

APPROPRIATE CHECKS
In any new working relationship between a dentist
and a technician, every step of initial treatments in
laboratory procedures should be reviewed in detail.
Only then can teamwork develop over time. As the
dentist and technician become familiar with each
other's preferences, several steps may then be
combined.

The initial review may include the wax patterns
for corrective shaping of occlusal and axial contours
of retainers and pontics. When treating patients
with fixed partial dentures and metal-ceramic
crowns, the dentist must decide whether the
restorations should be completed through porcelain
application in the laboratory or whether a prelimi-
nary metal substructure try-in appointment is
needed. We recommend that a try-in of the metal

Fig. 16-12.

	

Substructure try-in. At this stage the location

of the porcelain-metal junction is assessed. Errors here in-
clude the following: (1) rounding is needed on the veneer-
ing surface (see Chapter 19) and (2), the closed cervical em-
brasures need to be enlarged by reducing the size of the
connectors and correction of the interproximal emergence
profile to minimize periodontal problems.

substructure for metal-ceramic restorations be rou-
tinely done. As an example, the technician may not
have adequate information to evaluate how far the
veneering area should be extended into the cervical
embrasures, and this can be readily determined by
the dentist during try-in (Fig. 16-12). When solder-
ing FPDs, often it is best to index the component
parts directly in the mouth rather than rely on the
accuracy of the working cast. A try-in appointment
can facilitate making small corrections of discrepan-
cies that could later become significant errors. Simi-
larly, it may be advantageous to plan a try-in ap-
pointment for final contouring, texturing, and
staining of a metal-ceramic restoration in the bisque
bake, before glazing. It takes time and effort to per-
form these clinical procedures (see Chapter 30), but
patients will recognize and appreciate the improved
results.

The use of checklists by both clinician and tech-
nician can be helpful. 16 For instance, before an im-
pression leaves the dental office, the dentist and
auxiliary personnel can use a standard protocol to
confirm that finish lines are distinct; no blood or
saliva is present in impressions and disinfection
protocols were followed; no voids, tears, defects, or
areas where the tray was seated; nor has contact oc-
curred between occlusal surfaces and the tray, creat-
ing thin spots that can lead to articulation errors.
For casts, die trimming, the absence of undercuts,
retention form, adequacy of reduction for facial
porcelain and porcelain margins, and occlusal clear-
ance need to be confirmed.
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Where retainers for RPDs are involved, the pre-
scription and cast are checked to ensure availability
of all pertinent information relative to the path of
insertion of the RPD, guideplanes, rest seats, and
the desired heights of contour.

making and more predictable and successful fixed
prostheses.

The key to high-quality fixed prosthodontics lies in
good communication between the dentist and the
technician. All too often each lives in a vacuum-
the dentist forgets how a straightforward step such
as rounding line angles can expedite the fabrication
of a restoration or the technician is unaware of the
difficulties of a particular clinical phase (e.g., im-
pression making or a remount procedure).

Through mutual respect and a coordinated effort,
each can contribute to the delivery of patient care
and at the same time keep failures to a minimum.

The most common problems seen by the dentist at
try-in are poor marginal adaptation, poor occlusion,
poor axial contour (specifically overcontouring of
the cervical third of the tooth), and haphazard pon-
tic and substructure design. The most common
problems encountered by the technician are inade-
quate tooth reduction, "mystery margins," improper
articulation, and vagueness in color communication.

The use of certain ancillary devices (e.g., diag-
nostic waxing and casts of provisional restorations)
will help both dentist and technician deliver more
effective treatment to the prosthodontic patient.

The student and practitioner involved in fixed
prosthodontic treatment must acquire an in-depth
understanding of the laboratory procedures de-
scribed in the following chapters in this section. Of-
ten such understanding is most rapidly developed
by personal involvement in the technical aspects
of clinical dentistry. Over time, this will lead to
significantly improved interaction with dental tech-
nicians, resulting in improved clinical decision

1. http://nadl.org/html/essentia l facts.html
2.

	

Small BW:Laboratory communication for es-
thetic success, Gen Dent Nov-Dec 566, 1998.

3.

	

Gleghorn T: Improving communication with the
laboratory when fabricating porcelain veneers,
J Am Dent Assoc 128:1571, 1997.

4.

	

Aquilino SA, Taylor TD: Prosthodontic labora-
tory and curriculum survey. III. Fixed prostho-
dontic laboratory survey, J Prosthet Dent 52:879,
1984.

5.

	

Landesman HM: Proc. of Pros. 21. Clinical prac-
tice: professional affairs, J Prosthet Dent 64:252,
1990.

6.

	

American Dental Association: Current policies,

1954-1991, pp 64-65.
7.

	

U.S. Department of Health and Human Services,
Public Health Service: Recommended infection
control practices for dentistry, MMWR 35:237,
1986.

8.

	

JADA Reports: Infection control recommenda-
tions for the dental office and the dental labora-
tory, J Am Dent Assoc 116:241, 1988.

9.

	

Powell GL et al: The presence and identification
of organisms transmitted to dental laboratories,
J Prosthet Dent 64:235, 1990.

10.

	

Jorgenson MW Goodkind RJ: Spectrophotomet-
ric study of five porcelain shades relative to di-
mensions of color, porcelain thickness, and re
peated firings, J Prosthet Dent 42:96, 1979.

11.

	

Leeper SH: Dentist and laboratory: a "love-hate"
relationship, Dent Clin North Am 23:87, 1979.

12.

	

Olin PS et al: Current prosthodontic practice: a
dental laboratory survey, J Prosthet Dent 61:742,
1989.

13.

	

Drago CJ: Clinical and laboratory parameters in
fixed prosthodontic treatment, J Prosthet Dent
76:233, 1996.

http://nadl.org/html/essential
http://nadl.org/html/essential


Section 3 Lab oratory Procedures

14.

	

Deyton G: Communications checksheet will ease
relations with laboratories, Mo Dent J 74(5):32,
1994.

15.

	

Pensler AV: Shade selection: problems and solu-
tions, Compendium 19:387,1998.

16.

	

Maxson BB: Quality assurance for the laboratory
aspects of prosthodontic treatment, J Prosthodont

6:204, 1997.



blockout

	

epoxy resin

cyanoacrylate

	

gypsum products

dental cast

	

master cast

dental stone

	

mounting

die trimming

	

multiple pour technique

dowel pin

	

split-cast procedure

electroplated die

	

stone die

electroplating

	

vacuum mixing

Because direct fabrication of patterns for extracoro-
nal restorations in the mouth is inconvenient, diffi-
cult, time consuming, and virtually impossible,
practically all wax patterns are made in the labora-
tory with the indirect technique. This technique re-
quires an accurate reproduction of the prepared
tooth, the surrounding soft tissues, and the adjacent
and opposing teeth. A cast-and-die system captures
the necessary information so that it can be trans-
ferred to the laboratory.

The working (or master) cast is the replica of the
prepared teeth, ridge areas, and other parts of the
dental arch. The die is the positive reproduction of
the prepared tooth and consists of a suitable hard
substance of sufficient accuracy (usually an im-
proved stone, resin, or metal) (Fig. 17-1).

The accuracy of a cast and die is a function of the
completeness and accuracy of the impression. The
cast cannot contain more information than the impres-
sion from which it was made.

This chapter describes the requirements of a
cast-and-die system and correlates these with the
available materials. The procedures are generally
straightforward, but the steps must be followed care-
fully if the intended prosthesis is to be successful.

PREREQUISITES

The cast that will be used to make the fixed restora-
tion must meet certain requirements. It must re-
produce all details captured in the impression and
should be free of defects. Depending on their
location, however, minor imperfections may be

Fig. 17-1.

	

Removable die system. A, Working cast.
B, The individual dies. C, Epoxy die.
(C courtesy Dr. J. H. Bailey.)

acceptable (Fig. 17-2). The cast must meet certain
requirements:
1. It must reproduce both prepared and unpre-

pared tooth surfaces.
2.

	

The unprepared teeth immediately adjacent to
the preparation must be free of voids.

3. All surfaces of any teeth involved in anterior
guidance and the occlusal surfaces of all

431
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Fig. 17-2.

	

Individual dies.

Fig. 17-3.

	

Defect-free occlusal surfaces are essential to
permit precise articulation.

unprepared teeth must allow for precise articu-
lation of the opposing casts (Fig. 17-3).

4.

	

All relevant soft tissues should be reproduced
in the working cast, including all edentulous
spaces and residual ridge contours that will be
involved in the fixed prosthesis.

The die for the fixed restoration also must meet
certain requirements:

Fig. 17-4.

	

To facilitate trimming, the impression should
extend beyond the preparation margin. A properly trimmed
die must have the same cervical contour as the tooth. (The
red area indicates the parts of the die to be removed during
trimming.)

1.

	

It must reproduce the prepared tooth exactly.
2.

	

All surfaces must be accurately duplicated, and
no bubbles or voids can be accepted.

3.

	

The remaining unprepared tooth structure im-
mediately cervical to the finish line should be
easily discernible on the die, ideally with 0.5 to
1 mm visible (enough must be present to help
the technician establish the correct cervical con-
tour of the restoration) (Fig. 17-4).

4.

	

Adequate access to the margin is imperative.

MATERIALS SCIENCE

James L. Sandrik
GYPSUM
The two critical characteristics of cast-and-die mate-
rials, dimensional accuracy and resistance to abra-
sion while the wax pattern is being formed, are ade-
quately achieved with gypsum. This material is
inexpensive, easy to use, and produces consistent re-
sults. Manufactured in enormous quantities for in-
dustrial use, it can easily be modified for dental use.

Dental gypsum products are available in five
forms (ADA Types 1 to V)-defined as impression
plaster; model plaster; dental stone; high-strength
dental stone; and high-strength, high-expansion
stone. The gypsum components are identical chem-
ically. The setting reaction is due to the hydration of
calcium sulfate hemihydrate:

CaSO, . 1/2 H20 + 1 1/2H20-> CaSO, . 2H20



Chapter 17 Working Casts and Dies

The hemihydrate is manufactured by heating the
dihydrate under controlled conditions to drive off
some of the water of crystallization (a process called
calcination). The differences between the various
types of dental gypsum are attributable to calcina-
tion. The improved physical properties of die stone
over dental stone and plaster result from the fact
that less water is needed to obtain a sufficiently
fluid mix.*

Hand mixing of gypsum products is easy, but re-
sults are better when the mixing is done mechani-
cally in a vacuum. Porosity is reduced, with a con-
comitant increase in strength, after only 15 seconds
of mechanical mixing. Newly poured casts should
be left undisturbed for at least 30 minutes; superior
results are achieved at 1 hour, although these times
may vary among brands.

Surface detail reproduction is acceptable with
Type IV and Type V gypsum products. The materi-
als are capable of reproducing a 20-um-wide line as
prescribed by ADA specification No. 19.' However,
not all brands of die stone are compatible with all
brands of impression material, 2,3 and if poor surface
detail reproduction is experienced, an alternative
product should be selected.

With some techniques (e.g., when preparing a
cast for duplication), it is necessary to soak the set
gypsum in water. However, although it appears to
be insoluble, the gypsum slowly dissolves, ruining
the surface detail of the cast. If soaking is required,
it should be done in water saturated with plaster
slurry, and only enough to achieve the desired de-
gree of wetting.

Gypsum's greatest disadvantage is its relatively
poor resistance to abrasion. Attempts to overcome
this have included the use of so-called "gypsum
hardeners." Although these materials (e.g., colloidal
silica) have relatively little effect on the hardness of
the stone, they improve abrasion resistance (some
by as much as 100%). 4 Their use is accompanied by
a slight increase in setting expansion, but it is prob-
ably not clinically significant. An alternative ap-
proach' is to impregnate the surface of the die with
a low-viscosity resin such as cyanoacrylate. As
mentioned earlier, abrasion resistance is the physi-
cal property most improved by this technique. Care

*Thus 100 g of plaster requires 45 to 50 ml of water,
100 g of dental stone requires 30 to 35 ml, and 100 g of die
stone requires 20 to 25 ml, depending on the particular
brand. Theoretically, the stoichiometric amount of water
needed for the setting reaction is 18.6 ml. Only die stone
has suitable physical properties for making cast restora-
tions. However, its properties are totally dependent on
accurate measurement of the water/powder ratio.

is needed when selecting and applying the resin so
that the resin film will have no significant thick-
ness.6 Experts continue their efforts to improve the
properties of die stone. One approach is to apply
additives used in industrial applications (e.g., con-
crete manufacture) to dental gypsum products.' An-
other is the use of a gum arabic, calcium hydroxide
mixture.8 Resin-strengthened gypsum products
such as ResinRock,* with high strength and low ex-
pansion,' are also popular and are particularly suit-
able for implant casts (see Chapter 13).

Additional, even stronger, die materials are also
available. These include resin and electroplated dies.

RESIN

Resins are used as a die material to overcome the
low strength and abrasion resistance of die stone.
Most available resin die materials are epoxy resins,
but polyurethane is also used. Epoxy resin is well
known as a household and industrial adhesive. It
can be cured at room temperature without expen-
sive or complicated equipment, and it yields a form
that is reasonably stable dimensionally. Its abrasion
resistance is many times greater than that of gyp-
sum products. However, it is more expensive than
gypsum, and it undergoes some shrinkage during
polymerization.

Epoxy resins suitable for fabrication of precision
dies are available, although there is a great deal of
variability among brands.'° The amount of shrink-
age upon polymerization is approximately equal
to the expansion with gypsum. Polymerization
shrinkage is less of a problem with newer formula-
tions" and polyurethane resin.12 When used with
polyvinyl siloxane, contemporary resin systems
produce complete arch casts with similar dimen-
sional accuracy to traditional die stone.13 In general,
detail reproduction is better14; however, prostheses
fabricated on resin dies will fit more tightly than
those made on gypsum.15

Certain impression materials (i.e., polysulfide
and hydrocolloid) are not compatible with resin.
However, good results are achieved with silicone
and polyether.

ELECTROPLATED DIES

Besides resin, electroplating can be used to over-
come the poor abrasion resistance of gypsum. This
technique16 has been in use for many years and in-
volves the deposition of a coat of pure silver or cop-
per on the impression. The areas to be plated are
first coated with finely powdered silver or graphite

* Whip Mix: Louisville, Ky.
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to make them conduct electricity, and the impres-
sion is then placed in an electroplating bath. A layer
of pure metal is deposited on the impression and is
supported with Type IV stone or resin.

Although electroplating has been in use for some
time, several problems remain. Variable degrees of
distortion commonly occur, and the technique must
be performed slowly; otherwise, distortion in the
metal will subsequently stress the impression. The
time required to produce a cohesive film of metal
(typically 8 hours) is ample for the development of
dimensional changes in the impression. However,
when done properly, an electroplated die can be as
accurate as a stone die,17 , 18 although not all impres-
sion materials are suitable for plating. Because of
their low surface energies, silicone impression ma-
terials are difficult to electroplate evenly. However,
some brands are easier to plate than others.19 Poly-
ether impressions, because of their hydrophilic na-
ture, imbibe water and become distorted. They
therefore cannot be plated accurately. Polysulfide
polymers can be silver plated, but it is much more
difficult to copper plate them. The main drawback
of silver plating is the use of a cyanide solution,
which requires special precautions because of its ex-
treme toxicity.

SELECTION CRITERIA

Choosing one cast-and-die system over another de-
pends on several factors:

1.

	

The material must allow a dimensionally ac-
curate cast and should be strong and resistant
to abrasion.

2. It should be easily sectionable and easy to
trim with the routinely available equipment.

*ESPE America, Inc.: Norristown, Pa.
tSDS Kerr: Orange, Calif.

3.

	

It should be compatible with the separating
agent that will be used so that the wax pat-
tern does not stick.

4.

	

It should reproduce surface detail accurately.
5.

	

It should be available in a color that contrasts
with the wax used so that the preparation
margin can be seen.

6.

	

It should be easily wettable by the wax. In ad-
dition, it must be compatible with the im-
pression material.

7. Finally, the type of restoration needs to be
considered, because certain procedures (e.g.,
some all-ceramic crowns) require the strength
of metal or epoxy resin and cannot be as read-
ily fabricated on a weaker stone die.

The advantages and disadvantages of the avail-
able materials are summarized in Table 17-1.

AVAILABLE METHODS
Removable Dies. In a removable die system

(see Fig. 17-1), the die is an integral component of
the master cast and can be lifted from the cast to fa-
cilitate access. Precise relocation of the die in the
master cast is critical to this system's success and is
usually accomplished with brass pins or dowels
(Fig. 17-5). When a single dowel is used, it should
have at least one flat surface to provide resistance
against rotation. Alternative methods (e.g., the pop-
ular Pindex* system [Fig. 17-6]), use multiple or in-
terlocking dowels to ensure such resistance.

The cast is made in two pours of Type IV or V
stonet of contrasting colors: the first forms the teeth,
and the second forms the base of the cast. The area
to be removed is coated with a separating agent be-
fore the second layer is poured. In other areas, un-
dercuts are provided to prevent unwanted separa-
tion. The location and orientation of the dowels are
critical; if they are improperly placed, the dowels
will not allow the die of the prepared teeth to be
withdrawn from the cast (Fig. 17-7).

In normal situations, dowels are positioned in the
stone before it is set. However, drilling the cast and ce-
menting the pins into the set stone are also possible.25

The Pindex system is designed to facilitate this lat-
ter technique. All removable die systems depend on
careful execution so the die will separate cleanly
and return to place accurately. One recent study found
similar accuracy with four removable die
systems, although the Pindex showed the least hori-
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Fig. 17-6.
(Whaledent) dowel system (see Fig. 17-20).

Removable dies made with the Pindex

zontal movement, and the brass dowel pins produced
the least occlusogingival reseating discrepancy.26

Solid Cast with Individual Die. The solid
cast-and-individual die system, also referred to as

Fig. 17-7.

	

Incorrect alignment of the dowel pin prevents
removal of the die. The die will contact the proximal sur-

face of the adjacent tooth (dotted line).

the multiple-pour technique, has certain advantages
over the dowel-removable die system; its primary
advantage is its simplicity. It may also be slightly
more accurate .27 When the impression is judged to
be satisfactory, it is poured in Type IV or V stone in
the area of the preparation(s) only. When set, it is
separated. A second pour is then made of the entire
arch. (Sometimes the second pour is used for an ad-
ditional set of individual dies for polishing, and the
solid cast is obtained from a third pour.)
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The first pour, which is the most accurate, is
trimmed into a die with a handle of sufficient length
(similar to a tooth root [Fig. 17-8]). The complete
arch cast (second pour) is mounted on an articula-
tor. The wax pattern is started on the initial pour
(the die) and is then transferred to the articulated
cast for refinement of axial contours and occlusal
anatomy (see Chapter 18). When completed, this
pattern is returned to the die so the margins can be
readapted immediately before investing.

An advantage of the solid cast-individual die sys-
tem is that the working cast requires only minimum
trimming. Since the gingival tissues around the pre-
pared teeth are left intact, they can be used as a guide
when contouring the restorations. Disadvantages of
the solid cast technique include the following:

1.

	

It may be difficult to transfer complex or frag-
ile wax patterns from cast to die.

2.

	

Seating the pattern on the master cast may be
problematic because the second pour of

Fig. 17-8.

	

A, An accurate impression is essential for suc-
cessful fixed prostheses. B, The first and second pours have
been sectioned into individual dies. The third pour will be
the master cast. C, Small defects (arrow) can sometimes be
overcome, but they make the laboratory phase much more
difficult.

many impression materials is slightly larger
than the first; therefore, it may be necessary
to relieve the stone slightly to seat the pattern
before occlusal evaluation.

3. The technique can be used only with elas-
tomeric impression materials (if reversible
hydrocolloid is used, separate impressions
are needed for master cast and die).

CHOICE OF WORKING CAST-AND-DIE SYSTEM

The choice of a specific technique relies on operator
preference and an assessment of each method's ad-
vantages and disadvantages. If they are conducted
properly, all the available systems will achieve clin-
ically acceptable accuracy. 28 When establishing a
new relationship with a dental technician, it is im-
portant to determine which cast-and-die systems
are preferred and why the technician has chosen
them. Close cooperation between the dentist and
technician is a key factor in fixed prosthodontics.

The solid cast technique simplifies cast and die
fabrication, but it makes the waxing and porcelain
stages more difficult. However, there is no need
for special equipment, and the soft tissues imme-
diately adjacent to the preparation are not re-
moved (which facilitates contouring the gingival
areas of the restorations). The use of a solid mas-
ter cast precludes errors caused by incomplete
seating of a removable die. In practice, this means
that the components of a fixed partial denture can
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Fig. 17-9.

	

The Di-Lok system. A, With a single-pour technique, the impression is formed in the usual
way, and the Di-Lok tray is filled. Then the tray is inserted into the impression while the stone is still
wet. B, After the die stone has fully set, the locking and curved arms of the tray are removed. The cast
can then be removed by tapping the anterior pad of the tray base. C, The dies are sectioned by sawing
three fourths through the stone and are separated (D) by breaking the remaining stone base. E, Trimmed
dies. F, Assembled cast ready for articulating.
(Courtesy Di-Equi Dental Products Co.)
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Fig. 17-10.

	

DVA Model System. A, Trimmed impression on alignment fixture. B, Marking dowel pin
locations on clear plate. C, Drilling holes for dowel pins as marked. D, Inserting dowels in the baseplate.
An adhesive is not required. E, The impression is poured, stone is placed around dowel pins, and the
alignment fixture is replaced over poured impression. F, G, Set cast is removed from baseplate and
trimmed. H, Cast is trimmed.

	

Continued
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Fig. 17-10, eont'd.

	

1, Cast is sectioned. J and K,
Trimmed working casts using the DVA Model
System.
(A to I, courtesy DVA, Inc. J and K courtesy Dr. A.G.
Wee.)

Fig. 17-11.

	

A, Zeiser model system. B, The impression is leveled, blocked out
with silcone putty, and positioned over the baseplate. C and D, The pin locations are
determined and the pinholes drilled in the base. E, pins are inserted into the base.
F, The impression is poured and the base inverted into the stone (G).

	

Continued
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Fig. 17-1 1, eont'd.

	

H and I, The cast is separated from the impression when set and then separated
from the base. J, A precision saw aids sectioning. K, The sectioned cast.
(Courtesy Girrbach Dental GmbH.)

be indexed from the cast for soldering; on the
other hand, it also means that if an FPD is not ac-
curately fabricated, the stone abutment teeth can
be easily broken off, which makes subsequent
steps more difficult.

The first pour from an elastomeric impression is
the most accurate, and readapting the margins of

the wax pattern on the first-pour die immediately
before the pattern is invested is essential.

A dowel-and-removable die system's main ad-
vantage is that it requires less manipulation of the
wax pattern, thus reducing the chances of breakage
during transfer. In addition, the handling of porce-
lain restorations is easier, particularly if a porcelain



labial margin is used. For these reasons, most tech-
nicians believe that the extra steps involved in mak-
ing a cast with dowels and a removable die are
worthwhile.

Nevertheless, the procedures are technically
quite difficult. It is not rare to encounter dies that do
not seat properly or that have poorly placed dowels.
Difficulty also may be encountered in sawing the
die out of the cast. Interproximal margins can easily
be damaged during this procedure, particularly if
clearance between a proximal preparation margin
and the adjacent tooth is minimal.

The Pindex system uses a special drilling unit to
ensure accurate pin placement. Careful model trim-
ming of the initially poured cast is necessary before
drilling the holes for the pins. If done properly,
highly accurate and stable removable dies result;
however, the cost of the additional equipment must
be considered.

The advantages and disadvantages of these
cast-and-die systems are summarized in Table 17-2.

The technique for pouring stone dies is similar for
most of the popular systems. To avoid repetition,
the procedure using single dowel pins is described
in detail, with an emphasis on the differences be-
tween the solid cast (multiple pour) system and the
Pindex system.

Armamentarium (Fig. 17-12)
• Impression
• Small camel hair brush
• Type IV or V stone
• Water
• Surfactant
• Dowel pins

	

depending on• Retention devices
• Orientation aids

	

system used

• Vacuum mixer and bowl
• Mixing spatula
• Vibrator
• Petrolatum
• Pencil
• Die saw
After the impression has been removed from the

patient's mouth, it is washed under running tap wa-
ter, blown dry, inspected, and disinfected (see Chap-
ter 14). When it is judged to be satisfactory, it is
taken to the laboratory, where the necessary arma-
mentarium should have been prepared for use be-
fore impression making. A vacuum mixer (e.g., the
Vac-U-Spat*) is strongly recommended. At this time
the impression can be sprayed with a surfactant or,

in the case of hydrocolloid, placed in a K2SO4 solu-
tion (if recommended by the manufacturer).

Step-by-step Procedure
1.

	

If dowels are to be used, position them over
the prepared teeth with one of the methods il-
lustrated in Figure 17-13. Their correct loca
tion and orientation are important. For exam-
ple, placing the head of a dowel too deep in
the impression may weaken the die; position-
ing the dowel at an incorrect angle may make
die removal impossible. At this stage, some
technicians mark the best locations for the
dowels in the buccal and lingual sulci or on
the palate and place the dowels in the stone
after it is poured, because prepositioning the
dowels makes pouring more difficult. In ad-
dition, the relatively brittle sticky wax com-
monly used to lute the pins in place can break
loose during vibration. If dowels are not
prepositioned, the viscosity of the stone
should be carefully gauged before dowel
placement. If the stone is too runny, the dow-
els will not remain in place, and a new im-
pression often must be made.

2.

	

Measure the proper proportions of Type IV or
V stone and water. To reduce air bubbles in
the mix, the water should be placed in the
mixing bowl first. The powder is then added
and quickly incorporated by hand spatula-
tion. NOTE: The spatula should be wiped
clean on the blade of the mechanical mixer
rather than on the edge of the mixing bowl,
where stone can interfere with the vacuum
seal (Fig. 17-14, A to C.

*Whip Mix Corporation: Louisville, Ky.
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Fig. 17-13.

	

Positioning dowel pins before cast pouring can be accomplished with bobby pins and
sticky wax (A, B), or a prefabricated wire-tube aid (C).

Fig. 17-14.

	

Vacuum mixing ADA Type IV stone. A, To verify that the vacuum hose is not blocked
and the pump is operating properly, put a thumb over the hose. The vacuum gauge should move from
near 0 to about 700 mm (27 inches) Hg. B, Add stone to the water in the mixing bowl. C, Incorporate the
particles by hand.

	

Continued

3. Close the mixing bowl, attach the vacuum
hose, and turn on the pump.

4. Insert the drive shaft into the chuck of the
mixer and mix the stone for the recom-
mended time. Vibrate the mix to allow the

stone to settle in the bowl. The hose should
be pulled out of the bowl before turning the
vacuum off; otherwise, stone will sometimes
be sucked into the vacuum hose. Whip Mix
recommends leaving the mixer on for ap-
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Fig. 17-14, cont'd.

	

D, Attach the vacuum hose and turn the machine on. E, Wait until the vacuum
gauge reaches 700 mm before engaging the drive chuck. Time the mix carefully, because this affects
the physical properties of the material. F, Vibrate under vacuum. G, Remove the hose before turning
off the power. This will prevent stone from being drawn into the hose.
(Courtesy Whip Mix Corporation.)

proximately 1 minute after removal of the
hose to purge the pump of moisture (Fig.
17-14, D to G).

5.

	

Blow any excess surfactant out of the impres-
sion, pick up a small amount of stone with a
suitable brush or instrument, and place it in
the most critical area (usually the occlusal as-
pect of narrow preparations or immediately
adjacent to the sulcus area). For small prepa-
rations, a thin instrument (e.g., a periodontal
probe) may prove helpful with this procedure.
Bubbles will be trapped if too much stone is
added abruptly or if two sizable masses of
stone meet (Fig. 17-15). Therefore, small quan-
tities of stone should be added incrementally

6.

in one area, allowing the stone to seek its own
path (Fig. 17-16). During pouring, the tray
should be held on a vibrator. For easy cleanup,
the vibrator table can be covered with a paper
towel or plastic bag.
Slowly tease the stone into the preparation
along the axial walls by tilting the impression
and guiding the material with the instru-
ment. Be absolutely sure that the stone flows
onto the margins of the preparation without
trapping any air bubbles. Bubbles and voids
are always a problem when pouring impres-
sions. If the first pour is defective, do not pour
a second, because some accuracy is lost. In ad-
dition, thin areas of the impression near the
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Fig. 17-15.

	

Incorrect technique for pouring an impres-
sion. An air bubble (arrows) will be trapped if two masses
of stone are allowed to meet.

Fig. 17-16.

	

Pouring an impression. To avoid trapping
air, start with a very small amount of stone.

margin are torn when separating the first
pour. For this reason, pouring a bubble-free
cast is essential to avoid having to make a
new impression. The ease with which an im-
pression can be poured without bubble for-
mation depends on the contact angle that the
advancing die stone makes when the impres-
sion is wetted. Of the elastomers, polyethers

Fig. 17-17.

	

Dowel pins must be carefully positioned so
the first pour of stone completely covers the knurled head;
otherwise, the parts will not separate cleanly. However, the
stone should not extend onto the shaft and reduce stability.

have the lowest contact angle, meaning they
are the easiest to pour 29,30; silicones have the
highest contact angle and are the most diffi-
cult to pour, although the newer "surface acti-
vated" or "hydrophilic" formulations are bet-
ter .31 Overall, however, these materials do not
seem to greatly facilitate impression making.32

7.

	

Place a second amount of stone on top of the
first and continue with a third and so forth
until the preparation is completely filled. The
rest of the impression can then be filled to a
height of at least 5 mm beyond the free gingi-
val margins. In areas where individual dow-
els are used, the head of each dowel must be
covered with stone (Fig. 17-17).

8.

	

Place retentive devices 33 in areas where there
are no dowels so that the two layers of stone
will not separate in the wrong place (Fig.
17-19).

9.

	

Allow the stone to set for the recommended
time (usually 30 minutes).
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Fig. 17-18.

	

Pouring an impression for individual dies and solid cast (multiple pour system). A, Be

sure that the critical margin area is covered. B, Stone added in the preparation area only. C, Sufficient
bulk for the die handles. D, Pours 1 and 2 (individual dies) and 3 (working cast). E, Sectioning the indi-

vidual dies. F, The trimmed dies and working cast before articulation.

10. Inspect the area where separation is re-
quired, smooth it as necessary, and coat it
with a separating medium (e.g., 10% sodium
silicate). Then pour another layer to act as a
base and retain the dowels. This second
layer should not cover the tips of the dowels.
If for some reason the base must be built up
more, wax or rubber tubing can be placed on
the tip of the dowel to facilitate its retrieval
later. Before the base of a mandibular im-
pression is poured, the lingual aspect should
be blocked out with a suitable molding ma-
terial (e.g., Mortite); otherwise, the stone will
lock around the tray and hamper removal of
the cast from the impression. This is much
easier than grinding excess stone away later

Fig. 17-19.

	

Blobs of stone provide retention in parts of
the cast where separation is not desired.
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to gain access to the lingual aspect of
mandibular preparations (Fig. 17-20). When
the cast is separated from the impression, it
must be carefully inspected for voids. If any
are found in the marginal area of a prepared
tooth, the cast is unusable and a new im-

pression must be made. Careful pouring will
prevent this. If the cast is satisfactory, it is
ready for sectioning and trimming.

11.

	

Trim the buccal and lingual sulcal areas ad-
jacent to the removable sections first so the
dies will separate cleanly.

*Coltene/Whaledent, Inc: Mahwah, N.J.

Fig. 17-20.

	

A, Use a molding material to block out the lingual aspect before pouring a mandibular
impression. B, Otherwise, excess stone will have to be ground away to obtain access to the lingual sur-
faces, which is a tedious process.

Fig. 17-21.

	

The Pindex system consists of (A), a special drill press and (B), brass dowels and plastic
sleeves. C, Pour the impression in stone, separate when set, and trim it to a "horseshoe" shape. The base
must be absolutely flat (a trimmer is provided).

	

Continued
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Fig. 17-21, eont'd.

	

D, Mark the location of each dowel on the occlusal surface. Two dowels are
needed to stabilize each segment. (Alternative single pins are available for small preparations.) E, Position
the cast on the drill stage; a light indicates the location of the drill. Hold the cast firmly and depress the
lever; this activates the drill, which penetrates into the cast. F, Each hole should be cleanly drilled; a hand
reamer is available if necessary. G, Try in the pins and cement them to place. For accessibility, the short lo-
cating dowels should be used on the lingual surface. H, Coat with petrolatum to ensure clean separation.
I, Position the plastic sleeves. J, Place the assembly in the special mold. K, Make the second pour of stone
into the mold. L, Sawing the dies. M, With the Pindex system, removing the first pour and using it as a
block and commencing sawing from the base is sometimes helpful. Marking all the saw cuts with a pencil
is recommended. N, The Pindex cast after sectioning.
(Courtesy Dr. J. O. Bailey.)
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12. Mark the position of each saw cut (which
should be parallel to the dowel) with a
pencil.

13. Carefully insert the saw blade between the
preparation and the adjacent tooth; make sure
that neither the margin nor the proximal con
tact is damaged (Fig. 17-22). The cuts must
pass completely through the first layer of
stone. If this is not done, the die will not sep-
arate cleanly. When the saw cuts are made,
the dies can be tapped out and are ready for
trimming for waxing. (Typical trimmed and
untrimmed dies are shown in Figure 17-23.)

All excess stone, with the exception of the critical
few millimeters immediately adjacent and cervical
to the margin, should be removed with an Arbor

band or another cutter in a lathe. The stone that is
closer to the margin is removed with a large carbide
bur. (Easy access to the margin is mandatory for
waxing.) Any residual flash is trimmed away with a
sharp scalpel. The margin must not be touched. A
binocular microscope is helpful during this step. It
is important not to create a ditch apical to the mar-
gin, which could lead to poor gingival contour in
the completed restoration (Fig. 17-24).

When die trimming is completed, the dies are
repositioned in the master cast, and their accurate
and precise repositioning is verified. The master cast
is then mounted on an articulator. NOTE: Trimmed
dies must be handled carefully. To minimize poten-
tial breakage, they should be secured in a container
lined with foam plastic, gauze, or cotton.

Fig. 17-22.

	

Sectioning removable dies. A, The saw cuts should converge slightly toward the dowel;
otherwise, (B) the die will be locked in by undercuts. C, Mark the intended saw cuts in pencil and care-
fully position the saw blade. It must not touch the prepared tooth. D, Saw completely through the first
pour. NOTE: Finishing the cut short of the second pour will prevent a clean separation.
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Fig. 17-23.

	

Trimming dies. A, Armamentarium. B, Sectioned dies. In this instance, the Pindex system
has been used. C, Bulk trimming is accomplished with an Arbor band on a lathe equipped with efficient
dust collection. D, An acrylic-trimming bur is used near the margin. E, A sharp scalpel is used to trim to
final contour, working away from the margin. F, The trimmed dies.
(B, C, and F courtesy Dr. W. V. Campagni.)

Fig. 17-24.

	

Excessive trimming will lead to a bulky crown, be-
cause the trimmed die acts as a guide to gingival contour when the
restoration is being waxed.
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MOUNTING CASTS ON AN
ARTICULATOR

The articulation of diagnostic casts is discussed in
Chapter 2. The technique for mounting a solid
working (master) cast is identical. The procedure for
attaching a working cast with removable dies to an
articulator differs only in that access must be al-
lowed to the area of the base into which the dowels
penetrate. This will expedite removal of the dowels
(Fig. 17-25).

WORKING CASTS VERSUS DIAGNOSTIC CASTS
The accuracy of the casts and their mounting is
even more critical for working casts than for diag-
nostic casts. Although diagnostic casts can still
provide the necessary information, even when
mounted slightly inaccurately, working casts must
be precisely mounted if lengthy chairside adjust-
ment is to be avoided.

Diagnostic casts are most effectively mounted
with a centric relation record (see Chapter 2). This
allows the practitioner to visualize the full range of
mandibular movement for occlusal diagnosis. The
CR record is made at an increased vertical dimen-
sion (see Chapter 2). Closing the articulator upon re-

moval of the record will induce error if an arbitrary
facebow is used.34 There is a slight error even if a
kinematic facebow is used .35 Although such errors
are probably not clinically significant with diagnos-
tic casts, they are significant when working casts are
involved because the degree of inaccuracy is trans-
ferred to restorations fabricated and adjusted on the
casts. Whenever possible, working casts should be
mounted with a record made at the vertical dimen-
sion of occlusion, using maximum intercuspation of
unprepared teeth .36 If this is not possible, a kine-
matic facebow recording is recommended. Prob-
lems associated with mounting casts with a CR
record using an arbitrary facebow have been ana-
lyzed by Weinberg. 37 He calculated that a 3-mm
thick record can create an occlusal discrepancy in
the first molar region of 0.2 mm when the arbitrary
axis differs from the true hinge axis by 5 mm (a
common error).

In addition, an elastomer'c (rather than an irre-
versible hydrocolloid) impression should be made
for the opposing cast. The elastomer's improved
precision results in a more accurate opposing cast,
which reduces the need to adjust the restoration at
try-in.

Fig. 17-25.

	

A, Working cast attached to an articulator.
B, To facilitate removal, the mounting should allow access
to the end of each dowel.

REORGANIZED OCCLUSION
The decision to reorganize a patient's occlusion
(e.g., by making CR coincide with MI) is made at the
treatment-planning stage (see Chapter 3). Treatment
steps may then include occlusal adjustment of the
existing dentition by selective reshaping (see Chap-
ter 6) and reorganization of the anterior (incisal)
guidance before tooth preparation for definitive cast
restorations.

The following question should be asked during
treatment planning: Is there any discernible
pathology that may have arisen from malocclu-
sion? In the presence of wear facets, widened peri-
odontal ligament spaces, and muscle tenderness,
the potential benefits of occlusal adjustment
should be weighed. This question must also be
asked: Will reorganization of the occlusion benefit
the patient? If the answer is yes, occlusal adjust-
ment can be performed (see Chapter 6), after
which definitive tooth preparation for fixed
prosthodontics should be initiated.

The working casts can then be related at the ver-
tical dimension of occlusion with one of several
techniques. Autopolymerizing resin may be used to
record the relationship (Fig. 17-26). Alternative ma-
terials include impression plaster, zinc oxide-
eugenol impression paste on a suitable carrier (e.g.,
autopolymerizing acrylic resin or gauze), and some



Fig. 17-26.

	

Mounting working casts on the articulator. A, When a dentition requires extensive fixed
prosthodontic care, accuracy of the articulation is essential to successful treatment. B, Recording centric
relation at the vertical dimension of occlusion minimizes the error inherent in a facebow transfer. Au-
topolymerizing acrylic resin was used as the recording medium. C, Manipulation of the mandible into
centric relation. D, E, Working casts articulated with the CR record interposed. F to J, Restorations
waxed to anatomic contour, with anterior guidance.

	

Continued
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Fig. 17-26, cont'd.

	

K to M, Metal-ceramic restorations on the working cast. N to P, The completed
restorations (see Fig. 32-41).

Fig. 17-27.

	

Trimming the centric relation record. An
untrimmed record (A) makes assessment of proper cast
seating much more difficult than a properly trimmed
record (B).

of the stiffer elastomers (polyether or polyvinyl
siloxane).

These records are optimal if they include only
the cusp tips (Fig. 17-27). If more detail of the
grooves is inadvertently captured, it should be care-
fully trimmed away. Otherwise, the cast will not

seat properly and the restoration will be in
supraclusion.

CONFORMATIVE OCCLUSION
On many occasions a cast restoration that conforms
to the patient's existing occlusion is made, even if a
discrepancy exists between CR and maximum inter-
cuspation position. Typically, if no significant signs
of clinical pathology are detected, fabricating sim-
ple prostheses in the stable MI position is accept-
able. The objective is to maintain rather than reor-
ganize a healthy masticatory apparatus.

When a patient has a symptom-free occlusion
and requires relatively few cast restorations (i.e.,
when only a small part of the dentition needs to be
restored), the MI position is the most desirable
treatment. Therefore, many patients who need
only one or two single crowns (or a small FPD)
are best restored to conform with their existing
occlusion.

Articulating a working cast for a restoration
that is to be waxed conformatively poses certain
problems. If the cast is mounted with a CR record
(as described for diagnostic casts in Chapter 2), the
MI position will not be reproduced accurately
enough for precise waxing because it will be in a
translated mandibular position. This position can-
not be reached with absolute precision on a semi-
adjustable articulator. In addition, during closing
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Fig. 17-28.

	

A, Conformative interocclusal record made
with poly(vinyl siloxane) polymer. B, The records before
trimming.

of the instrument, the stone cast can be easily
damaged.

Probably the most practical solution is to articu-
late the working cast in the intercuspal position
using a small interocclusal record (e.g., with
poly[vinyl siloxane]) interposed between the tooth
preparation and the opposing arch in the closed
position (Fig. 17-28). At try-in, after the restoration
has been fabricated, the patient's CR closure is ex-
amined clinically to ascertain that the restoration
conforms with the preexisting occlusion. No pre-
mature contacts should occur on the new restora-
tion. In CR closure, new occlusal interferences can
be introduced on the restoration, and the discrep-
ancy between CR and MI may be effectively in-
creased, leading to new problems (Fig. 17-29). It is
then necessary to adjust the restoration to permit
the original closing movement of the patient and to
provide a smooth transition from the CR to the MI
position.

VERIFICATION OF MOUNTING

It is essential to check the accuracy of the articula-
tion before proceeding with the laboratory phase of
treatment. For less complex fixed prosthodontics,
this can be simply accomplished by comparing the
occlusal contacts in the patient's mouth with those

Fig. 17-29.

	

When providing a restoration that conforms
to an existing occlusion, it is important to assess both CR
and MI carefully. A, Before treatment, the CR contact in this
patient was on the first molar (arrows). B, Preoperative MI.
C, The new restoration conforms to MI satisfactorily, but
notice in D that a new CR interference (arrow) has been

created.

made by the casts. (Mylar shim stock or articulating
film is suitable.) Occlusal wax (see Chapter 6) is
also useful. For more extensive procedures, a sec-
ond occlusal record is needed that can be compared
with the first by using a split-cast mounting tech-
nique or a system such as the Vericheck* (see Figs.
2-22; Fig. 17-30).

*Teledyne Water Pik: Fort Collins, Colo.
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Fig. 17-30.

	

A, Magna-Split system mounting procedure. B, The retention star is placed into the for-
mer and sprayed with silicone. C, Mounting stone is poured into the former and allowed to set. D, The
hardened stone index plate is mated to the semi-permanently attached mounting plate on the articulator.
E, Mount casts as usual. (Also shown is the Fork-Fix system for supporting the bite fork.) F, Mounted
casts can be simply removed and replaced by pulling away from the articulator.
(Courtesy Panadent Corp.)
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SUMMARY

Accurate working casts and dies are essential to suc-
cessful cast restorations. There are various materials

and techniques that provide an extremely precise re-
production of the prepared teeth. Type IV stone is

recommended in most instances, although it requires
careful handling to avoid chipping or abrading mar-

gins. Epoxy resin and electroplated silver or copper
are durable alternatives. The die of the prepared

tooth can be made removable by the use of dowels or
the more convenient Pindex system. Alternatively, a
solid working cast and separate die can be used.
Whatever system is chosen, it must articulate pre-

cisely with an accurately made opposing cast.

block out: adj 1: elimination of undesirable undercuts
on a cast, 2: the process of applying wax on another
similar temporary substance to undercut portions

of a cast so as to leave only those undercuts essen-
tial to the planned construction of a prosthesis. A
blocked out cast may also include other surface
modifications needed relative to the construction of

the prosthesis
cyanoacrylate: n (20c) a single component, moisture

activated, thermoplastic, group of adhesives char-
acterize by rapid polymerization and excellent

bond strength
definitive cast: a replica of the tooth surfaces, residual

ridge areas, and/or other parts of the dental arch
and/or facial structures used to fabricate a dental
restoration or prosthesis

dental cast: a positive life size reproduction of a part
or parts of the oral cavity

dental stone: the alpha-form of calcium sulfate hemi-
hydrate with physical properties superior to the

beta-form (dental plaster). The alpha-form consists
of cleavage fragments and crystals in the form of
rods or prisms, and is therefore more dense than the
beta-form

dowel pin: a metal pin used in stone casts to remove
die sections and replace them accurately in the orig-

inal position
electroplating: vt (ca. 1864): the process of covering the

surface of an object with a thin coating of metal by

means of electrolysis
epoxy resin die: a reproduction formed in epoxy resin

gypsum: n (14c) the natural hydrated form of calcium

sulfonate, CaSO4 2H2O gypsum dihydrate

master cast: see definitive cast

mounting: v the laboratory procedure of attaching a

cast to an articulator or cast relator
plaster: n a pastelike composition (usually of water,

lime, and sand) that hardens on drying and is used
for coating walls, ceilings, and partitions-slang: in
dentistry, a colloquial term applied to dental plaster

of paris
vacuum mixing: a method of mixing a material such as

plaster of paris or casting investment below atmos-

pheric pressure
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A large percentage of time and effort spent in fabri-
cating fixed prostheses is devoted to producing a
very accurate wax pattern. From this pattern, the
finished cast restoration is duplicated by using the
lost-wax process as part of the indirect procedure.

This technique consists of obtaining an accurate
impression of the prepared tooth (Fig. 18-1, A) and
making a cast from the impression (Fig. 18-1, B) on
which a wax pattern that resembles the shape of the
final restoration is shaped (Fig. 18-1, C). A mold is
then made around the wax pattern with a refractory
investment material (Fig. 18-1, D). When the invest-
ment has set, the wax is vaporized in an electric fur-
nace. The hollow mold is then filled with molten cast-
ing alloy, reproducing every detail of the wax pattern
(Fig. 18-1, E). The metal casting is retrieved, excess
metal is removed, and after polishing, the cast restora-
tion is ready for clinical evaluation (Fig. 18-1, F). As

Fig. 18-1.

	

Most dental castings are made indirectly by the lost-wax process. A, Impression. B, Cast.
C, Wax pattern on die. D, The pattern is attached with sprue to a rubber crucible former and invested.
E, Casting. F, Cemented restoration.
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the solidifying metal (casting) cools to room tempera-
ture, it shrinks. Dimensional accuracy of the casting is
achieved by balancing this shrinkage against pre-
cisely controlled expansion of the mold (see Chapter
22). Wax is used to make the patterns because it can be
conveniently manipulated and precisely shaped. By
heating, it can be completely eliminated from the
mold after investing.

The lost-wax technique is widely used in indus-
trial and jewelry manufacturing. The first bronze
castings reportedly were made in the third millen-
nium BCE with beeswax and clay refractory materi-
als. Ancient lost-wax castings such as Chinese
bronzes, Egyptian deities, and Greek statues have
withstood the centuries, yielding information about
ancient societies and cultures. The lost-wax method
may have been used in Sumeria as early as the Sec-
ond Early Dynastic Period for figurines and even
larger body parts.'

In dentistry, successful results depend on careful han-

dling of the wax. The practitioner must understand
that every defect or void in the wax will appear in
the casting. Most defects can be corrected easily in
wax, but not in a metal casting. More often than not,
compensating for an error in waxing technique is
impossible once the metal casting has been formed.
Careful evaluation of the pattern, preferably under
magnification, is critical to obtaining a good casting.

This chapter approaches the waxing procedure in
a logical sequence. As with most aspects of fixed

prosthodontics, a successful restoration is possible
only if each step is carefully followed and evaluated
before moving to the next.

PREREQUISITES

The working die and master cast may require small
modifications before waxing is started. Depending
on the procedure, the size of the die can be slightly
increased by applying a thin layer of painted-on
spacer, which helps obtain a slightly larger internal
diameter of the restoration.

CORRECTION OF DEFECTS

Even a very small undercut on the die of a tooth
preparation will result in an inability to remove the
wax pattern. There may be small dimples in the die
(resulting from caries removal or loss of a previous
restoration) that are undercut relative to the path of
placement of the new restoration. Normally such ar-
eas are blocked out intraorally with glass ionomer
or restored with amalgam or another suitable foun-
dation material as part of the mouth preparation
phase (see Chapter 6). Occasionally, however, block-
ing them out on the working die may be more prac-
tical and convenient, as long as the defect does not
extend to within 1 mm of the cavity margin. Zinc
phosphate cement is a suitable material, but other
commercial products (e.g., resin) are available for
this purpose (Fig. 18-2).

Fig. 18-2.

	

Blocking out undercuts
on a die. A, Photopolymerizing resin
being applied. B, Resin light-cured.
C, Autopolymerized resin. D, Resin is
applied. E, Monomer spray.
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PROVISION OF ADEQUATE CEMENT SPACE

Since the 1920s,2 practitioners have recognized that
a space should exist between the internal surface of
the casting and the prepared surface of the tooth
everywhere except immediately adjacent to the
margin. The space provides room for the luting
agent and allows complete seating of the restoration
during cementation (see Chapters 7 and 31). At the
preparation margin, there should be a band of close
adaptation (about 1 mm wide) to prevent dissolu-
tion of the luting agent. The ideal dimension 3-5 for
the cement space has been suggested at 20 to 40 um
for each wall, which implies that a complete crown
should have an internal diameter between 40 and 80
um larger than the diameter of the prepared tooth.
By using available techniques in an appropriately
standardized manner, such a degree of casting
adaptation can routinely be obtained, independent
of the geometry of the finish-line .6,7

If the cement space is too narrow, the casting
will not seat properly during cementation because
of hydraulic pressure that develops when the vis-
cous mass of luting agent cannot escape through
the narrow gap between crown and preparation as
the restoration is seated. Conversely, if the cement
space is too wide, the casting will be loose on the
tooth, resistance form (see Chapter 7) will be re-
duced, and the position of the casting will be dif-
ficult to maintain accurately during evaluation
and occlusal adjustment. In addition, the risk of
the crown loosening during function increases
considerably, and its longevity is adversely af-
fected. The precise amount of cement space ob-
tained depends on the materials and techniques
used in the indirect process, particularly the
choice of impression material (see Chapter 14), die
material (see Chapter 17), investment (see Chapter
22), and casting alloy (see Chapters 19 and 22 and
Fig. 18-1). These factors directly affect the size of
the cement space.

Increasing the Cement Space. A number of
factors increase the cement space for a complete
crown:
1. Thermal and polymerization shrinkage of the

impression material (see Chapter 14)
2. Use of a solid cast with individual stone dies

(see Chapter 17)
3.

	

Use of an internal (initial) layer of soft wax
4.

	

Use of die spacers
5. Increased expansion of the investment mold

(see Chapter 22)
6. Removal of metal from the fitting surface by

grinding, airborne-particle abrasion, etching
with aqua regia, or electrochemical milling

All factors being equal, the factors just mentioned
result in an increased distance between the internal
surface of the casting and the surface of the pre-
pared tooth. Although the dentist has little control
over the polymerization shrinkage of impression
materials, die system selection has a direct influence
on the size of the wax pattern. Using a multiple
pour system for fabrication of a solid master cast
and a separate die will yield a die that is slightly
larger with some impression materials, effectively
stretching the pattern, which results in a propor-
tionally larger casting. An internal layer of soft wax
is subject to slightly more compression by the set-
ting refractory investment material, leading to a
looser fit. Spacers enlarge the die by coating the oc-
clusal surface and vertical axial walls with a thin
layer of rapidly drying paint. The expansion of the
investment mold can be increased by heating the
mold to a slightly higher temperature during the
wax elimination phase, and metal can be removed
from the internal surface of a cast crown through
air-abrasion, etching, or milling procedures.

Reduction of the Cement Space.

	

A number of
factors reduce the cement space:
1.

	

Use of resin or electroplated dies
2.

	

Use of alloys with a higher melting range
3.

	

Reduced expansion of the investment
Resin and electroplated dies are slightly smaller

than stone dies and will therefore result in a smaller
casting. As alloys cool over a larger temperature
range, the additional shrinkage that takes place will
cause the same. If the investment is mixed with an
adjusted water/powder ratio resulting in less set-
ting expansion, the size of the resulting casting is
again reduced. When problems routinely surface
with castings that are either too loose or too tight,
any of the previously mentioned variables may be
altered, leading to more predictable results.

Problems with fitting castings become apparent
at two stages of the indirect procedure: when the
casting is tried on the die and when it is cemented.
Recognizing problems at each stage and correcting
them before proceeding is crucial. Difficulty with
seating the casting on the die is generally due to wax
distortion, the presence of flash extending cervical to
the preparation margin (excess wax that was not re-
moved before the investing and casting procedure),
improper investment expansion (underexpansion), or a
casting nodule (Fig. 18-3). Modification of the invest-
ing and casting protocol will solve these problems
(see Chapter 22). Consistent problems with castings
that do not seat completely when tried on the pre-
pared tooth may be corrected by changing just one
variable in the protocol. Although most practitioners
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Fig. 18-3. This experimental near-cylindrical casting
failed to seat because of inadequate expansion of the invest-
ment, not inadequate die spacing.

Fig. 18-5.

	

Marking the preparation margin. Note that the
side of the colored pencil tip is used to keep line width to a
minimum.

Fig. 18-4. Applying die spacer. Care must be taken to
keep the material at least 1 mm from the margin.

about 1 mm must be left unpainted. 9 Thinner is pro-
vided to replace the solvent, which tends to evapo-
rate, resulting in an excessive thickness of spacer.

MARKING THE MARGINS

The technician's awareness of the cavosurface mar-
gin's location is very important. By marking it with
colored pencil, the technician can pinpoint this loca-
tion (Fig. 18-5). The color should contrast with that
of the wax that will be used (e.g., a red pencil can be
used for a green wax). An ordinary lead pencil is not
recommended, because it can abrade the die, its
darker color can interfere with efforts to verify that
the wax was properly adapted at the margin, and
traces of the graphite (an antiflux) can prevent com-
plete casting of the margins. The marked margins
can be coated with low-viscosity cyanoacrylate
resin and immediately blown dry. If performed
properly, this procedure will add no more than a
micrometer"' to the die. Although removing the ex-
cess with acetone is sometimes possible, care must
be taken not to create a thick layer of cyanoacrylate,
which can result in an unacceptable fit of the final
cast restoration. For this reason, higher-viscosity
resins should be avoided.

advocate the routine use of die spacer, this is just
one of many options to influence the size of the re-
sulting cement space.

Die Spacer (Fig. 18-4).

	

This material (similar to
model airplane paint 8 ) is applied to the die to in-
crease the cement space between axial walls of the
prepared tooth and the restoration. It is formulated
to maintain constant thickness when painted on the
die. However, it should not coat the entire prepara-
tion. For adequate marginal adaptation, a band of

M.H. Reisbick
Inlay casting wax (the name given all wax used in
forming the pattern for cast restorations) is actually
composed of several waxes. Paraffin is usually the
main constituent (40% to 60%). The remaining bal-
ance consists of dammar resin (to reduce flaking)
plus carnauba, ceresin, or candelilla wax (to raise
the melting temperature), or beeswax. Sometimes a
synthetic wax is substituted for the natural material.
Dyes are added to provide color contrasts. Exact
formulations are trade secrets, but Coleman" has
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published the formula for an experimental com-
pound.

The American National Standards Institute
(ANSI) and the American Dental Association
(ADA) 12 have categorized waxes into two types:
1.

	

Type I-a medium wax (generally used with the
direct technique for making patterns in the oral
cavity)

2.

	

Type Il-a softer wax (generally used for the in-
direct fabrication of castings)

Waxes used with direct techniques must not flow
appreciably at mouth temperature. Those used with
indirect techniques must resist flow at room tem-
perature to maintain their newly shaped forms.

Specifications of the ANSI and ADA govern the
important properties of residue, flow, and expan-
sion. Because the mold must burn out cleanly to al-
low the escape of gases and the complete entry of
molten alloy, there can be no residual ash. However,
the specifications allow a 0.1% residue, which ap-
parently is effectively negligible. Flow require-
ments, as previously stated, are necessary to control
the stability of the wax once it has reached the tem-
perature at which it is carved, burnished, and pol-
ished (37° C [99" F] for direct-type, 25C [77° F] for
indirect-type waxes). In addition, the wax must
flow well at typical forming temperatures. Curves
of temperature plotted against percentage flow (Fig.
18-6) are furnished by reputable manufacturers and
should be consulted when choosing a casting wax.
All waxes expand or contract when heated or
cooled. Manufacturers' curves of percentage expan-
sion and contraction at various working tempera-
tures (Fig. 18-7) are helpful when considering meth-
ods to use in the investing and casting process. For
example, a wax that solidifies at a higher tempera-
ture will shrink more and will therefore require
more compensation to control fit than a wax that so-
lidifies at a lower temperature (a reason for not in-
terchanging Type I and Type 11 waxes within an es-
tablished technique). These properties can be
adversely affected by repeated heating of the wax,
which will drive off the more volatile components. 13

When selecting waxes for optimal casting accuracy,
the use of waxes with different properties for the
margin and occlusal portions may be necessary." If
a casting is to be accurate, the wax pattern must not
become significantly distorted. One cause of distor-
tion is that wax has "memory," which means that
it exhibits some elasticity unless it is thoroughly
liquefied. This problem can be overcome by apply-
ing the initial layer of wax in melted increments
or drops. As an alternative, the initial coping can
be made by dipping the die into thoroughly
melted wax.

Fig. 18-7.

	

Wax expansion curve.

However, a serious problem exists when the
added wax incorporates strain within the pattern as
each increment solidifies. This strain tends to be re-
leased with time and subsequently distorts the
wax pattern. The rate of wax change is temperature
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dependent, which means that it increases at higher
ambient temperatures. Because wax has a relatively
high coefficient of thermal expansion and changes
dimension subject to air temperature changes,
and because the pattern will tend to release its in-
corporated strain, the margins must be remelted,
readapted, and resmoothed immediately before in-
vesting. The internal fit of the remelted portion will
then be closer to the prepared surface of the tooth
than the rest of the casting and therefore may help
obtain the necessary space for the luting agent.

A step-by-step waxing technique is recommended.
Each step is evaluated before proceeding to the
next, which allows corrections and minimizes extra
work. The finished wax patterns should be an accu-
rately shaped anatomic replica of the original teeth.
Information needed to shape the restoration cor-
rectly is derived from the contours of the unpre-
pared tooth surface, adjacent tooth surfaces, and the
opposing occlusal surfaces; however, additional in-
put is needed. This stems from a thorough knowl-
edge of tooth anatomy and the ability to copy three-
dimensional structures accurately.

When making a drawing or painting, artists con-
stantly refer to the real-life scene they are trying to
reproduce. Similarly, when waxing a restoration, the
dentist or technician should refer to a suitable model
(e.g., diagnostic casts, unworn extracted teeth, a con-
tralateral tooth) or casts of the unworn natural teeth.
It is unwise to copy reproductions of natural teeth
(plastic teeth or casts of restored mouths), no matter
how skillfully they are made. This would be like an
artist trying to render a scene from another artist's
painting, rather than from real life.

Evaluating a three-dimensional shape is difficult.
The finished wax pattern for a tooth may be too bul-
bous or too flat. Although it appears "wrong," pin-
pointing and correcting the exact problem is a skill
achieved only after in-depth study of what consti-
tutes "normal" anatomic form. When evaluating oc-
clusal morphology, breaking down the complex sur-
faces into individual components is helpful. When
evaluating axial contours, the practitioner should
assess a series of two-dimensional outlines by rotat-
ing the wax pattern. These can easily be compared
to an appropriate model, and any aberrations can be
corrected (Fig. 18-8).

Fig. 18-8.

	

A, incorrect midfacial contour is difficult to de-
termine by looking directly at a three-dimensional object.
B, It is more easily seen by sequential evaluation of the pro-
file of the pattern as it is rotated.

Fig. 18-9.

	

Waxing armamentarium.

• Waxing instruments (C)
• Cotton cleaning cloth (D)
• Sharp colored pencil (contrasting color to wax)
• Separating liquid (E)
• Occlusal indicator powder (zinc stearate* or

powdered wax) (F)

Armamentarium (Fig. 18-9)
• Bunsen burner (A)
• Inlay wax (B)

*NOTE: Zinc stearate may present a health hazard if it
is inhaled. Powdered wax is a safer alternative.
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Fig. 18-10.

	

A to F, PKT waxing instruments (A, Nos. 1 to 5. B, Nos. 1 and 2. C, No. 3. D and E, No.
4. F, No. 5) G and H, The no. 7 waxing spatula.

• Soft toothbrush
• Double-sided brushes (soft/rigid) (G)
• Cotton balls
• Fine nylon hose (H)
• Shim stock or marking tape (1)

Waxing Instruments. Waxing instruments can
be categorized by the intent of their design: wax ad-
dition, carving, or burnishing. Of the popular PKTs
(Fig. 18-10, A to F) (designed by Dr. Peter K. Thomas
specifically for the additive waxing technique), no. 1
and no. 2 are wax addition instruments, no. 3 is a
burnisher for refining occlusal anatomy, and nos. 4
and 5 are wax carvers.

Wax is added by heating the instrument in the
Bunsen flame, touching it to the wax, and quickly
reheating its shank in the flame. Wax flows away
from the hottest part of the instrument, so that if the
shank is heated, a bead of wax will flow off the tip
(Fig. 18-11). However, if the tip is heated, the wax
will flow up the shank of the instrument (to the con-
siderable annoyance of inexperienced operators).
The PKT no. 1 instrument is used for large incre-
ments; the smaller no. 2 is used for lesser additions.

Fig. 18-11.

	

Always heat the shank of the instrument so
wax will flow off its tip.

A no. 7 or 7A waxing spatula (see Fig. 18-10, G and
H) is useful for adding large amounts of wax, par-
ticularly in forming the initial coping or thimblelike
layer of wax that covers all prepared surfaces. Elec-
tric waxing instruments (Fig. 18-12) are preferred by
some technicians because they allow precise tem-
perature control of the wax, which is important for
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Fig. 18-12.

	

Electric waxing instrument.

Fig. 18-13.

	

Wax carvers. No. 2 Ward and nos./, and 3
Hollenback.

proper manipulation. Another advantage is that
carbon buildup can be kept to a minimum, which
easily results from overheating a waxing instrument
in a Bunsen flame.

Wax carvers should be kept sharp and should
never be heated. In addition to the PKT instru-
ments, the nos. 1/Z and 3 Hollenback and the no. 2
Ward carvers (Fig. 18-13) are popular. When carving
wax, light pressure should be used to obtain the de-
sired smooth surface.

Burnishing is an alternative to carving for ob-
taining a smooth wax pattern of the desired con-
tour. Burnishing consists of slightly warming a
blunt instrument and rubbing the wax. The instru-
ment should not be so hot that it melts the wax sur-
face. The PKT no. 3 instrument is useful for bur-

Fig. 18-14.

	

DPT no. 6 wax burnisher.

nishing the occlusal surfaces. The PKT nos. 1 and 2
can be used for burnishing as well as for wax addi-
tion. Another popular burnisher is the Darby-Perry
trimmer (DPT) no. 6 (Fig. 18-14). For removing
wax, burnishing is less effective than carving, but it
is probably easier to control and leaves a smoother
surface, which can be particularly important when
trimming excess wax near the margin. Careless (ex-
cessive) carving in this area can result in abrasion
of the die, creating a ledge around the finished
casting.

POSTERIOR TEETH

The following sequence is recommended for wax-
ing posterior teeth:

1.

	

Internal surface
2.

	

Wax pattern removal and evaluation
3.

	

Proximal surfaces
4.

	

Axial surfaces
5.

	

Occlusal surfaces
6.

	

Margin finishing

Internal Surface.

	

Forming a closely adapted in-
ternal surface is the first step in waxing. The wax must
reproduce all retention features of the restoration.

Step-by-step Procedure

1.

	

Apply die lubricant generously with a clean
brush (Fig. 18-15, A). Allow it to dry and
paint on a second coat (repeat periodically as
needed). Waxing should not begin until the
lubricant has soaked in completely.

2. Where pinholes have been prepared, fit in
plastic pins that match the bur used to sink
the hole. Seat the pins in the die and use a
heated no. 7 instrument to flatten their tops to
provide retention (Fig. 18-15, B).

3. Flow wax onto the die from a well-heated,
large waxing instrument (Fig. 18-16, A), mak-
ing sure that any previous application is par
tially remelted. A large instrument will hold
sufficient heat to partially remelt previous
wax increments and to prevent folds or lines
from developing in the fitting surface. Wax-
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Fig. 18-15.

	

Starting the waxing procedure. A, Lubricating the die. B, Adapting plastic pins.

Fig. 18-16.

	

Forming the initial copings. A, Use a large instrument to keep the wax sufficiently hot.
Ensure that previous applications are remelted as additional wax is added. B, Build up adequate bulk
for rigidity. C, Build up the second coping while allowing the first to cool thoroughly. D, Trim the wax
very carefully to the margin.

ing will be easier if the instrument is kept
clean and only its shank is heated.

4.

	

When applying the initial layer, be sure that
the wax is fully molten. If it is not, wax
"memory" may cause distortion. Very hot
wax flows rapidly over the die. Subsequent
waxing of external anatomic details is accom-
plished with cooler instruments, which al-
lows small additions to be placed accurately.
Dipping the lubricated die in a pot of melted
wax is an alternative method for making
well-adapted internal surfaces (Fig. 18-17).
This method is particularly suitable for com-
plete-coverage restorations.

	

Fig. 18-17.

	

Wax dipping pot.
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5.

	

Add sufficient wax with a large instrument to
allow the coping to be handled without de-
formation or breakage (Fig. 18-16, B). A large
instrument will keep the wax hot more effec-
tively than a small instrument.

6. Give the proximal areas extra bulk to help
grip the coping and prevent its distortion
when it is removed from the die. The wax
should cool between applications (Fig. 18-16,
C). At this point, no attempt should be made
to contour the axial walls.

7.

	

Trim the wax back to the margin (Fig. 18-16,
D) so the coping can be removed and evalu-
ated. Excess bulk can be removed safely with
a carving instrument. When only a thin ex-

cess layer remains, trimming is performed
most safely with a burnisher. Careless use of
a sharp carver at this stage may scratch the
fragile margin of the die or chip it. Therefore,
a slightly warmed blunt instrument should
be used and the margins rubbed with a bur-
nishing action. A carver can be used but re-
quires meticulous technique and great care.

Wax Pattern Removal (Fig. 18-18). The wax
should be allowed to cool thoroughly before the
coping is removed from the die. A constant light
grip is maintained on the pattern by the thumb and
forefinger of one hand while pressure is applied
against them with the thumb and forefinger of the
other hand, which also holds the die (Fig. 18-18, B).
A small square of washed rubber dam will increase
friction between the fingers and the pattern. If the
pattern fails to move, there may be excess wax gin-
gival to the margin.

Evaluation (Fig. 18-19). The objective of the
first waxing step is a perfectly adapted reproduc-
tion of the prepared tooth surfaces. Identifying de-
fects may take some practice. The examiner rotates
the pattern under a bright light and looks for shad-
ows formed by folds or creases. A binocular micro-
scope or high-quality magnifying loupe is helpful
not only for this step but also throughout the labo-
ratory phase. Ten-power magnification is practical

Fig. 18-18.

	

Wax pattern removal. A, A sheet of washed
rubber dam increases friction and aids removal. B, The fin-
gers of the left hand hold the die. The right hand holds the
pattern. C, The die is pulled from the pattern by bending
the fingers of the left hand.

Fig. 18-19.

	

Evaluation. A, Well-adapted pattern. B, Poor
adaptation. Folds and creases (arrows) indicate that wax
was not hot enough when applied.



Chapter 18 Wax Patterns

and helpful. Using higher power makes maintain-
ing orientation a problem.

Proximal Surfaces (Fig. 18-20). The proximal
surfaces of natural teeth are not convex. They tend

Fig. 18-20.

	

Proximal surfaces gingival to the contact
area are normally flat or concave. Note the triangular shape
of the posterior embrasures.

to be flat or slightly concave from the contact area to
the cementoenamel junction, and any restoration
must reproduce this feature. Overcontouring often
makes maintaining periodontal health difficult, par-
ticularly if drifting of teeth has led to increased root
proximity. Excessively concave or undercontoured
proximal surfaces also make flossing ineffective and
must be avoided. 16

Contact Areas.

	

The size and location of the con-
tact areas should be established before waxing the
remainder of the proximal surfaces. Reference is
made to contacts between the contralateral teeth
and knowledge of anatomic form.

Abnormally large proximal contact areas make
plaque control more difficult and can lead to peri-
odontal disease. Very small (point) contacts may
be unstable and cause drifting. Deficient contacts
can also lead to food impaction; although this is
not a direct cause of chronic periodontal disease,
it can be very uncomfortable and painful to the
patient.

Most posterior contact areas (Fig. 18-21) are lo-
cated in the occlusal third of the crown. However,
contact between the maxillary first and second

Fig. 18-21.

	

Location of the proximal contact areas. A, On maxillary teeth-progressively more oc-
clusal and buccal when progressing anteriorly. B, On mandibular posterior teeth-centrally located.
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molar occurs in the middle third." The contact areas
between mandibular teeth and maxillary molars are
generally centrally located. Between maxillary pre-
molars and molars, the contact areas are usually to-
ward the buccal surface (making the lingual embra-
sure larger than the buccal).

Step-by-step Procedure

1. Replace the wax coping on the lubricated
master cast or removable die. When a remov-
able die system is used, extreme care must be
taken to ensure that the locating pin and
stone surfaces are absolutely free of excess
wax or other debris that could prevent com-
plete seating of the die (e.g., small stone par-
ticles) (Fig. 18-22).

2. Adjust the coping as necessary to be com-
pletely clear of the opposing occlusal sur-
faces. They will be developed with a wax ad-
ditive technique later.

3.

	

Add wax to the contact areas until they are
the correct size, properly located, and consis-
tent with anatomic form (Fig. 18-23).

4.

	

When this has been accomplished, shape the
proximal surfaces gingival to the contacts to
the correct contour. A properly trimmed die
is of great assistance in accomplishing this.
The unprepared tooth structure that was re-
produced in the "cuff" of the impression now
serves as an effective guide to orienting the
waxing instrument properly.

Evaluation. The location of the contact area is
checked once again. Where multiple restorations are
being made, the proximal embrasure is shaped
symmetrically to provide adequate room for the
free gingival tissues of adjacent teeth (Fig. 18-24).
The proximal surfaces should be flat or slightly con-
cave and should be shaped to eliminate any direc-
tional change between the root surface and the fin-
ished restoration. The cervical contour of the
restoration should be continuous, with the contour

Fig. 18-22.

	

Wax chips that accumulate on the dowel pin
or in the sleeve will prevent a die from seating. Periodic
cleaning with a brush is recommended.

of the unprepared tooth structure immediately cer-
vical to the preparation margin.

Axial Surfaces.

	

The buccal and lingual surfaces
should be shaped to follow the contours of the adja-
cent teeth. The location of the height of contour (or
survey line for retainers for removable partial den-
tures) is particularly important. It is generally lo-
cated in the gingival third of most teeth, although
on mandibular molars it is usually in the middle
third of the lingual surface.

Restorations are often made too bulky. Natural
teeth are rarely more than 1 mm wider at their
height of contour than at the CEJ. This should not
be exaggerated when recreating a tooth in wax.
The tooth surface gingival to its height of contour
immediately adjacent to the gingival soft tissues,
sometimes called the emergence profile,18 is usu-
ally flat or concave. Creation of a convexity in this
area or a shelf or ledge19 makes bacterial plaque re-
moval difficult and has been shown to cause in-
flammatory and hyperplastic changes in the mar-
ginal gingiva. Before dental plaque was identified
as the direct etiologic agent in periodontal dis-
ease,2° an excessive axial contour was considered
necessary to keep food from entering the gingival
sulci." However, there is no evidence to support
this concept. Indeed, artificially reduced axial con-
tours (as when a prepared tooth is left unprotected
for an extended period) 22 are associated with

Fig. 18-23.

	

A, Wax is added to the contact area. B, The
die is seated to establish a correctly located proximal contact.
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healthy gingival tissue. Overcontoured axial sur-
faces result if there has been insufficient axial re-
duction during tooth preparation. Special care is
needed where bone loss has occurred as a result of

periodontal disease, particularly when this has ex-
posed the root near the furcation. The axial contour
should then be modified to improve access for
plaque removal (Fig. 18-25).

Fig. 18-24.

	

A, From the occlusal view, proper
buccal and lingual embrasure form have been estab-
lished. B, The contact areas should be shaped so the
gingival embrasures are symmetric.

Fig. 18-25.

	

As the cervical margin is placed
near root furcations, the axial contour is modi-
fied to improve access for plaque control in pa-
tients with extensive bone loss. A, Modified wax
patterns for a periodontally compromised pa-
tient. Note the change in the outline form of the
occlusal tables. B, Normal axial morphology.
C to E, Modified contour will allow better access
for oral hygiene.
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Step-by-step Procedure
Axial Contours
1. Establish the location, position, and overall

outline of the contour, using the adjacent and
contralateral teeth as a guide.

2. Wax the axial surfaces gingivally to form a
smooth, flat profile. There should be no
change of direction from unprepared tooth
structure to the axial restoration contour.

3. Shape the middle third of the axial surface
using the adjacent tooth as a guide (Fig. 18-
26, A).

4.

	

Add wax to join the axial and proximal sur-
faces and smooth them, paying particular at-
tention to the location and shape of the
mesial and distal transitional line angles. A
Boley gauge may prove helpful. The line an-
gles should correspond to those on the con-
tralateral teeth if intact (Fig. 18-26, B).

Evaluation. The examiner should evaluate the
shape of the tooth at its greatest convexity by look-
ing at the wax pattern and comparing it with the
shape of the contralateral tooth. Each part of the out-
line should be carefully scrutinized. If the outline is

too square or too round, this can be modified. The
buccal and lingual contours and the embrasures
should all be assessed. Initially, assessing individual
components rather than the entire contour or outline
is helpful. Try to relate the shape under evaluation to
a "neutral" reference point such as the midsagittal
plane when viewing from the occlusal surface. With
more experience, the practitioner will find it easier to
review multiple forms simultaneously.

Each contact area has four embrasures: gingival,
buccal, lingual, and occlusal. All but the occlusal
will have been completed by this stage. The embra-
sures are normally symmetric about a line drawn
through the contact area (Fig. 18-27).

Occlusal Surfaces.

	

The cusps and ridges of the
occlusal surfaces should be shaped to allow even
contact with the opposing teeth while stabilizing the
teeth and directing forces along their long axes (see
Chapter 4). Noncentric or nonfunctional cusps (buc-
cal of the maxillary teeth, lingual of the mandibular
teeth) should overlap vertically and horizontally,
preventing accidental biting of the cheek or tongue
and keeping food on the occlusal table.

Fig. 18-26.

	

A, Waxing axial contours. B, Evaluate the
buccolingual dimension with a Boley gauge. This instru-
ment is also helpful in assessing axial shape and height of
contour. Fig. 18-27.

	

Symmetry of embrasures.
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Point contacts between opposing teeth are pre-
ferred to broad, flat occlusal contacts because wear
of the restorations will be minimized and mastica-
tion of tough or fibrous foods improved. The oc-
clusal surfaces of natural teeth consist of a series of
convexities with developmental grooves where the
convex ridges meet. The opposing cusps should
travel through pathways paralleling these grooves
without tooth contact in excursive jaw movements.

The occlusal surfaces can be precisely developed
with a wax addition technique similar to the one de-
vised by E.V Payne" that is used in many schools to
teach occlusal morphology and function 24-26 (Figs.
18-28 and 18-29).

Occlusal Scheme. Two occlusal schemes are
generally recognized and should be understood
when planning the restorations: cusp-marginal

C

Fig. 18-28.

	

Occlusal waxing using the sequential wax addition technique. A, Accurate occlusal con-
tacts are developed by adding small increments of wax and closing the articulator while the addition is
still soft. B, Powder is used to verify the location and size of the contact. C, Cones are used to determine
the location of cusp tips. D and E, The various features of the occlusal surface are developed sequen-
tially in wax. F and G, Secondary occlusal features can be refined by reflowing the wax and burnishing
the fissures. H to K, Completed waxing with occlusal contacts marked. (For the cusp-marginal ridge
scheme, numbers refer to cusp position in Table 18-1.)
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Fig. 18-29.

	

A, Step 1-cone placement. B, Step 2-cus-
pal ridges superimposed. C, Step 3-cones, cuspal ridges,
and triangular ridges. D, Step 4-cones, cuspal ridges, tri-
angular ridges, and secondary and marginal ridges.
E, Step 5-occlusal morphology complete.

ridge and cusp-fossa (see Chapter 4). In the cusp-
marginal ridge scheme, the buccal cusps of the
mandibular premolars and the mesiobuccal cusps
of the mandibular molars contact the embrasures
between the maxillary teeth (i.e., they contact two
teeth). In the cusp-fossa scheme, these mandibular
centric cusps contact farther distally into the mesial
fossa of the maxillary tooth and contact only one
tooth (Tables 18-1 and 18-2). The lingual (centric)
cusps of the maxillary teeth contact the fossae of the
mandibular teeth in both schemes.

Most adults with a Class I occlusion and unworn
teeth will have a cusp-marginal ridge scheme. In
natural dentitions, the cusp-fossa arrangement is
found only when a slight Class 11 malocclusion is
present. However, for the following reasons, the
cusp-fossa arrangement has been recommended
over the cusp-marginal ridge when occlusal recon-
struction is undertaken:
1.

	

Food impaction is prevented.
2. Centric relation closure forces are nearer the

long axes of the teeth.
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F

Fig. 18-30.

	

A, Adding wax cones to determine cusp height and location. B, Marking the central fos-
sae of opposing teeth will help position the centric cusps correctly. C, All cones are positioned and tested
for interferences in all excursions. D to F, The wax additive technique is especially useful when multiple
restorations are provided.

3.

	

Improved stability results from the tripod con-
tacts for each centric cusp.

When the mesiodistal relationships of opposing
teeth favor it, the cusp-fossa scheme is optimal. If
these relationships are not present, the coronal
contours must be distorted with respect to natural
morphology. The cusp-marginal ridge scheme
may be a better choice in such cases. However, the
decision is not always a clear one. Tooth size and
position variations among patients produce a con-
tinuum between the optimal cusp-marginal ridge
and cusp-fossa schemes. Common sense dictates
using the scheme that produces the best overall
functional and esthetic result. In many cases, this
can be determined only by trial and error. The
placement of cones before any other occlusal
waxing is often the most efficient way to accom-
plish this.

Cusp Height and Location (Fig. 18-30)
1. Determine the position and height of the

cusps with wax cones. This is done so that
necessary modifications can be made rapidly.
Add wax cones for each cusp, and mark the
central fossae of opposing teeth to help posi-
tion the cusps correctly.

2. Position the centric or functional cusps
(mandibular buccal and maxillary lingual) so
they occlude along the buccolingual center of
the opposing tooth. The actual cusp tips do
not contact the opposing tooth. Greater sta-
bility and reduced wear are possible with
small points of contact distributed around
the cusp tips.

3.

	

Use the mesiodistal location of the cones to
determine the type of occlusal scheme to be
attempted-cusp-marginal ridge or cusp-

E
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fossa (see Figs. 18-28, H to K, Fig. 18-31, and
Tables 18-1 and 18-2).

Evaluation (Fig. 18-32).

	

The cones should be po-
sitioned so they follow an anteroposterior curve (the
curve of Spee). The mandibular cusps should be-
come taller farther distally, and the maxillary cusps
should become shorter. They should also follow a

compensating plane (the curve of Wilson) when
viewed from the front, with the noncentric (or non-
functional) cusps slightly shorter than the centric
cusps. All eccentric movements should be repro-
duced on the articulator; if unwanted contact results
in protrusive, working, and nonworking excursions,
they should be eliminated by either reducing or
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repositioning the cones. Proper cone height and po-
sition are the key to proper occlusal form.

Completion of Axial Contours (Fig. 18-33).
4.

	

Complete the axial contours (marginal ridges
and cuspal ridges). Be especially careful not
to alter the location or height of the cusps as
previously determined with the cones.

5.

	

After each addition of wax, check for occlusal
contact by closing the articulator. Do not in-
crease the vertical dimension of occlusion.

Evaluation.

	

At this stage, the buccal, mesial, lin-
gual, and distal surfaces have been completed (see
Fig. 18-33, D and E). When viewed from these per-
spectives, the wax pattern should appear identical

to an intact tooth. When viewed from the buccal
perspective, each cusp should have a distinct pro-
file, with the cusp tip highest and a gentle slope
down to the marginal ridges. Adjacent marginal
ridges should be of the same height. Occlusal con-
tacts in excursive movements must also be evalu-
ated. If there is unwanted contact, grooves can be
created in the cuspal ridges to allow the passage of
opposing cusps.

Triangular Ridges (see Fig. 18-28, A, and
Fig. 18-34)
6. Give each cusp a triangular ridge that runs

toward the center of the occlusal surface. The
apex (or point) of the triangle should be at the

Fig. 18-31.

	

A, Cusp-marginal ridge occlusion. B, Cusp-fossa occlusion. (The numbers refer to
Tables 18-1 and 18-2.)
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cusp tip, and the base should be in the center
of the occlusal surface.

7.

	

Make the bases of the buccal and lingual tri-
angular ridges convex mesiodistally and buc-
colingually.

8.

	

As each ridge is added, close the articulator.
Where the occlusal surface meets an oppos-
ing tooth, note the small depression and ad
just this to form a convex surface so that pin-
point contact exists.

Evaluation (see Fig. 18-28, B, and Fig. 18-35).

	

The
triangular ridges are dusted with zinc stearate or
powdered wax. The cusps should still have their
correct sharp contour and should not be rounded by
improper polishing.

Fig. 18-32.

	

Cones should follow an anteroposterior
curve (of Spee) and a lateral curve (of Wilson).

Secondary Ridges (see Fig. 18-28, F, and
Fig. 18-36)

9.

	

Make two secondary or supplemental ridges
adjacent to each triangular ridge. All cusps
should have a single triangular ridge and two
secondary ridges. The degree of specific de-
lineation between the triangular and sec-
ondary ridges varies, depending on the
prominence of the cusp within the occlusal
table of the tooth that is being waxed.

Fig. 18-33.

	

Completing axial contours. A and B, Add the maxillary buccal cusp ridges. C, Add the
mandibular buccal cusp ridges. D and E, At this stage, the buccal surface is complete and should be
evaluated for correct contour.
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Fig. 18-34.

	

Waxing maxillary triangular ridges.

Fig. 18-35.

	

Evaluating occlusal contacts.

Fig. 18-36.

	

Adding secondary ridges.
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10. Make the secondary ridges convex with
grooves where they meet the convexities of
the triangular ridges. The most mesial and
most distal secondary ridges are often con-
tiguous with the marginal ridges.

Evaluation (Figs. 18-37 and 18-38). If the ridges
have been carefully formed, only a small amount of
finishing will be needed at this stage. Any pits can
be filled with wax and the grooves carefully
smoothed (see Fig. 18-28, G). Initially, obtaining
smooth transitions between the occlusal compo-
nents may be difficult. Smoothing from the grooves
onto the individual occlusal features, rather than
back and forth, prevents unnecessary accumula-
tions of wax residue in the grooves.

The occlusal surfaces are redusted with zinc
stearate or powdered wax, and the occlusal contacts
are checked. If a contact has inadvertently been pol-
ished away, it can be quickly re-formed by adding a
drop of wax, closing the articulator to verify that

contact was restored, and subsequently reflowing
and reshaping the occlusal feature to reestablish a
convex contour.

Margin Finishing. To optimize the adaptation
of the wax pattern (and the cast restoration) to the
die, the margins must be reflowed and refinished
immediately before investing the wax pattern. The
two principal objectives are (1) minimizing dissolu-
tion of the luting agent and (2) facilitating plaque
control.

If a zone of superior adaptation (i.e., minimum
marginal gap width) between the casting and the
prepared tooth surface is created, cement dissolu-
tion will be reduced.27 To obtain this superior adap-
tation, the pattern should be reflowed over a band
approximately 1 mm wide, measured from the mar-
gin onto the prepared surface (Fig. 18-39).

Plaque control is facilitated by producing cast
restorations that exhibit a smooth transition from

Fig. 18-37.

	

Evaluating the completed wax patterns.
(Courtesy Dr. A.G. Gegauff.)

Fig. 18-38.

	

Completed cusp-marginal ridge waxing. The occlusal contacts have been marked.
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restoration to tooth without any sudden directional
change. In addition, the axial surface of the restora-
tion must be highly polished (see Chapter 29). Be-
cause the use of any metal polishing compound or
abrasive will result in removal of material, metal
finishing procedures should be kept to a minimum
near the margin. The best way to prepare for this
step is to ensure superior smoothness of the wax
pattern when the Rflowing process is complete.
This should be verified under magnification with
loupes or a binocular microscope.

Fig. 18-39.

	

Reflowing the margins. The objective is
to create a well-adapted, 1-mm zone to prevent cement
dissolution.

Step-by-step Procedure
1. Relubricate the die and reseat the wax pat-

tern (Fig. 18-40, A). Because of the time and
attention devoted to developing occlusal and
axial form, the margins of the pattern are not
properly adapted at this stage. A large, well-
heated waxing instrument is used to melt
completely through the wax.

2.

	

Push the heated instrument through the pat-
tern and completely remelt the marginal 1 to
2 mm (Fig. 18-40, B).

3.

	

Draw the instrument along the margin until
resistance is felt because the instrument has
begun to cool and no longer easily melts the
wax.

4.

	

Reheat the instrument and repeat the proce-
dure, always overlapping with the previ-
ously melted area to remelt it and to preclude
internal folds, voids, and defects. When the
entire margin has been reflowed circumferen-
tially, a depression will be seen around the
margin as a result of the readaptation.

5.

	

Fill the depression with additional wax (Fig.
18-40, C.

6. Trim excess wax from beyond the margin
(Fig. 18-40, D).

7. Rectify any pits or defects in the axial sur-
faces and smooth the wax pattern. Wax chips
can be removed from the occlusal surface

Fig. 18-40.

	

Reflowing margins. A, After waxing, a marginal discrepancy is normally apparent
(arrow). This must be corrected before investing. B, Use a large, well-heated instrument to melt com-
pletely through the wax. C, Continue around the preparation margin; then add wax to fill the depres-
sion. D, When the pattern has cooled, carefully trim or burnish the marginal excess.
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with a cotton pellet; however, the surface
should not be rubbed. Otherwise, the oc-
clusal contacts that were so carefully gener-
ated will be destroyed.

The wax pattern is removed from the die without
distortion and replaced for final evaluation before
investing.

Evaluation. Being thorough at this stage will
pay dividends later. Because of the wax pattern's
color and glossy surface, small defects can be diffi-
cult to identify. If they are not noticed, a later re-
make may be necessary.

NOTE: Avoid overwaxing. Very little finishing of
a cast metal margin is possible without damaging
the die. Any flash of wax that extends beyond the
finish line must be trimmed. Otherwise, it will cause
distortion as the pattern is removed or prevent the
cast metal restoration from completely seating. A
gap between the wax and the die, resulting in an
open margin, can be difficult to detect. The die
should be oriented so that the observer's line of
sight is precisely along the wax-die interface. If the
wax is not well adapted, a black shadow line will be
visible. This is hard to see in wax but easier to see
(but too late) in metal. A binocular microscope or
loupe is very helpful for this stage (Fig. 18-41). To

ensure that new debris has not accumulated during
the finishing procedures, a final evaluation of the
occlusal and axial surfaces is performed. The pat-
tern is now ready for investing. (See Chapter 22.)

Waxing Inlays and Onlays (Fig. 18-42). The se-
quence of steps for fabricating a wax pattern for an
inlay or onlay is similar to that for a complete
crown, although the unprepared tooth can often
serve as a guide to axial and occlusal contour. Some-
times manipulation of a small inlay can be difficult.
One approach is to embed a loop of floss into the
pattern for easier removal (Fig. 18-42, E).

ANTERIOR TEETH
The approach to waxing anterior teeth is slightly
different than the approach to posterior teeth.
Anatomic contour waxing is recommended for
metal-ceramic restorations, because there is better
control over the thickness of porcelain and the
smoothness of the metal-ceramic junction. When
several anterior teeth are to be restored, a guide
to the lingual and labial contours is essential (Fig.
18-43). The contour of the palatal and incisal sur-
faces significantly influences the articulation. They
are most effectively recreated by using a custom an-

Fig. 18-41.

	

Evaluation. Defects must be identified and corrected before investing. A, Marginal excess or
flash (arrow) is difficult to see in wax but must be carefully removed. B, A small defect (arrow) is easier to
see in the metal but harder to correct. C, Magnification is the most practical way to finish margins properly.
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terior guidance table (see Chapter 2). This can be
made from diagnostic casts (if their initial form was
satisfactory) or from a diagnostic waxing or cast
made from an impression of provisional restora-
tions. The latter can be used when the provisionals
resulted in clinically satisfactory function and ap-
pearance. The shape of the anterior teeth will affect
the patient's speech, lip support, and appearance.
They should be determined carefully and with as
many diagnostic aids as necessary.

Lingual and Incisal Surfaces (Fig. 18-44). The
position of the incisal edges is determined by the

overall arch form of the anterior teeth and the func-
tional occlusal requirements. As with the waxing of
posterior occlusal surfaces, cones can be used to ini-
tially delineate the approximate position of the in-
cisal edge. Additional wax can then be applied as
necessary.

Opposing incisors should contact evenly during
protrusive movements but not during lateral excur-
sions. This is achieved by making a concavity in the
lingual surface of maxillary incisors. The ability to
make this concavity smooth is very important. As a
result, the patient is given a smooth envelope of mo-
tion, and potential neuromuscular disturbances are

A,B

D,E

C

F

Fig. 18-42.

	

Waxing inlay and onlay restorations. A, MO inlay wax pattern. B to E, DOB onlay wax
pattern and casting. F, Removal of the inlay wax pattern can be facilitated by embedding a loop of floss.

Fig. 18-43.

	

Optimum contours for anterior restorations are developed with the aid of a custom ante-

rior guidance table (see Fig. 19-5).
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avoided. In centric closure, anterior teeth ideally
should be just out of contact. Mylar shim stock
should just "drag" between the patterns. The lin-
gual surfaces of mandibular incisors and canines
are noncontacting surfaces. Nevertheless, they

should not be overcontoured, but shaped for easy
plaque control.

Labial Surfaces (Fig. 18-45). The shape of the
labial surfaces, particularly the location of the
mesiolabial and distolabial line angles, will deter-
mine the appearance of anterior teeth. If the labial
surface is too bulbous, plaque control may be diffi-
cult, and there may be lingual tilting of the tooth
caused by the force exerted by the upper lip. When
waxing individual anterior teeth, careful study of
the embrasure form of adjacent teeth can be partic-
ularly helpful.

Fig. 18-44.

	

When waxing the lingual surface of an ante-
rior tooth, use the contralateral tooth as a guide.

WAX CUT-BACK

If a ceramic veneer is to be used, once the final con-
tour of the wax pattern has been completed, the pat-
tern is cut back over an even thickness-usually
about 1 mm-to provide room for the porcelain fused

Fig. 18-45. Waxing the labial surfaces of maxillary incisors. Typically, the two centrals should possess
mirror symmetry around the midline. A, As the waxing progresses, symmetry can be judged by placing
a straightedge near the incisal edge and exactly perpendicular to the palatal midline. B, The straightedge
should contact each central at the same precise distance from the midline (arrows). The wax can be easily
adjusted if proper contact does not occur. Then the spaces between the straightedge and the wax pattern
(red areas) are evaluated. The left and right teeth should be mirror images of each other both mesially
and distally. C, The straightedge is repositioned farther apically, and the analysis is repeated. Note how
the form of the embrasures varies at the different locations. D, Dusting the wax pattern and marking the
menial and distal line angles. These should correspond to the line angles marked on the contralateral
tooth.
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onto the cast metal substructure (Fig. 18-46). The de-
sign and technique are discussed in Chapter 19.

WAXING CONNECTORS

The connectors that join the separate components
of a fixed partial denture or splint are created
in wax just before the margins are finalized (Fig.
18-47). Whether the connectors are cast or soldered,
they must be shaped in wax so their size, position,
and configuration are precisely controlled. Connec-
tor size is primarily important from a mechanical
perspective. To ensure optimal strength, the con-
nector should be as large as possible. However,

from a biologic perspective, connectors should not
impinge on the gingival tissues and should be at
least 1 mm above the crest of the interproximal soft
tissue. Embrasure form below connectors must per-
mit optimal plaque control. The cervical aspect of
the connector must be shaped to a smooth archlike
configuration. In esthetic areas, (i.e., anterior FPDs)
connectors should be hidden behind the esthetic ce-
ramic veneer. Therefore, connectors are often
placed slightly lingually when connectors are
waxed for anterior prostheses (Fig. 18-48). Connec-
tor form and design are discussed in detail in
Chapter 28.

Fig. 18-46.

	

Wax patterns cut back to provide room for the porcelain.

(See Chapter 19.)

A B

Fig. 18-47.

	

Waxing connectors. A, The shape, size, and location of connectors can be controlled by
forming them in wax. B, A ribbon saw is then used to section them. C, The correct cross-sectional config-
uration of an anterior connector.
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Fig. 18-48.

	

Considerations for anterior connector placement. Mechanically, the connector should be
as large as possible for strength. From a biologic perspective, the connector is most effectively placed in
the incisal half of the proximal wall. For esthetics, the connector should be placed in the lingual (palatal)
half of the proximal wall.

REVIEW OF TECHNIQUE

Figure 18-49 summarizes the steps for waxing to
anatomic form.

1. The die is modified as necessary and lubri-
cated (Fig. 18-49, A).

2.

	

An initial coping is waxed, forming the inter-
nal surface (Fig. 18-49, B).

3. The proximal surfaces are developed, with
correctly located contact areas (Fig. 18-49, C).

4. The axial surfaces are waxed. Overcontour-
ing near the gingival margin must be avoided
(Fig. 18-49, D).

5. The occlusal surfaces are developed with a

wax addition technique, which makes it eas-
ier to determine the best location of cusps
and occlusal contacts (Fig. 18-49, E).

6.

	

The margins are reflowed, and the wax pat-
tern is finished (Fig. 18-49, F).

SUMMARY
If the waxing procedure is followed in a sequential

order, inexperienced but conscientious operators

should have no problem achieving excellent results.
With more experience, they can combine and mod-

ify some of these steps; however, waxing up teeth
"from memory" is not advised. Even the most expe-

rienced technician should copy the shape of natural
teeth rather than redesign them.

n (1610) 1: the act or process of adapting;
the state of being adapted 2: the act of purposefully
adapting two surfaces to provide intimate contact 3:
the progressive adjustive changes in sensitivity that
regularly accompany continuous sensory stimula-
tion or lack of stimulation 4: in dentistry, (a) the de-
gree of fit between a prosthesis and supporting
structures, (b) the degree of proximity of a restora-
tive material to a tooth preparation, (c) the adjust-
ment of orthodontic bands to teeth

anteroposterior curve: the anatomic curve estab-
lished by the occlusal alignment of the teeth, as
projected onto the median plane, beginning with
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Fig. 18-49.

	

Technique review.

the cusp tip of the mandibular canine and follow-
ing the buccal cusp tips of the premolar and molar
teeth, continuing through the anterior border of
the mandibular ramus, ending with the anterior
most portion of the mandibular condyle. First
described by Ferdinand Graf Spee, German
anatomist, in 1890.

Bonwill triangle: [ William Gibson Arlington Bonwill,
American dentist, 1833-1899]: eponym for a 4-inch
equilateral triangle bounded by lines connecting the
contact points of the mandibular central incisor's in-

cisal edge (or the mid-line of the mandibular resid-
ual ridge) to each condyle (usually its mid point)
and from one condyle to the other, first described in
1858 while introducing his Anatomical Articulator

Bonwill WGA. Scientific articulation of the hu-
man teeth as founded on geometrical, mathematical
and mechanical laws. Dental Items Int 1899;21:
617-56, 873-80.

casting wax: a composition containing various waxes
with desired properties for making wax patterns to
be formed into metal castings
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centric stop: opposing cuspal/fossae contacts that
maintain the occlusal vertical dimension between
the opposing arches

compensating curve: 1: the anteroposterior curvature
(in the median plane) and the mediolateral curva-
ture (in the frontal plane) in the alignment of the oc-
cluding surfaces and incisal edges of artificial teeth
that re used to develop balanced occlusion 2: the
curve introduced in the construction of complete
dentures to compensate for the opening influences
produced by the condylar and incisal guidances
during lateral and protrusive mandibular excursive
movements-called also compensating curvature,

compensating curve

curve of Monson: [George S. Monson, St. Paul Min-
nesota, U.S. dentist. 1869-1933]: eponym for a pro-
posed ideal curve of occlusion in which each cusp
and incisal edge touches or conforms to a segment
of the surface of a sphere 8 inches in diameter with
its center in the region of the glabella
Monson GS. Occlusion as applied to crown and

bridge-work. J Nat Dent Assoc 1920; 7:399-417.
Monson GS. Some important factors which influ-

ence occlusion. J Nat Dent Assoc 1922;9:498-503
curve of occlusion: the average curve established by

the incisal edges and occlusal surfaces of the ante-
rior and posterior teeth in either arch

curve of Spee: [Ferdinand Graf Spec, Prosector of
Anatomy, Kiel, Germany, 1855-1937]: eponym for an-
teroposterior curve
Spee FG. Die Verschiebrangsbahn des Unterkiefers

am Schadell. Arch Anat Physiol (Leipz) 1890;
16:285-94

curve of Wilson: [George H. Wilson, Cleveland, Ohio,
U.S. Dentist, 1855-1922]1: eponym for the mediolat-
eral curve 2: in the theory that occlusion should be
spherical, the curvature of the cusps as projected on
the frontal plane expressed in both arches; the curve
in the lower arch being concave and the one in the
upper arch being convex. The curvature in the
lower arch is affected by an equal lingual inclina-
tion of the right and left molars so that the tip points
of the corresponding cross-aligned cusps can be
placed into the circumferences of a circle. The trans-
verse cuspal curvature of the upper teeth is affected
by the equal buccal inclinations of their long axes
Wilson GH. A manual of dental prosthetics.

Philadelphia: Lea & Febiger, 1911:22-37
cusp angle: the angle made by the average slope of a

cusp with the cusp plane measured mesiodistally or
buccolingually

cusp height: the perpendicular distance between the
tip of a cusp and its base plane

embrasure: n (1702) 1: the space formed when adja-
cent surfaces flair away from one another 2: in den-
tistry, the space defined by surfaces of two adjacent
teeth; there are four embrasure spaces associated

with each proximal contact area: occlusal/incisal,
mesial, distal, and gingival

emergence profile: the contour of a tooth or restora-
tion, such as a crown on a natural tooth or dental im-
plant abutment, as it relates to the adjacent tissues

i nlay wax: see Casting Wax
i ntercuspal contact: the contact between the cusps of

opposing teeth
i nterproximal contact: the area of a tooth that is in

close association, connection, or touch with an adja-
cent tooth in the same arch

oblique ridge: the elevation in the enamel that runs

obliquely across the occlusal surface of a maxillary
molar

occlusal plane: 1: the average plane established by the

incisal and occlusal surfaces of the teeth. Generally,
it is not a plane but represents the planar mean of
the curvature of these surfaces 2: the surface of
wax occlusion rims contoured to guide in the
arrangement of denture teeth 3: a flat metallic plate
used in arranging denture teeth-comp to Curve of

Occlusion
separating medium: 1: a coating applied to a surface

and serving to prevent a second surface from ad-
hering to the first 2: a material, usually applied on
an impression, to facilitate removal of the cast

wax n: one of several esters of fatty acids with higher
alcohols, usually monohydric alcohols. Dental
waxes are combinations of various types of waxes
compounded to provide desired physical properties

wax pattern: a wax form that is the positive likeness of
an object to be fabricated

waxing v obs: the contouring of a wax pattern or the
wax base of a trial denture into the desired form
( GPT-1)

wax expansion: a method of expanding a wax pattern
to compensate for the shrinkage of gold during the
casting process
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alloy
compressive stress
coping
cut-back
density
ductility
elastic limit

All patients want a pleasing smile, so esthetics is an
essential part of restorative practice, where atten-
tion must be given to color, shape, surface texture,
and proportion. Because anterior and maxillary
posterior teeth are the most visible, they require the
greatest attention to esthetic detail.

Tooth-colored restorative materials have evolved
from the soluble silicate cements of the past to the
composite resin materials and glass ionomer cements
of today. Currently metal-ceramic prostheses enjoy
wide acceptance and are the most commonly used ex-
tracoronal restoration.' They combine the superior fit
of a casting with the outstanding esthetics of dental
porcelain. Because the ceramic veneer is chemically
bonded to the metal substructure, this restoration is
not subject to the discoloration problems associated
with acrylic resin veneer crowns. In addition, the ma-
terial properties of dental porcelain are able to with-
stand wear under functional loading better than resin.

The concept of combining a brittle material with
an elastic material to arrive at more desirable phys-
ical properties has many engineering applications.
Dental porcelains (which are, chemically speaking,
glasses) resist compressive loading but tend to suc-
cumb to tensile stress. Therefore, the metal sub-
structure must be designed so that any tensile
stresses in the porcelain are minimized.

To avoid fracture, the thickness of a ceramic ve-
neer must not exceed 2 mm; however, a minimum

elongation
modulus of elasticity
proportional limit
tensile stress
toughness
yield strength

thickness of 1 mm is needed for an esthetically
pleasing restoration.

Restorations with porcelain occlusal surfaces
must be planned carefully. Although they are es-
thetically very acceptable, these restorations have
disadvantages, especially wear of the opposing
enamel. Ideally, an esthetic restoration should
wear at approximately the same rate as the enamel
it replaces (about 10 um per year'). In addition,
the restoration should not increase the wear rate
of an opposing enamel surface. Dental porcelain is
more abrasive of enamel than other restorative
materials (e.g., gold or amalgam) and has been
implicated in severe occlusal wear, particularly
when the porcelain is not glazed or highly pol-
ished (Fig. 19-1). This factor should be considered
whenever a metal-ceramic restoration is being de-
signed. Less wear on opposing teeth was cited as
the most important need for improvement of pos-
terior tooth-colored crowns.' In addition, porce-
lain occlusal coverage leads to restorations with
lower strength, and anatomically correct occlusal
form with sharp cusps can be difficult to obtain in
dental porcelain.

Some technicians may attempt to fabricate a
framework by dipping the die into molten wax, ob-
taining an even thickness. After the excess wax is
trimmed away, a gingival collar is added, and the
pattern is sprued, invested, and cast. When this is
completed, the veneer is then applied. This tech-
nique almost always produces an uneven porcelain
thickness, with an increased potential for material
fracture as a result of the porcelain not being prop-
erly supported (Fig. 19-2). If porcelain thickness is
not well controlled, appearance will suffer as well,
because the shade of the final crown depends on
porcelain thickness. For predictable success, the
framework must be carefully designed and shaped.

488
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B

D

Fig. 19-1.

	

Destructive enamel wear associated with metal-ceramic restorations.
(Courtesy Dr. M. T Padilla.)

Fig. 19-2.

	

A and C, Cross section through a metal-ceramic
restoration. Ideal porcelain thickness is ensured by waxing to
the full anatomic contour and cutting back. B and D, Incorrect
framework design has insufficient support for the incisal
porcelain. This can lead to fracture.

PREREQUISITES

The framework design for a fixed prosthesis should
be considered during the treatment planning stage
(see Chapter 3) and should be evaluated at the di-
agnostic tooth preparation and waxing stage, par-

ticularly in more complex treatments. A properly
designed framework for a metal-ceramic crown or
FPD can be achieved routinely only by waxing the
restoration to complete anatomic contour first
and then cutting back a consistent amount for the

A

C
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veneer. This allows an even thickness of porcelain,
proper porcelain-metal interfaces, good connector
design, and optimally placed occlusal contacts.

WAXING TO ANATOMIC CONTOUR

The main objective when waxing a framework is a
substructure that will support a relatively even
thickness of porcelain. Simultaneously, if the re-
tainer is to serve as part of a fixed partial denture
(FPD), it must allow for proper connector configu-
ration and location. Furthermore, the restoration
must conform to the normal anatomic configuration
of the tooth that is being replaced. At the porce-
lain-metal interface, the ceramic material should be
at least 0.5 mm thick. The framework should be
shaped to allow for a distinct margin so that the
porcelain is not overextended (Fig. 19-3). There
should be no abrupt contour change between the
metal and the adjacent porcelain.

The most effective way to consistently meet these
criteria, with a minimum number of failures, is to
develop the final contours of the proposed restora-
tion in wax (Fig. 19-4). Once completed, the area to
be veneered can be demarcated and an even thick-
ness of wax removed. If this technique is not fol-
lowed, one or more of the objectives will almost cer-
tainly be missed, and the contours of the framework
will not be in harmony with the required ceramic
configuration (Fig. 19-5).

OCCLUSAL ANALYSIS

The centric stops of any metal-ceramic restoration
can be located on either porcelain or metal. How-
ever, they must be at least 1.5 mm away from the
junction'° to prevent porcelain fracture from defor-
mation of the metal (Fig. 19-6). Care is needed to
minimize sliding contacts over the porcelain-metal
interface. When this is not possible, the framework

Fig. 19-3.

	

A, The metal substructure should have a distinct margin for finishing the veneer. The loca-
tion of the ceramic-metal interface varies, depending on the material chosen to contact adjacent and op-
posing teeth. B, Cutback for proximal contact in porcelain. C, Occlusal contact in metal. D, Proximal con-
tact in metal.
(B to D courtesy Dr. R. Froemling.)



Fig. 19-4.

	

A and B, Waxing anterior metal-ceramic restorations. C, Right lateral excursion. D, Left lat-
eral excursion. E, The anterior guidance is determined with a custom table fabricated from the diagnos-
tic waxing procedure.

Fig. 19-5.

	

Predictable esthetic result ensured by waxing to anatomical contour. A, Anatomic contour
wax patterns. B and C, Incisal and labial indices were used to verify even cut-back. D, Completed wax
patterns. E, Cast substructures. F, The labial index is reused during porcelain application.
(Courtesy Dr. M. Chen.)

	

Continued
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Fig. 19-5, cont'd.

	

G to 1, The metal-
ceramic restorations.
(Courtesy Dr. M. Chen.)

Fig. 19-6.

	

A, The metal-ceramic junction must be carefully placed to avoid areas of high stress near oc-
clusal contacts. B, Waxing to the anatomic contour ensures a smooth transition from porcelain to metal.

Fig. 19-7.

	

The metal-ceramic restoration should be
designed so that porcelain does not oppose an existing
gold restoration. This presents few problems in the
maxillary arch because the less visible lingual cusps are
in cuspal contact.

must be modified so that the porcelain is well sup-
ported in the area of functional contact.

Existing restorations in the opposing arch can in-
fluence framework design. Because sliding contact of
a porcelain restoration with a cast crown will abrade

the gold, the framework design must be modified as
necessary. A complete cast crown in the mandibular
arch presents little difficulty. It can be opposed by a
maxillary restoration with a metal occlusal surface
and a facial ceramic veneer only (Fig. 19-7). An exist-
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Fig. 19-8.

	

In the mandibular arch, the centric cusps are
visible, and only a buccal window of porcelain can be made
without contacting an opposing metal crown. Under these
circumstances, it must be decided whether the patient
should accept an esthetic or functional compromise.

Fig. 19-9.

	

Opposing restorations must be carefully
planned so that contacting surfaces will be of the same mater-
ial (i.e., metal opposing metal, porcelain opposing porcelain).

ing metal crown on a maxillary molar, however, will
restrict the design of a mandibular metal-ceramic
restoration if metal-to-porcelain contact is to be
avoided (Fig. 19-8). Here the facial veneer can no
longer be extended to include the buccal cusp tips
and associated centric stops without contacting the
opposing restoration. A complete cast crown is usu-
ally preferred because most patients do not show the
facial surfaces of their mandibular posterior teeth. In
other situations, particularly on mandibular first pre-
molars, a facial veneer is esthetically essential, and

the design of opposing restorations should allow for
it (Fig. 19-9).

The criteria for waxing to anatomic contour have
been discussed in Chapter 18. This section deals
with cutting back the veneering area.

CUTTING BACK

Armamentarium
Bunsen burner
Inlay wax
Cloth
Sharp pencil
Die-wax separating liquid
Powdered wax
Waxing instruments
Nylon hose and silk cloth
Cut-back instrument
Scalpel
Discoid carver
Wax saw
Waxing brushes

Step-by-step Procedure
Designing the Cut-back.

	

Esthetic and functional
needs govern the design of the veneering surface. The
ceramic veneer should extend far enough interproxi-
mally, particularly in the cervical half of the restora-
tion, to avoid metal display. Wherever possible, the
functional occlusal surfaces should be designed in
metal, because an accurate occlusion is then easier to
achieve (Fig. 19-10). However, esthetic demands may
require extension of the porcelain veneer (e.g., on the
mesial incline of a mandibular buccal cusp). The ex-
tent to which a restoration can be veneered is deter-
mined largely by the location of the centric stops.

1. Do not place any proximal contacts on the
junction between metal and porcelain. Plaque
accumulation there may result in caries of the
adjacent tooth. Normally, for good appear-
ance and because it is more easily cleaned,
proximal contacts are placed in porcelain. On
some posterior teeth, however, where the in-
terproximal area cannot be easily seen, a
more conservative preparation may be possi-
ble, with the contacts entirely in metal (see
Fig. 19-3, D).

2.

	

Once the extent of the cut-back area has been
determined, use a sharp instrument (e.g., an
explorer or scalpel) to mark a line delineating
the porcelain interface.

3. Dust the pattern with powdered wax and
close the articulator to determine the location
of the centric contacts.
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Fig. 19-10.

	

Framework designs for a maxillary incisor (A) and a maxillary posterior tooth (B). The
cut-back should be designed so the occlusal contacts are 1.5 mm away from the metal-porcelain junction.
C, Framework designs for porcelain occlusal surfaces.

4.

	

Inspect the design to verify that the proposed
junction is far enough away from the contacts
(1.5 mm) to prevent distortion of the metal
and porcelain fracture.

Troughing the Pattern.

	

just as guiding grooves
are used to mark the amount of substance to be re-
moved in tooth preparation, depth cuts can be used
to standardize the amount of wax to be removed
from the veneering area (troughing).

5.

	

Modify an old hand instrument with a sepa-
rating disk to serve as a depth gauge (Fig.
19-11).* The cutting edge should resemble the

*A suitable instrument is available from Thompson
Dental Manufacturing Co.

tip of a straight chisel. There should be a
shoulder exactly 1 mm from the cutting edge.

6.

	

Make depth cuts around the periphery of the
cut-back area perpendicular to the surface of
the wax pattern. Depending on the size of the
cut-back area, one or more vertical and hori-
zontal cuts can also be made.

7.

	

Remove the islands in between with a scalpel or
another carving instrument (Fig. 19-12, A to E).

Finishing
8.

	

Once the bulk reduction has been completed,
smooth the veneering surface of the wax.
This will ensure a rounded design and mini
mize the time spent on metal finishing. Sharp
angles on the veneering surface concentrate
stresses, which may lead to fracture of the
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Fig. 19-11.

	

A cut-back instrument can be readily made from a damaged hand instrument.

Fig. 19-12.

	

Cut-back procedure. A and B, For extensive restorations, a matrix or index can be made
to facilitate porcelain application. C, It is important to follow the incisal contour carefully. D, Guiding
troughs prepared in the area to be veneered. E, Wax is removed from between the troughs. F, The porce
lain-metal interface is carved to a distinct butt joint.

	

Continued

restoration." Smoothing is much easier in
wax than in metal, although this is not al-
ways appreciated initially.

9. Finish the porcelain-metal interface to a
90-degree butt joint (Fig. 19-12, F to J). Re-

flowing the margin is essentially the same
as for conventional wax patterns (see Chap-
ter 18).

10. Reestablish the collar (obliterated during
reflowing) immediately before investing.
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Fig. 19-12, cont'd.

	

G, Note the correctly shaped proximal. These units will have soldered connec-
tors. H, The finished cut-back. I and J, Patterns before reflowing of the margins.

B

Fig. 19-13.

	

A, Margins reflowed. This will ensure opti-
mum adaptation of the wax pattern in the critical margin
area. B, Patterns before investing.

Make it slightly thicker (approximately 0.5
mm) to ensure an undistorted complete cast-
ing (Fig. 19-13). When waxing for the porce-
lain labial margin technique (see Chapter
24), some technicians prefer to wax a collar

and cut back the metal; others wax to the col-
larless shape, but care should be exercised to
avoid distorting the fragile pattern.

Connector Design
11.

	

Establish the connectors in wax as described
in Chapters 18 and 28. Properly shaped and
positioned connectors are very important. If
pre- or post-ceramic application soldering is
planned, the patterns are separated with a
fine saw.

12.

	

If only a facial veneer is involved, make the
connectors identical to those for a conven-
tional restoration. If the incisal or occlusal
aspect is involved in the porcelain veneer,
do not displace the connector cervically, be-
cause access for oral hygiene will be im-
peded (Fig. 19-14).

Pontics
13. Because glazed vacuum-fired porcelain is

easy to keep clean, include the tissue-con-
tacting surfaces of pontics in the veneering
surface (Fig. 19-15).

14. To improve handling and stability of the
wax pattern, be sure to cut back this area last
(see Chapter 20).

Evaluation.

	

Immediately before investing, the
following criteria should have been met:

A
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Fig. 19-14.

	

Connectors should be located where they
do not impede oral hygiene measures.

Fig. 19-15.

	

The tissue contact on the pontics of this extensive fixed prosthesis was established in
porcelain.

1.

	

The pattern should conform to normal anatomic
form. Centric stops should be located at least 1.5
mm from the porcelain-metal junction.

2. The angle between the veneering surface and
the metal framework should be 90 degrees.

3. The internal surface of the veneering area
should be smooth and rounded.

4. The collar height should be about 0.5 mm in
wax with connectors of adequate size, but it
should not impinge on the soft tissue in the in-
terproximal areas.

5. Finally, the pattern should be smooth so that
metal-finishing procedures will be minimized.

METAL SELECTION

William A. Brantley

Leon W. Laub
Clinicians and dental laboratories face a potentially
bewildering set of choices when selecting alloys for
metal-ceramic restorations. Both noble metal and
base metal casting alloys exist, and there are differ-
ent alloy types for each of these two major groups.
There are advantages and disadvantages for each
alloy type, including significant differences in cost.
Successful clinical practice depends on the selection
of a compatible metal-porcelain combination that
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will provide predictable results, depending on the
particular patient case. Improper selection can
cause catastrophic failure (Fig. 19-16). For a better
understanding of the different properties provided
on the packaging of casting alloys, the meanings
and clinical relevance of these properties are dis-
cussed next.

DENTAL CONNOTATIONS OF MECHANICAL AND

PHYSICAL PROPERTIES FOR CERAMIC ALLOYS

Mechanical properties of major clinical relevance
are modulus of elasticity, yield strength (or pro-
portional limit), hardness, and creep or distortion
at elevated temperatures. Ultimate tensile strength,
ductility, and toughness should also be reviewed,

Fig. 19-16.

	

Failure caused by improper material
selection.

although these properties have less relevance for
metal-ceramic restorations. Except for hardness
(and elevated temperature creep or distortion), all
these mechanical properties are determined by
loading a cast specimen of the alloy to the point of
failure in a tension test at room temperature. The
physical property of thermal contraction is critically
important when choosing an alloy that is compati-
ble with the porcelain selected. From a practical
standpoint, the density is important to both the eco-
nomics of alloy selection and the dental laboratory
procedure with the casting machine.

Modulus of Elasticity. Figure 19-17 illustrates
schematically the tensile stress-strain plot for a duc-
tile casting alloy that undergoes substantial perma-
nent deformation before fracture. This plot consists
of two portions: (1) a linear or elastic region that
ends at the proportional limit, where the stress is
proportional to strain, and (2) a subsequent curved
region corresponding to plastic or permanent defor-
mation (that terminates when the test specimen
fractures). The modulus of elasticity (called Young's
modulus) is the slope of the stress-strain plot in the
elastic region. The elastic modulus has the same
value for tensile and compressive strains, which oc-
cur during bending of a prosthesis, where regions
on opposite sides of the neutral axis (centerline for a

STRAIN (cm/cm)

Fig. 19-17.

	

Stress-strain curve.
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symmetric cross section) undergo opposite senses of
deformation. An alloy with a higher modulus of
elasticity has greater stiffness or rigidity for elastic
deformation. For the fabrication of a long-span FPD,
an alloy with a relatively high modulus of elasticity
to reduce the amount of bending deflection under
loading is preferred, since excessive flexure can
cause fracture of the brittle porcelain (Fig. 19-18).
The modulus of elasticity has units of stress/strain
and is reported in units of GPa (1 gigapascal [GPa]
= 10 9 pascals [Pa] = 145,000 psi [pounds per square
inch]). The unit of 1 Pa = 1 N/m 2 is much too small
to be useful for the elastic modulus of materials.

Proportional Limit and Yield Strength. In
standard testing practice, the proportional limit
(PL) of an alloy is determined by placing a straight-
edge on the stress-strain plot (or performing this op-
eration with computer software) and noting the
value at which the plot first deviates from a straight
line. The proportional limit is often considered syn-
onymous with the elastic limit, which corresponds
to the value of stress at which permanent deforma-
tion occurs. However, the value of the elastic limit is
highly dependent on the sensitivity of the strain-
measuring apparatus. Moreover, precise location of
the PL on the stress-strain plot is somewhat prob-
lematic. Consequently, dental alloy manufacturers
generally report the yield strength (sometimes
called offset yield strength), which corresponds to the
amount of stress for a very small designated
amount of permanent deformation, at 0.1% or 0.2%
(permanent strains of 0.001 or 0.002, respectively).
The units for yield strength (YS) are megapascals
(MPa): 1 MPa = 10 6 Pa = 145 psi. As shown in Fig-
ure 19-17, the YS is obtained by constructing a line
parallel to the initial straight-line portion of the
stress-strain plot, starting with the specified value
of offset on the horizontal strain axis and then not-

ing the point of intersection with the curved portion
of the plot. Since the 0.2% YS can be substantially
higher than the 0.1% YS for a given alloy, depending
on the rate of work hardening (slope of the curved
portion of the stress-strain plot), manufacturers
specify the offset value at which the yield strength
was determined on the alloy packaging. The yield
strength is often called the useful strength of a dental
alloy, since stresses due to biting forces should not
exceed the YS and result in permanent deformation
of the alloy. Although a sufficiently high value of YS
is essential for a ceramic alloy, values that are too
high will create difficulties when adjusting the cast-
ing in the dental laboratory or dental office.

Hardness. The Vickers hardness number (VHN)
of dental alloys is generally measured using a sym-
metric diamond pyramidal indenter, although the
Knoop hardness number (KHN), obtained with a
different type of diamond indenter having long
and short axes, is sometimes reported. Conversion
scales available for the two different hardness tests
should be used with caution, since such conversions
are alloy dependent. Both the Vickers and Knoop
tests measure the microhardness, in contrast to the
older Brinell and Rockwell tests, which use much
larger indenters and measure the macrohardness.
When measuring the Vickers hardness of an alloy,
an understanding of the microstructure is critical.
Use of the standard large indenting load of 1 kg pro-
vides information about the overall hardness of the
alloy microstructure, whereas light indenting loads
(e.g., 10 g) can provide information about the hard-
ness of individual grains, constituents, or phases.
The hardness is an important practical property,
since very high values of hardness will cause diffi-
culty in the dental laboratory when the casting is
ready to be finished. Alloys with hardness values
exceeding that of enamel (approximately 350) will
cause abrasive wear of opposing teeth.

Fig. 19-18.

	

Fracture resulted from flexing of the sub-
structure of this long-span FPD.

Elevated-temperature Creep and Distortion.
Castings undergo elevated-temperature dimen-
sional changes during the porcelain firing cycles.
These changes have many causes, such as bulk
creep of the alloy from several metallurgical mecha-
nisms or distortion due to the relief of residual
stresses from the casting process and to the alloy ox-
idation. The latter may be higher for some high-pal-
ladium and other alloys that undergo internal and
external oxidation with formation of oxide precipi-
tate particles. Measuring the dimensional changes
that occur during porcelain bonding is tedious, but
concern has been expressed about the clinical fit for
castings prepared from certain alloys. Nevertheless,
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in most cases an experienced dental laboratory
should be able to vary techniques and obtain suc-
cessful results.

are involved . 12 Alloys with high YS will not be
hand-burnishable, even if they have a high value of
elongation.

Ultimate Tensile Strength.

	

The ultimate tensile
strength (UTS) (also called tensile strength or simply
strength) is the maximum point on the stress-strain
curve (see Fig. 19-17) and represents the greatest
value of stress that can be developed in the alloy
without fracture. The units for UTS are also MPa.
Two types of stress-strain curves are observed for
tensile testing of casting alloys. Alloys of high
ductility undergo substantial necking between the
UTS and the breaking strength, as shown in Figure
19-17. Other alloys of more limited ductility un-
dergo much less necking, and the stress continues to
increase after the YS until fracture occurs at the
UTS. The tensile strength has minimal practical im-
portance for a ceramic alloy, because the corre-
sponding permanent strain does not occur under
clinical conditions for a restoration. Nevertheless,
this property is easy to measure, since a strain-
gauge extensometer does not need to be attached to
the specimen, and manufacturers often quote the
tensile strength.

Percentage Elongation.

	

For metals, the ductil-
ity, or capability of undergoing permanent tensile
deformation, is measured in two ways when the
test specimen is loaded to fracture: as percentage
elongation or as reduction in area. For dental alloy
castings, the ductility is measured as the percent-
age permanent elongation of the starting gauge
length, after the two portions of the fractured spec-
imen are placed back together. This is done because
the castings typically fracture on inclined planes
whose locations are determined by porosity, and a
well-defined area for the fracture surface is not
available for measurement of the reduction in area.
Obtaining precise registration of the two fractured
portions and defining the location of the original
gauge length are difficult and therefore makes de-
termining the percentage elongation to better than
the nearest 1% hard to achieve, although values to
the nearest 0.1%> have been quoted. In principle, the
percentage elongation can be obtained during
the stress-strain test if a breakaway extensometer is
attached to the specimen. However, extensometers
are rarely available in dental materials laboratories.
Figure 19-17 exaggerates the more important elastic
range of the stress-strain curve, since the values of
percentage elongation for casting alloys lie typi-
cally within the range of 1% to 10%. When consid-
ering the ease of adjustment for cast restorations,
remember that both yield strength and elongation

Toughness. Historically, toughness, which is
the total area under the stress-strain curve, was con-
sidered an important property of casting alloys.
However, with the focus on stresses that do not ex-
ceed the YS, this property no longer receives as
much attention. The toughness represents the total
energy per unit volume to fracture the alloy and has
units of (stress x strain) or MPa. For an alloy that
does not work harden greatly and has substantial
ductility, toughness is approximately equal to (UTS
x elongation). Determining toughness from stress-
strain plots is laborious, and manufacturers do not
report this property.

Thermal Expansion/Contraction. The linear
coefficient of thermal expansion is a critical prop-
erty for an alloy that is to be bonded to dental porce-
lain. These coefficients should be closely matched to
within about 0.5 x 10 -6 /° C below the glass transi-
tion temperature of the porcelain (approximately
500° to 600° C, depending upon the cooling rate),
where the ceramic can no longer undergo viscous
flow to relieve thermal incompatibility stresses.
The thermal contraction coefficient (a), generally as-
sumed to be the same as for that for thermal expan-
sion, should be slightly higher for the metal so that
the ceramic be in a state of beneficial residual com-
pressive stress at room temperature. Values typi-
cally range from 13.5 to 14.5 x 10 -6/ °C for metals
and 13.0 to 14.0 x 10 -6 /° C for porcelains.

Density.

	

Density is the ratio of mass to volume;
specific gravity is the ratio of the density of a sub-
stance to the density of water. Densities for the im-
portant types of noble and base metal casting alloys
are provided in Table 19-1. The high-gold content
alloys have much higher densities than the lower
gold-content, palladium-based, and base metal cast-
ing alloys. This is due to the much higher density of
gold (19.3 g/cm 3 ), compared to palladium (12.0
g/cm3), nickel (8.9 g/cm3 ) and cobalt (8.8 g/cm3).
These differences in density have two conse-
quences. First, for cast restorations of the same size
and configuration, less mass of metal will be re-
quired for the lower-density alloy; the difference in
the metal cost for a restoration can be substantial
when both the unit metal cost and the density dif-
ference are considered. Second, there will be addi-
tional winding of the spring on the centrifugal cast-
ing machine to achieve the needed casting pressure
for the lower-density alloys.
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AVAILABLE ALLOY SYSTEMS
The nomenclature for casting alloys usually creates
confusion. Classifying noble and base metal casting
alloys according to the mechanism for corrosion re-
sistance is the preferred method. The gold-based
and palladium-based noble metal casting alloys
achieve corrosion resistance because of the inherent
nobility of the gold and palladium atoms, which do
not form stable oxides at room temperature. In con-
trast, the base metal casting alloys, where nickel and
cobalt are the principal elements, oxidize rapidly to
form a passivating chromium oxide surface layer
that blocks the diffusion of oxygen and prevents
corrosion of the underlying metal.

Historically, terms such as precious, semiprecious,
and nonprecious have been used to describe casting
alloys. Such precious or semiprecious alloys usually
contained a greater quantity of silver, along with
more palladium and a reduced gold content. Silver,
which is not a noble metal in the oral environment,
assumes some noble metal character in the presence
of palladium. The terms precious, semiprecious, and
nonprecious, which refer to unit metal cost, are much
less preferable than the classification of noble and
base metals, which refers to the electrochemical
character of the alloys.

The major noble metals in dental alloys are gold,
platinum, and palladium. The total percentage of
these elements is referred to as the noble metal con-
tent of the alloy. Iridium (much less than 1% by
weight) and ruthenium (up to about 1%) are used,
respectively, as grain-refining elements in gold-
based and palladium-based casting alloys. The orig-
inal metal-ceramic alloy compositions (e.g., Jelenko
"O", shown in Table 19-1) had approximately 98%
noble metal content by weight. Rapid increases in
the price of gold during the 1970s stimulated the de-
velopment of lower-gold content (from about 85%
to 50% by weight) alloys and base-metal alloys for
fixed prosthodontics." During the 1980s, the high-
palladium alloys were developed as economic alter-
natives to the gold-based alloys.`

A classification system'-' developed by the Amer-
ican Dental Association for casting alloys is pre-
sented in Table 19-2 and includes alloys for all-metal
and metal-ceramic restorations. Because the classifi-
cation is based solely on noble metal content and ig-
nores other, often critically important, alloying ele-

*Recently, the price of palladium has greatly increased.
In January 1997, palladium was $120 an ounce; by Feb-
ruary 2000, this had increased to $800 an ounce. How-
ever, by April 2000, the price has decreased to $560 an
ounce. Rapid increases in alloy prices can cause many
problems for dentists and the dental laboratory industry.

ments, general statements cannot be made about
mechanical properties, clinical performance, and
biocompatibility, even within each of the three
groups in Table 19-2. Hundreds of dental alloys are
commercially available, and appropriate testing is
necessary to characterize the properties, safety, and
efficacy of each. However, when each of these major
groups is further subdivided into important alloy
types, some accurate generalizations are possible.
They are discussed in the following sections.

High Noble Metal Alloys. The high-noble
metal content alloys contain a minimum of 60%
by weight of noble elements; at least 40% is gold.
There are three systems in this class: gold-platinum-
palladium, gold-palladium-silver, and gold-palla-
dium (in the historical order of their development).
Table 19-1 lists some mechanical properties and the
density for representative alloys of each system.

Au-Pt-Pd.

	

As previously noted, these were the
first casting alloys formulated to bond with dental
porcelain. Because of concern about adverse ef-
fects on the color of dental porcelain, copper, which
was traditionally used for strengthening the high-
gold casting alloys for all-metal restorations, could
not be incorporated in the ceramic alloy composi-
tions. Instead, these alloys were strengthened by
precipitates of an Fe-Pt intermetallic compound. 16

Porcelain adherence was achieved by incorporating
tin and indium in the alloys. During the initial alloy
oxidation step for the porcelain firing cycles, these
elements (as well as some iron) diffused to the alloy
surface and became oxidized. Subsequent chemical
bonding was achieved between this oxide layer and
the dental porcelain (see Chapter 22). Although
these alloys have excellent corrosion resistance, they
are susceptible to some dimensional changes during
the porcelain firing cycles and are not recom-
mended for multiple-unit FPD restorations.

Au-Pd-Ag,

	

These were the first lower-gold con-
tent alternative alloys to be widely used in the 1970s.
Platinum was eliminated from the alloy composi-
tions, and the gold content was reduced to about
50%, with corresponding increases in the amounts of
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palladium and silver. 17,18 Some alloy strengthening
was achieved by solid solution hardening from the
dissimilar atomic sizes of the three major elements
(gold, palladium, and silver), which form solutions
with each other. Additional solid solution strength-
ening was hypothesized from tin or indium, which
were again incorporated as oxidizable elements to
provide porcelain bonding. Further alloy strength-
ening may occur from precipitates formed by these
elements. Although these alloys have excellent me-
chanical properties and porcelain adherence, green
discoloration (resulting from diffusion of silver
atoms into the porcelain) has been reported for some
alloy-porcelain combinations. 19 Possible reasons for
this effect may be the high sodium concentration of
the porcelain or the relative sizes of the metal ions in
the porcelain. The discolored region can be ground
away, but this involves an additional processing
step. In addition, silver vapor generated in the
porcelain furnace during processing can contami-
nate the muffle, and periodic purging of the furnace
with a carbon block is required. Green discoloration
has apparently been eliminated in some porcelain
compositions by substituting potassium ions for
sodium ions; the larger potassium ions impede the
diffusion of silver into the porcelain.

Au-Pd. Gold-palladium alloys that are silver-
free were developed during the late 1970s and have
become very popular. Alloy strengthening is
achieved with a combination of solid solution hard-
ening and microstructural precipitates. The hard-
ness (assumed to be related to strength) of these al-
loys is independent of heat-treatment temperature
within the porcelain-firing range, unlike Au-Pd-Ag
alloys. 16 The Au-Pd alloys have excellent mechani-
cal properties, elevated-temperature creep behav-
ior,20 and porcelain adherence ,21 without the green
discoloration associated with Au-Pd-Ag alloys.

Discussion.

	

The data in Table 19-1 show that the
Au-Pd and Au-Pd-Ag alloys, when compared to the
Au-Pt-Pd alloys, have higher values of yield strength
and modulus of elasticity, along with lower density.
Consequently, FPD restorations fabricated from al-
loys in the former two groups will be more resistant
to masticatory forces and undergo less bending de-
flection. They also have the economic advantage of
more restorations per unit of alloy cost. Selection of
the proper porcelain for Au-Pd-Ag alloys is essential
if discoloration problems are to be avoided.

Noble Metal Alloys. The noble-metal alloys
have a minimum of 25% by weight of noble metal,
with no requirement for gold percentage. There are
three alloy systems in this class: palladium-silver,

palladium-copper-gallium, and palladium-gallium
(in the historical order of their development). Table
19-1 lists some mechanical properties and the den-
sity for representative alloys of each system.

Pd-Ag. These alloys, developed in the 1970s,
continued the trend by manufacturers of reducing
the gold content (to between 0% and 2% by weight),
with corresponding increases in the palladium and
silver contents . 22 A small percentage of gold in these
alloys and the high-palladium alloys has little effect
on their properties but may facilitate third-party
payments. As previously noted, in the presence of
palladium, silver appears to assume noble metal
character, which is beneficial for corrosion resis-
tance. Because of their high silver content (30% to
35% by weight), these alloys have been called semi-
precious, a term that should no longer be used. Com-
pared to the Au-Pd-Ag and Au-Pd alloys, the Pd-Ag
alloys have similar values of yield strength and
modulus of elasticity and much lower density val-
ues. Because of their high silver contents, porcelain
greening and furnace contamination can result dur-
ing fabrication of FPD restorations, unless the
porcelain is carefully selected. Nevertheless, these
alloys are frequently chosen as a compromise be-
tween the more expensive high-noble alloys and the
relatively inexpensive base metal alloys.

Pd-Cu-Ga. The Pd-Cu-Ga alloys contain more
than 70% by weight of palladium and were devel-
oped in the early 1980s as economical alternatives to
the gold-based alloys .'z The melting point of palla-
dium (1555° C) is much higher than that of gold
(1064° C); gallium has a melting point of 30° C. The
addition of gallium to palladium yields high-palla-
dium alloys that can be fused and cast with the same
dental laboratory technology developed for the gold-
based casting alloys. Multi-orifice torches are re-
quired to fuse the high-palladium alloys, and the use
of ceramic crucibles dedicated to individual alloys
is recommended." Carbon-containing investments
should not be used, because the incorporation of
very small amounts of carbon in these alloys de-
grades the bond strength with porcelain. 13 The Pd-
Cu-Ga alloys appear to have castability and casting
accuracy comparable to the high noble metal alloys 24

Recent measurements25 of the mechanical proper-
ties of some Pd-Cu-Ga alloys have produced values
of yield strength, modulus of elasticity, and percent-
age elongation that differ from values in Table 19-1.
This suggests some technique-sensitivity in the fabri-
cation of cast specimens for the tension test. In a re-
cent study, values of yield strength and tensile
strength were found to be higher for the Pd-Cu-Ga al-
loys, compared to Au-Pd-Ag, Au-Pd, and Pd-Ag
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alloys, while the values for modulus of elasticity and
ductility were similar when the same simulated
porcelain-firing heat-treatment condition was com-
pared. Although a near-surface eutectic structure was
present in Pd-Cu-Ga alloy castings that simulated
copings for maxillary incisors," this constituent was
absent in the 3-mm diameter cast specimens for the
tension test. 23 Some Pd-Cu-Ga alloys have hardness
values comparable to or exceeding that for tooth
enamel, and castings from these alloys may be diffi-
cult to finish in the dental laboratory. In addition,
chairside adjustments may be difficult for patients.
However, substitution of indium for tin yields Pd-Cu-
Ga alloys with much lower hardness (VHN approxi-
mately 270).26 All these alloys achieve substantial
hardening by solid-solution incorporation of other el-
ements within the palladium crystal structure. The
hardest Pd-Cu-Ga alloys (VHN exceeding 300) con-
tain a hard grain boundary phase whose composition
is close to that of Pd5Ga2.24 Transmission electron mi-
croscopic studies indicate that representative high-
palladium alloys have the same bulk ultrastructure. 27
X-ray diffraction analyses have revealed that oxidized
Pd-Cu-Ga alloys have complex internal oxidation re-
gions that can contain up to five different oxide
phases. Oxides of copper, gallium, tin, indium, and
even palladium formed under the conditions present
in the porcelain furnace were subsequently detected
in the oxidized alloys at room temperature. The re-
sults of creep experiments on the Pd-Cu-Ga alloys
have been mixed.18 The creep rates associated with
relatively high thermal incompatibility stresses near
the glass transition temperature of dental porcelain
were high for two Pd-Cu-Ga alloys, whereas these al-
loys had excellent creep resistance at high tempera-
tures and low stresses simulating the deflection of a
long-span FPD due to gravity during processing.

Pd-Ga.

	

The copper-free Pd-Ga alloys were sub-
sequently developed during the 1980s to provide
compositions with lower hardness than that of the
initial Pd-Cu-Ga formulations. The hard Pd5Ga2
phase is absent in these alloys, which are strength-
ened by solid solution hardening. The alloys have a
complex fine precipitate structure at the grain
boundaries, and their mechanical properties are
generally more similar to those of Pd-Ag alloys
rather than the Pd-Cu-Ga alloys. Compared to the
Pd-Ga alloys, porcelain adherence is superior for
the Pd-Cu-Ga alloys .21 The Pd-Ga-Co alloy 30 in Table
19-1 has a particularly dark oxide that is more diffi-
cult to mask with dental porcelain. This alloy has
not yet achieved widespread clinical acceptance.

Discussion. A recent study comparing the
dimensional changes at various stages of the simu-

lated porcelain firing cycles for copings for metal-
ceramic single-unit restorations of selected high-
palladium alloys found that most of the selected
high-palladium alloys had acceptable high-temper-
ature distortion .25,31 Because of the considerable
price volatility for palladium, the unit metal cost for
the Pd-Cu-Ga and Pd-Ga alloys has recently be-
come competitive with the very popular Au-Pd al-
loys. When the high-palladium alloys were intro-
duced in the 1980s, the unit metal cost was between
one-half and one-third of the Au-Pd alloys. '2 Conse-
quently, there has been a trend toward the Au-Pd al-
loys and the much less expensive Pd-Ag alloys; the
latter have comparable density to the high-palla-
dium alloys. However, caution is needed with the
Pd-Ag alloys to prevent porcelain with green dis-
coloration. Some biocompatibility concerns have
been raised about the high-palladium alloys, partic-
ularly in Germany with the Pd-Cu-Ga alloys. Re-
cent review articles suggest that there are mini-
mal health hazards associated the high-palladium
alloys, although further research in this area is
recommended.

Predominantly Base Metal Alloys. Table 19-2
defines these alloys (sometimes termed nonprecious)
as having less than 25%, by weight of noble metal
with no requirements for gold. Most of these alloys
used for fixed prosthodontics are Ni-Cr alloys, but
some Co-Cr alloys have also been formulated for
porcelain application .29,30

Ni-Cr. Yield strength, hardness, and modulus
of elasticity can be greatly affected by small differ-
ences in weight percentages of minor elemental
components among the compositions of these al-
loys. 34 Table 19-1 illustrates some of these variations.
For example, values of yield strength vary from 260
to 807 MPa, and Vickers hardness varies from 175 to
335. (For comparison, VHN values are 50 to 52, 125
to 127, and 120 to 143 for gold, platinum, and cop-
per, respectively.) Consequently, the selection of a
specific brand of Ni-Cr alloy depends on the clinical
application. If burnishing or extended finishing of a
crown is anticipated, a brand with a relatively low
yield strength and hardness should be used.

One benefit of these alloys is their much higher
values of modulus of elasticity, compared to the no-
ble metal alloys. Therefore, long-span fixed prosthe-
ses fabricated from Ni-Cr alloys will undergo much
less flexure than similar prostheses fabricated from
noble metal alloys, with less likelihood of fracture of
the brittle dental porcelain component. These base
metal casting alloys are generally considered more
technique-sensitive and difficult to cast that the no-
ble metal casting alloys. However, this assessment
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may reflect the lack of experience of some dental
laboratories with the Ni-Cr alloys. Therefore, the
choice of dental laboratory is particularly important
when these alloys are selected.

Beryllium. Many Ni-Cr alloy formulations
contain up to 2% by weight of beryllium. The major
reason for incorporating this element in the alloy is
to lower the melting range and to decrease the vis-
cosity of the molten alloy, thereby improving its
castability. Beryllium also provides strengthening
and affects the thickness of the oxide layer, when
the alloy is oxidized for porcelain firing. The latter is
an important consideration for base metal casting
alloys, which can form much thicker oxide layers
than noble metal casting alloys. Fracture through
the oxide layer may occur and will cause failure of
the base metal-ceramic restoration.

The use of beryllium has created some doubt
about the safety of some Ni-Cr alloys. NOTE: When
the densities of nickel (8.9 g/cm3) and chromium
(7.2 g/cm3 ) are compared to beryllium (1.8 g/cm 3 ),
2% by weight of beryllium in the alloy composition
can be equivalent to nearly 10% beryllium on an
atomic basis. Consequently, the atomic proportion
of beryllium atoms in these alloy compositions can
be relatively large.

Nickel.

	

The U.S. Federal Standard for exposure
to metallic nickel and soluble nickel compounds (1
mg/m3) is much greater than the proposed National
Institute for Occupational Safety and Health
(NIOSH) recommendation for such exposure (15
ug/ms for a 10-hour TWA workday). Occupational
exposure of refinery workers to nickel has been as-
sociated with lung and nasal cancer. Acute effects of
exposure to nickel include skin sensitization that
can lead to chronic eczema. Therefore, as a health
precaution, an operator should wear a mask and
use efficient suction when grinding and finishing a
dental nickel-base alloy.

One study reports that 9% of the female popula-
tion and 0.9% of the male population are sensitive to
nickel. This prompts the question: Are such indi-
viduals likely to manifest an adverse reaction to den-
tal Ni-Cr alloys? In a 20-patient clinical study 36 to in-
vestigate this question, each of 10 controls (who had
no known sensitivity to nickel) showed a negative
dermal response and a negative intraoral response
to a dental Ni-Cr alloy. Among 10 patients with a
known sensitivity, 8 showed a positive dermal re-
sponse to the alloy. When these patients wore an in-
traoral appliance containing the Ni-Cr alloy, 30%
manifested an allergic response within 48 hours.

The ADA has issued a labeling requirement for
base metal alloys that contain nickel. It states that

such alloys should not be used in individuals with
known nickel sensitivity. Another question now
arises: Can patients who are not allergic to nickel
become sensitive to it from fixed prostheses made
with nickel-containing alloys?

A recent investigation 31 found that Ni-Cr alloys
not containing beryllium were more resistant than
beryllium-containing alloys to in vitro corrosion.
The four alloys studied showed lower corrosion
rates in cell culture solutions after cold solution ster-
ilization. Although the corrosion products released
from the alloys did not alter the cellular morphol-
ogy and viability of human gingival fibroblasts, re-
ductions in cellular proliferation were observed.
The authors concluded that biocompatibility con-
cerns still exist relating to the exposure of local and
systemic tissues to elevated levels of corrosion
products from the Ni-Cr alloys.

Co-Cr. The potential health problems associ-
ated with beryllium- and nickel-containing alloys
have led to the development of another alternative
base metal alloy system: cobalt-chromium . 31,39 The
modulus of elasticity of the Co-Cr system is the
highest of any of the ceramic alloy systems dis-
cussed so far (see Table 19-1). One alloy, similar in
composition and properties to Co-Cr and used for
RPD frameworks, has an elongation of 1%. This
very low value, combined with its high level of
hardness, suggests that finishing restorations made
with it may be difficult.

Ti. Titanium-based alloys have been studied
since the late 1970s as potential casting alloys .40 Ad-
vantages of titanium-based casting alloys include ex-
cellent biocompatibility and corrosion resistance of ti-
tanium, which is due to the presence of a thin,
adherent, passivating surface layer of TiO, The low
density (4.5 g/cm3 ) of titanium, compared to gold or
palladium (19.3 and 12.0 g/cm3, respectively), also re-
sults in lighter and potentially less expensive restora-
tions*. Alloys studied have included CP (commer-
cially pure) titanium, Ti-6Al-4V, and a variety of
experimental alloys .40-42 The casting of titanium-based
dental alloys poses special problems because of tita-
nium's high melting point (1668° C) and its strong
tendency to oxidize and react with other materials.

Special casting machines must be used that pro-
vide either a vacuum environment or an argon at-
mosphere. Both vacuum/argon pressure and cen-
trifugal casting machines have been developed, and
both argon-arc melting and induction melting have

*However, the laboratory cost of fabricating cast
restorations from titanium alloys may be high.
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been used to fuse the Ti alloys. Additional studies
have discussed the use of face coats on the wax pat-
tern" and casting into low-temperature (350° C),
phosphate-bonded investments."" The effects of the
argon gas pressure, permeability of the investment,
and mold venting have also been studied .45-48 Good
accuracy for titanium castings on their dies can be
achieved with the proper choice of investment."" Se-
lecting a dental laboratory experienced in fabricat-
ing these castings is essential. Further research is
needed to optimize the metallurgical structure and
casting technology for titanium alloys, which have a
dendritic microstructure41 resulting from the lack of

a suitable grain-refining element. A very hard near-
surface region that can exceed 50 um in thickness is
also present on the castings due to reaction of the ti-
tanium alloy with the investment and perhaps with
the residual atmosphere in the casting machine.41 ,44
To overcome the difficulties in casting titanium, a
system has been developed that manufactures cop-
ings from blocks of pure titanium by machine du-
plication and spark erosion (Procera*) "9 (Fig. 19-19).
Because copings are machined, some error is intro-

*Nobel Biocare: Chicago, 111.

A B D

Fig. 19-19.

	

Procera crown fabrication system. A, Milling
replicator. B, Tooth preparation replicated from master die.
C, Carbon electrodes. D, External substructure shape milled
out of solid titanium. E, Spark erosion unit used to shape
the internal surface with the electrodes. F, Completed sub-
structure before porcelain application.
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duced into the lost wax process. To complete the
restoration, an esthetic veneer is applied to the tita-
nium coping. A recent study- found no statistically
significant differences between the external mar-
ginal openings of titanium crowns prepared by elec-
trical discharge machining and cast Au-Pt-Pd
crowns.

REVIEW OF TECHNIQUE

Figure 19-20 summarizes the steps involved in pro-
ducing wax patterns for metal-ceramic restorations.

1.

	

The restorations are waxed to anatomic con-
tour (Fig. 19-20, A).

2. The patterns are troughed to obtain correct
porcelain thickness in the completed restora-
tion (Fig. 19-20, B).

B

Fig. 19-20. Technique review.
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3.

	

The cut-back is completed (Fig. 19-20, C).
4. The margins are finalized before investing

(Fig. 19-20, D).

SUMMARY

Framework design for metal-ceramic restorations

must be based on an understanding of fundamental
material properties. Restorations should be waxed
to anatomic contour and then cut back in the area

that is to be veneered. This creates an even porcelain
thickness, which provides superior mechanical
properties in the completed restoration while simul-
taneously standardizing shade reproduction.

airborne particle abrasion: the process of altering the
surface of a material through the use of abrasive
particles propelled by compressed air or other
gases.

alloy: n (14c) a mixture of two or more metals or met-
alloids that are mutually soluble in the molten state;
distinguished as binary, ternary, quaternary, etc.,
depending on the number of metals within the mix-
ture. Alloying elements are added to alter the hard-
ness, strength, and toughness of a metallic element,
thus obtaining properties not found in the pure
metal. Alloys may also be classified on the basis of
their behavior when solidified

aluminum oxide: 1: a metallic oxide constituent of
dental porcelain that increases hardness and viscos-
ity 2: a high-strength ceramic crystal dispersed
throughout a glassy phase to increase its strength as
in aluminous dental porcelain used to fabricate alu-
minous porcelain jacket crowns 3: a finely ground
ceramic particle (frequently 50 um) often used in
conjunction with airborne particle abrasion of metal
castings before the application of porcelain as with
metal ceramic restorations

base metal: any metallic element that does not resist
tarnish and corrosion

carat: n (15c) a standard of gold fineness. The percent-
age of gold in an alloy, stated in parts per 24. Pure
gold is designated 24 carat

compressive stress: the internal induced force that op-
poses the shortening of a material in a direction par-
allel to the direction of the stresses; any induced
force per unit area that resists deformation caused
by a load that tends to compress or shorten a body

1 coping: n 1: a long, enveloping ecclesiastical vest-
ment 2a: something resembling a cope (as by con-
cealing or covering) 2b: coping

2 coping: n (ca. 1909): a thin covering-usage: see
c. impression, transfer c.

degas: vt, degassed: pt; pp; degassing: ppr (1920) 1: to
remove gas from an object or substance 2: the name
commonly used to denote the first heat cycle (oxi-
dation cycle) in fabrication of a metal ceramic
restoration that removes surface impurities from
the metallic component and produces surface ox-
ides prior to the application of opaque porcelain

ductility: n (14c) the ability of a material to withstand
permanent deformation under a tensile load with-
out rupture; ability of a meterial to be plastically
strained in tension. A material is brittle if it does not
have appreciable plastic deformation in tension be-
fore rupture

elastic limit: the greatest stress to which a material
may be subjected and still be capable of returning
to its original dimensions when such forces are
released

elastic modulus: the stiffness or flexibility of a material
within the elastic range. Within the elastic range,
the material deforms in direct proportion to the
stress applied as represented by Hooke's law

elongation: n (14c) 1: deformation as a result of tensile
force application 2: the degree to which a metal will
stretch before breaking 3: the over eruption of a
tooth

fatigue: the breaking or fracturing of a material
caused by repeated cyclic or applied loads below
the yield limit; usually viewed initially as minute
cracks followed by tearing and rupture; termed
brittle failure or fracture

Knoop hardness test: [Frederick Knoop, U.S. engineer,
U.S. Department of Commerce]: eponym for a sur-
face hardness test using a diamond stylus. It is used
for harder materials and is characterized by the di-
amond or rhomboid shaped indentation. The in-
dentation microhardness test uses a rhombic-based
pyramidal diamond indenter. The long diagonal of
the resulting indentation is measured to determine
the hardness. This test is suitable for most classes of
materials including brittle and elastomeric
Knoop F. Peters CG, Emerson WB. A sensitive pyra-

midal-diamond tool for indentation measure-
ments. J Res Nat Bur Stand 1939; 12:39-45

malleable: adj (14c) capable of being extended or
shaped with a hammer or with the pressure of
rollers

modulus of elasticity: in metallurgy, the coefficient
found by dividing the unit stress, at any point up to
the proportional limit, by its corresponding unit of
elongation (tension) or strain. A ratio of stress to
strain. As the modulus of elasticity rises, the mater-
ial becomes more rigid

modulus of resilience: the work or energy required to
stress a cubic inch of material (in one direction only)
from zero up to the proportional limit of the mater-
ial, measured by the ability of the material to with-
stand the momentary effect of an impact load while
stresses remain within the proportional limit
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noble metal: those metal elements that resist oxida-
tion, tarnish, and corrosion during heating, casting,
or soldering and when used intraorally; examples
include gold and platinum

nonprecious metal: see base metal
proportional limit: that unit of stress beyond which de-

formation is no longer proportional to the applied
load

shearing stress: the internal induced force that op-
poses the sliding of one plane on an adjacent plane
or the force that resists a twisting action

static fatigue: the delayed failure of glass and ceramic
materials resulting from stress-enhanced chemical
reactions aided by water vapor acting on surface
cracks. Analogous to stress corrosion occurring in
metals

stress: n (14c) force per unit area; a force exerted on one
body that presses on, pulls on, pushes against, or
tends to invest or compress another body; the defor-
mation caused in a body by such a force; an internal
force that resists an externally applied load or force.
It is normally defined in terms of mechanical stress,
which is the force divided by the perpendicular
cross sectional area over which the force is applied

tensile stress: the internal induced force that resists the
elongation of a material in a direction parallel to the
direction of the stresses

tension: n (1533) the state of being stretched, strained,
or extended

toughness: n the ability of a material to withstand
stresses and strains without breaking

ultimate strength: the greatest stress that may be in-
duced in a material at the point of rupture-called
also ultimate tensile strength
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Pontics are the artificial teeth of a fixed partial den-
ture that replace missing natural teeth, restoring
function and appearance. They must be compatible
with continued oral health and comfort. The eden-
tulous areas where a fixed prosthesis is to be pro-
vided may be overlooked during the treatment-
planning phase. Unfortunately, any deficiency or
potential problem that may arise during the fabri-
cation of a pontic is often identified only after the
teeth have been prepared or even when the master
cast is ready to be sent to the laboratory. Proper
preparation includes a careful analysis of the criti-
cal dimensions of the edentulous areas: mesiodistal
width, occlusocervical distance, buccolingual di-
ameter, and location of the residual ridge. To de-
sign a pontic that will meet hygienic requirements
and prevent irritation of the residual ridge, particu-
lar attention must be given to the form and shape of
the gingival surface. Merely replicating the form of
the missing tooth or teeth is not enough. The pon-
tic must be carefully designed and fabricated not
only to facilitate plaque control of the tissue surface
and around the adjacent abutment teeth but also
to adjust to the existing occlusal conditions. In
addition to these biologic considerations, pontic
design must incorporate mechanical principles for
strength and longevity as well as esthetic principles
for satisfactory appearance of the replacement teeth
(Fig. 20-1).

The pontic, as it mechanically unifies the abut-
ment teeth and covers a portion of the residual
ridge, assumes a dynamic role as a component of
the prosthesis and cannot be considered as a lifeless
insert of gold, porcelain, or acrylic.'

Biologic, mechanical, and esthetic considera-Fig. 20-1.
tions for successful pontic design.

PRETREATMENT ASSESSMENT

Certain procedures will enhance the success of a
fixed partial denture (FPD). In the treatment-plan-
ning phase, diagnostic casts and waxing procedures
may prove especially valuable for determining opti-
mal pontic design (see Chapters 2 and 3).

PONTIC SPACE

One function of an FPD is to prevent tilting or drift-
ing of the adjacent teeth into the edentulous space. If
such movement has already occurred, the space
available for the pontic may be reduced and its fabri-
cation complicated. At this point, creating an accept-
able appearance without orthodontic repositioning
of the abutment teeth is often impossible, particu-
larly if esthetics is important. (Modification of
abutments with complete-coverage retainers is some-
times feasible.) Careful diagnostic waxing proce-
dures will help determine the most appropriate treat-
ment (see Chapters 2 and 3). Even with a lesser
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esthetic requirement, as for posterior teeth, overly
small pontics are unacceptable because they trap
food and are difficult to clean. When orthodontic
repositioning is not possible, increasing the proximal
contours of adjacent teeth may be better than making
an FPD with undersized pontics (Fig. 20-2). If there is
no functional or esthetic deficit, the space can be
maintained without prosthodontic intervention.

RESIDUAL RIDGE CONTOUR

The edentulous ridge's contour and topography
should be carefully evaluated during the treatment-
planning phase. An ideally shaped ridge has a
smooth, regular surface of attached gingiva, which
facilitates maintenance of a plaque-free environ-
ment. Its height and width should allow placement
of a pontic that appears to emerge from the ridge
and mimics the appearance of the neighboring
teeth. Facially, it must be free of frenum attachment
and of adequate facial height to sustain the appear-
ance of interdental papillae.

Loss of residual ridge contour may lead to unes-
thetic open gingival embrasures ("black triangles")

(Fig. 20-3, A), food impaction (Fig. 20-3, B), and per-
colation of saliva during speech. Siebert2 has classi-
fied residual ridge deformities into three categories
(Fig. 20-4):

• Class I defects-faciolingual loss of tissue
width with normal ridge height
Class II defects-loss of ridge height with nor-
mal ridge width
Class III defects-a combination of loss in both
dimensions

There is a high incidence (91%) of residual ridge
deformity following anterior tooth loss 3; the major-
ity of these are Class III defects. Because patients
with Class II and III defects are frequently dissatis-
fied with the esthetics of their FPDs,4 preprosthetic
surgery to augment the residual ridge should be
carefully considered.

SURGICAL MODIFICATION

Although residual ridge width may be augmented
with hard tissue grafts, this is usually not indicated
unless the edentulous site is to receive an implant
(see Chapter 13).

Fig. 20-2.

	

Careful planning is always necessary when
deciding how to restore an undersized pontic space where
orthodontic treatment is not practical. A, In this patient, in-
dividual crowns of increased proximal contours were pre-
ferred to an FPD with undersized pontics. Excellent plaque
control had been demonstrated, and the design provided
the optimum occlusal relationship. B, Here a small pontic
(arrow) was preferred to splint an RPD abutment.

Class I Defects. Soft tissue procedures have
been advocated for improving the width of a Class

Fig. 20-3.

	

Loss of residual ridge contour leading to
unesthetic open gingival embrasures (A) and food entrap-
ment (arrow) (B).

A

B

B
I
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I defect; however, because Class I defects are infre-
quent and are not esthetically challenging, surgical
augmentation of ridge width is uncommon. Paying
careful attention to provisional pontic contour will
help the operator identify patients who would ben-
efit from surgery. The rolls technique uses soft tissue
from the lingual side of the edentulous site. The ep-
ithelium is removed, and the tissue is thinned and
rolled back upon itself, thereby thickening the facial
aspect of the residual ridge (Fig. 20-5). Pouches 6
may also be prepared in the facial aspect of the
residual ridge, into which subepithelial7,8 or submu-
cosal9 grafts harvested from the palate or tuberosity
may be inserted (Fig. 20-6).

Class II and III Defects. Unfortunately, few
soft tissue surgical techniques can increase the
height of a residual ridge with any predictability.
The interpositional graft2 is a variation of the
pouch technique, in which a wedge-shaped con-
nective tissue graft is inserted into a pouch prepa-
ration on the facial aspect of the residual ridge. The
epithelial portion of the wedge may be positioned
coronally to the surrounding epithelium if an in-
crease of ridge height is desired (Fig. 20-7 A and B).
The onlay graft is designed to gain ridge height 2,11
but also contributes to ridge width, which makes it
useful for treating Class III ridge defects. It is a
thick "free gingival graft" harvested from partial-
or full-thickness palatal donor sites. Since the
amount of height augmentation can only be as

thick as the graft, the procedure may have to be re-
peated several times to reestablish normal residual
ridge height. Although the onlay graft has greater
potential for increasing ridge height compared to
the interpositional graft, its survival is greatly de-
pendent on revascularization, which requires
meticulous preparation of the recipient site (Fig.
20-5). Therefore, it is more technique sensitive than
the interpositional graft.

GINGIVAL ARCHITECTURE PRESERVATION
Although the degree of residual ridge resorption
following tooth extraction is unpredictable, result-
ing deformities are not an inevitable occurrence.
Preservation of the alveolar process can be achieved
through immediate restorative and periodontal in-
tervention at the time of tooth removal. By condi-
tioning the extraction site and providing a matrix
for healing, the pre-extraction gingival architecture
(or "socket") can be preserved.

Preparing the abutment teeth before the extrac-
tion is the preferred technique. A provisional FPD
can be fabricated indirectly, ready for immediate in-
sertion. Because socket preservation is dependent
on underlying bone contour, the extraction of the
tooth to be replaced should be atraumatic and
aimed at preserving the facial plate of bone. The
scalloped architecture of interproximal bone form-
ing the extraction site is essential for proper papilla
form, as are facial bone levels in the prevention of
alveolar collapse. If bone levels are compromised

Fig. 20-4.

	

Residual ridge deformities as classified by Siebert.2 A, B, Class I defect. C, Class II defect.
D, Class III defect.
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Fig. 20-5.

	

The roll technique for soft tissue ridge augmentation. A, Cross section of Class I residual
ridge defect before augmentation. B, Epithelium removed from palatal surface. C, Elevation of flap, cre-
ating a pouch on the vestibular surface. D, The flap is rolled into the pouch, enhancing ridge width.



Fig. 20-6.

	

The pouch technique for soft tissue ridge augmentation. A and B, Split-thickness flap is re-
flected. C, Graft material placed in the pouch increases ridge width. D, Flaps sutured in place.

Fig. 20-7.

	

An interpositional graft for augmentation of ridge width and height. A, Tissue reflected.
B, Graft positioned and sutured in place.



Fig. 20-8.

	

An onlay graft for augmentation of
ridge width and height. A, Presurgical view of Class
III residual ridge defect with abutment teeth pre-
pared. B, Recipient bed prepared by removing epithe-
lium. C, Striation cuts are made in connective tissue
to encourage revascularization. D, Onlay graft is su-
tured in place. E, A provisional FPD with open em-
brasures is placed immediately to allow adaptation of
tissue during healing. F, Presurgical view of Class III
residual ridge defect. G, The defect necessitated long,
poorly contoured pontics. H, Augmented ridge.
1, Final restorations with improved contours.
(F to I courtesy Dr. H. Breckner.)
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before or during extraction, the sockets can be
grafted with an allograft material (hydroxyapatite,
tricalcium phosphate, or freeze-dried bone) .12-14

Immediately after preparation of the extraction
site, a carefully shaped provisional FPD is placed
(Fig. 20-9, A and B). The tissue-side of the pontic
should be an ovate form, and according to Spear, 's it
should extend approximately 2.5 mm apical to the
facial free gingival margin of the extraction socket
(Fig. 20-9, C and D). Because the soft tissues of
the socket will begin to collapse immediately
after the tooth extraction, the pontic will result in
tissue blanching as it supports the papillae and fa-
cial/palatal gingiva. The contour of the ovate tis-
sue-side of the pontic is critical and must conform to
within 1 mm of the interproximal and facial bone
contour to act as a template for healing. Oral hy-

giene in this area is difficult during the initial heal-
ing period, so the provisional should be highly pol-
ished to minimize plaque retention. After approxi-
mately 1 month of healing, oral hygiene access is
improved by recontouring the pontic to provide 1 to
1.5 mm of relief from the tissue. When the gingival
levels are stable (approximately 6 to 12 months), the
final restoration can be fabricated (Fig. 20-9, E).

Although maintenance of the residual ridge fol-
lowing extraction is meritorious, socket-preservation
techniques are technically challenging and require
frequent patient monitoring and conscientious pa-
tient hygiene. Even when the procedure is per-
formed meticulously, success is unpredictable be-
cause of the variability of patient healing response.
Additional surgical augmentation of the ridge may
still be necessary for some patients.

Fig. 20-9.

	

Alveolar architecture preservation tech-
nique. A, Atraumatic tooth extraction. B, Cross-
section view of the immediate provisional FPD
demonstrating ovate pontic form. C, Provisional
restoration. Note the 2.5-mm apical extension of the
ovate pontic. D, The seated provisional should cause
slight blanching of interdental papilla. E, Provisional
restoration 12 months after extraction. Note the
preservation of interdental papilla.
(Courtesy Dr. E Spear and Montage Media.)



Section 3 Laboratory Procedures

Pontic designs are classified into two general groups:
those that contact the oral mucosa and those that do
not (Box 20-1). There are several classifications within
these groups, based on the shape of the gingival side
of the pontic. Pontic selection depends primarily on
esthetics and oral hygiene. In the anterior region,
where esthetics is a concern, the pontic should be
well adapted to the tissue to make it appear that it
emerges from the gingiva. Conversely, in the poste-
rior regions (mandibular premolar and molar areas),
esthetics can be compromised in the interest of de-
signs that are more amenable to oral hygiene. The ad-
vantages and disadvantages of the various pontic
designs are summarized in Table 20-1.

PONTIC CLASSIFICATION
SANITARY OR HYGIENIC PONTIC
As its name implies, the primary design feature of
the sanitary pontic allows easy cleaning, because its
tissue surface remains clear of the residual ridge
(Fig. 20-10). This hygienic design permits easier

Fig. 20-10.

	

A "hygienic" or "sanitary" pontic replacing
a mandibular molar where there has been considerable
bone loss.
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plaque control by allowing gauze strips and other
cleaning devices to be passed under the pontic and
seesawed in shoe-shine fashion. Its disadvantages
include entrapment of food particles, which may
lead to tongue habits that may annoy the patient.
The hygienic pontic is the least "toothlike" design
and is therefore reserved for teeth seldom displayed
during function (i.e., the mandibular molars).

A modified version of the sanitary pontic has
been developed . 16 Its gingival portion is shaped like
an archway between the retainers. This geometry
permits increased connector size while decreasing
the stress concentrated in the pontic and connec-
tors." It is also less susceptible to tissue prolifera-
tion that can occur when a pontic is too close to the
residual ridge (Fig. 20-11).

SADDLE OR RIDGE LAP PONTIC
The saddle pontic has a concave fitting surface that
overlaps the residual ridge buccolingually, simulat-
ing the contours and emergence profile of the miss-
ing tooth on both sides of the residual ridge. How-

ever, saddle or ridge lap designs should be avoided
because the concave gingival surface of the pontic is
not accessible to cleaning with dental floss, which
will lead to plaque accumulation (Fig. 20-12). This
design deficiency has been shown to result in tissue
inflammation' (Fig. 20-13).

MODIFIED RIDGE LAP PONTIC
The modified ridge lap pontic combines the best
features of the hygienic and saddle pontic designs,
combining esthetics with easy cleaning. Figs. 20-14
and 20-15 demonstrate how the modified ridge lap
design overlaps the residual ridge on the facial (to
achieve the appearance of a tooth emerging from
the gingiva) but remains clear of the ridge on the
lingual. To enable optimal plaque control, the gingi-
val surface must have no depression or hollow.
Rather, it should be as convex as possible from
mesial to distal (the greater the convexity, the easier
the oral hygiene). Tissue contact should resemble
a letter T (Fig. 20-16) whose vertical arm ends at
the crest of the ridge. Facial ridge adaptation is



Fig. 20-11.

	

A, Sanitary pontic. B and C, Modified sanitary pontic. D, Placement of the pontic, close to
the ridge, has resulted in tissue proliferation (arrow).

Fig. 20-12.

	

A, Cross-section view of ridge lap pontic. B, The tissue
surface is inaccessible to cleaning devices.

Fig. 20-13.

	

A and B, FPD with a ridge-lap (concave) gingival surface. C, When it was removed, the
tissue was found to be ulcerated. D, The defective FPD was recontoured and used as a provisional
restoration while the definitive restoration was being fabricated. Within 2 weeks the ulceration had re-
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Fig. 20-14.

	

Modified ridge lap pontic. A, FPD partially seated. B, FPD seated.

Fig. 20-15.

	

Three-unit FPD replacing the maxillary lateral incisor. A, To facilitate plaque control, the
lingual surface is made convex. B, The facial surface is shaped to simulate the missing tooth.

essential for a natural appearance. Although this de-
sign was historically referred to as ridge-lap,8,'9 the
term ridge-lap is now used synonymously with the
saddle design. The modified ridge lap design is the
most common pontic form used in areas of the
mouth that are visible during function (maxillary
and mandibular anterior teeth and maxillary pre-
molars and first molars).

CONICAL PONTIC
Often called egg-shaped, bullet-shaped, or heart-shaped,

the conical pontic (Fig. 20-17) is easy for the patient
to keep clean. It should be made as convex as possi-
ble, with only one point of contact at the center of
the residual ridge. This design is recommended for
the replacement of mandibular posterior teeth
where esthetics is a lesser concern. The facial and
lingual contours are dependent on the width of the
residual ridge; a knife-edged residual ridge will ne-
cessitate flatter contours with a narrow tissue con-
tact area. This type of design may be unsuitable for
broad residual ridges, because the emergence pro-
file associated with the small tissue contact point
may create areas of food entrapment (Fig. 20-18).
The sanitary or hygienic pontic is the design of
choice in these clinical situations.

Fig. 20-16.

	

Tissue contact of a maxillary FPD should re-
semble the letter T. This FPD is viewed from the gingival
aspect.

OVATE PONTIC
The ovate pontic is the most esthetically appealing
pontic design. Its convex tissue surface resides in a
soft tissue . depression or hollow in the residual
ridge, which makes it appear that a tooth is literally
emerging from the gingiva (Fig. 20-19). Careful
treatment planning is necessary for successful re-
sults. Socket-preservation techniques, which have
already been described, should be performed at
the time of extraction to create the tissue recess
from which the ovate pontic form will emerge. For
a preexisting residual ridge, soft tissue surgical
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augmentation is typically required. When an ade-
quate volume of ridge tissue is established, a socket
depression is sculpted into the ridge with surgical
diamonds or electrosurgery. In either case, meticu-
lous attention to the contour of the pontic of the pro-
visional restoration is essential when conditioning

and shaping the residual ridge that will receive the
definitive prosthesis.

The ovate pontic's advantages include its pleas-
ing appearance and its strength. When used suc-
cessfully with ridge augmentation, its emergence
from the ridge appears identical to that of a natural

Fig. 20-17.

	

A and B, A pontic with maximum convexity and single point contact of the tissue surface
is the easiest design to keep clean. C, Evaluating the contour of three possible pontic shapes (1, 2, and 3).
Contour 3 is the most convex in area B but is too flat in area A. Contour 1 is convex in area A but is too
flat in area B. Contour 2 is the best. D, An all-metal FPD with a conical pontic, suitable for replacement
of a mandibular molar.

Fig. 20-18.

	

A, Conical pontics may create food entrap-
ment on broad residual ridges (arrow). B, The sanitary pon-
tic form may be a better alternative.

Fig. 20-19.

	

Ovate pontic. A, FPD partially seated.
B, FPD seated.
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tooth. In addition, its recessed form is not suscepti-
ble to food impaction. The broad convex geometry
is stronger than that of the modified ridge lap pon-
tic, because the unsupported, thin porcelain that of-
ten exists at the gingivofacial extent of the pontic is
eliminated (Fig. 20-20). Because the tissue surface of
the pontic is convex in all dimensions, it is accessi-
ble to dental floss; however, meticulous oral hy-
giene is necessary to prevent tissue inflammation
resulting from the large area of tissue contact. Other
disadvantages include the need for surgical tissue
management and the associated cost.

BIOLOGIC CONSIDERATIONS

The biologic principles of pontic design pertain to
the maintenance and preservation of the residual
ridge, abutment and opposing teeth, and support-
ing tissues. Factors of specific influence are pontic-
ridge contact, amenability to oral hygiene, and the
direction of occlusal forces.

RIDGE CONTACT
Pressure-free contact between the pontic and the
underlying tissues is indicated to prevent ulceration
and inflammation of the soft tissues . 1,20 If any
blanching of the soft tissues is observed at try-in,
the pressure area should be identified with a dis-
closing medium (i.e., pressure-indicating paste) and
the pontic recontoured until tissue contact is en-
tirely passive. This passive contact should occur ex-
clusively on keratinized attached tissue. When a
pontic rests on mucosa, some ulcerations may ap-
pear as a result of the normal movement of the mu-
cosa in contact with the pontic (Fig. 20-21). Positive
ridge pressure may be due to excessive scraping of
the ridge area on the working cast (Fig. 20-22). This
was once promoted as a way to improve the ap-
pearance of the pontic-ridge relationship. However,
because of the ulceration that inevitably results

when flossing is not meticulously performed, the
concept is not recommended, 1,21,22 unless done as
previously described as an ovate pontic.23,20

ORAL HYGIENE CONSIDERATIONS
The chief cause of ridge irritation is the toxins re-
leased from microbial plaque, which accumulate be-
tween the gingival surface of the pontic and the
residual ridge, causing tissue inflammation and cal-
culus formation.

Unlike removable partial dentures, FPDs cannot
be taken out of the mouth for daily cleaning. Pa-
tients must be taught efficient oral hygiene tech-
niques, with particular emphasis on cleaning the
gingival surface of the pontic. The shape of the gin-
gival surface, its relation to the ridge, and the mate-
rials used in its fabrication will influence ultimate
success.

Normally, where tissue contact occurs, the gingi-
val surface of a pontic is inaccessible to the bristles of
a toothbrush. Therefore, excellent hygiene habits
must be developed by the patient. Devices such
as proxy brushes, pipe cleaners, SuperFloss,* and

*Oral-B Laboratories: Redwood City, Calif.

Fig. 20-21.

	

Pressure will inevitably lead to ulceration.

Fig. 20-20.

	

The ovate pontic design eliminates the po-
tential for unsupported porcelain in the cervical portion of
an anterior pontic.

Fig. 20-22.

	

Soft tissue blanching at try-in indicates
pressure.
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Fig. 20-23.

	

The patient must be instructed how to clean
the gingival surface of a pontic with floss.

dental floss with a threader are highly recom-
mended (Fig. 20-23). Gingival embrasures around
the pontic should be wide enough to permit oral hy-
giene aids. However, to prevent food entrapment,
they should not be opened excessively. To permit
passage of floss over its entire tissue surface, tissue
contact between the residual ridge and pontic must
be passive.

If the pontic has a depression or concavity in its
gingival surface, plaque will accumulate, because
the floss cannot clean this area, and tissue irrita-
tion 24 will follow. This is usually reversible; when
the surface is subsequently modified to eliminate
the concavity, inflammation disappears (see Fig.
20-13). Therefore, an accurate description of pontic
design should be submitted to the laboratory, and
the prosthesis should be checked and corrected if
necessary before cementation. Prevention is the best
solution for controlling tissue irritation.

PONTIC MATERIAL

Any material chosen to fabricate the pontic should
provide good esthetic results where needed; bio-
compatibility, rigidity, and strength to withstand oc-
clusal forces; and longevity. FPDs should be made
as rigid as possible, because any flexure during
mastication or parafunction may cause pressure on
the gingiva and cause fractures of the veneering ma-
terial. Occlusal contacts should not fall on the junc-
tion between metal and porcelain during centric
or eccentric tooth contacts, nor should a metal-
ceramic junction occur in contact with the residual
ridge on the gingival surface of the pontic.

Investigations into the biocompatibility of mate-
rials used to fabricate pontics have centered on two
factors: (1) the effect of the materials and (2) the ef-
fects of surface adherence. Glazed porcelain is gen-
erally considered the most biocompatible of the

Fig. 20-24.

	

Scanning electron micrographs of glazed
porcelain (A), polished gold (B), and polished acrylic
resin (C).
(Microscopy by Dr. J.L. Sandrik.)

available pontic materials, and clinical data 21,21

tend to support this opinion, although the critical
factor seems to be the material's ability to resist
plaque accumulation (rather than the material it-
self). Well-polished gold is smoother, less prone to
corrosion, and less retentive of plaque than an un-
polished or porous casting. However, even highly
polished surfaces will accumulate plaque if oral hy-
giene measures are ignored .

Although glazed porcelain looks very smooth,
when viewed under a microscope, its surface shows
many voids and is rougher than either polished
gold or acrylic resin 13 (Fig. 20-24). Nevertheless,
highly glazed porcelain is easier to clean than other
materials. For easier plaque removal and biocom-
patibility, the tissue surface of the pontic should be
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Fig. 20-25.

	

Four pontic designs in descending order of strength based on cross sectional diameter of
the metal substructure. When vertical space is minimal, design 4 (porcelain tissue and occlusal coverage)
may be contraindicated.

made in glazed porcelain. However, ceramic tissue
contact may be contraindicated in edentulous areas
where there is minimal distance between the resid-
ual ridge and the occlusal table. In these instances,
placing ceramic on the tissue side of the pontic may
weaken the design of the metal substructure, partic-
ularly with porcelain occlusal surface (Fig. 20-25). If
gold is placed in tissue contact, it should be highly
polished. Regardless of the choice of pontic mater-
ial, patients can prevent inflammation around the
pontic with meticulous oral hygiene . 34

OCCLUSAL FORCES
Reducing the buccolingual width of the pontic by as
much as 30% has been suggested as a way to
lessen occlusal forces on, and thus the loading of,
abutment teeth. This practice continues today, al-
though it has little scientific basis. Critical analysis
reveals that forces are lessened only when chewing
food of uniform consistency and that a mere 12% in-
crease in chewing efficiency can be expected from a
one-third reduction of pontic width. Potentially
harmful forces are more likely to be encountered if an
FPD is loaded by the accidental biting on a hard ob-
ject or by parafunctional activities like bruxism rather
than by chewing foods of uniform consistency. These
forces are not reduced by narrowing the occlusal
table.

In fact, narrowing the occlusal table may actually
impede or even preclude the development of a har-
monious and stable occlusal relationship. Like a mal-
posed tooth, it may cause difficulties in plaque control
and may not provide proper cheek support. For these
reasons, pontics with normal occlusal widths (at least
on the occlusal third) are generally recommended.
One exception is if the residual alveolar ridge has col-
lapsed buccolingually. Reducing pontic width may
then be desired, thereby lessening the lingual contour
and facilitating plaque-control measures.

Fig. 20-26.

	

Failure of a long span metal-ceramic FPD
subjected to high stress.

MECHANICAL CONSIDERATIONS

The prognosis of fixed partial denture pontics will
be compromised if mechanical principles are not
followed closely. Mechanical problems may be
caused by improper choice of materials, poor frame-
work design, poor tooth preparation, or poor occlu-
sion. These factors can lead to fracture of the pros-
thesis or displacement of the retainers. Long-span
posterior FPDs are particularly susceptible to me-
chanical problems. Inevitably, there is significant
flexing from high occlusal forces and because the
displacement effects increase with the cube of the
span length (see p. 71). Therefore, evaluating the
likely forces on a pontic and designing accordingly
are important. For example, a strong all-metal pon-
tic may be needed in high-stress situations rather
than a metal-ceramic pontic (Fig. 20-26), which
would be more susceptible to fracture. When metal-
ceramic pontics are chosen, extending porcelain
onto the occlusal surfaces to achieve better esthetics
should also be carefully evaluated. In addition to its
potential for fracture, porcelain may abrade the op-
posing dentition if the occlusal contacts are on
enamel or metal.
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Fig. 20-27.

	

Failure resulting from improper laboratory
technique.

Fig. 20-28.

	

Failure of unsupported gingival porcelain.

AVAILABLE PONTIC MATERIALS

Some fixed partial dentures are fabricated entirely
of metal, porcelain, or acrylic resin, but most use a
combination of metal and porcelain. Acrylic resin-
veneered pontics have had limited acceptance be-
cause of their reduced durability (wear and discol-
oration). The newer indirect composites, based on
high inorganic-filled resins and the fiber-reinforced
materials (see Chapter 27), have revived interest in
composite resin and resin-veneered pontics.

Metal-ceramic Pontics.

	

Most pontics are fabri-
cated by the metal-ceramic technique. If properly
used, this technique is helpful for solving com-
monly encountered clinical problems. A well-
fabricated metal-ceramic pontic is strong, easy to
keep clean, and looks natural. However, mechanical
failure (Fig. 20-27) can occur and often is attribut-
able to inadequate framework design. The princi-
ples of framework design are discussed in Chapter
19, but the following points will be emphasized in
this chapter:

1.

	

The framework must provide a uniform ve-
neer of porcelain (approximately 1.2 mm).
Excessive thickness of porcelain contributes
to inadequate support and predisposes to
eventual fracture (Fig. 20-28). This is often
true in the cervical portion of an anterior
pontic. A reliable technique for ensuring uni-
form thickness of porcelain is to wax the
fixed prosthesis to complete anatomic con-
tour and then accurately cut back the wax to
a predetermined depth (Fig. 20-29).

2.

	

The metal surfaces to be veneered must be
smooth and free of pits. Surface irregularities
will cause incomplete wetting by the porce
lain slurry, leading to voids at the porcelain-

metal interface that reduce bond strength and
increase the possibility of mechanical failure.

3.

	

Sharp angles on the veneering area should be
rounded. They produce increased stress con-
centrations that can cause mechanical failure.

4.

	

The location and design of the external metal-
porcelain junction require particular atten-
tion. Any deformation of the metal frame-
work at the junction can lead to chipping of
the porcelain (Fig. 20-30). For this reason, oc-
clusal centric contacts must be placed at least
1.5 mm away from the junction. Excursive ec-
centric contacts that might deform the metal-
ceramic interface must be watched carefully.

Resin-veneered Pontics. Historically, acrylic
resin-veneered restorations had deficiencies that
made them acceptable only as longer-term provi-
sionals. Their resistance to abrasion was lower than
enamel or porcelain, and noticeable wear occurred
with normal toothbrushing (Fig. 20-31). Further-
more, the relatively high surface area/volume ratio
of a thin resin veneer made dimensional change
from water absorption and thermal fluctuations
(thermocycling) a problem. Because no chemical
bond existed between the resin and the metal
framework, the resin was retained by mechanical
means (e.g., undercuts). Continuous dimensional
change of the veneers often caused leakage at the
metal-resin interface, with subsequent discoloration
of the restoration.

Nevertheless, there are certain advantages to us-
ing polymeric materials instead of ceramics: they
are easy to manipulate and repair and do not re-
quire the high-melting range alloys needed for
metal-ceramic techniques. Recently introduced in-
direct composite resin systems have resolved some
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Fig. 20-29.

	

A, Waxing to anatomic contour and con-
trolled cut-back are the most reliable approaches to fabricat-
ing a satisfactory metal substructure (B).

Fig. 20-31.

	

Wear of an acrylic resin-veneered prosthesis.

27). A substructure matrix of impregnated glass or
polymer fiber provides structural strength. The
physical properties of this system, combined with
its excellent marginal adaptation and esthetics,
make it a possible metal-free alternative for FPDs,
although long-term clinical performance is not yet
known.

ESTHETIC CONSIDERATIONS

No matter how well biologic and mechanical prin-
ciples have been followed during fabrication, the
patient will evaluate the result by how it looks, es-
pecially when anterior teeth have been replaced.
Many esthetic considerations that pertain to single
crowns also apply to the pontic (see Chapter 23).
Several problems unique to the pontic may be en-
countered when attempting to achieve a natural
appearance.

Fig. 20-30.

	

Failure caused by occlusal contact across the
metal-ceramic junction.

of the problems inherent in previous indirect resin
veneers. These new-generation indirect resins have
a higher density of inorganic ceramic filler than tra-
ditional direct and indirect composite resins. Most
use a post-curing process that results in high flex-
ural strength, minimal polymerization shrinkage,
and wear rates comparable to those of tooth
enamel .38 In addition, improvements in the bond be-
tween the composite resin and metal39 may lead to a
reappraisal of resin veneers.

Fiber-reinforced Composite Resin Pontics.
Composite resins can be used in fixed partial den-
tures without a metal substructure (see Chapter

THE GINGIVAL INTERFACE
An esthetically successful pontic will replicate the
form, contours, incisal edge, gingival and incisal
embrasures, and color of adjacent teeth. The pon-
tic's simulation of a natural tooth is most often be-
trayed at the tissue-pontic interface. The greatest
challenge here is to compensate for anatomic
changes that occur after extraction. Special attention
should be paid to the contour of the labial surface as
it approaches the pontic-tissue junction to achieve a
"natural" appearance. This cannot be accomplished
by merely duplicating the facial contour of the
missing tooth, because after a tooth is removed, the
alveolar bone undergoes resorption and/or remod-
eling. If the original tooth contour were followed,
the pontic would look unnaturally long incisogingi-
vally (Fig. 20-32). To achieve the illusion of a natural
tooth, an esthetic pontic must deceive observers
into believing they are seeing a natural tooth.
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The modified ridge-lap pontic is recommended
for most anterior situations; it compensates for lost
buccolingual width in the residual ridge by over-
lapping what remains. Rather than emerging from
the crest of the ridge as a natural tooth would, the
cervical aspect of the pontic sits in front of the
ridge, covering any abnormal ridge morphology
resulting from tooth loss. Fortunately, because most
teeth are viewed from only two dimensions, this
relationship remains undetected. A properly de-

Fig. 20-32.

	

Correct incisogingival height is critical to es-
thetic pontic design. A, Esthetic failure of a four-unit FPD
replacing the right central and lateral incisors. The pontics
have been shaped to follow the facial contour of the miss-
ing teeth, but because of bone loss they look too long.
B, The replacement FPD. Note that the gingival half of each
pontic has been reduced. Esthetics is much improved.
C, This esthetic failure is the result of excessive reduction.
The central incisor pontics look too short.

signed, modified ridge-lap provides the required
convexity on the tissue side, with smooth and open
embrasures on the lingual side for ease of cleaning.
This is difficult to accomplish. Clinically, many
pontics are seen with less than optimal contour, re-
sulting in an unnatural appearance. This can be
avoided with careful preparation at the diagnostic
waxing stage (see Chapter 3). Sometimes the ridge
tissue must be surgically reshaped to enhance the
result.

In normal situations, light falls from above, and
an object's shadow is below it. Unexpected lighting
or unexpectedly placed shadows (Fig. 20-33) can be
confusing to the brain. Because of past experience,
the brain "knows" that a tooth grows out of the gin-
giva, and it therefore "sees" a pontic as a tooth un-
less telltale shadows suggest otherwise. Special care
must be taken when studying where shadows fall
around natural teeth, particularly around the gingi-
val margin. If a pontic is poorly adapted to the
residual ridge, there will be an unnatural shadow in
the cervical area that looks odd and spoils the illu-

Fig. 20-33.

	

Optical illusion. A and B are identical except
that one image is upside down. Most people make different
three-dimensional interpretations of each photograph, in-
terpreting one as a negative impression and the other as a
positive cast. (Verify the illusion by turning the book.) The
interpretation is based on how shadows fall; in normal situ-
ations, objects are seen illuminated from above.
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sion of a natural tooth (Fig. 20-34). In additional, re-
cesses occurring at the gingival interface will collect
food debris, further betraying the illusion of a nat-
uraltooth.

When appearance is of utmost concern, the ovate
pontic, used in conjunction with alveolar preserva-
tion or soft tissue ridge augmentation, can provide
an appearance at the gingival interface that is virtu-
ally indistinguishable from a natural tooth. Because
it emerges from a soft tissue recess, this pontic is not
susceptible to many of the esthetic pitfalls previ-
ously described for the modified ridge lap pontic.
However, in most cases, the patient must be willing
to undergo the additional surgical procedures that
an ovate pontic requires.

I NCISOGINGIVAL LENGTH

Obtaining a correctly sized pontic simply by dupli-
cating the original tooth is not possible. Ridge re-
sorption will make such a tooth look too long in the
cervical region. The height of a tooth is immediately
obvious when the patient smiles and shows the gin-

gival margin (Fig. 20-35). An abnormal labiolingual
position or cervical contour, however, is not imme-
diately obvious. This fact can be used to produce a
pontic of good appearance by recontouring the
gingival half of the labial surface (see Fig. 20-35).
The observer sees a normal tooth length but is un-
aware of the abnormal labial contour. The illusion is
successful.

Even with moderately severe bone resorption,
obtaining a natural appearance by exaggerated con-
touring of the pontics may still be possible. In areas
where tooth loss is accompanied by excessive loss of
alveolar bone, however, a pontic of normal length
would not touch the ridge at all.

One solution is to shape the pontic to simulate a
normal crown and root with emphasis on the ce-
mentoenamel junction. The root can be stained to
simulate exposed dentin (Fig. 20-36). Another ap-
proach is to use pink porcelain to simulate the gin-
gival tissues (Fig. 20-37). However, such pontics
then have considerably increased tissue contact and
require scrupulous plaque control for long-term

Fig. 20-34.

	

A pontic should be interpreted as "growing" out of the gingival tissue. The second pre-
molar pontic in the four-unit FPD (A) is successful because it is well adapted to the ridge; however, the
pontic for the first premolar is evident because of its poor adaptation to the ridge, which creates a
shadow. B, Shadows around the gingival surface (arrow) spoil the esthetic illusion.
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Fig. 20-35.

	

A, A pontic should have the same incisogingival height
(H) as the original tooth. B, Correctly contoured pontic. C, Incorrect
contour. (The dotted lines in B and C show the original tooth contour.)
The shelf at the gingival margin may trap food and create an estheti-
cally unacceptable shadow.

Fig. 20-36.

	

It is difficult without surgical augmentation to
fabricate an esthetic fixed prosthesis for a patient with exten-
sive alveolar bone loss. A and B, One approach is to contour
the crowns normally and shape and stain the apical extension
to simulate exposed root surface. Better esthetics is obtainable
with an RPD (C).
(A and B redrawn from Blancheri RL: Rev Asoc Dent Mex 8:103,
1950.)

success. Ridge-augmentation procedures have been
successful in correcting areas of limited resorption.
When bone loss is severe, the esthetic result ob-
tained with an RPD is often better than with an
FPD.

MESIODISTAL WIDTH

Frequently, the space available for a pontic will be
greater or smaller than the width of the contralat-
eral tooth. This is usually due to uncontrolled tooth
movement that occurred when a tooth was re-
moved and not replaced.
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Fig. 20-37.

	

Fixed partial denture replacing maxillary left central and lateral incisors. This patient had
lost significant bone from the edentulous ridge. Appearance of the prosthesis was enhanced with the use
of pink porcelain between the pontics to simulate gingival tissue. The patient has been able to maintain
excellent tissue health through the daily use of SuperFloss.

Fig. 20-38.

	

Optical illusions.
A, The authors are the same size.
B, The lines are straight. (Tilt the book
to verify this.)
(A modified from MIND SIGHTS by
Shepard (1990) by Roger N. Shepard.
Used with permission by W.H. Freeman
and Company.)

If possible, such a discrepancy should be cor-
rected by orthodontic treatment. If this is not possi-
ble, an acceptable appearance may be obtained by
incorporating visual perception principles into the
pontic design. In the same way that the brain can be
confused into misinterpreting the relative sizes of
shapes or lines because of an erroneous interpreta-
tion of perspective (Fig. 20-38), a pontic of abnormal
size may be designed to give the illusion of being a

more natural size. The width of an anterior tooth is
usually identified by the relative positions of the
mesiofacial and distofacial line angles, and the over-
all shape by the detailed pattern of surface contour
and light reflection between these line angles. The
features of the contralateral tooth (Fig. 20-39)
should be duplicated as precisely as possible in the
pontic, and the space discrepancy can be compen-
sated by altering the shape of the proximal areas.
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PONTIC ABUTMENT PONTIC ABUTMENT

B

Fig. 20-39.

	

An abnormally sized anterior pontic space can be restored esthetically by matching the
location of the line angles and adjusting the interproximal areas. Large (A) and small (B) pontic spaces.
Dimension a should be matched in the replacement.
(Redrawn from Blancheri RL: Rev Asoc Dent Mex 8:103, 1950.)

The retainers and the pontics can be proportioned to
minimize the discrepancy. (This is another situation
in which a diagnostic waxing procedure will help
solve a challenging restorative problem.)

Space discrepancy presents less of a problem
when posterior teeth are being replaced (Fig. 20-40)
because their distal halves are not normally visible
from the front. A discrepancy here can be managed
by duplicating the visible mesial half of the tooth
and adjusting the size of the distal half.

Fig. 20-40.

	

When replacing a posterior tooth (A), dupli-
cate the dimension of the more visible mesial half of the ad-
jacent tooth. Narrow (B) and wide (C) pontic spaces.
(Redrawn from Blancheri RL: Rev Asoc Dent Mex 8:103,
1950.)

PONTIC FABRICATION

AVAILABLE MATERIALS
Over time, several techniques for pontic fabrica-
tion evolved. Prefabricated porcelain facings were
very popular for use with conventional gold al-
loys. As use of the metal-ceramic technique in-
creased during the 1970s, prefabricated facings lost
their popularity and essentially disappeared. Al-
though an acceptable substitute, custom-made
metal-ceramic facings never gained widespread
acceptance. Table 20-2 summarizes the various
techniques (Fig. 20-41).

Most pontics are now made with the metal-
ceramic technique, which provides the best solution
to the biologic, mechanical, and esthetic challenges
encountered in pontic design. Their fabrication,
however, differs slightly from the fabrication of in-
dividual crowns. These differences will be empha-
sized in the ensuing paragraphs.



Chapter 20 Pontic Design

Fig. 20-41.

	

A, Eight-unit FPD with porcelain facings. B and C, This three-unit posterior FPD has
been fabricated by postceramic soldering of a metal-ceramic facing to conventional gold. D, Metal-
ceramic FPD with a modified ridge lap pontic (canine) appears to emerge from the gingiva.

METAL-CERAMIC PONTICS
A well-designed metal-ceramic pontic provides
easy plaque removal, strength, wear resistance, and
esthetics (see Fig. 20-41, D). Its fabrication is rela-
tively simple if at least one retainer is also metal-
ceramic. The metal framework for the pontic and
one or both of its retainers is cast in one piece. This
facilitates pontic manipulation during the succes-
sive laboratory and clinical phases. In the discus-

sion that follows, it will be assumed that either or
both of the retainers are metal-ceramic complete
crowns. When this is not the case, an alternate ap-
proach is recommended.

Anatomic Contour Waxing. For strength and
esthetics, an accurately controlled thickness of
porcelain is needed in the finished restoration. To
ensure this, a wax pattern is made to the final



Section 3 Laboratory Procedures

anatomic contour. This also permits an assessment
of connector design adequacy and the relationship
between the connectors and the proposed configu-
ration of the ceramic veneer (see Chapter 28).

Armamentarium (Fig. 20-42)
Bunsen burner
Inlay wax
Sticky wax
Waxing instruments
Cotton cleaning cloth
Die-wax separating liquid
Zinc stearate or powdered wax
Double-ended brushes
Cotton balls
Fine-mesh nylon hose

Step-by-step Procedure
1.

	

Wax the internal, proximal, and axial surfaces
of the retainers as described in Chapter 18.

2.

	

Soften the inlay wax, mold it to the approxi-
mate desired pontic shape, and adapt it to the
ridge. This is the starting point for subse-
quent modification. Alternatively (and per-
haps preferably), an impression may be made
of the diagnostic waxing or provisional
restoration. Molten wax can then be poured
into this to form the initial pontic shape. Pre-
fabricated pontic shapes are also available as
a starting point (Fig. 20-43).

3. If a posterior tooth is being replaced, leave
the occlusal surface flat because the occlusion
is best developed with the wax addition tech-
nique outlined in Chapter 18.

4.

	

Lute the pontic to the retainers and, for addi-
tional stability, connect its cervical aspect di-
rectly to the master cast with sticky wax.

Then wax the pontic to proper axial and oc-
clusal (or incisal) contour (Fig. 20-44).

5.

	

Complete the retainers and contour the prox-
imal and tissue surfaces of the pontic for the
desired tissue contact. The pontic is now
ready for evaluation before cut-back.

Evaluation (Fig. 20-45). The form of the wax pat-
tern is evaluated and any deficiencies are corrected.
Particular attention is given to the connectors,

Fig. 20-43.

	

Prefabricated wax pontics.

Fig. 20-44.

	

Luting the pontic to the retainers.

Fig. 20-42.

	

Waxing armamentarium. Fig. 20-45.

	

Complete contour wax patterns.
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which should have the correct shape and size. The
connectors provide firm attachment for the pontic
so it does not separate from the retainers during the
subsequent cut-back procedure.

Cut-back
Armamentarium

Bunsen burner
Waxing instruments
Cut-back instrument
Scalpel
Thin ribbon saw blade or sewing thread
Explorer

Step-by-step Procedure
1.

	

Use a sharp explorer to outline the area that will
be veneered with porcelain (Fig. 20-46, A). The
porcelain-metal junction must be placed suf-
ficiently lingual to ensure good esthetics.

2.

	

Make depth cuts or grooves in the wax pat-
tern (see Chapter 19 and Fig. 20-46, B).

3.

	

Complete the cut-back as far as access will al-
low with the units connected and on the mas-
ter cast.

4.

	

Section one wax connector with a thin ribbon
saw (sewing thread is a suitable alternative)
and remove the isolated retainer from the
master cast (Fig. 20-46, C).

5. Finish the cut-back of this retainer, making
sure there is a distinct 90-degree porcelain-
metal junction.

6.

	

Reflow and finalize the margins. The pontic
is held in position by the other retainer dur-
ing this procedure.

7.

	

Refine the pontic cut-back where access is im-
proved by removal of the first retainer.

8.

	

Reseat the first retainer, reattach it to the pon-
tic, section the other connector, and repeat the
process.

9.

	

Sprue the units and do any final reshaping
as needed.

10.

	

Invest and cast in the manner described in
Chapter 22.

NOTE: When one connector of a three-unit FPD
is to be cast and the other soldered, the cast connec-
tor should be sectioned first when the foregoing
procedure is followed. The gingival surface of the
pontic should be cut back in the metal rather than in
the wax, because the tissue contact will help stabi-
lize the pontic. Access is difficult, and it is easy to
break the fragile wax connector.

Metal Preparation
Armamentarium

Separating disk
Ceramic-bound finishing stones
Sandpaper disks (nonveneered surfaces only)
Rubber wheel (nonveneered surfaces only)
Round carbide bur (no. 6 or 8)
Airborne abrasion unit (with 25 um aluminum
oxide)

Step-by-step procedure (Fig. 20-47).
1.

	

Recover the castings from the investment and
prepare the surfaces to be veneered as de-
scribed in Chapter 19.

2.

	

Finish the gingival surface of the pontic. Do
not overreduce this area.

Evaluation.

	

Less than 1 mm of porcelain thick-
ness is needed on the gingival surface, because once
it is cemented, the restoration will be seen from the
facial rather than from the gingival. Excessive gin-
gival porcelain is a common fault in pontic frame-
work design and may lead to fracture and poor ap-
pearance (see Fig. 20-28).

To facilitate plaque control, the metal-ceramic
junction should be located lingually. Then tissue

Fig. 20-46.

	

Cut-back procedure for a three-unit anterior FPD. A, Delineating the porcelain-metal
junction. B, The central incisor has already been cut back, and the pontic has been troughed. The canine
is still at anatomic contour. C, A ribbon saw is used to section the connector.
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Fig. 20-47.

	

Metal substructure ready for airborne particle abrasion and oxidation.

contact will be on the porcelain and not on metal,
which retains plaque more tenaciously.40

Porcelain Application. Many of the steps for
porcelain application are identical to those in indi-
vidual crown fabrication (see Chapter 24). There are
some features peculiar to pontic fabrication, how-
ever, and these will be emphasized.

Armamentarium (Fig. 20-48)
Paper napkin
Glass slab
Tissues or gauze squares
Distilled water
Glass spatula
Serrated instrument
Porcelain tweezers or hemostat
Ceramist's brushes (no. 2, 4, or 6)
Whipping brush
Razor blade
Cyanoacrylate resin
Colored pencil
Articulating tape
Ceramic-bound stones
Diamond stones

* Diamond disk

Step-by-step Procedure (Fig. 20-49)
1. Prepare the metal and apply opaque as de-

scribed in Chapter 24.
2.

	

Apply cervical porcelain to the gingival sur-
face of the pontic and seat the castings on the
master cast. A small piece of tissue paper
adapted to the residual ridge on the cast by
moistening with a brush will prevent porce-
lain powder from sticking to the stone.
(Cyanoacrylate resin or special separating
agents can be used for the same purpose.)

3.

	

Build up the porcelain (as described in Chap-
ter 24) with the appropriate distribution of
cervical, body, and incisal shades. The tissue
paper will act as a matrix for the gingival sur-
face of the pontic.

Fig. 20-48.

	

Armamentarium for porcelain application.

4.

	

When the porcelain has been condensed, sec-
tion between the units with a thin razor
blade. This will prevent the porcelain from
pulling away from the framework as a result
of firing shrinkage. A second application of
porcelain will be needed to correct any defi-
ciencies caused by firing shrinkage. Such ad-
ditions usually are needed proximally and
gingivally on the pontic.

5.

	

Apply a porcelain separating liquid (e.g., Vita
Modisol*) to the stone ridge so that the addi-
tional gingival porcelain can be lifted directly
from the cast as in the fabrication of a porce-
lain labial margin (see Chapter 24).

6.

	

Mark the desired tissue contact and contour
the gingival surface to provide as convex a
surface as possible. The pontic is now ready
for clinical evaluation and soldering proce-
dures, characterization, glazing, finishing, and
polishing (see Chapters 28 to 30).

Evaluation (Fig. 20-50). The porcelain on the tis-
sue surface of the pontic should be as smooth as

*Vident: Brea, Calif.
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Fig. 20-49.

	

Porcelain application. A, Substructure ready for opaquing. B, Opaque application.
C, Body porcelain application. D, A piece of moistened tissue paper (arrow) on the edentulous ridge.
E, The porcelain after the first firing.

Fig. 20-50.

	

Metal-ceramic pontic replacing a lateral
incisor.

possible. Pits and defects will make plaque control
difficult and promote calculus formation. The metal
framework must be highly polished, with special
care directed to the gingival embrasures (where ac-
cess for plaque removal is more difficult).

ALL-METAL PONTICS
Pontics made from metal (Fig. 20-51) require fewer
laboratory steps and are therefore sometimes
used for posterior FPDs. However, they have some Fig. 20-51.

	

All-metal, three-unit FPDs.



Section 3 Laboratory Procedures

disadvantages (e.g., their appearance). In addition,
investing and casting must be done carefully be-
cause the mass of metal in the pontic is prone to
porosity as the bulk increases. A porous pontic will
retain plaque and tarnish and corrode rapidly.

SUMMARY

Designs that allow easy plaque control are especially
important to a pontic's long-term success. Minimiz-
ing tissue contact by maximizing the convexity of
the pontic's gingival surface is essential. Special con-
sideration is also needed to create a design that com-
bines easy maintenance with natural appearance
and adequate mechanical strength. When the appro-
priate design has been selected, it must be accurately
conveyed to the dental technician.

There are subtle differences between metal-
ceramic pontic fabrication and the fabrication of
other types of pontics. Under most circumstances,
the metal-ceramic technique is used because it is
straightforward and practical. However, it requires
careful execution for maximum strength, appear-
ance, and effective plaque control. Alternative pro-
cedures may sometimes be helpful, particularly
when gold alloys are used for the retainers. Resin-
veneered pontics should be restricted to use as
longer-term provisional restorations, and all-metal
pontics may be the restoration of choice in nones-
thetic situations, particularly where forces are high.

center of the ridge: the faciolingual or buccolingual
mid-line of the residual ridge.

clinical crown: the portion of a tooth that extends from
the occlusal table or incisal edge to the free gingival
margin.

crest: n (14c): a ridge or prominence on a part of a
body; in dentistry, the most coronal portion of the
alveolar process.

emergence profile: the contour of a tooth or restora-
tion, such as a crown on a natural tooth or dental im-
plant abutment, as it relates to the adjacent tissues.

hygienic pontic: a pontic that is easier to clean because
it has a domed or bullet shaped cervical form and
does not overlap the edentulous ridge.

modified ridge lap: a ridge lap surface of a pontic that
is adapted to only the facial or buccal aspect of the
residual ridge.

pontic: n: an artificial tooth on a fixed partial denture
that replaces a missing natural tooth, restores its
functions, and usually fills the space previously
filled by the natural crown.

residual ridge: the portion of the residual bone and its
soft tissue covering that remains after the removal
of teeth.

residual ridge crest: the most coronal portion of the
residual ridge

residual ridge resorption: a term used for the dimin-
ishing quantity and quality of the residual ridge af-
ter teeth are removed.
Ortman HR. Factors of bond resorption of the resid-

ual ridge. J Prosthet Dent 1962; 12:429-40.

Atwood DA. Some clinical factors related to rate of
resorption of residual ridges. J Prosthet Dent
1962;12:441-50

ridge augmentation: any procedure designed to en-
large or increase the size, extent, or quality of de-
formed residual ridge.

ridge crest: the highest continuous surface of the
residual ridge not necessarily coincident with the
center of the ridge.



Chapter 20 Pontic Design

ridge lap: the surface of an artificial tooth that has
been shaped to accommodate the residual ridge.
The tissue surface of a ridge lap design is concave
and envelops both the buccal and lingual surfaces
of the residual ridge.
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Different philosophies exist regarding the need for
restoration of abutment teeth in fabricating a remov-
able partial denture (RPD). Some authors advocate
making removable prostheses with a minimum of
mouth preparation. They do not suggest the routine
use of cast restorations for abutment teeth but prefer
to modify the remaining natural dentition through
enamoplasty and/or composite resin. This has the
advantages of reducing the time and expense of
treatment. Other authors point to the advantages of
using cast restorations on abutment teeth, suggesting
the masticatory and retentive forces can be directed
more favorably through precisely shaped occlusal
rests and guide planes. In addition the use of cast re-
tainers permits intracoronal rests or precision at-
tachments, which may afford significant esthetic ad-
vantages and the possibility of splinting to reduce the
mobility of abutment teeth.'

The correct choice of treatment for any patient
depends on a thorough history and examination
and an accurate diagnosis and prognosis. Decisions
concerning the restoration of abutment teeth in-
volve many factors-caries, existing restorations,
tooth vitality, shape and angulation, oral hygiene,
and cost and experience-and these must all be as-
sessed and evaluated. Only then is the selected
treatment likely to achieve the planned outcome
based on the functional requirements of the patient.

TREATMENT PLANNING

The fabrication of a precisely fitting removable par-
tial denture is one of the more challenging tasks in

precision attachment
reciprocal arm
reciprocation
removable partial denture
survey line
surveyor
undercut
wrought retention clasp

restorative dentistry. Without a careful all-inclusive
diagnosis and well-designed treatment plan, the
chances of success are minimal. Patients who re-
quire a removable prosthesis (Fig. 21-1) usually
have sustained extensive damage as a consequence
of caries, periodontal disease, or trauma. They also
may exhibit acquired or congenital intraoral defects.
As a result of prolonged loss of arch integrity, there
may be drifting or tipping, and the occlusion is of-
ten less than ideal.

Treatment plans that include a removable pros-
thesis may require additional diagnostic procedures
besides those described in Chapters 1 and 2. The im-
portance of accurate diagnostic casts mounted in
centric relation can hardly be overemphasized. If all
posterior teeth are absent, it will be much more dif-
ficult to relate opposing diagnostic casts, and stable
record bases must be made under these circum-
stances (Fig. 21-2).

The use of a dental surveyor (Fig. 21-3) is essen-
tial during treatment planning for the following
reasons:
1.

	

To help assess the relative alignment of the long
axes of teeth that support an RPD.

2.

	

To help determine the optimum path of place-
ment and removal.

3.

	

To help evaluate tissue undercuts and their in-
fluence on RPD design.

The most appropriate anteroposterior and me-
diolateral tilt of the cast needs to be selected. Care-
ful analysis is essential because a compromise often
must be made between the requirements of an ideal
tooth preparation (see Chapter 7) and the require-
ments for a particular tooth to be used as an abut-
ment to support and retain an RPD. The path of in-
sertion is the single most important factor in
determining how much tooth reduction is needed to
meet mechanical and esthetic requirements simulta-
neously (Fig. 21-4).

When surveying the diagnostic cast, the antero-
posterior tilt should be established first. The lateral
inclination is then determined. The operator should
focus on the relative alignment of selected abut-
ment teeth, any tissue undercuts, and the available
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Fig. 21-1. A to E, This patient presented with extensive periodontal disease; several posterior teeth
were removed. F to J, Restoration completed. A combination of fixed and removable prostheses was used.

Fig. 21-2.

	

Where multiple teeth are missing, a clasp-retained record base with wax rims (used here
with ZOE paste) should be used to ensure accurate articulation. This minimizes the risk of tipping of the
casts relative to one another.
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Fig. 21-3.

	

A dental surveyor is essential during treat-
ment planning and in designing retainers for RPDs.

occlusocervical dimension for anticipated proximal
and reciprocal guide planes. The feasibility of re-
contouring axial walls and the possible conse-
quences of such recontouring must also be consid-
ered. For instance, it may be necessary to treat a
malposed tooth orthodontically or endodontically if
recontouring is not feasible. Similarly, removal of a
tooth that unnecessarily complicates RPD design
should be considered and carefully weighed against
its effect on the stability of the prosthesis. If future
loss of an already compromised tooth would render
the RPD useless, it may be better to remove that
tooth before initiating any prosthetic treatment.

When a patient has missing anterior teeth, the
path of insertion of an RPD should be parallel to the
proximal surfaces of the abutment teeth adjacent to
the space (Fig. 21-5). This results in superior esthet-
ics because it minimizes the space between the arti-
ficial and natural teeth. Sometimes esthetics can be
improved by using a rotational insertion path.'

Apparently complex decisions as to the best
tooth preparation-path of withdrawal combination
can be greatly simplified by using diagnostic tooth
preparation, waxing, and denture tooth setting
(Figs. 21-6 and 21-7). These trial procedures on di-
agnostic casts help determine how to arrive at the
best mechanical and esthetic result without deviat-
ing from the principles of occlusion or making ex-
cessively bulky restorations that inevitably causes
periodontal complications. The concept is to deter-
mine before treatment the precise end point in re-

Fig. 21-4.

	

A, Normal tooth preparation for a complete
cast crown. The path of withdrawal is in the long axis of
the tooth. B, Modified tooth preparation for an RPD re-
tainer with lingual guide planes. This preparation has a
more buccal path of withdrawal.

Fig. 21-5.

	

The appearance of an anterior RPD is im-

proved by careful selection of the path of insertion.

gard to occlusion and appearance with interchange-
ably articulator-mounted casts of the pre- and post-
treatment condition. These cross-mounted casts also
enable the treatment sequence to be simplified by
allowing one arch to be treated at a time. The
restorations on the first arch to be restored are fabri-
cated against the diagnostically waxed opposing
cast (Fig. 21-8 and Fig. 3-34).

PREREQUISITES FOR SUCCESS
The clinician and laboratory technician must have a
good understanding of RPD design (Fig. 21-9). To
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Fig. 21-6.

	

Diagnostic mounted casts and waxing are essential prerequisites for extensive prosthodon-
tic care. A, Diagnostically mounted casts. B, Diagnostic tooth arrangement.
(Courtesy Dr. N.L. Clelland.)

Fig. 21-7.

	

Diagnostic tooth preparation is especially valuable in treating patients requiring a combi-
nation of fixed and removable prosthodontics. A to D, Diagnostic waxing. E and F, Fixed prostheses.
G and H, Completed restorations. Mandibular RPD has cast metal occlusal surfaces.
(Courtesy Dr. J.H. Bailey.)

embark on an in-depth discussion of the approaches
to framework design is beyond the scope of this
text. We therefore will primarily consider the modi-
fications that must be incorporated in the cast
restoration to accommodate an RPD.

Design. Many concepts of removable partial
denture design have been advocated. Regardless of
the concept selected, the operator needs a keen un-
derstanding of the requirements placed on fixed re-
tainers. The design should allow the forces developed
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Fig. 21-8.

	

Cross-mounted casts are used to simplify complex prosthodontic treatments. One set of
casts is waxed to the end point of treatment, whereas the other set is left unaltered to enable the working
casts to be mounted. An additional cast is needed for surveying a removable prosthesis. A, Casts needed
for treating a patient requiring a maxillary fixed prosthesis opposed by mandibular fixed and removable
prostheses (see Fig. 21-7). B, The duplicated casts are mounted in the identical relationship on an articu-
lator. Treatment can now be undertaken in phases. First the mandibular teeth are prepared, and a work-
ing cast is obtained. This is mounted against the maxillary unaltered cast, which is then replaced by the
identically oriented, diagnostically waxed cast for the laboratory fabrication of the mandibular fixed
prosthesis. (See also Fig. 3-34.)
(Courtesy Dr. J.H. Bailey.)

Fig. 21-9.

	

Design of a removable partial denture. The
component parts are labeled.

Fig. 21-10.

	

Initial RPD design sketched on the diagnos-

tic cast.
(Courtesy Dr. N.L. Clelland.)

during placement, removal, and function to be so di-
rected as to cause the least harm to the remaining den-
tition. The proposed design (Fig. 21-10) should be
carefully sketched at the initial treatment planning
stage. Generally this reveals any existing problems.
Each fixed restoration should be designed to be fully
compatible with the removable prosthesis while ful-
filling the functional requirements of mastication and
facilitating the performance of oral hygiene.

Denture Bases. The denture base areas are
shaped to avoid interference with the abutment re-
tainer during placement and removal. Therefore the

fixed prosthesis determines the denture base config-
uration, rather than vice versa.

Occlusal Rests (Fig. 21-11). The rests of an
RPD should fit precisely into the corresponding rest
seats on the abutment retainers. To reduce laterally
directed forces, the rest seats should be spoon
shaped. The junction between the internal aspect of
the rest seat and the proximal guide plane should be
rounded to minimize stress on the framework and
thereby reduce the chance of fracture.

The size of the rest seat has been a matter of con-
troversy. Ordinarily a no. 8 round bur produces an
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Fig. 21-1 1.

	

Cross section through an occlusal rest seat.

Fig. 21-12.

	

Distal rest seat on a mandibular second
premolar.

Fig. 21-13.

	

V-shaped cingulum rest seat.

adequate rest in the wax pattern. On small teeth un-
der normal loading, a no. 6 round bur can provide
adequate space (Fig. 21-12). On anterior teeth a cin-
gulum rest seat should be created to support the
partial denture. It should be convex mesiodistally
and resemble a V-shaped groove labiolingually (Fig.
21-13). This configuration prevents displacement of

Fig. 21-14.

	

Incisal rest on a mandibular canine.
(Courtesy Dr. M.T. Padilla.)

Fig. 21-15.

	

Minor connector of a cast RPD (arrow)
closely adapted to the proximal guide plane.

the abutment while simultaneously transmitting
forces parallel to its long axis. Unfortunately a dis-
tinct cingulum rest can rarely be placed in the cin-
gulum of an unrestored tooth without penetrating
the enamel . 3 Sometimes a pin-retained or resin-
bonded restoration4 is used to provide a cingulum
rest.* An incisal rest may be used on unrestored
mandibular canines (Fig. 21-14). This provides good
support for the RPD but may be unacceptable es-
thetically. When a rest is placed on a metal-ceramic
restoration, adequate thickness of metal must re-
main between the occlusal rest seat and the porce-
lain-metal junction. About 1 mm is sufficient. To
minimize the risk of fracture, an occlusal rest seat
should not be placed directly on porcelain.

Minor Connectors (Fig. 21-15). The minor
connectors of an RPD join the rests and the clasps to
the major connector and should fit intimately
against the proximal guide plane. The guide plane
should be as long as possible occlusocervically and
should follow the normal configuration of the tooth
buccolingually. All proximal guide planes should be
parallel to each other.

*NOTE: Porcelain labial veneers (see Chapter 25) or
composite resin have also been used for providing un-
dercuts for RPD retention.



Retention. The amount of retention is related
to, among other things, the configuration of the re-
tentive arm of the clasp of an RPD, the material
from which the clasp is made, and the extent of the
undercut into which it is placed and from which it
is dislodged when the RPD is taken out of the
mouth.

Partial denture frameworks are usually fabri-
cated of base metal alloys, although some operators
prefer an ADA Type IV gold alloy. In addition to
conventional cast clasps, wrought retention clasp
arms can be made of a platinum-gold-palladium or
nickel-chromium alloy.

The modulus of elasticity of the base metals is
considerably higher than that of a Type IV gold al-
loy. Hence shallower retentive undercuts, on the or-
der of 0.12 to 0.25 mm (0.005 to 0.010 in), can be
used with the former. Undercuts of 0.25 to 0.50 mm
(0.010 to 0.020 in) can routinely be used with clasps
made of either Type IV gold or wire.

When a clasp is in its normal position with the
removable partial denture fully seated, it should fit
in a passive manner against the retainer; simultane-
ously it should be at least 2 mm occlusal to the crest
of the free gingiva so as not to interfere with main-
tenance of periodontal health. This means the sur-
vey line must not be placed too far cervically.

Likewise, the height of contour must not be placed
too far occlusal, or binding of the retentive arm may
occur during placement. Ideally it should be within
the middle third of the retentive surface of the re-
tainer. A properly contoured surface permits the re-
tentive arm to flex gradually along the path of place-
ment. Only the terminal third of the retentive arm
should be placed gingival to the survey line (Fig.
21-16). If more than the terminal third of the retentive
arm is placed cervical to the height of contour, this
may impede placement and removal of the RPD.

A typical survey line has an undulating configu-
ration similar to the letter S, with its most gingival
portion adjacent to the minor connector for oc-
clusally approaching clasps. If a gingivally ap-
proaching clasp is used, the undercut may be lo-
cated immediately adjacent to the proximal guide
plane, although with the popular RPI design it is
placed at or mesial to the midline of the tooth.' Sev-
eral factors-rest seat location, origin of the clasp,
tissue undercuts, and degree of clasp encirclement-
influence the actual configuration of the survey line
for individual retainers.

Reciprocation (Fig 21-17).

	

The reciprocal arms,
or reciprocal clasps, of an RPD have two functions:
they guide the prosthesis to place upon insertion,
and they support the abutments against horizontal
forces exerted by the flexing retentive arms. The re-

Fig. 21-16.

	

The shape of the survey line is influenced by
the material selected for the clasp. A, Cast clasp. Only the
terminal third engages the undercut. B, Wrought clasp. The
terminal half is retentive.

Fig. 21-17.

	

Reciprocal arms prevent harmful lateral
forces from being generated by the retentive arms during

placement of an RPD. 1, Initial contact of the retentive arm;
the reciprocal arm is in passive contact. 2, Maximum flexure
of the retentive arm; the forces exerted (F) are resisted by the
reciprocal clasp. 3, The RPD fully seated; both the retentive
and the reciprocal clasps should be in passive contact.

tentive arms should flex rather than displace the
abutments laterally. Guide planes are needed on the
crowns to allow for successful reciprocation. These
should extend from the proximal guide plane to an
area directly opposite the terminal position of the
retentive arm. Reciprocal arms must contact the
guide plane before the retentive arms start to flex so
the periodontium is protected against excessive lat-
eral loading.

TOOTH PREPARATION
After the proposed path of insertion for the RPD has
been determined and any necessary enamel modifi-

Chapter 21 Retainers for Removable Partial Dentures
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cations made, the teeth requiring abutment crowns
can be prepared (Fig. 21-18). Often making com-
plete crowns is necessary, but when facial contour
does not require modification, partial coverage may
sometimes be used.

PATH OF WITHDRAWAL

Careful planning is required when selecting the
path of withdrawal of tooth preparations for RPD
retainers. Although conventional crowns generally

have a path in the long axis of the tooth, RPD re-
tainers may not. Surfaces where both guide planes
and reciprocal planes are planned, as well as areas
that require survey lines in the gingival third, typi-
cally need to be "overprepared" relative to the ideal
conservative technique used on individual teeth.
Because of the lingual inclination of mandibular
molars, reducing them slightly more in the occlusal
two thirds of the lingual axial surface is often
necessary.

Fig. 21-18.

	

A and B, A patient with extensively damaged teeth requiring a combination of fixed and
removable prostheses. C and D, The teeth prepared for fixed retainers. E and F, Working casts.
G and H, Fixed retainers at try-in. I, The impression for an RPD. J to L, Castings, framework, and
the completed denture on altered master cast. The tissue surfaces have been modified with a wash
impression. Continued
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Similarly, the axial reduction of surfaces adjacent
to an edentulous ridge often involves removal of
additional tooth structure. Care must be taken that
these modifications do not lessen the retention form
excessively, because during denture removal the re-
tainers are usually subjected to forces parallel to
their path of withdrawal, and retention becomes
even more important. Frequently the use of addi-
tional features (e.g., grooves, boxes, pinholes) is
needed. It is certainly not mandatory that all retain-
ers for an RPD have identical paths of withdrawal.

REST SEATS

An adequate amount of tooth structure must be re-
moved to allow for a minimum metal thickness of

1 mm in the area of an occlusal rest seat. To achieve
adequate reduction, some operators prepare a rest
seat in the tooth before starting the retainer prepa-
ration. They then use 1-mm reduction grooves to
ensure adequate thickness. Although this approach
can work well, problems may occur if it becomes
necessary to alter the position of the rest seat during
the laboratory phase. Preference therefore should be
given to the slightly less conservative approach
seen in Figure 21-19 because it can be extremely
helpful to be able to move the rest seat. Often es-
thetic needs, such as the interproximal extent of a
cutback for a metal-ceramic restoration, can be as-
sessed only on the laboratory bench during waxing
procedures.

Fig. 21-18, cont'd.	 M to P, The completed prostheses.

Fig. 21-19.

	

Teeth prepared for RPD retainers. The rest seat preparation (arrows) allows some adjust-

ment of rest seat location during the waxing phase.
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in accelerated-setting stone or plaster. The cast is
then surveyed and the need for any further modifi-
cations is determined. These modifications can then
be incorporated with minimum loss of chair time.
The casts can also be used for fabricating the provi-
sional restorations (see Chapter 15). A definitive im-
pression is obtained with either an elastomeric or a
reversible hydrocolloid technique, as described for
conventional restorations (see Chapter 14).

OCCLUSAL RECORDS
A record base with wax rims is needed to articulate
the casts unless an adequate number of posterior
teeth are present to relate the opposing casts with a
conventional centric relation record.

Because a record base is stable only on the cast
from which it was made, it should not be fabricated
in advance. Therefore an additional patient visit
must be planned to obtain an interocclusal record.
The maxillary cast orientation is transferred by
means of a facebow to the articulator, and the
mandibular cast is articulated in the usual manner.

Fig 21-20.

	

Abutment crowns contoured to precisely re-
ceive the RPD clasp.
(Courtesy Drs. K. Seckler and J. Janaowski.)

AXIAL CONTOURS
When a crown is to serve as an RPD abutment,
modifications may be necessary in the normal axial
reduction. The planned RPD design should be eval-
uated (see Fig. 21-9).

Additional tooth reduction is necessary if a re-
tainer must be undercontoured with respect to the
original tooth form to accommodate proximal or
reciprocal guide planes and allow the nonretentive
part of an occlusally approaching clasp to be posi-
tioned as far gingivally as possible. (A diagnostic
waxing procedure can prove helpful in assessing
the need for additional axial reduction.)

An advantage of providing an abutment crown is
the opportunity to contour the axial contours to ac-
commodate the RPD clasps within the normal
crown contours (Fig. 21-20). Although this approach
requires additional axial reduction, it allows for a
less bulky removable prosthesis contour. The use of
a precision machine-tool milling device (see Fig.
21-27) is essential for these restorations.

Because of the relative interdependence of RPD
abutment preparations, a diagnostic irreversible hy-
drocolloid impression should be made after the
preparations have been completed. This is poured

IMPRESSION MAKING

WAX PATTERN FABRICATION

Waxing partial denture abutments can be difficult,
even for experienced operators. Often the needs of
good occlusion, anatomic form, and proper con-
tours for plaque control appear to conflict with the
need for guide planes and retentive undercuts.
Careful analysis is essential at the treatment plan-
ning stages, when a diagnostic waxing procedure
can prove helpful. An organized approach to wax-
ing abutment retainers must be maintained. The
wax patterns are made in the usual way (see Chap-
ter 18), creating normal axial form and embrasures
and allowing for optimum distribution of the forces
of occlusion. This is followed by adjustments for the
survey line, guide planes, and rest seats.

SURVEY LINE FIG. 21-21)
When normal coronal contour has been established
in wax, the cast is removed from the articulator and
placed on the surveyor. The preliminary path of in-
sertion that was established during the treatment-
planning and tooth-preparation phases may require
slight modification. However, a minor alteration is
all that should be necessary, and it often compen-
sates for small, previously unrecognized errors in
the tooth-preparation stage.

A survey line can be relocated by tilting the cast
(e.g., a mesial undercut enlarged by increasing the
mesial tilt, a buccal survey line moved further oc-
clusally by increasing the tilt toward the buccal sur-
face). When the cast tilt for the final path of place-
ment has been selected, the cast is marked at three



Fig. 21-21.

	

Waxing RPD retainers. A, After the path of insertion has been established, the carving at-
tachment of the surveyor is used to make a 2- to 4-mm-wide band on the pattern. B, Note that the band
includes the proximal and lingual walls of the pattern where the proximal and reciprocal guide planes,
respectively, will be established. C, The band is carried onto the facial surface, where the retentive clasp
is to be placed. Viewed from the occlusal when complete, the band remains within the normal anatomic
contour. D, The pattern is dusted with zinc stearate or powdered wax, and the desired survey line is
scribed. E, After excess wax has been carved away occlusally and gingivally to create the desired con-
tour, the undercut gauge is used to verify that the proper amount of wax has been removed. F, After
smoothing of the various surfaces, the pattern is again dusted with powder, and the configuration of the
final survey line is verified. G, Then a round bur is used to place the occlusal rest seat. On premolars a
no. 6 bur is adequate; on molars a no. 8 may be used. H, A cingulum rest seat on a canine pattern can be
carved with conventional waxing instruments. The lingual aspect of the rest seat must withstand lingual
displacement. Mesiodistally the rest seat is slightly curved, with the highest point in the middle of the
pattern. I, Typical survey line for a wrought clasp. Note that the distal half of the clasp can easily be
placed above the height of contour. The terminal half engages the undercut. A sufficiently long trajectory
must remain above the height of contour to permit gradual flexing of the clasp. J and K, The completed
patterns for the maxillary canine and molar. Note the deviations from normal contour to accommodate
the requirements of the RPD.
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points. This "tripodizing" allows the selected path
to be reestablished with minimum inconvenience.
Additional wax is added until the pattern is slightly
overcontoured in the area of the desired survey line
and proximal and reciprocating guide planes.

The surveyor carving attachment is used. Some
dental surveyors have a movable arm, which makes
wax carving easier. Identical results can usually be
obtained with the rigid-arm type, but more care is
required to prevent fracture of the wax pattern or
tilting of the surveyor table. With the carving at-
tachment, a parallel band is scraped on the surface
of the pattern, and this is inspected for the possible
need of additional wax. The desired survey line is
then marked, after which excess wax occlusal and

cervical to the line is removed with a wax carver to
obtain the correct contour.

The final evaluation of the survey contour con-
sists of dusting the pattern with zinc stearate or
waxing powder, marking the height of contour with
the analyzing rod, and measuring with the under-
cut gauge.

GUIDE PLANES FIG. 21-22)
The proximal and reciprocal guide planes are
formed by trimming all excess wax from the pat-
terns. Cervicoocclusally the typical guide plane
should remain within normal contours. Cervically it
should follow the configuration of the remaining
tooth structure at the margin.

A

C Fig. 21-22.

	

A, A proximal guide
plane and the correct axial survey lines
are incorporated in the anatomic contour
wax pattern. B, The contours are dupli-
cated in porcelain. C, An accurately con-
toured retainer provides proper support
for the RPD.

Fig. 21-23.

	

Completed wax pattern for an
RPD retainer with occlusal rest seat, distobuc-
cal retention, and proximal and lingual guide
planes.
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Fig. 21-24.

	

Maxillary premolar wax pattern after cutting
back for the porcelain application. The rest seat should be
at least 1 mm from the metal-ceramic junction. The guide
plane continues in the porcelain.

Fig. 21-25.

	

Cingulum rest seat on a mandibular canine.
(Courtesy Dr. X. Lepe.)

Fig. 21-26.

	

Handpiece holder for milling guide planes.

The holder attaches a conventional straight handpiece to a
dental surveyor.

configuration in cross section; mesiodistally they
are slightly curved, with the highest point in the
center of the tooth.

SPECIAL FINISHING PROCEDURES

After the wax patterns have been invested and elim-
inated and the retainers have been cast, the restora-
tion is carefully seated on the die. When the indi-
vidual fit is satisfactory, it is transferred to the
surveyor for milling.

The minimum cervicoocclusal length for guide
planes is that which allows the reciprocal arms of the
clasps to make initial contact and remain in contact
during seating of the partial denture (see Fig. 21-17).

OCCLUSAL REST SEATS FIG. 21-23)

Occlusal rest seats are most commonly located in
the interproximal marginal ridge area and can eas-
ily be cut into the wax patterns with a handheld
round bur (see Fig. 21-21, G). When metal-ceramic
restorations are the retainers, the rest seat should be
located in metal at least 1 mm from the metal-
ceramic junction (Fig. 21-24). When a rest is placed
in a wax pattern for a metal-ceramic restoration, this
is best done after the pattern has been cut back for
the metal-ceramic veneer.

Cingulum rest seats (Figs. 21-13 and 21-25) are
placed with a carver. Buccolingually they have a V

MILLING

Many precision parallel milling devices are avail-
able commercially. The simplest consists of a clamp
that holds a conventional straight handpiece paral-
lel to the shaft of the surveyor (Fig. 21-26). This
works satisfactorily when used carefully. Expensive
machine-tool milling devices are also available that
can be controlled with great precision and are par-
ticularly useful for extensive attachment prostheses
(Fig. 21-27).

Cylindrical carbide burs without crosscuts are
recommended for refining the proximal and recip-
rocal guide planes. Light pressure should be used
throughout the milling procedure. Once an accept-
able contour has been obtained, only minimum fin-
ishing with paper disks or rubber wheels is neces-
sary. A complete- or partial-coverage crown is
finished through the normal sequence of abrasives
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Fig. 21-27.

	

Machine tool-milling device allows precise
control of the milling process.

until a high polish has been attained. If the retainer
is a metal-ceramic crown, the veneering surface is
prepared after completion of the milling procedure.
Then the desired survey line and retentive under-
cuts are established in porcelain.

The operator should use caution when scribing
survey lines on a bisque bake of porcelain. Red or
green pigments must be used because they do not
contaminate. Graphite from a soft lead pencil pro-
duces discoloration in the fired porcelain and must
be avoided (see Fig. 21-22, B).

TRY IN AND CEMENTATION

Fig. 21-28.

	

Crown fabricated to fit an existing RPD us-
ing the indirect procedure. A, After a pick-up impression
the RPD is fitted to the working cast. B, Wax pattern. C and
D, Completed crown.
(Courtesy Dr. M.T Padilla.)

FABRICATION OF A CROWN FOR
AN EXISTING RPD

The prosthesis is tried in and evaluated as is done
for any restoration. It should have good marginal
integrity and proper axial contour, and it should
be stable with accurate occlusal and proximal
contact.

When these criteria have been met, a precemen-
tation irreversible hydrocolloid impression is
poured in fast-setting stone, and the cast is analyzed
on the surveyor. Any change in contour that may
have occurred during finishing is easily detected at
this time, when corrective action is still possible. For
a metal-ceramic restoration, recontouring and
reglazing may be necessary.

Cementation procedures for survey crowns are
identical to those for conventional restorations
(see Chapter 31). When multiple restorations in-
volving prefabricated attachments are to be ce-
mented, postponing cementation of the retainers
until after the completion of the RPD is sometimes
advantageous.

Occasionally a patient has a defective abutment
crown of an otherwise satisfactory removable par-
tial denture. Although on many occasions a new
RPD might be the more appropriate choice, at least
14 different methods have been described for mak-
ing a crown fit an existing RPD.B-' These can be clas-
sified as direct, direct-indirect, or indirect proce-
dures. When a direct-indirect procedure is used, a
pattern is fabricated from autopolymerizing acrylic
resin duplicating the axial contours of the original
abutment crown. Margins are refined in wax on a
die. The indirect procedure consists of a "pick-up"
impression of the prepared tooth and seated RPD.
This is poured in the conventional way after any un-
dercuts in the denture have been waxed out. The
crown is fabricated in the conventional way, remov-
ing and replacing the RPD on the cast to establish
appropriate contours. Additional wax (or porcelain
for a metal-ceramic crown) is added where the re-
tentive undercut is needed (Fig. 21-28). A disadvan-
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Fig. 21-29.

	

Prefabricated extracoronal attachments. A, The Ceka. 1, Female; 2, male; 3, spacer; 4, male
RPD connector; 5, positioning mandrel; 6, adjustment tool. B to D, The Stern nonrigid. This attachment
provides some movement between male and female components.

tage of this technique compared to the direct ap-
proach is that the RPD is required in the laboratory.
This may not be acceptable to the patient.

A wide range of prefabricated attachments are avail-
able for use with removable partial dentures.
Most of these consist of two components: one is in-
corporated in the abutment, and the other becomes
part of the RPD. Both extracoronal and intracoronal
designs are available.

Generally a limited use of attachments, whether
extracoronal or intracoronal, is recommended. At-
tachments add to the complexity and cost of the
restorative service and often necessitate remaking
the fixed retainers when the attachments wear out.
In a recent study, only 22 of 57 prostheses were
complication-free during the first 2 years .'z When
used with distal extensions, attachments lead to
higher stresses in the abutment teeth. '3 Neverthe-
less, their use can be justified, in particular to en-
hance appearance.

ATTACHMENTS

EXTRACORONAL ATTACHMENTS (FIG. 21 -29)
Careful judgment is needed in deciding when to use
extracoronal attachments (e.g., Ceka* or Sternt) be-
cause they place unfavorable stresses on the abut-
ment teeth, similar to those stresses exerted by a
cantilever. In addition, they make oral hygiene more
difficult. In some instances, however, extracoronal
attachments offer esthetic advantages that may out-
weigh their biologic and mechanical disadvantages
(Fig. 21-30). Resin bonding has been used for the re-
tention of extracoronal attachments using the same
principles as resin-retained FPDs.14 That the reten-
tion obtained is adequate to prevent eventual dis-
lodgment of the attachment is doubtful.

I NTRACORONAL ATTACHMENTS
Intracoronal attachments can be prefabricated as
well as made in a laboratory.
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Fig. 21-30.

	

Use of Ceka extracoronal attachments to retain a distal extension RPD. A to C, The female
attachment is positioned in relation to the wax pattern by means of a mandrel in the dental surveyor.

D, Substructures are cast directly onto the attachments. E, Anterior prosthesis assembled. Porcelain has
been applied. F, Fixed splint and RPD at try-in. G, Male attachments in place. H, Attachments bonded to
the RPD base. 1, The completed prosthesis.

Prefabricated Types (Fig. 21-31). The more com-
monly used prefabricated intracoronal attachments
(e.g., Stern* or Ney-Cheyes no. 9t) typically consist
of a precision-milled male-female assembly similar
to the dovetail configuration described for nonrigid
connectors (see Chapter 28).

The tolerance between accurately fitting compo-
nents of an intracoronal precision attachment is so
fine that retention results from the frictional fit. An
intracoronal attachment RPD is not readily dis-
lodged, because it can be removed only in one di-
rection, which may become a liability in patients
with limited dexterity. However, retention can be
significantly reduced after wear of the retentive sur-

faces. Most precision attachments are made of plat-
inum-palladium alloys, which withstand the high
temperature associated with casting of metal-
ceramic alloys.

The female attachment is incorporated in a wax
pattern, and the assembly is invested. After wax
elimination the restoration is cast directly onto the
attachment. Although multiple parallel attach-
ments can be fabricated in this manner, most tech-
nicians prefer to solder a second or third attachment
to the respective retainer(s). This allows for verifica-
tion of alignment with the attachment in the first
retainer.

A tray may be incorporated in the secondary re-
tainer for added flexibility during positioning of the
second attachment parallel to the first attachment.
The secondary retainer is luted into place, invested,
and soldered. Male components can then be in-



Chapter 21 Retainers for Removable Partial Dentures

Fig. 21-31.

	

Prefabricated intracoronal attachments. A, The Ney-Cheyes no. 9. B, The Stern.

Fig. 21-32.

	

Intracoronal attachment technique. A, The female attachment is tried in the proximal tray,
which has been luted to the anatomic contour wax pattern. B, Sprued wax patterns. The extruding por-
tion of the tray provides retention for the investment. C, The retainers have been cast directly on the
tray. Casting directly onto the female attachment is also possible. D, Retainers seated on the master cast.
E, After preliminary finishing, the female attachment is positioned and luted in the tray. Note the lingual
channel (arrow) through which solder will be fed. F, A carbon insert is placed in the female attachment,
and sprue wax is added to create airways in the soldering assembly.

Continued

serted. After the RPD framework has been made,
the male attachments are either soldered to the
frame or attached to the acrylic resin denture base
with autopolymerizing resin (see Fig. 21-30 and Fig.
21-32).

The preceding paragraph condenses an intricate
sequence of technically demanding steps. The less
experienced operator is strongly cautioned not to
underestimate the high level of skill and meticulous
attention to detail that are required.

The biggest advantage of intracoronal attach-
ments is they eliminate the need for an often unes-
thetic facial clasp. Simultaneously the size of most
precision intracoronal attachments limits their ap-
plication, especially on vital teeth. To facilitate
maintaining the health of supporting tissues, the
proximal surface of the restoration should not be
overcontoured. Therefore the optimum placement
of attachments is within the normal contours of the
restoration. However, this is usually possible only
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Fig. 21-32, cont'd.	 G, After investing and burnout, the female is soldered to the tray. Note that the
carbon rod provides positional stability of the female attachment. H, Master cast with completed retain-
ers ready for duplicating the refractory cast. I, Removable partial denture waxed. Note the plastic pat-
terns incorporated adjacent to the attachments (arrows). J, The partial denture cast and seated. The fe-
males have been positioned and their locator wires bent to extrude through the proximal plate (arrows).
K, RPD invested. It is now ready for burnout. However, before soldering, the locator wires (connected to
the female attachments with low-fusing solder) should be removed. L, Solder is fed in through the slot
in the proximal plate. M, The completed RPD ready for try-in.
(Courtesy Ney Dental International.)

on large teeth. On small teeth, few intracoronal pre-
cision attachments can be kept within the confines
of normal tooth contour without endodontic treat-
ment. Additionally, sufficient clinical crown must
exist for adequate cervicoocclusal length to allow a
positive friction fit (4 mm or more is recommended).

Laboratory-made Types. Many laboratory-
made (semiprecision) attachments are in use today.
Often they are referred to as dovetails because of the
shape of their interlocking components. They can be
made by incorporating a prefabricated plastic insert
in the wax pattern, which is then invested and elim-
inated, and the pattern is cast (Fig. 21-33). The fe-

male dovetail also can be milled, after which the
male component is waxed and cast.

An alternative method of fabrication is to use a
tapered metal mandrel (e.g., Ticon*) that is heated
and inserted in the wax pattern. When the wax is
eliminated after investing, the exposed portion of
the mandrel in the mold oxidizes. The crown is then
cast directly onto the mandrel, which is later re-
moved. A male attachment can be waxed and cast
separately. After seating, the attachment is soldered
to the RPD (Fig. 21-34).
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Fig. 21-33.

	

Plastic prefabricated pattern for an intracoronal rest.
(Courtesy Dr. F. Hsu.)

Fig. 21-34.

	

A, Ticon mandrels for intracoronal rests. B, The mandrel is positioned with a dental sur-
veyor. C, Mandrel luted to the wax pattern. The assembly (pattern and mandrel) is invested, and the
metal is cast directly against the mandrel. The mandrel is then removed, creating the intracoronal rest,
after which porcelain is applied in the conventional manner. D, Fixed prosthesis at try-in. E, The male at-
tachment is waxed and cast independently. F, Framework and male attachment at try-in. After this, the
components are soldered together.
(B to D and F courtesy Dr. F. Hsu.)

Because of the inaccuracies inherent in their fab-
rication, most laboratory-made attachments have a
limited amount of frictional retention compared to
the commercially available precision attachments.
The majority are tapered for ease of fabrication and
therefore require the use of lingual clasps for posi-
tive retention.

When attachments are used with a metal-ceramic
restoration, adequate metal must remain between
the female component and the facial veneer of den-
tal porcelain. A minimum material thickness of
1 mm is recommended between any intracoronal at-

tachment and the metal-ceramic interface (Fig.
21-35).

BARS, STUDS, AND MAGNETS FIG. 21-36)

Stud attachments and magnets are sometimes
used to retain overdentures. They are incorporated
in post-retained castings or implant abutments and
offer the advantage of allowing increased occlusal
force s ' (Fig. 21-37). A bar-retained RPD or over-
denture can be very stable while it braces indi-
vidual abutment teeth. The bar should attach to the
retainer without interfering with oral hygiene.
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Fig. 21-35.

	

Female intracoronal rest incorporated in a
metal-ceramic restoration. The attachment should be at
least 1 mm from the metal-ceramic junction. Retention is
provided by a lingual undercut into which a clasp engages.
Reciprocation is provided internally by the rest seat.

Fig. 21-36.

	

A, The Stern stud attachment. 1, Female
component; 2, male component. B, Stud attachment assem-
bled. C and D, The Stern bar attachment. 1, Sleeve; 2,
spacer; 3, bar.

Fig. 21-37.

	

A, Post-retained casting incorporating a
male component of a stud attachment. The design allows
for slightly different paths of insertion (arrows) of the post
and overdenture. B, The female component is attached to
the overdenture with acrylic resin.

Generally this means considerable coronal length is
necessary for the bar to produce an acceptable re-
sult. The bar should not be placed in contact with an
edentulous ridge (Fig. 21-38).

SUMMARY

Along with conventional diagnostic procedures, an
in-depth survey analysis of the diagnostic cast must
be performed for any patient requiring a removable
partial denture. The coronal surfaces of the abut-
ment teeth should be shaped to allow for optimum
retention and stability of the RPD during function.
Simultaneously, proximal and reciprocal guide
planes should be established to guide and stabilize
the prosthesis during placement and to minimize
horizontal forces on the abutment teeth.

To achieve harmony with the necessary RPD de-
sign, making cast restorations on otherwise intact and
caries-free teeth is sometimes necessary. Unaltered
crowns of natural teeth may not have suitable con-
tours or axial configuration for the best clasp design.

The amount of tooth reduction needed to fabri-
cate restorations with the desired survey contours is
often slightly greater than that needed if the respec-
tive abutment teeth are prepared for conventional
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Fig. 21-38.

	

Bar attachment. A, The bar is retained by posts or
conventional fixed restorations. The clip provides support and re-
tention for the RPD. B, Sufficient incisogingival height is needed to
accommodate a bar prosthesis. C, Internal view of the bar-retained
RPD. D, Occlusal view. E, Cemented fixed prosthesis with a bar to
accommodate an RPD.

restorations. Allowances must be made for occlusal
rest seats and guide planes.

Intracoronal attachments are often more esthetic
than conventional clasps. They work well if kept
within the normal contours of the teeth (Fig. 21-39).

Extracoronal attachments should be used mini-
mally because of their unfavorable loading of abut-
ment teeth and the associated oral hygiene problems.

Attachments and occlusal rest seats in metal-
ceramic restorations should be placed at least 1 mm
from the metal-ceramic interface.

Survey crowns require finishing procedures for
which special milling equipment is needed.

A precementation impression should be obtained
for verifying the best coronal contours have been cre-
ated in harmony with the removable partial denture.
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Fig. 21-39.

	

Integration of fixed and removable prosthodontics. A, The retainers for an RPD have
been fabricated. B, An intracoronal precision attachment has been incorporated into a cantilevered pon-
tic. Note that it is still in the bisque stage. C, The RPD framework has been fabricated. D, After indexing
intraorally, the male attachment is invested for soldering onto the RPD. E, After assembly, the excess
length is removed following try-in. At this time the anterior guidance is refined on the fixed prosthesis.
F, After glazing of the lateral incisor and canine, an autopolymerizing resin soldering index is made.
G, The anterior splint is post-ceramic soldered. H, The anterior FPD in place. 1, The completed restora-
tion of the maxillary arch.
(Courtesy Dr. X. Lepe.)
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cingulum rest: a portion of a partial denture that con-
tacts the prepared or natural cingulum of the tooth,
termed the cingulum rest seat.

Dolder bar: [Eugene J. Dolder, Zurich, Switzerland
prosthodontist] eponym for one of many bar at-
tachments that splint teeth or roots together while
acting as removable partial denture abutments. The
bar is straight with parallel sides and a round top.
The sleeve or clip that fits over the bar gains reten-
tion by friction only. The bar is of variable sizes and
is pear shaped in cross section, as is its accompany-
ing sleeve. This clip allows for some measure of ro-
tational movement about the bar (bolder EJ. The
bar joint mandibular denture. J Prosthet Dent 1961;

11:689-707).

fulcrum line 1: a theoretical line passing through the
point around which a lever functions and at right
angles to its path of movement 2: an imaginary
line, connecting occlusal rests, around which a re-
movable partial tends to rotate under masticatory
forces. The determinants for the fulcrum line are
usually the cross-arch occlusal rests located adja-
cent to the tissue borne components.

indirect retention: the effect achieved by one or more
indirect retainers of a removable partial denture
that reduces the tendency for a denture base to
move in an occlusal direction or rotate about the
fulcrum line.

i nfrabulge clasp: a removable partial denture retentive
clasp that approaches the retentive undercut from a
cervical or infrabulge direction.

i nternal attachment: see precision attachment

keyway: n an interlock using a matrix and patrix be-
tween the units of a fixed partial denture. It may
serve two functions: 1) to hold the pontic in the
proper relationship to the edentulous ridge and

the opposing teeth during occlusal adjustment on
the working cast (during application of any veneer-
ing material) and 2) to reinforce the connector after
soldering.

mill in: v 1: the procedure of refining occluding sur-
faces through the use of abrasive materials 2: the
machining of boxes or other forms in cast restora-
tions to be used as retainers for fixed or removable
prostheses.

minor connector: the connecting link between the ma-
jor connector or base of a removable partial denture
and the other units of the prosthesis, such as the
clasp assembly, indirect retainers, occlusal rests, or
cingulum rests.

occlusal rest: a rigid extension of a removable partial
denture that contacts the occlusal surface of a tooth
or restoration, the occlusal surface of which may
have been prepared to receive it.

partial denture retention: the ability of a partial den-

ture to resist movement away from its foundation
area and/or abutments.

precision attachment: 1: a retainer consisting of a metal

receptacle (matrix) and a closely fitting part (patrix);
the matrix is usually contained within the normal or
expanded contours of the crown on the abutment
tooth and the patrix is attached to a pontic or the
removable partial denture framework 2: an inter-
locking device, one component of which is fixed to
an abutment or abutments, and the other is inte-
grated into a removable prosthesis to stabilize

and/or retain it.
reciprocation: n (1561) 1: the mechanism by which lat-

eral forces generated by a retentive clasp passing
over a height of contour are counterbalanced by a
reciprocal clasp passing along a reciprocal guiding
plane 2: a mutual exchange 3: an alternating
motion-reciprocative adj.



Section 3 Laboratory Procedures

survey line: a line produced on a cast by a surveyor
marking the greatest prominence of contour in re-
lation to the planned path of placement of a restora-
tion.

surveyor: n (15c): a paralleling instrument used in
construction of a prosthesis to locate and delineate
the contours and relative positions of abutment
teeth and associated structures.

'undercut: n (1859) 1: the portion of the surface of an
object that is below the height of contour in rela-
tionship to the path of placement 2: the contour of
a cross-sectional portion of a residual ridge or den-
tal arch that prevents the insertion of a prosthesis 3:
any irregularity in the wall of a prepared tooth that
prevents the withdrawal or seating of a wax pattern
or casting.

2 undercut: v (ca. 1598): to create areas that provide
mechanical retention for materials placement.

wrought: adj (13c) 1: worked into shape; formed
2: worked into shape by tools; hammered.
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airborne particle abrasion
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base metal
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casting
casting machine
casting ring
casting torch
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crown
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crucible former
flux
gypsum
hygroscopic expansion

The lost-wax casting technique has been used since
ancient times to convert wax patterns to cast metal.
It was first described' Z at the end of the nineteenth
century as a means of making dental castings.

The process consists of surrounding the wax pat-
tern with a mold made of heat-resistant investment
material, eliminating the wax by heating, and then
introducing molten metal into the mold through a
channel called the sprue. In dentistry the resulting
casting must be an accurate reproduction of the wax
pattern in both surface details and overall dimen-
sion. Small variations in investing or casting can
significantly affect the quality of the final restora-
tion. Successful castings depend on attention to de-
tail and consistency of technique.

An understanding of the exact influence of each
variable in the technique is important so rational
decisions can be made to modify the technique as
needed for a given procedure.

When the wax pattern has been completed and its
margin has been reflowed (see p. 478), it is carefully
evaluated for smoothness, finish, and contour (see
Chapter 18). The pattern is inspected under magni-
fication, and any residual flash is removed. A sprue

PREREQUISITES

i nvesting
investment
noble metal
polishing
porosity
quartz
refractory
refractory mold
setting expansion
silica
sprue
thermal expansion
vacuum mixing
wax elimination
wax expansion
wax pattern

is attached to the pattern, then removed from the
die and fitted to a crucible former (Fig. 22-1). The
wax pattern should be invested immediately be-
cause any delay leads to distortion of the pattern
due to stress relief of the wax . 3

SPRUE (FIG. 22-2)
Sprue design varies depending on the type of
restoration being cast, the alloy used, and the cast-
ing machine. There are three basic requirements, as
follows:
1.

	

The sprue must allow the molten wax to escape
from the mold.

Fig. 22-1.

	

Wax pattern attached to the crucible former

with a sprue ready for investing. A ring liner is in place.

Fig. 22-2.

	

Prefabricated sprues.

567
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2. The sprue must enable the molten metal to
flow into the mold with as little turbulence as
possible.

3.

	

The metal within it must remain molten slightly
longer than the alloy that has filled the mold.
This provides a reservoir to compensate for the
shrinkage that occurs during solidification of
the casting.

The shape of the channel in the refractory mold is
determined by the sprue connecting the wax pattern
to the crucible former. The sprue can be wax, plastic,
or metal. Wax sprues are preferred for most castings
because they melt at the same rate as the pattern and
thus allow easy escape of the molten wax. Solid plas-
tic sprues soften at a higher temperature than the
wax pattern and may block the escape of wax, re-
sulting in increased casting roughness. However,
plastic sprues can be useful when casting fixed par-
tial dentures (FPDs) in one piece because their
added rigidity minimizes distortion. Also, hollow
plastic sprues are available that permit the escape of
wax.

If a metal sprue is used, it should be made of non-
rusting metal to avoid possible contamination of the
wax. Metal sprues are often hollow to increase con-
tact surface area and strengthen the attachment be-
tween the sprue and pattern. They are usually re-
moved from the investment at the same time as the
crucible former. Special care must be taken to exam-
ine the orifice for small particles of investment that
may break off when such a sprue is removed be-
cause these can cause an incomplete casting if un-
detected (see p. 585).

Diameter.

	

In general, a relatively large-diameter
sprue is recommended because this improves the
flow of molten metal into the mold and ensures a
reservoir during solidification.

A 2.5-mm (10-gauge) sprue is recommended for
molar and metal-ceramic patterns. A smaller 2.0-mm
(12-gauge) is adequate for premolars and partial-
coverage restorations.

In some casting techniques other than the com-
monly used centrifugal technique, a narrow sprue is
essential. For instance, with air-pressure machines
the melt is made directly in the depression created
by the crucible former and then forced into the mold
by the sudden change in air pressure. With this
technique a narrow sprue prevents the molten
metal from flowing into the mold prematurely.

Location.

	

The sprue should be attached to the
bulkiest part of the pattern, away from margins and
occlusal contacts. Normally the largest noncentric
cusp is used. The point of attachment should permit

a stream of metal to be directed to all parts of the
mold without having to flow opposite the direction
of the casting force (Fig. 22-3). The sprue must also
allow for proper positioning of the pattern in the
ring. This can be critical because expansion within
the mold is not uniform.' For example, spruing on
the cusp tip can give good results, but spruing on
the proximal contact may produce a casting that is
too wide mesiodistally and too short occlusocervi-
cally (Fig. 22-4).

Fig. 22-3.

	

Correct sprue placement on the bulkiest non-
centric cusp allows molten alloy to flow to all parts of the
mold.

Fig. 22-4.

	

Incorrect sprue placement in the central fossa
obliterates occlusal anatomy and may result in poor mold
filling because the molten metal is not pushed into the cusp
tips by centrifugal force.
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Attachment.

	

The sprue's point of attachment to
the pattern should be carefully smoothed to mini-
mize turbulence. The attachment area should not be
restricted because necking increases casting poros-
ity and reduces mold filling."

Venting. Small auxiliary sprues or vents have
been recommended to improve casting of thin pat-
terns. Their action may help gases escape during
casting' or ensure that solidification begins in criti-
cal areas by acting as a heat sink" (Fig. 22-5).

CRUCIBLE FORMER (FIG. 22-6)

The sprue is attached to a crucible former,* usually
made of rubber, which constitutes the base of the
casting ring during investing. The exact shape of
the crucible former depends on the type of casting
machine used. With most modern machines, the
crucible former is tall to allow use of a short sprue
and allow the pattern to be positioned near the end
of the casting ring.

*Sometimes also referred to as a sprue former.

CASTING RING AND LINER

The casting ring holds the investment in place
during setting and restricts the expansion of the
mold. Normally a liner is placed inside the ring to
allow for more expansion. At one time asbestos
was used as the liner, but this has been replaced
by other materials to avoid the health risks associ-
ated with asbestos fibers. Wetting the liner in-
creases the hygroscopic expansion of the mold,
but because an absorbent dry liner removes water
from the investment and makes a thicker mix, the
total expansion increases . 11,12 Care must be taken
not to squeeze the liner against the ring to prevent
expansion restriction. Increased expansion can be
obtained by placing the mold in a water bath. This
is because of hygroscopic expansion (Fig. 22-7).

Fig. 22-6.

	

Rubber crucible formers.
(Courtesy Whip Mix Corporation.)

Fig. 22-5.

	

The thin auxiliary sprue may help gases es-
cape and ensure the casting solidifies in a critical area.

Fig. 22-7.

	

Setting expansions of dental casting invesi-
ments. Note that expansion can be increased by a hygro-
scopic technique as well as by the particular type of ring
liner used.
(Courtesy Whip Mix Corporation.)
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The position of the pattern in the casting ring af-
fects expansion, so for consistent results a single
crown should be positioned within the ring
equidistant from its walls. When fixed prostheses
are cast as one piece, greater accuracy is achieved
if the pattern is placed near the center of a large or
special oval ring, rather than near the edge of a
smaller ring.6

RINGLESS INVESTMENT TECHNIQUE (FIG. 22-8)

With the use of higher-strength, phosphate-bonded
investments, the ringless technique has become
quite popular. 13 The method uses a paper or plastic
casting ring and is designed to allow unrestricted
expansion .14

SPRUING TECHNIQUE

Armamentarium (Fig. 22-9)
• Sprue
• Sticky wax
• Rubber crucible former

• Casting ring
• Ring liner
• Bunsen burner
• Pattern cleaner
• Scalpel blade
• Forceps

Step-by-step Procedure for a Single Casting.
A 2.5-mm-diameter (10-gauge) sprue form is recom-
mended for molar crowns or metal-ceramic cast-
ings, although a 2-mm (12-gauge) sprue is adequate
for premolar and partial-coverage restorations. The
procedure is as follows:
1.

	

Attach a 12-mm wax sprue to the bulkiest non-
centric cusp of the wax pattern, and angle it so
it is obtuse to the adjacent axial walls and oc
clusal surface (Fig. 22-10, A). This angle is usu-
ally about 135 degrees to the axial walls, and it
facilitates filling of the mold.

2.

	

Add wax to the point of attachment and smooth
it to prevent turbulence during casting.

Fig. 22-8.

	

Ringless investment technique. Crucible form-
ers and cone-shaped plastic rings for a ringless casting sys-
tem. The crucible former and plastic ring are removed be-
fore wax elimination, leaving the invested wax pattern. The
systems are designed to achieve expansion that is unre-
stricted by a metal ring.
(Courtesy Whip Mix Corporation.)

Fig. 22-9.

	

Armamentarium for spruing the wax pattern.

Fig. 22-10.

	

Spruing technique for a single casting. A, Attaching the sprue to the pattern. B, Remov-
ing the pattern from the die. Continued
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3.

	

Remove the pattern from the die, using extreme
caution not to distort it (Fig. 22-10, B).

4.

	

Insert the sprue into the hole in the crucible for-
mer, holding it with forceps (Fig. 22-10, C. It
should now be luted into place with wax
and the junction between sprue and crucible
should be smoothed. Use of a surfactant
greatly enhances wetting of the pattern during
investing (Fig. 22-10, D).

5. Line the casting ring, keeping it flush with
the open end, and moisten the liner (Fig.
22-10, E).

6.

	

Place the ring over the pattern to ensure it is suf-
ficiently long to cover the pattern with about
6 mm of investment (Fig. 22-10, F). If necessary,
the sprue may be shortened, or a longer ring
may be chosen as an alternative.

Procedure for Multiple Castings (Fig. 22-11).
When more than two units are being cast together,
each is joined to a runner bar. A single sprue is used
to feed the runner bar. Two units may be cast with a
runner bar, or each unit may be fed from a separate
sprue.

Fig. 22-10, cont'd.

	

C, Positioning the pattern on the crucible former. D, Application of surfactant.
E, A ring liner increases the setting expansion. F, The pattern must be positioned sufficiently away from

the end of the ring.
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Fig. 22-11.

	

Spruing multiple units. A, For more than two castings a runner bar is used. B and C, For
two castings a runner bar may be used, or each casting may be fed through a separate sprue.

M. H. Reisbick
Several investment materials are available for fabri-
cating a dental casting mold. Typically these consist
of a refractory material (usually silica) and a binder
material, which provides strength. Additives are
used by the manufacturer to improve handling
characteristics.

When classifying investments by binder, three
groups are recognized: gypsum-bonded, phos-
phate-bonded, and silica-bonded investments. Each
has specific applications. The gypsum-bonded in-
vestments are used for castings made from ADA
Type II, Type III, and Type IV gold alloys. The phos-
phate-bonded materials are recommended for
metal-ceramic frameworks. The silica-bonded in-
vestments are for high-melting base metal alloys
used in removable partial denture castings. How-
ever, because of their limited application in fixed
prosthodontics, silica-bonded investments are not
included in the following discussion.

GYPSUM-BONDED INVESTMENTS
Gypsum is used as a binder, along with cristobalite
or quartz as the refractory material, to form the
mold. The cristobalite and quartz are responsible for
the thermal expansion of the mold during wax
elimination. Because gypsum is not chemically sta-
ble at temperatures exceeding 650° C (1200° F),
these investments are typically restricted to castings
of conventional Type II, III, and IV gold alloys.

Expansion.

	

Three types of expansion can be in-
fluenced to obtain the desired size of casting: set-
ting, hygroscopic, and thermal.

MATERIALS SCIENCE Setting Expansion.

	

As the gypsum investment
sets after mixing, it expands and slightly enlarges the
mold. The pattern, metal casting ring, and compress-
ibility of the ring liner all influence this expansion.

The water-powder ratio can be altered to reduce
or increase the amount of setting expansion. The
use of less water increases the setting expansion and
results in a slightly larger casting. Use of an addi-
tional ring liner increases the setting expansion, as
will a slight increase in mixing time. If a smaller
casting is desired, more water can be used or the
liner can be eliminated, both of which curtail the
amount of expansion. When attempting to alter set-
ting expansion, do not deviate more than minimally
from the manufacturer's recommendations to en-
sure there will be no changes in the essential prop-
erties of the investment.

Hygroscopic Expansion. Hygroscopic expan-
sion occurs when water is added to the setting gyp-
sum investment immediately after the ring has been
filled. Usually this is accomplished by submerging
the ring in a water bath at 37° C (100° F) for up to 1
hour immediately after investing. A significant
amount of additional setting expansion results, per-
mitting the use of a slightly lower burnout temper-
ature. A wet ring liner also contributes hygroscopic
expansion to that portion of the mold with which it
is in contact (see Fig. 22-7).

Thermal Expansion (Fig. 22-12).

	

As the mold is
heated to eliminate the wax, thermal expansion oc-
curs. The silica refractory material is principally re-
sponsible for this because of solid-state phase trans-
formations. Cristobalite changes from the a to the B
(high-temperature) form between 200° C (392° F) and
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Fig. 22-12.

	

Thermal expansions of quartz-based (A) and cristobalite-based (B) investments.
(Courtesy Whip Mix Corporation.)

270° C (518° F); quartz transforms at 575° C (1067° F).
These transitions involve a change in crystal form, an
accompanying change in bond angles and axis di-
mension, and a decreased density, producing a vol-
ume increase in the refractory components.

PHOSPHATE-BONDED INVESTMENTS

Because most metal-ceramic alloys fuse at around
1200° C (2300° F) (as opposed to conventional gold
alloys at 925 ° C [1700° F]), additional shrinkage
occurs when the casting cools to room temperature.
To compensate for this, a larger mold is necessary.
The added expansion can be obtained with phos-
phate-bonded investments.

The principal difference between gypsum-
bonded and phosphate-bonded investments is the
composition of the binder and the relatively high
concentration of silica refractory material in the lat-
ter. The binder consists of magnesium oxide and an
ammonium phosphate compound. Contrary to
gypsum-bonded products, this material is stable at
burnout temperatures above 650° C (1200° F) (Fig.
22-13), which allows for additional thermal expan-
sion. Most phosphate-bonded investments are
mixed with a specially prepared suspension of col-
loidal silica in water. (Some, however, can be mixed
with water alone.)

Some phosphate-bonded investments contain
carbon and therefore are gray in color. Carbon-

Fig. 22-13.

	

Scanning electron micrographs of a gypsum-
bonded (A) and a phosphate-bonded investment (B), each
heated to 700° C (1292° F).
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containing materials should not be used for casting
base metals because the carbon residue affects the fi-
nal alloy composition. They may be used for casting
high-gold or palladium content alloys.

Expansion. Compared to gypsum-bonded in-
vestments, phosphate-bonded investments offer
greater flexibility in controlling the amount of ex-
pansion. The liquid-powder ratio needs only slight
modification to effect a significant change in setting
expansion. Increasing the proportion of special liq-
uid (colloidal silica) also increases expansion.

Working Time. Phosphate-bonded investments
have a relatively short working time compared to
gypsum materials. Their exothermic setting reaction
accelerates as the temperature of the mix rises dur-
ing manipulation. The filled ring feels warm to the
touch even shortly after it has been filled. A longer
mixing time significantly accelerates the setting re-
action and temperature and thus reduces the work-
ing time even further. The addition of water to the
colloidal silica suspension increases the working
time, with some loss of setting expansion. Many
technicians therefore vary the quantity of special
liquid and water between batches and make trial
mixes for each new shipment. This has been a reli-
able means of adjusting expansion."' Gas is formed
during the reaction and must be removed for a suf-
ficiently long period to minimize nodules on the
casting.16 Maintaining a vacuum for about 60 sec-
onds appears to be adequate for this.

SELECTION OF MATERIALS

SELECTING A CASTING ALLOY
The choice of casting alloy largely determines the
selection of investment and casting techniques and
therefore is discussed first.

The number and variety of alloys suitable for cast-
ing have expanded dramatically, largely because of
changes in the price of gold. Many alloys are avail-
able, especially for metal-ceramic restorations (see
Chapter 19). The dentist must be able to make a ra-
tional choice based on current information.

Factors to Be Considered
Intended Use. Traditionally alloys for casting

were classified on the basis of their intended use, as
follows:
Type I: Simple inlays
Type II: Complex inlays
Type III: Crowns and FPDs
Type IV: RPDs and pinledges
Porcelain: Metal-ceramic alloys

Physical Properties.

	

In 1965 the ADA adopted
the specifications of the Federation Dentaire Inter-
nationale (FDI), which classified casting alloys ac-
cording to their physical properties (specifically
their hardness), as follows:
Type I: Soft
Type 11: Medium
Type III: Hard
Type IV: Extra hard

Porcelain-type alloys with a high noble metal
content were found to have similar hardness to
Type III alloys, and base metal alloys were found to
be harder than Type IV alloys (see Chapter 19).

Color. Manufacturers place considerable em-
phasis on the color of their alloys, and color prefer-
ence is often given to gold over silver. The patient's
views on the subject should be sought if the metal
will be visible in the mouth; otherwise, the color of
the alloy is irrelevant.

Color is not a good guide to gold content: 9-carat
jewelry alloy with only 37.5% gold looks consider-
ably more yellow than a metal-ceramic alloy with
85% gold but no copper.

Composition.

	

To be accepted by the ADA as an
alloy suitable for dental restorations,17 the manufac-
turer must list the percentage composition by
weight of the three main ingredients and any noble
metal percentage(s). Traditionally the functional
characteristics of corrosion resistance and tarnish
resistance were predicted on the basis of gold con-
tent. In general, if at least half the atoms in the alloy
are gold (which would be 75% by weight), good re-
sistance to corrosion and tarnish can be predicted.
Nevertheless clinical evaluations have failed to
show statistically significant differences in the tar-
nish resistance of high-gold (77%) and low-gold
(59.5% to 27.6%) alloys." However, a poorly formu-
lated alloy, even of high gold content, can rapidly
tarnish intraorally.

Cost.

	

Treatment plans are often modified to suit
the financial capabilities of the patient or a third
party. Base metal alloys have found favor principally
because of their low cost. Similarly, alloys containing
approximately 50% gold have been found to offer
some economic advantage (although the savings are
not proportional to the reduced gold content of the

*At the time of writing, palladium is considerably
more expensive at $560 per ounce than gold ($280 per
ounce). However, it is less dense (12.0 g/ml compared
to 19.3 g/ml so an ounce of metal will yield more
restorations).
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alloy). Alloys containing primarily palladium* and
only a small percentage of gold offer an alternative
for use in the metal-ceramic technique, although sol-
dering procedures maybe less predictable.

When calculating the intrinsic metal cost of a
restoration, determine the volume of the casting
rather than its weight. Dental casting alloys can
vary considerably in density from 8 g/ml to almost
19 g/ml (see Table 19-1). An "average" restoration
has a volume of 0.08 ml; an all-metal pontic may
have a volume reaching 0.25 ml. 19 Therefore, it is
conceivable that the cost of a large pontic cast in a
low-density alloy would be equal to or less than the
cost of a complete cast crown fabricated from a high-
density alloy. When noble metal prices are high,
more sophisticated techniques of scrap recovery be-
come economically attractive. These can range from
installing conventional metal catchers in all areas
where castings are finished to equipping all work
stations with filtered suction machines.

Clinical Performance.

	

In most respects, clini-
cal performance (biologic and mechanical) is more
important than cost. Biologic properties that can be
evaluated include gingival irritation, recurrent
caries, plaque retention, and allergies. Mechanical
properties include wear resistance and strength,
marginal fit, ceramic bond failure, connector failure,
and tarnish and corrosion.

A risk in choosing a new alloy is that defective
clinical performance may fail to appear in laboratory
testing or short-term animal and clinical trials. For
example, manufacturers introduced copper-based
casting alloys with very poor corrosion resistance 20

when the price of gold was rapidly rising.* Although
the clinically established alloys all have disadvan-
tages, their performance is likely to have been well
documented, and the prognosis of restorative treat-
ment can be more accurately predicted.

Laboratory Performance. Sound laboratory
data are essential in the selection of a casting alloy.
Important areas of consideration are casting accu-
racy, surface roughness, strength, sag resistance,
and metal-ceramic bond strength. Presently avail-
able data suggest that nickel-chromium alloys have
lower casting accuracy21 and greater surface rough-
ness 22 than gold alloys (Fig. 22-14) but higher
strength and sag resistance because of their higher
melting ranges .23

Fig. 22-14.

	

A, Comparison of casting accuracies with
different alloys. B, Influence of metal casting temperature
and alloy selection on casting roughness.
(A from Duncan JD: J Prosthet Dent 47:63,1982; B from
Ogura H et al: J Prosthet Dent 45:529,1981.)

Handling Properties.

	

The ease with which an
alloy can be manipulated may influence its selec-
tion. An alloy that produces satisfactory clinical re-
sults, but only under extremely critical conditions
or with expensive equipment, may be rejected in fa-
vor of one that produces acceptable results with less
critical manipulation.

The ability to burnish an alloy to reduce marginal
gap width and thus reduce the exposed thickness of
the luting agent is important, 24 although the areas
where marginal adaptation is clinically most impor-
tant (interproximally and subgingivally) are usually
not very accessible for such manipulation.

*In fact, these formulations were very similar to
aluminum-bronze alloys sold as dental gold in the
1920s.

Biocompatibility. All materials for intraoral
use should be biocompatible. In addition, it should
be possible to handle them safely in the office or lab-
oratory. Many hazardous materials are commonly
used in dentistry, such as mercury, chloroform, silver
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cyanide, and hydrofluoric acid. Consequently, re-
strictions have been imposed on their shipping and
use. For instance, asbestos in casting ring liners and
uranium salts in dental porcelain are no longer
used. There is also concern 25 for the possible health
hazards (see Chapter 19) associated with alloys con-
taining nickel and beryllium. Although no definite
conclusions can be drawn, appropriate safety pre-
cautions are advisable when grinding these alloys.
Filtered suction units and appropriate barriers
(masks) should be used. The ADA26 requires nickel-
containing alloys to carry a precautionary label stat-
ing that their use should be avoided in patients with
a known nickel allergy (Fig. 22-15).

SELECTING AN INVESTMENT MATERIAL
After the choice of casting alloy has been made, the
investment material can be selected.

Ideal Properties. An ideal investment should
incorporate the following features:

Controllable expansion to compensate precisely
for shrinkage of the cast alloy during cooling
The ability to produce smooth castings with ac-
curate surface reproduction without nodules
Chemical stability at high casting temperatures
Adequate strength to resist casting forces
Sufficient porosity to allow for gas escape
Easy recovery of the casting

Fig. 22-15.

	

Dramatic gingival reaction to nickel-
containing metal-ceramic restorations.
(Courtesy Dr. W.V. Campagni.)

Gypsum-bonded Investments. Gypsum-bonded
investments satisfy most of the requirements for an
ideal material, although they are not suitable for
casting metal-ceramic alloys because the gypsum is
unstable at the high temperatures required. Addi-
tionally, with some materials, obtaining adequate
expansion may be difficult. This can be critical when
casting complete crowns. A casting that is slightly
oversized (in a controlled manner) is advantageous
for accurate seating (see Chapter 7). Factors that in-
crease expansion 17 of gypsum-bonded investments
include the following:
1.

	

Use of a full-width ring liner
2.

	

Prolonged spatulation
3.

	

Storage at 100% humidity
4.

	

Lower water-powder ratio
5.

	

Use of a dry liner
6.

	

Use of two ring liners
7.

	

Hygroscopic technique with the pattern in the
upper part of the ring28

Phosphate-bonded Investments. Phosphate-
bonded investment materials offer certain advan-
tages over gypsum-bonded investments. They are
more stable at high temperatures and thus are the
material of choice for casting metal-ceramic alloys.
They expand rapidly at the temperatures used for
casting alloys, and their size can be conveniently
controlled. The increased expansion that they exhibit
results from a combination of the following factors:
1.

	

Heat from the setting reaction softens the wax
and allows freer setting expansion.
The increased strength of the material at high
temperatures restricts shrinkage of the alloy as
it cools.

3.

	

The powder mixed with colloidal silica reduces
the surface roughness of the castings and also
increases expansion. Thus expansion can be
conveniently controlled by slightly diluting the
colloidal silica with distilled water.

However, castings made with phosphate-bonded
investments are rougher than those made with gyp-
sum-bonded investments29 and are more difficult to
remove from the investment . 30 Because phosphate-
bonded investments have lower porosity, 31 com-
plete mold filling becomes more difficult. Castings
also are more likely to have surface nodules, which
must be removed. (Vacuum mixing and a careful in-
vesting technique help reduce but do not eliminate
the occurrence of nodules.)

INVESTING

Vacuum mixing of investment materials (Fig. 22-16)
is highly recommended for consistent results in
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casting with minimal surface defects, especially
when phosphate-bonded investments are used.
Good results are possible with brush application of
vacuum-mixed investment or when the investment
is poured into the ring under vacuum. Vacuum mix-
ing with brush application of the investment is the
suggested mode. To expedite the procedure and
minimize distortion, all necessary items and materi-
als should be prepared before the wax pattern is re-
flowed and removed from the die.

ARMAMENTARIUM (FIG. 22-17)

Vacuum mixer and bowl
Vibrator
Investment powder (gypsum or phosphate
bonded)
Water or colloidal silica
Spatula
Brush

Fig. 22-16.

	

Vacuum investing machines. A, The Whip
Mix combination unit. B, Girrbach Vacumat.

(A courtesy Whip Mix Corporation; B courtesy Girrbach Dental
GmbH.)

• Surfactant
• Casting ring and liner

STEP-BY-STEP PROCEDURE

Brush Technique.

	

In this technique, the pattern
is first painted with surface tension reducer; the sur-
face must be wet completely. The procedure is as
follows:
1. Add investment powder to the liquid in the

mixing bowl and quickly incorporate it by hand
(Fig. 22-18, A). Residual material from the spat
ula is wiped onto the mechanical mixing blade.
The powder-liquid ratio is critical for accurate
control of expansion. The mixing bowl can ei-
ther be wiped completely dry or shaken dry. If
shaken dry, remember the residual water will
add about 1 ml to the mix.

2.

	

Attach the vacuum hose to the bowl, evacuate
the bowl, and mechanically spatulate (Fig.
22-18, B). The mixing should be carefully timed
in accordance with the manufacturer's instruc-
tions and the type of mixing bowl used (high
speed versus low speed). If phosphate-bonded
investments are used, additional vibration un-
der vacuum helps minimize nodules.

3.

	

Coat the entire pattern with investment, push-
ing the material ahead of the brush from a sin-
gle point (Fig. 22-18, C). Gently vibrate through
out the application of investment, being
especially careful to coat the internal surface
and the margin of the pattern (Fig. 22-18, D).

NOTE: A finger positioned under the crucible
former on the table of the vibrator minimizes the
risk of excessive vibration and possible breaking of
the pattern from the sprue. After the pattern has
been completely coated, the ring is immediately
filled by vibrating the remaining investment out of
the bowl.

Fig. 22-17.

	

Investing armamentarium.
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Fig. 22-18.

	

Investing procedure: brush technique. A, Hand spatulate the mix to incorporate powder
quickly. B, Vacuum mix the investment according to manufacturer's recommendations. C, Carefully coat
the wax pattern, teasing the investment ahead of the brush. D, Be sure the margins are covered as well
as the axial and occlusal surfaces. E, Slowly fill the ring, holding it on the vibrator. Tilt the ring from side
to side to avoid trapping air under the pattern.

4.

	

Place the lined casting ring over the pattern and
with the aid of vibration, pour the investment
down the side of the ring. Fill the ring slowly,
starting from the bottom and moving up (Fig.
22-18, E).

5. When the investment reaches the level of the
pattern, tilt the ring several times to cover and
uncover the pattern, thereby minimizing the
possible entrapment of air. Investing must be
performed quickly within the working time of
the investment. If the investment begins to set
too soon, rinse it off quickly with cold water.
The wax pattern can then be replaced on the die,
and its margins can be reflowed again.

6.

	

After the ring is filled to the rim, allow the in-
vestment to set.

7.

	

If the hygroscopic technique is used, the ring is
placed in a 37° C (100° F) water bath for 1 hour.

VACUUM TECHNIQUE

1.

	

First, hand spatulate the mix (Fig. 22-19, A).
2. With the crucible former and pattern in place,

attach the ring to the mixing bowl (Fig. 22-19, B).
3. Attach the vacuum hose and mix according

to the manufacturer's recommendations (Fig.
22-19, C and D).

4.

	

Invert the bowl and fill the ring under vibration
(Fig. 22-19, E).

5. Remove the vacuum hose before shutting off
the mixer (Fig. 22-19, F).

6.

	

Remove the filled ring and crucible former from
the bowl (Fig. 22-19, G).

7.

	

Immediately clean the bowl and mixing blade
under running water (Fig. 22-19, H).

WAX EXAMINATION

Wax elimination or burnout consists of heating the
investment in a thermostatically controlled furnace
(Fig. 22-20) until all traces of the wax are vaporized.
The temperature reached by the investment deter-
mines the thermal expansion.

All water in the investment must be driven off
during wax elimination. The temperature to which
the ring is heated during wax elimination must be
sufficiently high. It should be maintained long
enough ("heat soak") to minimize a sudden drop in
temperature upon removal from the oven. Such a
drop could result in an incomplete casting because
of excessively rapid solidification of the alloy as it
enters the mold. Once the investment is heated dur-
ing the wax-elimination procedure, heating must be
continued, and casting must be completed. Cooling
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Fig. 22-19.

	

Investing procedure: vacuum technique. A, Hand spatulate the mix. B, With the crucible
former in place, attach the ring to the mixing bowl. C, Attach the vacuum hose. D, Mix according to
manufacturer's recommendations. E, Invert the bowl and fill the ring under vibration. F, Remove the
vacuum hose before shutting off the mixer. G, Remove the filled ring and crucible former from the bowl.
H, Immediately clean the bowl and mixing blade under running water.
(Courtesy Whip Mix Corporation.)
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Fig. 22-20.

	

A, Burnout ovens are available with manual, semiautomatic, or fully programmable con-
trols. B, Ring positioned for burnout.

Fig. 22-21.

	

A, When the investment
has set, the "skin" at the top of the ring
is trimmed off. B, The rubber crucible
former is removed, and any loose parti-
cles of investment are blown off. C, The
ring is then placed in the furnace for the
recommended burnout schedule.

and reheating of the investment can cause casting
inaccuracy because the refractory and binder will
not revert to their original forms (hysteresis). Inade-
quate expansion and cracking of the investment are
typical results.

STEP-BY-STEP PROCEDURE (FIG. 22-21

1. Allow the investment to set for the recom-
mended time (usually 1 hour) and then remove
the rubber crucible former. If a metal sprue is
used, remove it as well. The ring should be
placed in a humidor if stored overnight. The
smooth skin that forms on the ring with phos-
phate-bonded investments should be removed,

and any loose particles of investment should be
blown off with compressed air.

2. Reexamine the ring for any residual particles
and then place it with the sprue facing down in
the furnace on a ribbed tray. The tray allows the
molten wax to flow out freely.

3. Bring the furnace to 200° C (400° F) and hold
this temperature for 30 minutes. Most of the
wax is eliminated by this time.

4.

	

Increase the heat to the final burnout tempera-
ture (generally 650° C [1200° F] or 480° C [900° F]
if a hygroscopic technique is used; follow the
manufacturer's instructions) and hold for 45
minutes. Because the heating rate affects the
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expansion , 32 it also should be standardized as
part of the investing and casting protocol for ac-
curately fitting castings. The mold is now ready
for casting, although a large casting ring usually
requires increased heating time. If preferred,
two burnout furnaces can be set at 200° C and
650° C or 480° C, or a programmable two-stage
furnace can serve equally well. However, the in-
vestment should not be overheated or kept at
temperature too long. Gypsum-bonded invest-
ments are not stable above 650 ° C (1200° F).
Also, some carbon in carbon-containing invest-
ments burns off, causing increased surface
roughness of the casting22 (see Table 22-1).

When transferring the casting ring to the casting
machine, a quick visual check of the sprue in
shaded light is helpful to see whether it is properly
heated. It should be a cherry-red color.

Conventional casting techniques require consider-
able time, typically 1 hour bench set for the invest-
ment and 1 to 2 hours for the wax elimination. Ac-
celerated casting procedures have been proposed
that reduce this time to 30 to 40 minutes .33-35 Initially
suggested as a way to make cast post-and-core
restorations in a one-visit procedure,* the procedure
has been found to produce castings with accuracy
and surface roughness similar to traditional meth-
ods. 36,37 The technique uses a phosphate-bonded in-
vestment that is given approximately 15 minutes
bench set (generally judged as the time taken for the

*Also for castings made for dental licensure exam-
inations.

ACCELERATED CASTING METHOD

investment to reach its maximum exothermic set-
ting reaction temperature) and a 15-minute wax
elimination by placing the ring in a furnace pre-
heated to 815° C (1500° F).

CASTING

CASTING MACHINES (FIG. 22-22)
A casting machine requires a heat source to melt the
alloy and a casting force. For a complete casting, the
casting force must be high enough to overcome the
high surface tension of the molten alloy 38 as well as
the resistance of the gas within the mold.

The heat source can be either the reducing flame
of a torch or electricity. Conventional alloys can be
melted with a gas-air torch (Fig. 22-23, A and B), but
the metal-ceramic alloys in a higher melting range
need a gas-oxygen torch (Fig. 22-23, C. Base metal
alloys need a multiorifice gas-oxygen (Fig. 22-23, D)
or oxyacetylene torch. Electric heating can occur by
convection from a heating muffle or by generation
of an induction current in the alloy. Advocates of the
latter39 maintain that heating can be more evenly
controlled, preventing undesirable changes in alloy
composition caused by volatilization of the lower-
melting point elements. In general, the electric ma-
chines are expensive and more appropriate for
larger dental laboratories, whereas a torch may be
the method of choice for smaller laboratories and
dental offices.

Present-day casting machines still use either air
pressure or centrifugal force to fill the mold, which
were first proposed in the early days of lost-wax
castings .2-40 Some machines evacuate the mold be-
fore it is filled with metal, and vacuum has been
shown to improve mold filling, 44 although it is not
clear if the difference is clinically significant . 42

Fig. 22-22.

	

Casting machines. A, Kerr Broken-Arm. B, Degussa Model TS-1.
(A courtesy Kerr Manufacturing Co; B courtesy Degussa Corporation.)
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CASTING TECHNIQUE

The mold is not removed from the burnout furnace
until the alloy has been melted and is ready to cast.

Cleaning a previously cast alloy is necessary to
remove investment debris and oxides before its
reuse. Noble metal alloys can be melted on a char-
coal block with a gas-air torch, which provides a re-
ducing atmosphere, and remaining impurities are
removed through pickling and ultrasonic or steam
cleaning. Alloys from different manufacturers
should not be mixed, even if they are similar. Over-
heated or otherwise abused alloys, as well as grind-
ings and old restorations, should be returned to the
manufacturer as scrap materials, rather than bei ng
reused.

Armamentarium (Fig. 22-24)
• Broken-arm (Kerr) centrifugal casting machine
• Crucible
• Blowtorch
• Protective colored goggles
• Tongs
• Casting alloy
• Flux

Procedure.

	

The casting machine is given three
clockwise turns (four if using metal-ceramic alloys)
and locked in position with the pin. The cradle and
counterbalance weights are checked for the appro-

Fig. 22-24.

	

Casting armamentarium.

priate size of the casting ring. A crucible for the
alloy being cast is placed in the machine. The torch
is lit and adjusted (gas-air for regular alloys, gas-
oxygen for metal-ceramic). For metal-ceramic al-
loys, a pair of colored goggles should be worn to
protect the eyes and also to permit direct viewing of
the melt.

The crucible is preheated (Fig. 22-25, A), particu-
larly in the area that will be in contact with the alloy,
and the alloy is added. Preheating avoids excessive
slag formation during casting. Also, when metal-
ceramic alloys are cast, a crucible that is too cool can
"freeze" the alloy, resulting in an incomplete cast-
ing. Sufficient mass of alloy must be present to sus-
tain adequate casting pressure. With a high-density
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Fig. 22-25.

	

Casting technique. A, Preheating the crucible. B,Making the melt. When the alloy is
molten, the casting ring is removed from the furnace and placed in the cradle. C, Tongs are used to slide
the crucible platform into contact with the casting ring (arrow). D, The orifice of the crucible aligns with

the sprue. E, Heating continues for a few seconds so the melting is complete and casting can proceed.
F, The casting arm is pulled forward until the pin drops (arrow). G, Casting machine immediately before
release. H, Centrifugal force carries the melt into the mold cavity (arrows show the direction of spin).

noble metal alloy, 6 g (4 dwt*) is typically adequate
for premolar and anterior castings, 9 g (6 dwt) is
adequate for molar castings, and 12 g (8 dwt) is ad-
equate for pontics.

*Pennyweight (d is an abbreviation for denarius, a Ro-
man copper coin).

The alloy is heated in the reducing part of the
flame until it is ready to cast. A little flux can be
added to conventional gold alloys (not metal-
ceramic alloys). Gold alloys ball up and have a
mirrorlike shiny surface that appears to be spin-
ning. Nickel-chromium and cobalt alloys are
ready to cast when the sharp edges of the ingot
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Fig. 22-26.

	

The ring is quenched in cold water in a plas-

	

Fig. 22-27.

	

Nonfuming pickling acid can be used in con
ter bowl. Gypsum-bonded investments readily disintegrate;

	

j unction with this covered pickling unit.
phosphate-bonded investments are much stronger and need
careful devestment.

Fig. 22-28.

	

Recovery of a casting from phosphate-bonded investment. A, Trimming is done from the
button end of the ring. B, Investment is being pushed out of the casting ring. C, The mold is broken

open. D, Investment is removed from the casting. Care must be taken to avoid damaging the margin.

round over. The mold is placed in the cradle of
the casting machine (Fig. 22-25, B) and kept on
the alloy with the reducing flame until the crucible
is moved into position (Fig. 22-25, C to G). The
casting machine arm is then released to make the
casting (Fig. 22-25, H). The machine is allowed to
spin until it has slowed enough that it can be
stopped by hand, and the ring is removed with
casting tongs.

Recovery of the Casting.

	

After the red glow
has disappeared from the button, the casting ring is

plunged under running cold water into a large rub-
ber mixing bowl (Fig. 22-26).

Gypsum-bonded investments quickly disinte-
grate, and elimination of residue is easily accom-
plished with a toothbrush. Final traces can be re-
moved ultrasonically. Oxides are removed by
pickling in 50% hydrochloric acid (or preferably a
nonfuming substitute) (Fig. 22-27). Phosphate-
bonded investments do not disintegrate and must
be forcibly removed from the casting ring (Fig.
22-28). They can be handled as soon as they are suf-
ficiently cooled under running water.
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Fig. 22-29.

	

Removing casting nodules. Small nodules are frequently present, particularly with phos-
phate-bonded investments. They interfere with seating and must be identified before the casting is
placed on the die. A, Once they are identified, a small, round bur can be used to remove them. B, Magni-
fication is helpful for this. C, Remove slightly more, rather than less, metal than the size of the nodule to
ensure the casting does not bind during seating.

A knife is used to trim the investment at the but-
ton end of the ring (Fig. 22-28, B). The other end is
not trimmed for fear of damaging the margin. When
the ring liner is exposed, the investment can be
pushed out of the ring (Fig. 22-28, C. It is then
broken apart under running water (because it is
still hot). The remaining investment is carefully
removed with a small blunt instrument (Fig.
22-28, D), and any traces are dissolved in hydroflu-
oric acid or a less caustic substitute. Care must be
taken to prevent scratching of the internal surface of
the casting or damage to the margins.

Evaluation.

	

The casting is never fitted on the
die until the inner surface has been carefully evalu-
ated under magnification; even tiny imperfections
can cause damage to the stone die. A die may be ren-
dered useless in a matter of seconds if a casting is fitted
prematurely.

Defects in the Casting.

	

Investing and casting
requires meticulous attention to detail to obtain a
successful, properly fitting casting. Table 22-1 sum-
marizes and provides examples of the more com-
mon causes of various problems.

Roughness.

	

The surface of a casting should be
smooth, although finishing and polishing are still
required (see Chapter 29). Lines or grooves in the
casting were usually present but overlooked in the
wax pattern. They may necessitate a remake, partic-
ularly if they were positioned near the margin or on

the fitting surface. Generalized casting roughness
may indicate a breakdown of the investment from
excessive burnout temperature.

Nodules.

	

Bubbles of gas trapped between the
wax pattern and the investment produce nodules
on the casting surface. Even minute nodules can
limit the seating of the casting to a considerable de-
gree. When they are large or situated on a margin,
they usually necessitate remaking of the restoration.
When small, they can often be removed with a no.
1/4 or 1/2 round bur (Fig. 22-29). A binocular micro-
scope is extremely helpful to detect and remove
nodules. Remove a slight excess of metal to ensure
the nodule does not interfere with complete seating.

The key to avoiding nodules is a careful investing
technique, a surfactant, vacuum spatulation, and
careful coating of the wax pattern with investment.
Castings made with phosphate-bonded investment
are especially prone to such imperfections, and ex-
perience and care are required to produce castings
that are routinely free of nodules.

Fins.

	

Fins are caused by cracks in the invest-
ment that have been filled with molten metal. These
cracks can result from a weak mix of investment
(high water-powder ratio), excessive casting force,
steam generated from too-rapid heating, reheating
an invested pattern, an improperly situated pattern
(too close to the periphery of the casting ring), or
even premature or rough handling of the ring after
investing.
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Incompleteness.

	

If an area of wax is too thin
(less than 0.3 mm), which occurs occasionally on the
veneering surface of a metal-ceramic restoration, an
incomplete casting may result. Thickening of the
wax in these areas is recommended. Incomplete
casting of normal-thickness wax patterns may result
from inadequate heating of the metal, incomplete

wax elimination, excessive cooling ("freezing") of
the mold, insufficient casting force, not enough
metal, or metal spillage.

Voids or Porosity.

	

Voids in the casting (in par-
ticular in the margin area) may be caused by debris
trapped in the mold (usually a particle of the invest-
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ment undetected before wax elimination). A well-
waxed smooth sprue helps prevent this. Porosity
resulting from solidification shrinkage ("suck back")
occurs if the metal in the sprue solidifies before the
metal in the mold, as may happen when a sprue is
too narrow, too long, or incorrectly located or when
a large casting is made in the absence of a chill vent.

Gases may dissolve in the molten alloy during melt-
ing and leave porosity defects. Back pressure poros-
ity43 may be caused by air pressure in the mold as
the molten metal enters. Its occurrence is reduced by
using a more porous investment, locating the pat-
tern near the end of the ring (6 to 8 mm), and casting
with a vacuum technique.
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Marginal Discrepancies.

	

Inaccuracies of fit at
the margin can be caused by distortion during re-
moval of the wax pattern from the die. They may
also result from increased setting expansion (hygro-
scopic technique) following uneven expansion of
the mold.

Dimensional Inaccuracies.

	

The casting can be
either too small or too large. Attention to detail is es-
sential for an accurately expanded mold. A stan-
dardized procedure is needed in regards to liq-
uid-powder ratio, spatulation, the ring liner, the
amount of liquid added, and mold heating.

The following list summarizes the steps involved in
investing and casting (Fig. 22-30) and should prove
helpful in reviewing the material covered in this
chapter:
1. A sprue 2 or 2.5 mm in diameter (10- or 12-

gauge) is attached to the bulkiest noncentric
cusp (the larger size for molar and metal
ceramic patterns, the smaller size for premolar
and partial coverage). Multiple units can be
sprued with a runner bar (Fig. 22-30, A).

REVIEW OF TECHNIQUE

2. The pattern is carefully removed from the die
and attached to a crucible former (sprue length
should be 6 mm or less) (Fig. 22-30, B).

3.

	

The pattern is painted with surface tension re-
ducer (Fig. 22-30, C) and then carefully coated
with vacuum mixed investment (Fig. 22-30, D).

4.

	

The ring is filled, and the investment is allowed
to bench set for a minimum of 1 hour.

5. After wax elimination, the casting machine is
prepared, and the crucible is preheated. The al-
loy is melted, the ring is transferred, and the
casting is made promptly (Fig. 22-30, E).

6. The casting is recovered from the investment
(Fig. 22-30, F).

7.

	

Defects are identified and corrected if possible
(Fig. 22-30, G).

SUMMARY

Investing and casting, a series of highly technique-
sensitive steps, converts the wax pattern into a metal
casting. Accurate and smooth restorations can be ob-
tained if the operator pays special attention to each
step in the technique. When initial attempts at cast-
ing produce errors or defects, appropriate corrective
measures must be taken so they do not recur.

Fig. 22-30.

	

Technique review.
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alloy: n (14c): a mixture of two or more metals or met-
alloids that are mutually soluble in the molten state;
distinguished as binary, ternary, quaternary, etc.,
depending on the number of metals within the mix-
ture. Alloying elements are added to alter the hard-
ness, strength, and toughness of a metallic element,
thus obtaining properties not found in the pure
metal. Alloys may also be classified on the basis of
their behavior when solidified.

back pressure porosity: porosity produced in dental
castings thought to be due to the inability of gases
in the mold to escape during the casting procedure.

base metal: any metallic element that does not resist
tarnish and corrosion.

casting: n (14c): something that has been cast in a
mold; an object formed by the solidification of a
fluid which has been poured or injected into a mold.

casting ring: the inferior portion of a refractory flask
that provides a negative likeness or dimple into
which a metal is cast in the refractory investment.

compressive stress: the internal induced force that
opposes the shortening of a material in a direction
parallel to the direction of the stresses; any in-
duced force per unit area that resists deformation
caused by a load that tends to compress or shorten
a body.

cristobalite: n: a allotropic form of crystalline silica
used in dental casting investments.

crucible: n (15c): a vessel or container made of any re-
fractory material (as porcelain) used for melting or
calcining any substance that requires a high degree
of heat.

crucible former: the base to which a sprue former is at-
tached while the wax pattern is being invested in re-
fractory investment; a convex rubber, plastic, or
metal base that forms a concave depression or cru-
cible in the refractory investment.

dental casting investment: a material consisting princi-
pally of an allotrope of silica and a bonding agent.
The bonding substance may be gypsum (for use in

lower casting temperatures) or phosphate and sili-
cas (for use in higher casting temperatures).

devest: vb: the retrieval of a casting or prosthesis from
an investing medium.

flux: n (14c) 1: in physics, the rate of flow of a liquid,
particles or energy 2: in ceramics, an agent that low-
ers the fusion temperature of porcelain 3: in metal-
lurgy, a substance used to increase fluidity and
to prevent or reduce oxidation of a molten metal
4: any substance applied to surfaces to be joined by
brazing, soldering or welding to clean and free
them from oxides and promote union.

hygroscopic expansion: expansion due to the absorp-
tion of moisture

i nvesting: v the process of covering or enveloping,
wholly or in part, an object such as a denture, tooth,
wax form, crown, etc., with a suitable investment
material before processing, soldering, or casting.

i nvestment: n: see Dental Casting 1., Refractory 1.
occluded gas porosity: a porosity produced in castings

due to the inability of gasses in the mold to escape.
'pickle: n (15c): a solution or bath for preserving or

cleaning; any of various baths used in cleaning or
processing.

2pickle: vt pickled; pickling: (1552): to treat, preserve,
or clean in or with an agent.

'polish: vb (14c): to make smooth and glossy, usually
by friction; giving luster; the act or process of mak-
ing a denture or casting smooth and glossy.

2polish: n (1704): a smooth, glossy surface; having luster.
polishing: v, obs 1: to make smooth and glossy, usually

by friction; to give luster to (GPT-1) 2: obs: the act or
process of making a denture or casting smooth and
glossy (GPT-1).

porosity: n, pl ties: (14c) 1: the presence of voids or
pores within a structure 2: the state or quality of hav-
ing minute pores, openings or interstices.

proportional limit: that unit of stress beyond which de-
formation is no longer proportional to the applied load.

quartz: n (ca. 1631): an allotropic form of silica; the
mineral SiO2 consisting of hexagonal crystals of col-
orless, transparent silicon dioxide.
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refractory: adj (1606): difficult to fuse or corrode; capa-
ble of enduring high temperatures

refractory investment: an investment material that can
withstand the high temperatures used in soldering
or casting.

refractory mold: a refractory cavity into which a sub-
stance is shaped or cast.

setting expansion: the dimensional increase that oc-
curs concurrent with the hardening of various ma-
terials, such as plaster of paris, dental stone, die
stone, and dental casting investment.

shrink-spot porosity: an area of porosity in cast metal
that is caused by shrinkage of a portion of the metal
as it solidifies from the molten state without flow of
additional molten metal from surrounding areas.

silica: n (ca 1301): silicon dioxide occurring in crys-
talline, amorphous, and usually impure forms (as
quartz, opal, and sand, respectively).

solidification porosity: a porosity that may be pro-
duced by improper spruing or improper heating of
either the metal or the investment.

sprue: n (1880) 1: the channel or hole through which
plastic or metal is poured or cast into a gate or reser-
voir and then into a mold 2: the cast metal or plastic
that connects a casting to the residual sprue button.

sprue button: the material remaining in the reservoir
of the mold after a dental casting.

thermal expansion: expansion of a material caused by
heat.

vacuum casting: the casting of a metal or plastic in the
presence of a partial vacuum.

vacuum investing: the process of investing a pattern
within a partial vacuum.

vacuum mixing: a method of mixing a material such as
plaster of paris or casting investment under subat-
mospheric pressure.

wax elimination: the removal of wax from a mold,
usually by heat.

wax expansion: a method of expanding a wax pattern
to compensate for the shrinkage of gold during the
casting process.
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achromatic
chroma
CIELAB color system
color blindness
color rendering index
color temperature
complementary colors
cones
electromagnetic spectrum
esthetics
fluorescence
hue

understanding of the nature of light and how
the eye perceives and the brain interprets light as
color is important for successful esthetic restora
tions, particularly when metal-ceramic or all-
ceramic restorations are being made. Errors in
shade matching can be a problem in these proce-
dures and are a source of frustration for the dentist
and technician and a source of dissatisfaction for the
patient. This chapter outlines some of the principles
of light and color and how they relate to shade se-
lection and esthetics.

An

metamerism
Munsell color order system
opalescence
photopic vision
reflectance
rod
saturation
scotopic vision
shade
value
visible spectrum
wavelength

textile manufacturing, there is no standard for light-
ing in dentistry.

DESCRIPTION OF LIGHT
Scientifically, light is described as visible electro-
magnetic energy whose wavelength is measured in
nanometers (nm) or billionths of a meter. The eye is
sensitive only to the visible part of the electromag-
netic spectrum, a narrow band with wavelengths of
380 to 750 nm. At the shorter wavelengths lie ultra-
violet; x, and gamma rays; at the longer wave-
lengths are infrared radiation, microwaves, and
television and radio transmissions (Fig. 23-1).

Pure white light consists of relatively equal quan-
tities of electromagnetic energy over the visible
range. When it is passed through a prism (Fig. 23-2),
it is split into its component colors because the
longer wavelengths are bent (refracted) less than the
shorter ones.

Quality of Light. The most common light
sources in dental offices are incandescent and fluo-
rescent, neither of which are pure white light. An
ordinary incandescent light bulb emits relatively
higher concentrations of yellow light waves than of
blue and blue-green, whereas fluorescent ceiling fix-

LIGHT AND COLOR

Without light, color does not exist. An object that we
perceive as a certain color absorbs all light waves
corresponding with other colors and reflects only
those waves that we interpret as that object's color.
For example, an object that absorbs blue and green
light and reflects red appears red. The apparent
color of an object is influenced by its physical prop-
erties, the nature of the incident light to which the
object is exposed, the relationship to other colored
objects; and the subjective assessment of the ob-
server. These factors can cause a single tooth to look
very different among different observers. Saleski'
has pointed out that although lighting standards are
available in industries as diverse as automobile and

Fig. 23-1.

	

Electromagnetic energy spectrum. A nanome-
ter (nm) is 10-9 meter.
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lures give off relatively high concentrations of blue
waves.

Artists have traditionally chosen studios illumi-
nated by northern daylight, which can be close to
full-spectrum white light and often is used as the
"normal" standard for judging light from other
sources (Fig. 23-3). It has a color rendering index
( CRI) close to 100. The color rendering index, on a
scale of 1 to 100, indicates how well a particular
light source renders color as compared to a specific
standard source.

Although daylight is often used as the standard
against which other light sources are compared,
tooth shades should never be selected in direct sun-
light. The distribution of light waves from the sun
depends on the time of day and on humidity and
pollution. During morning and evening hours, the
shorter light waves (blues and greens) are scattered,
and only the longer ones (at the red end of the spec-
trum) penetrate the atmosphere. Consequently, inci-
dent daylight at dawn and dusk is rich in yellow
and orange but lacking in blue and green. Northern
daylight around the noon hour on a bright day is
considered ideal because there is a harmonious bal-
ance of the full visible spectrum. Nevertheless, cir-
cumstances may dictate the use of artificial light for
shade selection. In these cases, color-corrected fluo-
rescent lighting is recommended because it ap-
proaches the necessary type of balance. Bergen and
McCasland' have reported that two commercially
available, color-corrected fluorescent tubes are ac-
ceptable full-spectrum sources with a CRI of greater
than 90.* Another light source reference standard is
color temperature, which is related to the color of a
standard black body when heated. Color tempera-

ture is reported in degrees Kelvin (K), or absolute
(0' K = -273' C). Accordingly, 1000' K is red; 2000'
K is yellow; 5555' K is white; 8000' K is pale blue.
Northern daylight has an average color temperature
of around 6500' K, but this varies with the time of
day, cloud cover, humidity, and pollution.

DESCRIPTION OF COLOR
Just as a solid body can be described by three di-
mensions of physical form (length, width, and
depth), color has three primary attributes that allow
it to be described with the same precision. Describ-
ing these attributes, however, depends on the color
system used.

Munsell Color Order System.'

	

The most popu-
lar method for describing color is the Munsell system.
Despite certain disadvantages, the Munsell system
has been widely used in the dental literature . 4-5 The
three attributes of color in this system are called
Hue, Value, and Chroma.*

Hue.

	

Hue is defined as the particular variety of
a color, shade, or tint. The Hue of an object can be
red, green, yellow, and so on, and is determined by
the wavelength of the reflected and/or transmitted
light observed. The place of that wavelength (or
wavelengths) in the visible range of the spectrum
determines the Hue of the color. The shorter the
wavelength, the closer the Hue will be to the violet
portion of the spectrum; the longer the wavelength,
the closer it will be to the red portion.

In the Munsell color system, Hues are divided
into 10 gradations: yellow, yellow-red, red, red-
purple, purple, purple-blue, blue, blue-green, green,

*The common cool white fluorescent tubes have a CRI
of between 50 and 80 and are therefore not suitable for
shade selection.

*When used in reference to the Munsell coordinates,
these terms are capitalized.

Fig. 23-2.

	

A prism bends or refracts short wavelengths of light more than longer wavelengths,
thereby separating the colors.
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Fig. 23-4.

	

Arrangement of Hue and Chroma in the
Munsell system: R, Red; YR, yellow-red; Y, yellow;
GY, green-yellow; G, green; BG, blue-green; B, blue;
PB, purple-blue; P purple; RP, red-purple.

Fig. 23-3.

	

Relative energy of three light sources: natural
daylight has an even spectral distribution; tungsten fila-
ment light is high in orange and red wavelengths; fluores-
cent tube light has peaks of blue and yellow.

23-6). Natural teeth are found with Chroma ranges
from 0.5 to 4 (see Fig 23-5).

and green-yellow. These are arranged in a wheel
(Fig. 23-4). Each gradation is subdivided; for exam-
ple, red can be written 1R, 2R, 3R ... 9R, 10R, fol-
lowed by 1YR, 2YR, 3YR ... 9YR,10YR, followed by
1Y, 2Y, 3Y, and so on. These can be further subdi-
vided (e.g., a particular Hue might be 4.3Y or 8.1YR).
Most natural teeth fall into a range between yellow
and yellow-red. In a study of 95 extracted anterior
teeth, O'Brien et al6 found that the average Hue was
1.2 Y for the gingival third, 1.3 Y for the middle third,
and 1.4 Y for the incisal third (Fig 23-5).

Chroma.

	

Chroma is defined as the intensity of
a Hue. The terms saturation and Chroma are used
interchangeably in the dental literature; both mean
the strength of a given Hue or the concentration of
pigment.

A simple way to visualize differences in Chroma
is to imagine a bucket of water. When one drop
of ink is added, a solution of low Chroma results.
Adding a second drop of ink increases the Chroma,
and so on, until a solution is obtained that is almost
all ink and consequently of high Chroma. In the
Munsell color system, maximum Chroma depends
on the particular Hue but can range from 10 to 14.
Achromatic shades have a Chroma near 0 (Fig.

Value. Value is defined as the relative lightness
or darkness of a color or the brightness of an object.
The brightness of any object is a direct consequence
of the amount of light energy the object reflects or
transmits.

Light energy is measured in photons, and it is
possible for objects of different Hues to reflect the
same number of photons and thus have the same
brightness or Value. A common example is the diffi-
culty experienced in trying to tell a green from a blue
object in a black and white photograph. The two ob-
jects will reflect the same amount of light energy and
therefore will appear identical in the picture. This
fact created a popular misconception that the Value
of a color quantified the amount of grayness.

In the Munsell method of describing color, Value
is divided into 10 gradations, with 0 being black and
10 being white. Natural teeth range in Value from
5.5 to 8.5 (see Fig 23-5). A restoration that has too
high a Value (is too bright) may be easily detected
by an observer and is a common esthetic fault in
metal-ceramic prosthodontics.

CIELAB Color System. Determined by the
Commission Internationale de 1'Eclairage in 1978,
this method of evaluating color continues to gain



Fig. 23-5.

	

The Munsell plots of the middle third of 95 incisor teeth. A, Munsell Hue and Chroma.
B, Munsell Value and Chroma.
(From O'Brien WJ et al: Dent Mater 13:179, 1997.)

Fig. 23-6.

	

Arrangement of Value and Chroma in the
Munsell system.

acceptance in dental research . In both the Mun-
sell and the CIELAB color order systems, the loca-
tion in the color space of a particular shade is de-
fined by three coordinates: Value, Hue, and Chroma
for Munsell; L*, a*, and b* for CIELAB. Value and L*
are proportional to each other and represent the
lightness, brightness, or black/white character of
the color. Colors with high Value or L* (such as
tooth colors) are located near the top of the color
space as depicted in Figure 23-7. The chromatic, or
non-black/white characteristics of a color are repre-
sented in the Munsell system by Hue and Chroma
and in CIELAB by a* and b.* In each system, these
two coordinates define the location of color on a

Chapter 23 Color Science, Esthetics, and Shade Selection
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Fig. 23-8.

	

Locations in space can be defined in polar or
Cartesian coordinates.

to the red-purple/blue-green axis in the Munsell
color space. A positive a* relates to a predominantly
red-purple color, whereas a negative a* denotes a
color that is more blue-green. Similarly, the b* coor-
dinate corresponds to the yellow-purple/blue axis.

COLOR-MEASURING INSTRUMENTS (FIG. 23-9)

Color selection for dental restorative materials is
generally done visually by matching a shade sam-
ple. In industry, electronic color measuring equip-
ment is used. This equipment consists of spec-
trophotometers that measure light reflectance at
wavelength intervals over the visible spectrum and
colorimeters that provide direct color coordinate

Fig. 23-9.

	

Colorimeters are used for color matching in
industry and are useful in dental research.

specifications without mathematical manipulation.
This is accomplished by sampling light reflected
from an object through three color filters that simu-
late the response of the color receptors in the eye.
These instruments have been used extensively in
dental research. Recently, a color measuring sys-
tem* has been introduced to guide the practicing
dentist (Fig. 23-10). This instrument appears to have
comparable accuracy to subjective assessment. 16

PERCEPTION OF COLOR

Light from an object enters the eye and acts on re-
ceptors in the retina (rods and cones). Impulses
from these are passed to the optical center of the
brain, where an interpretation is made. Shade selec-
tion is very subjective-different individuals will
have different interpretations of the same stimulus.

The Eye. Under low lighting conditions, only
the rods are used (scotopic vision). These receptors

*ShadeEye-EX, Shofu, Inc.: Menlo Park, Calif.
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Fig. 23-10.

	

ShadeEye-EX Chroma Meter. This device
uses a colorimeter to measure tooth color and processes the
information into formulae for fabricating a metal-ceramic
restoration.
(Courtesy Shofu, Inc.)

allow an interpretation of the brightness (but not
the color) of objects to be made. They are most sen-
sitive to blue-green objects. Color vision is depen-
dent on the cones, which are active under higher
lighting conditions (photopic vision). The change
from photopic to scotopic vision is called dark adap-
tation and takes about 40 minutes."

The area with the most cones is in the center of
the retina, which is free of rods. The rods begin to
predominate toward the periphery. This means that
the central field of vision is more color perceptive.
Although the exact mechanism of color vision is not
known, there are three types of cones-sensitive to
red, green, and blue light's-which form an image
in much the same way as the additive effect of the
pixels in a television picture.

Color Adaptation. Color vision decreases
rapidly as an object is observed. The original color
appears to become less and less saturated until it
appears almost gray. Simultaneously, the chroma
(intensity) of complementary colors appears
greater. This phenomenon explains the suggestion
that shade selection can be enhanced if operatory
walls are painted pale blue (complementary to yel-
low) or that a pale gray-blue surface should be
glanced at periodically while viewing color choices.

Fig. 23-11.

	

The Benham disk. When it rotates, red,
green, and blue rings are seen. The order of the colors is re-
versed if the disk rotates in the opposite direction. This is a
purely sensory phenomenon caused by afterimages.

and yellow are placed side by side, their chroma
may appear to be increased. The color of teeth can
also look different if the patient is wearing brightly
colored clothing or lipstick.

Metamerism. Two colors that appear to be a
match under a given lighting condition but have
different spectral reflectance (Fig. 23-12) are called
metamers, and the phenomenon is known as
metamerism. For example, two objects that appear
to be an identical shade of yellow may absorb and
reflect light differently. Normally a yellow object re-
flects yellow light, but some may actually absorb
yellow light and reflect orange and green. To an ob-
server, the orange and green combination looks yel-
low, although when the lighting is changed, the
metamers no longer match. This means that a sam-
ple that appears to match under the operatory light,
for example, may no longer be satisfactory in day-
light. The problem of metamerism can be avoided
by selecting a shade and confirming it under differ-
ent lighting conditions (e.g., natural daylight and
fluorescent light).

Deceptive Color Perception.

	

The brain can be
tricked in how it perceives color. The classic exam-
ple is the Benham disk (Fig. 23-11). When this black
and white disk is illuminated and rotated at an ap-
propriate speed, it appears to be highly colored.

Color is also influenced by surrounding colors,
particularly complementary ones (those diametri-
cally opposed in Fig. 23-4). For example, when blue

Fluorescence. Fluorescent materials, such as
tooth enamel, re-emit radiant energy at a lower fre-
quency than it is absorbed.19 For example, ultravio-
let radiation is re-emitted as visible light. In theory,
a mismatch can occur if the dental restoration has
different fluorescence than the natural tooth. In
practice, fluorescence does not play a significant
role in color matching dental restorations .211
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Fig. 23-12.

	

Spectral reflectance curves of a metameric
pair. The two objects represented will appear to match un-
der some lighting conditions but not under others.

Opalescence. Natural teeth, particularly at
their incisal edges, exhibit a light-scattering effect*
that creates the appearance of bluish-white colors as
the teeth are seen at different angles. This is similar
to the bluish-white background seen in opal gem-
stones (this explains the term opalescence). Manu-
facturers try to match this effect when formulating
dental porcelains .21-22

Color Blindness.

	

Defects in color vision affect
about 8% of the male population and less of the
female population .23 Different types exist, such as
achromatism (complete lack of hue sensitivity),
dichromatism (sensitivity to only two primary
hues-usually either red or green are not perceived),
and anomalous trichromatism (sensitivity to all three
hues with deficiency or abnormality of one of the
three primary pigments in the retinal cones). Dentists
should therefore have their color perception tested.
If any deficiency is detected, the dentist should seek
assistance when selecting tooth shades . 24

Esthetics is the study of beauty. A knowledge of es-
thetics helps the dentist achieve a pleasing appear-
ance or effect. A successful prosthodontic restora-
tion will provide the patient with excellent
long-term function. It should also produce an at-

*Called Mie scattering after the German physicist, Gus-
tav Mie, 1868-1957.

Fig. 23-13.

	

Number of subjects and mean esthetic rank
for three upper lip positions.
(From Dong JK et al: Int J Prosthodont 12:9,1999.)

tractive smile-esthetics is often the primary moti-
vating factor for patients to seek dental care .25 In
fact, correction of esthetic problems has a positive
effect on self-esteem. 26

ANATOMY OF A SMILE
Most people feel they can recognize an attractive
smile, but individual opinion will vary, particularly
when cultural factors are considered. Research is
conducted by showing test subjects photographs or
computer-manipulated images of various smiles
and having them graded for attractiveness (Fig.
23-13).* Such research is quantified in the standard
dental esthetic index (DAI), an orthodontic treat-
ment need index based on perceptions of dental es-
thetics in the United States . 29 In general, an exten-
sive smile that showed the complete outline of the
maxillary anterior teeth and teeth posterior to the
first molar was considered the most attractive and
youthful. (A smile in an aging individual shows
less of the maxillary incisors and more of the
mandibular incisors.) In smiles that were consid-
ered the most attractive, the incisal edges of the
maxillary teeth were parallel to the lower lip (Fig.
23-14), a factor that should be considered when
shaping restorations.

PROPORTION
Esthetics depends largely on proportion. An object
is considered beautiful if it is properly propor-
tioned, and unattractive if it is top-heavy, squat,
or out of proportion. Concepts of proportion are
probably based on what is found in nature. Leaves,

*See also www.dent.ohio-state.edu/restsurvey /

http://www.dent.ohio-state.edu/restsurvey/
http://www.dent.ohio-state.edu/restsurvey/
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Fig. 23-14.

	

Computer image manipulation was used to determine the attractiveness of various
smiles. Light colors and oval-shaped teeth in women and rectangular teeth in men were considered the
most attractive.
(From Carlsson GE et al: Int 1 Prosthodont 11:248, 1998.)

flowers, shells, and pinecones normally develop in
proportion. Their growth is closely related to a math-
ematical progression (called the Fibonacci* series) in
which each number is the sum of the two immedi-
ately preceding it (i.e.,1,1, 2, 3, 5, 8, 13, 21, 34, 55, 89,
144, and so on). The ratio between succeeding terms
converges on approximately 1.618 to 1, known as
the golden proportion. When a line is bisected in the
golden proportion, the ratio of the smaller section to
the larger section is the same as the ratio of the larger
section to the whole line (Fig. 23-15). The golden
proportion was used extensively in ancient Greek
architecture and is exemplified in the Parthenon.

Claims have been made'°that the golden propor-
tion exists in natural dentitions in the ratio of the
widths of incisors and canines as seen from the
front. Special caliperst can be used that always ex-
tend to the golden proportion, which may be help-
ful in designing a well-proportioned prosthesis (Fig.
23-16). Others have attempted to apply mathemati-
cal concepts to dental esthetics .3'

*After the Italian mathematician, Leonardo Fibonacci,
who devised it in the thirteenth century.
t Available from Dr. Edwin 1. Levin: 42 Harley St., Lon-
don WIN LAB, U.K.

Fig. 23-15.

	

The golden proportion. The ratio of A to B
(1.618 to 1) is the same as that of B to C.

BALANCE

Balance, including the location of the midline (Fig.
23-17), is an important prosthodontic concep, t.32 The
observer expects the left and right sides of the
mouth to balance out, if not to match precisely An
obvious restoration on one side may be balanced if
there is a diastema or a large tooth on the other side.
If something is out of balance, the brain infers that
there is an unreciprocated force and the arrange-
ment is unstable; a balanced arrangement implies
stability and permanence.

MIDLINE

Coincidence of facial and incisal midlines is stressed
when assessing orthodontic treatment planning and
should be carefully evaluated when treatment-
planning prosthodontics. Studies have shown that
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Fig. 23-16.

	

The calipers always extend to the golden
proportion.
(From Levin EI: J Prosthet Dent 40:244, 1978.)

Fig. 23-17.

	

Poor esthetics resulting from a lack of bal-
ance. The differences in central incisor height, unilateral
cross-bite, and misaligned midline contribute to lack of
symmetry.

the mean threshold for acceptable dental midline
deviation is 2.2 /-1.5 mm."

SHADE SELECTION

Because shade matching is subjective, consistency is
difficult to achieve. Considerable variation exists
among dentists . Some dentists are unable to du-
plicate even their own shade selection from one pa-
tient to the next. Fortunately, a lifelike restoration
does not have to be an exact color duplicate of the
adjacent or contralateral teeth. It should, however,
blend with the teeth as a result of the distribution of
ceramic materials in the restoration. Shade selection
can be improved by applying the principles of light
and color and dental ceramic techniques.

GENERAL PRINCIPLES

Regardless of which system of shade selection is
used, there should be general adherence to the fol-
lowing principles:
1. The patient should be viewed at eye level so

that the most color-sensitive part of the retina
will be used.

2. Shade comparison should be made under dif-
ferent lighting conditions. Normally the patient
is taken to a window, and the color is confirmed
in natural daylight after initial selection under
incandescent and fluorescent lighting.

3.

	

The teeth to be matched should be clean. If nec-
essary, stains should be removed by prophy-
laxis.

4.

	

Shade comparisons should be made at the be-
ginning of a patient's visit. Teeth increase in
value when they are dry, particularly if rubber
dam has been used.

5.

	

Brightly colored clothing should be draped and
lipstick removed. The operatory walls should
not be brightly painted.

6. Shade comparisons should be made quickly,
with the color samples placed under the lip di-
rectly next to the tooth being matched. This will
ensure that the background of the tooth and
the shade sample are the same, which is essen-
tial for accurate matching. The dentist should
be aware of eye fatigue, particularly if very
bright fiber-optic illumination has been used.
The eyes should be rested by focusing on a
gray-blue surface immediately before a compar-
ison, because this balances all the color sensors
of the retina and resensitizes the eye to the yel-
low color of the tooth.

COMMERCIAL SHADE GUIDES (FIG. 23-18)

The most convenient method for selecting a shade is
a commercially available porcelain shade guide.
Each shade-tab (Fig. 23-19) has an opaque backing
color, neck color, body color, and incisal color. Shade
selection consists of picking the shade tab that looks
the most natural and reproducing this in a labora-
tory with materials and techniques recommended
by the manufacturer. The procedure is easier if spec-
imens of the same hue are grouped together in the
shade guide. In the past, shade guides were pro-
duced in response to the demand for denture teeth
rather than on the range of natural tooth color . 36
More recently, shade guides have covered the color
space occupied by natural teeth,* such as the Vita-
pan 3D-Master shade guide (Fig. 23-18, C).

Hue Selection. In the popular Vita Lumin vac-
uum shade guide (Fig. 23-18, A), A1, A2, A3, A3.5, and
A4 are similar in hue, as are the B, C, and D shades.
Choosing the nearest hue first and then selecting the
appropriate match of chroma and value from the tabs
available is the recommended technique.

*Shades that match artificially bleached teeth are also
available.
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Fig. 23-18.

	

Commercial shade guides. A, The Vita Lumin vacuum shade guide. B, Ivoclar Chromo-
scop shade guide. C, Vitapan 3D-Master shade guide.

Fig. 23-19.

	

Porcelain shade sample.

If its chroma or intensity is low, accurately deter-
mining a given hue may be difficult. Therefore, the
region with the highest chroma (i.e., the cervical re-
gion of canines) should be used for initial hue selec-
tion (Fig. 23-20, A).

Chroma Selection.

	

Once the hue is selected, the
best chroma match is chosen. For example, if a B
hue is determined to be the best match for color va-
riety, there are four available gradations (tabs) of
that hue: BI, B2, B3, and B4 (Fig. 23-20, B). Several

comparisons are usually necessary when determin-
ing which sample best represents the hue and its
corresponding chroma (saturation) level. Between
comparisons, glancing at a blue object will rest the
operator's eye and help avoid retinal cone fatigue.

Table 23-1 presents color measurement values
made from a Vita Lumin vacuum shade guide with
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Fig. 23-20.

	

Shade selection using the Lumin Vacuum shade guide. A, Selecting hue by matching sam-
ples with high chroma (e.g., A4, 134, C4, D3) to a tooth with high chroma (i.e., canine). B, Selecting chroma
from within the hue group (e.g., 131, 132, 133 or B4). C, Value-ordered shade guide is used to check lightness.

a small-area colorimeter. Manufacturer claims about
hue consistency within a letter group have not been
confirmed by these measurements, which is one of
the main difficulties with commercial shade guides.

Value Selection. Finally, value is determined
with a second commercial guide whose samples are
arranged in order of increasing lightness (Fig. 23-20,
C). (The lightness readings in Table 23-1 can be used
as a guide to the sample sequencing.) By holding
the second shade guide close to the patient, the op-
erator should be able to determine whether the
value of the tooth is within the shade guide's range.
Attention is then focused on the range of shade that
best represents the value of the tooth and how that
range relates to the tab matching for hue and satu-
ration. An individual will be able to assess the value
most effectively by observing from a distance,
standing slightly away from the chair, and squint-
ing the eyes. By squinting, the observer can reduce
the amount of light that reaches the retina. Stimula-
tion of the cones is reduced, and a greater sensitiv-
ity to achromatic conditions may result .31 While
squinting, the observer concentrates on which dis-
appears from sight first-the tooth or the shade tab.
The one that fades first has the lower value.

When the proper value selection has been made, it
will be the exception rather than the rule for this to co-

incide with the determinations for hue and chroma.
The operator must decide whether to change the pre-
viously selected shade sample. If the independent
value determination is lower than the value of the
sample selected for hue and chroma, a change is usu-
ally necessary, because increasing the value of an ob-
ject by adding surface stain (which always reduces
brightness) is not possible. If the value determination
is higher than the hue determination, the operator
should decide whether this difference can be bridged
through internal or surface staining of the restoration.
The final decisions about hue, chroma, and value are
then communicated to the laboratory.

*Vident: Brea, Calif.
The "0" brightness level is used to match bleached
teeth.



Chapter 23 Color Science, Esthetics, and Shade Selection

Fig. 23-21.

	

Shade selection using the Vitapan 3D-Master
shade guide. A, The shade guide is arranged in five light-

ness levels (plus an additional level for bleached teeth).
Each lightness level has sufficient variations in chroma and
hue to cover the natural tooth color space (B). C, This con-
trasts with traditional shade guides, which are not uni-
formly spaced. D, Lightness is selected first, then chroma or
saturation (E) and finally hue (F). G, The color communica-

tion form allows convenient laboratory shade prescription
and intermediate shades if necessary.
(Courtesy Vident).

ence between lightness and color steps seems a log-
ical approach to reducing the number of shade sam-
ples needed in the guide because of the way the
CIELAB units are visually perceived. It seems to
match the color difference formula of the Colour
Measurement Committee (CMC) of the Society of

Dyers and Colourists .38 Because the guide is evenly
spaced, intermediate shades can be predictably for-
mulated by combining porcelain powders.

The manufacturer recommends selecting the
lightness level first with this system (Fig. 23-21, D)
and then selecting the chroma or saturation (Fig.
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23-21, E) and finally the hue (Fig. 23-21, F). A form
is available to facilitate the laboratory shade pre-
scription, which can include intermediate steps
(Fig. 23-21, G).

ratory is helpful. One system* provides specially
colored die materials that match the dentin shade
guide and enable the technician to judge restoration
esthetics (Fig. 23-22).

EXTENDED RANGE SHADE GUIDES

Most commercial shade systems cover a more lim-
ited range than the colors found in natural teeth,
and the steps in the guide are greater than can be
perceived visually 39 Some porcelain systems are
available with extended range shade guides, and
other manufacturers have extended their range over
the years. The use of two shade guides is a practical
way to extend the range of commercial guides.

DENTIN SHADE GUIDES

When using a translucent all-ceramic system for a
crown or veneer (see Chapter 25), communicating
the shade of the prepared dentin to the dental labo-

CUSTOM SHADE GUIDE

Unfortunately, certain teeth may be impossible to
match to commercial shade samples. In addition,
difficulties may be encountered in reproducing the
shade guides in the final restorations. The extensive
use of surface staining has severe drawbacks, be-
cause the stains increase surface reflection and pre-
vent light from being transmitted through the
porcelain.'°

One approach to this problem is to extend the
concept of a commercial shade guide by making a
custom shade guide (Fig. 23-23). An almost infinite

*IPS Empress, Ivoclar North America: Amherst, N.Y.

Fig. 23-22.

	

Dentin shade guide is used to communicate the color of the prepared tooth to the techni-
cian when translucent ceramic systems are used.
(Courtesy Ivoclar North America.)

A

Fig. 23-23.

	

A, A custom shade guide.
B, Commercially available tabs for fabri-
cating custom shade samples.
(A courtesy Dr. A.M. Peregrina.)
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number of samples can be made by using different

combinations of porcelain powders in varying dis-
tributions. However, the procedure is time consum-

ing and is generally confined to specialty practice.

mimic details like hairline fractures, hypocalcifica-

tion, and proximal discolorations.

SUMMARY

Shade Distribution Chart (Fig. 23-24). Shade

distribution charting is a practical approach to accu-
rate shade selection and is recommended even

when a fairly good match is available from the com-
mercial shade sample.

The tooth is divided into three regions: cervical,
middle, and incisal. Each region is matched inde-

pendently, either to the corresponding area of a
commercial shade sample or to a single color porce-

lain chip. Because only a single color is matched, in-
termediate shades can usually be estimated rather

easily and duplicated by mixing porcelain powders.
The junctions between these areas are normally dis-

tinct and can be communicated to the laboratory in
the form of a diagram. The shade distribution and

thickness of the enamel porcelain are particularly
important . Individual characteristics are marked

on such a sketch and will allow the ceramist to

Fig. 23-24.

	

Shade distribution chart.

An understanding of the science of color and color

perception is crucial to success in the ever-expand-
ing field of esthetic restorative dentistry. Although

limitations in materials and techniques may make a
perfect color match impossible, a harmonious

restoration can almost always be achieved. Shade
selection should be approached in a methodical and
organized manner. This will enable the practitioner

to make the best choice and communicate it accu-

rately to the laboratory. Newly developed shade
systems and instruments may help the practitioner

achieve a reliable restoration match.

achromatic: adj (1766) 1: lacking in hue and saturation,
therefore falling into a series of colors that varies
only in lightness or brightness 2: possessing no hue;
being or involving black, gray or white.

additive color mixture: the perceived color that results
when the same area of the retina of the eye is illu-
minated by lights of different spectral distribution
such as by two colored lights.

chrome: n (1889) 1: the purity of a color, or its depar-
ture from white or gray 2: the intensity of a distinc-
tive hue; saturation of a hue 3: chrome describes the
strength or saturation of the hue (color).

CIE LAB system: CIE LAB relates the tristimulus values
to a color space. This scale accounts for the illumi-
nant and the observer. By establishing a uniform
color scale, color measurements can be compared
and movements in color space defined.

color: n 1: a phenomenon of light or visual perception
that enables one to differentiate otherwise identical
objects 2: the quality of an object or substance with
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respect to light reflected or transmitted by it. Color is
usually determined visually by measurement of
hue, saturation, and luminous reflectance of the re-
flected light 3: a visual response to light consisting of
the three dimensions of hue, value, and saturation.

color blindness: abnormal color vision or the inability
to discriminate certain colors, most commonly
along the red-green axis.

color deficiency: a general term for all forms of color
vision that yield chromaticity discrimination below
normal limits, such as monochromatism, dichroma-
tism, and anomalous trichromatism.

color temperature: the temperature in degrees Kelvin
(Celsius plus 273°) of a totally absorbing or black
body (object) that produces colors as the tempera-
ture changes. The range is from a dull red to yellow
to white to blue. This term is sometimes used incor-
rectly to describe the color of "white" light sources.
The correct term to describe the color of light
sources is correlated color temperature

complementary colors: two colors that, when mixed
together in proper proportions, result in a neutral
color. Colored lights that are complementary when
mixed in an additive manner form white light and
follow the laws of additive color mixture. Colorants
that are complementary when mixed together form
black or gray and follow the laws of subtractive col-
orant mixture 2: colors located in directly opposite
positions on the color wheel. Colorants that are
complementary when mixed together form black or
gray and follow the laws of subtractive color.

continuous spectrum: a spectrum or section of the
spectrum in which radiations of all wavelengths are
present; opposed to line spectra or band spectra.

delta E: total color difference computed by use of a
color difference equation. It is generally calculated
as the square root of the sums of the squares of the
chromaticity difference and the lightness difference.
It signifies the difference between sample and
standard.

dichromatic vision: defective color vision character-
ized by the interpretation of wavelengths from the

red portion of the spectrum matching a given green.
There are two known subclassifications. One re-
quires red light to be approximately 10 times
brighter than the red selected by the other to
achieve a similar color mismatch.

dimensions of color: terms used to describe the three
dimensional nature of color. In the Munsell Color
Order System, the dimensions are named hue,
value, and chroma. These are used to describe the

color family (hue), the lightness/ darkness (value),
and the purity or strength (chroma).

electromagnetic spectrum: the range of energy waves
that extend from gamma rays to radio waves. The
eye is sensitive to a very narrow band of wave-
lengths between about 380 and 760 nm.

fluorescence: n (1852): a process by which a material
absorbs radiant energy and emits it in the form of
radiant energy of a different wavelength band, all
or most of whose wavelengths exceed that of the ab-
sorbed energy. Fluorescence, as distinguished from
phosphorescence, does not persist for an apprecia-
ble time after the termination of the excitation
process.

hue: n (bef. 12 c): often referred to as the basic color, hue
is the quality of sensation according to which an ob-
server is aware of the varying wavelengths of radiant
energy. The dimension of color dictated by the wave-
length of the stimulus that is used to distinguish one
family of color from another-as red, green, blue, etc.
The attribute of color by means of which a color is
perceived to be red, yellow, green, blue, purple, etc.
White, black, and grays possess no hue.
(Munsell AH. A color notation. Baltimore: Munsell

Color Co. Inc., 1975:14-6.)
Kelvin temperature: [Thomson W. (Lord Kelvin), Scot-

tish mathematician and physicist (1824-1907)]: ab-
solute temperature indicated by the symbol K. Zero
Kelvin = -273° C.

light: n (bef. 12 c): the aspect of electromagnetic radia-
tion of which the human observer is aware through
the visual sensations that arise from the stimulation
of the retina of the eye.

metameric pair: a pair of objects whose colors match
when viewed in a described way, but which do not
match if the viewing conditions are changed. Thus
a metameric pair of samples exhibit the same tri-
stimulus values for a described set of viewing con-
ditions (observer, light source, geometry of the illu-
mination and viewing arrangement) but have
different spectral distributions. Hence, they exhibit
a match that is conditional.

metamerism: n (1877): pairs of objects that have differ-
ent spectral curves but appear to match when
viewed in a given illuminant exhibit metamerism.
Metamerism should not be confused with the terms
flair or color constancy, which apply to apparent
color change exhibited by a single color when the
spectral distribution of the light source is changed
or when the angle of illumination or viewing is
changed.

monochromatic vision: vision in which there is no
color discrimination.

Munsell color order system: [Alfred H. Munsell,
Massachusetts, U.S. artist and teacher, 1858-1918]:
eponym for a color order system; developed in
1905, it places colors in an orderly arrangement en-
compassing the three attributes of hue, value, and
chroma (Munsell AH. A color notation. Baltimore:
Munsell Color Co., 1975:14-6).

natural color system: a color order system derived
by Anders Hard that defines six color perceptions
using the concept of percentage for localizing nu-
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ances within the three-part system. The six percep-
tions are white, black, red, green, yellow, and blue.
The dimensions of hue, blackness or whiteness,
and chroma are used to relate colors within this
system.

partitive color mixing: color mixing in which both ad-
ditive and subtractive principles are involved. The
eye interprets tiny dots of subtractive color too
small to be individually resolved at the viewing dis-
tance. The resultant color will be the average of the
colors used.

perceived color: attribute of visual perception that can
be described by color names: white, gray, black, yel-
low, orange, brown, red, green, blue, purple, etc., or
by a combination of names.

phosphorescence: n (1796): a form of photolumines-
cence based on the properties of certain molecules
to absorb energy (either near ultra violet or visible),
and emit it in the form of visible radiation at a
higher wave length. Distinguished from fluores-
cence in that light continues to be emitted for some
time after the exciting energy has ceased.

photopic vision: vision as it occurs under illumination
sufficient to permit the full discrimination of colors.
It is the function of the retinal cones and is not
dependent on the retinal rods-called also daylight
vision as contrasted with twilight or scotopic
vision.

photoreceptor process: that specific process that is set
in motion in a visual sensory end organ or other
photic receptor by the incidence of its adequate
stimulus, i.e., light.

primary colors: three basic colors used to make most
other colors by mixture, either additive mixture of
lights or subtractive mixture of colorants.

reflectance: n (1926): the ratio of the intensity of re-
flected radiant flux to that of the incident flux. In
popular usage, it is considered as the ratio of the in-
tensity of reflected radiant flux to that reflected
from a defined reference standard. Specular reflec-
tion is the angle of reflection equal to the angle of in-
cidence. Surface reflection is associated with objects
having optically smooth surfaces. These objects are
usually termed glossy.

refraction: n (1603): the deflection of light or energy
waves from a straight path that occurs when pass-
ing obliquely from one medium into another in
which its velocity is different.

rod: n (bef. 12th cent.): the photoreceptor in the retina
that contains a light-sensitive pigment capable of
initiating the process of scotopic vision, i.e., low in-
tensity for achromatic sensations only.

saturation: n (1554): the attribute of color perception
that expresses the degree of departure from gray of
the same lightness. All grays have zero saturation.

scotopic vision: vision that occurs in faint light or dark
adaptation and is attributable to the retinal rods.

The maximum of the relative spectral visual sensi-
tivity is shifted to 510 nm and the spectrum is seen
uncolored.

shade: n 1: a term used to describe a particular hue, or
variation of a primary hue, such as a greenish shade
of yellow 2: a term used to describe a mixture with
black (or gray) as opposed to a tint that is a mixture
with white.

spectrum: n 1: band of colors produced when sunlight
is passed through a prism 2: spatial arrangements
of components of radiant energy in order of
their wavelengths, wave numbers, or frequency-
spectral adj.

standard light source: a reference light source whose
spectral power distribution is known.

subtractive color system: the system whereby light is
removed by filtration or absorption from a white
source. The primary colors of the subtractive sys-
tem are magenta, cyan, and yellow-called also pig-
ment mixture color system.

subtractive primary colors: the primary colorant sub-

stances for pigment and filtering mixtures typically
evoking responses of cyan (blue-green), magenta
(red-blue), and yellow (red-green). The complemen-
tary colors of the subtractive primary colors are red,
green, and blue. Magenta is a mixture of red and
blue and is the complement of green. Cyan is a mix-
ture of blue and green and is the complement of red.
Yellow is a mixture of red and green and is the com-

plement of blue.
tooth color selection: the determination of the color

and other attributes of appearance of an artificial
tooth or set of teeth for a given individual.

trichromatic system: a system for specifying color stim-
uli in terms of the tri-stimulus value based on
matching colors by additive mixtures of three pri-

mary colored lights.
uniform color space: color space in which equal

distances are intended to represent threshold or
above threshold perceived color differences of

equal size.
value: n: the quality by which a light color is distin-

guished from a dark color, the dimension of a
color that denotes relative blackness or whiteness

(grayness, brightness). Value is the only dimen-
sion of color that may exist alone (Munsell, AH.

A color notation. Baltimore: Munsell Color Co.,

1975:14-7.)
visible spectrum: the section of the electromagnetic

spectrum that is visible to the human eye. It ranges

from 380 nm to 760 nm.
wave length: the distance at any instant between two

adjacent crests (or identical phases) of two series of
waves that are advancing through a uniform
medium. The wave length varies inversely with the
vibration rate or number of waves passing any
given point per unit period of time.
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Ceramic objects have been constructed for thou-
sands of years. The earliest techniques usually con-
sisted of shaping the item in clay or soil and then
baking it to fuse the particles together. The initial at-
tempts resulted primarily in coarse and somewhat
porous products, such as goblets and other forms of
pottery. Later developments led to very detailed
stoneware items. The Egyptian faiences are the first
known effort to enamel a substructure with a ce-
ramic veneer (Fig. 24-1). Their typical blue-green

HISTORICAL PERSPECTIVE

hues result from metal oxides created during the fir-
ing process.

More recently, although still in antiquity, Chinese
ceramists developed porcelain, which was charac-
terized by vitrification, translucency, hardness, and
impermeability. European attempts at developing
porcelain of similar quality were conducted in the
seventeenth century. These efforts spread the
knowledge of porcelain's basic components: kaolin
and feldspar.

As early as the second half of the eighteenth cen-
tury, Pierre Fauchard and others attempted to use
porcelain in dentistry. Their efforts were largely un-
successful. However, porcelain was successfully used
for dental prostheses by the end of the 1800s, when
the technique to fire all-porcelain jacket crowns on a
platinum matrix was first developed.' It was not until
the mid-1950s that a dental porcelain was developed
with a coefficient of thermal expansion similar to that
of dental casting alloys. The metal-ceramic restoration
first became available commercially during the later
1950s. 2 Today this technique is considered a routine
procedure with high predictability.

Fig. 24-1.

	

Glazed Egyptian faience tile from the Western
Doorway or Gate of the Mortuary Temple of Ramses 111,
with a "Rekhyet" bird worshipping the cartouche of Ramses
III, "Lord of the Two Lands" (circa 1182-1151 BCE), Dynasty
XX, excavated at Medinet Habu by the Oriental Institute.
( Courtesy the Oriental Institute, The University of Chicago.)

OVERVIEW

The metal-ceramic restoration (Fig. 24-2) consists of
a metal substructure (see Chapter 19) supporting a
ceramic veneer that is mechanically and chemically
bonded to it. The chemical component of the bond
is achieved through firing (baking).

Porcelain powders of varying composition and
color are applied and fired to produce the desired
appearance. The first ceramic layer, the opaque,
masks the dark metal oxide and is the primary
source of color for the completed restoration. The
opaque is covered with slightly translucent body
porcelain, which is then veneered with a more
translucent enamel overlay that contains only a few
pigments. Achieving an accurate appearance match
may warrant incorporating either translucent or
highly pigmented powders into selected areas of
the buildup. The shiny, lifelike appearance of the
completed metal-ceramic restoration results from a
surface glaze formed during an additional firing af-
ter the restoration has been shaped.

609



Section 3 Laboratory Procedures

Fig. 24-2.

	

A, Longitudinal section through a metal-
ceramic crown. Note the minimum dimensions. B, Sec-

tioned metal-ceramic restoration. 1, Metal substructure;
2, opaque porcelain; 3, gingival porcelain; 4, body porce
lain; 5, incisal porcelain.

Fig. 24-3.

	

Substructure design for an anterior FPD. The
metal should be shaped to support an even thickness of
porcelain.

Historically, the metal-ceramic restoration was
fabricated with metal margins, and the veneer was
limited to visible areas. More recently, however, the
use of porcelain on occlusal and lingual surfaces has
become common . 3 Several techniques have been
developed to obtain porcelain margins on the facial
aspect of the restoration. The latter technique is
common for anterior teeth, whereas the metal collar
is commonly used in areas with a lesser esthetic
demand.

METAL PREPARATION

SHAPE
Sharp angles or pits on the veneering surface of a
metal-ceramic restoration should be avoided be-
cause they can contribute to internal stress in the fi-
nal porcelain . 6 Convex surfaces and rounded con-
tours should be created so that the porcelain will be
supported without development of stress concen-
trations (Fig. 24-3). In addition, a smooth surface
will facilitate wetting of the framework by the
porcelain slurry.

The intended metal-ceramic junction should be as
definite (90-degree angle) and as smooth as possible
to make finishing easier during all fabrication stages
(Fig. 24-4). The metal framework must be sufficiently
thick to prevent distortion during firing. A minimum
of 0.3 mm is advocated for the noble metal alloys; 0.2
mm is sufficient for base metal alloys, which can be
finished thinner and still withstand distortion be-
cause of their higher melting ranges, moduli of elas-
ticity, and yield strengths (see Chapter 19).

The mechanical properties of a metal-ceramic
restoration depend largely on the design of the sub-
structure that supports the ceramic veneer. The
metal-ceramic interface must be at least 1.5 mm
from all centric occlusal contacts and must be dis-
tinct to facilitate the removal of excess porcelain.
The veneering surface must be finished to a smooth
texture with rounded internal angles to allow
proper wetting by the opaque porcelain.

INVESTMENT REMOVAL
After the framework has been cast, all investment
should be removed ultrasonically with airborne
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Fig. 24-4.

	

The metal substructure should have a dis-
tinct margin for finishing the veneer.

particle abrasion or with steam (follow the alloy
manufacturer's directions). The phosphate-bonded
investments, which must be used with the high-
fusing metal-ceramic alloys, are more difficult to re-
move from the metal surface than conventional
gypsum-bonded investments. Hydrofluoric acid
will dissolve the refractory silica material of the in-
vestment. However, this material is extremely dan-
gerous and must be handled very cautiously.' A
small spill on the skin will result in painful acid
burns, and slight exposure to the fumes may pro-
duce severe corneal damage. Less dangerous substi-
tute solutions (e.g., No-San*) are available.

Careful examination of the internal aspect of the
framework may reveal small investment particles.
Several cycles of ultrasonic cleaning may be re-
quired to eliminate all residual investment. If
air-abrasion is used for investment removal, the
margins of the framework must be protected to pre-
vent the removal of metal and investment .8

OXIDE REMOVAL

The oxide layer that has been formed on the metal
surface during casting must be removed with either
acid or air-abrasion. For maximal metal-porcelain
bonding, the alloy manufacturer's directions should
be followed, because the bonding depends on a con-
trolled thickness of the metal-oxide layer.

METAL FINISHING

Care is needed when grinding the veneering surface
to avoid dragging the metal over itself, which could
entrap air and grinding debris (which later results
in bubbling or contamination of the porcelain). Fin-
ishing the surface in one direction and using light
pressure will help avoid trapping debris between
folds of the metal, which is a problem when using
high-gold content alloys with high elongation val-
ues (Fig. 24-5).

Surface finishing should be performed with ce-
ramic-bound stones, because the organic binders
used in conventional rotary instruments are a po-

*Trio-Dent, Inc: Union, N.J.

Fig. 24-5.

	

A, Correct way to prepare the veneer area.
The metal should be ground in the same direction. B, Incor-
rect multidirectional grinding can trap debris in the high-

noble alloys.

tential source of contamination. Carbide burs also
may be used safely. After the surface has been
smoothed, it should be air-abraded with aluminum
oxide according to manufacturer instructions. This
will create a satin finish on the veneering surface
that is easily wettable by the porcelain slurry (Fig.
24-6).

Thickness.

	

A dial (or metric) caliper is invaluable
for verifying that the metal substructure con-forms to
all specified minimum dimensions (Fig. 24-7). Metal
thickness less than 0.3 mm may lead to distortion dur-
ing firing. Sometimes the margin is thinned to a knife
edge so that a metal line is not visible. There is no ev-
idence that thinning the margin adversely affects the
fit of restorations cast in contemporary alloys.""
The all-porcelain labial margin design can provide a
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A B C

Fig. 24-6.

	

Metal preparation. A and B, Castings prepared by grinding. C, Satin finish obtained by air-
abrasion. D and E, Scanning electron micrographs of metal after grinding with a stone (E) and with air-
abrasion (F).
(D and E courtesy Dr. J. L. Sandrik.)

Fig. 24-7.

	

Dimensions should be verified with calipers.

better appearance, particularly where a high smile
line and thin gingival margins make good esthetics
at the labial margin essential.

Finishing. Finishing of the metal-ceramic in-
terface is a difficult laboratory procedure and re-
quires attention to detail. The axial surfaces and
visible portion of the metal collar should be con-
toured and finished to a rubber wheel stage before
preparation of the veneering surface is attempted

(Fig. 24-8, A and B). At this time, the margin itself is
left untouched. Round stones and carbides can be
used to finish the veneering surface at the metal-ce-
ramic interface (Fig. 24-8, C), and the desired right-
angle configuration is then easily obtained. Any re-
maining irregularities can be blended easily with
barrel-shaped stones (Fig. 24-8, D).

When the grinding phase is completed, a satin
finish is obtained by air-abrading the veneering sur-
face with a fine grit alumina (Fig. 24-8, E and F).
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Fig. 24-8.

	

Preparing the substructure. A and B, Nonveneering surface finished to the rubber wheel
stage. C, Metal-ceramic junction delineated with a stone or tungsten carbide bur. D, Veneering surface

dressed with a ceramic-bound stone. (NOTE: To avoid perforation, check the metal thickness regularly
with calipers.) E, Air-abrasion of the veneering area. The margins have been protected by soft wax.

F, The completed substructure ready for oxidizing.

Cleaning. Although a properly prepared
framework will appear smooth to the naked eye, its
appearance is still quite rough when viewed with a
microscope. Small particles, grinding debris, oil,
and finger grease must be removed because they
will interfere with the wetting process, which is crit-
ical to a good metal-to-ceramic bond.

The substructure can be cleaned by immersion in
a general-purpose cleaning solution in an ultrasonic
unit. The duration of the cleaning cycle will depend
on the unit, but 5 minutes is adequate in most cases.
Residual soap can be removed by rinsing the sub-
structure in distilled water. Some manufacturers
recommend following this with a rinse in 92% alco-
hol (conventional 70% isopropyl alcohol should not
be used because it contains aromatic and mineral
oils, which could cause contamination). Steam
cleaning is an excellent and timesaving alternative
to ultrasonic cleaning. To prevent further contami-
nation, the veneering surface should not be touched
once the cleaning procedures have been completed.

Oxidizing (Fig. 24-9). To establish the chemical
bond between metal and porcelain, a controlled oxide
layer must be created on the metal surface. In noble-
metal alloys, iron, tin, indium, and galium are the
base elements used for oxide formation (see p. 617).

The oxide layer is typically obtained by placing
the substructure on a firing tray, inserting it into the

Fig. 24-9.

	

Metal-ceramic substructure after cleaning and
before oxidizing in the porcelain furnace.

muffle of a porcelain furnace, and raising the temper-
ature to a specified level that sufficiently exceeds the
firing temperature of the porcelain. A vacuum is cre-
ated in the firing chamber which, although insuffi-
cient to remove adherent gases, reduces the thickness
of the oxide layer. The incorrect term degassing often is
used interchangeably with oxidizing (see p. 618).

The specific procedure may vary slightly de-
pending on the alloy used. High-gold content ce-
ramic alloys usually are held at the oxidizing tem-
perature for several minutes. The first porcelain
application can be performed as soon as the casting
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has cooled to room temperature after it is removed
from the furnace.

Many of the lower-gold content alloys contain
more base elements, which can result in a thicker
oxide layer. Some of these systems therefore do not
require the work to be held at the oxidizing temper-
ature for any length of time. To reduce excessive
surface oxides, some manufacturers recommend
briefly air-abrading the casting with alumina or
placing it in hydrofluoric acid after firing.

Because of lower costs, the use of non-noble or
base metal alloys for metal-ceramic restorations is
now widespread. These alloy systems undergo con-
tinuous oxide formation. Although the techniques
for different systems vary, most manufacturers pre-
fer not to oxidize substructures made of base metal
alloys. Instead, they recommend performing the
first porcelain application immediately after clean-
ing. Because the extent of oxide formation cannot be
easily controlled, there is a potential for failure
through the thick and brittle oxide layer with these
alloy systems. However, it may be of no significance
with other alloy systems.

MATERIALS SCIENCE

Isabelle L. Denry

Leon W. Laub
Dental ceramics are generally classified into three
groups, according to their maturation or fusion
range: high-fusing (1290° to 1370° C; 2350° to 2500°
F), medium-fusing (1090° to 1260° C; 2000° to 2300°
F), and low-fusing (870° to 1070° C, 1600° to 1950°
F). In contrast to denture teeth and the original
porcelain jacket crowns, which are fired in the
medium- and high-fusing ranges, metal-ceramic ve-
neer restorations are fired in the range of 950° to
1020° C (1750° to 1860° F). This discussion is limited
to these low-fusing porcelains.

PORCELAIN MANUFACTURE

Dental porcelain is produced from a blend of quartz
(SiO2), feldspar (potassium aluminum silicate ortho-
clase, sodium aluminum silicate albite), and other
oxides. During manufacture, the materials are
heated to high temperature to form a glassy mass
and then rapidly cooled by quenching them in wa-
ter, which causes the glassy mass to fracture. The re-
sulting product is called a frit. This process may be
repeated several times, after which the frit is ball-
milled until the desired particle size distribution is
obtained. Because fritting takes place at tempera-
tures much higher than those used in the fabrication
of a dental restoration, most of the chemical reac-
tions between raw materials occur before they are
used in the dental laboratory. Typical compositions
are provided in Table 24-1, although the actual com-
positions will vary depending on the proposed use
of the end product. Most formulations designed for
metal-ceramic use are similar to that described by
Weinstein et al. They consist of a mixture of two
frits: a low-fusing glass frit and a high-expansion
frit consisting of crystalline leucite (KAISi2O6) (Fig.
24-10) with tetragonal symmetry (Fig. 24-11). This
combination overcomes the two principal difficul-
ties in veneering metal with ceramic: having a
porcelain firing temperature well below the melting
range of the metal and having a sufficiently high
thermal expansion compatible with the metal. After
firing in the laboratory, dental ceramics consist of
about 20 volume percent tetragonal leucite crystals
dispersed in a glassy matrix.13 The structure of this
glassy matrix is a random Si-O network. The silicon
atom combines with four oxygen atoms in a tetra-
hedral configuration (Fig. 24-12). These tetrahedra
may be linked into a chain with both covalent and
ionic bonds, leading to a stable structure. However,
such a Si-O network would have a very high melt-
ing point. Usually, potassium and sodium are
added to the glass composition to help break down
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Fig. 24-10.

	

Scanning electron micrograph of polished
and etched leucite-containing dental ceramic showing a
tetragonal leucite crystal.

Fig. 24-11.

	

Crystalline structure of low-temperature
(tetragonal) leucite.

the Si-O network and are therefore known as glass
modifiers. In dental ceramics, potassium and
sodium are initially provided by the feldspars. Two
desirable consequences result: (1) the softening tem-
perature of the glass is reduced, and (2) the coeffi-
cient of thermal expansion is increased. The manu-
facturer adjusts the oxide content so that the dental
ceramic's coefficient of thermal expansion will be
close to the corresponding value for the alloys used
to make the substructure. If the composition of the
glass is not properly adjusted, extensive breakdown
and reorganization of the Si-O network may occur,
leading to a crystallization of the glass (also called
devitrification). The change in lattice structure from
a vitreous to a crystalline form (devitrification) is
shown schematically in Figure 24-13. This phenom-
enon may occur partially in dental ceramics if a ce-
ramic restoration is fired too often, and it is typically
associated with an increase in the coefficient of ther-
mal expansion and opacity.

Fig. 24-12.

	

The Si-O tetrahedral configuration.
(Redrawn from Gilman JJ: Sci Am 217:113, 1967.)

Fig. 24-13.

	

Change in the Si-O network structure from a
glassy (A) to a crystalline (B) form.
(Modified from Kingery WD et al: Introduction to ceramics, ed
2, New York, 1976, Wiley & Sons.)

Feldspar also contains alumina (Al2O3), which
acts as an intermediate oxide to increase the viscos-
ity and hardness of the glass. As a result, dental
porcelain has a good resistance to slump or pyro-
plastic flow, which is necessary to obtain the desired
configuration of the restoration.

PORCELAIN TECHNIQUE

Dental porcelain is usually received from the manu-
facturer in powder form, which is mixed with either
water or a water-based glycerin-containing liquid to
form a paste of workable consistency. This mixture
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is then used to make a restoration with the required
configuration. Several condensation techniques
(e.g., vibration and blotting) are used to remove as
much excess water as possible. The porcelain parti-
cles are drawn together during condensation by
capillary action. Proper condensation minimizes
steam generation during the drying phase of firing.
When the mass is heated, individual porcelain par-
ticles conglomerate by sintering. The viscous flow
of unfused particles results in wetting and bridging
between such particles (Fig. 24-14). Consequently, a
loss of interstitial space occurs, accompanied by as

Fig. 24-14.

	

Vitreous sintering. Glass flow (dark regions)
leads to bonding of unfused particles.
(Modified from Van Vlack LH: Elements of materials science,
ed 2, Reading, Mass, 1964, Addison-Wcsley.)

much as a 27% to 45% volumetric shrinkage after
firing.14

TYPES OF PORCELAIN

The following porcelain blends are produced for the
different roles they play in the fabrication of metal-
ceramic restorations: opaque, body, and incisal
porcelains.

Opaque Porcelain.

	

This is applied as a first ce-
ramic coat and performs two major functions: it
masks the color of the alloy, and it is responsible for
the metal-ceramic bond.

The density of the oxides is greater than that of the
glass matrix. Consequently, the oxides of tin, tita-
nium, and zirconium have a higher refractive index
than the components of the glass matrix (feldspar
and quartz): 2.01 to 2.61 and 1.52 to 1.54, respectively.
When a specific range of oxide particle sizes is used,
most of the incident light is scattered and reflected
rather than transmitted through the porcelain, effec-
tively masking the color of the alloy substrate.

A scanning electron microscope (SEM) view of
the alloy-porcelain interface's for a high noble metal
alloy is shown in Fig. 24-15. When the region
around the interface is examined for specific ele-
ments (a technique known as elemental mapping), the
concentrations of aluminum and titanium can be
identified. These appear as dense regions in the fig-
ure, indicating that discrete oxide particles of A1 and
Ti are in the opaque porcelain, probably just be-

Fig. 24-15.

	

Alloy-porcelain interface for a high noble metal alloy system, Degudent U (Degussa), and
Vita normal (Vident). A, SEM of the interface. B to D, Elemental maps of aluminum, silicon, and titanium.
(Front Lanb LW ct al: J Dent Res 57:A293, 1978 [abstract no. 8741).
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neath the surface. By comparing the elemental map
with the photomicrograph of the interface, identify-
ing the distribution and size of the subsurface
opacifying oxide particles is possible. Silicon exam-
ined in this way also demonstrates a uniform porce-
lain distribution, which is to be expected.

The oxides of titanium, zirconium, tin, or cerium
are added to the original porcelain blend to help
mask the color of the alloy. Because these oxides
have an optical index of refraction different from the
other components, they cause incident light to scat-
ter and thereby mask the alloy substrate.

Body Porcelain.

	

Body porcelain is fired onto the
opaque layer, usually in conjunction with the incisal
porcelain. It provides some translucency and contains
oxides that aid in shade matching. Body porcelains
are available in a wide selection of shades to match
adjacent natural teeth. Most porcelain manufacturers
provide an opaque shade for each body shade. Al-
though porcelains of different manufacturers are
given the same nominal shade (e.g., the popular Vita
Lumin Vacuum shade guide), there is significant color
variation among manufacturers, and a dentist
should know which brands the technician uses.

Incisal Porcelain. Incisal porcelain is usually
translucent. As a result, the perceived color of the
restoration is significantly influenced by the color of
the underlying body porcelain.

PORCELAIN-ALLOY BONDING

William A. Brantley

Leon W. Laub
The formation of a strong bond between the opaque
porcelain layer and the cast alloy is essential for the
longevity of the metal-ceramic restoration. Extensive
research over the past three decades has
provided insight into the important factors for achiev-
ing metal-ceramic bonding. Early work 18 established
the importance of wetting the alloy surface by the
porcelain at the firing temperature. Although similar
measurements of contact angles have not been re-
ported for current dental porcelains and casting al-
loys, good wetting is essential to minimize porosity at
the metal-ceramic interface. A detailed relationship
between the elevated-temperature contact angle and
metal-ceramic bonding has not been established, but
the research by O'Brien and Ryge18 indicates that per-
fect wetting (a contact angle of 0°) does not occur.

The model by Borom and Pask" considers ideal-
ized continuous lattice structure across the metal-ce-
ramic interface for chemical bonding. This is
achieved by incorporating certain oxidizable ele-

ments that become dissolved in the porcelain into
the casting alloy composition. Recent research?
has shown that the structure of the oxidized regions
for high-palladium alloys is highly complex, and
similar results would be anticipated for detailed
studies of other types of oxidized casting alloys. The
existence of multiple phases in the oxidized region
of the alloy indicates that the proposed continuity"
of atomic bonds cannot generally be achieved
across the metal-ceramic interface, except possibly
at sites where the glass matrix of the porcelain is in
contact with the solid solution matrix of the alloy.

Manufacturers incorporate in the casting alloy
composition small amounts of certain base metals
that form oxides 22,23 and contribute chemical bond-
ing to the metal-ceramic adherence. Studies using
the electron microprobe and scanning electron mi-
croscope (SEM) have shown that these ele-
ments accumulate at the metal-ceramic interface
and form an interfacial oxide layer. For noble metal
alloys, elements having a major role for porcelain
adherence are iron (high-gold alloys), tin and in-
dium (lower gold content, palladium-silver, silver-
palladium, and high-palladium alloys), and gallium
(high-palladium alloys). For base metal alloys
where the principal elements are nickel and cobalt,
chromium oxidation provides chemical bonding for
porcelain adherence, whereas titanium oxidation
fulfills this role for the titanium casting alloys.

Figure 24-16, A, is an SEM photomicrograph of
the interface for a high-palladium alloy bonded to
dental porcelain. This alloy undergoes complex ex-
ternal and internal oxidation during the porcelain
firing cycles. The internal oxide particles in the pal-
ladium solid solution grains are too small (less than
1 to 2 Am diameter) for accurate compositional de-
terminations with x-ray energy-dispersive spectro-
scopic analysis with the SEM. X-ray diffraction 20

has shown that CuGa2O3, SnO2, and Cu 2O are pre-
sent in the oxidation region when the alloy surface
receives standard airborne particle abrasion with 50
um aluminum oxide before oxidation. Figure 24-16,
B shows line scans obtained with the SEM for major
elements in the metal and ceramic near the inter-
face. Variations in the x-ray counts occurred when
the line scan crossed a region of internal oxidation.

FACTORS AFFECTING THE BOND

Most metal-ceramic systems require that the cast al-
loy be subjected to an initial oxidation step before
the several layers of dental porcelain are fired. (A
notable exception is the Pd-Cu-Ga high-palladium
alloy Freedom Plus,* in which the oxidation step
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Fig. 24-16.

	

A, Secondary electron image (SEM) pho-
tomicrograph of the metal-ceramic interface for Liberty
(lelenko) Pd-Cu-Ga high-palladium alloy bonded to Vita
VMK 68 (Vident) dental porcelain. The grain boundaries of
the alloy (M) have been widened by the formation of oxide
(O) deposits, and there are numerous very small oxide par-
ticles within the grains. Scale bar = 10 um. B, Elemental
line scans perpendicular to the metal-ceramic interface ob-
tained by x-ray energy-dispersive spectroscopic analyses
for the Liberty alloy. Because the raw SEM data have not re-
ceived matrix corrections, the relative elemental concentra-
tions (x-ray counts) are qualitative, but the indicated trends
are appropriate.
(From Papazoglou E et al: Int 1 Prosthodont 9:315, 1996.)

does not need to be performed before firing the
opaque porcelain layer.) This step has also been
called a conditioning bake or degassing. The latter
term, which is frequently used in the dental labora-
tory industry, is inaccurate, because this proce-
dure's purpose is to oxidize the metal surface for
subsequent adherence to the fired porcelain. Histor-
ically, some individuals thought that the heating cy-

cle might result in loss of gases incorporated in the
alloy during melting. However, this occurs during
solidification because of the much greater solubility
of atmospheric gases in the molten alloy compared
to the solidified alloy; it results in the formation of
microscopic porosity in the casting.

The oxide layer between the metal and ceramic
should have an optimum thickness for a strong
metal-ceramic interfacial bond. This was demon-
strated in the 1970s for selected noble and base
metal alloys.31 Research has shown that particular
care is required with the base metal casting alloys to
avoid excessively thick oxide layers.32 Beryllium is
added to some Ni-Cr alloy compositions to lower
the melting range; beryllium also has an effect on
the thickness of the oxide layer.32 Some systems
require the application of a bonding agent before
firing of the opaque porcelain. Certain formulations
consist of colloidal gold suspensions that are fired
on silver-colored, gold-based ceramic alloys for es-
thetic purposes. SEM examination of the interfaces
has shown that in Ni-Cr alloys, the bonding agents
may increase or decrease the width of the interac-
tion zone between the metal and ceramic. An
analysis of bonding agents for several Ni-Cr alloys
indicates that they contain elements found in porce-
lain (e.g., aluminum, tin, and silicon) . 33 For certain
specific brands of Ni-Cr alloys, the bonding agent
appears to increase the adherence between the alloy
and the opaque porcelain. The manufacturer will in-
dicate whether a bonding agent is necessary or
beneficial.

Airborne particle abrasion with aluminum oxide
(alumina) is routinely performed on the alloy cast-
ings to create surface irregularities and to provide
mechanical interlocking with the opaque dental
porcelain, which has sufficiently low viscosity in the
firing temperature range to flow into these micro-
scopic openings. Early studies found no effect of
such surface roughening in the interfacial resistance
of Au-Pt-Pd 3' Au-Pd-Ag, and Ni-CrII systems to
shear loading. More recent research with a Pd-Cu-
Ga high-palladium alloy showed that controlled
amounts of mechanical surface roughening that
yielded greater notch depth for the irregularities in-
creased the metal-ceramic bond strength, with
greater improvements from coarse roughening.

The linear coefficients of thermal expansion for
the metal (aM) and ceramic (ac ) must closely match
to achieve a strong interfacial bond. Typically, a M
values range from 13.5 to 14.5 x 10-6/° C; ac values
range from 13.0 to 14.0 x 10 -6 /° C. 3' The slightly
higher coefficient for the metal causes the ceramic to
be in a beneficial state of residual compressive stress
at room temperature (Fig. 24-17). (The thermal con-
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Fig. 24-17.
loy interface.

Porcelain in a state of compression at the al-

traction and expansion coefficients are assumed to
be equal, and residual stress is only developed in
the ceramic below its glass transition temperature
where viscous flow is no longer possible.) Porcelain
is much stronger in compression than tension, and
residual tensile stress in the porcelain must be
avoided to prevent fracture of the restoration.

Adherence between the alloy casting and porce-
lain is very important in fixed prosthodontics, and
investigators have used a variety of test configura-
tions with shear, tensile, flexural, and torsional load-
ing to determine the metal-ceramic bond strength.
Ideally, the interfacial bond is strong enough so that
fracture of the test specimen occurs entirely within
the porcelain (cohesive failure). In one early study, 38

no significant difference was found in the diametral
tensile strength of commercial dental porcelains for
air-firing and vacuum-firing. Lower-strength values
of 28 MPa (4100 psi) for opaque porcelain compared
to 42 MPa (6100 psi) for gingival porcelain were at-
tributed to greater porosity and the inclusion of
opacifying oxides in the latter. In addition, vacuum-
firing appeared to have little effect on the porosity of
the opaque porcelain. Based on this research, the
tensile strength of the metal-ceramic bond should
exceed 28 MPa to have cohesive failure through the
porcelain rather than failure at the interface. Mea-
surement of the shear strength of dental porcelain 31

allows a similar prediction for the minimum interfa-
cial shear strength required for cohesive shear fail-
ure through the ceramic. Results from several stud-
ies33,40,41 that measured the tensile bond strength of
metal-ceramic systems were consistent with these
concepts. Cohesive failure within the porcelain oc-
curred at 15 to 39 MPa (2200 to 5700 psi), whereas
bond strengths measured in shear ranged from 55 to
103 MPa (8000 to 15,000 psi). For many of the shear
bond strength determinations, a mixed mode of fail-
ure was observed, where adhesive failure at the
metal-ceramic interface extended into the porcelain,
which fractured cohesively.

Fig. 24-18.

	

Possible modes of failure of alloy-porcelain
restorations.
(Modified from O'Brien WJ: In Valega TM Sr: Alternatives to
gold alloys in dentistry, DHEW publ. no. (NIH) 77-1227,
Washington, D.C., 1977, U.S. Government Printing Office.)

In more recent years, the focus has been directed
toward measurement of porcelain adherence rather
than determination of metal-ceramic bond strength.
A finite element analysis of the tests used to mea-
sure metal-ceramic bond strength (e.g., pull-shear,
three-point bending, and four-point bending) by
Anusavice et a142 revealed two major problems with
all the tests: the stress varied with position along the
metal-ceramic interface (particularly near porcelain
termination sites), and there was a lack of the pure
shear stress conditions that were considered to sim-
ulate the loading expected to cause clinical failure
most effectively. Furthermore, the small mismatch
between the thermal coefficients of the metal (aM)
and ceramic (ac) results in an unknown amount of
residual stress at the interface, and an idealized
value of metal-ceramic bond strength assumes the
presence of a residual stress-free interface.

To avoid these problems, O'Brien43,44 proposed a
completely different approach, focusing on the
mode of failure of metal-ceramic specimens or
restorations. The adhesive and/or cohesive failure
can occur at six possible sites or combinations of
those sites (Fig. 24-18). Adhesive failure can occur at
the porcelain-metal interface (1) if no oxide layer is
present, and at the metal oxide-metal interface (2)
and the porcelain-metal oxide interface (3). Cohe-
sive failure can occur through the porcelain (4),
which is the desirable mode, and through the metal
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oxide layer (5) and metal (6).* This philosophy has
been adopted in the American National Standards
Institute /American Dental Association (ANSI/
ADA) specification no. 38 for metal-ceramic sys-
tems 45 although the method of microscopic mea-
surement has not been specified.

A quantitative x-ray spectrometric method was
developed by Ringle et al to measure porcelain ad-
herence. The fracture surfaces of metal-ceramic
specimens loaded to failure in biaxial flexure are ex-
amined with the SEM, using x-ray energy-disper-
sive analysis. The x-ray spectrometric method is
based on the principle that silicon is a major element
in dental porcelain but is largely absent in dental al-
loys (except as contaminants from investments or
polishing abrasives used to prepare specimens). The
amount of dental porcelain remaining on the metal
surface of the fractured specimen is readily deter-
mined by measuring the Si Ka signal, with neces-
sary calibration measurements on the oxidized alloy
surface before porcelain application and on the
porcelain surface before testing the specimen. This
technique has been used to measure the oxide ad-
herence to a variety of ceramic alloys"' and was re-
cently used to measure the porcelain adherence to
high-palladium alloys. 48,49

Another philosophical change in the recom-
mended method for evaluating the metal-ceramic
bond appears to be underway with the introduction
of ISO (International Organization for Standardiza-
tion) standard no. 9693 for dental porcelain fused to
metal restorations;" which contains a three-point
bending test. Lenz et al- 1 have performed a finite el-
ement analysis for this test, considering the stress
concentrations that arise at the porcelain termina-
tion sites, although the effect of unknown residual
stresses arising from the mismatch between am and
ac could not be included.-" A recent study using sev-
eral Pd-Ga high-palladium alloys with identical val-
ues of elastic modulus found no correlation be-
tween the porcelain adherence measured by the
x-ray spectrometric method and the force to fail-
ure using the three-point bending test in ISO stan-
dard no. 96935° and the Lenz et al analysis.- 1 These
experimental results cast doubt on the x-ray spec-
trometric technique's effectiveness in measuring
porcelain adherence. Future experimental research
in this area may use a fracture-mechanics approach
to evaluate the metal-ceramic interfacial bond.

Other important factors that affect the metal-ce-
ramic bond are the surface treatment of the alloy be-
fore firing the porcelain and the atmosphere of the

porcelain furnace during firing. As previously men-
tioned, air-abrasion of the cast alloy is typically per-
formed before the oxidation step to help remove
surface contaminants that remain from devesting
and to help clean the casting and provide micro-
scopic surface irregularities for mechanical reten-
tion of the ceramic. The oxidation step for the alloy
can be performed in air or by using the reduced at-
mospheric pressure (approximately 0.1 atm) avail-
able in dental porcelain furnaces. A much thinner
oxide layer will be formed if the alloy is oxidized at
this reduced atmospheric pressure compared to the
thickness for oxidation in air. One manufacturer
(Jelenko) recommends performing the oxidation
step in air and then carefully reducing the thickness
of the oxide layer before firing the opaque porcelain.
Manufacturer recommendations for the oxidation of
the alloy and the porcelain firing cycles must be fol-
lowed. An early study showed that the shear bond
strength of porcelain-gold alloy specimens was 60%
greater when air firing was employed; another
study at that time-" reported that the tensile bond
strength varied according to the furnace atmos-
phere used. The shear bond strength of porcelain-
nickel-based alloy specimens was greater when fir-
ing was performed in oxidizing atmospheres,
compared to nonoxidizing or reducing atmos-
pheres. More recently, Wagner et al 36 found that
the use of a reducing atmosphere severely reduced
the bond strength of a Pd-Cu-Ga high-palladium al-
loy, which confirmed the role of alloy oxidation dur-
ing the standard porcelain firing cycles.

SELECTION CRITERIA

Most manufacturers of modern dental porcelains
specify the alloy systems with which a material is
compatible. Usually that compatibility refers to the
relative coefficients of thermal expansion. The shade
selected clinically determines which powders to
combine. Depending on the characteristics of the color
to be matched, several powders can be combined for
the desired esthetic result. Commercially available
porcelains can be divided into fine grain and coarse
grain types. The typical particle size of a fine-grain
porcelain ranges from 5 to 110 um; the particle size for
a coarse-grain porcelain can be as large as 200 um.

OPAQUE PORCELAIN

For a proper mechanical bond and chemical interac-
tion at the interface, opaque porcelain must wet the
surface easily. It becomes the primary source of color
of the restoration and must mask the color of the
metal, even in thin layers. Opaque thickness gener-
ally should not exceed 0.1 mm; otherwise, achieving
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Fig. 24-19.

	

Metal-ceramic porcelain. Opaque porcelains
are available as powders or pastes.
(Courtesy Ivoclar North America.)

Paper napkin
Glass slab or palette
Tissues or gauze squares
Two cups of distilled water
Glass spatula
Serrated instrument
Porcelain tweezers or hemostat
Ceramist's sable brushes (no. 2, 4, and 6) and
whipping brush
Razor blade or modeling knife
Cyanoacrylate resin
Colored pencil or felt marker
Articulating tape
Ceramic-bound stones
Flexible thin diamond disk (about 20 mm in
diameter)

an esthetic result without overcontouring the restora-
tion becomes impossible, although a greater thick-
ness may be needed to mask the darker oxide of
some alloys . 56 Small amounts of zirconium oxide and
titanium oxide, in conjunction with alumina, act as
the opacifying agents to block the darker color of the
oxidized metal. Some of these oxides are also present
in the body porcelain. Manufacturers supply opaque
porcelains in paste and powder form (Fig. 24-19).

BODY AND INCISAL PORCELAINS
As with opaque porcelain, the selection of body and
incisal porcelains is based largely on their esthetic
properties. However, the amount of shrinkage that
occurs when these powders are fired must also be
considered. Body and incisal porcelains usually
shrink as much as 27% to 45% of their volume during
a first firing 14; opaque porcelain, on the other hand,
may exhibit some cracking during an initial bake, but
it will remain relatively stable dimensionally. Re-
cently, lower-fusing metal-ceramic porcelains* have
become popular. s' These materials should be consid-
ered when opposing enamel wear is likely to be a
problem, because in vitro they tend to exhibit lower
abrasiveness than conventional formulations.

FABRICATION

For optimum esthetics, custom-mixing body and
enamel powders to achieve desired color variations
is recommended.

PORCELAIN APPLICATION
Armamentarium (Fig. 24-20)
e Porcelain modeling liquid

*Finesse: Ceramco; Omega 900: Vident.

Step-by-step Procedure. After the metal sub-
structure has been oxidized, it must be inspected
carefully. An uninterrupted oxide layer should
cover the entire surface to be veneered.

Opaque Porcelain (Fig. 24-21)
1.

	

When selecting the opaque bottle, shake it to
mix the powder thoroughly. Then place it on
the bench to allow the smaller pigment parti
cles to settle. Over time, all porcelain powders
will segregate into layers of different particle
size if left undisturbed.

2. Dispense a small amount of powder on a
glass slab or palette. Add some modeling liq-
uid and mix it with the spatula. Metal instru
ments should not be used in mixing, because
metal particles could rub off and act as cont-
aminants. The proper opaque consistency
should "hold an edge" for a few seconds.

3. Moisten the substructure with some of the
liquid and pick up a small bead of opaque
with the tip of the brush or spatula. Apply it
to the coping, which should be held with the
porcelain tweezers.

4. Use light vibration to spread the material
thinly and evenly. Moving the serrated in-
strument back and forth over the handle of
the tweezers will create the necessary distur-
bance. Excess moisture that comes to the sur-
face can be blotted off with a clean tissue. Vi-
bration may not be as necessary with the
so-called paint opaques.

5.

	

Apply a second bead on top of the first and
spread it in a similar manner.To minimize the
entrapment of air when the two masses meet,
do not apply opaque porcelain adjacent to the
initial mass. If the moisture content is properly
controlled, condensing will pose little diffi-
culty. A mix that is too wet will slump and
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Fig. 24-20.

	

A, Armamentarium for porcelain application. B, CMP KC 2000. Vacuum porcelain fur-
naces C, Jelenko Tru-Fire VPF; D, Vita Vacumat; E, Ney Mark 111.
(B courtesy CMP Industries, Inc. D courtesy Vident.)

Fig. 24-21.

	

Opaque porcelain application. A, Substructure is oxidized. B, Porcelain is applied.

Continued
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Fig. 24-21, cont'd.	 C, Vibration can be used to help spread the opaque into an even, thin film. D,
After drying in front of the furnace, the opaque powder should have a uniform matte-white appearance.
E, Excess must be removed before firing. Use a stiff brush. F, If a second application is necessary, the sur-
face should be wetted and additional opaque added.

produce too thick a layer on the substruc-
ture, especially in the concave areas near the
porcelain-metal junction.

6. Once the veneering surface is covered, add
more material to a dry base. Wetting the ini-
tial application before adding more porcelain
may be necessary. If not, the moisture will
be absorbed immediately by the dry base
layer before a new material can be properly
condensed and distributed, which will result
in a porous and weakened application (sim-
ilar to constructing a sand castle with wet
sand on a dry beach). The addition of more
liquid and further vibration will resolve the
problem.

7.

	

When the entire veneering surface has been
covered, remove any excess material from
other surfaces with the side of a slightly
moistened brush. If the metal immediately
adjacent to the veneer has been properly pre-
pared and smoothed, the excess porcelain
will not be difficult to remove. However, this
critical task is often overlooked and can make
metal polishing much more difficult.

8. After removing any excess porcelain, care-
fully inspect the inside of the restoration for
porcelain particles. A stiff, dry, short-bristle
brush can be used to remove the particles.

9.

	

Before firing, inspect the opaque application
to see that it satisfies the following criteria:

The entire veneering surface is evenly covered
with a smooth layer that masks the color of the
metal.
There is no excess anywhere on the veneering
surface.
There is no opaque on any external surface ad-
jacent to the veneer.
There is no opaque on the internal aspect of the
substructure.

If these criteria have been met, the coping is
transferred to a sagger tray and placed near the
open muffle of the porcelain furnace for several
minutes. This allows moisture to evaporate. When
drying is completed, (this varies according to spe-
cific manufacturer's recommendations), reinspect
the work for any residual excess opaque powder.
Material that was previously overlooked will be
clearly visible, because the chalky white porcelain
contrasts with the darker oxidized metal. A stiff,
short-bristle brush can again be used to remove any
remaining porcelain. The opaque is then fired ac-
cording to manufacturer recommendations.

10.

	

After the first firing, remove the work from
the muffle and set it aside to cool to room
temperature.

11.

	

At this time, inspect the opaque veneer for
cracks, thin spots, and general adequacy of
coverage. When the veneer is removed from
the furnace, it will appear yellow; however,
when it has cooled, the more representative
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matte-white color is apparent. Fired opaque
should have an eggshell appearance. If nec-
essary, a second application of opaque can be
made. Small cracks and fissures are common
after the first firing. This problem can be re-
solved by applying moisture, followed by a
thin mix of opaque carefully condensed into
the fissures. When correcting a thin area
where the color of the metal has not been
masked completely, the surface should be
moistened before a second coat is applied (to
facilitate wetting).

12.

	

After firing, check that the opaque applica-
tion (Fig. 24-22) meets the following criteria:

Relatively smooth even layer masking the
color of the framework
Eggshell appearance
No excess on any external or internal surface of
the restoration (which would prevent it from
seating fully on the die)

Body and Incisal Porcelains (Fig. 24-23).
When a satisfactory opaque layer has been fired, the
body and incisal porcelains can be applied. The use
of several porcelains in one restoration is common.
Body porcelains with increased opacity* may be
used where less translucency is required (e.g., gin-
gival area of the pontic, incisal mamelons) to mimic
existing anatomic features of adjacent natural teeth.
Special neck powders can be applied on the cervical
third, and incisal powders on the incisal edge, to
simulate natural enamel. Generally, the restoration
is built to anatomic contour; when it is acceptable, a
cut-back similar to that made during the waxing
stage will allow for a veneer of the more translucent
incisal porcelain.

1. Dispense the neck, body, incisal, and other
powders on a glass slab or palette. If the same

*Often called opacious dentins.

Fig. 24-22.

	

Evaluation of the opaque porcelain.

slab was used for the opaque porcelain, any
opaque residue must be removed.

2.

	

Mix the powders with the recommended liq-
uid or distilled water. The moisture content
for these powders should be the same as for
opaque porcelain. Specially formulated liq-
uids are available that allow longer manipu-
lation than is possible with conventional
glycerin-containing liquids.

3.

	

Wet the previously fired opaque layer with a
small amount of the liquid and place a bead
of neck powder on the cervical portion of the
veneering surface. Gentle patting with a
brush and light tapping on the cast will pro-
duce adequate vibration during the prelimi-
nary stage of condensation. A tissue is held
close for removal of excess surface moisture.
During the entire buildup procedure, the fa-
cial surface should not be blotted with tissue,
because the smaller pigment particles might
be removed. Blotting consistently from the
lingual aspect is recommend and will result
in superior esthetics.

4.

	

After placing the neck powder and sculpting it,
build the veneer to anatomic contour with
body porcelain. Use the adjacent and opposing
teeth as a guide. Where contact is anticipated
between the wet buildup and stone cast, the cast
can be coated with a small amount of cyano-
acrylate resin, immediately blown into a thin
layer. This will seal the surface and prevent the
absorption of moisture from the buildup.

5.

	

To compensate for the firing shrinkage that re-
sults when the particles fuse, slightly overbuild
the porcelain. A typical metal-ceramic anterior
crown will shrink 0.6 mm. a t the incisal edge
and 0.5 mm midfacially (Fig. 24-24).

6.

	

When the body buildup is completed, assess
it for proper mesiodistal, faciolingual, and in-
cisogingival contour.

7.

	

Depending on the desired appearance, make
a cut-back for the more translucent incisal
powder. Some manufacturers recommend car
rying the incisal veneer all the way to the cer-
vical portion of the restoration, while others
suggest limiting it to the incisal third. An al-
most infinite variety of possibilities exist, and
only with experience can the dentist predict
the finished product's appearance. Whether
the cut-back is made with a razor blade,
scalpel, or modeling instrument, condensing
the body buildup well before cutting back is
necessary. This will minimize the risk of frac-
ture during the process. Furthermore, to mini-
mize the chance of damaging the unsupported

http://mm.at
http://mm.at


Fig. 24-23.

	

Body and incisal porcelain application. A to E, Development of incisal mamelons with opacious
dentin. The incisal plaster index is made from the anatomic contour wax patterns (see Chapter 18) and serves as a
guide to developing proper incisal edge position. F and G, Cervical and body powders are added to the contour.
H, Alternatively, the incisal index can be used to establish incisal edge position. This is especially helpful for exten-
sive restorations. 1, Restorations are slightly overbuilt. J, The buildup is smoothed with a whipping brush. K,
Restorations are separated with a razor blade before firing. Additional porcelain is added to the proximal contacts.
L and M, Restorations after firing of the first body bake. N, Porcelain is added in areas of deficient contour. O, Af-
ter firing, the proximal contacts are carefully adjusted, and the restorations are seated on the cast. P to S, Restora-
tions are contoured by grinding. Careful attention is paid to the shape and position of line angles and incisal edges.
When completed, the restorations are ready for try-in and final contouring intraorally (see Chapter 30).
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Fig. 24-24.

	

Mean shrinkage values from firing of a typi-
cal maxillary central incisor metal-ceramic crown.
(From Rosenstiel SF: Br Dent J 162:390, 1987.)

incisal portion of the buildup, the cut-back
should be made from incisal to cervical. Ade-
quate space must exist for the incisal veneer in
the interproximal area.

8.

	

Apply the incisal powder in the same manner
and overbuild the restoration as described for
body porcelain. The remaining body powder
must be wet before application of the incisal
powder, and, again, intermittent light vibra-
tion will help achieve an acceptable level of
condensation. Prolonged condensation should
be avoided. It will not reduce porosity60 or in-
crease fracture toughness and may lead to
unwanted redistribution of the pigmented
particles.

9. Mark the opposing teeth on the stone cast
with a red or green felt tip marker. These
markings will not be absorbed if the cast first
has been coated with cyanoacrylate resin. The
articulator can then be closed to allow the an-
tagonists to contact the wet porcelain. If this is
done carefully, the markings will be trans-
ferred onto the buildup without fracturing,
and it can be modified to the necessary oc-
clusal scheme. Only red or green dyes, which
burn off without leaving a residue, should be
used for these markings. Blue or black pig-
ments usually contain metal oxides or carbon,
which after firing can discolor the porcelain.

10.

	

Moisten the proximal contact areas immedi-
ately before removing the completed
buildup from the cast. This reduces the risk
of fracturing that portion of the buildup.

11.

	

After the coping has been removed from the
cast, fill in the proximal contact areas. At this

time, the work should be reinspected for any
excess material beyond the veneering area
(which, as before, must be removed before fir-
ing). The internal aspect of the coping should
be reinspected even more carefully, because
enamel powders are quite transparent in thin
layers and are not easily detected after firing.

12.

	

Place the restoration on a sagger tray close
to the open muffle at the drying tempera-
ture recommended by the manufacturer. A
drying time of 6 to 10 minutes is usually suf-
ficient. If a restoration is fired prematurely,
the residual moisture in the buildup may
generate steam, and the accompanying va-
por pressure will cause the buildup to ex-
plode. After the drying process, once it has
been determined that no undesired excess
material remains, proceed with firing. When
the bake is completed, the work should cool
to room temperature before further han-
dling. Follow the manufacturer's recom-
mendations concerning the cooling rate af-
ter firing. Incorrect cooling rates may lead to
residual stresses that will eventually result
in porcelain fracture during function. Ther-
mal expansion will increase after slow cool-
ing, because additional (high-expansion)
leucite will crystallize. In general, alloys
with high thermal expansion coefficients re-
quire more rapid cooling than alloys with
low coefficients . 63

13. Be especially critical when evaluating the
first (or low bisque) bake. If the surface is
fissured, grind the porcelain before adding
any more (Fig. 24-25). The shape of the
restoration should conform to the standards
set by dental anatomy and the predeter-
mined occlusal scheme for the patient.

14. Remove all excess material with ceramic-
bound stones. A flexible diamond disk is im-
perative for proper shaping of the embra
sure spaces. To extend its life, the disk
should be kept moist.

15. When the restoration has been contoured
and all the necessary areas reduced, certain
portions will probably require a second ap-
plication of porcelain.

16.

	

Before a second corrective bake (also referred
to as a patch bake), clean the restoration ultra-
sonically to remove any grinding debris.

17.

	

Place the second body and incisal layers di-
rectly on the slightly moistened low bisque
bake. Evaluate the color at this time, keeping
the restoration moist. Sometimes another
bake will be needed, particularly for an ex-
tensive prosthesis. However, multiple firing
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Fig. 24-25.

	

A, This restoration had a defect (arrow) at the gingival margin after the first firing. B, Ac-
cess for the repair has been made with a stone. C, The area is moistened where porcelain is to be added.
D, The porcelain has been added, and the restoration is ready for the second firing.

will lead to devitrification of the porcelain,
with a loss of translucency and a decrease in
the restoration's fracture resistance . 64

INTERNAL CHARACTERIZATION

Internal or intrinsic characterization or staining
may be accomplished by incorporating colored pig-
ments in the opaque, body, or incisal powder. These
pigments are ceramic in nature and have physical
properties similar to the porcelain powders.

Most commercially available porcelains have col-
ored opaque modifiers that can be selectively mixed
with the opaque to increase the saturation of the de-
sired pigment. A variation of this approach is to use
opacified dentin powders that produce a finished
restoration with a slightly higher chroma than one
prepared with the more translucent dentin pow-
ders. Similarly, a translucent powder can be used to
enhance incisal translucency (Fig. 24-26). Highly
colored glazes, commonly used as surface stains,
may be layered within the buildup powders to cre-
ate special effects (Fig. 24-27).

The use of internal stains presents little technical
difficulty for operators familiar with metal-ceramic
procedures. However, because the pigment is built
into the material, if the desired effect is not obtained
through internal staining, the porcelain must be
stripped from the substructure.

Another technique for internal characterization is
to fire the body powders initially, carve them into the
desired mamelon shape, and then apply the subse-
quent enamel powders (Fig. 24-28). A disadvantage
of this approach is that an additional firing is needed.

CONTOURING

The appearance of the finished restoration depends
on its color, shape, and surface texture, which can be
altered by shaping and characterizing dental porce-

Fig. 24-26.

	

incisal translucency has been achieved
through subtle layering of porcelains of different shades.

Fig. 24-27.

	

Porcelain stain was applied intrinsically to
create the effect of discolored dentin in these mandibular

incisors seen before firing.
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Fig. 24-28.

	

A, Body powder is sculpted in the desired shape. B, Mamelon configuration is carved in
the fired body bake. C, Additional enamel powder is added, and the buildup is slightly overcontoured.
D, Second firing of the anatomical contour buildup.
(Courtesy Dr. M. Chen.)

lain to mimic the appearance of natural teeth (see
Fig. 24-23, P to S).

The appearance of restorations can be influenced
considerably through the selected use of optical il-
lusion (see Chapter 20). The human eye is capable of
discerning differences in height and width, but its
depth perception is far less developed. Even trained
observers experience difficulty when attempting to
recognize subtle differences in the third dimension.

Through selective contouring, the apparent
shape of a restoration can be made to look quite dif-
ferent from its actual configuration. The perceived
size of a tooth depends on the reflection of its line
angles and the relative position and spacing of these
reflections. Even though an edentulous area on one
side may be slightly larger than a space occupied by
the corresponding tooth on the contralateral side, a
restoration can be made to appear similar (or even
identical) through careful mimicking of the line an-
gle distribution and contours immediately adjacent
to the line angles. An illusion is created that the
restoration is narrower than it really is (Fig. 24-29).
In addition, by simulating the normal distance be-
tween line angles superimposed on a pontic in an
edentulous area that is otherwise too narrow, it is
possible to create the illusion that teeth are of nor-
mal size but merely crowded. Careful application of
these principles may trick the casual observer into
concluding that the teeth overlap and that a portion

of the tooth (or restoration) is behind an adjacent
tooth when, in reality, it does not exist.

The surface texture of a metal-ceramic restoration
should resemble that of the adjacent teeth, including
selected characterizing irregularities that exist on
those teeth. Several rules of light reflection must be
remembered when attempting to accomplish this:
1.

	

A flat surface will reflect primarily parallel light
bundles.

2.

	

A convex surface will result in divergence of re-
flected light, whereas a concave surface will cre-
ate a convergent light bundle.

3. Sharp transitions (e.g., geometric line angles)
will result in line reflections, but smooth, gently
flowing curved surfaces will create a reflection
pattern with greater surface area.

Thus a smooth restoration can appear larger than
one of identical size that has been characterized or
textured. Careful study of adjacent teeth and an un-
derstanding of how their reflective patterns should
be simulated before characterization are essential.
Care must also be taken not to "overcharacterize,"
which would draw attention to the restoration and
reveal that it is artificial.

GLAZING AND SURFACE CHARACTERIZATION

Metal-ceramic restorations are glazed to create a
shiny surface similar to that of natural teeth (Fig.
24-30).* The glazing cycle can be performed concur-
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Fig. 24-29.

	

A and B, The esthetics of an abnormally sized restoration can be improved by matching
the location of the line angles and adjusting the interproximal areas. C, The pattern of light reflection de-
pends on the surface texture of the restoration.
(A and B redrawn from Blancheri RL: Rev Asoc Dent Mex 8:103, 1959.)

rently with any necessary surface characterization
(see Chapter 30).

In autoglazing the contoured bisque bake is raised
to its fusion temperature and maintained for a time
before cooling. A pyroplastic surface flow occurs,
and a vitreous layer or surface glaze is formed.
Sharp angles and edges are rounded slightly during
this process. Consequently, occlusal contact in
porcelain will be altered slightly during glazing.

By contrast, in overglazing, a separate mix of pow-
der and liquid is applied to the surface of a shaped
restoration, and the restoration is subsequently
fired. The firing procedure is similar to that for au-
toglazing, although there are variations among
brands. Because most metal-ceramic restorations
use low-fusing porcelain, overglazing is not cur-
rently in widespread use.

EXTERNAL CHARACTERIZATION

Surface stains are highly pigmented glazes, which
can be mixed with glycerin and water (supplied
with most commercially available staining kits).

By moistening the bisque firing, mimicking the
appearance of the glazed restoration is made possi-

*An acceptable alternative is to polish the ceramic (see
Chapter 30).

Fig. 24-30.

	

Glazed and polished restorations.

ble. After the desired effect has been obtained by
placing selected stains on the surface, the restoration
is held outside the open muffle of the glazing fur-
nace, and the stain is allowed to dry.
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When it turns white and chalky, any excess that
may have been accidentally applied to the metal sur-
face is removed, and the restoration is fired. During
this staining and glazing bake, a pyroplastic surface
flow occurs, and a glassy layer (or autoglaze) forms
on the surface in which the stains are incorporated.

PORCELAIN LABIAL MARGINS

Many patients object to the grayness at the margin
associated with metal-ceramic restorations. How-
ever, hiding the margin subgingivally may not be
possible. If esthetics is of prime importance, a col-
larless metal-ceramic crown (Fig. 24-31) should be
considered. Collarless crowns have a facial margin
of porcelain and lingual and proximal margins of
metal* (Fig. 24-32).

ADVANTAGES AND DISADVANTAGES
The collarless crown's most obvious advantage is
the esthetic improvement it offers compared to the
conventional metal-ceramic restoration. Plaque re-
moval also is easier when gingival tissues are in
contact with vacuum-fired glazed porcelain than
when they are contacting highly polished gold.
Therefore, porcelain would appear to be the mater-
ial of choice for restorations that will be in contact
with gingival tissues.

*Some technicians fabricate a 360° porcelain margin to
optimize light transmission in the gingival area and
provide optimal esthetics. The technique is quite de-
manding. Preparation for these restorations is similar
to an all-ceramic crown (see Chapter 11) with a circum-
ferential shoulder with rounded internal line angles.

The difficulties encountered during fabrication,
however, limit its application. Although a techni-
cally comparable result is feasible ' 65,66 the marginal
adaptation of these restorations (as presently pro-
duced by most commercial laboratories) is slightly
inferior to that of cast metal. Due to careless han-
dling, fracture of the unsupported margin is some-
times a problem during try-in or cementation. Frac-
ture during function is rarely a problem, because
the labial margin is not subjected to high tensile
stresses .67 In addition, the collarless metal-ceramic
restoration is more time consuming and therefore
more costly to make.

I NDICATIONS AND CONTRAINDICATIONS
A porcelain labial margin is indicated when a con-
ventional metal-ceramic restoration will not create
the desired esthetic result. It is contraindicated
when an extremely smooth, 1-mm-wide shoulder
cannot be prepared in the area of the ceramic ve-
neer. (In this respect, the conventional metal-
ceramic restoration is somewhat more "forgiving.")
Although multiple porcelain margins may be used
in one fixed prosthesis without sacrificing marginal
adaptation, the limitations of the operator and the
technical auxiliaries should be carefully and objec-
tively assessed before the dentist and patient com-
mit themselves to a fixed prosthesis consisting of
multiple collarless retainers.

FRAMEWORK DESIGN FOR LABIAL MARGIN
Various framework designs have been proposed
with different facial framework reductions 68 (Fig. 24-
33). In general, the more metal reduction, the better
the esthetic result. However, the technical proce-

Fig. 24-31.

	

A and B, A porcelain
labial margin was used on this
metal-ceramic restoration of a max-
illary left central incisor. C, Multiple
restorations with porcelain labial
margins.
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dures become more demanding. Removal of up to
2 mm of the labial framework has been shown not to
decrease the fracture resistance of the restoration . 69,70

METHODS OF FABRICATION

Several techniques have been proposed to fabricate
porcelain labial margins in metal-ceramic restora-
tions: platinum foil matrix, direct lift or cyanoacry-
late resin, and porcelain wax.

Fig. 24-32.

	

Schematic of a collarless restoration fabri-
cated with the platinum foil technique. To support the foil
during burnishing, a "skirt" of a suitable blockout material
has been added to the facial aspect of the die adjacent to
the proposed porcelain labial margin. This will prevent dis-
tortion of the foil upon removal from the die. Alternatively,
a blocked-out die can be duplicated in epoxy resin or
electroplated.

Platinum Foil Matrix Technique. The plati-
mum foil technique' uses a platinum matrix that is
spot-welded to the metal substructure. Its primary
purpose is to support the porcelain during firing.

Step-by-step Procedure (Fig. 24-34)
1.

	

Wax the metal substructure and cast it in the
conventional manner. Some technicians pre-
fer to cast a conventional restoration and trim
the collar off the casting; others wax the sub-
structure exactly as desired and cast it.

2.

	

To prevent the foil from becoming distorted
on removal, block out undercuts apical to the
margin. Modeling compound is suitable for
this step. Any excess that may have covered
the shoulder of the tooth preparation must be
carefully cleaned off. Some prefer to use
epoxy or electroplated dies so that more pres-
sure can be applied during burnishing with-
out the risk of chipping.

3.

	

Burnish a small piece of platinum foil onto
the facial portion of the die where the porce-
lain margin is to be placed, and extend it a
few millimeters onto the axial wall of the
preparation.

4. After burnishing, trim it so there is a 2- to
3-mm "skirt" lying cervical to the margin.

5.

	

Carefully place the coping over the foil and,
if necessary, scrape the die in the cervical area
(on the facial aspect only) to allow the casting
to seat. To help stabilize the foil, a drop of
sticky wax may be applied.

6. Remove the casting from the die, together
with the foil, and position the assembly be-
tween the electrodes of an orthodontic spot

Fig. 24-33.

	

Labial margin designs for metal-ceramic
restorations. A, A thin metal band provides excellent adap-
tation but is very unesthetic unless it can be hidden subgin-
givally. For esthetic reasons, this design is rarely used for
anterior teeth. B, "Disappearing" margin, sometimes called
a conventional margin, is commonly used and is esthetically
acceptable in some patients. However, the metal often
causes unacceptable greyness of the gingival tooth surface.
C to E, Various cut-back designs for labial porcelain margin
restorations. Reducing the metal will provide better esthet-
ics but makes the laboratory phase more demanding and
may result in margin chipping. F, A 360-degree porcelain
margin provides excellent light transmission in the gingival
area and optimal esthetics; however, the laboratory fabrica-
tion is very demanding. This design requires a preparation
design that is similar to an all-ceramic crown (see Chapter
11) with a circumferential rounded shoulder. Close coopera-

tion between dentist and technician is essential in deter-
mining the best labial margin design.
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Fig. 24-34.

	

The platinum foil matrix technique. A, Wax patterns. B, Cervical area blocked out.
C to E, Dies duplicated. F, Dies located in the master impression. G, The master cast with modified re-
movable dies. H, Castings seated over the platinum foil. 1, Spot welding the foil to the metal substruc-
ture. j, The trimmed matrix. K, Oxidation. L, The first body firing has a cervical ditch. M, The ditch is
filled on the second firing. N, The completed restorations.
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welder. The foil can now be welded to the
framework, which should be done as close as
possible to the edge of the metal. Four or five
welds are usually adequate to attach the foil
to the substructure. The restoration is then
fabricated in a conventional manner, al-
though the facial margin is similar to that for
the porcelain jacket crown. After oxidizing,*
the metal is opaqued. The foil itself is not
covered with opaque at this time, however.
The restoration is built to contour, and the
marginal portion is ditched as for the porce-
lain jacket crown. Some technicians prefer to
paint a thin coat of separating liquid on the
foil instead of ditching.

7.

	

When the coronal portion has been shaped to
a satisfactory contour, burnish the foil and fill
in the ditched portion with cervical porcelain.

8.

	

When the desired contour has been obtained
after firing, trim the platinum skirt.

9.

	

Leave the platinum that covers the shoulder
portion of the preparation and seat the crown
on the original die for final cervical contour
ing. During subsequent staining and glazing,
the platinum foil will remain in place to sup-
port the porcelain and minimize rounding of
the margin during firing.

*Before the oxidation step, applying a framework-
repair metal paste (e.g., Vita Metall-Corrector) to the
junction between the foil and framework may be help-
ful. This material fuses during the oxidation firing and
helps support the foil during subsequent procedures.

10.

	

When satisfied with characterization, stain-
ing, and glazing, remove the foil and cement
the restoration after verifying the fit one
more time.

Direct Lift (Cyanoacrylate) Technique. Be-
cause this technique is less time consuming5 and
easier to perform than the platinum foil technique,
it is more widely used. The substructure is fabri-
cated in the same manner, but the die is coated with
a layer of cyanoacrylate resin, and the porcelain is
condensed directly onto it (because the die no
longer absorbs moisture from the wet ceramic
buildup). Separation is achieved with a porcelain
release agent. As with most techniques, a second
bake is usually necessary for satisfactory marginal
adaptation.

The principal difficulty associated with the
cyanoacrylate technique occurs during the staining
and glazing firing. Because the porcelain is not sup-
ported as in the platinum foil technique, the margin
tends to round off slightly; therefore, special shoul-
der powders are needed.

Step-by-step Procedure (Fig. 24-35)
1.

	

Apply cyanoacrylate resin to the labial mar-
gin area of the die. This acts as a sealant of the
porous stone. Compressed air should be used
to minimize the thickness of the film.

2.

	

Apply porcelain release agent to the shoulder
of the prepared die.

3.

	

Seat the opaqued casting on the die.
4.

	

Mix shoulder porcelain and apply it directly
to the die and the opaque porcelain. Light
tapping will assist in condensation and

A B C

Fig. 24-35.

	

The direct lift technique for a porcelain labial margin. A, Armamentarium. B, Cyanoacry-
late resin serves as a sealant of the porous stone die. C, The resin is applied to the die where the porce
lain will be in direct contact with the die. Compressed air is used to minimize film thickness.

	

Continued
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Fig. 24-35, cont'd.	 D, Recommended separating medium. E, The separating liquid is applied to the
shoulder of the prepared die. F, The opaqued casting seated on the prepared die. G, Mixing the shoulder
porcelain. H, Shoulder porcelain is applied in direct contact with the die and opaque porcelain. I, Light
tapping is used to assist in condensation. J, Separating the dry buildup from the die. K, The buildup be-
fore firing. L, First firing of the shoulder porcelain completed. M, The fixed restoration is reseated on the
die. Note the minor marginal discrepancy. N, Before additional porcelain application, the die is relubri-
cated. O, Second application of shoulder porcelain. P, Vibration. Q, Separating after the second shoulder
application. R, Water-soluble marking agent for detecting premature contact.

Continued

L,MJ,K
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S,T

W,X

U,V

Y,Z

Fig. 24-35, cont'd.	 S, The marking agent is applied to the shoulder. T, The fired restoration is gently
tried on the die. U, Markings are visible on the porcelain and on the internal aspect of the casting. V, Ex-
cess porcelain is removed. W, The seated restoration. X, Internal view of the completed shoulder. Y, Con-
ventional buildup with body and incisal powders. Z, The glazed restoration.

should be done before separating the dry
buildup from the die.

5.

	

After the first firing of the shoulder porcelain,
reseat the crown on the die. At this time, the
restoration should be examined for margin
discrepancies. A second shoulder firing is
usually necessary.

6. Relubricate the die, reseat the crown, and
apply a thinner mix of shoulder powder to
the margin. Vibration will help the porce
lain fill the defect completely. After blotting,
the restoration can be separated from the
die.

7. When the firing is completed, use a
water-soluble marking agent to detect pre-
mature contacts. The marking agent is ap
plied to the shoulder, and the restoration is
then gently tried on the die. The markings
will be visible on the porcelain and the inner
aspect of the casting.

8.

	

Adjust any areas of contact of the restoration
and proceed with the conventional buildup
of body and incisal porcelains, followed by
glazing of the final restoration.

Porcelain Wax Technique.

	

A mixture of body
porcelain and wax (6: 1 by weight) 71 is applied to the

die for final adaptation of the porcelain labial mar-
gin of the metal-ceramic restoration.

Step-by-step Procedure (Fig. 24-36)
1. After coating the substructure with opaque

porcelain, lubricate the die with a porcelain
release agent.

2.

	

Apply the porcelain-wax mixture to the cer-
vical shoulder. Use an electric waxing instru-
ment to flow it into the proper areas.

3.

	

With a conventional wax-carving instrument,
shape the material and blend it into the
opaque. It will separate easily from the die
and can be fired in the conventional manner.

4.

	

A second application will be needed. Using the
electric waxing instrument, keep the mixture
liquid long enough so that capillary action can
draw it into the marginal discrepancies. The
restoration is completed in the conventional
manner. If rounding of the margins is experi-
enced during glazing, using a shoulder
porcelain rather than a body porcelain in the
wax mixture is recommended. Advantages
and disadvantages of each technique are
summarized in Table 24-2.
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Fig. 24-36.

	

The porcelain wax technique. A, Castings are prepared for porcelain labial margins.
B, Release agent is applied to the die. C, Opaqued casting. D, The porcelain-wax mixture is carried
to the restoration with an electric instrument. E, The mixture is flowed to place. F, A conventional carv-

ing instrument shapes the material. G, The material is carved into a rounded cervical configuration.
H, Removal of the casting from the die. 1, Reseated on the die. J, Shoulder porcelain is applied. K, Appli-
cation is completed. L and M, The restorations before firing. N, The restorations are tried on the die after
firing. Note the minor marginal discrepancy. O, Second application of the porcelain-wax mixture.
P and Q, Restorations after firing.

Continued
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Fig. 24-36, cont'd.	 R, The completed restorations before try-in. S, Soldering index.
T, The finished prosthesis in place.
(Courtesy Dr. A. G. Gegauff.)

Technical failures can occur in the complex metal-
ceramic system and are difficult to diagnose. Differ-
ent errors may lead to problems that appear similar.
Table 24-3 summarizes some of these.

CRACKS

Surface cracks and fractures in the opaque porcelain
are usually of little concern. They can be patched be-

TROUBLESHOOTING fore the body firing begins. Fractures during the
bisque bake, however, often are the result of im-
proper condensation, overly rapid drying, or hap-
hazard moisture control. Poor substructure design,
resulting in areas of unsupported porcelain, also
can lead to porcelain failure (see Chapter 19). After
cementation, pinpointing the cause of failure may
be difficult. If the substructure is properly designed
and the porcelain-metal interface is kept away from

S,TR
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A B

Fig. 24-37.

	

A, Bubbles (arrows) have made this metal-ceramic restoration unacceptable. B, Devitrified
porcelain on a metal-ceramic restoration, the result of an excessive number of firings. C, Contamination
of the porcelain surface has made this prosthesis unacceptable.

direct occlusal contact, cracks and fractures should
not develop during normal function.

ing and knowledge of relevant laboratory proce-
dures and color science, is essential.

BUBBLES
Even the most experienced ceramist will sometimes
trap air between the metal and the opaque. Usually
this is of little concern. However, if a restoration is
fired too many times, the trapped air may appear as
blisters that rise to the surface. If this occurs, the
porcelain must be stripped, and the procedure is
started over.

If bubbles appear after only a few firings, im-
proper casting technique, insufficient metal prepa-
ration, and haphazard moisture control can usually
be isolated as the cause (Fig. 24-37).

UNSATISFACTORY APPEARANCE
Poor esthetic results are often due to poor commu-
nication between the operator and the dental tech-
nician (see Chapter 16). An opaque application that
is too thick can result in opacity of the veneer. Inad-
equate tooth reduction, especially in the cervical
third and the interproximal areas, is one of the more
common causes of a poor esthetic result. Careful
communication, based on a thorough understand-

REVIEW OF TECHNIQUE

Fabricating a metal-ceramic restoration involves the
following steps:
1.

	

Patterns are waxed to anatomical contour.
2.

	

The cut-back is completed and verified with an
index made from the anatomical waxing.

3. The patterns are cast (see Chapter 22) and
seated on the die.

4. After finishing (and clinical evaluation if de-
sired [see Chapter 30]), the substructures are
opaqued to mask the metal color.

5. Body powders are added to build to contour
and cut back to standardize the amount of
enamel powder that is added.

6. Enamel powder is added, and the buildup is
slightly overcontoured to compensate for firing
shrinkage.

7. After preliminary contouring, the bisque bake
can be evaluated clinically. The incisal edge po-
sition is adjusted for function, esthetics, and
phonetics.



8. After contouring, the restorations are glazed,
and the metal is polished before cementation.

Chapter 24 Metal-Ceramic Restorations

SUMMARY

Substructure design for metal-ceramic restorations
must be based on an understanding of fundamental

material properties. Restorations should be waxed
to anatomic contour and then cut back in the area

that is to be veneered. This will allow an even porce-
lain thickness, which is not only a means of obtain-

ing superior mechanical properties in the com-
pleted restoration, but also simultaneously helps

standardize shade matching.
Metal-ceramic restorations with excellent appear-

ance and good mechanical properties are obtainable
if the techniques of metal preparation, framework

design, porcelain manipulation, drying, and firing
are carefully followed. Lifelike effects can be

achieved by layering cervical, body, and incisal
porcelains and by the judicious use of internal char-

acterization and special dentin powders with rela-
tively higher concentrations of opacifiers. Although
it may create esthetic problems in many patients,
the simplest way to obtain good marginal fit is to

use a narrow, 0.2- to 0.3-mm facial collar.
Whenever optimum appearance is desired, the

procedures described in this chapter for fabricating
a labial porcelain margin should be considered.

However, the level of expertise needed to produce
excellent marginal adaptation with these techniques
is higher than those that use a cast margin; this

should be considered in treatment planning. When
failure occurs, all technical steps and materials

should be reevaluated.

bisque bake: a series of stages of maturation in the fir-
ing of ceramic materials relating to the degree of py-
rochemical reaction and sintering shrinkage occur-
ring before vitrification (glazing)-called also
biscuit bake.

ceramic: adj (1850): of or relating to the manufacture of
any product made essentially from a nonmetallic
mineral (as clay) by firing at a higher temperature.

collarless metal ceramic restoration: a metal ceramic

restoration whose cervical metal collar has been
eliminated. Porcelain is placed directly in contact
with the prepared finish line.

' coping: n 1: a long, enveloping ecclesiastical vestment
2a: something resembling a cope (as by concealing
or covering) 2b: coping.

2 coping: n (ca. 1909): a thin covering or crown.

' craze: vb crazed; crazing: vt: to produce minute
cracks on the surface or glaze of; to develop a mesh

of fine cracks.
2 craze: n (1534): a crack in a surface or coating (as of

glaze or enamel).

degas: vt; degassed: pt; pp; degassing: ppr (1920) 1: to
remove gas from an object or substance 2: the
process commonly used to denote the first heat cy-
cle in fabrication of a metal ceramic restoration used
to remove surface impurities from the metallic com-
ponent before the application of opaque porcelain.

devitrification: n (1832): to eliminate vitreous charac-
teristics partly or wholly; to recrystallize.

feldspar: n (1757) 1: any one of a group of minerals,
principally aluminosilicates of sodium, potassium,
calcium, or barium, that are essential constituents of
nearly all crystalline rocks 2: a crystalline mineral of
aluminum silicate with sodium, potassium, barium,
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and/or calcium; a major constituent of some dental
porcelains.

firing: the process of porcelain fusion, in dentistry,
specifically to produce porcelain restorations.

glaze: vb glazed; glazing: vt 1: to cover with a glossy,
smooth surface or coating 2: the attainment of a
smooth and reflective surface 3: the final firing of
porcelain in which the surface is vitrified and a high
gloss is imparted to the material 4: a ceramic veneer
on a metal porcelain restoration after it has been
fired, producing a nonporous, glossy or semiglossy
surface.

i ntrinsic coloring: coloring from within; the incorpora-
tion of a colorant within the material of a prosthesis
or restoration.

metal ceramic restoration: a fixed restoration that uses
a metal substructure on which a ceramic veneer is
fused.

microcrack: n: in porcelain, one of the numerous sur-
face flaws that contributes to stress concentrations
and results in strengths below those theoretically
possible.

modifier: n: a substance that alters or changes the color
or properties of a substance.

natural glaze: the production of a glazed surface by
the vitrification of the material itself and without
addition of other fluxes or glasses.

opacity: n (1611): the quality or state of a body that
makes it impervious to light.

opaque: adj (1641): the property of a material that ab-
sorbs and/or reflects all light and prevents any
transmission of light.

overglaze: adj (1879): the production of a glazed sur-
face by the addition of a fluxed glass that usually
vitrifies at a lower temperature.

pigment: n: finely ground, natural or synthetic, inor-
ganic or organic, insoluble dispersed particles
(powder), which, when dispersed in a liquid vehi-
cle, may provide, in addition to color, many other
essential properties such as opacity, hardness, dura-
bility, and corrosion resistance. The term is used to
include extenders and white or color pigments. The

distinction between powders that are pigments and
those that are dyes is generally considered on the
basis of solubility-pigments being insoluble and
dispersed in the material, dyes being soluble or in
solution as used.

platinum foil: a precious-metal foil with a high fusing
point that makes it suitable as a matrix for various
soldering procedures as well as to provide an inter-

nal form for porcelain restorations during their
fabrication.

porcelain: n (known in Europe, ca. 1540): a ceramic
material formed of infusible elements joined by
lower fusing materials. Most dental porcelains
are glasses and are used in the fabrication of teeth
for dentures, pontics and facings, metal ceramic

restorations, crowns, inlays, onlays, and other
restorations.

porcelain labial margin: the extension of ceramic ma-
terial to the finish line of the preparation without
visible metal substructure in the marginal area.

quartz: n (ca. 1631): an allotropic form of silica; the
mineral SiO2 consisting of hexagonal crystals of col-
orless, transparent silicon dioxide.

silica: n (ca 1301): silicon dioxide occurring in crys-
talline, amorphous, and usually impure forms (as
quartz, opal, and sand, respectively).

stain: vb 1: to suffuse with color 2: to color by
processes affecting chemically or otherwise the ma-
terial itself 3: in dentistry, to intentionally alter ce-
ramic or resin restorations through the application
of intrinsic or extrinsic colorants to achieve a de-
sired effect.

thermal expansion: expansion of a material caused by
heat.

translucency: n (1611): having the appearance between
complete opacity and complete transparency; par-
tially opaque.
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All-ceramic inlays, onlays, veneers, and crowns
can provide some of the most esthetically pleasing
restorations currently available. They can be made
to match natural tooth structure accurately in
terms of color, surface texture, and translucency.
Well-made all-ceramic restorations can be virtually
indistinguishable from unrestored natural teeth
(Fig. 25-1).

Traditionally, ceramic crowns have been made on
a platinum matrix and were referred to as porcelain
jacket crowns. More recently, improved materials
and techniques have been introduced in an attempt
to overcome disadvantages inherent in that tradi-
tional method. These improvements, particularly
the use of higher-strength ceramics and adhesives
for bonding the ceramic restoration to tooth struc-
ture, have led to a resurgence of interest in all-
ceramic restorations, including the more conserva-
tive inlays and veneers. With increasing demand for
esthetics, all-ceramic restorations are an important
part of contemporary dental practice.

This chapter reviews the historical background
of ceramic restorations and more recent develop-
ments. It outlines the laboratory procedures neces-
sary for the fabrication of all-ceramic inlays, ve-
neers, and crowns and compares the alternatives.

The importance of the design of the tooth prepa-
ration to the success of ceramic restorations cannot
be overemphasized (see Chapter 11).

Fig. 25-1.

	

A, All-ceramic crown restoring the maxillary
central incisors. B and C, Retained deciduous mandibular
second molars restored with ceramic inlays.
(B and C courtesy Dr. R.B. Miller.)

HISTORICAL BACKGROUND

A

B

C

The first attempt to use ceramics for making denture
teeth was by Alexis Duchateau in 1774. More than a
hundred years later, C.H. Land made the first ce-
ramic crowns and inlays with a platinum foil matrix

643
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technique and was granted a patent in 1887.' The
popularity of ceramic restorations declined with the
introduction of acrylic resin in the 1940' and contin-
ued to be low until the disadvantages of resin ve-
neering materials (increased wear, high permeability
leading to discoloration and leakage) were realized .24
In 1962 Weinstein and Weinstein patented a leucite-
containing porcelain frit for use in metal-ceramic
restorations.' The presence of leucite, an aluminosil-
icate with high thermal expansion, allowed a match
between the thermal expansion of the ceramic and
that of the metal (see Chapter 24). The appearance of
ceramic restorations was improved by the introduc-
tion of vacuum firing, which considerably reduced
the amount of porosity and therefore resulted in
denser and more translucent restorations than could
be achieved with air firing.6

HIGH-STRENGTH CERAMICS

The chief disadvantage of the early restorations was
their low strength, which limited their use to low-
stress situations, such as anterior teeth. Even so, frac-
ture was a fairly common occurrence, which
prompted the development of higher-strength mate-
rials.' These developments have followed two paths.
One approach uses two ceramic materials to fabri-
cate the restoration. A high-strength but nonesthetic
ceramic core material is veneered with a lower-
strength, esthetic porcelain. The approach is similar
to the metal-ceramic technique (see Chapter 24), al-
though the color of the ceramic core is more easily
masked than a metal substructure. The other ap-
proach is the development of a ceramic that com-
bines good esthetics with high strength. This has the
obvious attraction of not needing the additional
thickness of material to mask a high-strength core.
However, at present, the strongest dental ceramics
are nonesthetic core materials."

STRENGTHENING MECHANISMS
OF DENTAL CERAMICS

FABRICATION DEFECTS
Fabrication defects are created during processing
and consist of voids or inclusions generated during
sintering. Condensation of a ceramic slurry by hand
before sintering may introduce porosity. Sintering
under vacuum reduces the porosity in dental ceram-
ics from 5.6 to 0.56 vol%. 9 Porosity on the internal
side of clinically failed glass-ceramic restorations
has been shown to constitute a fracture-initiation
site.'° Also, microcracks develop within the ceramic
upon cooling in leucite-containing ceramics and are
due to thermal contraction mismatch between the
crystals and the glassy matrix."

SURFACE CRACKS
Surface cracks are induced by machining or grind-
ing. The average natural flaw size varies from 20 to
50 um.12 Usually, fracture of the ceramic takes place
from the most severe flaw, which effectively deter-
mines the fracture resistance of the restoration. Ce-
ramic engineers analyze failure with a statistical ap-
proach, looking at flaw size and spatial distribution."

CRYSTALLINE REINFORCEMENT
Strengthening by crystalline reinforcement involves
the introduction of a high proportion of crystalline
phase into the ceramic to improve the resistance to
crack propagation. The crystals can deflect the ad-
vancing crack front to increase the fracture resistance
of two-phase materials. Microstructural features that
typically lead to crack deflection include (1) weak-
ened interfaces between grains in single phase mate-
rials that may be due to incomplete sintering and (2)
residual strains in two-phase materials." The latter
constitutes a major issue in dental ceramics.

A crystalline phase with greater thermal expan-
sion coefficient than the matrix produces tangential
compressive stress (and radial tension) near the
crystal-matrix interface. Such tangential stresses
tend to divert the crack around the particle. Leucite
particles have a greater thermal expansion coeffi-
cient than the surrounding glassy matrix. Upon
cooling, compressive stresses will develop at the
leucite crystal-matrix interface.

In spite of their excellent esthetic qualities and out-
standing biocompatibility, dental ceramics, like all
ceramic materials, are brittle. They are susceptible
to fracture at the time of placement or during func-
tion. Methods used to improve the strength and
clinical performance of dental ceramics include
crystalline reinforcement, chemical strengthening,
and thermal tempering. Brittle materials such as ce-
ramics contain at least two flaws: fabrication defects
and surface cracks.

CHEMICAL STRENGTHENING
Chemical strengthening is another method used to
increase the strength of glasses and ceramics. The
principle of chemical strengthening relies on the ex-
change of small alkali ions for larger ions below the
strain point of the ceramic. Because stress relaxation
is not possible in this temperature range, the ex-
change leads to the creation of a compressive layer
at the surface of the ceramic." Finally, any applied
load must first overcome this built-in compression
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layer before the surface can be placed into tension,
resulting in an increase in fracture resistance. This
technique involves the use of alkali salts with a
melting point lower than the glass transition tem-
perature of the ceramic material. Ion-exchange
strengthening has been reported to increase the flex-
ural strength of feldspathic dental porcelain up to
80%, depending on the ionic species involved and
the composition of the porcelain. 16,17 The depth of
the ion-exchanged layer can be as high as 50 um.18
However, this technique is diffusion driven, and its
kinetics are limited by time, temperature, and ionic
radius of the exchanged ions.

THERMAL TEMPERING
Thermal tempering occurs when a glass is rapidly
cooled from near the softening temperature. The
cooling leads to compressive stress being generated
in the glass surface, which must be overcome before
cracks can propagate and fracture can occur. Thermal
tempering is used to strengthen automobile wind-
shields, and under experimental conditions it has
been an effective strengthener for dental ceramics."

GLAZING
The addition of a surface glaze can also be used to
strengthen ceramics. The principle is the formation of
a low-expansion surface layer formed at high tem-
perature. Upon cooling, the low-expansion glaze
places the surface of the ceramic in compression and
reduces the depth and width of surface flaws. With
contemporary dental ceramics, self-glazing is the
standard technique. This consists of an additional
firing in air following the original firing, without ap-
plication of a low-expansion glaze. However, self-
glazing does not significantly improve the flexure
strength of feldspathic dental porcelain 20,21

PREVENTION OF STRESS CORROSION
The strength of ceramics is reduced in moist envi-
ronments. This weakening is due to a chemical re-
action between water and the ceramic at the tip
of the strength-controlling crack, resulting in an
increase in the crack size-a phenomenon called
stress-corrosion or static fatigue . 22 According to
Michalske and Freiman'23 the reaction steps involve
the following:
• The adsorption of water to a strained Si-O-Si

bond
• A concerted reaction involving simultaneous pro-

ton and electron transfer
• The formation of surface hydroxyls

Sherrill and O'Brien" reported a reduction in
fracture strength of about 30% when dental por-
celains were fractured in water, and others have
concluded that stress-corrosion is important in the
performance of dental ceramic restorations .

Ceramic systems such as Captek* that place a metal
foil on the internal surface may reduce fracture inci-
dence by reducing moisture exposure to the internal
surface of the ceramic, from where the fracture is
thought to initiate." In industry, coatings are used to
reduce stress-corrosion of glass and ceramics, such
as optical fibers. Similar coatings have been tried ex-
perimentally for their effect on dental ceramics .27

ALL-CERAMIC SYSTEMS

The microstructure of some ceramic systems dis-
cussed in this chapter is illustrated in Figure 25-2,
and their properties are summarized in Table 25-1.

*Captek Division, Precious Chemicals USA: Long-
wood, Fla.

Fig. 25-2.

	

Representative dental ceramics etched to reveal microstructure. A, A feldspathic porcelain
(IPS Classic). B, A pressable high leucite (OPC).

	

Continued

BA
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Fig. 25-2, cont'd.

	

C, A fluormica machinable (Dicor MGC). D, A slip-cast spinel (In-Ceram Spinell).

E, A feldspathic machinable (Vita Mark 11). F, A lithium phosphate pressable (Empress Cosmo).
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ALUMINOUS CORE CERAMICS
The high-strength ceramic core was first introduced
to dentistry by McLean and Hughes 28 in 1965. They
advocated using aluminous porcelain, which is
composed of aluminum oxide (alumina) crystals
dispersed in a glassy matrix. Their recommendation
was based on the use of alumina-reinforced porce-
lain in the electrical industry29 and the fact that alu-
mina has a high fracture toughness and hardness . 3 °

The technique devised by McLean31 used an
opaque inner core containing 50% by weight alu-
mina for high strength. This core was veneered by a
combination of esthetic body and enamel porcelains
with 15% and 5% crystalline alumina, respectively 32
(Fig. 25-3) and matched thermal expansion. The
resulting restorations were approximately 40%
stronger than those using traditional feldspathic
porcelain .23

Fig. 25-3.

	

The strength of an aluminous jacket crown
comes from its high-alumina content core, onto which es-
thetic body and incisal porcelains are fired. This is analo-
gous to the metal-ceramic crown, whose strength comes
from a metal substructure.

Fabrication Procedure. Although declining in
popularity with the introduction of innovative all-
ceramic products, a technician skilled in the fabrica-
tion of the aluminous core porcelain jacket crown
produces an exceptionally esthetic restoration. The
procedure is outlined in Figs. 25-4 to 25-6.

SLIP-CAST CERAMICS
High-strength core frameworks for all-ceramic
restorations can be produced with a slip-casting

procedure33 such as the In-Ceram.* Slip-casting is a
traditional technique in the ceramic industry and
is used to make sanitary ware. The starting media
in slip-casting is a slip that is an aqueous sus-
pension of fine alumina particles in water with

*Vident: Brea, Calif.
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Fig. 25-4.

	

Platinum matrix fabrication. A, A diamond-shaped foil is adapted to the facial surface
(a cutting guide is provided with the foil). B, Two cuts are made, one to each incisal corner, and a trian-
gle of foil is removed by cutting at 45 degrees toward the corners. C, The foil is folded onto the lingual
surface and burnished. D and E, It is then gathered on the lingual surface with tweezers and adapted
with finger pressure. F, The foil is trimmed to follow the lingual contour evenly. The two ends are sepa-
rated, and one is trimmed to exactly half the width of the other. G and H, The long end is folded over
the short, and relieving cuts are made (see Fig. 25-5). Then the three-thickness joint is folded toward the
short end. 1, The foil is adapted with a wooden point, always starting from the incisal edge and working
toward the margin. J, A beaver-tail burnisher is used to adapt the margin, working the foil toward the
internal angle to prevent a perforation. Better adaptation can be achieved by swaging at this stage. The
matrix is removed with sticky wax (K) and annealed in a Bunsen flame (L) to relieve work hardening.
M, The completed platinum foil matrix.

L,MJ,K



Fig. 25-5.

	

The tinner's joint. A, Foil is trimmed
so one is exactly twice as long as the other. B, The
long end is carefully folded over the short. C, Mar-
gin discrepancy at the joint can be reduced by re-
moving a triangular section of foil.

Fig. 25-6.

	

Aluminous core technique. A to C, The platinum matrix is heated to drive off dissolved
gases, and the core porcelain is built up. D, A thin blade is used to form a cervical ditch, which will pre-
vent the matrix from becoming distorted during the first firing. E, There must be no porcelain particles
on the inner aspect. F, The fired core should be checked with a thickness gauge. Often additional core
material will be needed to obtain the recommended dimensions. G, The foil is readapted to the margin,
and the ditch is filled with additional porcelain. This lingual view shows where the core should be thick-
est. For esthetic reasons the core is much thinner on the facial surface. H, The core is seated on the work-
ing cast before the application of body and incisal porcelains.

A,B C



Section 3 Laboratory Procedures

dispersing agents. The slip is applied onto a
porous refractory die, which absorbs the water
from the slip and leads to the condensation of
the slip on the die. The piece is then fired at high
temperature (1150° C). The refractory die shrinks
more than the condensed slip, which allows easy
separation after firing. The fired porous core is
later glass-infiltrated, a unique process in which
molten glass is drawn into the pores by capillary
action at high temperature.34 Materials processed
by slip-casting tend to exhibit lower porosity and
less processing defects than traditionally sintered
ceramic materials. The strength of In-Ceram is
about three to four times greater than earlier
alumina core materials, a finding that has
prompted its use in high-stress situations such as
FPDs (Fig. 25-7). Two modified porcelain compo-
sitions for the In-Ceram technique have been in-
troduced: In-Ceram Spinell* contains a magne-
sium spinel (MgAl2O4) as the major crystalline
phase, which improves the translucency of the
final restoration (Fig. 25-8). In-Ceram Zirconia
contains zirconium oxide (ZrO2) and is said to
provide the highest strength . Marginal fit of
In-Ceram has been reported as very good 39 or
good but also poor, emphasizing the technique
sensitivity of the process and the need to select a
skilled dental laboratory.

Fabrication Procedure
1. Duplicate the working die with an elas-

tomeric impression material (Fig. 25-9, B)
and pour it with the special refractory die
material. Any undercuts must be blocked
out first, and two coats of die-spacer must
be applied. When the die material has fully
set (2 hours), remove the die, mark the
margins, and apply the wetting agent (Fig.
25-9, C).

2.

	

Mix the appropriate shade of alumina slip
with ultrasonic agitation (Fig. 25-9, D),
place the mixture under a vacuum, brush
apply it to the plaster die (Fig. 25-9, E), and
shape it with a blade, trimming back to the
margins carefully.

3. The slip is fired in a special furnace (Fig.
25-9, F), initially through a prolonged dry-
ing cycle to 120° C (248° F) that dries the
die material, which shrinks away from the
core. Then the alumina is fired at 1120° C
(2048° F). The resulting core is porous and

*NOTE: The product In-Ceram Spinell is spelled differ-
ently than the mineral spinel.

weak at this stage but can be carefully trans-
ferred to the master die after the die spacer
is removed. The relatively low sintering
shrinkage (about 0.3%) is compensated for
by an expansion of the refractory material.

4.

	

Paint a thick coat of the appropriate shade
of glass mixture onto the surface of the core
(Fig. 25-9, G) and fire at 1100° C (2012° F). As
the glass melts, it is drawn into the inter-
stices of the alumina by capillary action,
producing a dense composite structure with
excellent strength properties.

5.

	

Remove excess glass from the core by grind-
ing (Fig. 25-9, H) and airborne particle
abrasion. Body and incisal porcelain is ap
plied to the core in a manner similar to that
for metal-ceramic crowns, as shown in Fig-
ure 25-10. Powder distribution is governed
by a detailed prescription of the patient's
shade (see Chapter 23). With experience the
practitioner will be able to mix different
powders to match almost any shade. If nec-
essary, test firings can be used to help select
the correct blend in difficult situations.

6.

	

After moistening the core, mix the powder
with modeling liquid and apply in incre-
ments with a brush (Fig. 25-10, A to C).

7. Remove moisture with a paper tissue held
against the lingual surface. The capillary ac-
tion will condense the porcelain particles.
Slight vibration brings further moisture to
the surface before the next increment is
added. To prevent voids from forming
between increments, always add to a moist
surface.

8.

	

When the crown has the correct shape, cut it
back to allow room for incisal porcelain (Fig.
25-10, D).

9.

	

Apply incisal porcelain, overbuilding the in-
cisal edge by 1 or 1.5 mm to allow for firing
shrinkage (Fig. 25-10, E).

10.

	

Lightly condense the buildup with a large
whipping brush. Absorb excess moisture
with a tissue.

11. Remove the crown from the working cast
and add material interproximally to allow
for shrinkage (Fig. 25-10, F).

12.

	

Dry the crown and fire it (Fig. 25-10, G,H).

HOT-PRESSED CERAMICS

Leucite based. Hot-pressed ceramics are be-
coming increasingly popular in dentistry. The
restorations are waxed, invested, and pressed in a
manner somewhat similar to gold casting. Marginal
adaptation seems to be better with hot-pressing
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Fig. 25-7.

	

A to C, All-ceramic FPD replacing the maxillary left central incisor using the In-Ceram sys-
tem. D to F, All-ceramic FPD replacing the mandibular left first premolar using the Empress 2 system.
(D to F courtesy Ivoclar North America.)
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Fig. 25-8.

	

A, Defective maxillary metal-ceramic
crowns. Esthetic problems included high value and
opacity. B, Crowns removed. The preparations are not
discolored, allowing a translucent all-ceramic crown
system. C, Maxillary all-ceramic crowns using a
translucent slip-cast spinel core material.
(Courtesy Dr. R.B. Miller.)

Fig. 25-9.

	

Fabrication of a slip-cast alumina restoration. A,'] he In-Ceram system relies on a high-
strength core veneered with an esthetic feldspathic porcelain. B, The master cast is duplicated with a
special elastomer. C, The special plaster die. D, The alumina slip is ultrasonically mixed and applied to
the plaster die (E). F, The Vita Inceramat special porcelain furnace. G, A special colored infiltration glass
is painted on the porous sintered alumina and fired. H, Excess glass is carefully removed by grinding
and air abrasion.
(A courtesy Morehead Dental Laboratories; B to H courtesy Vident.)
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C
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than with the high-strength alumina core materi-

als, although the results from individual dental

laboratories may not support the research. Most
hot-pressed materials contain leucite as a major

crystalline phase, dispersed in a glassy matrix.

The crystal size varies from 3 to 10 Am, and the
leucite content varies from about 35% to about

50%, by volume depending on the material.
Leucite is used as a reinforcing phase due to the

tangential stresses it creates within the porcelain.

Fig. 25-10.

	

Body and incisal porcelain application. A, Moistening the high-strength core. B and C,
Applying gingival and body porcelains. D, Cutback for the incisal porcelain. E, The incisal porcelain. F,
Adding to the interproximal areas. G, The completed buildup. H, The fired crown is seated on the mas-
ter cast.
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Ceramic ingots are pressed at high temperature
(from 900° C to 1165° C [1650° F to 2130° F] de-
pending on the material) into a refractory mold

made by the lost-wax technique. The ceramic in-
gots are available in different shades. Two finish-

ing techniques can be used: a characterization
technique (surface stain only) and a layering tech-
nique, involving the application of a veneering
porcelain (see Fig. 25-11, G and H). The two tech-

niques lead to comparable mean flexure strength
values for the resulting porcelain composite .41 The
thermal expansion coefficient of the core material
for the veneering technique is usually lower than

that of the material for the staining technique to be
compatible with the thermal expansion coefficient

of the veneering porcelain. Among the currently

available leucite-containing materials for hot-

pressing are IPS Empress,* Optimal Pressable Ce-
ramic,t and two lower fusing materials, Cerpress

and Finesse.§

Lithium Silicate based.

	

IPS Empress 2* is a re-
cently introduced hot-pressed ceramic. The major

crystalline phase of the core material is a lithium dis-
ilicate. The material is pressed at 920° C (1690° F)

*Ivoclar North America Inc: Amherst, N.Y.
jeneric/Pentron, Inc: Wallingford, Conn.
$Leach & Dillon Dental Products: San Diego, Calif.

Dentsply/Ceramco Division: Burlington, N.J.

C

Fig. 25-11.

	

Heat-pressed ceramic technique. A, Inlay preparation for a mandibular molar. B, A wax
pattern is made in a similar manner to conventional gold castings. C, After investing the pattern, it is
burned out, and a ceramic ingot and alumina plunger are placed in the heated mold. D, The pressing is
done under vacuum at 1150° C. E, Sprue removal. F, The cemented restoration. G and H, For esthetic an-
terior restorations, only the dentin-colored ceramic is pressed. The incisal porcelain is brush applied in
the conventional manner.
(Courtesy Ivoclar North America, Inc.) Continued
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and layered with a glass containing some dispersed
apatite crystals . 43 The initial results from clinical
trials seem quite promising44 and may have applica-
tion for anterior three-unit fixed partial dentures
(FPDs).

Fabrication Procedure
1.

	

Wax the restoration to final contour, sprue, and
invest as with conventional gold castings (Fig.
25-11, A). If the veneering technique is used,
only the body porcelain shape is waxed.

2.

	

Heat the investment to 800° C (or recommended
temperature) to burn out the wax pattern.

3.

	

Insert a ceramic ingot of the appropriate shade
and alumina plunger in the sprue (Fig. 25-11, B)
and place the refractory in the special pressing
furnace.

4.

	

After heating to 1150° C, the softened ceramic is
slowly pressed into the mold under vacuum
(Fig. 25-11, C.

5. After pressing, recover the restoration from the
investment by airborne particle abrasion, remove

Fig. 25-11, contd.

	

l, Three-unit FPD and veneer waxed to anatomic contour. J, Ensure the connec-
tor size is adequate (4 x 4 mm). K, Use a silicone matrix to aid in cut-back of the wax pattern.
L, Framework sprued and invested (M). N, The lithium-silicate ceramic is pressed into the mold.

continued
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P

Fig. 25-11, cont'd.

	

O, The pressed restoration. P, Framework on master cast. Q, Applying veneering
porcelain. R, Completed restorations.
(Courtesy Ivoclar North America, Inc.)

the sprue (Fig. 25-11, D), and refit it to the die. Es-
thetics can be enhanced by applying an enamel
layer of matching porcelain (Fig. 25-11, E to H) or
by adding surface characterization. The proce-
dure for an FPD is similar (Fig. 25-11, I to R).

MACHINED CERAMICS
The evolution of CAD/CAM systems for the pro-
duction of machined inlays, onlays, veneers, and
crowns led to the development of a new generation
of ceramics that are machinable.

Cerec System. The Cerec system* has been
marketed for several years with the improved
Cerec 2 system introduced in the mid-1990s. The
equipment consists of a computer integrated imag-
ing and milling system, with the restorations de-
signed on the computer screen (Fig. 25-12, A). At
least three materials can be used with this system:
Vita Mark IIJ Dicor MGC,$ and ProCad.§ Vita

*Sirona Dental Systems:Bensheim, Germany.
Vident: Brea, Calif.
Dentsply International, Inc: York, Pa.
Ivoclar North America, Inc: Amhurst, N.Y.

Mark lI contains sanidine (KAISi3O8) as a major
crystalline phase within a glassy matrix. Dicor
MGC is a mica-based machinable glass-ceramic
that contains 70 volume percent of crystalline
phase. The unique "house of cards" microstruc-
ture found in Dicor MGC is due to the interlocking
of the small platelet-shaped mica crystals with an
average size of 1 to 2 um. This particular mi-
crostructure leads to multiple crack deflections and
ensures a greater strength than leucite-containing
ceramics .4' ProCad is a leucite-containing ceramic
designed for making machined restorations. Weak-
nesses of the earlier Cerec system include the poor
marginal fit of the restorations and the lack of so-
phistication in the machining of the occlusal sur-
face. The marginal adaptation of Cerec 2 is im-
proved,49 and the occlusal anatomy can be shaped.

Fabrication Procedure
1.

	

Tooth preparation follows typical all-ceramic
guidelines.

2.

	

Coat the preparation with opaque powder.
3. Image the preparation with the optical

scanner, aligning the camera with the path
of insertion of the restoration (Fig. 25-12, B).

O
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B

Fig. 25-12.

	

Cerec 2 ceramic inlay sys-
tem. A, The Cerec 2 system consists of an
imaging system, a computer, and a milling
system. B, Making an optical impression.
C, Image of a prepared tooth. D, The
preparation is marked and the restoration
designed on the computer screen. E, The
restoration is machined from a ceramic
block. F, Defective cast metal crown. G and
H, The defective crown replaced with
Cerec 2 crown. The occlusal and axial mor-
phology was replicated from the original
crown by the software.
(Courtesy Sirona Dental Systems.)
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When the best view is obtained, it is stored in
the computer (Fig. 25-12, C).

4.

	

Identify and mark the margins and contours
on the computer screen. The computer soft-
ware assists with this step (Fig. 25-12, D).

5.

	

Insert the appropriate shade of ceramic block
in the milling machine. The fabrication time
for a crown is about 20 minutes (Fig. 25-12, E).
Additional characterization is achieved with
stains.

6.

	

Try the restoration back in the mouth, etch,
and silanate and lute it to place as described
in Chapter 31.

Celay System (Fig. 25-13). The Celay system*
uses a copy milling technique to manufacture ce-
ramic inlays or onlays. A resin pattern is fabricated
directly on the prepared tooth or on a master die,
then the pattern is used to mill a porcelain restora-
tion.51 As with the Cerec system, the starting mater-
ial is a ceramic blank available in different shadest
(extracted human teeth have also been used experi-
mentally 52). This material is similar to Vita Mark II
ceramic, used with the Cerec 2 system. Alternatively,
blanks of the InCeram Alumina or InCeram Spinell
materials can be used .53 Marginal accuracy seems to
be good, a little better than the Cerec 2 system .54

Procera AllCeram System (Fig. 25-14).

	

The Pro-
cera AllCeram system involves an industrial CAD/
CAM process. The die is mechanically scanned
by the technician, and the data are sent to a work
station where an enlarged die is milled using a
computer-controlled milling machine. This enlarge-
ment is necessary to compensate for the sintering
shrinkage. Aluminum oxide powder is then com-
pacted onto the die, and the coping is milled before
sintering at very high temperature (>1550° C). The
coping is further veneered with an aluminous ce-
ramic$ with matched thermal expansion. The
restorations seem to have good clinical perfor-
mance and marginal adaptation, provided the
scanning is done skillfully. They may be suitable for
posterior crowns and FPDs, although long-term
data are needed.

Step-by-step Procedure
1.

	

Tooth preparation (Fig. 25-14, A) follows all-
ceramic guidelines.

*Mikrona Technologie: Spreitenbach, Switzerland.
Vita-Celay, Vident: Brea, Calif.
$Procera Porcelain All Ceramic, Nobel Biocare, Inc:
Yorba Linda, Calif.

Fig 25-13.

	

The Celay system. The pattern on the left is
copied milling the restoration from the ceramic block
(right).
(Courtesy Vident.)

2. The cast is made in the conventional way,
but the die is ditched to make the margin
easier to identify during scanning (Fig. 25-
14, B).

3. The die is mapped using a contact scanner
(Fig. 25-14, C and D).

4. The shape of the prepared tooth is trans-
ferred to the computer screen (Fig. 25-14, E).

5.

	

The design of the restoration is transferred to
the manufacturer via computer line.

6.

	

The production process starts with milling an
enlarged die to compensate for the sintering
shrinkage (Fig. 25-14, F and G).

7. An enlarged high-Aumina coping is milled
that shrinks to the desired shape after sinter-
ing (Fig. 25-14, H).

8. The coping is returned to the laboratory,
and body and incisal porcelains are applied
in the conventional manner (Fig. 25-14, I
and J).

METAL REINFORCED SYSTEMS
High-gold substructure systems are designed to
overcome some of the disadvantages inherent in the
porcelain jacket crown technique. The systems rely
on different ways of creating a thin coping on-
to which the ceramic is fired. In strictest terms,
therefore, they are metal-ceramic as opposed to all-
ceramic crowns.
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Fig 25-14.

	

The Procera system. A, Tooth preparations for Procera crown on the maxillary central in-
cisors. B, The die is ditched to make the margin easier to identify during scanning. C and D, The die is
mapped using a contact scanner. E, The shape of the prepared tooth is transferred to the computer
screen. F, Milling machine.

	

Continued
(Courtesy Nobel Biocare USA, Inc.)

The Captek System.

	

In the Captek* system the

	

wax sheets that are adapted to a die and fired. The
coping is produced from two metal-impregnated

	

first sheet forms a porous gold-platinum-palla-

dium layer that is impregnated with 97% gold
when the second sheet is fired. Advantages of the

*Captek Division, Precious Chemicals USA: Long-

	

system include excellent esthetics and marginal
wood, Fla. 	adaptation.
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Fig 25-14, cont'd.

	

G, Enlarged die compensates for the sintering shrinkage. H, High-alumina cop-
ing before and after sintering. 1, Body and incisal porcelains application. J, Cemented restorations.

Fabrication Procedure
1.

	

Duplicate the working die in the special re-
fractory material (Fig. 25-15, A).

2. Cut a piece of the gold-platinum-palladium
impregnated wax sheet (Fig. 25-15, B).

3.

	

Adapt the foil to the die (Fig. 25-15, C). Then
it is fired to 1075° C (1965° F), forming a
porous metal coping (Fig. 25-15, D).

4. Adapt the second gold-impregnated wax
(Fig. 25-15, E) and refire (Fig. 25-15, F). Capil-
lary action draws the gold into the porous
gold-platinum-palladium structure to form
the finished coping.

5.

	

Build up the opaque body and incisal porce-
lains in a manner similar to that for a con-
ventional metal-ceramic crown.

6. Glaze the completed restoration and polish
the metal foil at the margin (Fig. 25-15, I). The
procedure has been adapted for FPDs (Fig.
25-15, J).

Electroformed.

	

The Helioform HF 600 system*
(Fig. 25-16) uses an electroforming technique to
produce a thin pure gold coping. The gold is de-
posited on polyurethane dies that are coated with a
silver spacer using computer-controlled plating
equipment to control thickness. The coping is
coated with a noble metal paste primer before
porcelain application. Electroforming enables very
good marginal adaptation (better than conven-
tional casting62). The system has been adapted for
FPDs.

Step-by-step Procedure
1. Duplicate the working die with the poly-

urethane material.
2.

	

Drill the polyurethane and glue the electrode
into the die.

3.

	

Apply an even coat of the silver spacer to the
preparation and allow it to dry.

4.

	

Insert the dies into the plating equipment (Fig.
25-16, B). A magnetic stirrer ensures circula-
tion of the cyanide-free gold sulfite solution.

5.

	

Turn on the electric current, and gold will be
deposited on the die at an approximate rate
of 0.02 mm per hour.

*Vident: Brea, Calif.
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Fig. 25-15.

	

The Captek system. A, Duplicated refractory die. B, Trimming the metal-impregnated
wax sheet. C, Adapting first sheet to the die. D, First layer is fired to form a porous coping. E, Adapting
second metal-impregnated wax sheet. F, Fired framework. G, Sectioned Captek crown showing coping
design.

	

Continued
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Fig. 25-15, cont'd.	 H, Defective metal ceramic crown on the maxillary incisors replaced with
Captek crowns (I). J, Fixed partial denture frameworks can be fabricated with special pontic compo-
nents, incorporating unique framework design.
(Courtesy Captek Division, Precious Chemicals, Inc.)

Fig. 25-16.

	

The Helioform electroformed metal system. A, The electroforming equipment. B, Insert-
ing the polyurethane dies. C, The electroformed copings. D, Coping on the die. E, Restoration of
mandibular canine and lateral with Helioform crowns.
(Courtesy Vident.)

A

C,D

B

E



Chapter 25 All-Ceramic Restorations

6.

	

Remove the plated copings (Fig. 25-16, C) by
heating the dies and remove the silver spacer
with nitric acid or air abrasion.

7.

	

Trim flash from the margin with an abrasive
silicone wheel and seat the coping on the die
(Fig. 25-16, D).

8.

	

Air-abrade the surface and apply the special
bonding paste before porcelain application
(Fig. 25-16, E).

SELECTION OF ALL-CERAMIC
SYSTEMS

The primary purpose in recommending an all-
ceramic restoration is to achieve the best possible
esthetic result. Typically this will be at the risk of re-
duced restoration longevity due to the potential for
fracture of the ceramic, and the restoration may
have a slightly inferior marginal adaptation than a
metal-ceramic crown.

FRACTURE RESISTANCE
Most hazards of restoration failure will be removed
if these restorations are confined to lower-stress an-
terior teeth, and patients are carefully evaluated for
evidence of parafunctional activity. Although labo-
ratory testing of strength and fracture toughness
has identified promising materials; 4,63 clinical stud-
ies have consistently shown good performance on
anterior teeth yet poor performance on molars and
for FPDs. 64-66 Although the newer materials, such as
Empress 2 and In-Ceram Zirconia, promise higher
strength (see Table 25-1), the long-term data are
lacking to determine whether they are satisfactory,
particularly for FPDs. 43,67,68

ESTHETICS
A knowledge of the available ceramic systems is
needed to select a material that will provide the best
esthetics for a particular patient. This is especially
important when matching a single maxillary incisor
to an adjacent tooth. Careful consideration should
also be given to the availability of laboratory sup-
port, because no dental laboratory invests in the ex-
pensive equipment needed for all the various sys-
tems. The marginal adaptation of the system is very
important, even when resin bonding is used. When
selecting a system, the dentist should carefully eval-
uate the internal and marginal adaptation using an
elastomeric detection paste.* Although research
studies have identified differences among the vari-

ous systems69 (see Table 25-1), these results may not
represent an individual laboratory's results. The
translucency of the adjacent teeth and discoloration
of the tooth being restored also must be considered
when selecting the most appropriate system.70
Highly translucent teeth would not be best restored
with a more opaque, high-strength core, ceramic
system (e.g., In-Ceram or Procera). However, these
might be the best choice if the tooth exhibits discol-
oration that would not be well masked by a more
translucent material. Conversely, when concern ex-
ists about fracture, the higher-strength materials
should normally be the first choice (see Table 25-1).

ABRASIVENESS
One concern with ceramic restorations is the poten-
tial for abrasion of the opposing enamel, particularly
in patients with parafunctional habits. Whenever
possible, a low-abrasion material should be consid-
ered. Abrasiveness has been studied in vitro, and
the results are summarized in Table 25-1.

PORCELAIN LABIAL VENEER

Porcelain labial veneers (see Chapter 11) can be fab-
ricated using a refractory die technique (Fig. 25-17)
as well as on a platinum matrix.* The platinum ma-
trix technique is tedious and somewhat tricky to
learn, but once acquired it enables veneers to be
made with better marginal adaptation than the
refractory technique." Therefore the platinum ma-
trix technique will be described here. Many of the
steps are similar to the porcelain jacket crown tech-
nique (see Fig. 25-4).

Step-by-step Procedure
1. Modify the working die by blocking out

tooth undercuts with modeling plastic.
2. Adapt the platinum foil (0.025 mm) in the

same manner as described for the porcelain
jacket crown, covering the entire tooth. Some
technicians prefer to adapt the foil to the fa-
cial surface only, but distortion of the foil
during firing of the porcelain seems to lead to
inferior marginal adaptation if this is done . 73
Careful adaptation is essential for good fit,
especially at the proximal incisal margin,
where the tinner's joint is made.

3. Remove, clean, and degas the foil. Air-
borne particle abrasion can be used for this
step.

*This must be thoroughly removed before bonding the
restoration.

*Porcelain labial veneers can also be made with hot-
pressed ceramics and the machinable systems.
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Fig. 25-17.

	

Fabrication of facial veneers with a re-
fractory die. A, The refractory investment. B, Deconta-
minating the investment. C, The initial porcelain ap-
plication. D, Additional firing will be needed to
compensate for shrinkage. E, The veneers built up to fi-
nal contour. F, Reference marks have been made on the
lingual surface. They will be used as a guide to the cor-
rect thickness. G, Investment removed with an air abra-
sion unit.

4.

	

Build up and fire the veneers. This is gener-
ally done in two or three layers, particularly
if the veneer is required to mask tetracycline
staining and a more opaque initial layer is ap-
plied. Sometimes tetracycline staining can be
more effectively masked by incorporating the
complementary hue in the ceramic buildup,
rather than fabricating a veneer that is unes-
thetically opaque looking. With experience, a
technician can achieve excellent results with
porcelain labial veneers. Special formulations
of porcelain are available for veneers. Some are
based on traditional jacket or metal-ceramic
porcelain systems; higher-strength, high-
leucite content formulations are also available.
Fracture of porcelain labial veneers is some-
times encountered in practice, even though the
restorations are generally placed in low-stress
situations. At present, there are little data about
the incidence of veneer fracture or whether a
high-strength ceramic has better performance
than a traditional formulation. When a fracture

5.

6.

does occur, the broken pieces are often still
firmly bonded to the tooth. At that point, it is
probably not necessary to replace the restora-
tion unless the fracture line is stained or the ce-
ramic is chipped.
Contour and glaze the facings. The veneers
should be shaped to final contour at this
stage.
Remove the foil before try-in. The steps for
etching, silanating, and luting the veneers
are presented in Chapter 31.

I NLAYS AND ONLAYS

REFRACTORY DIES
Ceramic restorations are normally made using a re-
fractory die rather than with a platinum foil matrix.
This is specified by the manufacturer of some ce-
ramic systems (e.g., Cerinate), and other materials
can be used according to the technician's preference.
Marginal adaptation can be excellent, depending

C

F
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more on the technician than the ceramic material
used .

STEP-BY-STEP PROCEDURE
1. Pour an elastomeric impression of the pre-

pared teeth in Type IV or V stone; then repour
it or duplicate it in ceramic refractory, using an
appropriate removable die system (Fig. 25-18,
A). The Di-Lok (see Chapter 17) or a similar
system is convenient for this technique. The
dies need to be separated very carefully be-
cause the refractory is friable and will break if
mishandled.

2. Trim the refractory cast as far as possible to
minimize the quantity of ammonia released
during decontamination.

3.

	

Mark the margins lightly with a special pencil
(V.H.T.*)

4.

	

Decontaminate the cast by firing according to
the manufacturer's instructions. Normally this
will be done in two stages: the first in a
burnout furnace, the second under vacuum in
a porcelain furnace.

*Whip Mix Corp: Louisville, Ky.

5.

6.

7.

8.

9.

10.

Allow the cast to cool and then soak it in
soaking liquid or distilled water for 5 minutes.
This will seal the die and prevent moisture
from being drawn out of the porcelain
buildup.
Apply an initial layer of porcelain to the re-
fractory cast (Fig. 25-18, B) and fire according
to the manufacturer's directions. With some
systems, a higher-strength core material is
used as the initial coat.
Build up the restorations onto moist dies; for
inlays, leave short of the margins.
Make a relieving cut through the central
fossa (Fig. 25-18, C) and fire the porcelain (Fig.
25-18, D).
Fill in the central fossa area and build up to the
margins (Fig. 25-18, E and F).
Contour and refine occlusion and proximal
contacts. Glaze according to the manufac-
turer's instructions.
Remove the investment with a bur (Fig. 25-18, G)
and 50-um alumina in an airborne particle
abrasion unit. Transfer the restorations to
the master dies on the mounted cast (Fig.
25-18, H).

B,C

E,F

Fig. 25-18.

	

Fabrication of a ceramic onlay using the refractory die technique. A, A refractory die is
produced as a duplicate of the stone die. B, After decontamination and soaking, an initial layer of porce-
lain is added to the die. C, A relieving cut through the central fossa is made to prevent the porcelain
pulling away from the margin during sintering. D, The onlay after the first porcelain firing. E, Addi-
tional porcelain is added to the central fossa and margins. F, Restoration after second porcelain firing.
(Courtesy Den-Mat Corporation.)

	

Continued

A

D

11.
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Fig. 25-18, cont'd.

	

G, After contouring and adjustment of occlusion the refractory is removed with
a stone and air abrasion. H, Completed restoration ready for try-in.
(Courtesy Den-Mat Corporation.)

A

Fig. 25-19.

	

Fabrication of an all-ceramic post-and-core. A and B, Zirconia post seated in prepared
tooth. Continued
(Courtesy Dr. J.A. Holloway.)

12.

	

If necessary, adjust the restoration margins and
occlusion with fine-grit diamond stones. Pol-
ish with diamond polishing paste.

ALL-CERAMIC FIXED
PARTIAL DENTURES

All-ceramic FPDs have a checkered history. They
were attempted with aluminous porcelain by con-
necting alumina cores with pure alumina rods.
these restorations were usually unsuccessful; either
they fractured, or the restorations encroached exces-
sively into the embrasures, resulting in hygiene de-
ficiencies. Leucite-containing heat-pressed ceramics
do not appear to possess adequate strength for
FPDs, except in very low-stress situations. Clinical
trials of posterior ceramic FPDs have reported dis-
astrous results. The recently introduced InCeram
Zirconia has much higher laboratory strength than
these materials and might be suitable for FPD
frameworks. In-Ceram alumina was somewhat suc-
cessful for anterior FPDs (see Fig. 25-7). The more
recent lithium disilicate, heat-pressed ceramic, Em-
press 2, and the CAD/CAM Procera systems have
also been recommended as suitable for anterior

FPDs. Although the newer materials might be suc-
cessful for FPDs, their manufacturers recommend a
design with substantial connectors (typically 4 x 4
mm, as opposed to 2 x 3 mm recommended for
metal connectors). These dimensions can lead to
problems with adequate access for cleaning and
poor esthetics.

ALL-CERAMIC FOUNDATION
RESTORATIONS

All-ceramic materials have been used as foundation
restorations for endodontically treated teeth to
overcome esthetic problems associated with metal
post-and-core systems (see Chapter 12). The post is
made of zirconia,* chosen for its excellent strength, 82

and depending on the system, the core material
can be composite resin or a pressable ceramict (Fig.
25-19).

G H
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C D

H

Fig. 25-19, cont'd.

	

C, Zirconia post fitted to the working cast and the core waxed to shape.
D, Sprued pattern before investing. E, Core ceramic is hot-pressed and trimmed to shape.
F and G, Seated all-ceramic post-and-core. H, Completed all-ceramic crown.

RESIN-BONDED CERAMICS

The performance of all-ceramic restorations has
been enhanced by the use of resin bonding. This
technique was first devised for the porcelain lami-
nate veneer technique and has been applied to
other ceramic restorations. The technique uses hy-
drofluoric acid or a less toxic substitute to etch the
ceramic and a silane coupling agent to bond a resin
luting agent to the ceramic. The luting agent is
bonded to enamel after etching with phosphoric
acid as with resin-retained FPDs (see Chapter 26)
and bonded to dentin with a dentin-bonding agent.

Significant reduction in the fracture incidence of
some types of ceramic crowns has been reported
when an adhesive cement has been used," although
a recent retrospective study failed to find an im-
provement compared to traditional cements .86 Resin
bonding does not appear to improve the fracture re-
sistance of the high-strength alumina core materials
such as In-Ceram and Procera. Nevertheless, for
feldspathic and leucite-reinforced ceramics, resin-
bonding is now the recommended procedure and is
also used extensively for luting ceramic inlays and
onlays.87
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ETCHING AND SILANATING THE RESTORATION
1.

	

Support the restoration in soft wax with the fit-

ting surface uppermost.
2.

	

Apply a 1-mm coat of the etching gel* to the fit-
ting surface only.

3. The etching time will depend on the ceramic
material. Feldspathic porcelain is typically

etched for 5 minutes.
4.

	

Very carefully rinse away the gel under running

water. The gel is very caustic; it should not be al-
lowed to contact skin or eyes.

5.

	

Continue to rinse until all the gel color has been
removed.

6.

	

Dry the ceramic with oil-free air. A hair dryer is
recommended to ensure that the ceramic is not

contaminated.
7. Apply the silane according to the manufac-

turer's recommendations. Some manufacturers
recommend a heat-cured silane coupling agent
for increased bond strength, rather than a chem-

ically-activated silane. Heat curing is normally

done by the laboratory, and care must be taken
to clean the fitting surface thoroughly with al-
cohol before cementation.

The cementation procedures are presented in
Chapter 31.

SUMMARY

For many years porcelain jacket crowns have been
the most esthetic of fixed restorations. Unfortu-
nately, they incorporate a number of disadvantages

compared to the more popular metal-ceramic
crowns, including inferior mechanical properties

and increased technical difficulties associated with
obtaining adequate margin fit.

*Ceram-Etch Gel (9.5% hydrofluoric acid), Gresco Prod-
ucts, Inc: Stafford, Tex. (or the ceramic manufacturer's
recommended product).

Improved materials and the bonded ceramic
technique have renewed interest in all-ceramic

restorations. Porcelain laminate veneers have
proved to be conservative and esthetic alternatives

to complete coverage. Porcelain inlays and onlays
may provide a durable alternative to posterior com-

posite resins without the extensive tooth prepara-
tion needed for crowns. The highest-strength mate-
rials may be suitable for high-stress applications,

including FPDs. However, they are relatively new
and still lack the support of long-term clinical expe-

rience and research.

aluminum oxide 1: a metallic oxide constituent of den-
tal porcelain that increases hardness and viscosity 2:
a high-strength ceramic crystal dispersed through-
out a glassy phase to increase its strength as in alu-
minous dental porcelain used to fabricate alumi-
nous porcelain jacket crowns 3: a finely ground
ceramic particle (frequently 50 um) often used in
conjunction with airborne particle abrasion of metal
castings before the application of porcelain as with
metal ceramic restorations.

bisque bake: a series of stages of maturation in the fir-
ing of ceramic materials relating to the degree of py-
rochemical reaction and sintering shrinkage occur-
ring before vitrification (glazing)-called also
biscuit bake.

CAD-CAM: acronym for Computer Aided Design-
Computer Aided Manufacturer (or Computer Assisted
Machining).

castable ceramic: for dental applications, a glass-
ceramic material that combines the properties of a
restorative material for function with the capability
to be cast using the lost wax process.

ceram: n: a heat treatment process that converts a spe-
cially formulated glass into a fine grained glass-
ceramic material.
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ceramic: adj (1850): of or relating to the manufacture
of any product made essentially from a non-
metallic mineral (as clay) by firing at a higher
temperature.

' coping: n 1: a long, enveloping ecclesiastical vestment
2a: something resembling a cope (as by concealing
or covering) 2b: coping.

2 coping: n (ca. 1909): a thin covering or crown.
etching: vt (1632) 1: the act or process of selective dis-

solution 2: in dentistry, the selective dissolution of
the surface of tooth enamel, metal, or porcelain
through the use of acids or other agents (etchants)
to create a retentive surface.

feldspar: n (1757) 1: any one of a group of minerals,
principally aluminosilicates of sodium, potassium,
calcium, or barium, that are essential constituents of
nearly all crystalline rocks 2: a crystalline mineral of
aluminum silicate with sodium, potassium, barium,
and/or calcium; a major constituent of some dental
porcelains.

firing: the process of porcelain fusion, in dentistry,
specifically to produce porcelain restorations.

fluorescence: n (1852): a process by which a material
absorbs radiant energy and reemits it in the form of
radiant energy of a different wavelength band, all
or most of whose wavelengths exceed that of the ab-
sorbed energy. Fluorescence, as distinguished from
phosphorescence, does not persist for an apprecia-
ble time after the termination of the excitation
process.

glass-ceramic: a solid material, partly crystalline and
partly glassy, formed by controlled crystallization
of a glass.

glaze vb glazed; glazing: vt 1: to cover with a glossy,
smooth surface or coating 2: the attainment of a
smooth and reflective surface 3: the final firing of
porcelain in which the surface is vitrified and a high
gloss is imparted to the material 4: a ceramic veneer
on a metal porcelain restoration after it has been
fired, producing a nonporous, glossy or semiglossy
surface.

hydroxyapatite ceramic: a composition of calcium and
phosphate in physiologic ratios to provide a dense,
nonresorbable, biocompatible ceramic used for den-
tal implants and residual ridge augmentation.

inlay: n (1667): a fixed intracoronal restoration; a den-
tal restoration made outside of a tooth to corre-
spond to the form of the prepared cavity, which is
then luted into the tooth.

i ntrinsic coloring: coloring from within; the incorpora-
tion of a colorant within the material of a prosthesis
or restoration.

ion exchange strengthening: the chemical process
whereby the surface of a glass is placed in compres-
sion by the replacement of a small ion by a larger
one while maintaining chemical neutrality.

microcrack: n: in porcelain, one of the numerous sur-
face flaws that contributes to stress concentrations
and results in strengths below those theoretically
possible.

natural glaze: the production of a glazed surface by
the vitrification of the material itself and without
addition of other fluxes or glasses.

opacity: n (1611): the quality or state of a body that
makes it impervious to light.

opaque: adj (1641): the property of a material that ab-
sorbs and/or reflects all light and prevents any
transmission of light.

overglaze adj (1879): the production of a glazed sur-
face by the addition of a fluxed glass that usually
vitrifies at a lower temperature.

pigment: n (14 cent.): finely ground, natural or syn-
thetic, inorganic or organic, insoluble dispersed
particles (powder), which, when dispersed in a liq-
uid vehicle, may provide, in addition to color, many
other essential properties such as opacity, hardness,
durability, and corrosion resistance. The term is
used to include extenders and white or color pig-
ments. The distinction between powders that are
pigments and those that are dyes is generally con-
sidered on the basis of solubility-pigments being
insoluble and dispersed in the material, dyes being
soluble or in solution as used.

platinum foil: a precious-metal foil with a high fusing
point that makes it suitable as a matrix for various
soldering procedures as well as to provide an inter-
nal form for porcelain restorations during their
fabrication.

porcelain: n (known in Europe, ca. 1540): a ceramic
material formed of infusible elements joined by
lower fusing materials. Most dental porcelains are
glasses and are used in the fabrication of teeth for
dentures, pontics and facings, metal ceramic restora-
tions, crowns, inlays, onlays, and other restorations.

porosity n, pl -ties: (14 cent.) 1: the presence of voids or
pores within a structure 2: the state or quality of
having minute pores, openings or interstices.

refractory cast: a cast made of a material that will
withstand high termperatures without disintegrat-
ing-called also investment cast.

silica: n (ca 1301): silicon dioxide occurring in crys-
talline, amorphous, and usually impure forms (as
quartz, opal, and sand, respectively).

stain: vb 1: to suffuse with color 2: to color by pro-
cesses affecting chemically or otherwise the ma-
terial itself 3: in dentistry, to intentionally alter ce-
ramic or resin restorations through the application
of intrinsic or extrinsic colorants to achieve a de-
sired effect.

translucency: n (1611): having the appearance between
complete opacity and complete transparency; par-
tially opaque.
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Resin-retained fixed partial dentures have had a
variable popularity since the technique for splinting
mandibular anterior teeth with a perforated metal
casting was described by Rochette in 1973.' His
work suggested an alternative to conventional
metal-ceramic fixed partial dentures (FPDs) and its
substantial removal of tooth structure needed to
create strong, anatomically contoured, and esthetic
restorations (see Chapter 7). A prosthesis that re-
quires minimal removal of tooth structure is ap-
pealing, particularly for abutment teeth that are
intact and caries free. The primary goal of the resin-
retained fixed partial denture is the replacement of
missing teeth and maximum conservation of tooth
structure.

The advent of electrolytic etching of the metal
surface to provide micromechanical retention for
metal adhesion to enamel led to the technique's
broad application.' The restoration is simple in con-
cept and consists of one or more pontics supported
by thin metal retainers bonded lingually and proxi-
mally to the enamel of the abutment teeth (Fig.
26-1). These conservative prostheses depend on
bonding between etched enamel and the metal cast-
ing and require precise and defined metal engage-
ment of the abutment. The early use of these
bonded retainers tested the limits of its application.
There was a limited understanding of the treatment
planning required and the degree of resistance and
retention form necessary. In general use, poor de-

Fig. 26-1.

	

A, Facial view of resin-bonded retainer replac-
ing the right central incisor, which was lost as a result of
trauma. B, Lingual view of above. Note the extension of the
retainer over the marginal ridges of both abutment teeth,
which is an aspect of all designs for anterior retainers.

sign of the early retainers (with some only bonded
to lingual enamel), was compounded by the diffi-
culty of properly etching the metal. As a result, sev-
eral failures occurred, and the technique was used
more conservatively from 1986 to 1996. During and
since that period, design parameters have been enu-
merated and tested clinically. 3-6 These designs, com-
bined with new technologies for adhesive bonding
of resin to the metal, have led to a more reliable
prosthetic procedure that complements the dentist's
prosthodontic armamentarium.
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DEVELOPMENT OF RESIN-RETAINED
FPDS

BONDED PONTICS
The earliest resin-retained prostheses were extracted
natural teeth or acrylic teeth used as pontics bonded
to the proximal and lingual surfaces of abutment
teeth with composite resin.7-9 The composite resin
connectors were brittle and required supporting
wire or a stainless steel mesh framework. These
bonded pontics were limited to short anterior spans
and had a limited lifetime with degradation of the
composite resin bond to the wire or mesh and sub-
sequent fracture. Such restorations should only be
presented to patients as short-term replacements.

CAST PERFORATED RESIN-RETAINED FPDS
(MECHANICAL RETENTION)
In 1973, Rochette introduced the concept of bond-
ing metal to teeth using flared perforations of the
metal casting to provide mechanical retention. He
used the technique principally for periodontal
splinting but also included pontics in his design.
Howe and Denehy recognized the metal frame-
work's improved retention (as compared to bonded
pontics) and began using FPDS with cast-perforated
metal retainers bonded to abutment teeth and
metal-ceramic pontics to replace missing anterior
teeth. Their design recommendation, extending the
framework to cover a maximum area of the lingual
surface, suggested little or no tooth preparation. Pa-
tient selection limited these FPDs to mandibular
teeth or situations with an open occlusal relation-
ship. The restorations were bonded with a heavily
filled composite resin as a luting medium.

This concept was expanded to replacement of
posterior teeth by Livaditis. Perforated retainers
were used to increase resistance and retention. The
castings were extended interproximally into the
edentulous areas and onto occlusal surfaces. The
design included a defined occlusogingival path of
insertion by tooth modification, which involved
lowering the proximal and lingual height of contour
of the enamel on the abutment teeth. These restora-
tions were placed in normal occlusion; many have
survived and have been seen on recall for up to 13
years (Fig. 26-2). Despite this success, the perfora-
tion technique presents the following limitations:
• Weakening of the metal retainer by the

perforations
Exposure to wear of the resin at the perforations
Limited adhesion of the metal provided by the
perforations

Clinical results with the perforated technique
were followed for 15 years in a study at the Univer-
sity of Iowa.'-' The results from this well-controlled

Fig. 26-2. Lingual view of an early perforated resin-
bonded FPD replacing a premolar at the 13-year recall. Note
the loss of resin from the perforations, the poor gingival em-
brasures, and the generalized wear of the occlusal composite
resin restoration on the molar abutment.

study suggest that for anterior fixed partial den-
tures, 63% of the perforated retainer prostheses fail
in about 130 months. '6 Later data'-' indicate that 50%
fail in about 110 months (Table 26-1).

ETCHED CAST RESIN-RETAINED FPDS
(MICROMECHANICAL RETENTION-"MARYLAND
BRIDGE")
Based on the work of Tanaka et al" on pitting cor-
rosion for retaining acrylic resin facings and the
metal etching studies of Dunn and Reisbick,"
Thompson and Livaditis at the University of Mary-
land developed a technique for the electrolytic
etching of Ni-Cr and Cr-Co alloys. Etched cast
retainers have definite advantages over the cast-
perforated restorations:

• Retention is improved because the resin-to-
etched metal bond can be substantially
stronger than the resin-to-etched enamel.
The retainers can be thinner and still resist
flexing.
The oral surface of the cast retainers is highly
polished and resists plaque accumulation.

During the course of this work, the need for a
composite resin with a low film thickness for luting
the casting became apparent. This led to the first
generation of resin cements, which permitted mi-
cromechanical bonding into the undercuts in the
metal casting created by etching while providing
adequate strength and allowing complete seating of
the cast retainers. Comspan,* the first of these ce-
ments, was moderately filled (60% by weight) with

*Caulk, Dentsply: Milford, Del.
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Fig. 26-3.

	

Scanning electron micrograph (SEM) at 1000x
magnification of a Ni-Cr-Mo-Al-Be alloy electrolytically
etched. The microstructure is selectively removed to create a
highly undercut surface that can be wet by hydrophobic
composite resins.

a film thickness of approximately 20 um.21 Such ce-
ments are not chemically adhesive to the metal.

Electrolytic etching of base metal alloys proved
to be critically dependent on the base metal alloy
and attention to detail in the laboratory. Initial
etching methods were developed for a Ni-Cr alloy*
and a Ni-Cr-Mo-Al-Be alloy. These methods
were followed by simplified techniques, chemical
etching, 23 or attempts at gel etching. 24 They all
yield similar results, provided the technique is opti-
mized for a specific alloy. Proper etching requires
evaluation of the alloy surface with a scanning
electron microscope. The degree of undercut created
by this etching process can be seen in Figure 26-3.
Lack of attention to detail can result in electro-
polishing or surface contamination .26 With time,
both severely degrade bond strengths in a moist
environment.

Highly variable results were reported for dental
laboratories when etching the same alloy .27 Etching

and bonding techniques were adopted based on
bond strength testing of specimens only subjected to
24 hours or 7 days of water exposure. When resin-to-
metal test specimens were aged for 6 months in wa-
ter and then thermally stressed by 10,000 or more
thermal cycles, large reductions in bond strengths
were recorded . Therefore, data from specimens
that have not been aged and thermally stressed
should be viewed skeptically. Even particle abrasion
will provide initially high resin-to-metal bonds,
which can degrade to almost zero with time . 31

Well-researched and tested resin systems for di-
rect adhesion to metal surfaces have now com-
pletely supplanted metal etching as retention mech-
anisms.32 This is discussed subsequently.

MACROSCOPIC MECHANICAL RETENTION RESIN-
RETAINED FPDS ("VIRGINIA BRIDGE")
As a result of concerns about etching base metal and
the desire to use alternative alloys, several methods
have been developed to provide visible macroscopic
mechanical undercuts on the inner surface of FPD
retainers. The first was developed at the Virginia
Commonwealth University School of Dentistry and
is known as the "Virginia Bridge. It involves a "lost
salt crystal" technique. On the working cast, the
abutments are coated with a model spray, and a lu-
bricant is then applied. Within the outlines of the re-
tainers, specially sized salt crystals* (150 to 250 um)
are sprinkled over the surface in a uniform mono-
layer, leaving a 0.5-mm border without crystals at
the periphery of the pattern. This is followed by ap-
plication of a resin pattern. After pattern investment,
the salt crystals are dissolved from the surface of the
pattern. Adequate bond strengths are possible with
this method, but the thickness of the casting must
be increased to allow for the undercut thickness. Al-
though no long-term results have been reported
with this technique, it does permit the use of almost
any metal-ceramic alloy.

*Biobond C & B, Dentsply International: York, Pa.
Rexillium III, Jeneric/Pentron: Wallingford, Conn. *Virginia technique kit: Richmond, Va.
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An alternative technique for macroscopic reten-
tion is the use of a cast mesh pattern on the internal

surface of the retainers. The mesh, usually made
of nylon,* should be adapted to the lingual and

proximal surfaces of the abutments. The mesh is
then covered by wax or resin; this must be done
carefully to prevent occluding the mesh with the
pattern material. Investing and casting then follow

*Klett-O-Bond, Denerica Dental Corporation: Batavia,
Ill.

(Fig. 26-4). This method is technique sensitive but
can provide adequate retention with a resulting
thick lingual casting. The cast mesh and the lost salt
crystal method have been supplanted by direct ad-

hesion with resin, which is possible for most casting
alloys if the correct surface treatment is provided.

CHEMICAL BONDING RESIN-RETAINED FPDS
ADHESION BRIDGES

While etched castings were the method of choice for
retention of resin-retained FPDs during the 1980s

and early 1990s, extensive research was underway

Fig. 26-4.

	

Fabrication of a resin-retained FPD that uses macroscopic retention. A, The retainers are
outlined in pencil, and the wax backing sheet is marked. B, Prefabricated plastic mesh patterns. C, A pat-
tern is trimmed on the backing sheet and is luted to the cast (D). E, The framework is waxed and cut
back. F, The pattern is sprued, ready for investing. G, The completed fixed partial denture. H, Scanning
electron micrograph of the retentive surface.
(A to F courtesy 3M-Unitek Corporation; G courtesy Dr. P. Hasiakos; H courtesy Dr. J.L. Sandrik.)
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in Japan to develop adhesive systems for direct
bonding of metal for this application. The first
of these resin systems* is based on a formulation
of a methyl methacrylate polymer powder and
MMA liquid modified with the adhesion promoter
4-META (4-methacryloxyethyl-trimellitic anhy-
dride) .37 It was developed with a unique tri-n-
butylborane catalyst system that is added to the liq-
uid before combining with the powder. On base
metal alloys, Super-Bond has the highest initial
bond strengths of any adhesive resin system. Un-
fortunately, there is some concern about the hy-
drolytic stability of these bonds over time'38 which
depends on the alloy's Cr-Ni ratio .39 Its advantages
include its lower elastic modulus and higher frac-
ture toughness when compared to BISGMA-based
resin cements '40, which could result in less brittle-
ness and better clinical results with less well-
adapted castings . 42 This resin system has been un-
der development in Japan since 1982, when a book
detailing its clinical usefulness was published .3'
This system has shown poor clinical results with
bonding high gold alloy retainers to abutment
teeth .43 However, alloy primers are being developed
to provide a more stable bond to noble alloy sur-
faces . 44, 45

Super-Bond's introduction was followed by a
BISGMA-based composite resin luting cementt that
is modified with the adhesion promoter MDP $
MDP's chemical structure and use are described in
the literature.

Panavia has shown excellent bonds to air-
abraded Ni-Cr and Cr-Co alloys 46-49 as well as tin-
plated gold and gold palladium-based alloys.

Panavia has a tensile bond to etched enamel (10
to 15 MPa) comparable to the traditional BISGMA
low-film thickness composites (e.g., Comspan and
Conclude). The combination of metal electrolytic
etching, followed by application of an adhesive
such as Panavia, does not improve the tensile bond
to the alloy and is actually slightly lower than the
bond of Panavia to airborne-particle-abraded
(sandblasted) base metal alloys 5' The most recent
version of Panavia, Panavia F, is a dual cure system
(chemical and visible light) that releases fluoride. It
also incorporates a self-etching primer system (ED
Primer) for bonding to enamel and dentin.

Tin-plating of noble alloys allows resin-to-metal
bond tensile bond strengths only slightly lower than

*Super-Bond C&B, Sun Medical: Osaka, Japan (also
known as C&B. Metabond, Parkell: Farmingdale, N.Y).
Panavia, Kuraray Company: Osaka, Japan.
$10-methacryloxydecyl dihydrogen phosphate.

those for either the electrolytically etched or air-
abraded Ni-Cr-Be alloys (18 to 30 MPa). However,
tensile bond strengths are certainly greater than the
bond to etched enamel. 25,50,52,53 Tin-plating of the
metal surface also requires particle abrasion of the
alloy surface for adequate tin nucleation sites (Fig.
26-5). Tin-plating can be completed in the dental
laboratory, chairside, or intraorally to achieve metal
bonding. Particle abrasion of the alloy surface just
before the plating procedure is critically impor-
tant . 54. 55 One common tin-plating system* (Fig. 26-6,
A) uses a tin amide solution, which is applied to the
metal surface with a saturated cotton pledget held
on the end of a battery-powered probe (4 volts).
The probe is grounded elsewhere on the metal (Fig.
26-6, B). Tin-plating times are usually 5 to 10 sec-
onds and produce a light gray surface. Plating is fol-
lowed by copious rinsing with water and drying;
the adhesive resin is then applied.

Particle abrasion of the alloy surface with 50 u
alumina before bonding or tin- plating not only cre-
ates a roughened, higher surface area substrate for
bonding, but it also creates a molecular coating of
alumina." The alumina on the surface aids in oxide
bonding of the phosphate-based adhesive systems
(e.g., Panavia to alloy surfaces). Studies of this
bonding mechanism are also reinforced by lab-
oratory data on bonding to alumina and zirconia
surfaces." 9

These adhesive systems have now shown nearly
the same degree of long-term clinical bonding (since
1983 in Japan) as the conventional composites on
etched metal (since 1981 in the United States). '9 Lab-
oratory data support their efficacy. The favorable
findings for direct adhesion to metal make alloy
etching and macroscopic retention mechanisms ob-
solete.'-5° This simplifies the laboratory and clinical
procedures for placement of resin-retained FPDs.

Laboratory systems for adhesive bonding resin to
metal have been developed. One method first in-
volves the flame application of a silica-carbon layer
to the metal surface. This treated metal is then
silane-coated, which provides a surface to which
composite resin will bond. The system (burner-
aspirator-timer and associated chemistry) was ini-
tially marketed to the dental laboratory industry as
the Silicoater.t It has since evolved to an oven
method to bake the silica-carbon layer to the alloy
surface and is now called the Silicoater MD system.
Subsequently, the critical aspects of sandblasting be-
fore treatment in the oven have been investigated .6'
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Fig. 26-5.

	

Variations in tin-plating patterns with two surface treatments. A, Sandpaper (600 grit) pre-
pared gold alloy* surface. B, Tin-plating exhibiting local clumping and random distribution of tin parti-
cles. C, Gold alloy surface after 50 um alumina particle abrasion. D, Particle-abraded gold alloy surface af-
ter tin-plating with an even distribution of fine tin particles.

Fig. 26-6.

	

Intraoral tin-plating. A, Tin-plating system where direct current is used to deposit tin from
an amide solutiont. B, Tin plater in use intraorally. Note the gray color change. The tin is being deposited
from the solution and carried to the metal in the cotton pledget affixed to one electrode of the plater; the
circuit is completed with the alligator clip, which is in electrical contact with the prosthesis.

Another laboratory method for resin bonding is
the Rocatec System.$ In this method, the metal sur-
face is initially particle-abraded with 120 um alu-
mina. This is followed by abrasion with a special

*Firmilay, Jelenko: Armonk, N.Y.
Tin Plater, Danville Engineering: San Ramon, Calif.
ESPE: Norristown, Pa.

silicate particle-containing alumina (Fig. 26-7). This
second particle abrasion step deposits a molecular
coating of silica and alumina on the alloy surface.
Silane is then applied to the surface, making it ad-
hesive to composite resin. The various silane appli-
cation techniques have been compared by Norling
et al .6' The Silicoater and the Rocatec systems have
been compared to Panavia for bonding to a range
of surfaces and are adequate in this regard.
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Fig. 26-7.

	

SEM of air abrasion particles* composed of a
mixture of 50 gm alumina (dark irregular particles) and
smaller silicate particles (light color) used for final abrasion of
metals during which a molecular coating of silicate is tribo-
chemically deposited on the metal. This silicate layer on the
metal allows reaction with a silane-priming solution for sub-
sequent bonding of resin to the metal.

However, they require careful laboratory technique
and are generally confined to bonding composite
resin veneers to alloy castings because of the con-
cern that the silane-treated surface may become
contaminated before or during the clinical bonding
procedures.

Changing the method of attachment of the resin
to the metal framework does not change the design
of the framework itself, because the limiting factor
in the system is still the bond of resin to enamel. The
evolution of Japanese designs for resin-retained
FPDs have paralleled those in North America and
Europe. There is an almost universal agreement
concerning the need for mechanical retention of the
framework to limit the stress on the bond interfaces
(resin-to-metal and resin-to-enamel) and in the
composite resin, which can become fatigued with
time .65

DESIGN CONCEPTS

The guidelines for optimum design of resin-
retained FPDs have been empirically derived. The
underlying principle for these restorations has al-
ways been that it is necessary to cover as much
enamel surface as possible, as long as occlusion, es-
thetics, or periodontal health are not compromised.
To emphasize the significance of maximum enamel
coverage, Crispin et all' reported 3-year failure rates

Fig. 26-8.

	

Comparison of initial and contemporary poste-
rior resin-bonded FPD designs. A, Original design. Minimal
modification of lingual and proximal enamel allowed suffi-
cient buccal extension of the metal. Once seated, the retainer
could not be displaced from buccal to lingual. B, More ex-
tensive enamel preparation is now used with proximal
grooves at the buccal-proximal line angles of the edentulous
space. Note that with this design, the abutment teeth cannot
be displaced from the retainer.

of up to 50% when using small bonded areas and
minimal retention designs.

The initial designs of etched cast retainers in-
cluded an "interproximal wraparound" concept de-
veloped to resist occlusal forces and provide a
broader area for bonding. Enamel preparations con-
sisted of creating occlusal clearance, placement of
occlusal/cingulum rests, and lowering the lingual
and proximal height of contour, thus creating prox-
imal extensions.

Frameworks should seat in an occlusogingival
direction and should have no facial-lingual dis-
placement (Fig. 26-8, A). The contemporary design
has improved retention with well-placed and pre-
cise grooves on abutment teeth (Fig. 26-8, B). They
will be detailed in the following paragraphs. Con-
temporary mouth preparations, in an effort to min-
imize failures, do not preserve as much tooth struc-
ture as their predecessors; nevertheless, they are
still limited to enamel and adhere to conservative
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design principles. The new designs have been
tested in laboratory studies .69, 70

Three principles are fundamental to achieve pre-
dictable results with resin-retained FPDs: proper
patient selection, correct enamel modification, and
framework design. The treatment is not a panacea,
and if any of the contraindications are present, the
patient should be treated with a conventional FPD
or an implant-supported prosthesis.

ADVANTAGES

When used appropriately, resin-bonded FPDs offer
several advantages over conventional fixed
prosthodontics (Box 26-1). Due to the unique
preparation design, minimal tooth structure needs
to be removed. In general, the preparation is con-
fined to enamel only. Because of the conservative
nature of the preparation, the potential for pulpal
trauma is minimized. Anesthesia is not routinely
used during tooth preparation (without anesthesia,
it is possible to monitor the proximity of the prepa-
ration to the DEJ by the patient's comfort level). The
prosthesis can often be kept entirely supragingival;
as a result, periodontal irritation is kept to a mini-
mum. In a periodontal evaluation of restorations
that averaged 10 years in service, the periodontal
response was not significantly different from unre-
stored contralateral teeth." Only when the retainer
gingiva margins were less than 0.5 mm from the
gingival crest was there a correlation with a gingi-
val response. Concurrently, impression making is
simplified due to the supragingival margins. Be-
cause the abutment teeth are maintained with
normal proximal contacts, in addition to being
nonsensitive, fabrication of traditional provisional

restorations (Chapter 15) is usually not required
other than in selected patients. However, judicious
placement of composite resin is important to main-
tain occlusal clearances after the final impression
and until the final restoration is bonded. (See Fig.
26-15.) Chair time is significantly reduced as com-
pared to conventional fixed prosthodontics, and
the cost incurred by the patient is less. Both may be
reduced by as much as 50 percent.

The restoration can be rebonded, which is a den-
tal operatory procedure that uses particle abrasion
and adhesive resin systems (as long as the debond-
ing occurred with no sequela to the abutment teeth).
If one retainer remains bonded, it can be gently
loosened with a monobevel, single-ended instru-
ment and a soft mallet. Any deformation of the
metal framework relative to the tooth structure can
cause a crack to propagate through the luting com-
posite resin. The monobevel chisel is located at an
incisal or occlusal edge at an oblique angle to the
long axis of the tooth along a mesial or distal line
angle. The mallet should be used lightly (limited by
patient response); repeated tapping will cause a
debond. However, with mechanically retentive de-
signs, which employ grooves and slots, the frame-
work may require sectioning and removal of the
sections with the procedure just discussed (Fig.
26-9). As an alternative, ultrasonic sealers have been
proposed to help remove partially debonded pros-
theses." Special ultrasonic sealers with special tips
are available. They are applied at the incisal and
gingival margins, but the procedure requires a high-
power setting and can take considerable time. The
debond rate with rebonded restorations is high,
and design modifications and a new or alternative
restoration should be considered.
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Fig. 26-9.

	

Removal of a retainer with a contemporary design. A, The retainer has been sectioned with
a carbide bur to allow separation of the mesial and distal retentive features. The monobevel chisel is ori-
ented to provide a wedging action between the metal and the enamel, which will allow a crack to propa-
gate though the brittle resin. B, The cracking of the resin has propagated a debond between the metal and
the resin. The mesial retainer half can now be removed in a similar manner. This retainer was removed be-
cause of fatigue fracture of the metal at the junction of the pontic metal with the premolar retainer arm (not
shown), where the retainer was thinner than 1 mm. The poor periodontal support of the molar abutment
allowed large lateral movements of the pontic and molar during function.

The primary disadvantage associated with resin-
bonded FPD" relates to the fact that the longevity of
the prosthesis is less than for conventional prosthe-
ses. This has been the subject of considerable inves-
tigation. Studies of first-generation etched metal
FPD" at the University of Iowa (more anterior pros-
theses than posterior) and the University of Mary-
land (more posterior prostheses than anterior), with
an average service time of more than 10 years, have
been relatively successful. The results estimate that
50% will fail after 250 months and 190 months, re-
spectively (see Table 26-1).16 These studies also
indicate that the rate of debonds does not increase
with time.

In a study conducted in a private-practice setting,
contemporary designs with a mean service time of
6 years achieved a 93% success rate . 3 This differs
with the findings in a multicenter study in Europe,
where debonding rates increased with the time after
placement (almost 50% at 5 years) and were related
to preparation design, luting agent selection, and
the area of placement within the dental arch. 78 An-
other European study found retention rates of 60%
at 10 years for early designs. In one study, posterior
and mandibular resin-retained FPD" demonstrated
higher dislodgment rates,79 which may have re-
sulted from occlusal forces (see Chapter 4) and in-
creased isolation difficulty during the bonding pro-
cedure.", "' In light of these studies, the likelihood of
eventual debonding should be discussed with the
patient before treatment. By comparison, a meta-
analysis of conventional FPD clinical studies indi-
cated a doubling of the failure rate for every 5 years

DISADVANTAGES of service from 0 to 15 years."' When these results
are projected from 15 years to 20 years, a 50% failure
rate for conventional fixed partial dentures would
take about 20 years."

Extensive enamel modifications are required
with retentive design to the proximal and lingual
surfaces of the abutment teeth (see Fig. 26-8, B). If
the restoration is removed, composite resin bonding
could restore the enamel contours, but transition to
a more traditional prosthesis is likely. Enamel is lim-
ited in thickness, which requires precision in design
and preparation with attention to detail ."2 Enamel
lingual surfaces of anterior teeth are almost always
thinner than 0.9 mm. 83

Space correction is difficult with resin-retained FPDs.
When the pontic space is greater or less than the di-
mensions of a normal tooth, achieving an esthetic result
with this restoration is difficult. As with conventional
fixed prostheses, treatment of diastemas is demanding,
although a cantilever option may be appropriate.

Good alignment of abutment teeth is required be-
cause the prosthesis' path of insertion is limited by
potential penetration of the enamel thickness. How-
ever, some posterior teeth, which are mesially or
mesiolingually tilted, can be onlayed with a bonded
retainer (see Figs. 26-19 and 26-21).

Esthetics is compromised on posterior teeth. Pos-
terior resin-retained FPD design requires the exten-
sion or the metal framework onto the occlusal surface
of posterior teeth. These occlusal rests and occasional
onlaying of cusps are visible, which might be objec-
tionable to some patients (see Fig. 26-19).

Clinical indications and contraindications are quite
specific. In the presence of any contraindications, a

A
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conventional FPD or an implant-supported crown
should be considered.

In the treatment plan for any fixed prosthesis, the

patient's individual needs must be properly identi-
fied. The presence of any existing disease, its etiol-

ogy, and how it relates to the treatment prognosis
must be assessed. Periodontal and general dental
health must be reestablished, and the proposed
abutment teeth should not exhibit mobility; how-
ever, periodontal splinting of teeth with a resin-

retained FPD has been successful with strict provi-
sion of mechanical retention of each tooth within
the alloy framework.

Resin-retained restorations have been used for

many years to replace missing anterior teeth in chil-
dren (Fig. 26-10). Conventional fixed prostho-
dontic techniques are generally contraindicated in
young patients because of management problems,

inadequate plaque control, the large size of the
pulps, and the fact that children routinely partici-

pate in sports. Anteriorly, one or two teeth with
mesial and distal abutments can generally be re-
placed with a resin-bonded FPD. Depending on
the circumstances, a greater number of teeth can be
involved.

Sound teeth or those with minimal restorations

are suitable as an abutment with a resin-bonded re-
tainer. When bonding to anterior teeth, the presence

of Class III restorations is not a contraindication to a
bonded retainer. However, large multiple restora-

tions or a Class IV restoration would limit the bond-
ing and the abutment's mechanical integrity. In the

posterior region, existing Class 11 lesions proximal

Fig. 26-10.

	

Resin-retained FPDs are particularly useful
in the treatment of young patients with congenitally miss-
ing teeth. Note the unusual tooth pattern with the first pre-
molar in the canine space and the missing laterals.

I NDICATIONS

to the edentulous space can be incorporated into the
retainer design. Minimal or moderate alloy restora-

tions in the abutment teeth should be replaced with
dentin bonding and composite resin, or they can
sometimes be incorporated into the preparation de-

sign. The incorporation of an MO amalgam into the
retainer design is shown in Fig. 26-11 and was

placed before the advent of high-strength dentin
bonding systems. The 9-year recall of the restoration
is also presented.

As demonstrated in clinical studies, single poste-

rior teeth can be replaced with resin-bonded FPDs.3
Significant clinical crown length should be pre-

sent to maximize retention and resistance form. In
addition to replacing missing teeth, the resin-
bonded prosthesis can be used for periodontal
splinting and postorthodontic fixation.

The restorations may be used both anteriorly and
posteriorly. However, excellent moisture control
must be practiced during cementation.

Proper patient selection also requires an aggres-

sive and ongoing follow-up program to detect
debonding and the presence of caries resulting from

Fig. 26-11.

	

A, Preparation for resin-retained FPD incor-
porating an existing amalgam restoration by use of a shal-
low inlay preparation where the amalgam reduction is
short of the depth of the DEJ (with current dentin bonding
technology, a composite resin base would be substituted for
the amalgam). Note the shallow distal rest on the premolar
and the lack of mesiolingual slot/groove preparation on the
premolar abutment. B, Nine-year recall of the restoration
where luting resin is still present as a sealant in the molar
lingual groove.

A

B
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a debond. However, caries rates on bonded retain-
ers are low."'"

CONTRAINDICATIONS

Because of the apparent advantages of resin-
retained restorations, they have often been used in
inappropriate circumstances, leading to failures that
reduced patient (and dentist) confidence in the tech-
nique. Fortunately, these failures were usually cor-
rectable by more conventional methods. If any of
the following contraindications exist in a particular
clinical situation, an alternative approach to treat-
ment should be selected.

Patients with parafunctional habits should be ap-
proached cautiously when the use of resin-retained
FPDs is considered, because the resistance to dis-
placement of these retainers is lower than in conven-
tional FPDs. They should be used judiciously where
above-average lateral forces are likely to be applied
(e.g., in a patient with parafunctional habits or in a
patient who requires an anterior tooth replacement in
the presence of an unstable or nonexistent posterior
occlusion). In these instances, all means of mechani-
cal retention of the framework (grooves, occlusal
rests, interproximal extension of metal) (see Fig. 26-8,
B) should be used. The patient should be informed
about the possibility of debonding. Periodontal
splints can also be fabricated, but they require strict
attention to mechanical retention . 4,5,86

Long edentulous spans should be avoided be-
cause they place excessive force on the metal reten-
tion mechanism; with repeated loading, fatigue of
the bonding interfaces or even the metal is possible.

Retention is dependent on an adequate surface
area of enamel and sufficient clinical crown for
proximal contouring and placement of grooves.
This can be difficult if the abutment teeth have short

Fig. 26-12.

	

Minimal crown length is available for prepa-
rations of adequate retention due to hyperplastic gingival
tissues. Surgical crown lengthening is indicated.

clinical crowns (Fig. 26-12). Surgical crown length-
ening may therefore be necessary as a way to in-
crease the bondable surface area and because sub-
gingival margins must be avoided.

Extensively restored or damaged teeth are un-
suitable as abutments. One sound abutment and
one extensively restored abutment can be incorpo-
rated into a combination FPD. In one retrospective
clinical study with restorations in function for an
average of more than 10 years, combination FPDs
with one conventional retainer and one bonded re-
tainer were very successful."

Compromised enamel on abutment teeth as a re-
sult of hypoplasias, demineralizations, or congeni-
tal problems (e.g., amelogenisis imperfecta or
dentinogenisis imperfecta) will adversely affect
resin bond strength.

As previously mentioned, edentulous spaces that
are larger or smaller than normal tooth size or di-
astemas are not easily accommodated. The labiolin-
gual thickness of anterior abutment teeth and
translucency of the enamel should be assessed to
determine whether the shade of the abutment teeth
will be changed (a consequence of reduction of
tooth translucency by the metal retainer .) Gray-
ing of the abutments can be eliminated with opaque
resins and by limiting the incisal extent of the metal
on the lingual surface. Translucent resins cause op-
tical coupling of the metal to the tooth; appreciable
graying of the enamel will result. A trial insertion of
the metal with water between the metal and the
tooth provides a preview of the possible graying.
Similarly, when custom-staining the pontic of a
resin-retained FPD, a trial resin (which will not
polymerize) should be used to visualize the final
shade of the abutment teeth with the metal backing
(Fig. 26-13).

The presence of a deep vertical overlap prevents
adequate enamel reduction and can place excessive
forces on resin-retained FPDs; this situation should
be approached cautiously.

Nickel-based alloys have been the primary metal
for resin-retained FPDs. Patients who are allergic to
nickel should be identified and offered an alterna-
tive .88 Tin-plating and laboratory-applied bonding
systems allow the use of noble alloys. However,
with the reduced elastic modulus of most noble
alloys, the metal thickness should be increased ap-
proximately 30% to 50% to make the stiffness of the
noble metal framework equal to that of base
metal. 89 This is an important factor in treatment
planning and can influence the amount of occlusal
clearance required for the metal (which is critical in
patients with a deep vertical overlap).
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Fig. 26-13.

	

A, Try-in of resin-retained FPD for staining of the pontic showing extensive graying of
the central incisor abutment when translucent resin optically couples the dark metal to the tooth. B, Use
of opaque resin prevents the darkening of the abutment and raises the value slightly. Opaque and
translucent resins can be combined to provide the correct shade for the abutment; the pontic can then be
characterized accordingly.

In the fabrication of resin-retained FPDs, attention
to detail in the following three phases is necessary
for predictable success:
1.

	

Preparation of the abutment teeth
2.

	

Design of the restoration
3. Bonding

PREPARATION OF THE ABUTMENT TEETH

Whether anterior or posterior teeth are prepared,
common principles dictate tooth-preparation de-
sign. A distinct path of insertion must exist, proxi-
mal undercuts must be removed to provide "planes
of metal" on the lingual and proximal surfaces, oc-
clusal rest seats and proximal groove/slots must
provide resistance form, and a definite and distinct
margin gingival margin should be established
wherever possible (Fig. 26-14).

On anterior teeth, the procedure is similar in
many ways to the lingual reduction needed for a
pinledge preparation (see Chapter 10), but the
amount of reduction is less because the enamel
must not be penetrated. If necessary, the opposing
teeth can be recontoured to increase interocclusal
clearance. There must be sufficient enamel area for
successful bonding, and the metal retainers must
encompass enough tooth structure and have suffi-
cient resistance form to prevent the individual abut-
ment tooth from being displaced in any direction
out of the framework.

FABRICATION

Fig. 26-14.

	

Preparation design for anterior resin retainer
FPD. Note the lowering of the height of contour in the
interproximal, the slight extension of the metal toward the
facial (but not so much that it will compromise esthetics),
and the use of small but distinct proximal grooves.

Bur selection depends on operator preference.
Gingival margins and circumferential preparation
are easily accomplished with a chamfer or round-
tipped diamond. Occlusal rest seats and cingulum
notches can be prepared with a diamond or carbide
inverted cone bur. The other critical retentive fea-
tures (e.g., slots, grooves) can be made with a ta-
pered fissure bur.

BA
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The dentist should determine the restoration de-
sign before beginning tooth preparation. This may
include surveying the abutment teeth and making
trial modifications on a cast.

Step-by-step Procedure
1.

	

Leave the margins about 1 mm from the in-
cisal or occlusal edge, and, if possible, 1 mm
from the gingival margin. Definite rests and
grooves will provide resistance form for the
retainers and will assist in positive seating
during cementation. Small, defined gingival
margins (where possible) will guide the labo-
ratory as to the gingival extent of the retainer.
To enhance resistance, more than half the cir-
cumference of the tooth should be prepared
(i.e., the concept of greater than 180-degree
wraparound, which is particularly important
for posterior teeth).

2.

	

Make an accurate impression. Marginal fit is
as critical for a resin-retained restoration as
for a conventional FPD. Bond strengths are
reduced with thick resin layers.

3.

	

Provide temporary occlusal stops. Significant
supraocclusion of the abutment teeth can oc-
cur rapidly, particularly in younger patients
or patients with reduced periodontal sup-
port. This can be avoided on anterior teeth by
placing a small amount of composite resin
on the opposing lower teeth. This is rarely
needed for posterior teeth unless significant
onlaying of the abutment is planned (in
which case small composite resin stops can
be bonded to the enamel) (Fig. 26-15). The
resin is removed just before placement of the
resin-retained FPD.

Fig. 26-15.

	

Temporary replacement of occlusal stops is
critical whenever they have been removed as a result of
enamel recontouring. The composite resin stops shown
here will be removed when this posterior inlay/onlay
resin-retained FPD is bonded.

Fig. 26-16.

	

Clinical view of an anterior prosthesis
demonstrating the extent of coverage of the metal retainer,
which forms planes on the mesial and distal lingual
surfaces.

ANTERIOR TOOTH PREPARATION

AND FRAMEWORK DESIGN

When designing the anterior prosthesis, use the
largest possible surface area of enamel that will not
compromise the esthetics of the abutment teeth. The
retentive retainers (wings) should extend one tooth
mesial and distal if a single tooth is replaced (Fig.
26-16). If two teeth are replaced, double abutments
on either side can be considered, but only if the
periodontal support of the abutments is compro-
mised. With proper mechanically retentive designs,
two maxillary incisors pontics can be retained by
two lateral incisors, unless the laterals have short
clinical crowns or a deep vertical overlap is present.
If a combination of tooth replacement and splinting
is used, the framework may cover more teeth.

Cantilevering pontics with resin-retained FPDs is
also possible. This has been successful in selected

situations in the anterior region and is particularly
useful for replacement of lateral incisors where can-
tilevers from either the central incisor or canine are
possible. The retainer design is critical and requires
adequate mechanical engagement of the abutment
tooth.

The gingival margin should be designed so that a
slight supragingival chamfer exists that delineates
the gingival extension of the preparation. Any un-
dercut enamel is removed at this time. The chamfer
finish line should extend incisally through the distal
marginal ridge area so that mesial, lingual, and dis-
tal "planes" are created (see Fig. 26-16). Abutments
should have parallel proximal surfaces whenever
possible.

The finish line on the proximal surface, adjacent
to the edentulous space, should be placed as far fa-
cially as practical. A 0.5-mm-deep slot, prepared
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with a tapered carbide bur, should be placed
slightly lingual to the labial termination of the prox-
imal reduction (Fig. 26-17). Great care in paralleling
the proximal grooves is required. A paralleling in-
strument is very helpful during this procedure* and
has demonstrated its importance in highly success-
ful clinical studies. This device is also helpful
when many teeth are to be incorporated in the
framework (e.g., an extensive periodontal splint).

The occlusion is assessed to ensure at least 0.5
mm of interocclusal clearance for the metal retainers
in the intercuspal position and throughout the lat-
eral and protrusive excursive pathways. If inade-
quate clearance exists, selective enameloplasty is
performed. Occasionally, additional clearance can
be obtained by reducing the opposing teeth. How-
ever, this is contraindicated if there is wear or attri-
tion on the incisal edges.

*Parallelometer, Coltbne/Whaledent: Brooklyn, N.Y.

Fig. 26-17.

	

A, Preparation design for an anterior pros-
thesis. Proximal grooves have been prepared on the mesial
and distal surfaces of the abutment teeth. This mechanical
retention is particularly important on the canine, where a
distinct wear facet is seen. B, The gold alloy retainer is
thicker than if a base metal alloy had been used. Note the

extent of the metal into the canine distal proximal embra-
sure while the central mesial extension has been limited be-
cause of the incisor diastema.

The restoration must extend labially past the
proximal contact point. To optimize esthetics, the
proximal wrap in the anterior region may be
achieved in part with the porcelain pontic (see
Fig. 26-16).

Preparation of mandibular anterior teeth is simi-
lar to that for the maxillary incisors. Lingual enamel
thickness is 11% to 50% less than for maxillary teeth,
and tooth preparation must therefore be more con-
servative .s 2 Combinations of periodontal splinting
and tooth replacement are commonly used in the
mandibular anterior region (Fig. 26-18). This pre-
sents a challenge for providing mechanical reten-
tion for the abutment and splinted teeth.

POSTERIOR TOOTH PREPARATION

AND FRAMEWORK DESIGN

The basic framework for the posterior resin-
retained FPD consists of three major components:
the occlusal rest (for resistance to gingival displace-
ment), the retentive surface (for resistance to oc-
clusal displacement), and the proximal wrap and
proximal slots (for resistance to torquing forces) (see
Fig. 26-8, B).

A spoon-shaped occlusal rest seat, similar to that
described for a removable partial denture (RPD)
(see Chapter 21), is placed in the proximal marginal

Fig. 26-18.

	

A and B, Lingual and labial view of a resin-
retained FPD that combines periodontal splinting and re-
placement of the left lateral incisor. Note the lack of distal
metal extension on the left canine and the lack of metal ex-
tension into the proximal embrasures. This lingual bonding
with lack of mechanical retention on teeth with limited
periodontal support can lead to debonds.

A

B
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ridge area of the abutments adjacent to the edentu-
lous space. An additional rest seat may be placed on
the opposite side of the tooth (Fig. 26-19). The rest is
an important retention feature for resistance to both
occlusal and lateral forces and should be designed
to function as a shallow "pin."

To resist occlusal displacement, the restoration is
designed to maximize the bonding area without
unnecessarily compromising periodontal health or
esthetics. Proximal and lingual axial surfaces are re-
duced to lower their height of contour to approxi-
mately 1 mm from the crest of the free gingiva. The
proximal surfaces are prepared so that parallelism re-
sults without undercuts. In the interproximal area, no
gingival chamfer is necessary to prevent penetration
of the enamel, resulting in a knife-edge margin. Oc-
clusally, the framework should be extended high on
the cuspal slope, well beyond the actual area of
enamel recontouring (provided it does not interfere
with the occlusion) (Fig. 26-20).

Resistance to lingual displacement is more easily
managed in the posterior region of the mouth. A
single path of insertion should exist. The alloy
framework should be designed to engage at least
180 degrees of tooth structure when viewed from

Fig. 26-19.

	

A, Preparation for large premolar pontic.
The first premolar has been prepared with mesial and distal
rests and a distobuccal groove. B, The final restoration,
which displays extensive metal on the occlusal surface of
the premolar. This may be esthetically unacceptable for
some patients.

the occlusal. This proximal wrap enables the
restoration to resist lateral loading by engaging the
underlying tooth structure and is assisted in this re-
gard by grooves in the proximal just lingual to the
buccal line angle. Distal to the edentulous space, the
retainer resistance is augmented by a groove at the
lingual proximal line angle. Moving a properly de-
signed resin-bonded FPD in any direction except
parallel to its path of insertion should not be possi-
ble, nor should it be possible to displace any tooth
to the buccal from the framework (see Figs. 26-8, B,
26-19, and 26-20).

In general, preparation differs between maxillary
and mandibular molar teeth only on the lingual sur-
faces. The lingual wall of the mandibular tooth may
be prepared in a single plane. The lingual surface of
the maxillary molars requires a two-plane reduction
due to occlusal function and the taper of these func-
tional cusps in the occlusal two thirds. However, the
mandibular lingual retainer may be carried over
the lingual cusps to augment resistance and reten-
tion form on short clinical crowns of mesially and

Fig. 26-20.

	

A, Preparation for a maxillary premolar
prosthesis. A groove has been placed at the mesial exten-
sion of the premolar retainer arm to eliminate the use of a
mesial occlusal rest. This could compromise esthetics. Note
that the lingual groove preparation on the molar extends
gingivally as the preparation is carried down the buccal
slope of the groove, which adds mechanical retention. B,
The completed prosthesis.

A

B
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lingually inclined molars (this may require a two-
plane modification", ") (Fig. 26-21).

A wide range of extensions of the casting onto the
occlusal surfaces of posterior teeth is possible. They
include shoeing of cusps, encircling of cusps, and ex-
tensions of metal through the central fossa from
mesial to distal with the lingual cusps exposed. The
clinician is limited only by imagination, available
enamel, occlusion, and the display of metal tolerated
by the patient. Several examples of preparations and
restorations are presented in Figs. 26-22 and 26-23.

C

Occasionally, a combination restoration can be
used. This type of FPD includes a resin-bonded re-
tainer on one of the abutment teeth and a conven-
tional cast restoration on the other. As previously
noted, this type of FPD has been very successful in
clinical studies."," Periodontal splinting is the most
demanding of the restoration designs; splints and
splint-FPD combinations require care in designing
adequate mechanical retention. An example of mul-
tiple rest design with interproximal extension of
the metal is shown in Fig. 26-24. The posterior
FPD/splint uses multiple rests and distinct me-
chanical retention of the abutment in the retainer,
which can be important when the abutment is the
most distal tooth in the arch (Fig. 26-25). The ante-
rior splint must engage as much enamel as possible
to aid in retention (Fig. 26-26) and is more demand-
ing in tooth alignment and preparation design.

LABORATORY PROCEDURES

1. Wax the framework and cast it in a nickel-
chromium or noble metal-ceramic alloy (see Fig.
26-4).

A

Fig. 26-21.

	

A, Schematic of a resin-retained FPD onlay
design. A thin veneer of metal is extended onto the occlusal
surface of the teeth with approximately 0.5 mm reduction
of the enamel where necessary. B, Preparation of molar and
premolar. The lingual cusp of the premolar is covered to
add additional mechanical retention on this short clinical
crown. C, Completed restoration. The lingual cusps of the
molar could also have been onlayed. However, the mesial
and distal rests were deemed sufficient in this situation.

Fig. 26-22.

	

A, Preparations for a premolar resin-
retained FPD. The distal of the canine had a small Class III
composite resin restoration. This has been replaced and
modified to create a distal slot for the retainer. The premo-
lar has both mesial and distal occlusal rest preparations.
B, Bonded prosthesis. The gingival margin of the restora-
tion is very close to the free gingival crest (the ideal is 1
mm above the gingival crest). Careful plaque control will
be essential.

A

B

B



Chapter 26 Resin-Retained Fixed Partial Dentures

A

Fig. 26-23.

	

A, Incorporation of an amalgam restoration into a resin-retained FPD. Note the margin
placement at the gingival level, the use of two distal grooves, and a distinct gingival finish line on the
canine abutment. B, Another completed resin-retained FPD with an inlay component.

A

Fig. 26-24.

	

A, One portion of the mandibular
arch with teeth prepared as abutments for an
FPD splint replacing the mandibular incisors.
Here both mesial and distal rests are used in ad-
dition to extending the preparation into the
proximal contact area. B, A bonded restoration.
The extension to the second premolar was in-
tended to help stabilize these mobile teeth based
on a consultation with the periodontist. C, The
completed restoration. The use of multiple rests
on each posterior abutment is evident.

Fig. 26-25.

	

Long-term recall of a resin-retained FPD.

	

Fig. 26-26.

	

Anterior splint seen at 12-year recall. Note
Particular care has been exercised in providing mechanical

	

the extension of the metal to engage as much lingual
engagement of the second premolar-the most distal abut-

	

enamel as possible, extending over marginal ridges and
ment in the arch.

	

into the interproximal areas wherever possible.

B

B

C
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Different alloys require different surface prepara-
tion or tin-plating; the dentist should use an alloy
that has been well tested with the adhesive com-
posite resin of choice (see below).

2.

	

Build up the pontic in porcelain, fire it, and
contour it.

3.

	

Evaluate the restoration clinically; when the fit
is satisfactory, characterize and glaze it. As pre-
viously noted, opaque resins are necessary to
prevent metal from graying the abutment
teeth. Depending on the opacity of the resin
and the teeth, the value of the abutment may
be increased. Try-in for anterior teeth should
involve a try-in paste for proper characteriza-
tion of the pontic. Any remaining try-in paste
will be burned out during the glaze firing. Af-
ter this is completed, the restoration can be pol-
ished. Regular finishing compound is suitable.

4.

	

Clean the fitting surface with a particle abra-
sion unit, using aluminum oxide (50 um at a
minimum of 40 psi [0.3 MPa] pressure); rinse
thoroughly with water and dry. If the restora-
tion is tried-in again, particle abrasion should
be repeated just before bonding.

BONDING THE RESTORATION

Cements (Bonding Agents).

	

Composite resins
play an important role in bonding the metal frame
work to etched enamel.

	

A variety of resin adhe-
sives have been introduced specifically for this pur-
pose. Conventional BIS-GMA type resins (e.g.,
Comspan*) originally used for luting resin-retained
FPDs have been replaced by these more recently de-
veloped resin-metal adhesives, which continue to
improve.

As mentioned earlier in this chapter, Panaviat is
an adhesive monomer (MDP), glass-filled BIS-GMA
composite with a long history of successful applica-
tion (see Fig. 26-27, B). Panavia exhibits excellent
bond strengths to base metal alloys and tin-plated
noble metals. It has an anaerobic setting reaction
and will not set in the presence of oxygen. To ensure
a complete cure, the manufacturer provides a poly-
ethylene glycol gel$ that can be placed over the
restoration margins. The gel creates an oxygen bar-
rier and can be washed away after the material has
completely set. The latest version of this cement§ is
both chemically and light cured; as an alternative to
the Oxyguard II, a curing light can be used to poly-

merize the margins. Panavia is supplied in opaque
and tooth-colored (TC) forms. Because of the anaer-
obic setting reaction, both types can be mixed and
will not set until air is excluded (as in seating of the
restoration). This allows the application of opaque
to the lingual of an anterior retainer and the translu-
cent tooth color to the interproximal so that an
opaque line is not visible from the facial. Both types
can be mixed ahead of time and applied to the
bonding surfaces of the retainer at a convenient
time (see Fig. 26-27, C). This method makes it possi-
ble to mask the unesthetic metallic gray retainer,
thus preventing it from showing through translu-
cent enamel.

STEP-BY-STEP BONDING PROCEDURES

Step-by-step Procedure with Panavia Resin
Adhesive Cement (Fig. 26-27).

As for any adhesive cement system, the manu-
facturer's instructions must be closely followed
to maximize the cemented restoration's physical
properties.

1.

	

Clean the teeth with pumice and water. Iso-
late them with the rubber dam and acid etch
with 37% phosphoric acid for 30 seconds.
Rinse, dry, and maintain air drying until the
primer is applied (see Fig. 26-27, A). The as-
sistant should dispense and mix the Panavia
cement during the etching process and set it
aside until step 3. The assistant should then
mix the Panavia ED Primer and give it to the
operator, who is keeping the etched teeth dry.

2. Apply the ED Primer to the etched surface.
NOTE: although ED Primer is a "self-
etching" primer, it should not be used with-
out enamel etching, because bonded retainer
surfaces are not "freshly prepared enamel."
Since preparation, they have acquired a sali-
vary pellicle, which limits the self-etching ca-
pabilities of this type of product.

3. Apply the premixed Panavia cement (both
opaque and tooth-colored if it is an anterior
retainer) to the inner surface of the casting
(Fig. 26-27, C).

4.

	

Dry the ED Primer to ensure evaporation of
the solvent (this should remain on the enamel
surface for 30 seconds before drying).

5.

	

Seat the casting firmly and maintain pressure
while removing the excess resin cement with
a brush or pledget. The cement will set
within 60 to 90 seconds under the casting but
not at the margins, which are exposed to air
(Fig. 26-27, D).

6.

	

Light-cure the margins or apply Oxyguard II
to exclude air (Fig. 26-27, E).
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A

D

F

Fig. 26-27.

	

Bonding procedures using an adhesive resin. A, Anterior resin-retained FPD preparation
with mesial and distal groove retention based on the presence of incisal wear facets. Note the use of rub-
ber dam for moisture control. B, Anaerobic-setting adhesive composite resin paste-dispensing system.
C, Use of both opaque and translucent composite resin with the opaque on the lingual and the translu-
cent in the interproximal for esthetics. D, The restoration has been seated, and the excess resin has been
removed while the resin between the retainers and the enamel sets anaerobically. The margin resin and
excess remain nonsetting. E, Oxygen-barrier gel is applied for margin resin setting. F, The final restora-
tion, which was cast from a high-gold alloy and tin-plated. To provide good mechanical retention, the
casting is increased in thickness by 50% as compared to a higher stiffness (elastic modulus) base metal
alloy.

7.

	

Rinse away Oxyguard 11 after 2 minutes and
remove residual cement with a sharp hand
instrument (Fig. 26-27, F). Major finishing,
polishing, and occlusal adjustments should
be performed before bonding the restoration.
The tensile strength of the bonded prosthesis
can be adversely affected by the heat or vi-
brations produced with rotary instruments . 8 Z

However, minor adjustments and removal of
excess resin can be accomplished with judi-
cious use of these instruments.

POSTOPERATIVE CARE

All resin-bonded restorations should be scrutinized
at the regular recall examinations (see Chapter 32).

B

C

E
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Since debonding or partial debonding can occur
without complete loss of the prosthesis, visual ex-
amination and gentle pressure with an explorer
should be performed to confirm such a complica-
tion. Because debonding is most commonly associ-
ated with biting or chewing hard food,96 patients
should be warned about this danger. If the patient
perceives any changes in the restoration, he or she
should seek early attention. Early diagnosis and
treatment of a partially debonded prosthesis can
prevent significant caries (Fig. 26-28).

The restoration can usually be rebonded success-
fully. NOTE: The bonding surface should be cleaned
with air abrasion and the enamel surface refreshed
by carefully removing the remaining resin with ro-
tary instruments, followed by etching. If a prosthe-
sis debonds more than twice, reevaluating the
preparation and remaking the prosthesis is proba-
bly necessary.

Attention to periodontal health is critical, be-
cause this retainer design has the potential to accu-
mulate excess plaque as a result of lingual overcon-
touring and the gingival extent of the margins . 71 The

patient should be taught appropriate plaque-control
measures (see Chapter 32). Calculus removal with
hand instruments is recommended over ultrasonic
sealers to reduce the chance of debonding.

REVIEW OF TECHNIQUE

The following list summarizes the steps involved in
preparation and placement of a resin-bonded FPD:
1. Patient selection is generally limited to sound

abutments with minimal or no restorations. Oc-
clusion must be stable.

2. Tooth preparations consist of creating a large
lingual bonding area with proximal wrap; a def-
inite, single path of insertion; occlusal, incisal,
or cingulum rest seats; and proximal grooves/
slots.

3. An accurate elastomeric impression material
should be used.

4.

	

Careful laboratory technique is necessary to en-
sure a well-fitting and esthetic casting.

5.

	

Specially formulated resin-luting agents that are
capable of adhering to metal should be used to
bond the prosthesis.

Fig. 26-28.

	

Maxillary three-unit, resin-retained FPD.
The distal retainer became debonded but was not detected
promptly, resulting in a carious lesion.

SUMMARY

One of the basic principles of tooth preparation for
fixed prosthodontics is conservation of tooth struc-
ture. This is the primary advantage of resin-retained
fixed partial dentures. Precision and attention to de-
tail are just as important in resin-retained fixed par-
tial dentures as they are in conventional prostheses.
To provide a long-lasting prosthesis, the practi-
tioner must plan and fabricate a resin-retained
restoration with the same diligence used for con-
ventional restorations. The techniques can be very
rewarding but must be approached carefully. Care-
ful patient selection is an important factor in prede-
termining clinical success.
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airborne particle abrasion: the process of altering the
surface of a material through the use of abrasive
particles propelled by compressed air or other
gases.

anterior open occlusal relationship: the lack of anterior
tooth contact in any occluding position of the pos-
terior teeth.

autopolymerizing resin: a resin whose polymerization
is initiated by a chemical activator.

base metal: any metallic element that does not resist
tarnish and corrosion.

cantilever fixed partial denture: a fixed partial denture
in which the pontic is cantilevered, i.e., is retained
and supported only on one end by one or more
abutments.

catalyst: n (1902): a substance that accelerates a chem-
ical reaction without affecting the properties of the
materials involved.

cementation: obs 1: the process of attaching parts by
means of a cement 2: attaching a restoration to nat-
ural teeth by means of a cement ( GPT-4).

etching: vt (1632) 1: the act or process of selective dis-
solution 2: in dentistry, the selective dissolution of
the surface of tooth enamel, metal, or porcelain
through the use of acids or other agents (etchants)
to create a retentive surface.

groove: n: a long narrow channel or depression, such
as the indentation between tooth cusps or the reten-
tive features placed on tooth surfaces to augment
the retentive characteristics of crown preparations.

guiding planes: vertically parallel surfaces on abut-
ment teeth oriented so as to contribute to the direc-
tion of the path of placement and removal of a re-
movable partial denture.

'lute: n: a substance, such as cement or clay, used for
placing a joint or coating a porous surface to make
it impervious to liquid or gas.

2lute: vt: luted; luting: to fasten, attach, or seal.
noble metal: those metal elements that resist oxida-

tion, tarnish, and corrosion during heating, casting,
or soldering and when used intraorally; examples
include gold and platinum.

nonprecious metal: see Base Metal.
parallelometer: n 1: an instrument used for determin-

ing the exact parallel relationships of lines, struc-
tures, and surfaces in dental casts and prostheses 2:
an apparatus used for making one object parallel
with another object, as in paralleling attachments
and abutments for fixed partial dentures or preci-
sion attachments for removable partial dentures.

precious metal alloy: an alloy predominantly com-
posed of elements considered precious, i.e., gold,
the six metals of the platinum group (platinum, os-

mium, iridium, palladium, ruthenium, and
rhodium), and silver.

resin-bonded prosthesis: a prosthesis that is luted to
tooth structure, primarily enamel, which has been
etched to provide micromechanical retention for the
resin cement.

resistance form: the features of a tooth preparation
that enhance the stability of a restoration and resist
dislodgment along an axis other than the path of
placement.

retainer: n (1540): any type of device used for the sta-
bilization or retention of a prosthesis.

retention: n (15 cent.): that quality inherent in the pros-

thesis acting to resist the forces of dislodgment
along the path of placement.

retention form: the feature of a tooth preparation that
resists dislodgment of a crown in a vertical direc-
tion or along the path of placement.

semiprecious metal alloy: an alloy composed of pre-
cious and base metals. There is no distinct ratio of
components separating semiprecious alloys from
another group.

span length: the length of a beam between two
supports.

' undercut: n (1859) 1: the portion of the surface of an
object that is below the height of contour in rela-
tionship to the path of placement 2: the contour of a
cross-sectional portion of a residual ridge or dental
arch that prevents the insertion of a prosthesis 3:
any irregularity in the wall of a prepared tooth that
prevents the withdrawal or seating of a wax pattern
or casting.

2 undercut: v (ca. 1598): to create areas that provide me-
chanical retention for materials placement.
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all-polymer prosthesis

braided

fiber architecture

fiber-reinforced composite (FRC)

flexure strength

Fiber-reinforced fixed prostheses are an innovative
alternative to traditional metal-ceramic restorations.
They should be considered for certain patients be-

glass fiber

polyethylene

unidirectional

woven

cause they provide a conservative approach to re-
placing missing teeth and overcome some of the
drawbacks of conventional prostheses. The restora-
tion consists of a fiber-reinforced composite (FRO
substructure veneered with a particulate composite
material. The substructure provides strength, and
the veneer, because it is laboratory processed, ex-
hibits better physical properties and esthetics than
direct placement composite restoratives (Fig. 27-1).
The following topics are included in this chapter:

A

C

Fig. 27-1.

	

A, FRC substructure. B, Completed polymer fixed prosthesis consisting of the substructure
and particulate composite veneer material. C, Teeth prepared for three-unit fiber-reinforced FPD.
D, Completed prosthesis.
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1. The advantages of the clinical use of an FRC
prosthesis

2. A description of the composition, mechanical
properties, and handling characteristics of FRC
materials

3.

	

A review of the clinical applications and limita-
tions of these materials in fixed prosthodontics

ADVANTAGES AND
DISADVANTAGES

As discussed in Chapter 24, the most common fixed
prostheses are composed of a metal substructure ve-
neered with a ceramic material. The substructure
provides mechanical integrity, whereas the ceramic
imparts the necessary esthetics. This metal-ceramic
prosthesis has an excellent clinical service record
but continues to exhibit several drawbacks. Al-
though the metal substructure is strong and
durable, there are biological concerns, especially
when base metal alloys (commonly used in clinical
practice) are selected. They may exhibit corrosion"
and/or may elicit an allergic reaction from some
patients.` Certain constituents of some base metal
alloys may even cause acute and chronic health haz-
ards to laboratory personnel.9 In addition, the
metal framework is opaque with a dark oxide layer,
which is not esthetically pleasing. This must be cov-
ered with a porcelain veneer to produce a lifelike
appearance.

Porcelain is a brittle material and can fracture,
which is a leading cause of restoration failure.
When this occurs, porcelain can sometimes be re-
paired with silane coupling agents or 4-META to pro-
mote bonding with acrylic or composite resin (see
Chapter 32). Porcelain is also abrasive to opposing
enamel and can severely damage unrestored oppos-
ing teeth. Porcelain has been implicated in severe

occlusal wear, particularly when it is not glazed or
highly polished (see Chapter 19). In one survey, less
wear on opposing teeth was cited as the single major
need for change in posterior tooth-colored crowns.

Because of these problems and concerns, alterna-
tives to metal-ceramic materials continue to be ex-
plored. All-ceramic and all-particulate composite
prostheses have been described in dental litera-
ture . Recorded problems include low resilience
and toughness, resulting in clinical failure.

As with the porcelain surface of metal-ceramic
prostheses, the surfaces of the all-ceramic prosthe-
ses are abrasive to tooth enamel and can potentially
damage unrestored opposing teeth. Conversely, the
composite materials have historically exhibited less
than adequate occlusal wear resistance and color
stability over time, but newer composites continue
to improve with regard to these characteristics.
Light-, heat-, and vacuum-polymerized laboratory
processed particulate composite materials are now
commercially available and use new polymer for-
mulations with improved filler particle distribu-
tion." These improved materials demonstrate better
physical properties, such as hardness and wear re-
sistance. However, particulate composites are brittle
and need the support of a substructure with good
flexure properties.

Fiber-reinforced composites (FRCs) have good
flexure strength and other physical characteristics
that make them suitable fixed prosthesis substruc-
ture materials . In addition, the FRC substructure
is translucent and requires no opaque masking. This
permits a relatively thin layer of particulate cover-
ing composite and excellent esthetics. FRCs have
been used to make two-phase all-polymer prosthe-
ses composed of an internal glass fiber-reinforced
composite substructure covered by a particulate
composite (Fig. 27-2).

Fig. 27-2.

	

A, FRC substructure for a three-unit polymer FPD. B, Internal surface of FRC-reinforced
polymer FPD.

A B



FRC materials are categorized according to the fol-
lowing characteristics:
1.

	

Type of fiber
2.

	

Fiber orientation
3.

	

Whether the fiber impregnation is performed by
the dentist or laboratory technician or preim-
pregnated by the manufacturer

4.

	

Whether the material is formed by hand or with
a machine

The most commonly used fibers in dental appli-
cations are glass, polyethylene, and carbon. Fiber
architectures in dentistry include "unidirectional"
patterns, in which all fibers are parallel, as well as
braided and woven patterns. Commercially avail-

AVAILABLE MATERIALS
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able nonimpregnated materials include polyethyl-
ene weaves (e.g., Ribbond* and Connect) and glass
weaves (e.g., GlasSpan). These products are hand
formed. Preimpregnated materials include Vectris§,
which is machine formed and available in both a
unidirectional and woven-glass form; FiberKor,
which is hand formed and available as a unidirec-
tional glass material; Splint-It, which is also hand-
formed and available in both a unidirectional and
woven glass form (Fig. 27-3).

*Ribbond, Inc: Seattle, Wash.
Kerr: Orange, Calif.
GlasSpan, Inc: Exton, Pa.
§Ivoclar North America: Amherst, N.Y.
Jeneric/Pentron, Inc: Wallingford, Conn.

Fig. 27-3.

	

Scanning electron micrographs. A, Unidirectional long glass fiber FRC (Fibrekor:

Jeneric/Pentron). B, Unidirectional long glass fiber FRC (Vectris pontic: Ivoclar). C, Woven glass fiber
FRC (Vectris frame: Ivoclar). D, Woven polyethylene FRC (Ribbond: Ribbond). E, Braided glass fiber

FRC (GlasSpan: GlasSpan). F, Braided polyethylene FRC (Connect: Kerr).

BA
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Different FRC materials exhibit different han-
dling and mechanical properties. Fiber type, fiber
orientation, and the quality of fiber impregnation
with the resin matrix have a substantial impact on
handling characteristics and physical properties. As
seen in Table 27-1, glass materials with a unidirec-
tional architecture exhibit flexural properties that
are superior to the polyethylene materials with a
woven or braided architecture. These glass materi-
als have a flexural strength that is more than twice
the strength of polyethylene materials and a flexural
modulus almost eight times as great." Because of
their good handling characteristics, the braided and
woven polyethylene products may be useful for
other dental applications (e.g., operatory fabrication
of periodontal splints).

I NDICATIONS

Indications for selecting a fiber-reinforced polymer
prosthesis include the following factors:
1. The need for a restoration with excellent

appearance
2.

	

The need to decrease wear of the opposing den-
tition

3.

	

The use of conservative intracoronal abutment
tooth preparations

4. The potential for bonding the prosthesis re-
tainer to the abutment teeth

5.

	

The desire for a metal-free, nonporcelain pros-
thesis (this is especially important for individu-
als with metal allergies)

These materials can be used anywhere in the
mouth where esthetics is important. The lack of
metal or opaque materials provides good translu-
cency and a very natural appearance. This natural
appearance at the cervical aspect of the prosthesis
retainer eliminates the need to hide margins sub-
gingivally, where they may create periodontal prob-
lems for the patient. Supragingival margins of this
polymer prosthesis blend in easily with the nonpre-
pared tooth structure apical to the tooth preparation
finish line, just as the overall prosthesis blends in
with the adjacent natural teeth. Resin composite lut-
ing materials that bond to the internal aspect of the
polymer prosthesis retainers and to the dentin and

enamel of the abutment teeth improve retention of
the prosthesis. This feature may provide critical re-
tention of a polymer prosthesis on abutment teeth
that cannot be made to exhibit optimum geometric
retention form; however, the bonding process re-
quires careful control of moisture and soft tissues.

CONTRAINDICATIONS

Contraindications for selecting an FRC fixed pros-
thesis include the following factors:

1.

	

Inability to maintain good fluid control (e.g.,
patients with chronic or acute gingival in-
flammation or when margins would be
placed deeply into the sulcus)

2.

	

Long span (i.e., two or more pontics)
3.

	

Patients with parafunctional habits
4. Patients with unglazed porcelain or remov-

able partial denture frameworks that would
oppose the restoration

5.

	

Patients who abuse alcoholic substances
Patient-selection criteria are summarized in Table

27-2. Composite resin luting materials and an adhe-
sive cementation technique can only be used in sit-
uations where the operator can maintain a contam-
ination-free field. Rubber dam isolation is ideal and
should be used whenever possible. At this time,
FPDs that replace more than two teeth are not rec-
ommended because the material's ability to support
greater edentulous spans has not been documented.
An increased susceptibility to wear or fracture may
occur in patients who brux or clench, and surface
degradation of the particulate composite is likely to
be a problem in alcoholics. Because there are no
clinical data to substantiate how the FRC fixed pros-
thesis would perform when subjected to these con-
ditions, it should not be considered until more in-
formation is available.

NOTE: There are no long-term clinical data re-
garding the overall success of the FRC prosthesis.
Primary concerns are the wear and potential frac-
ture of the composite veneer materials. Short-term
data indicate that the adequacy of tooth preparation
(Fig. 27-4) and the shape and volume of the FRC
framework are instrumental factors in the perfor-
mance of an FRC fixed prosthesis.

Section 3 Laboratory Procedures
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A
B

Fig. 27-4.

	

Abutment tooth preparations made for hand-fabricated FRC prostheses. A, Anterior.
B, Posterior.

A B

Fig. 27-5.

	

Early prosthodontic application of an experimental thermoplastic unidirectional FRC.
A, A bonded FPD made with polycarbonate FRC. B, A polycarbonate FRC prosthesis after delivery.

An early prosthodontic application of an experi-
mental thermoplastic unidirectional FRC was
the fabrication of a single tooth replacement bonded
FPD." These prostheses were formed in the labora-
tory and then bonded to the teeth (Fig. 27-5).

EXTRACORONAL COMPLETE-
COVERAGE FIXED PROSTHESES

coverage prosthesis with a commercially available,
preimpregnated unidirectional FRC (FibreKor:
Jeneric/Pentron) and a hand-fabricated technique is
shown in Fig. 27-6. The fabrication of a prosthesis
with commercially available, preimpregnated wo-
ven and unidirectional FRCs (Vectris: Ivoclar) and
the use of an equipment-fabricated technique are
shown in Fig. 27-7.

Newer, lighter, heat/vacuum laboratory polymer-
ized FRC formulations have been developed and
tested. They demonstrate excellent esthetics, good
handling characteristics, and good flexure proper-
ties. Commercial products have been based on
these formulations. The fabrication of a complete-

I NTRACORONAL PARTIAL-
COVERAGE FIXED PROSTHESES

The FRC partial-coverage FPD allows a conserva-
tive design when the abutment teeth are unrestored
or have modest intracoronal restorations. When an
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Fig. 27-6.

	

The step-by-step fabrication of a complete-coverage FRC prosthesis with a unidirectional
glass material (FibreKor: Jeneric/Pentron) using a hand-fabricated technique. A, Thin coping of opacious
body particulate composite adapted to the die. B, Bar of multiple layers of FRC spanning the pontic re-
gion, bonding the copings together. C, Continuous strip of FRC bonded to one end of the pontic bar and
then wrapped around the axial surfaces of the copings while being polymerized. D, Buccal view of the

completed FRC substructure. E, Completed prosthesis.
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Fig. 27-7.

	

The step-by-step fabrication of a complete-coverage FRC prosthesis with both unidirec-
tional and woven glass components (Vectris: Ivoclar) and the use of an equipment-fabricated technique.
A, Wax pattern of bar covered by a silicone index. B, Unidirectional FRC in silicone index after polymer-
ization. C, Already polymerized unidirectional "pontic" bar after contouring with acrylic burs. D, Com-
pleted FRC substructure with woven FRC covering unidirectional pontic bar. E, Completed prosthesis.
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Fig. 27-8.

	

The tooth preparation and step-by-step fabrication of a partial-coverage, intracoronal FRC
prosthesis with a unidirectional glass material (FibreKor: [Jeneric/Pentron]) and a hand-fabricated tech-
nique. A, Intracoronal tooth preparation. B, Placement of the unidirectional FRC bar into unpolymerized
opacious body particulate composite. C, Completed FRC substructure. D, Completed prosthesis as
viewed from the lingual surface. E, Facial surface.

implant is not possible, an etched metal resin-
retained FPD (see Chapter 26) is the only other con-
servative fixed treatment alternative. However,
these prostheses have problems with retention,
graying of abutment teeth (due to metal showing
through), and overcontoured retainers. The advan-
tages discussed for the complete-coverage FPD (es-
thetics, metal-free framework, ease of laboratory
fabrication, and use of an adhesive cementation
technique) also apply to the partial-coverage FPD.

The fabrication of a partial-coverage, intracoronal
prosthesis with a commercially available, preim-
pregnated unidirectional FRC (FibreKor: Jeneric/
Pentron) and a hand-fabricated technique are
shown in Fig. 27-8.

TRY IN AND CEMENTATION

As with any restoration, the dentist must check
proximal contacts, occlusion, anatomical form, and
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shade. Any necessary adjustments should be made
(see Chapter 31). Proximal contacts can be added by

using a hybrid restorative composite after roughen-
ing the surface and placing an unfilled resin on the

FRC's overlay particulate composite. As with porce-
lain veneers, (see Chapter 31) the shade of the

prosthesis should be assessed with a try-in, water-
soluble paste that corresponds to the selected luting
composite. Minor adjustments can be obtained by

selecting darker or lighter luting resins. The translu-
cency of the FRC/prosthesis allows the luting com-

posite to play a role in the final shade.
Luting an FRC/prosthesis involves those proce-

dures that accompany any bonded restorative pro-

cedure: isolation of the abutment teeth, treatment of
the inner surface of the FRC retainers, and treat-
ment of the abutment teeth.

SUMMARY

The natural, esthetic appearance of this metal-free

prosthesis and its inherent adhesive nature make the
fiber-reinforced prosthesis a successful fixed tooth

replacement. Its adhesive qualities may permit the
use of abutment teeth that do not exhibit classic geo-

metric retention and resistance form without the
need for elective endodontics, surgical crown-

lengthening procedures, and the apical placement of
finish margins. Furthermore, its favorable strength,

esthetics, and adhesive properties make the intra-
coronal fiber-reinforced prosthesis uniquely quali-

fied for the minimally invasive replacement of a
single missing tooth adjacent to unrestored or mini-

mally restored abutment teeth. Multiyear clinical
studies are currently in progress to determine the

value and efficacy of the fiber-reinforced composite
prosthesis as a long-term tooth replacement.
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RIGID CONNECTORS

antiflux
cast connector
fineness
i ndex
i nfrared radiation
mortise
nonrigid connectors

Connectors are those parts of a fixed partial denture
(FPD) or splint that join the individual retainers and
pontics together. Usually this is accomplished with
rigid connectors (Fig. 28-1), although nonrigid con-
nectors are used occasionally. The latter are usually
indicated when it is impossible to prepare a com-
mon path of insertion for the abutment preparations
for an FPD (Fig. 28-2, A and B).

soldered connector
soldering flux
stabilization
tenon
welding
wetting

Rigid connections in metal can be made by casting,
soldering, or welding. Cast connectors are shaped
in wax as part of a multiunit wax pattern. Cast con-
nectors are convenient and minimize the number of
steps involved in the laboratory fabrication. How-
ever, the fit of the individual retainers may be ad-
versely affected because distortion more easily re-
sults when a multiunit wax pattern is removed from
the die system. Soldered connectors involve the use
of an intermediate metal alloy whose melting tem-
perature is lower than that of the parent metal (Fig.
28-3). The parts being joined are not melted during
soldering but must be thoroughly wettable by liq-
uefied solder.' Dirt or surface oxides on the connec-
tor surfaces can reduce wetting and impede suc-
cessful soldering; for example, the solder may melt

B

D

Fig. 28-1.

	

Rigid connectors: A three-unit FPD replacing the maxillary second premolar. A, The ante-
rior abutment and the pontic are connected with a rigid cast connector. These two FPD components are
fabricated separately from the posterior abutment, which is cast in gold. B, The components are related
to one another by a soldering assembly. C, The connected components. D, The fixed prosthesis in place.
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A B

Fig. 28-2.

	

FPD with nonrigid connector. A, Mortise pattern (female) positioned on distal of the canine
retainer. B, FPD assembled with prefabricated resin tenon (male) on mesial of pontic.
(Courtesy Dr. M. Chen.)

C

Fig. 28-3.

	

The soldering process. A, Occlusal index. B, FPD components invested. C, Torch soldering.
D, Clinical evaluation.

but will not flow into the soldering gap. Welding is
another method of rigidly joining metal parts. Here
the connection is created by melting adjacent sur-
faces with heat or pressure. A filler metal whose
melting temperature is about the same as that of the
parent metal can be used during welding.

In industrial metalworking, a distinction is made
between soldering, in which the filler metal has a
melting point below 450° C (842° F), and brazing, in
which the filler has a melting point above 450° C.2
Rigid connections in dentistry are generally fabri-
cated above 450° C, but the process has almost al-
ways been referred to in the dental literature as sol-
dering. However, a proposed international standard
uses the term brazing. With time the latter term may

become more generally accepted. In this text, how-
ever, the term soldering will be used.

NONRIGID CONNECTORS

Nonrigid connectors are indicated when it is not
possible to prepare two abutments for an FPD with
a common path of placement. Segmenting the de-
sign of large, complex FPDs into shorter compo-
nents that are easier to replace or repair individually
is advisable. This can be helpful if there is uncer-
tainty about an abutment's prognosis. If the abut-
ment fails, only a portion of the FPD may need to
be remade. In the mandibular arch, nonrigid con-
nectors are indicated when a complex FPD consists
of anterior and posterior segments. During the
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Fig. 28-4.

	

To accommodate the stresses that potentially
result from mandibular flexure, this complex FPD has been
segmented through the use of nonrigid connectors on the
distal of the two canines (arrows).
(Courtesy Dr. F. Hsu.)

mandibular opening and closing stroke, th man-
dible flexes mediolaterally.3 Rigid fixed partial den-
tures have been shown to inhibit mandibular flex-
ure, and extensive splints have been shown to flex
during forced opening. The associated stresses can
cause dislodgment of complex FPDs. Segmenting
complex mandibular FPDs can minimize this risk
(Fig. 28-4).

Nonrigid connectors are generated through in-
corporation of prefabricated inserts in the wax pat-
tern or through custom milling procedures after the
first casting has been obtained. The second part is
then custom-fitted to the milled retainer and cast.
They are often made with prefabricated plastic pat-
terns. The retainers are then cast separately and fit-
ted to each other in metal.

The size, shape, and position of connectors all influ-
ence the success of the prosthesis. Connectors must
be sufficiently large to prevent distortion or fracture
during function but not too large; otherwise, they
will interfere with effective plaque control and con-
tribute to periodontal breakdown over time. Ade-
quate access (i.e., embrasure space) must be avail-
able for oral hygiene aids cervical to the connector.
If a connector is too large incisocervically, hygiene is
impeded, and over time periodontal failure will oc-
cur (Fig. 28-5, A). For esthetic FPDs, a large connec-
tor or inappropriate shaping of the individual re-
tainers may result in display of the metal connector,
which may compromise the appearance of the
restoration and lead to patient dissatisfaction (Fig.
28-5, B).

CONNECTOR DESIGN

Fig. 28-5.

	

Restorative failure. A, Incisocervically an ex-
cessively large connector (arrows) impedes proper plaque
control and has led to periodontal breakdown. B, Although
it may be acceptable from a biologic and mechanical per-
spective, a connector (arrow) that displays metal can prove

to be esthetically unacceptable.

In addition to being highly polished, the tissue
surface of connectors is curved faciolingually to fa-
cilitate cleansing. Mesiodistally, it is shaped to cre-
ate a smooth transition from one FPD component to
the next. A properly shaped connector has a config-
uration similar to a meniscus formed between the
two parts of the prosthesis.

In a buccolingual cross section, most connectors
have a somewhat elliptical shape. Such an elliptical
connector is strongest if the major axis of the ellipse
parallels the direction of the applied force. Unfortu-
nately, because of anatomic considerations, this can
not always be achieved. In fact, due to space con-
straints, most connectors have their greatest dimen-
sion perpendicular to the direction of applied force,
which tends to result in a weaker connector. For
ease of plaque control, the connectors should oc-
cupy the normal anatomic interproximal contact ar-
eas because encroaching on the buccal, gingival, or
lingual embrasure restricts access. However, to im-
prove appearance without significantly affecting
plaque control, anterior connectors are normally
placed toward the lingual. Figure 28-6 depicts typi-
cal locations for connectors on selected teeth.

B



Section 3 Laboratory Procedures

Fig. 28-6.

	

Cross sections through FPD connectors. A, Maxillary anterior. B, Maxillary posterior.
C, Mandibular posterior. Note the convexity of the gingival aspect of the connectors. To prevent exces-
sive display of metal, anterior connectors should be placed toward the lingual.

Pulp size and clinical crown height can be limit-
ing factors in the design of nonrigid connectors.
Most prefabricated patterns require the preparation
of a fairly sizable box. Fhis allows incorporation of
the mortise in the cast restoration without overcon-
touring of the interproximal emergence profile.
Short clinical crowns do not provide adequate oc-
clusocervical space to ensure adequate strength.
Most manufacturers recommend 3 to 4 mm of verti-
cal height.

TYPES OF CONNECTORS

Soldered Connectors.

	

As with cast connectors,
connectors to be soldered are waxed to final shape
but are then sectioned with a thin ribbon saw (Fig.
28-7, A and B); therefore, when the components are
cast, the surfaces to be joined will be flat, parallel,
and a controlled distance apart. This allows accu-
rate soldering with a minimum of distortion . 5
Molten solder will flow toward the location where
the temperature is highest. In metal, the two flat
surfaces previously created in wax retain heat, en-
suring that the highest temperature is in the con-
nector area.

RIGID CONNECTORS
Rigid connectors must be shaped and incorporated
into the wax pattern after the individual retainers
and pontics have been completed to final contour
but before reflowing of the margins for investing
(see Chapter 18).

Cast Connectors.

	

Connectors to be cast are also
waxed on the master cast before reflowing and in-
vesting of the pattern. The presence of a cast con-
nector makes the latter somewhat more awkward.
Access to the proximal margin is impeded, and the
pattern cannot be held proximally during removal
from the die. Restricting cast connectors to complete
coverage restorations is therefore advisable, which
can be gripped buccolingually. Partial-coverage wax
patterns are easily distorted when they are part of a
single-cast FPD. One-piece castings often appear to
simplify fabrication but tend to create more prob-
lems than do soldered connectors, especially as pat-
tern complexity increases.

Soldering Gap Width.

	

As gap width increases,
soldering accuracy decreases. Extremely small gap
widths can prevent proper solder flow and lead to
an incomplete or weak joint.' An even soldering
gap of about 0.25 mm is recommended. If a con-
nector area has an uneven soldering gap width,
obtaining a connector of adequate cross-sectional
dimension without resulting distortion is more
difficult.

Loop Connectors (Fig. 28-8).

	

Although they are
rarely used, loop connectors are sometimes required
when an existing diastema is to be maintained in a
planned fixed prosthesis. The connector consists
of a loop on the lingual aspect of the prosthesis
that connects adjacent retainers and/or pontics.
The loop may be cast from sprue wax that is circu-
lar in cross section or shaped from a platinum-gold-
palladium (Pt-Au-Pd) alloy wire. Meticulous design
is important so that plaque control will not be
impeded.
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Fig. 28-7.

	

Connector design. A, A ribbon saw is used to section the wax pattern. B, The sectioned sur-
face should be flat and located sufficiently far incisally and lingually to permit adequate hygiene and es-
thetics of the completed FPD. C, A three-unit FPD after sectioning. D, Ready for porcelain application.

Note the uniform gap width (arrow).

A B

Fig. 28-8.

	

in the presence of a diastema that is to be maintained, a loop connector is indicated. A, In-
cisal view of the anatomic contour wax pattern of a three-unit FPD with a loop connector. B, Labial view.
Note that the diastema between the lateral and central incisors is maintained.

NONRIGID CONNECTORS

The design of nonrigid connectors that are incorpo-
rated in the wax pattern stage consists of a mortise
(also referred to as the female component) prepared
within the contours of the retainer and a tenon
(male) attached to the pontic (Fig. 28-9). The mor-
tise is usually placed on the distal aspect of the an-
terior retainer. Accurate alignment of the dovetail
or cylindrically shaped mortise is critical; it must
parallel the path of withdrawal of the distal re-
tainer (see Fig. 28-2). Paralleling is normally ac-
complished with a dental surveyor. When aligning
the cast, the path of placement of the retainer that
will be contiguous with the tenon is identified. The

mortise in the other retainer is then shaped so its
path of insertion permits concurrent seating of the
tenon and its corresponding retainer.

The mortise can be prepared freehand in the
wax pattern or with a precision milling machine.
Another approach is to use prefabricated plastic
components for the mortise and tenon of a non-
rigid connector (Fig. 28-10). As an alternative, a
special mandrel can be embedded in the wax pat-
tern (Fig. 28-11) and the abutment retainer can be
cast, with refinement of the female component as
necessary; the male key is then fabricated of auto-
polymerizing acrylic resin and attached to the
pontic.

DC
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Fig. 28-9.

	

Fixed partial dentures with nonrigid connectors. This type of connector may be indicated
to overcome problems with intermediate or pier abutments (A) and abutment alignment (B).

Fig. 28-10.

	

A, Prefabricated plastic patterns are also available for incorporation in the wax pattern.
B, The metal substructure. C, The anterior component of the prosthesis. D, The cemented prosthesis in-
corporates bilateral nonrigid connectors (arrows).
(Courtesy Dr. F. Hsu.)

A

B

D

C
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Fig. 28-11.

	

Ticon mandrels are prefabricated inserts
embedded in the wax pattern. The retainer is cast directly
onto the mandrel to form the female component of the
connector.
(Courtesy Dr. F. Hsu.)

MATERIALS SCIENCE

M.H. Reisbick
SOLDER
Dental gold solders are given a fineness designation
to indicate the proportion of pure gold contained in
1000 parts of alloy. For example, a 650-fine solder
contains 65% gold. An earlier designations assigned
the solder a carat number, which indicated the gold
content of the castings that were to be joined with
the solder; an 18-carat solder could be used to sol-
der castings fabricated of an alloy containing 75%
gold. Because numerous alloys other than Type IV
gold are available today, many of which contain
platinum-group metals, the carat designation is of
little value.

Modern casting alloys have become so metallur-
gically complex that most manufacturers now rec-
ommend specifically formulated solders. One
manufacturer (Jelenko) classifies traditional gold-
containing solders as group I and others (termed spe-
cial solders) as group Il. Most of these have the brand
name with a pre or post designation to indicate
whether the solder is to be used for joining the com-
ponents before or after porcelain application. The
preceramic solders are obviously high-fusing alloys,
sometimes fusing only slightly beneath the softening
point of the parent alloy to be joined. Ideally they
should flow well above the fusion range of the sub-
sequently applied porcelain. Postceramic solders
must flow well below the pyroplastic range of the
porcelain. For example, one popular silver-palladium
(Ag-Pd) casting alloy has a specified melting range

between 1232' C and 1304' C (2280' F to 2384' F).
The recommended special presolder melts at 1110' C
to 1127' C (2030' F to 2061' F), whereas the postsol-
der melts at 710' C to 743' C (1310' F to 1369' F). The
porcelain fuses at about 982' C (1800' F), depending
on time and temperature.

The composition of the solder determines its
melting range, among other things. Some typical
compositions and melting ranges are given in Table
28-1. Solder's main requirement is to fuse safely be-
low the sag or creep temperature of the casting to be
soldered. Newer palladium casting alloys, by virtue
of their higher melting ranges, have somewhat in-
creased the reliability of the preceramic application
soldering technique. 9

However, preceramic soldering is relatively diffi-
cult and can be structurally hazardous (Fig. 28-12).
This may be due to the volatilization of base metal
solder constituents that occurs with overheating.''
Volatilization then results in microporosity or pit-
ting. The melting range of presolders is quite nar-
row, because silver and copper (the usual modifiers
of temperature range) cannot be used in the alloy.
These elements discolor porcelain on contact. An-
other consideration is the oxide necessary for the
chemical adherence of porcelain. Porcelain does not
chemically bond equally well to all solders.

Other requirements of solders are their ability to
resist tarnish and corrosion, to be free flowing, to
match the color of the units that will be joined, and
to be strong. These factors also depend on the chem-
ical composition of the solder.

Resistance to tarnish and corrosion is determined
by a solder's noble or precious metal content and its
Ag/Cu ratio." In addition, if the compositions of
the solder and workpiece differ, galvanic corrosion
may occur.

During the soldering procedure, the solder must
flow freely over clean and smooth surfaces. These
surfaces should be smoothed with abrasive disks,
not with rubber wheels or polishing compounds.
The phenomenon of free flow is termed wetting,
during which remelting or realloying of the surface
of the units to be joined must not occur. '2 Solder
flow is increased by the addition of silver and de-
creased by the presence of copper. Fig. 28-13
demonstrates a properly made solder joint. Note
that the filler metal has joined the surfaces of the
two castings without penetrating either one.

Lower-fineness gold solders are often more fluid
and are generally chosen for joining castings. If nec-
essary, proximal contacts with a higher-fineness sol-
der can also be added, because this tends to flow
less freely. However, the exact minimally acceptable



Fig. 28-12.

	

Metal substructure for an anterior prosthe-
sis. The preceramic soldering procedure has led to partial
melting of the framework (arrozv), which can result in dis-
tortion and/or premature failure.

Fig. 28-13.

	

Photomicrograph of a properly made solder
joint connecting two castings.

fineness necessary for resisting tarnish and corro-
sion has not been conclusively established; 615 or
580 fineness is probably the lower limit of clinical
acceptability.

The last requirement, strength, is easily satisfied
by most solders and is usually greater than that of
the soldered parent metal, provided the procedure
is followed carefully.' In addition, most solders
harden during cooling because of the "order-
disorder" transformation and the formation of other
intermetallic phases, which occur at grain bound-
aries. Brittleness is frequently encountered with

gold-based copper-containing solders. As with Type
III and Type IV gold casting alloys, the gold-
copper-order-disorder (or discontinuous phase-
hardening) mechanism will cause similar changes
in the solder's microstructure. 1 3 Simply stated, with
these solders, cooling to room temperature results
in a brittle joint. The joints are strong but have no
ductility. Some solder joints are weakened by
notches. This means soldered connectors should
be well-polished to prevent fracture.

Fixed partial dentures fabricated of Type III gold
alloys and joined interproximally with traditional
gold-based solders are usually water quenched 4 to
5 minutes after soldering is complete. Quenching
immediately after soldering causes the FPD to
warp; failure to quench will create a joint with little
or no ductility. A brittle joint may easily fracture.
Thus, a disadvantage of postceramic soldering is
the loss of joint ductility. Because the components
are partially porcelain, quenching is not possible be-
cause porcelain fracture will occur.

SOLDERING FLUX AND ANTIFLUX

Soldering Flux. This substance is applied to a
metal surface to remove oxides or prevent their for-
mation. When the oxides are removed, the solder is
free to wet and spread over the clean metal surface.

Borax glass (Na2B4O7) is frequently used with
gold alloys because of its affinity for copper oxides.
An often-cited soldering flux formula'-' is borax
glass (55 parts), boric acid (35 parts), and silica (10
parts). These ingredients are fused together and
then ground into a powder.

Fluxes are available in powder, liquid, or paste
form. The paste is popular because it can be easily
placed and confined. Pastes are made by mixing the
flux powder with petrolatum. The petrolatum ex-
cludes oxygen during heating and eventually car-
bonizes and then vaporizes.

New fluxes are available for use with nongold-
based alloys. Their formulas are not generally pub-
lished. At present, none of the new fluxes are totally
capable of preventing oxide formation during heat-
ing of the base metal or nonnoble alloys. An exam-

Section 3 Laboratory Procedures
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units must be correctly gapped so that they do not
touch. When the work units are allowed to touch,
distortion and porous inadequate joints result." Al-
ternatively, excessive gap spaces cause undersized
mesiodistal fixed partial denture widths because of
solder solidification shrinkage. However, Ryge
has shown that the gap space closes somewhat
during heating, so it is doubtful that the alloy and
investment truly expand equally or at the same
rates. Several commercial soldering investments
are available; these should be used whenever
possible. A list of reliable investments appears in
Appendix A.

Fig. 28-14.

	

Simulated base metal-to-base metal postce-
ramic soldering procedure. Excessive oxide formation has
prevented wetting by the solder.
(From Sloan RH et al: J Prosthet Dent 48:688, 1982.) SELECTION OF SOLDERING

TECHNIQUE

ple of a rapidly forming oxide on a base metal oc-
curring during a simulated postceramic application
soldering can be seen in Fig. 28-14. Soldering of base
metal alloys is still unpredictable .'6

All fluxes should be kept from contacting porce-
lain-veneered surfaces. The contact will cause pit-
ting and porcelain discoloration.

Soldering Antiflux. Antiflux is used to limit
the spreading of solder. It is placed on a casting be-
fore the flux application to limit the flow of molten
solder. When the metal surfaces are clean, any ex-
cess solder introduced into the work gap will tend
to flow into unwanted areas. The antiflux helps pre-
vent this.

Graphite (from a pencil) is often used as an anti-
flux. However, the carbon easily evaporates at
higher temperature, leaving the workpiece unpro-
tected. A more reliable antiflux is iron oxide (rouge)
in a suitable solvent such as turpentine, which can
be painted on the casting with a small bristle brush.

SOLDERING INVESTMENT
Soldering investments are similar in composition to
casting investments (see Chapter 22). Casting invest-
ments, both gypsum and phosphate bonded, mixed
with water only, have been used for soldering. How-
ever, note that the refractory component in casting in-
vestments usually creates unwanted thermal expan-
sion and therefore excessively separates the units to
be joined. Soldering investments should ideally con-
tain fused quartz (the lowest thermally expanding
form of silica) as their refractory component.

Invested units expand during heating, and they
should do so at the same rate as the castings. The

When FPDs are assembled by soldering, the relative
position of the components is recorded with a sol-
dering index on the working cast or intraorally. If
pontics are made individually, they can be difficult
to position properly relative to the abutment teeth.
Although a positioning index made previously
upon completion of the wax pattern can be helpful
(Fig. 28-15), they should be connected to one of the
retainers with a cast connector because this stabi-
lizes them and makes accurate positioning relative
to the other retainer much easier. To understand the
selection of soldering technique, a thorough knowl-
edge of the fusing ranges of all materials involved
in the FPD is essential (Fig. 28-16).

Soldering of all metal FPDs consisting of Type 111
or IV gold units requires the use of a low-fusing sol-
der. The procedure is referred to as conventional sol-

dering. By using the same low-fusing solder, regular
gold retainers can also be connected with metal ce-
ramic components. A gas-air torch is used for either
of these procedures.

For FPDs consisting of metal-ceramic units, the
soldered connectors may be made either before the
ceramic application with high-fusing solder (ap-
proximately 1100° C, or 2012° F) or after the ceramic
application with lower-fusing solder (750° C, or
1382° F). Soldering before ceramic application is
called preceramic application soldering or presoldering.

Soldering of metal-ceramic crowns after their com-
pletion is referred to as postsoldering. Many alloys
can be combined using either preceramic or postce-
ramic soldering. However, presoldering has been
found to be less reliable,' with a number of appar-
ently sound connectors exhibiting negligible tensile
strength. Considerable variation in solder joint
strength has also been recorded after laboratory
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Fig. 28-15.

	

Once the FPD has
been waxed to anatomic contour, a
silicone putty buccal index (A) can be
made. This can be helpful when relat-
ing the castings. B, Putty is applied to
the buccal aspect of the completed
waxing. C, Excess is trimmed away
with a scalpel blade. D, The flat sur-
face makes verification of accurate re-
seating of the index much easier.

C

D

testing," which emphasizes the special care needed
to avoid defective connections.

Base metal alloys can be difficult to solder be-
cause they oxidize; this must be controlled with spe-
cial fluxes, although excessive fluxing can lead to
undesirable inclusions and weak connectors. One
study'18 found that 20% of postceramic soldered
joints involving base metal alloys had to be resol-
dered because they were so weak that they broke
with finger pressure. Another study19 showed great
variability in solder joint quality with these alloys,
with no consistent relationship of strength to gap
width. These authors found that most failures oc-

curred through the solder and were attributable to
voids caused by gas entrapment or localized shrink-
age. With experience and careful adherence to the
manufacturer's recommended techniques and ma-
terials, reliable base metal alloy soldered connectors
are possible.20 However, because of the problems of
soldering base metal alloys, various alternative pro-
cedures have been advocated. These include mak-
ing the soldered joint through the center of the pon-
tic to increase the area soldered21 and connecting the
parts by a second casting procedure, with the
molten metal flowing into undercuts in the sec-
tioned pontic."
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Fig. 28-16.

	

A, Casting metal-ceramic alloys. B, Presoldering. C, Porcelain firing. D, Casting Type III
and Type IV gold alloy. E, Post-ceramic soldering. F, Conventional soldering.

B

D
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SOLDERING ALL-METAL FPDS
Type III and IV gold retainers of fixed partial den-
tures are soldered with gold solder ranging from
615 to 650 fineness. An occlusal plaster index or au-
topolymerizing resin index is fabricated intraorally
or in the dental laboratory; after investing, a gas-air
torch can be used to solder the components. A dis-
advantage of the soldering procedure is that it re-
quires an additional step, compared to a one-piece
casting. However, soldering simplifies the manipu-
lation of wax patterns. For instance, when a three-
abutment FPD with two splinted abutments (e.g.,
two premolars) is fabricated, access to the inter-
proximal margins of the two splinted abutments is
often very difficult during the reflowing and finish-
ing steps. Soldering such retainers permits the re-
tainers to be shaped and adjusted individually with
improved access for finishing procedures. Conven-
tional soldering requires a gas-air torch; soldering
can also be performed in a furnace.

SOLDERING METAL-CERAMIC FPDS
Preceramic Soldering. Once a metal-ceramic

framework has been assembled by preceramic ap-
plication soldering, the subsequent procedures are
the same as if it had been cast in one piece. This has
the advantage of allowing the connected prosthesis
to be tried in the mouth in the unglazed state. Any
necessary adjustments can be made to the porcelain,
which fuses at a lower temperature than the prece-
ramic soldered connector. However, with prece-
ramic soldering, contouring the proximal embra-
sures so the units resemble natural teeth may be
more difficult. A very thin diamond disk is helpful
for this.

A disadvantage results from having to apply the
porcelain to a longer structure, which needs support
during firing to prevent high-temperature deforma-
tion or sag. Sag can be a particular problem with the
high-gold content ceramic alloys because they have
a lower melting range. High palladium-content or
base metal alloys exhibit little sag during firing. Pre-
soldering requires a gas-oxygen torch.

Postceramic Soldering. Postceramic soldering
is necessary when regular gold and metal-ceramic
units are being combined in an FPD. The regular
gold will melt if it is subjected to the high tempera-
tures needed for porcelain application; therefore all
porcelain adjustment and firing, including that for
the final staining and glazing, must be completed
before the soldering. If further corrective adjust-
ment is needed after soldering, the porcelain will
have to be polished, or the joint will have to be sep-
arated, after which additional porcelain can be

Fig. 28-17.

	

A, This anterior fixed prosthesis was fabri-
cated in individual units and assembled by postceramic sol-
dering. B, Note the connectors placed sufficiently lingual
for good facial embrasure form. C, The assembled splint.

added as needed, the restorations can be reglazed,
a new index can be made, and the FPD can be
resoldered.

Because the proximal areas are shaped before sol-
dering, a postsoldered connector can often be made
to look more natural than a presoldered or cast con-
nector (Fig. 28-17). In addition, customized firing
supports are not needed because sag is not a prob-
lem (the lengths of the individual components are
shorter). Postsoldering is performed either in a
porcelain furnace or with a gas-air torch.

HEAT SOURCES

TORCH SOLDERING
When a gas-air torch is used as the heat source to
melt the solder, metal-ceramic restorations are pre-
heated in an oven to avoid cracking of the porcelain
veneer. Oxidization of the joint surfaces is pre-
vented by using the reducing portion of the flame
(Fig. 28-18) and by applying an appropriate flux
(some soldering fluxes are unsuitable because they
discolor the porcelain). To prevent uneven heat dis-
tribution, which could result in fracture, the flame is

A
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Fig. 28-18. Gas-air torch adjusted for soldering.

never concentrated in one area but is kept in con-
stant motion.

Some dentists believe the flow of solder is more
controllable during torch soldering because a slight
temperature differential can be created and the sol-
der always flows toward the hotter point. This
makes torch soldering useful when the connector
has not been well designed in wax and a minor tem-
perature difference can deliberately be created in
the assembly to help direct the flow of the molten
solder to ensure an adequate connection.

OVEN SOLDERING

Furnace or oven soldering is performed under
vacuum or in air. A piece of solder is placed at the
joint space, and the casting and solder are heated
simultaneously.

Criticism of the technique has been based on ear-
lier observations23 that less porosity resulted when
castings were brought to soldering temperature be-
fore the solder was applied. The method does not
allow the moment of solder fusion to be observed.*
This may be important, because the longer the sol-
der remains molten, the more it will dissolve the
parent metal and consequently weaken the joint.8
Nevertheless, joints of similar or superior strength
to the parent metal have been demonstrated' when
oven soldering was used.

A different technique may be appropriate if the
porcelain furnace has a horizontal muffle with a fixed
floor. The soldering assembly is heated above the fu-
sion point of the solder, the muffle door is opened,
and the solder is fed into the joint space (Fig. 28-19).

Fig. 28-19.

	

Oven soldering a three-unit FPD.
(Courtesy Dr. A.G. Gegauff.)

INFRARED SOLDERING (Fig. 28-20)

Infrared soldering can be used for low-fusing con-
nectors as well as preceramic soldered joints. A spe-
cially designed unit that uses an infrared light as its
heat source is used. The connector area of the sol-
dering assembly must be positioned precisely
relative to the focal point of the reflector that
concentrates the heat. The operator observes the
soldering procedure through a dark screen and
cuts off the electrical supply when solder flow is
observed. Good accuracy is possible with the sys-
tem.24 The joints have similar strength to conven-
tional soldering,24 although weaker joints have
been reported with infrared presoldering of gold-
platinum-palladium alloys."

*Some porcelain furnaces have an observation win-
dow for postsoldering.

LASER WELDING (Fig. 28-21)

Laser energy is extensively used for welding in
many industries and has been described in dentistry
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Fig. 28-20.

	

Infrared soldering.
(Courtesy Ney Dental International.)

B

Fig. 28-21.

	

Laser welding. Individual titanium components are carefully aligned in the laser welding
unit. The joining procedure is monitored by high-magnification video.
(Courtesy Dr. M. Chen.)

SOLDERING ACCURACY
since the 1970s. Interest has continued in laser as-
sembly of fixed prostheses with reported higher
strength28 and reduced corrosion in comparison to
conventional soldering, although laser welding does
seem as susceptible as conventional soldering to fa-
tigue failure .3° Laser welding may be a practical way
to join cast titanium components (e.g., if these are to
be used for implant superstructures).

Controversy exists as to the relative accuracy of
fixed partial dentures that are cast in one piece, pre-
ceramic soldered, or postceramic soldered. An in-
dividual laboratory technician will often obtain
consistently better results with one particular tech-
nique, but scientific evidence is conflicting. 33,34
When evaluating clinical work to determine whether
cast or soldered connectors provide better results,
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the determining factor should be the fit of the indi-
vidual abutment castings. This should be optimized
through the investing and casting processes (see
Chapter 22) to minimize the risks of incomplete
seating or excessive luting agent space. In some sit-
uations it may be impossible to cast a long-span
FPD with ideal retainer dimensions and ideal inter-
abutment dimensions; the challenge lies in obtain-
ing enough interabutment expansion without mak-
ing the retainers too loose. In such circumstances, a
soldered connector may provide better accuracy.
The situation is reversed when fabricating frame-
works for implant-supported prostheses (see Chap-
ter 13). Here the fit of the individual units is deter-
mined by the implant manufacturer. Only the overall
abutment-to-abutment fit is under the control of the
technician. However, an accurate, passively fitting
implant superstructure is critical to avoid damaging
forces. It is not yet clear if accurate implant super-
structures are most effectively made with one-piece
castings or sectioned and soldered units 35

SOLDERING TECHNIQUE

Armamentarium
•

	

Autopolymerizing acrylic resin
Zinc oxide-eugenol paste
Impression plaster
Mixing bowl
Spatula
Small brush
Waxing instrument
Sticky wax
Baseplate wax
Sprue wax
Soldering investment
Glass slab
Soldering tripod
Flux
Solder
Tongs
Pickling solution

Step-by-step Procedure
Occlusal Soldering Index (Fig. 28-22; see Fig.

28-3). An intraoral plaster or ZOE impression is
made of the occlusal surfaces of the FPD to capture
the relative relationship of the individual FPD com-
ponents and transfer this to the laboratory. This pro-
cedure can also be performed in the laboratory if the
technician is satisfied that the individual compo-
nents are seated completely on an accurate master
cast. An advantage of an occlusal index is that after
the soldering procedure has been completed, the
FPD can be reseated in the index and soldering ac-

Fig. 28-22.

	

Soldering index (plaster) for posterior FPDs.
A, A suitable carrier (e.g., baseplate wax) is trimmed to
proper shape before making a registration with impression
plaster (B). C, The plaster occlusal registration.

curacy can be verified (sometimes a small amount
of plaster must be removed in the area where the
solder has been added to ensure seating).
1. Grind the connector surfaces of the finished

castings with a stone to remove surface oxides.
Then fully seat the castings on the working cast
or in the mouth. Postceramic application joints
are best indexed intraorally after the contour
and appearance have been perfected. If neces-
sary, the soldering gap can be adjusted at this
time (gap distance 0.25 mm).

2. Make an impression plaster registration in a
small tray or on a sheet of baseplate wax for the
occlusal index. As an alternative, an index can

B

C
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be made with ZOE paste, a technique that has
shown36 consistent and accurate recordings. The
index should not cover the margins of regular
gold retainers because these are to be embedded
in the investment to prevent their accidental
melting during soldering.

3.

	

Trim the index to fully expose the margins be-
fore investing (Fig. 28-23).

Investing
4. Seat each casting into the index and lute it to

place with sticky wax.
5.

	

Flow wax into the connector area to prevent the
investment from entering.

6. To create a space that will help the solder
spread, adapt sprue wax gingival to the solder
joint. Burying the units completely in the in
vestment makes soldering difficult because the
unnecessary bulk of the investment prevents
rapid heating of the castings.

7. Protect any glazed porcelain from contacting
the investment by coating it with wax before in-
vesting. To protect regular gold margins from
the soldering flame, they should be embedded
in the investment; otherwise, they may become
overheated and melt. For the same reason, all
margins should be embedded in the invest-
ment before preceramic application soldering.

8.

	

Box the assembly with a suitable sheet wax.
9.

	

Mix the investment carefully and flow it into
the castings without trapping any air. Only
slight vibration is used so the castings will not
be displaced from the index.

10.

	

Allow the invested block to bench set before
removing the wax and preheating.

Autopolymerizing Resin Soldering Index (Fig.
28-24). A plaster or ZOE occlusal index is less suit-
able for the registration of anterior restorations. The
thinness of the incisal edges of these units makes

A

C,D E
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Fig. 28-23.

	

Investing procedure (occlusal index). A and B, The castings are seated firmly and luted to
place with sticky wax. C, The wax is flowed into the connector areas and is adapted gingivally to each
connector to create an airway (D). E, There must be no wax on the internal surface of the casting. F, The
soldering assembly is boxed and filled with soldering investment (G). There must be no air bubbles in
the investment.

B

F
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them less stable, and accurate repositioning is more
difficult. For this reason, autopolymerizing resin is
recommended, although the resin burns off during
the procedure. Therefore, the accuracy of the sol-
dering procedure can only be verified intraorally.
1. Join the completed units together with au-

topolymerizing resin. The resin will later burn
out, leaving no residue that could interfere with
the casting.

2.

	

Apply the resin with a bead technique. This will
minimize the distortion from polymerization
shrinkage. Excessive bulk of resin reduces the
accuracy of the technique ,37 but sufficient mate-
rial must be present to ensure that the compo-
nents do not break (because they cannot then be
accurately reseated in the index). NOTE: The
resin should extend onto the incisal edges of the
retainers.

3. When the resin has fully hardened, carefully
loosen the prosthesis from the abutments. Then
replace it and check whether distortion has oc
curred. This is done in the same way as the try-

4.

5.

6.

in of a finished FPD. It must be stable with no
marginal discrepancies (see Fig. 28-24, C.

Investing (Fig. 28-25).
Warm a sheet of wax and push the cervical as-
pect of the restorations through it. Then seal it
along the axial wall with a warmed instrument.
This will protect the porcelain from contact with
the soldering investment.
Fill the castings with soldering investment and
blot excess water from the remaining invest-
ment, forming it into a patty on a slab or tile.
Seat the restorations on the patty. When a joint
is to be oven-soldered, the restoration should be
angled forward so that the solder can be placed
above the joint before the block is set inside the
furnace.

Wax Removal and Preheating (Fig. 28-26)
If a plaster or ZOE index was used, remove it af-
ter the investment has fully set. This is most ef-
fectively accomplished after removing the wax

Fig. 28-24.

	

Soldering index (autopolymerizing resin). A, Armamentarium. B, A small brush dipped
in resin monomer is touched to the polymer powder. This forms a bead. C, The restorations are thus
connected, with resin extending onto the incisal edges of all the retainers.

A B

Fig. 28-25.

	

Investing procedure (autopolymerizing resin). A, The castings pressed firmly into a soft-
ened sheet of wax. Note that the internal walls of the castings are exposed; the wax seals them. B, Cast-
ings filled with soldering investment and then inverted onto a patty of investment.

1.

A B,C
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A,B

Fig. 28-26.

	

Wax removal and preheating. A and B, Boxing material removed and the wax residue
flushed out with boiling water. C, The connector area must be free of contaminants. D, A small amount
of soldering flux is applied while the assembly is still warm. E, The flux is carried into the connector ar-
eas by capillary action. Then the assembly is placed in the burnout furnace. F and G, Autopolymerizing
resin indexes. These are burned off directly in the furnace after wax elimination.

with boiling water. The joint space must be free
of investment. Flowing a little flux into the joint
space while the soldering block is still warm
from wax removal is recommended. This will
prevent small particles from inadvertently
falling into the gap. Be aware that many special
soldering investments have low strength, and
the assembly is easily broken at this stage.

2.

	

Preheat the investment in a burnout furnace to
650° C (for low-heat soldering) or 850° C (for
preceramic soldering) (1202° F or 1562 ° F).

Acrylic resin indexes are removed by heating
slowly to 300° C (572° F), at which time most of
the resin will have burned away.

3.

	

Heat the block to 650 ° C (1202° F) until all traces
of wax and resin have vaporized and then trans-
fer it to the soldering stand or porcelain furnace.

Torch Soldering (Low Heat) (Fig. 28-27)
1.

	

Transfer the assembly to a soldering stand with
a Bunsen flame underneath and place a piece of
solder above the gap. Adjust the gas-air torch to

C
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D

B,C

E,F

Fig. 28-27.

	

Low-heat torch soldering. A, The assembly positioned on a wire mesh over a Bunsen
burner. B, A flexed piece of solder placed into the connector area. C, A sharply defined flame is prefer-
able for casting procedures. D, A brush flame is more suitable for soldering. This can be obtained by
slightly reducing the amount of air. E, The assembly is heated evenly until the solder melts. The solder
must "spin" in the connector area to form a complete connection (F).

give a sharp blue cone (as for casting) and then
reduce the air for a softer "brush" flame. The re-
ducing zone of the flame is used to heat the in-
vestment block. The flame is directed at the lin-
gual aspect of the block rather than at the
casting.

2.

	

Heat evenly and slowly, moving the tip of the
flame constantly. This is particularly important
in postceramic application soldering because
the porcelain may easily crack. When the metal
glows brightly, the solder will melt and flow
into the joint space.

3.

	

Quickly move the flame to the facial. When the
solder "spins" in the joint, remove the flame.

4.

	

Extinguish the flame and let the soldered pros-
thesis cool for 4 or 5 minutes before quenching
(unless there is porcelain on the restoration, in
which case it should cool to room temperature).
Earlier quenching may lead to distortion,
whereas prolonged bench cooling increases the
brittleness of the joint.

Torch Soldering (High Heat) (Fig. 28-28).
1. Wear dark glasses for eye protection (Fig. 28-

29). Gas-oxygen torches for high-heat prece-
ramic soldering use a miniature needle tip so
that the flame can be pinpointed on the joint
space.

Fig. 28-28.

	

High-heat (preceramic application) torch
soldering with gas-oxygen and a miniature needle tip.

2.

3.

Place the solder above the gap and concentrate
the reducing zone of the flame on the joint
space.
When the solder melts, draw it into the joint and
quickly "chase" it around with the flame (Fig.
28-30). The preceramic solder may have a melt-
ing point close to that of the parent metal, and
there is danger of melting a thin framework un-
less the flame is concentrated on the joint space
(see Fig. 28-12).

A
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Fig. 28-29.

	

Eye protection is essential for high-heat soldering and
the casting of high-fusing alloys.

Fig. 28-30.

	

The flame is directed at the connector immediately when the solder melts and is moved
around from position 1 to positions 2 and 3. This ensures that a complete meniscus is formed.

Oven Soldering
1.

	

Prepare a piece of solder by dipping it in liquid
flux and melting it in a Bunsen flame to form a
ball. The size of the ball will be determined by
the connector size and the joint gap.

2.

	

Leave a short tail attached to the ball to help po-
sition it above the joint space. As an alternative,
the solder can be fed into the joint area as shown
in Fig. 28-19.

3.

	

Put the assembly in the furnace and increase the
temperature to fuse the solder. A vacuum is not
needed for oven soldering of noble metal alloys.
Air firing is preferred by some technicians be-

cause in a vacuum there is always the chance of
drawing entrapped gases to the surface of glazed
porcelain, causing localized swelling or bloating.

Infrared Soldering (see Fig. 28-20)
1. Invest the assembly in the customary manner,

using the appropriate material.
2.

	

After wax elimination, position the assembly in
the heat focus of the soldering machine. A
pointer is used to ensure proper positioning of
the connector area relative to the heat source.
The connector area is fluxed, and the solder is
positioned as described for oven soldering.
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A

Fig. 28-31.

	

A, A fixed splint was indicated in this patient to prevent drifting of teeth with compro-
mised periodontal support. B and C, Plaster soldering index. C, The assembled prosthesis after solder-
ing. E, Note that the connectors have been considerably reduced in size during the finishing procedure.
Splinted teeth do not require as large connectors as do FPDs. F, The completed prosthesis.

3.

	

Lower the protective shield to prevent eye in-
j ury, and activate the heat source. When a com-
plete connector has formed after the fusing
point of the solder is reached, the heat source is
shut off, and the assembly is removed from the
soldering platform.

EVALUATION

If the solder fails to flow during torch soldering but
forms a ball above the joint area, heating should be
discontinued. The solder has oxidized, and further
heating will melt the castings. If the solder has
flowed properly, the completed joint can be evalu-
ated for size before removal of the investment and,
if necessary, reheated while still hot, with addi-
tional solder added. Excessive solder must be
ground away during the finishing procedure (Fig.
28-31).

If the connector has been designed properly and the
solder has been properly positioned, no solder should
run onto the occlusal surface or cover the margins. To
prevent stray flow, a small amount of antiflux (rouge
dissolved in turpentine) can be painted on critical ar-
eas before the assembly is heated. After bench cooling
for about 5 minutes, the assembly is quenched (not
porcelain) and the investment broken away (Fig. 28-
32). The connector is then carefully inspected. If signs
of an incomplete joint are evident (e.g., visible poros-
ity in the solder), they are removed by grinding with a
fine disk; the units are then reinvested and resoldered.

The joints must be tested for strength (Fig. 28-33).
Any connector that can be broken by force of hand
will not serve adequately in the mouth. Because
broken connectors cannot be easily repaired intrao-
rally once the prosthesis has been cemented, the en-
tire restoration usually must be remade.

C

B

D
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A,B
C

Fig. 28-32.

	

A, The assembly is quenched after bench cooling for approximately 5 minutes. B, Invest-
ment removed from the castings. C, Surface oxides dissolved in a pickling solution.

Fig. 28-33.

	

Solder joints should always be tested for strength.

REVIEW OF TECHNIQUE

Figure 28-34 summarizes the steps involved in FPD
connector fabrication and should be referred to
when the material is reviewed.
1.

	

The design of connectors is determined in the
wax pattern (Fig. 28-34, A).

2.

	

All soldered connections require clean parallel
surfaces. Gap width should be 0.25 mm (Fig.
28-34, B).

3. The units are indexed either from the master
cast or in the mouth (Fig. 28-34, C).

4. Wax is added to the indexed restorations to
shape the soldering assembly. For metal-

ceramic restorations, it is added to protect the
porcelain (Fig. 28-34, D).

5.

	

The units are invested, and the investment is al-
lowed to bench set (Fig. 28-34, E).

6.

	

If a plaster or ZOE index is used, wax is elimi-
nated with boiling water or chloroform, the
joint is fluxed, and the assembly is preheated in
a burnout furnace (Fig. 28-34, F).

7.

	

If a resin index has been used, it is placed di-
rectly in the burnout furnace (Fig. 28-34, G).

8.

	

The connectors are soldered with a torch or in a
porcelain furnace (Fig. 28-34, H).
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Fig. 28-34.

	

Technique review.

Connectors join individual retainers and pontics.
Rigid or nonrigid connectors can be used. Connector
size, shape, and position influence the success of an
FPD. The use of soldered connectors can simplify the
fabrication of larger fixed prostheses, which may be

SUMMARY
cast separately in groups of one or two units and as-
sembled after their individual fit has been verified.
The technical procedures involved in soldering are
not difficult. If the joint surfaces have been correctly
designed and soldering gap width has been care-
fully controlled, the procedures are routine. All

D
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debris must be removed from the connector area be-

cause it interferes with surface wetting.
Conventional soldering involves the assembly of

Type II and Type IV gold castings. Presoldering is
the assembly of metal ceramic substructures before

porcelain application. Postsoldering is the assembly
of metal ceramic units after porcelain application.
Heat sources used for soldering procedures include

gas-air torches, gas-oxygen torches, furnaces, in-
frared, and laser units.

If the basic principles are understood and the
technique has been mastered, these procedures are
entirely reliable.

abrasive: n (1853): a substance used for abraiding,
smoothing, or polishing.

antiflux: n: a material that prevents or confines solder
attachment or flow.

connector n: in fixed prosthodontics, the portion of a
fixed partial denture that unites the retainer(s) and
pontics-usage: see nonrigid c., rigid c.

fineness: n: the proportion of pure gold in a gold alloy;
the parts per 1000 of gold.

flux: n (14 cent.) 1: in physics, the rate of flow of a liq-
uid, particles or energy 2: in ceramics, an agent that
lowers the fusion temperature of porcelain 3: in
metallurgy, a substance used to increase fluidity
and to prevent or reduce oxidation of a molten
metal 4: any substance applied to surfaces to be
joined by brazing, soldering or welding to clean and
free them from oxides and promote union.

i ndex: n (1571): a core or mold used to record or main-
tain the relative position of a tooth or teeth to one
another, to a cast, or to some other structure.

infrared radiation: electromagnetic radiation of wave-
lengths between 760 nm and 1000 nm.

nonrigid connector: any connector that permits limited
movement between otherwise independent mem-
bers of a fixed partial denture.

rigid connector: a cast, soldered, or fused union be-
tween the retainer(s) and pontic(s).

solder n solder v, soldered; soldering, solderability: n-
solderer n: to unite, bring into, or restore to a firm
union; the act of uniting two pieces of metal by the
proper alloy of metals.

stabilization: n, obs: the seating of a fixed or removable
denture so that it will not tilt or be displaced under
pressure (GPT-1).

weld: vb: to unite or fuse two pieces by hammering,
compression, or by rendering soft by heat with the
addition of a fusible material.
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A cast metal restoration is not ready for try-in and ce-
mentation merely because it has been stripped of its
investment. The unpolished surface is relatively
rough, and a series of finishing procedures are
needed to produce highly polished axial surfaces.
This will limit the accumulation 1,2 and retention3 of
plaque and facilitate maintenance of health of the
supporting periodontal tissues. The sprue needs to be
removed, and the area of its attachment needs to be
recontoured. Any nodules or other minor irregulari-
ties remaining on the cast surface must be eliminated.

Metal finishing for metal-ceramic restorations is
similar to cast metal. The discussion in this chapter
is applicable to both restoration types. In practice,
the final polishing of metal-ceramic restorations is
not done until after characterization and glazing
(see Chapter 30).

The objectives and procedures for finishing are differ-
ent for each part of the cast restoration. The following

OBJECTIVES AND PROCEDURES

discussion is sequentially divided into corresponding
phases; each are identified as zones (Fig. 29-1).

ZONE 1: INTERNAL MARGIN
Objective. To minimize any dissolution of the

luting agent, a 1-mm-wide band of metal must be
obtained that is closely adapted to the tooth sur-
face.' A defect within this zone can significantly re-
duce a restoration's longevity. Good adaptation is
obtained by carefully reflowing the wax pattern
(Fig. 29-2). With careful standardization of tech-
nique, the dentist can achieve predictable and con-
sistent results.

Procedure. If a defect occurs in the marginal
area, the restoration will have to be remade. This
may require an additional patient visit to make the
new impression. Defects can be prevented or mini-
mized by paying particular attention to reflowing
the margins of the wax pattern and through careful
investing (see Chapter 22).

Even small nodules can prevent a casting from
seating completely. Careful examination under am-
ple magnification will help identify interferences.
Small nodules, if far enough away from the margin
itself, can be removed under a binocular microscope
with exceptionally cautious use of very small rotary
instruments (e.g., a no. 1/4 round bur). However,
great care is needed to avoid damage to the margin
and annoying remakes.

Fig. 29-1.

	

Recommended sequence for finishing of a cast restoration. All procedures for a zone
should be completed before the next zone is started. Zone 1 is the internal margin; Zone 2, the internal
surface; Zone 3, the sprue; Zone 4, the proximal contacts; Zone 5, the occlusal surface; Zone 6, the axial
walls; and Zone 7, the external margins.

732
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Fig. 29-3.

	

Multiple nodules on a casting (arrows) have
resulted from improper investing. To permit complete seat-
ing of the casting, even small ones such as these must be re-
moved entirely.

Fig. 29-2.

	

Reflowing the wax pattern. The objective is to
create a well-adapted 1-mm zone to prevent cement disso-

lution. Proper reflowing before investing is a prerequisite to
accomplish this.

ZONE 2: INTERNAL SURFACE (INTAGLIO)

Objective.

	

No contact should exist between the
die and the internal surface of the casting. A uni-
form space of 25 to 35 um is necessary for the luting
agent to spread evenly. Any contact(s) must be iden-
tified and relieved by careful selective grinding of
the internal surface.

Procedure. Under normal circumstances, a
casting's internal surface does not require finishing.
It should, however, be examined for nodules (Fig.
29-3) before the restoration is seated on the die.
Nodules can be removed with a small round car-
bide bur, which can be time consuming because it
may need to be repeated several times. If the inter-
nal surface needs to be adjusted more than occa-
sionally, the investing procedure should be reexam-
ined for flaws.

Even a very small nodule can result in significant
increase of the marginal gap width (Fig. 29-4). A
binocular microscope is especially helpful in identi-
fying nodules. High-quality loupes are an accept-
able alternative. Great care should be exercised
when seating a casting on its die. Any significant
force will abrade or chip the die so that the casting
will seat on the die but will not seat fully on the pre-
pared tooth. Overlooking this at the cementation
appointment will result in a restoration with open
margins and a poor prognosis. If a casting does not
seat, a nodule may have been overlooked and may
have scratched the die. A little stone may have been

Fig. 29-4.

	

A relatively small nodule (arrow) will result in
a substantial open margin.

picked up in the process. Close examination of the
internal surface of the casting or the axial walls of
the die (Fig. 29-5) will reveal this. Corrective action
is often relatively simple, and the casting may be ac-
ceptable. Care must be taken not to seat a faulty
casting repeatedly, thereby abrading the die. After a
die has been abraded by a casting, it should not be
used for rewaxing a restoration. If this is necessary,
a new impression will be required.

When a nodule is removed from the internal as-
pect of a casting, deliberately removing a slightly
greater amount of alloy in the area is recommended.
Once the casting has been adjusted, determining
the exact location of the nodule will no longer be
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Fig. 29-5.

	

A, Internal surface of a casting. Note the stone
(arrow) adhering where the die has been abraded by the
casting. B, A suitable marking agent (e.g., rouge and chloro-

form) can be used to detect areas that must be relieved to
allow complete seating.

possible. Therefore, the nodule should be removed
entirely in one step, rather than through sequential
relief of the internal surface (Fig. 29-6).

Indiscriminately removing material from the in-
ternal aspect of any casting is not an acceptable al-
ternative. This will result in excessive loss of reten-
tion and resistance form, and the restoration will
need to be remade.

Marking Agents.

	

Several agents are commer-
cially available to facilitate identification of the seat-
ing interference between the casting and the die.
These include water-soluble dies (e.g., Liqua-
Mark*), solvent-based dies (e.g., Accufilm IV), and
powdered sprays (e.g., Occlude$). A suspension of
rouge in chloroform or an elastomeric detection
paste (e.g., Fit Checker)§ can also be used as an al-
ternative . These agents should be applied as a thin
film to the internal surface of the casting. High mag-
nification of the casting after seating will reveal ini-
tial contact for grinding. Regardless of the method
used, the internal surface of the casting should al-
ways be thoroughly cleaned before the luting pro-
cedure (see Chapter 31).

Fig. 29-6.

	

When removing a nodule, remove slightly

more than the defect to ensure complete seating of the
restoration.

Procedure.

	

Once the fit of the casting has been
verified on the die and it has been found to be ac-
ceptable, the sprue is sectioned, and the area of its
attachment to the casting (Fig. 29-7) is reshaped.

A carborundum separating disk is used to cut
through the sprue. Cutting should be performed cir-
cumferentially, maintaining a small area in the cen-
ter of the sprue. This last connection is broken by
twisting and separating it from the casting. Wire
cutters are not recommended, because they may
lead to distortion of the casting. Any excess in the
area of the sprue attachment is removed with the
disk, and the area is refined with stones and sand-
paper disks.

ZONE 4: PROXIMAL CONTACTS
Objective. The proximal contact areas are ad-

justed in the laboratory so that they will be correct
(or slightly too tight) when the casting is evaluated
in the mouth.

ZONE 3: THE SPRUE
Objective. To reestablish proper coronal mor-

phology and function, the sprue must be sectioned,
and the casting must be recontoured in the area of
its attachment.

Procedure. Special care is needed to prevent
the finishing procedures from producing an overre-
duced and consequently inadequate proximal con-
tact. Although this can be corrected with solder (see
p. 747), it is a time-consuming and unnecessary pro-
cedure.

A slightly excessive contact, however, may be
corrected easily during clinical evaluation. The prox-
imal contacts on the stone cast can be minimally re-
lieved by careful scraping with a scalpel (Fig. 29-8).
The casting is then adjusted until it just seats. When
adjacent castings are made, they should not be ad-
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C,D E

Fig. 29-7.

	

A, The button is most effectively removed by cutting around the sprue and then twisting it
off. B, With multiple castings made simultaneously, access is more difficult. When it is necessary to sever
a sprue completely, care must be taken not to damage the margin inadvertently. C and D, Disks and
stones are used for gross recontouring. E, The recontoured casting before finishing.

Fig. 29-8.

	

Rather than risk a deficient proximal contact
at evaluation, the technician may reduce the cast slightly by
scraping the adjacent teeth with a blade.

Connectors. When an FPD is being finished,
the connectors require special attention. Unless they
are properly contoured and highly polished, peri-
odontal health will invariably be affected, even in
the presence of the most meticulous oral hygiene.
Ideally, a properly finished connector has a para-
bolic configuration (Fig. 29-10). Rotary instruments
such as rubber wheels, which allow access to the
cervical aspect of the connector for finishing while
not jeopardizing the margin, are essential in these
situations. In cases of root proximity between adja-
cent teeth, this can be quite problematic. After pre-
liminary finishing with rubber wheels, a piece of
twine can be used to impart the final polish to the
cervical aspect of the connector (Fig. 29-11).

justed to seat on the working cast simultaneously.
Under these circumstances, the proximal contacts
should be left slightly too tight in the dental labora-
tory. For such multiple castings, clinical evaluation
is done sequentially and on an individual basis. Ad-
justments are made for each casting independently.

When adjusting proximal contacts, placing a thin
Mylar articulating film between adjacent castings or
between the casting and the adjacent tooth is help-
ful (Fig. 29-9). Doing this allows the areas where
binding contact occurs to be adjusted through selec-
tive adjustment where markings result.

ZONE 5: OCCLUSAL SURFACE

Objective. Occlusal contacts are reestablished
in static and dynamic relationships to the opposing
arch. Obtaining accurate and stable contacts does
not require highly polished metal occlusal surfaces.
A satin finish is acceptable. Occlusal morphology
must ensure positional stability and satisfy all func-
tional requirements (see Chapter 4).

Procedure. The occlusal contacts are checked
with thin Mylar articulating film (Fig. 29-12) to en-
sure that they match the design in the waxing stage.
If they do not, the occlusion must be adjusted. Wax
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Fig. 29-9.

	

A, Thin articulating film interposed between a metal-ceramic restoration and the adjacent
tooth. B, The area of contact that prevents complete seating is readily apparent. C to E, Articulating film
is used to detect the location of an excessive proximal contact on cast metal.

Fig. 29-10.

	

Cross sections showing properly finished connectors.

Fig. 29-11.

	

Polishing connector areas. Twine impregnated with polishing compound is an efficient
way to polish this hard-to-reach area.

A,B C
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Fig. 29-12.

	

After complete seating is verified, the initial
point of contact is marked.

Fig. 29-13.

	

Occlusal prematurities are generally the re-
sult of excessively heavy contact on the wax pattern.

is subject to elastic recovery. If an occlusal contact is
heavy in wax, it will spring back slightly when the
articulator is opened and will produce an occlusal
prematurity in the casting (Fig. 29-13). If "pinpoint"
contacts are established carefully during the waxing
phase, significant occlusal adjustment should not be
necessary.

Occlusal adjustments can be performed with
flame-shaped finishing burs or diamonds (Fig.
29-14). A large stone will create unwanted concavi-
ties in the occlusal surface. The correct technique for
occlusal adjustment is to redevelop the anatomy of
the entire ridge or cusp rather than grinding only
the point of interference. Simultaneously, any nod-
ules can be removed, and grooves can be defined
with a finishing bur or small round bur.

Fig. 29-14.

	

A, Occlusal adjustment is readily accom-
plished with a pointed diamond or carbide. B, The grooves
and fissures are concurrently refined.

Before starting any adjustment, the practitioner
should use a thickness gauge on the metal. If only
minimum clearance was established at the tooth-
preparation stage, indiscriminate adjustment will
lead to inadequate thickness of the casting (Fig. 29-15)
and possible perforation. Although soldering such a
hole in a casting is possible, the occurrence of this
complication usually indicates an earlier error that re-
quires correction (e.g., inadequate clearance necessi-
tates additional reduction of the tooth preparation).

After the occlusal contacts have been refined,
they must not be altered by extensive polishing. A
high polish may be essential for plaque control on
axial surfaces (Zones 6 and 7), but its benefit is ques-
tionable on the occlusal surface of metal castings. In
fact, an accurate occlusion so painstakingly estab-
lished in wax can be rapidly destroyed by overzeal-
ousness to make a casting "look pretty."

If the wax pattern has been carefully finished, a
smooth casting will have resulted, and removing
surface oxides with a soft wire brush wheel will be
sufficient. The surface can then be polished with rouge
on a soft brush wheel (which removes only 5 um
from the surface of the casting7) (see Fig. 29-18).

Some authorities8 recommend producing a matte
finish on the occlusal surfaces to aid in the initial
identification of wear facets during function, which
will show up as shiny marks on an otherwise dull
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Fig. 29-15.

	

As occlusal adjustments are made, the resid-
ual thickness is continually monitored with an appropri-
ately designed thickness gauge. For structural durability,
0.5 mm is inadequate metal thickness and is the result of in-
sufficient occlusal reduction.

surface. This type of finish is usually achieved with
an airborne particle abrasion unit and 25- to 50-um
AI2O3 (alumina) particles. However, a 5-second
blast with 50-um alumina at 500 kPa* (73 psi) pres-
sure will remove about 20 um of metal from the
air-abraded surfaces'; therefore, the margins should
be protected.10 An exposure of about 1 second will
usually produce a smooth satin finish. If this cannot
be accomplished, it is likely that the preparation be-
fore this step was deficient. Further refinement will
be necessary.

ZONE 6: AXIAL WALLS

Objective. When axial wall finishing is com-
pleted, the walls should be smoothly contoured and
highly polished, enabling the patient to carry out
optimum plaque control.

Procedure. Surface defects are removed by
grinding with abrasive particles bound into a grind-
ing stone or rubber wheel, on a paper disk, or ap-

*Kilopascals are equal to 1000 newtons/m-.

Fig. 29-16.

	

Abrasives for finishing. A sequence of pro-
gressively finer grades is used to attain the desired surface.
Carborundum disks and stones of varying degrees of
coarseness (A) are typically used first; these are followed by
garnet paper and sandpaper disks (B), rubber points and
white Arkansas stones (C), and rubber wheels and points
along with small carbide burs for removing nodules (D).

plied as an abrasive paste (Fig. 29-16). Each particle
acts as a cutting tool on the metal surface.

The most efficient method of polishing" is a se-
quence of progressively finer abrasives (Fig. 29-17),
each removing the scratches made by the previous
grade. Time is wasted if the progression to a
finer-grade abrasive is too rapid, because the
coarser grits will remove material much more
efficiently.

A
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A

D

Fig. 29-17.

	

Finishing armamentarium. A, Assorted abrasives, sandpaper disks, rubber points, and
polishing wheels. B, Instruments used range from small carbides (for removing nodules) and a steel wire
brush (for occlusal surface smoothing) to buffing wheels and compounds. C, A coarse wheel is used to
true and thin the edge of a rubber wheel. D, Buffing compounds applied on a felt wheel or bristle brush.

Light pressure is applied when using abrasives,
and the instrument must be kept rotating; other-
wise, the surface of the casting will be ground into a
series of facets that ultimately will impede plaque
control. When all surface irregularities have been re-
moved and the progression through the series of
abrasives has left a finish with only minute
scratches, the axial surfaces of the restoration are
polished. Jeweler's rouge will rapidly produce a
high polish on a well-prepared surface of a dense
casting (Fig. 29-18, K). This is carried on a wheel or
brush, with heavier pressures and higher rotational
speeds than were used in finishing (Fig. 29-18).

ZONE 7: EXTERNAL MARGINS

Objective. Margin finishing is critical to a
restoration's longevity and therefore deserves spe-
cial attention. The objective of all cast restoration
finishing is a highly polished metal surface without
ledges or steps as the transition is made from
restoration to unprepared tooth. Failure to accom-
plish this will compromise plaque control.

Procedure. Where access permits, cavosurface
margins should be finished directly on the tooth

(see Fig. 30-10). Unfortunately, the areas where ac-
cess for finishing is restricted (e.g., proximally or
subgingivally) are precisely where plaque control
will present the most problems. Therefore, only the
least critical areas can be finished intraorally. An ad-
vantage of partial-coverage restorations over com-
plete crowns is that they allow better access for fin-
ishing margins and for subsequent plaque control.

Those parts of the margin that cannot be finished
on the tooth are finished on the die (Fig. 29-19). Care
must be taken not to remove more metal than is
strictly necessary. Excessive finishing creates prob-
lems similar to those caused by incomplete polish-
ing. This raises the issue of how much material can
be removed from the surface of a casting without
compromising the ultimate fit and emergence pro-
file of the finished restoration.

A stone die from a polysulfide impression is ap-
proximately 25 um wider than the tooth because of
polymerization and thermal shrinkage of the im-
pression material and expansion of the gypsum." In
theory, therefore, if 12.5 um is removed during fin-
ishing, the casting will be flush with the tooth sur-
face. Although these values cannot be measured on
a day-to-day basis in a dental office, they illustrate

C
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H

Fig. 29-18.

	

Finishing and polishing. A, Initially a wire brush is used
on the occlusal surfaces. B, A fine-grit sandpaper disk is applied for re-
moving pits and irregularities from the axial walls. Note that the mar-
gin is not touched at this time. C and D, Rubber points and small car-
bides for selective finishing of the occlusal morphology. E, A rubber

wheel is then used on the axial walls. F, Castings, after polishing with
buffing compound, immediately before clinical evaluation. G, When
the fit has been verified clinically, the margins are polished. H and I,
The completed castings immediately before cementation. J, Scanning
electron micrograph of a gold alloy in the "as-cast" state. K, The same
casting after finishing and polishing with a series of abrasives culmi-
nating in rouge.
(J and K courtesy Dr. J.L. Sandrik.)
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D

Fig. 29-19.

	

When subgingival margins do not allow access, final finishing is performed on the die.
During final polishing, the margin is carefully supported with a finger.

the tolerances of, and restrictions imposed by, the
materials that are presently in use.

The edge of the margin must not be distorted
during finishing, although carefully rubbing a
smooth instrument along the length of the margin
(burnishing) (Fig. 29-19, A) may improve the mar-
gin, 13,14* but only when softer alloys are used.

Finishing should be performed by gently brushing
a fine-grit stone over the surface to remove casting
roughness (Fig. 29-19, B). This is followed by a soft
rubber wheel or point (Fig. 29-19, C) and finally by
rouge on a brush. The margin should be supported
with a finger during final polishing (Fig. 29-19, D).

When the casting is smooth on all critical sur-
faces, any remaining polishing compound can be re-
moved with a soft toothbrush, by ultrasonic clean-
ing in an appropriate solution, or by steam cleaning
(see Chapter 31).

*Unfortunately, burnishing will not make a poorly fit-
ting margin acceptable.

REVIEW OF TECHNIQUE
Fig. 29-20 presents the steps involved in finishing a
restoration and should be consulted when tech-
niques are reviewed.

1. The internal margin is inspected to confirm
that the casting accurately reproduces the pre-
pared tooth and is intimately adapted to the
prepared surfaces adjacent to the margin (Fig.
29-20, A).

2.

	

The internal surface is inspected under magni-
fication and adjusted as necessary with small
stones and carbide burs. Adjustments are re
stricted to areas where binding contacts occur
(Fig. 29-20, B).

3. The casting should seat completely without
force and without noticeable rocking or insta-
bility (Fig. 29-20, C.

4.

	

The sprue is removed (Fig. 29-20, D).
5. The area of its attachment is reshaped (Fig.

29-20, E).
6. The proximal contact areas are adjusted (Fig.

29-20, F).

C
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7. On the cast, proximal contacts can be left
slightly tight before the clinical evaluation ap-
pointment (Fig. 29-20, G).

8. The occlusal surfaces are evaluated and ad-
justed. No centric or excursive interferences
should remain (Fig. 29-20, H).

9. The axial surfaces are finished and polished.
Finishing the cervical aspect of axial walls on
metal-ceramic restorations is postponed until
after final glazing and characterization. In ad-
dition, if a soldering procedure is anticipated,
the marginal area is left unfinished until the

D,E

Fig. 29-20.

	

Technique review.
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soldering has been completed and the fit of
the assembled prosthesis is acceptable (Fig.

29-20,I).

10. The polished restoration is cleaned. A steam
cleaner or ultrasonic cleaner (with the appro-

priate solutions) can be used (Fig. 29-20, J). The
cleaned castings are seated on the master cast

(Fig. 29-20, J).

airborne particle abrasion: the process of altering the
surface of a material through the use of abrasive par-
ticles propelled by compressed air or other gases.

aluminum oxide: 1: a metallic oxide constituent of den-
tal porcelain that increases hardness and viscosity
2: a high-strength ceramic crystal dispersed through-
out a glassy phase to increase its strength as in alu-
minous dental porcelain used to fabricate alumi-
nous porcelain jacket crowns 3: a finely ground
ceramic particle (frequently 50 um) often used in
conjunction with airborne particle abrasion of metal
castings before the application of porcelain as with
metal ceramic restorations.

Beilby layer [Sir George Thomas Beilby, British
chemist, 1850-1924]: eponym for the molecular dis-
organized surface layer of a highly polished metal.
A relatively scratch-free microcrystalline surface
produced by a series of abrasives of decreasing
coarseness.
Beilby GT. Aggregation and flow of solids, 1921.

devest: vb: the retrieval of a casting or prosthesis from
an investing medium.

i ntaglio: n, pl -ios (1644) 1: an incised or engraved fig-
ure in stone or any hard material depressed below
the surface of the material such that an impression
from the design would yield an image in relief
2: something carved in intaglio.

i ntaglio surface: the portion of the denture or other
restoration surface that has its contour determined
by the impression; the interior or reversal surface of
an object.

polishing: v, obs 1: to make smooth and glossy, usually
by friction; to give luster to (GPT-1) 2: obs: the act or
process of making a denture or casting smooth and
glossy (GPT-1).

rouge: n (1753): a compound composed of ferric oxide
and binders used for imparting a high luster to a
polished surface, glass, metal, or gems.
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EVALUATION

When the laboratory procedures have been com-
pleted, the restoration is ready to be evaluated in the
patient's mouth before final finishing and cementa-
tion. The completed prosthesis is cleaned either ul-
trasonically or with a steam cleaner to remove any
residual polishing compound and then disinfected.
Metal castings need to be evaluated in terms of prox-
imal contacts, margin integrity, stability, internal fit,
external contours, occlusion, and surface finish.

Metal-ceramic restorations often require a sepa-
rate metal evaluation stage, when the margin in-
tegrity, stability, occlusion and substructure design
are evaluated. Especially important at this appoint-
ment is the assessment of the cut-back area. Minor
adjustments can be made, for instance by extending
the veneering surface slightly interproximally to en-
hance the appearance of the completed prosthesis.
During the subsequent bisque evaluation, the mar-
ginal integrity and stability are reassessed to deter-
mine whether any distortion has occurred during
firing. Proximal contacts also are evaluated during
this stage, as are porcelain contours, stability, and
the shade, texture, and glaze. For fixed partial den-
tures (FPDs), tissue contact of the pontics and the lo-
cation and shape of connectors need careful assess-
ment. Otherwise, tissue irritation may occur.
Primarily because of the inevitable inaccuracies that
result during the indirect technique and the high
degree of precision needed for a successful fixed
prosthesis, only rarely will the restoration not re-
quire some chairside adjustment.

PROVISIONAL RESTORATION AND LUTING AGENT
The provisional restoration is removed with gentle
application of hemostats or a Backhaus towel clamp.
Special band removers (Fig. 30-1) may also be used.
Most of the luting agent or temporary cement will
adhere to the provisional when it is taken out of the
mouth. Any remaining cement should be loosened
from the prepared tooth surface with an explorer fol-
lowed by careful application of a water-pumice mix-
ture* in a prophylaxis cup. Slow speed and relatively
light pressure are essential. Polishing the prepara-
tion is undesirable because it may lessen retention.
The preparations are rinsed with water and air
spray, and after drying the area is inspected. All
residual luting agent must have been removed be-
cause even a very small particle of temporary ce-
ment can prevent a casting from seating completely.

EVALUATION SEQUENCE
Following a logical sequence during the evaluation
procedures is important if mistakes are to be
avoided. The recommended sequence is as follows:

Fig. 30-1.

	

Hemostats (A), Backhaus towel clamp forceps
(B), and Baade-type band removers (C).

*As an alternative, the pumice can be mixed with an
antimicrobial such as Consepsis (Ultradent Products,
Inc.), which may reduce postcementation sensitivity.
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1.

	

Proximal contacts
2.

	

Marginal Integrity
3. Stability
4. Occlusion
5.

	

Characterization and glazing
The proximal contacts are evaluated first because

excessive contact here will prevent the restoration
from seating, leading to a marginal discrepancy.
Similarly, if a restoration is not seating completely,
assessing stability and sectioning, or adjusting the
occlusion, is contraindicated.

PROXIMAL CONTACTS
The location, size, and tightness of a restoration's
proximal contacts should resemble those of the nat-
ural teeth. Typically, textbooks refer to contacts that
allow unwaxed floss to "snap" through "relatively
easily." Although this is not a very scientific defini-
tion, the use of floss is a convenient method to com-
pare the contacts with others in the dentition. If the
floss will not pass, the contact is excessively tight; if
it goes through too easily, food impaction may re-
sult (Fig. 30-2). The use of shim stock (thin Mylar
film) is probably a more reliable indicator of proxi-
mal contact. The ideal contact should allow for po-
sitional stability of the abutments and adjacent teeth
as well as easy maintenance of the supporting struc-
tures. Most patients will give reliable information as
to a tight proximal contact when asked if they "feel
as though they have a seed between their teeth,"
provided a local anesthetic has not been adminis-
tered. A deficient contact is easily overlooked but
will invariably result in patient complaints as food
becomes impacted.

occurs, because a shiny spot (Fig. 30-3) will appear
where adjustment is necessary.

When a contact is too tight, the restoration is re-
moved from the mouth, adjusted, and then reevalu-
ated intraorally Remember to allow a small degree
of excessive tightness for polishing.

Porcelain Restorations.

	

A tight proximal con-
tact in unglazed porcelain is easily adjusted with a
cylindrical mounted stone. The area of contact (Fig.
30-4) can be identified with red pencil or thin mark-
ing tape.

After glazing, a slight change in the contact may
be observed because of the pyroplastic surface flow
that occurs during firing. If adjustment of a glazed
restoration is needed, it can be repolished with dia-
mond-impregnated silicone points, pumice, or dia-
mond-polishing paste.

Deficiency
All-metal Restorations.

	

A gold casting with a
deficient proximal contact can usually be corrected
by soldering (Fig. 30-5). The procedure is simple
and can be performed in the dental office in a mat-
ter of minutes. However, soldering a proximal

Excessive Tightness
All-metal Restorations.

	

If a tight contact pre-
vents the seating of an all-metal restoration, adjust-
ments are readily made with a rubber wheel. The
satin finish produced helps identify where binding

Fig. 30-3. Identifying the location of a tight proximal con-
tact. The metal is given a matte finish by grinding with a rub-
ber wheel. A shiny mark will be formed where the contact is
excessive.

Fig. 30-2. Deficient mesial contact, which could allow
food to become impacted.

Fig. 30-4. The location of tight porcelain contacts can be
identified with thin marking tape.
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A
B

Fig. 30-5.

	

Adding a proximal contact with gold solder. A, Armamentarium. B, Roughening the defi-
cient proximal surface. C, Adding antiflux (graphite or rouge/ chloroform) to the margin. D, Segment of
solder positioned with paste flux. E, Heated over a Bunsen burner flame until the solder just melts. F, Prox-
imal contact readjusted.

contact should not be routinely necessary. After sol-
dering, the restoration will require repolishing.

Armamentarium (Fig. 30-5, A)
•

	

Soldering tweezers
•

	

Gold solder
•

	

Paste flux
•

	

Bunsen burner
• Antiflux
•

	

Polishing armamentarium

Step-by-step Procedure
1. Roughen the deficient area with a disk (Fig.

30-5, B).
2.

	

Protect the margin of the casting with a graphite
pencil (or another suitable antiflux) (Fig. 30-5, C.

3.

	

Coat a small piece of solder with flux and posi-
tion it on the previously roughened surface (Fig.
30-5, D).

4.

	

Hold the casting with the soldering tweezers in
a properly adjusted flame of the Bunsen burner
to position the solder at the height of the reduc-
ing portion of the flame (Fig. 30-5, E).

5.

	

Observe the solder carefully as it heats up. As
the solder starts to fuse, it will rapidly spread.
With a little practice the casting can be tipped to
help the solder flow in the desired direction.
The casting is then immediately removed from
the flame.

6.

	

Pickle the casting and adjust the addition with
disks (Fig. 30-5, F) before repolishing and
cleaning.



A

Chapter 30 Evaluation, Characterization, and Glazing

B

	

C

Fig. 30-6.

	

Correction of a defective proximal contour with low fusing, add-on porcelain (A). B, Ap-
plying the porcelain. C, Corrected proximal contours.

Porcelain Restorations. A deficient proximal
contact in porcelain requires additional firing. At the
bisque stage, this is time consuming, but additional
porcelain is not a problem. However, if a restoration
has been completely finished, glazed, and stained at
the time the deficient contact is discovered, a lower-
fusing "add-on" or correction porcelain can be used
to solve the problem (Fig. 30-6).

This is a mixture of body porcelain and overglaze
with additional modifiers to produce a maturation
temperature as low as 850 ° C (1562° F). Minor cor-
rections can thus be made with little risk of dimen-
sional change to any other part of the restoration.
Major corrections should be made by performing an
additional firing with the conventional body and in-
cisal powders, although there are limits to the num-
ber of times a restoration can be fired if devitrifica-
tion is to be avoided (see p. 638).

Fig. 30-7.

	

Water-soluble marking agent.

MARGIN INTEGRITY
The completed restoration should go into place
without binding of its internal aspect against the oc-
clusal surface or the axial walls of the tooth prepa-
ration; in other words, the best adaptation should
be at the margins. If the indirect procedure is han-
dled properly, there should be no noticeable differ-
ence between the fit of a restoration on the die and
that in the mouth.

Several techniques have been used to detect
where a casting binds against an occlusal or axial
wall-including disclosing waxes, a suspension of
rouge in turpentine or acetic acid, air abrasion to
form a matte finish surface, powdered sprays, water-
soluble marking agents (Fig. 30-7), and special
elastomeric detection pastes. However, none has
proved entirely satisfactory. Most techniques are
rather messy and time consuming and should not
be needed on a routine basis.

Nevertheless, elastomeric paste (Fig. 30-8) has
some advantages. The material is similar to a sili-

cone impression material and is obtained as a
two-paste system. It has a similar viscosity to the fi-
nal luting agents, so it can be used not only to iden-
tify unwanted internal contacts but also to assess
adequate marginal fit. The degree of clinically ac-
ceptable marginal opening (i.e., the discrepancy un-
likely to have an adverse effect on the prognosis) is
hard to define. Margin integrity has been the subject
of many laboratory and clinical evaluations. Obvi-
ously, to limit dissolution of the luting agent, the
thickness of the cement film at the margins should
be kept minimal. Through careful technique, a mar-
ginal adaptation below 30 um can be obtained con-
sistently.

Assessment. Fig. 30-9 illustrates some of the
possibilities that may be encountered when verify-
ing margin integrity. The presence of a small ledge
does not necessarily mean the restoration must be
remade. It may merely require additional finishing
where accessibility permits.
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A B C

Fig. 30-10. Supragingival margins allow access for finishing the restoration directly on the tooth.
A, Fine-grit white stone. B, Rubber point. C, Completed restoration.

and periodontal disease, and they can neither be
evaluated readily nor finished easily. It has also been
demonstrated that correcting a poorly fitting cast
restoration with finishing procedures is not possible.

STABILITY
The restoration should then be assessed for stability
on the prepared tooth. It should not rock or rotate
when force is applied. Any degree of instability is
likely to cause failure during function. If instability
is due to a small positive nodule, this can usually be
corrected; however, if it is due to distortion, a new
casting will be necessary.

OCCLUSION
After the restoration has been seated and the mar-
gin integrity and stability are acceptable, the oc-
clusal contact with the opposing teeth is carefully
checked. The criteria for these relationships, both
static and dynamic, have been discussed in Chap-
ters 4 and 18. Any undesirable eccentric contacts as
well as centric interferences must be identified.
NOTE: minor adjustment of eccentric contacts may
be needed if a semiadjustable (as opposed to a fully
adjustable) articulator is used.

Evaluation and Adjustment
Armamentarium

Hemostats
Miller forceps
Marking ribbon or tape
Thin Mylar shim stock
Diamond rotary instruments
White stones

• Only restorations in supraocclusion can be ad-
justed. For those that are out of occlusion, no satis-
factory solution exists other than remaking (if in
metal) or refiring (if in porcelain).

Step-by-step Procedure (Fig. 30-11)
1.

	

Before seating the casting, assess the contact re-
lationship between maxillary and mandibular
teeth. The most convenient way to do this is to cut
a narrow strip of Mylar shim stock, hold it in he-
mostats or forceps, and have the patient open and
close with the strip between opposing teeth. A
"tug" can be felt on the Mylar, indicating occlusal
contact (Fig. 30-12). Ideally, contact should be as
evenly distributed as possible, but it is not un-
common to find one or more areas of relatively
light contact between opposing teeth.

2.

	

Seat the restoration, have the patient close, and
reassess the contacts. The new restoration
should hold the shim stock and yet not alter the
existing tooth relationships. If a discrepancy is
detected, a decision must be made whether this
can be adjusted intraorally or whether a re-
mount procedure will be necessary.

3.

	

Mark any interferences that are detected. Have
the patient close on articulating ribbon or tape.

4. Adjust these with the diamond rotary instru-
ment or white stone, always checking the thick-
ness of the casting with calipers before an ad-
justment is made. On occasion, adjusting an
opposing cusp rather than cementing a restora-
tion that is too thin may be the preferred
method, although performing such adjustment
at the tooth preparation stage is recommended.
Explaining the procedure and its rationale to the
patient before grinding an opposing tooth is es-
sential. Options, such as increasing occlusal
clearance by repreparing the tooth, should be
presented to the patient before proceeding.

5. Be careful not to misinterpret occlusal mark-
ings. Note that a true interocclusal contact
leaves a mark with a clean center (like a
bull's-eye), but a false contact leaves a smudge.
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B

A

Fig. 30-1 1.

	

Evaluating and adjusting the occlusion. A, Refinement on the articulator before evaluation.
B, Testing the occlusal relationship with shim stock and marking with tape. Typically some adjustment
will be needed, especially in more complex treatments, but this should not be extensive unless an error has
been made. C, After adjustment, the occlusal contacts should always be verified with shim stock because
ribbon markings can be misinterpreted.

A B

Fig. 30-12.

	

A, Use Mylar shim stock to identify presence or absence of occlusal contacts. B, Use artic-
ulating tape to identify the location of occlusal contact.

Shim stock is a more reliable indicator than rib-
bon or tape of the presence or absence of an oc-
clusal contact and should be used to evaluate
when the end point has been reached. Marking
ribbon or tape is better to help determine the lo-
cation of an interference.

6.

	

Use two colors of ribbon for the different types
of movement. Excursive movements and inter-
ferences are first marked in one color (e.g.,
green). Then a different color (e.g., red) is in-
serted for centric contacts. Any interferences are
adjusted with the diamond or white stone.

An alternative technique requires the use of an
airborne particle abrasion unit with aluminum ox-
ide (Fig. 30-13). A matte finish is obtained on the oc-

clusal surfaces of the casting in question, and the
patient is asked to close. Where shiny marks appear,
an adjustment is made. This technique, however,
presents the following disadvantages:
• Differentiating between centric and excursive

contacts is not possible.
•

	

The technique is more time consuming.
• It is applicable only to cast-metal occlusal

surfaces.
Gross occlusal adjustment involving dental

porcelain is better done in the bisque stage, because
interferences are more easily marked on a bisque
surface than on glazed porcelain. Minor adjust-
ments will be needed after glazing because of the
pyroplastic flow of the porcelain . 7 After adjustment,
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Fig. 30-13. Occlusal prematurities can be identified by giving the casting a matte finish with an
air-abrasion unit. The prematurities will appear as shiny areas.
(Courtesy Dr. M.T Padilla.)

the porcelain can be polished with silicone wheels
or diamond-polishing paste.

Remount.

	

If there is a need for significant oc-
clusal adjustment, a remount procedures may be
recommended. It is typically used when extensive
restorative dentistry has been performed, and it
serves to convey the relationships of the restora-
tions and teeth to the dental laboratory (Fig. 30-14).
Detailed adjustments can then be made in an orga-
nized manner. Any inaccuracy (e.g., slight tooth
movement, previous mounting discrepancies, or
small dimensional change inherent with the indirect
process) can be compensated for relatively easily,
thus reducing the amount of chair time needed for
precementation adjustment.

Intraoral occlusal refinement is limited because
of visibility and access difficulties. Laboratory
adjustments offer optimum access and visibility
and the opportunity to evaluate lingual contact
relationships.

The remount procedure consists of making an
impression of the castings in the patient's mouth,
with an occlusal index in place. The index is made
with reinforced resin or impression plaster and pro-
vides the opportunity to accurately reposition the
castings back into the impression after it has been
removed from the patient's mouth. A new master
cast can then be fabricated. To enable easy removal
of the castings from the newly fabricated master
cast, resin is usually poured into the castings, after
which the rest of the impression is poured in con-
ventional Type IV stone (Fig. 30-15). The cast can
then be articulated with a conventional facebow
transfer and occlusal registration techniques (see
Chapter 2).

Fig. 30-14.

	

Accurate transmission of occlusal relation-
ships to the laboratory should be the rule when a careful
technique has been followed. If discrepancies occur, they
are often better corrected by a remount procedure in the
laboratory.

Armamentarium (Fig. 30-16)
Impression trays (A)
Irreversible hydrocolloid (B)
Rubber bowl and spatula (C)
Provisional luting agent (D)
Petrolatum (E)
Autopolymerizing resin (F)
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Fig. 30-15.

	

Cross-sectional schematic of the remount
procedure.

Fig. 30-16.

	

Armamentarium for a remount procedure.

Stiff wire (e.g., coat hanger wire) (G)
ZOE occlusal registration paste (H)
Inlay wax or light-bodied reversible
hydrocolloid (I)
Facebow transfer equipment
Centric relation recording

Step-by-step Procedure (Fig. 30-17)
1. Use autopolymerizing resin (e.g., custom tray

resin) to make an occlusal index of the restora-
tions on the working cast. Reinforce the index
with stiff wire. The index should not extend be-
yond the occlusal table of the restored teeth, and
its thickness must not be greater than 5 mm. It
should fit the cast passively.

2.

	

Grind the occlusal aspect of the index until only
shallow indentations of the cusp tips remain.

3. Seat the restorations on the prepared teeth
(Fig. 30-17, B). To prevent dislodgment, use a
small amount of provisional luting agent
mixed with petrolatum. FPDs that have yet to
be assembled can be stabilized with autopoly-
merizing resin applied by the brush-bead tech-
nique (see Chapter 28).

4. After the fit of the index has been verified,
cover the surfaces of the restorations with a
thin coating of petrolatum and apply ZOE reg
istration paste to the occlusal aspect of the in-
dex. Then seat it in the patient's mouth. As an
alternative, impression plaster can be used
(Fig. 30-17, C).

5.

	

Make an orientation impression over the index
and the restorations with an elastomeric im-
pression material in a stock tray, making sure
the index is not displaced (Fig. 30-17, D).

6. Make a conventional opposing impression if
no restorations were made for that arch. If
restorations have been made for both arches,
repeat the procedure described previously.

7. Remove the restorations from the mouth, re-
place the provisionals, and reschedule the pa-
tient.

8.

	

Clean the internal aspects of the restoration of
any residual cement or debris, reseat the
restoration in the index, and apply a thin coat-
ing of petrolatum.

9.

	

Cover the margins of the restoration with wax
or soft lining resin. As an alternative, re-
versible hydrocolloid impression material can
be applied around them with a syringe. NOTE:
Crowns with long retentive axial walls can be
partially filled with reversible hydrocolloid to
aid in their subsequent removal.

10. Pour the internal surface of the casting with
autopolymerizing resin or low-fusing metal,
adding retention (Fig. 30-17, E). ADA Type IV
stone can be used, but the casting must be
lubricated carefully; special care must be taken
to prevent fracture when the casting is re-
moved.

11.

	

Complete the maxillary cast (Fig. 30-17, F) and
articulate it with a facebow transfer technique
(see Fig. 30-17, G).

12.

	

Make a new centric relation record at the verti-
cal dimension of occlusion.

13.

	

Save the index to confirm accuracy after the re-
mount is poured.

This completes the remount procedure. The
restoration can now be reassessed and adjusted in the
dental laboratory. Although a remount procedure is
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E

G

Fig. 30-17.

	

Remount technique. A, A maxillary arch is prepared for metal-ceramic crowns and fixed
partial dentures. B, The metal substructure is evaluated clinically; a remount procedure is needed.
C, Impression plaster is used to register the location of each unit. D, The registration is picked up with
an elastomeric material. E, Restorations are lubricated, and soft lining resin is painted around them.
Their internal surfaces are filled with hard resin. Acrylic chips provide retention for the soft resin. Small
wood screws are inserted into the hard acrylic, which are also for retention. F and G, The remainder of
the cast is poured and articulated in the usual way.
(Courtesy Dr. J.H. Bailey.)

F
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not routinely needed, it may be advantageous with
an extensive restoration to reduce the amount of
chair time required for occlusal adjustment.

CERAMIC RESTORATIONS

Ceramic restorations need certain additional steps
during evaluation to satisfy esthetic, biologic, and
mechanical requirements. Achieving an esthetic re-
sult depends on the contour of the restoration, sur-
face characterization, and color match.

Contouring
Armamentarium (Fig. 30-18)

•

	

Flexible diamond disk
•

	

Porcelain grinding wheel
•

	

Ceramic-bound stones
• Diamonds

When contouring a restoration that is to be evalu-
ated during the bisque stage, it should be moistened
first with water or saliva. The moist surface reflects
light in the same manner as the glazed restoration.

Step-by-step Procedure
1.

	

Check the proximal contact relationship (adjust
as necessary) and verify the marginal fit of the
restoration.

2. Verify the contour of the gingival third and
make any necessary adjustments. Excessive
bulk in this area is a common fault and is often
associated with periodontal disease (Fig. 30-19).
When adjustment of porcelain is needed, the
porcelain and metal should not be ground si-
multaneously because small metal particles
may be transferred to the porcelain, causing dis-
coloration and a black spotty appearance after
the restoration has been glazed. If grinding both
porcelain and metal simultaneously is abso-
lutely necessary, the direction of grinding
should be parallel to the metal-ceramic junction

(Fig. 30-20). A thin, flexible disk may be used to
reduce any overcontoured interproximal area
(Fig. 30-21).

3. Identify and adjust any occlusal interferences
on the posterior teeth. As mentioned, porcelain
occlusal contacts will need readjustment after
glazing because of the pyroplastic flow of
porcelain.

4.

	

On anterior teeth, establish the proper position
and shape of the incisal edge. This is a key step
in achieving good esthetics and function. Un
fortunately, it is hard to obtain in the laboratory
because the soft tissues of the patient's lips and
cheeks are not present on the articulator. A stone
cast of a well-adjusted provisional restoration
(made from the diagnostic cast or waxing pro-
cedure) helps the technician because it can be
duplicated when the porcelain is applied. How-
ever, as a general rule, the restoration should be
tried in the patient's mouth with the incisal
edges slightly longer than intended; their shape
should be refined in the mouth.

Fig. 30-19.

	

Periodontal disease associated with exces-
sively contoured restorations.

Fig. 30-18.

	

Armamentarium for porcelain adjustment.

Fig. 30-20.

	

If it is necessary to grind at the metal-porce-
lain junction, the stone should be held perpendicular to the
junction. Otherwise, metal particles may contaminate the
porcelain.
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NOTE: If too much adjustment is made, the in-
cisal porcelain layer will be ground away, and the
esthetic effect will be spoiled. Incisal edge position
is important in obtaining good esthetics and func-
tion. Specific criteria for what constitutes "normal"
are hard to define, but an average of 1 to 2 mm of
the clinical crown should be visible on maxillary
central and lateral incisors when the upper lip is re-
laxed. Additional help in contouring the incisal
edges can be obtained by looking at the patient's
smile and listening to speech characteristics. Ideally,
the incisal edges of the maxillary anterior teeth will
follow the curvature of the lower lip when the pa-
tient smiles.' Ordinarily the incisal edges of the lat-
eral incisors (Fig. 30-22) are 1 to 2 mm shorter than
the central incisors, which may touch the internal
aspect of the lower lip when it is relaxed.
5. Evaluate the negative space, the name given

to the shape of the incisal embrasures10 (see
Chapter 1). Proper embrasures (Fig. 30-23) sig
nificantly enhance the apparent separation
between restorations, whereas their absence

Fig. 30-21.

	

Adjusting the axial contour.

draws attention to the prosthesis and reveals its
artificial nature (Fig. 30-23, C. Similarly, when
viewed from the incisal, interproximal embra-
sures should be as narrow and deep as possible
to enhance the shadows between components
of the fixed prosthesis. If these are absent, even
the casual observer will recognize the teeth as
artificial.

6. Have the patient enunciate the consonants. F
sounds are particularly helpful because they are
made with the incisal edge of the maxillary cen
tral incisors touching at the junction of the moist
and dry surfaces of the vermilion border of the
lower lip ("wet-dry line")."

7. Mark the line angles directly on the porcelain
restoration in the bisque stage with a colored
pencil and compare these to the line angles of
adjacent and contralateral teeth. NOTE: Red
pencil is preferred because blue or black pencil
may discolor the porcelain. The position of the
line angles is probably one of the more critical
procedures for achieving good esthetics because
the line angles delineate the shape of the tooth
to an observer. (Line angles on wax patterns are
discussed in Chapter 18.) By superimposing
normal line angle distribution over teeth that
are otherwise too large or too narrow, 12 creating
the impression that the left and right sides are
identical is possible (see Chapter 23).

C

Fig. 30-22.

	

Typical incisal edge position.
(From Monteith BD: J Prosthet Dent 54:81, 1985.)

Fig. 30-23.

	

A and B, Properly shaped incisal embrasures.
C, Inadequate embrasures. Note the unnatural look.

A

B
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B

Fig. 30-24.

	

A, Restoration texture should closely match
natural enamel. B, Sharp grooves should not be cut into the
ceramic surface because these "trap" light. A curved surface
looks more natural and results in either converging or di-
verging reflections.

8. Evaluate the overall contour to see that it
matches the shape of the adjacent teeth. With
experience, most operators quickly develop an
appreciation for evaluating "normal" contours
and detecting areas that need correction. Moist-
ening the teeth and observing light reflections
may help. It also helps to have the patient stand
up to be checked at normal conversational dis-
tance as opposed to the extreme close-up of a
dental examination.

Surface Texture Characterization. When the
contour of the restoration has been finalized, the
next goal is to duplicate the surface detail of the pa-
tient's natural teeth.

Armamentarium
•

	

Diamond disk
•

	

Carborundum stones
•

	

Diamond stones

Step-by-step Procedure
1.

	

Dry the teeth and examine their surfaces care-
fully. Perikymata and defects can be simulated
by grinding the porcelain with a diamond stone
of appropriate texture. (Be careful not to
overemphasize such details.) Flat or concave ar-
eas will reflect light in a characteristic manner,
producing highlights (Fig. 30-24).

Fig. 30-25.

	

The texture of these metal-ceramic units has
been overemphasized, leading to an artificial appearance.

2.

	

Copy the details and carefully blend them with
the adjacent area.

3.

	

Similarly, mimic any vertical defects with care-
ful grinding.

4. Be careful to avoid "overcharacterizing"
restorations, which is a common error (Fig.
30-25).

On occasion, altering the apparent size of a
restoration by these techniques may be possible.
A smooth tooth appears larger than one that is
identical in size but has intensive surface texture
characterization.

CHARACTERIZATION AND GLAZING
The surface luster or degree of gloss of a porcelain
restoration depends on the autoglazing procedure
(see Chapter 24). Both time and temperature must be
carefully controlled. During a glazing heat treat-
ment, the surface layers of porcelain melt slightly,
coalescing the particles and filling in surface defects.

The restoration should not be glazed in a vacuum
because included air may be drawn to the surface
and result in bubbling. Because air-fired glazing fur-
naces are relatively compact and inexpensive, some
dentists prefer to glaze porcelain restorations in the
operatory. This is particularly convenient if surface
stains are to be used. The glazing step is straight-
forward; the degree of glaze depends on furnace
temperature and the time the restoration is held at
that temperature. Excessively glazed anterior teeth
will look unnatural. The patient should moisten the
restoration because saliva affects its appearance. A
dry crown will look misleadingly underglazed. Un-
derglazing and refiring a restoration is better than
overglazing it. If a restoration is not sufficiently
glazed, it will retain more plaque and may be more
liable to fracture. After glazing, the metal surfaces of
the restoration are polished.
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An alternative to glazing is to polish the porce-
lain surfaces of the restoration." This provides
greater control of the surface luster and distribution
than glazing." For example, having a higher gloss
on the cervical area and a lower one on the incisal is
possible. This is not possible with glazing because
the entire crown is subjected to the same time-
temperature combination.

Polishing dental ceramics has long been advo-
cated as an expedient way of restoring luster after
adjusting by grinding. A number of commercially
available polishing kits are available for this pur-
pose. If used correctly (i.e., without omitting the
successively finer grits), most are capable of pro-
ducing smooth porcelain surfaces. As an alterna-
tive, finishing wheels followed by pumice is satis-
factory." More recently, ceramists have advocated
polishing as a way to improve luster control. To
achieve the precise degree and distribution of luster
required, the porcelain is polished rather than
glazed.

Despite the esthetic advantages of polishing,
there is concern as to whether the strength of a pol-
ished restoration might be reduced or its abrasive-
ness increased. Glazing has been cited as strength-
ening a dental restoration, presumably because it
causes a reduction of the flaws that initiate fracture.
However, polishing also reduces flaws, and in labo-
ratory studies, polishing has not been found to re-
sult in reduced physical properties as compared to
glazing. 19-23 Laboratory studies have shown that
polished porcelain is no more abrasive than glazed
porcelain .'4 However, unpolished porcelain is much
more abrasive on opposing enamel and is more
plaque retentive than polished or glazed porcelain.

EXTERNAL COLOR MODIFICATION

AND CHARACTERIZATION

Stuart H. Jacobs
The accomplishment of a perfect color match using
the basic shades supplied in the porcelain kits, with-
out the need for chairside modification, is the goal
of all dental ceramists. However, there are difficul-
ties and inaccuracies inherent in the metal-ceramic
technique. There are also difficulties in duplicating
the appearance of a patient's tooth without the pa-
tient actually being present in the dental laboratory.
These problems make perfect shade matching im-
possible to achieve routinely. In many situations, a
restoration that does not blend well with the adja-
cent teeth can be improved by simple chairside
color modification or characterization procedures.' ,'
These are done with final glazing, and it is therefore
recommended that restorations be tried in the pa-

Fig. 30-26.

	

Ney Miniglaze/2 glazing furnace.

bent's mouth contoured but unglazed (bisque
stage).

Armamentarium
Porcelain furnace (a small air-fired furnace is
suitable for the operatory) (Fig. 30-26).

•

	

Clean glass slab
•

	

Sable hair brush
•

	

Distilled water
• Tissue
•

	

Stain kit
A number of stain kits are available from porce-

lain manufacturers, and most contain a fairly wide
range of colors. The stains themselves are highly
pigmented surface colorants that contain a small
amount of glass, allowing the color to fuse into the
porcelain surface.

The popular Vitachrom L kit* is illustrated in
Fig. 30-27. It comes with sample-color laminae of
the stains in the appropriate range. Additional col-
ors can be made by mixing the stains with each
other; the color intensity can also be toned down
with a colorless porcelain.

Step-by-step Procedure The application of
stain has advantages and disadvantages. One ad-
vantage is that the dentist or technician can modify
the color after a restoration is completed with the
patient present. The greatest disadvantage is that
the color can be applied only to the surface, so it is
ineffective in producing characterizations that look

*Vident: Brea, Calif.
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Fig. 30-27.

	

The Vitachrom L stain kit.

5. After the characterization is complete, transfer
the restorations to a firing tray and place it in
front of the muffle of the furnace until the stain
is dry and the surface appears chalky white
(Fig. 30-28, D).

6.

	

Remove the prosthesis and examine it to ensure
no stain has run inside (Fig. 30-28, E).

7.

	

Remove any excess with a dry brush and place
the crown in the furnace.

8.

	

Increase the heat to the maturation temperature
of the porcelain and hold it there according to
the degree of glaze required (Fig. 30-28, F).

9. Remove the restorations, allow them to cool,
and retry them in the patient's mouth.

realistic (i.e., deep within the tooth). Also, if surface
characterization is applied excessively 26 it can cause
a loss of fluorescence in the finished restoration as
well as an increase in the metameric effect (shade
mismatch is more apparent under some lighting
conditions). Furthermore, a characterized crown is
slightly rougher than an autoglazed one27 and the
stain will eventually wear away under normal
toothbrushing28 (10 to 12 years).

Three aspects of characterization may be used
singly or in combination to achieve a natural ap-
pearance: shade modification (increasing the
chroma, changing the hue, or reducing the value);
specific characterization (e.g., hypocalcified areas or
cracks); and special illusions of form or position
(Fig. 30=28).
1.

	

Mix the stain with the liquid provided in the kit
(normally a glycerin-water mixture) to a creamy,
stiff consistency (Fig. 30-28, A). If the mixture is
too thin, it will run over the restorations and
pool in certain areas. An even coat is essential
for producing the best results.

2. Apply stain to the restorations with the clean
moist sable brush (Fig. 30-28, B). When moist,
the brush becomes easier to draw to a point, and
application of the stain is greatly facilitated.

3.

	

When the effect has been created, make a note of
which stain was used and where. This proce-
dure usually must be duplicated because
absolute cleanliness is essential; in addition,
placing a unit in the mouth without some cont-
amination is difficult. Removing the restora-
tions without smudging is also difficult.

4. Take the restorations out of the mouth, wash
them, and recreate the characterization (Fig.
30-28, C).

Shade Modification (see Chapter 23).

	

When a
porcelain shade is being altered with external stain,
certain limitations must be considered, particularly
because surface characterization causes a loss of flu-
orescence and increases the effect of metamerism. It
cannot be used to make major corrections or com-
pensate for gross errors.

When assessing the correctness of shade, simu-
lating the appearance of glazed porcelain is neces-
sary. This can be done by painting on some of the
liquid provided in the stain kit. It may also help to
paint the adjacent natural tooth to prevent dehydra-
tion during the characterization procedure, which
would increase the value of the tooth.

Chroma and Hue Adjustment.

	

Increasing the
chroma (saturation) is one of the simplest shade al-
terations to achieve .30 The addition of yellow stain
increases the chroma of a basically yellow shade,
whereas adding orange has the same effect on a yel-
low-red shade. When an alteration in hue is neces-
sary, pink-purple moves yellow toward yellow-red,
whereas yellow decreases the red content of a yel-
low-red shade. These are the only two modifications
that should be necessary because the hue of a nat-
ural tooth always lies in the yellow-red to yellow
range.

A metal-ceramic restoration that has too high a
chroma is difficult to modify. Choosing a shade with
a lower chroma is always better, which allows it to
be altered easily. Using the complementary color of
a restoration reduces its chroma: yellow requires vi-
olet, and orange requires blue or green. However,
the addition of these stains lowers the value of the
restoration and increases the metameric effect; it is
rarely successful in practice.

Value Adjustment. Value can be reduced by
adding a complementary color (see Chapter 23). Vi-
olet is used on yellow restorations and has the
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Fig. 30-28.

	

Characterization and glazing technique. A, The colored stains are mixed to a stiff consis-
tency on a suitable palette. B, A thin brown check line is made by painting a line of stain on the porce-
lain. This is reduced to the desired width by wiping a clean brush on each side of it. C, Often the proce-
dure is repeated, or modifications are made after removal from the mouth. D and E, Stain is dried to a
chalky consistency in front of the furnace muffle. F, Characterized and glazed restorations after firing.

added effect of increasing the translucency. Gray is
not encouraged because it tends to reduce translu-
cency and makes the surface cloudy.

Attempting to increase the value is generally less
successful, although value can be increased if the
dominant color added has a higher lightness rank-
ing. For example, a crown can be stained with
white, but opacity will be greatly increased.

Characterization. Characterization is the art
of reproducing natural defects, and it can be partic-
ularly successful in making a crown blend with the
adjacent natural teeth. In general, defects should be
reproduced to a slightly lesser extent on the restora-
tion than as they appear on the natural teeth. The
temptation to overcharacterize is strong but must be
resisted.

Characterization looks slightly more natural and
is more permanent if applied intrinsically during
the buildup of the restoration (see Chapter 24)
rather than by subsequent extrinsic application .31

However, communicating to the laboratory the ex-
act characterization needed may be difficult; there-
fore, copying natural defects at chairside may be
more practical.

Hypocalcified Areas.

	

These are produced with
white stain and may be some of the easiest and most
commonly made modifications.

Proximal Coloration.

	

Many natural teeth ex-
hibit proximal characterization. By reproducing this
in the restoration, the dentist is able to create the il-
lusion of depth and separation and is also able to
tone down excessive opacity at the cervical area.
The stains used are brown and orange. They are ap-
plied lightly to the proximal area and extended
slightly onto the buccal surface apical to the contact.
Proximal coloring is particularly useful in creating
the illusion of separate units of an FPD.

Enamel Cracks.

	

This characterization is better
if done intrinsically, although it can be added ex-
trinsically. A linear vertical crack interrupts the
light transmission across the tooth surface, causing
a shadow. Thus both the highlight and the shadow
of the crack must be simulated for an authentic
result.

The highlight is developed with white and yel-
low mixed in the ratio of 4 : l, and gray stain is used
for the shadow. A thin line is drawn with a brush in
the desired area with the white and yellow stains.
Then a thin line of gray is placed distal to the first
line to create the illusion of a shadow.

Stained Crack Line (Fig. 30-29). Cracked
enamel stains quickly on natural teeth. An or-
ange-brown mixture applied in as thin a line as pos-
sible will effectively simulate a crack.
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Fig. 30-29.

	

Thin brown check lines have been added to
enhance the appearance of this prosthesis.

Fig. 30-30. Exposed incisal dentin has been mimicked
with brown and orange characterization on these mandibu-
lar incisor crowns.

Exposed Incisal Dentin (Fig. 30-30). This is
usually seen on the mandibular incisors of older pa-
tients and is due to enamel wear. The incisal edge
should be "cupped out," with orange and brown
colorants used to reproduce the dentinoenamel
junction.

Incisal Halo. Translucent incisal edges are
more common on the incisors of younger patients.
Often, although the incisal area is translucent, the
edge will be totally opaque. This may be difficult to
reproduce internally. A mixture of white and yellow
stains in the ratio of 4:1 is placed in the linguoincisal
area, with an extension just onto the labial, to give
the halo effect.

Translucency.

	

Translucency can be mimicked
with violet stain, although the results are usually
disappointing compared to those achieved with cor-
rect application of the incisal porcelain. For opti-
mum results both labial and lingual surfaces should
be coated. Decreasing the translucency is accom-
plished by adding the dominant hue over the labi-
olingual surface.

Special Illusions. Form and position are un-
doubtedly the most important factors in achieving
an attractive result. However, restoring the original
form may not always be possible. Loss of support-
ing tissue, the size of a pontic space, or a poor oc-
clusal position may impede the attempt.

An FPD pontic may be very long because of loss
of supporting bone. Simulating a root surface can
partially improve the appearance. The root exten-
sion is contoured for length and width, and then an
orange-brown mixture is placed over the extension.
Pink stain can be used to simulate gingival tissue,
but results are better with pink body porcelain.

Recommended characterization procedures are
summarized in Table 30-1.

SUMMARY

When a restoration is tried in the mouth, the proxi-
mal contacts, margin integrity, and occlusion must
be verified. Minor occlusal discrepancies can usu-
ally be adjusted intraorally. For extensive restora-
tive procedures, a remount may be needed and will
reduce the chair time needed for an optimum oc-
clusal scheme in the restoration.

With a metal-ceramic restoration, proper con-
touring of the porcelain in the cervical third is criti-
cal to facilitating maintenance of health of the sup-
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porting structures. Proper shaping of the gingival
and incisal embrasures, along with contouring and
characterization, will significantly improve the es-

thetic result. Small corrections and subtle changes
can be made with surface stains.

characterize: to distinguish, individualize, mark,
qualify, singularize, or differentiate something.

emergence profile: the contour of a tooth or restora-
tion, such as a crown on a natural tooth or dental im-
plant abutment, as it relates to the adjacent tissues.

glaze: vb glazed; glazing vt (14 cent.) 1: to cover with a
glossy, smooth surface or coating. 2: the attainment of
a smooth and reflective surface. 3: the final firing of
porcelain in which the surface is vitrified, creating a
high gloss to the material. 4: a ceramic veneer on a
metal porcelain restoration after it has been fired, pro-
ducing a nonporous, glossy, or semiglossy surface.

i ntrinsic coloring: coloring from within; the incorpora-
tion of a colorant within the material of a prosthesis
or restoration.

natural glaze: the production of a glazed surface by
the vitrification of the material itself without addi-
tion of other fluxes or glasses.

overglaze: adj (1879) the production of a glazed sur-
face by the addition of a fluxed glass that usually
vitrifies at a lower temperature.

pigment: n (14 cent.) finely ground, natural or synthetic,
inorganic or organic, insoluble dispersed particles
(powder), which, when dispersed in a liquid vehicle,
may provide, in addition to color, many other essen-
tial properties such as opacity, hardness, durability,
and corrosion resistance. The term is used to include
extenders and white or color pigments. The distinc-
tion between powders that are pigments and those
that are dyes is generally considered on the basis of
solubility (pigments are insoluble and dispersed in
the material; dyes are soluble or in solution).

remount procedure: any method used to relate restora-
tions to an articulator or analysis and/or to assist in
development of a plan for occlusal equilibration or
reshaping.

stain: vb (14 cent.) 1: to suffuse with color. 2: to color
by processes affecting chemically or otherwise the
material itself. 3: in dentistry, to intentionally alter
ceramic or resin restorations through the applica-
tion of intrinsic or extrinsic colorants to achieve a
desired effect.
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On many occasions, cementing a restoration provi-
sionally is advised so that the patient and dentist can
assess its appearance and function over a longer
time than a single visit. However, these trial cemen-
tations should be managed cautiously. On one hand,
removing the restoration for definitive cementation
may be difficult, even when temporary zinc oxide
eugenol (ZOE) cement is used. To avoid this prob-
lem, the provisional cement can be mixed with a lit-
tle petrolatum or silicone grease and applied only to
the margins of the restoration to seal them while al-
lowing subsequent removal without difficulty. On
the other hand, a provisionally cemented restoration
may come loose during function. If a single unit is
displaced, it can be embarrassing or uncomfortable
for the patient. If one abutment of a fixed partial
denture becomes loose, the consequences can be
more severe. If the patient does not promptly return
for recementation, caries may develop very rapidly.
Provisional cementation should not be undertaken
unless the patient is given clear instructions about
the objectives of the procedure, the intended dura-
tion of the trial cementation, and the importance of
returning if an abutment loosens. If removing a pro-
visionally cemented fixed prosthesis is difficult, the
use of a crown-removal device such as the Coron-
aflex* (see Chapter 32) is recommended.

PROVISIONAL CEMENTATION

tive dentistry. Careless cement selection can result
in margin discrepancies and improper occlusion
and may even require cutting the restoration from
the patient's mouth and making a new one. The
choice of cement depends first on whether a con-
ventional casting or an adhesively bonded restora-
tion, such as a ceramic inlay or resin-retained FPD,
is to be cemented. Traditional dental cements can be
used for cast crowns and FPDs, but not where ad-
hesion is needed. Adhesive resins are necessary for
some restorations, but they can be difficult to use; in
addition, there are no long-term data to justify more
general use with conventional castings.

DENTAL CEMENTS
Most luting agents traditionally used for cast
restorations are dental cements (Fig. 31-1). These
consist of an acid combined with a metal oxide base
to form a salt and water. The setting mechanism re-
sults from the binding of unreacted powder parti-
cles by a matrix of salt to harden the mass. How-
ever, because they are ionic, these agents are
susceptible to acid attack and are therefore some-
what soluble in oral fluids.} Traditionally, the suc-
cess of restorations cemented with these luting
agents has been attributed to excellent adaptation
between the casting and the prepared tooth. In
vitro, however, cement dissolution is independent
of the marginal width up to a certain critical value.
After that, it increases only slightly, which is ex-
plained by Fick's first law of diffusion.` This study
and others identify dissolution (rather than physical
disintegration) as the mechanism for cement ero-
sion.' They explain the success of cast restorations,
despite the prevalence of relatively large subgingi-
val marginal discrepancies, which are difficult to
detect even at 0.1 mm.

DEFINITIVE CEMENTATION

CONVENTIONAL CAST RESTORATIONS
Definitive cementation often does not receive the
same attention to detail as other aspects of restora-

*Kayo America: Lake Zurich, 111.

*Fick's first law states that the flux of a component of
concentration across a membrane of unit area, in a pre-
defined plane, is proportional to the concentration dif-
ferential across that plane.
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Fig. 31-1. Lutingagents.

Zinc Phosphate Cement. This traditional lut-
ing agent continues to be popular for cast restora-
tions. It has adequate strength, a film thickness of
about 25 um (Fig. 31-2) (which is within the toler-
ance limits required for making cast restorations),
and a reasonable working time. Excess material can
be easily removed.

The toxic effects of zinc phosphate, or more
specifically phosphoric acid, are well documented. 9
However, the successful use of the material over
many years suggests that its effect on the dental
pulp is clinically acceptable as long as normal pre-
cautions are taken and the preparation is not too
close to the pulp.

Zinc Polycarboxylate Cement. One advantage
of this luting agent is its relative biocompatibility
which may stem from the fact that the polyacrylic
acid molecule is large and therefore does not pene-
trate into the dentinal tubule.

Zinc polycarboxylate cement also exhibits spe-
cific adhesion to tooth structure because it chelates
the calcium (although it has no adhesion to gold
castings). Because of its high viscosity, zinc polycar-
boxylate cement can be difficult to mix, but this
problem is mainly encountered by inexperienced
operators.

In clinical trials, polycarboxylate performs as
well or slightly better than zinc phosphate. 11,12 How-
ever, dentists have reported varying success rates,
and claims of inferior long-term retention have
been made. These problems may be related to the
powder/liquid ratio. At manufacturers' recom-
mended powder/liquid ratios, mixed polycarboxy-
late cement is very viscous. Some dentists may pre-
fer a more fluid working consistency for reliable
seating during cementation. However, polycar-

boxylate cements have different rheological or flow
properties than zinc phosphate, exhibiting thinning
with increased shear rate. '3 This means that they are
capable of forming low film thicknesses despite
their viscous appearance. When the dentist unnec-
essarily reduces the powder/liquid ratio, the solu-
bility of the cement increases dramatically (as much
as threefold). This may be the cause of increased
clinical failures. By fabricating luting agents, includ-
ing polycarboxylate in encapsulated form, manu-
facturers have reduced problems due to manipula-
tive variables.*

The working time of polycarboxylate is much
shorter than that of zinc phosphate (about 2.5 min-
utes compared to 5 minutes). This may be a problem
when cementing multiple units. Residual zinc poly-
carboxylate is more difficult to remove than zinc
phosphate, and there is some evidence that it
provides less retention than zinc phosphate (Fig.
31-3). Its application therefore should probably be
limited to restorations with good retention and re-
sistance form where minimum pulp irritation is
wanted. Its use as a base material and to block out
minor undercuts in preparations on vital teeth may
also be worth considering.

Glass Ionomer Cement. This cement adheres
to enamel and dentin and exhibits good biocompat-
ibility. In addition, because it releases fluoride," ," it
may have an anticariogenic effect, although this has
not been documented clinically. The set cement is
somewhat translucent, which is an advantage when
it is used with the porcelain labial margin technique
(see Chapter 24).

The mechanical properties of glass ionomer ce-
ment are generally higher than those of zinc phos-
phate and polycarboxylate cements (Fig. 31-4). A
disadvantage is that during setting, glass ionomer
appears particularly susceptible to moisture con-
tamination 20 and should be protected with a foil
or resin coat or by leaving a band of cement undis-
turbed for 10 minutes . The water changes the
setting reaction of the glass ionomer as cement-
forming cations are washed out and water is ab-
sorbed, leading to erosion .22 Nevertheless, zinc phos-
phate has also demonstrated significant early
erosion when exposed to moisture .' 8 Glass ionomers
should not be allowed to desiccate during this
critical initial setting period. The newer resin-
modified glass ionomers are less susceptible to
early moisture . 23
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Fig. 31-2.

	

The film thickness of a range of luting agents was tested according to ADA specification No.
8 for zinc phosphate cement (Now ANSI/ADA specification No. 96) by White and Yu." Some of the ad-
hesive materials possessed unacceptably high film thicknesses, which may translate into clinical problems
for complete restoration seating.
(From Rosenstiel SF et al: l Prosthet Dent 80:280,1998.)

Fig. 31-3. Crown-retention studies. Effect of luting agent. These six in vitro studies evaluated the ef-
fect of luting agent on crown retention. The data were normalized as a percentage of the retention value

with zinc phosphate cement. Adhesive resins had consistently greater retention than zinc phosphate.
Conventional resins and glass ionomers yielded less consistent results.
(From Rosenstiel SF et al: 1 Prosthet Dent 80:280, 1998.)

Although glass ionomers have been reported to
cause sensitivity, there appears to be little pulpal
response at the histological level," particularly if the
remaining dentin thickness exceeds 1 mm." Side-
effects such as post-treatment sensitivity thought to
result from a lack of biocompatibility may actually
be a result of desiccation or bacterial contamination27

of the dentin rather than irritation by the cement.
The anecdotal reports that glass ionomer causes
more post-treatment sensitivity have not been sup-
ported by clinical trials. Authors have reported little

association between the choice of zinc phosphate
or glass ionomer cement and increased pulpal sensi-
tivity, provided manufacturers' recommendations
were followed (Fig. 31-5). If postcementation
sensitivity becomes a problem, dentists should care-
fully evaluate their technique, particularly avoiding
desiccation of the prepared dentin surface. Resin-
modified glass-ionomer materials have been re-
ported to exhibit less post-treatment sensitivity.
Again, this information is anecdotal. A desensitizing
agent may prevent sensitivity, although it may also
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Fig. 31-4.

	

Compressive strength of luting agents. Higher strength values were reported in these
studies with the resin cements and glass ionomers than with zinc phosphate or polycarboxylate. Resin-
modified glass ionomer exhibited greater variation than other cements.
(From Rosenstiel SF et al: J Prosthet Dent 80:280, 1998.)

Fig. 31-5.

	

Clinical trials that evaluated postcementation sensi-
tivity of crowns cemented with zinc phosphate or glass ionomer
cement. Contrary to anecdotal evidence, glass ionomer cemented

crowns did not exhibit increased postcementation sensitivity.
(From Rosenstiel SF et al: J Prosthet Dent 80:280, 1998.)

Fig. 31-6.

	

Radiopacity of luting agents. These three in vitro studies compared the radiographic ap-
pearance of various luting agents to aluminum. The data were normalized to account for different speci-
men thicknesses used by the investigators. Excess luting agent will be more difficult to detect if materials
with lower values are chosen. In addition, margin gaps and recurrent caries will be more difficult to
diagnose.
(From Rosenstiel SF et al: J Prosthet Dent 80:280, 1998.)
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reduce retention, at least with some luting ce-
ments." ," Some formulations of glass ionomer and
resin cements are radiolucent (Fig. 31-6), which may
prevent the practitioner from distinguishing be-
tween a cement line and recurrent caries, as well
as detecting cement overhangs. The use of a glass
ionomer luting agent in general practice has been
favorable, with low recurrent caries, excellent cast-
ing retention, and acceptable pulpal response . 33

Zinc Oxide-eugenol with and without EBA.
Reinforced ZOE cement is extremely biocompatible
and provides an excellent seal. However, its physi-
cal properties are generally inferior to those of other
cements, which limits its use." In terms of compres-
sive strength, solubility, and film thickness, another
luting agent (e.g., zinc phosphate) should be used.
The 2-ethoxybenzoic acid (EBA) modifier replaces
a portion of the eugenol in conventional ZOE ce-
ment, although the change improves compressive
strength without affecting its resistance to deforma-
tion; the cement should be used only in restorations
with good inherent retention form where emphasis
is on biocompatibility and pulpal protection. The
EBA cement has a relatively short working time,
and excess material is difficult to remove.

Resin-modified Glass ionomer Luting Agents.
Resin-modified glass ionomers* were introduced in
the 1990s in an attempt to combine some of the
desirable properties of glass ionomer (i.e., fluoride
release and adhesion) with the higher strength and
low solubility of resins. These materials are less sus-
ceptible to early moisture exposure 35 than glass-
ionomer and are currently among the most popular
materials in general practice. Resin-modified glass
ionomers should be avoided with all-ceramic
restorations because they have been associated with
fracture; which is probably due to their water ab-
sorption and expansion . 38

Resin Luting Agents.

	

Unfilled resins have been
used for cementation since the 1950s. Because of
their high polymerization shrinkage and poor bio-

*The terminology for some of the newer glass-
ionomer/resin combinations is rather confusing. In
this textbook, the term resin-modified glass ionomer has
been used. Other terms used for luting agents and
restorative materials with a combination of glass
ionomer and resin chemistries include compomer
(mostly composite with some glass ionomer chem-
istry), hybrid ionomer (now considered obsolete), and
resin-reinforced glass ionomer.

compatibility, these early products were unsuccess-
ful, although they had very low solubility. Compos-
ite resin cements with greatly improved properties
were developed for resin-retained prostheses (see
Chapter 26) and are extensively used for the bonded
ceramic technique (see Chapter 25). Resin cements
are available with adhesive properties (i.e., they are
capable of bonding chemically to dentin). Bonding
is usually achieved with organophosphonates,
HEMA (hydroxyethyl methacrylate), or 4-META
(4 methacrylethyl trimellitic anhydride).' These de-
velopments, and their lack of solubility, have rekin-
dled an interest in the use of resin cements for
crowns and conventional fixed prostheses (Fig.
31-7). Resin luting agents are less biocompatible
than cements such as glass ionomer, especially if
they are not fully polymerized. They also tend to
have greater film thickness . 4°

CHOICE OF LUTING AGENT
An ideal luting agent has a long working time, ad-
heres well to both tooth structure and cast alloys,
provides a good seal, is nontoxic to the pulp, has
adequate strength properties, is compressible into
thin layers, has a low viscosity and solubility, and ex-
hibits good working and setting characteristics. In
addition, any excess can be easily removed. Unfortu-
nately, no such product exists (Tables 31-1 and 31-2).

Zinc Phosphate Cement. Despite its limited
biocompatibility in terms of pulp irritation, zinc
phosphate has a long history, and its limitations
are well documented. This factor is important for
cast restorations, which should be designed for
long-term service. Zinc phosphate cement is prob-
ably still the luting agent of choice for otherwise
normal, conservatively prepared teeth. Cavity var-
nish can be used to protect against pulp irritation
from phosphoric acid and appears to have little ef-
fect on the amount of retention of the cemented
restorations . 41

Zinc Polycarboxylate Cement. This agent is
recommended on retentive preparations when min-
imal pulp irritation is important (e.g., in children
with large pulp chambers).

Glass Ionomer Cement. This has become a
popular cement for luting cast restorations. It has
good working properties, and because of its fluo-
ride content, it may prevent recurrent caries.

Resin-modified Glass ionomer Luting Agents.
Currently among the most popular luting agents,
resin-modified glass ionomer luting agents have
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Fig. 31-7.

	

Representative resin luting agents. A, All-Bond.
B, Panavia. C, C & B Metabond.

B

C

A
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Fig. 31-8.

	

Microleakage of luting agent. A comparison of data from one clinical and five laboratory
studies expressed as a percentage of the value obtained for zinc phosphate cement. Considerable varia-
tion was reported, with adhesive resins and resin-modified glass ionomer exhibiting low microleakage
values.

(From Rosenstiel SF et al: l Prosthet Dent 80:280, 1998.)

low solubility, adhesion, and low microleakage
(Fig. 31-8). The popularity of these materials is
mainly due to the perceived benefit of reduced post-
cementation sensitivity.

Adhesive Resin.

	

Long-term evaluations of these
materials are not yet available, so they cannot be rec-
ommended for routine use. Laboratory testing yields
high retention strength values ,42 but there is concern
that stresses caused by polymerization shrinkage,
magnified in thin films 43 lead to marginal leakage.

Adhesive resin may be indicated when a casting has
become displaced through lack of retention.

PREPARATION OF THE RESTORATION AND TOOTH

SURFACE FOR CEMENTATION (Fig. 31-9)

The performance of all luting agents is degraded if
the material is contaminated with water, blood, or
saliva. Therefore the restoration and tooth must be
carefully cleaned and dried after the try-in procedure,
although excessive drying of the tooth must be
avoided to prevent damage to the odontoblasts. The
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A,B C

Fig. 31-9.

	

Tooth preparations and restorations must be carefully prepared immediately before cemen-
tation. A, Clean and dry preparations. B and C, Steam cleaner is convenient for removing traces of pol-
ishing compound from the restorations. D and E, Air abrasion of internal restoration surface.

casting is best prepared by air-abrading the fitting
surface with 50-um alumina. This should be done
carefully to avoid abrading the polished surfaces or
margins. Air abrasion has increased the in vitro re-
tention of castings by 64% . 44 Alternative cleaning
methods include steam cleaning, ultrasonics, and
organic solvents.

Before the initiation of cement mixing, isolating
the area of cementation and cleaning and drying the
tooth is mandatory. However, the tooth should
never be excessively desiccated. Overdrying the pre-
pared tooth will lead to postoperative sensitivity.
(The techniques for moisture control, essential to
proper cementation, are described in Chapter 14.) If
a nonadhesive cement (zinc phosphate) is to be
used, the tooth should be cleaned,* gently dried, and
coated with cavity varnish or dentin bonding resin.

Armamentarium (Fig. 31-10)
• Mirror

Explorer
Dental floss
Cotton rolls
Prophylaxis cup
Flour of pumice
Cement (powder and liquid)
White stones
Cuttle disks
Local anesthetic (if needed)
Saliva evacuator
Forceps
Thick glass slab (chilled)
Cement spatula
Gauze squares
Adhesive foil
Plastic instrument

Step-by-step Procedure (Fig. 31-11). Zinc phos-
phate cement is used to illustrate a typical proce-
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Fig. 31-10.

	

Armamentarium for permanent cementation.

dure, but the steps may vary slightly, depending
on the cement chosen. The differences with glass-
ionomer are pointed out in the description.

1.

	

Immediately before cementation, inspect all
preparation surfaces for cleanliness. Remove
any provisional luting agent with a pumice
wash or hydrogen peroxide (see Fig. 31-9, A).
Since the casting-cement interface is where
failure occurs when a crown is displaced, the
casting should be air-abraded, steam cleaned,
or cleaned ultrasonically and washed with al-
cohol to remove any remaining rouge or
Tripoli that might interfere with retention of
the finished restoration (see Fig. 31-9 B, E).

2.

	

Isolate the area with cotton rolls and place the
saliva evacuator. On occasion, a rubber dam
can be used but only rarely for extracoronal
restorations. Avoid using cavity cleaners to
aid in drying the preparation because they
may adversely affect pulpal health.

3.

	

Apply cavity varnish to reduce pulp irritation
from the zinc phosphate cement. Obviously, a
varnish should not be applied with polycar
boxylate or glass ionomer cements, since it
would prevent their adhesion to dentin.

4.

	

Cool the glass slab under running water, dry it,
and dispense the proper amount of powder
and liquid. The cooled slab retards setting and
allows additional powder to be incorporated in
the liquid. This results in higher compressive
strength and reduced solubility of the set ce-
ment. A paper mixing pad is generally used
with glass ionomer or polycarboxylate cements.

Frozen Slab Technique. This technique pre-
sents a practical way to increase the working time
and reduce the setting time of zinc phosphate ce-
ment .45, The technique uses a 50% increased pow-
der/liquid ratio, and mixing is performed on a

frozen glass slab. There is no adverse effect on com-
pressive strength, solubility, or retention and the
pH rise in the cement may be accelerated. The
frozen slab technique is reliable and is particularly
effective when multiple castings are to be cemented.
An incidental advantage of this technique is that the
condensation that forms on the glass slab facilitates
cleanup of excess cement. Reduced temperature
mixing has also been applied to glass ionomer ce-
ments as a way of increasing working time and in-
creasing powder/liquid ratio. Film thickness mea-
surements suggest that the procedure is beneficial .5o

5.

	

Divide the powder into small quantities (each
about one sixth of the total mix) and add them
one at a time to the liquid (Fig. 31-11, B). After
the first increment of powder has been incor-
porated for 15 to 20 seconds, a second is
added, and so on. During mixing, a large sur-
face area (e.g., 60% of the slab) should be used
so that the heat of the exothermic setting reac-
tion will be dissipated. The mixing continues
until all powder has been incorporated (about
90 seconds). For glass ionomer cement, the
measured powder is divided into two equal
parts and mixed with a plastic spatula. The
first increment is rapidly incorporated in 10
seconds, and the second increment is incorpo-
rated and mixed for an additional 10 seconds.

6. When the mixing procedure is completed,
check the consistency by lifting some cement
off the slab with the spatula (Fig. 31-11, C. The
cement is of proper consistency if it pulls into
a thread of about 20 mm in length before
"snapping" back onto the slab. The consis-
tency of properly mixed glass ionomer is no-
ticeably more viscous than zinc phosphate, but
the material thins out with seating pressure.

7.

	

Apply a thin coat of cement to the clean inter-
nal surface of the restoration (Fig. 31-11, D).
To extend working time, the cement should
be applied to a cool restoration rather than to
a warm tooth.

8.

	

Dry the tooth again with a light blast of air
and push the restoration into place (Fig.
31-11, E). Final seating is achieved by rocking
with an orangewood stick until all excess ce-
ment has escaped (Fig. 31-11, F). Seating the
restoration firmly with a rocking, dynamic
seating force is important (Fig. 31-11, G). Us-
ing a static load may cause binding of the
restoration and lead to incomplete seating.
Without rocking the casting, increasing the
load only seems to increase the binding reac-

tion.51 Excessive force during seating should
be avoided, especially with metal-ceramic or
all-ceramic restorations, which may fracture.
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Fig. 31-1 1.

	

Cementation technique with zinc phosphate. A, Armamentarium. B, The powder is divided
into small increments and mixed with liquid on a cool slab over a large surface area. C, The consistency of the
mix is evaluated by pulling out a "thread" of cement. The thread should break at about 20 mm. D, The inter-
nal surface of the restoration is coated. E, The restoration is seated. F and G, An orangewood stick applied
with a rocking motion against the restoration will ensure that all excess cement is expressed. H, Complete
seating is immediately verified with an explorer. 1, When set, the excess cement is removed from around the
margins. A length of dental floss with a knot tied in it is useful for removing excess interproximally.
(A to C courtesy Dr. J.H. Bailey; G rephotographed from Campagni WV. Calif Dent Assoc 1 12:21, 1984.)

9.

	

After the casting is seated, check the margins
to verify that the restoration is fully in place
(Fig. 31-11, H). Protect the setting cement
from moisture by covering it with an adhe-
sive foil (e.g., Dri-Foil*).

10. When it is fully set, remove excess cement
with an explorer. Early cement removal
may lead to early moisture exposure at the

Jelenko International: Armonk, N.Y.

A,B

C
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B,C

E,F

Fig. 31-12.

	

A, C & B Metabond resin cement. B, The internal surface of the casting is cleaned in the labora-
tory with air-abrasion after clinical evaluation. The tooth surface is cleaned with pumice and water. The recom-
mended dentin conditioner is applied for 10 seconds, rinsed off, and the tooth is dried. The refrigerated base
liquid is dispensed into one well of the supplied ceramic mixing dish. The dish has a thermometer incorpo-
rated that should indicate between 16° and 22° C. C, One drop of catalyst is added to the base and stirred for
5 seconds. D, Both the tooth and the casting are painted with the mixed liquid. E, In a second well, another
base/catalyst mixture is made, to which two scoops of powder are added and stirred. F, If the tooth or casting
has dried, it is rapidly rewetted from the first well, the casting is filled with the resin, and the restoration is
seated into place. Excess resin is removed after it has completely set (approximately 10 minutes). It is impor-
tant not to remove resin before it has fully set because the rubbery material will pull away from the margins.
(Courtesy Parkell Products.)

margins with increased solubility. Some ce-
ments, such as polycarboxylate or resin, tend
to pull away from the margins if excess re-
moval is performed too early. Dental floss
with a small knot in it can be used to remove
any irritating residual cement interproximally
and from the gingival sulcus (Fig. 31-11,1). The
sulcus should contain no cement. After the
excess has been removed, the occlusion can
be checked once more with Mylar shim stock.

11. Cements take at least 24 hours to develop
their final strength. Therefore, the patient
should be cautioned to chew carefully for a
day or two.

Resin Luting Agents. Resin luting agents are
available in a wide range of formulations. These can
be categorized on the basis of polymerization method
(chemical-cure, light-cure, or dual-cure) and the pres-
ence of dentin bonding mechanisms. Metal restora-
tions require a chemically cured system, whereas a
light- or dual-cure is appropriate with ceramics.
Resins formulated for cementing conventional cast-
ings must have lower film thickness than materials

designed for ceramics or orthodontic brackets. How-
ever, this may be achieved at the expense of filler par-
ticle content and will adversely affect other properties
such as polymerization shrinkage.

Manipulative techniques vary widely, depending
on the brand of resin cement. For example, Panavia
Ex* sets very rapidly when air is excluded. The di-
rections call for the material to be spatulated in a
thin film. It will set rapidly if piled up on the mix-
ing pad. Another material, C & B Metabondt is
mixed in a ceramic well that must be chilled to pre-
vent premature setting. Mixing techniques for these
materials are illustrated in Figs. 31-12 and 31-13.

CEMENTATION PROCEDURES FOR
CERAMIC VENEERS AND INLAYS

These restorations rely on resin bonding for retention
and strength. The cementation steps are critical to the
restoration's success; careless handling of the resin lut-

*J. Morita USA, Inc.: Irvine, Calif.
Parkell Products: Farmingdale, N.Y.

A
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A

Fig. 31-13.

	

A, Panavia resin cement. B, Measured powder and liquid spatulated for 60 to 90 seconds.
The mix becomes more creamy as it is mixed. The cement sets if oxygen is excluded, so it should not be
piled up. Instead, it should be spread out over a large surface area. C, Apply a thin coat of the cement,
seat the restoration, and remove excess cement. D, The cement is coated with oxygen-inhibiting gel to
promote polymerization.
(Courtesy J. Morita USA, Inc.)

ing agent may be a key factor in their prognosis. Bond-

ing is achieved by performing the following steps:
1.

	

Etching the fitting surface of the ceramic with

hydrofluoric acid
2.

	

Applying a silane coupling agent to the ceramic
3.

	

Etching the enamel with phosphoric acid
4. Applying a resin bonding agent to etched

enamel and silane

5. Seating the restoration with a composite resin

luting agent (Fig. 31-14)
The etching and silanating steps are presented in

Chapter 25.

SELECTION OF RESIN LUTING AGENT

Composite resin luting agents are available in a range

of formulations. For veneers, a light-cured material
can be used. For inlays, a chemical- or dual-cure ma-
terial is preferred to ensure maximum polymeriza-

tion of the resin in the less accessible proximal areas.
Dual-cured resin provides better marginal adapta-

tion at the critical gingival margin area , 52 because
voids incorporated during mixing may reduce the

harmful contraction stresses of the resin.

The shade of veneers can be modified by the

shade of the luting agent. To facilitate shade selec-
tion, color-matched try-in pastes are available from

some manufacturers (e.g., Nexus*).

BONDING THE RESTORATION

Armamentarium (Fig. 31-15)

Mirror
Explorer

Rubber dam kit
Local anesthetic

Saliva evacuator
Forceps

Scalpel
Curette

Plastic instrument
Dental tape

Mylar strips
Cotton rolls

*SDS Kerr: Orange, Calif.

B
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Fig. 31-14.

	

Schematic of resin bonding technique.
A, Ceramic surface (etched and silanated). B, Unfilled resin.
C, Resin luting agent. D, Etched enamel.

Fig. 31-15.

	

Armamentarium for bonding procedure.

Prophylaxis cup
Flour of pumice
Acid etchant
Porcelain etchant
Silane coupling agent
Acetone
Glycerin or try-in paste
Bonding agent
Brush
Resin luting agent
Curing light
Fine grit diamonds
Porcelain polishing kit

Step-by-step Procedure (Fig. 31-16)
1.

	

Clean the teeth with pumice and water (or a
chlorhexadine preparation). Isolate them
with the rubber dam or displacement cord.
A luting agent that contains zinc oxide-
eugenol should be avoided for cementing
provisional restorations before resin bond-
ing. Eugenol inhibits the polymerization of
the resin. Cleansing with pumice will leave
a ZOE residue mixed with pumice, which
can inhibit bonding. 54 Etching with 37%
phosphoric acid after cleaning with pumice
may be the best way to remove ZOE.55

2.

	

Try in restorations with glycerin or a try-in
paste (Fig. 31-16, A). Verify fit, shade, and
insertion sequence.

3.

	

Clean the restorations thoroughly in water
with ultrasonic agitation. Use acetone if lut-
ing resin was used to verify the shade at
try-in.* Dry the restorations.

4. Etch and silanate the restorations as de-
scribed in Chapter 25 (Fig. 31-16, B).

5.

	

Acid etch the enamel; 37% phosphoric acid
is generally used and is applied for 20 sec-
onds. Rinse thoroughly and dry.

6.

	

Apply a thin layer of bonding resin to the
preparation. Brush, rather than air-thin, the
bonding resin, because air-thinning might
inhibit polymerization. Do not polymerize
this layer, because it might interfere with
complete seating.

7. For veneers, place a Mylar matrix strip at
the mesial and distal surfaces of the pre-
pared tooth (Fig. 31-16, C).

8. Apply composite resin luting agent to the
restoration; be especially careful to avoid
trapping air. (Dual-cure is recommended for
inlay and onlays; light cure is recommended
for veneers) (Fig. 31-16, D).

9.

	

Position the restoration gently, removing ex-
cess luting agent with an instrument (Fig.
31-16, E).

10. Hold the restoration in place while
light-curing the resin. Do not press on the
center of veneers; they may flex and break
(Fig. 31-16, F).

11.

	

Use dental tape to remove resin flash from
the interproximal margins of inlays and on-
lays before curing these areas.

*This technique requires care. The restoration should
not be exposed to the unit light; otherwise, the resin
will polymerize prematurely.
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Fig. 31-16.

	

Try-in and bonding procedure. A, The veneers are tried in very carefully. A drop of glyc-
erin on the fitting surface aids in shade assessment and provides retention. If necessary, the shade can be
modified slightly with colored luting agents. The luting agent must not polymerize during try-in; in par-
ticular, the unit light must not shine directly on the restoration. B, The veneers are thoroughly cleaned in
acetone and are silanated according to manufacturer recommendations. C, The teeth are isolated,
pumiced, and etched. Mylar strips are placed between adjacent teeth. D, The veneers are filled with
resin luting agent and gently seated. E, Excess resin is removed with an explorer. F, The resin is polymer-
i zed. G, Gross excess resin is trimmed with a scalpel, and the margins are finished with fine-grit dia-
monds and diamond polishing paste. H, The completed restorations.

12.

	

Do not undercure the resin cement. Allow at
least 40 seconds for each area.

13.

	

Remove resin flash with a scalpel or sharp
curette (Fig. 31-16, G).

14.

	

Finish accessible margins and occlusion with
fine diamonds, using water spray. Use fin-
ishing strips for the interproximal margins.

15.

	

Polish adjusted areas with rubber wheels or
points and then with diamond polishing
paste.

REVIEW OF TECHNIQUE

Fig. 31-17 illustrates the cementation of six maxil-
l ary anterior metal-ceramic crowns.

2.

3.

4.

5.

The preparations are thoroughly cleaned,
making sure all provisional luting agent is re-
moved (Fig. 31-17, A).
The restorations are seated, and a readily ac-
cessible area of the margin is examined with
an explorer (Fig. 31-17, B); this evaluation
will provide a reference for complete seating
during cementation.
The restorations are thoroughly cleaned with
air abrasion, steam cleaning, or ultrasonics
(Fig. 31-17, C.
The cement is mixed according to the manu-
facturer's recommendations (Fig. 31-17, D).
The restorations are seated to place with a
firm rocking pressure (Fig. 31-17, E).

1.
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A,B

F,G

Fig. 31-17.

	

Technique review.

6.

	

The accessible margin area is quickly reexam-

ined to ensure complete seating (Fig. 31-17, F).
7. Once the cement has completely set, all ex-

cess is removed (Fig. 31-17, G and H).

SUMMARY
Proper moisture control is essential for the cementa-
tion step. The restoration must be carefully pre-

pared for cementation, including the removal of all
polishing compounds. Air-abrading the fitting sur-

face is recommended. The luting agent of choice is
mixed according to manufacturer recommenda-

tions, and the restoration is seated, using a rocking
action. The cement must be protected from moisture

during its initial set. Removal of excess cement from
the gingival sulcus is critical for continued peri-

odontal health.

Additional steps are necessary for adhesively
bonded restorations. These steps must be carefully

sequenced according to manufacturer directions.

cement: n 1: a binding element or agency used as a sub-
stance to make objects adhere to each other, or some-
thing serving to firmly unite. 2: a material that, on
hardening, will fill a space or bind adjacent objects.

cementation: obs 1: the process of attaching parts with
a cement. 2: attaching a restoration to natural teeth

with a cement.
placement: v: the process of directing a prosthesis to a

desired location; the introduction of prosthesis into
a patient's mouth-also called denture placement,

prosthesis placement.

C
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After placement and cementation of a fixed partial
denture (FPD), patient treatment continues with a
carefully structured sequence of postoperative ap-
pointments designed to monitor the patient's dental
health (Fig. 32-1), stimulate meticulous plaque-
control habits, identify any incipient disease, and
introduce whatever corrective treatment may be
needed before irreversible damage occurs.

Patients should be instructed in special plaque-
control measures, especially around pontics and
connectors, and the use of special oral hygiene aids
such as floss threaders (Fig. 32-2). If pontics are ap-
propriate in design (see Chapter 20), floss can be
looped through the embrasure spaces on each side;
the loop can be pulled tightly against the convex
pontic tissue surface. A sliding motion is then used
to remove dental plaque (Fig. 32-3). Flossing under
pontics is essential to improve prosthesis longevity.
When dental floss is used, the mucosa beneath pon-
tics remains healthy; without it, mild or moderate

inflammation results.' Furthermore, tissue response
is independent of the pontic material.'

Recall examinations are especially important for
patients with extensive restorations and should be
carried out by the dentist. Responsibility for fol-
low-up care should not be delegated to auxiliary
personnel (although good cooperation with a dental
hygienist can be beneficial for success).

Detecting disease around an FPD can be ex-
tremely difficult at a stage when corrective treat-
ment is still relatively simple. For instance, partial
dissolution of the luting agent may be difficult to di-
agnose next to a subgingival margin. Caries is often

Fig. 32-2.

	

Oral hygiene aids designed to maintain FPDs.

Fig. 32-1.

	

Treatment after placement of multiple restora-
tions. To ensure tissue health and long-term success, proper
oral hygiene is mandatory.

Fig. 32-3.

	

The patient should be instructed in the use of
floss to clean FPDs.
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detected only after irreversible pulp involvement
has resulted. Caries under a crown is more difficult
to detect radiographically, although bitewings pro-
vide some information interproximally. Follow-up
studies on patients with FPDs reveal that identify-
ing risk factors and predicting the development of
caries in any particular patient is complicated.
However, there is no indication that caries is more
likely in association with prostheses than on unre-
stored teeth . 3

If caries is overlooked, disease may rapidly
progress to the point where the fabrication of a new
prosthesis becomes inevitable, or even worse,
where tooth loss results.

POSTCEMENTATION APPOINTMENTS

To enable the dentist to monitor the function and
comfort of the prosthesis and to verify that proper
plaque control has been mastered by the patient
(Fig. 32-4), an appointment is generally scheduled
within a week to 10 days after the cementation of an
FPD. The dentist should check carefully that the
gingival sulcus remains clear of any residual cement
that may have been overlooked previously and that
all aspects of the occlusion remain satisfactory.

Radiolucent cements should be avoided because
detecting excess luting agent radiographically is im-
possible if that material is effectively radiolucent. As
the radiopacity of the luting agent increases, the de-
tection threshold for marginal overhangs decreases;
therefore, a luting agent should be chosen that is as
radiopaque as possible. In practice, available luting
agents come in a wide range of radiopacities. Fig.
32-5 summarizes data from these studies.

The presence of "polished" facets on the contact-
ing surfaces of cast restorations at the postcementa-
tion appointment should lead to a careful reassess-
ment and correction of the occlusion. If any minor
shift in tooth position has occurred, some occlusal

Fig. 32-4.

	

Postcementation monitoring of plaque control
is necessary around recently cemented restorations. Poor
oral hygiene has led to gingival inflammation (arrows).

adjustment may be necessary. If so, the patient is
rescheduled for the following week to ensure that
no further correction is needed.

PERIODIC RECALL

Patients with cast restorations should be recalled at
least every 6 months. Less frequent recall may lead
to oversight of recurrent caries or the development
of periodontal disease. Patients who have been pro-
vided with extensive fixed prostheses (Fig. 32-6)
will need more frequent recall appointments, partic-
ularly when advanced periodontal disease was pre-
sent. The appointments can be coordinated by the
restorative dentist or the periodontist. To ensure
treatment continuity, establishing in advance who
will assume primary responsibility for coordinating
recall appointments is imperative.

HISTORY AND GENERAL EXAMINATION
The patient's medical history should be reviewed
and updated at least annually. The patient should
be examined using the principles introduced in
Chapter 1. Particular attention is paid to the soft tis-
sues, because early signs of oral cancer may be de-
tected at a recall appointment.

ORAL HYGIENE, DIET, AND SALIVA
Patients tend to become somewhat less diligent in
their plaque-control efforts when the active phase of
their treatment is completed. The dentist should
look carefully for any signs of deterioration in oral
hygiene and assess the general effectiveness of
plaque control at every recall with an objective in-
dex (Fig. 32-7). Deficiencies must be identified early,
and corrective therapy should be initiated. The den-
tist should ask about changes in diet, particularly
increased sugar consumption or "fad" diets. Exces-
sive weight loss or gain should also be investigated.
For instance, a patient who has recently stopped
smoking may start ingesting large amounts of
candy, with a resulting increase in carious damage.

Saliva plays an important role in dental caries.
Patients with xerostomia can rapidly develop exten-
sive carious lesions . 7 Diagnosing the cause of re-
duced saliva is imperative and is often due to drug
side effects.

DENTAL CARIES
Dental caries (Fig. 32-8) is the most common cause
of failure of a cast restoration. Detection can be
very difficult,12 particularly where complete cover-
age is used. At each appointment, the teeth should
be thoroughly dried and visually inspected (Fig.
32-9). The explorer must be used very carefully
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Radiopacity
Luting Agents

Fig. 32-5.

	

Radiopacity of luting agents. These three in vitro studies compared the radiographic appear-
ance of various luting agents to aluminum. The data were normalized to account for different specimen
thicknesses used by the investigators. Excess luting agent will be more difficult to detect if materials with
lower values are chosen. In addition, margin gaps and recurrent caries will be more difficult to diagnose.

Fig. 32-6.

	

Patients who have received extensive treatment of this nature will require more frequent
follow-up care.
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Fig. 32-7.

	

A, Plaque control record filled out at the first
appointment for teaching proper oral hygiene measures.
B, Plaque control record after four sessions of instruction.
This patient's plaque level is such that definitive treatment
can begin. This level of plaque control needs to be main-
tained during the follow-up phase of treatment.
(From Goldman HM, Cohen DW. Periodontal therapy, ed 5,
St. Louis, 1973, Mosby.)

Fig. 32-9.

	

Drying the teeth facilitates assessment of the
margin integrity of a cemented prosthesis.

Fig. 32-10.

	

Occasionally, cervical amalgam restorations
(arrows) can extend the useful life of a previously placed
cast restoration and will prevent unnecessary and compli-
cated replacement of the prosthesis.

Conservative treatment of caries at the cavosur-
face margin is especially problematic. The lesion can
spread rapidly, particularly if the restoration has a
less than optimal marginal fit. Correcting the prob-
lem with a small amalgam, composite resin, or gold
foil restoration is sometimes possible (Fig. 32-10). If
the cast restoration is supported by an amalgam or
composite resin core, the extent of the caries may be
difficult to determine. When there is doubt that all
carious dentin has been removed, replacing the en-
tire restoration is recommended.

Fig. 32-8.

	

Undetected caries beneath this FPD resulted
in serious complications.

when assessing early enamel lesions because a
"heavy-handed" examination may damage the
fragile demineralized enamel matrix. An intact
enamel matrix is essential for procedures that in-
duce remineralization 13 (e.g., improved plaque con-
trol, dietary changes, topical fluoride applications).

Root Caries. Caries of exposed root surfaces
(Fig. 32-11) can be a severe problem in the age group
commonly seeking fixed prosthodontic care. In
the classic Vipeholm study," root caries accounted
for more than 50%, of new lesions in patients in the
50-year-old age group. Root caries incidence in-
creased considerably with age.' In the caries exami-
nation from Phase 1 of the Third National Health and
Nutrition Examination Survey, root caries affected
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Fig. 32-11.

	

Extensive root caries beneath a cemented
FPD.
(Courtesy Dr. J. Keene.)

22.5%, of the dentate population. Root surface
caries seems to be associated with individual dental
plaque scores and high counts of salivary mutans
streptococci .2° Age-related xerostomia or that caused
by medication or radiation treatment has been im-
plicated in the etiology of rampant caries .21_23 Other
factors include the patient's economic status, diet,
oral hygiene, and ethnic background. Only a most
vigorous effort on the part of the dentist and patient
will lead to resolution of the problem. Prevention is
focused on diet counseling and fluoride treatment.
Treatment often requires the placement of large cer-
vical amalgam or glass ionomer restorations that
wrap around the periphery of previously placed
cast restorations. Such restorations are difficult to
place. However, in view of the constraints, they are
a preferred alternative to comprehensive retreat-
ment with elaborate fixed prostheses.

PERIODONTAL DISEASE
Unfortunately, periodontal disease often occurs fol-
lowing placement of fixed prostheses; 5 especially
where the cavosurface margin is placed subgingi-
vally or the prosthesis is overcontoured. 29 In-
flammation is more severe with poorly fitting
restorations (Fig. 32-12), but even "perfect" mar-
gins have been associated with periodontitis. 31 At
recall appointments, particular attention is given to
sulcular hemorrhage, furcation involvement, and
calculus formation as early signs of periodontal dis-
ease. Improperly contoured restorations should be
recontoured or replaced.

OCCLUSAL DYSFUNCTION
The patient is examined for signs of occlusal dys-
function at each recall appointment (Fig. 32-13). The

patient should be asked about any noxious habits
such as bruxism. An examination of the occlusal
surfaces may reveal abnormal wear facets. In partic-
ular, the canines should be inspected because wear
in this area will soon lead to excursive interfering
contacts on the posterior teeth. Abnormal tooth mo-
bility is investigated, as is muscle and joint pain. A
standardized muscle-and-joint palpation technique
(see Chapter 1) is helpful. Articulated diagnostic
casts should be periodically remade (Fig. 32-14) and
compared with previous records so that any oc-
clusal changes can be monitored and corrective
treatment initiated.

A small number of patients may not have re-
sponded well to previous occlusal treatment or may
resume parafunctional activity some time after com-
pletion of the active phase of treatment. Although
resolving the underlying etiology is preferable, a
nightguard can occasionally be prescribed. Its de-
sign is identical to the occlusal device described in
Chapter 4 for treating neuromuscular symptoms re-
sulting from malocclusion. However, the device is
only worn at night. If the patient primarily clenches,
the dentist should consider a slightly flatter anterior
ramp than is ordinarily incorporated in the conven-
tional device.

PULP AND PERIAPICAL HEALTH
At the recall appointment, the patient may de-
scribe one or more episodes of pain during the
previous months. This could indicate the loss of
vitality of an abutment tooth and should be inves-
tigated. Appropriate corrective measures can then
be taken.

One advantage of partial-coverage restorations is
that pulp health can be monitored with an electric
pulp tester (Fig. 32-15), although the vitality of any
tooth with a complete crown can still be assessed by
thermal means. Correlating the histologic condition
of a pulp directly with the patient's response to
pulp testing is difficult .32 Therefore, such results
should be combined with other clinical data that re-
sult from careful patient history information and ex-
amination. Seeking the opinion of an endodontist is
often a good idea (Fig. 32-16). Radiographs provide
useful information about the presence of periapical
pathosis. Teeth with fixed restorations should be re-
viewed radiographically every few years. The use
of a standardized technique enables the dentist to
make an objective comparison with previous films.
Although some studies have shown a high inci-
dence of periapical disease associated with fixed
prostheses; 3,34 other studies have shown a low inci-
dence of this complication .28-35 ,36
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Fig. 32-12.

	

Periodontal failure resulting from defective fixed prostheses. A, Inadequate margins and
contour. B, Before surgery. C, Flap reflected. D, After surgical recontouring. E, Radiograph of new cast
restorations. F, Replacement restorations.
(Courtesy Dr. D. Politis.)

Fig. 32-13.

	

If a cast restoration is not designed according to neuromuscular and temporomandibular
controls, extensive wear can result after a relatively short time.

E
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Fig. 32-14.

	

Posttreatment occlusal analysis. A, Diagnostic casts should be articulated periodically.
B and C, Wear facets on the maxillary molar correspond to faceting on the premolar, canine, and lateral
i ncisor. D and E, Mandibular excursion corresponding to the observed wear patterns. F to H, After
marking, the newly detected interferences can be easily removed.

Fig. 32-15.

	

Partial-coverage restorations offer the advantage of convenient vitality assessment with
an electric pulp tester.

H
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Fig. 32-16.

	

Endodontic treatment after crown cementation. A, Symptomatic maxillary molar with a
metal-ceramic crown. B, Access cavity prepared through the crown. C, Endodontic therapy in progress.
(Courtesy Dr. D. A. Miller.)

EMERGENCY APPOINTMENTS

Occasionally patients have an emergency between
routine recall visits. With carefully planned and ex-
ecuted treatment, however, these should be rare (al-
though problems can still develop even with the
best treatment). Patients should be taught to notice
small changes in their oral health and to report
them without delay. For instance, the porcelain ve-
neer of a metal-ceramic restoration may be shielded
from further fracture when a small chip is promptly
rounded off and the occlusion adjusted immedi-
ately after it is first noticed. Postponement of cor-
rective treatment can be especially costly, requiring
a remake of a complex prosthesis that could have
been saved with prompt attention.

PAIN
A patient presenting with pain should be asked
about its location, character, severity, timing, and
onset. Factors that precipitate, relieve, or change the
pain should be investigated, and appropriate treat-
ment measures should be initiated (see Chapter 3).

Although most oral pain is of pulpal origin, this
should never be assumed. A detailed investigation
is always recommended. In difficult or questionable
situations, the diagnosis should be confirmed by an
appropriate specialist.

If the patient has several endodontically treated
teeth that have been restored with posts-and-cores
and fixed prostheses, the possibility of root fracture
should be considered, especially for teeth that were
internally weakened as a result of endodontic treat-
ment in conjunction with oversized posts of less
than optimal length. If a fracture has occurred, the
tooth is almost invariably lost, which can signifi-
cantly complicate follow-up treatment, especially if
it involves an abutment tooth for an FPD (Fig. 32-17).

LOOSE ABUTMENT RETAINER
A loose retainer (Fig. 32-18) may not be easily per-
ceived by the patient, especially if it is part of a fixed
prosthesis supported by several abutment teeth.
The patient may have noticed a bad taste or smell
rather than detecting movement.

Unless appropriate instrumentation is available,
removing the prosthesis intact for recementation is
often difficult or impossible. The more recently de-
veloped devices shown in Figs. 32-19 to 32-21 have
been successful, but they are expensive. The devices
shown in Fig. 32-22 are less reliable and can be quite
intimidating and uncomfortable for the patient. On
occasion, a direct pull with hemostat forceps suc-
ceeds. (Metal-ceramic crowns should first be coated
with autopolymerizing acrylic resin to prevent chip-
ping or cracking.) Applying the tip of an ultrasonic
sealer to the restoration is recommended because
prolonged ultrasonic vibration can decrease crown
retention.37 A procedure for removing crowns and
FPDs with a strongly adhesive resin 38 has been used
successfully in certain cases (Fig. 32-23). When try-
ing to remove a permanently cemented prosthesis,
the dentist must use great caution. Unless force is
applied in the path of withdrawal, an abutment
tooth may fracture.

A loose retainer usually indicates inadequate
tooth preparation, poor cementation technique, or
caries. In this case, the tooth requires repreparation
and a new prosthesis. Sectioning the prosthesis
rather than attempting to remove it intact is often
the best policy (Fig. 32-24).

FRACTURED CONNECTOR
An improperly fabricated connector may fracture
under functional loading (Fig. 32-25). Depending on
the design and location of the FPD, the patient may

Text eontirnied on p. 795
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Fig. 32-17.

	

A, Longitudinal root fracture of RPD abutment necessitated extraction. B and C, Longitu-
dinal fracture with resulting periodontal defect. D, Fracture is clearly visible after extraction.
(Courtesy Dr. D.A. Miller.)

Fig. 32-18.

	

A, Severe tooth destruction may result when a loose retainer goes undetected. B, Loose-
ness of one retainer can occasionally be observed directly (arrow) when force is exerted in an occlusal di-
rection. C, Water is then applied to the cervical area, and the diagnosis is confirmed if bubbles appear
when pressure is exerted (D).
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Fig 32-19.

	

Coronaflex crown remover.* This is an air-dri-
ven device that connects to standard dental handpiece hoses
via KaVo's Multiflex coupler. The crown remover delivers a
controlled low amplitude impact at its tip. The device works
well on FPDs and is well-tolerated by patients. A, The kit in-
cludes loops to thread under FPD connectors that attach to a
holder, calipers, and an adhesive clamp to obtain a purchase
on single crowns. The goal is to deliver the impact in the
long axis of the abutment tooth. B, The loop is threaded un-
der the connector. The tip of the crown remover is placed on
the bar, and the impact is activated by releasing the index
finger from the air valve. C, The adhesive clamp is attached
with autopolymerizing resin used to remove a single crown.
(A courtesy Sullivan-Sehein Dental; C courtesy KaVo America.)

*KaVo America: Lake Zurich, 111.

B

Fig. 32-20.

	

The Metalift Crown and Bridge Removal System.t A, Five-unit FPD supporting an RPD.
The anterior abutment (tooth # 25) is loose; the posterior abutments (tooth # 28 and # 29) are firmly ce-
mented. B, Access to the metal on each abutment is provided by preparing through the porcelain with a
diamond. C, The metal is penetrated with a no. 1 round bur to create a pilot channel in each abutment.
D, The pilot hole is followed by the special drill.
(Courtesy Dr. R. D. Westerman.)

	

Continued

Classic Practice Resources: Baton Rouge, La.

A

C D

A B

C



Section 4 Clinical Procedures Part Two

Fig. 32-20, cont'd.

	

E, The holes should just penetrate the metal as indicated by the visible cement.
F, The Metalift instrument is threaded into both crowns, breaking the cement seal. G, The FPD is re-
moved and, if the abutments are satisfactory as seen here (H), it can be recemented for further service.
The manufacturer supplies threaded keys that can be used to seal the occlusal hole. To facilitate recovery,
they can also be incorporated in crowns before cementation.

Fig. 32-21.

	

Roydent Bridge and Crown Remover.* This device is designed to grip a crown or FPD
and to deliver a removal force along the long axis.
(Courtesy Sullivan-Schein Dental.)

*Roydent Dental Products: Rochester Hills, Mich.
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Fig. 32-22.

	

Crown removers. A, Back-action. B, Spring-activated. C, Pneumatic.
(Courtesy Sullivan-Sehein Dental.)

Fig. 32-23.

	

Richwil Crown and Bridge Remover.* This adhesive resin tablet is softened in warm
water for 1 to 2 minutes, and the patient is instructed to occlude into it (A) (the manufacturer recom-
mends tying a length of floss to the tablet to prevent aspiration). The resin is cooled with water. A sharp
opening action should remove the crown (B). Care is needed to avoid removing a restoration in the
opposing jaw.

*Almore International, Inc: Portland, Ore.
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Fig. 32-24.

	

Removal of an existing crown by sectioning. A, This cantilever FPD required replacement
for esthetic and periodontal reasons. B, The restoration is carefully sectioned, initially cutting just

through the ceramic to the metal. It is easiest to do this on the facial and incisal surfaces. C, The goal
is to cut just through the metal to the cement and follow the cement toward the gingival margin.
D, Displace the gingiva with an instrument and carefully section the crown to the gingival margin (E).
F, Place a suitable instrument (e.g., a cement spatula or sterilized screwdriver) in the cut and gently ro-
tate to force the halves of the crown apart. It may be necessary to section part of the lingual surface to fa-
cilitate this step. G, The abutment. Additional incisal reduction was necessary; the notch in the incisal
edge is of no concern. H, Removed prosthesis.
(Courtesy Dr. D.H. Ward.)
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Fig. 32-25.

	

The soldered connector of a four-unit FPD fractured during function. The patient's chief
complaint was molar pain, although the fracture was between the premolars.

Fig. 32-26.

	

Fractured metal-ceramic veneer.

complain of varying degrees of pain. Extra force is
typically transmitted to the abutment teeth, and dis-
comfort from overloading the periodontal ligament
may draw attention away from the location of the
actual problem. If the abutment teeth have good
bone support and minimal mobility, fractured con-
nectors can be very difficult to detect clinically.
Wedges can sometimes be positioned to separate
the individual FPD components enough to confirm
the correct diagnosis.

FRACTURED PORCELAIN VENEER
Mechanical failure of a metal-ceramic restoration
(Fig. 32-26) is not uncommon. It is usually related to
faults in framework design, improper laboratory
procedures, excessive occlusal function, or trauma
(e.g., an automobile or sports accident).

If the porcelain has fractured on an otherwise sat-
isfactory multi-unit prosthesis, an attempt at repair
rather than a remake may be justified to save the pa-
tient additional discomfort, time, and expense.
When the fractured porcelain is not missing and
there is little or no functional loading on the fracture
site, it can sometimes be bonded in place with a
porcelain repair system (Fig. 32-27) using silane
coupling agents or 4-META to promote bonding

Fig. 32-27.

	

On occasion, repairing a fractured metal-
ceramic veneer rather than replacing the entire FPD is ad-
vantageous. In this example, the porcelain surface has been
etched; a resin repair system has been used.

with acrylic or composite resin . Unfortunately,
the strength of joints made this way seems to di-
minish with changes in temperature44 and with pro-
longed water storage. Benefits from such repair are
considered temporary, but it may be preferable to
dismantling and remaking a complex FPD. In other
circumstances, the fractured area may be repaired
with composite resin retained by means of mechan-
ical undercuts in the metal framework . 46 The use of
a silane coupling agent is also recommended for
these repairs.

A more permanent repair can sometimes be ef-
fected by making a metal-ceramic restoration to fit
over the fractured original. This technique is appro-
priate when the pontic rather than an abutment re-
tainer has fractured. A little ingenuity is needed to
produce a suitable design .47 The most common
difficulty encountered when attempting such a re-
pair is weakening of the connectors during the
preparation, with the associated risk of subsequent
prosthesis fracture (Fig. 32-28).
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Fig. 32-28.

	

Repair of a fractured metal-ceramic pontic. A, Pretreatment appearance. B, The ceramic
veneer is removed with diamond rotary instruments. C, After porcelain removal. D, Special impression
tray. E, Pinholes are placed in the substructure. F, Cast of the substructure. G, Waxed overlay. H, Note
the plastic pins used. I, Cast overlay. J, Facial aspect. K, Proximal aspect.
(Courtesy Dr. A. G. Gegauff.)

Continued
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L,M

Fig. 32-28, cont'd.	 L, Facial aspect after the porcelain application. M, Lingual aspect after firing
(cast relieved). N, Following cementation. O and P, The finished repair.

RETREATMENT

Although fixed prostheses do not last forever, with
good plaque removal, patient motivation, and aver-
age or above-average resistance to disease, a well-
designed and well-fabricated restoration can provide
many years of service. With poor care and neglect,
even the "perfect" prosthesis or restoration can fail
rapidly (Fig. 32-29). Because of exceptional host re-
sistance, long-term success is sometimes possible
with obviously defective restorations (Fig. 32-30).

Nevertheless, at some stage the decision about re-
treatment will have to be made. Much will depend
on whether the retreatment is part of an ongoing pro-
gram of comprehensive care or whether the existing
prosthesis has been subjected to years of neglect.

PLANNED RETREATMENT
At the original treatment-planning stage, retreat-
ment should be considered. This consideration may
need to be general rather than specific because of
difficulties in accurately predicting the pattern of
future dental disease. Occasionally, however, a
prosthesis is designed to accommodate the eventual
failure of a doubtful abutment (Fig. 32-31). With a
little foresight, survey contours can already be in-
corporated in the retainers of an FPD to accommo-
date a future removable partial denture (RPD) in the
event of a terminal abutment loss. Similarly, accom-
modations can be made for future occlusal rests by
deliberately increasing occlusal reduction during

Fig. 32-29.

	

Osseous defects (arrows) within 2 years of
the placement of this FPD.
(Courtesy Dr. J. Keene.)

tooth preparation and using metal occlusal surfaces.
Furthermore, proximal boxes can be incorporated if
it is anticipated that a nonrigid (dovetail) rest could
simplify future retreatment (see Fig. 32-31).

When tooth preparations are conservative, mar-
gins are supragingival, and complicated FPD de-
signs are avoided, replacement dentistry can be per-
formed in an orderly manner, as long as plaque
control and follow-up care are maintained.

The key to successful fixed prosthodontic treat-
ment planning lies in anticipating potential areas of
future failure. Ideally, the design of a prosthesis
should incorporate an escape mechanism to allow
simple and convenient alteration to accommodate
future treatment needs.

N
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Fig. 32-30.

	

A "saddle" pontic should not be fabricated, because it makes plaque control impossible.
However, this particular FPD was replaced after 35 years of service. B, Despite poor pontic design, there
are no significant signs of ulceration. This example illustrates the variability of tissue response due to
differences in host resistance.

Fig. 32-31.

	

Anticipation of future needs. A, Four years after the restoration of an arch with periodon-
tally compromised teeth. Three intracoronal rests (arrows) were fabricated to support an RPD. B, An ad-

ditional rest (arrow) was included as a nonrigid connector for splinting the prostheses in the maxillary
left quadrant. This rest is parallel to the others, so it will be available (if needed) for future support of a

modified or new RPD. C, The lingual of the premolar incorporates the appropriate survey contour (arrow)
to accommodate such a prosthesis. D, The RPD in place. Note the third intracoronal rest (arrow).
E, Occlusal aspect of the fixed prosthesis. F, The FPD with the RPD in place.
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Fig. 32-31, cont'd.

	

G and H, External and internal aspects of the RPD. This was cast in Type IV
gold, which allows the relatively easy addition of a new minor connector with conventional soldering
techniques.

Fig. 32-32.

	

Simple cast restorations:
A complete cast crown and inlay used to restore
the first molars. A, Wax patterns. B, Castings
seated and adjusted for clinical evaluation.
C, Cemented restorations.

NEGLECT

The patient with an extensive fixed prosthesis that
has been neglected is much more difficult to treat.
Considerable expertise is needed to successfully
perform the lengthy and demanding procedures.
Specialized treatment is almost always necessary
and usually includes controlling mobility of the
abutment teeth, improving support for removable
appliances in the edentulous area, and creating a
more favorable load distribution.

TREATMENT PRESENTATIONS

Several selected treatment results are presented, in-
cluding follow-up documentation as appropriate.
The treatments demonstrate successful treatment
approaches consistent with the principles discussed
in this text.
Treatment I (Fig. 32-32): Simple cast restorations
Treatment II (Fig. 32-33): Single cast restorations
Treatment III (Fig. 32-34): Simple fixed partial

dentures

Chapter 32 Postoperative Care
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Treatment IV (Fig. 32-35): Partial-coverage retainers
Treatment V (Fig. 32-36): Pinledge splint
Treatment VI (Fig. 32-37): Full mouth rehabilitation

with fixed and removable prostheses
Treatment VII (Fig. 32-38): Extensive fixed prostho-

dontics
Treatment VIII (Fig. 32-39): Extensive fixed and re-

movable prosthodontics
Treatment IX (Fig. 32-40): Anticipation of future

needs

Treatment X (Fig. 32-41): Long-term evaluation of
comprehensive rehabilitation with fixed and re-
movable prostheses

Treatment XI (Fig. 32-42): Long-term evaluation of
comprehensive rehabilitation with fixed prostheses

Treatment XII (Fig. 32-43): Long-term evaluation of
comprehensive rehabilitation of a periodontally
compromised dentition

Treatment XIII (Fig. 32-44): Long-term evaluation
of fixed partial dentures

Text continued on p. 815
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Fig. 32-33.

	

Single cast restorations reestab-
lish canine guidance and functional occlusion.
A, Extensive anterior wear due to prolonged
parafunctional activity resulting from maloc-
clusion. B, Anterior pinledges are waxed con-
currently with the molar castings. C, Anterior
guidance and posterior occlusion are reestab-
lished. D and E, Castings seated and adjusted
and at clinical evaluation. F and G, A normal
canine-to-canine relationship has been re-
established.
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Fig. 32-34.

	

Simple FPDs: Long-term follow-up: These small FPDs remain serviceable after 7 and 13
years, respectively. A and B, Seven-year follow-up. C and D, Thirteen-year follow-up.

Fig. 32-35.

	

Partial-coverage retainers used to support an FPD replacing the maxillary premolar.
A and B, Abutment teeth before and after tooth preparation. C and D, Occlusal views of preparations.
E and F, Occlusal and buccal views of cemented FPDs.

A

Fig. 32-36.

	

Pinledge splint: A and B, Periodontally involved anterior teeth prepared for pinledges.
Continued
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Fig. 32-36, cont'd.

	

C and D, Pinledges waxed, cast, and seated on the working cast. E and F, Com-
pleted restorations. Some metal is displayed as a result of the long clinical crown length and opened em-
brasures resulting from periodontal surgery. However, this treatment approach is preferred because it is
much more conservative of tooth structure than splinting with metal-ceramic crowns.

Fig. 32-37.

	

Full-mouth rehabilitation with fixed and removable partial
prosthodontics. Before treatment: A ar d B, Occlusal views. C, Frontal
view. D and E, Right and left views in maximum intercuspation. After
treatment: F and G, Occlusal views.
(Courtesy Dr. J. J. Wahle.)
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Fig. 32-37, cont'd.

	

H and I, Right and left mirror views in maximum intercuspation. J, Frontal view.
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Fig. 32-38.

	

Extensive fixed prosthodontics: Teeth with advanced periodontal disease restored with
fixed prosthodontics. A, Initial presentation. The patient required extraction of the right maxillary incisor
and surgical correction of the periodontal defects. B, Maxillary teeth prepared for metal-ceramic restora-
tions. C, Reversible hydrocolloid impression. D, Provisional restorations. E, Working casts. F, Anatomic
contour wax patterns.
(Courtesy Dr. M. T. Padilla.)
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Fig. 32-38, cont'd.	 G, Patterns cut back
for porcelain application. H, Sprued patterns.
I, Metal framework evaluation. J, Opaque
porcelain applied. K, Bisque porcelain.
L, Centric contacts are on metal. M, Finished
restorations before cementation. The extensive
prosthesis will be connected with intracoronal
rests. N and O, Cemented prostheses.
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Fig. 32-39.

	

Extensive fixed and removable prosthesis: A and B, The patient presented with missing
maxillary anterior teeth and mandibular posteriors. There was a significant slide from centric relation to
maximum intercuspation. The patient was treated with a combination of fixed and removable prosthe-
ses. C, Maxillary teeth prepared and foundation restorations placed. D and E, Maxillary teeth waxed to
anatomic contour. F and G, Completed fixed restorations. H, Working cast for mandibular RPD frame-
work before duplication. A rotational path of insertion was used to engage mesial undercuts in second
molars. 1, Completed mandibular RPD. Amalgam stops were placed in the first molars to prevent pre-
mature wear of the denture teeth. J, Completed treatment.
(Courtesy Dr. J. A. Holloway.)
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Fig. 32-40.

	

Anticipation of future needs: A and B, Pretreatment photographs. C to E, Buccal/labial
view of bisque bake. F and G, Occlusal view before and at clinical evaluation. Note the location of the
occlusal rests to anticipate various future RPD designs. An intracoronal rest (dovetail) was incorporated

in the left lateral incisor. It is filled with composite resin, which is easily removed if the need arises.
H, Completed treatment.
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Fig. 32-41.

	

This patient presented with multiple falling restorations and severely compromised func-
tion. A to E, Preoperative photographs. F to J, Post-treatment photographs. Where possible, I-bars were
used to minimize clasp visibility. Also note the extensive use of metal occlusal surfaces. When designing
prostheses for dentitions with compromised crown/root ratios, precise adjustment of the occlusion and
anterior guidance components is critical.
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Fig. 32-41, cont'd.	 K to O, 17-year follow-up photographs. Note that the maxillary canine was lost
and the existing retainer was modified into a pontic through the addition of composite resin. Additional
endodontic treatment was needed as time passed. P, Preoperative radiographs. Q, Postoperative
radiographs.
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S

Fig. 32-41, cont'd.	 R, 8-year postoperative radiographs. S, 17-year postoperative radiographs. An
FPD was fabricated, replacing the missing # 3 with teeth # 5, # 4, and # 2 as abutments. The teeth were
prepared with minimal taper and the castings exhibited good retention. After 10 years, the FPD failed

when # 2 became dislodged, possibly due to the additional loading by the RPD. # 2 and the pontic were
removed, endodontic treatment was performed, a new crown was fabricated, and the # 3 pontic was in-
corporated in a new RPD. # 6 was lost due to internal resorption and caries. Initially, the tooth was dis-
colored, but the lesion was inactive, and the attempt to save it failed after 8 years. Its guarded prog-
nosis was discussed as a significant risk factor before treatment initiation. This suggests that teeth with
a guarded prognosis can be maintained if attention is paid to the principles of casting adaptation and
occlusion.

R
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Fig. 32-42.

	

Long-term follow-up after comprehensive treatment with fixed prostheses. A to E, Pre-
operative photographs. F to J, Postoperative photographs.

Continued
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Fig. 32-42, cont'd.	 K, Preoperative radiographs. L, 14-year postoperative radiographs. If the fixed
prostheses have been designed carefully and the patient is cooperative and maintains excellent plaque
control, fixed partial dentures can withstand the test of time. Today, these prostheses continue to provide
excellent esthetics and function after more than 16 years of service. Note that the impacted canine was
ignored. Initially, this patient presented with only posterior guidance on the left and right first molars. A
gingival graft was performed on the left side before the fixed prosthodontic treatment. Fourteen years
later, all teeth are stable without any clinically significant mobility, and the anterior guidance compo-
nents exhibit no visible facetting. No significant change has occurred in bone levels, whereas apparent
radiographic bone densities appear slightly increased. Meticulous attention to precise adjustment of the
occlusion, especially the anterior guidance component, contributed to the long-term success of this treat-
ment. On the 14-year postoperative radiographs, no signs of occlusal trauma are seen. Also, note that
three endodontically treated molars have very large access cavities. Such teeth have a guarded prognosis
and are prone to fracture, but no fractures have occurred. Again, this suggests the importance of precise
and optimal load distribution at the time of initial treatment and during periodic follow-up appoint-
ments. This patient was recalled every 6 months.
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Fig. 32-43.

	

Treatment of a severely periodontally compromised dentition. A to C, Preoperative photographs. D to F, 14-year postoper-
ative photographs. When initially discussing an extensive treatment plan with a patient with a severely compromised dentition, a thor-
ough understanding of the many risks and possibilities of failure must be fully understood by all parties. This extremely complex rehabil-
itation continues to serve well today. A meticulous design and frequent recall appointments, combined with outstanding home care,
enables this patient to enjoy improved function 14 years later.

Throughout the follow-up, the patient was seen at 1-month and periodic 3-month recall appointments, depending on pocket charting and
patient motivation. Today, tooth # 4 has no attached gingiva and little bone support, but no pocket formation. Initially, it was expected that
this tooth would be the first to be lost. In conjunction with loss of # 1, this would have necessitated an RPD or implant-supported FPD. Oc-
clusal rests, undercuts, and guide planes had been incorporated in the initial prosthesis to anticipate such failure.
After more than 14 years, the prostheses continue to serve satisfactorily. The anterior guidance component is starting to show some wear.
Throughout the recall, wherever posterior tooth contact was observed in excursive movements, they were eliminated as part of ongoing oc-
clusal adjustment. Meticulous management of load distribution has contributed to the long-term success of this very complex rehabilitation.
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Fig. 32-43, cont'd.

	

G, Preoperative radiographs. H, 14-year postoperative radiographs. This patient
was referred initially for complete maxillary and mandibular denture fabrication. Implant-supported
prostheses were rejected because of the necessity for a surgical sinus-lift procedure. Before prosthodontic
treatment, the periodontal condition was treated. Treatment included a modified Widman flap, per-
formed throughout both arches. A root resection was done for tooth # 14, and # 30 was hemisected, re-
sulting in two premolar-like restorations. Use of the severely tilted # 17 as a single abutment to support a
very long span posed a substantial risk to the long-term success of this treatment, and its future loss was
anticipated in the design of the prostheses. Another risk was posed by the root morphology of tooth #1,
with a small, fused root. This tooth was lost after 14 years due to a periodontal defect that progressed
along a vertical groove in the fused root.

H



Section 4 Clinical Procedures Part Two

Fig. 32-44.

	

Long-term evaluation: A to E, Preoperative photographs. F to J, 18-year post-treatment
photographs. Three simple fixed partial dentures combining conventional and metal-ceramic prostheses
with post-soldered connectors continue to serve 18 years after initial placement. Complications over the
years included the reshaping of some restorations to correct occlusal discrepancies and the endodontic
treatment of tooth # 19 through the prosthesis (the access cavity was restored with amalgam).
This patient presented with congenitally missing teeth # 4 and # 12. The maxillary canine was left in the

premolar position for use as an abutment with posterior disocclusion resulting from guidance on the
canine-shaped pontic. This is not ideal from the perspective of force distribution; however, the canine
root successfully withstood the loading over time. Risk factors initially discussed with the patient in-
cluded uncertainty regarding the impact of the crown/root ratios on the long-term prognosis. At the
time of prosthetic treatment, more than 20 years ago, osseointegration was not the reliable treatment
modality that it is today. This young female declined a removable prosthesis as an alternative to FPDs.

A pinledge retainer was used on the small lateral incisor. Over time, not only was this esthetically effec-
tive, but it contributed to long-term maintenance of its periodontal health. Similarly, a pinledge was
used on the left mandibular canine, a far more conservative option than a metal-ceramic restoration. If
instead metal-ceramic retainers had been used, by now this likely would have resulted in additional
treatment needs, and possibly the loss of the lateral incisor. Teeth # 18 , # 19, and # 3 were treated endo-
dontically; cast post-and-cores were used. Also, note that tooth # 8 has served well over time. The con-

servative access cavity was restored, and the favorable position in the arch results in favorable loading.
Recall appointments for this patient were scheduled at 6-month intervals throughout the evaluation period.
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K

Fig. 32-44, cont'd.	 K, Preoperative radiographs. L, Eighteen-year postoperative radiographs.

Well-organized and efficient postoperative care is
the chief mechanism for successful fixed prostho-
dontics. A restoration that is cemented, forgotten,
and ignored is likely to fail, regardless of how skill-
fully it was designed and executed. Restored teeth
require more assiduous plaque removal and main-
tenance than healthy unrestored teeth. An FPD re-
quires additional care and attention.

Common complications after completion of the
active phase of treatment include caries, periodon-

SUMMARY tal failure, endodontic failure, loose retainers, porce-
lain fracture, and root fracture.

If possible, the dentist should anticipate the
long-term prognosis and treatment needs of the pa-
tient and attempt to design the treatment plan ac-
cordingly. On occasion, FPDs can be designed so
that future treatment can be simplified. However, it
is not possible, even for the most experienced clini-
cian, to anticipate every contingency and complica-
tion. The patient must understand the limitations of
fixed prosthodontics before treatment begins.
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occlusal trauma: trauma to the periodontium from
functional or parafunctional forces causing damage
to the attachment apparatus of the periodontium by
exceeding its adaptive and reparative capacities. It
may be self-limiting or progressive.

overclosure: n: an occluding vertical dimension at a re-
duced interarch distance; an occluding vertical di-
mension that results in excessive interocclusal dis-
tance when the mandible is in the rest position; it
results in a reduced interridge distance when the
teeth are in contact.

overdenture: n: a removable partial or complete den-
ture that covers and rests on one or more remaining
natural teeth, roots, and/or dental implants; a pros-
thesis that covers and is partially supported by
natural teeth, natural tooth roots, and/or dental
implants-also called overlay denture, overlay pros-
thesis, superimposed prosthesis.

overhang: n (1864): excess restorative material project-
ing beyond a cavity or preparation margin.
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• AIR ABRASIVE UNITS
RECOMMENDED USE

Metal preparation before porcelain (Chapter 24)
Identification of unwanted metal contact (Chapters 22

and 30)

Preparation of casting before cementation (Chap-
ter 31)
SELECTED SUPPLIERS

Belle de St. Claire
Jelenko International
Paasche Airbrush Co.
APM-Sterngold

Buffalo Dental Mfg. Co., Inc.
Hydro-Cast Dental Products
Denerica Dental Corporation
Danville Engineering, Inc.

• ARTICULATORS
Fully adjustable
RECOMMENDED USE

Complex prosthodontics
selected products
Denar D5A (Teledyne Water Pik)
Stuart Articulator (CE Stuart)

Semiadjustable
RECOMMENDED USE

Most prosthodontic diagnosis and treatment
SELECTED PRODUCTS

Denar Mark 11, Advantage (Teledyne Water Pik)
Panadent (Panadent Corporation)
Hanau 183-2 (Teledyne Water Pik)

Model 2240, Model 2340 (Whip Mix Corp.)

• ASH'S METAL; see SOFT METAL
SHEET

• ATTACHMENTS
Bar attachments
RECOMMENDED USE

RPD and overdenture support and retention
SELECTED PRODUCTS

ABS Bar, CBS Bar, Dolder Bar, Hader Bar (Attach-
ments International)

CM 342 (APM-Sterngold)
I ntracoronal rests
RECOMMENDED USE

RPD support (Chapter 21)
FPD connectors (Chapter 28)

SELECTED PRODUCTS

PRP Mandrels (Ticonium Co.)
PD Attachments (Austenal, Inc.)
P/S Splint (Bell International)

Interlock, Omega-M, PDC, Swiss Taper (Attachments
International)
Intracoronal slider attachments
RECOMMENDED USE

RPD retention and support (Chapter 21)
SELECTED PRODUCTS

Chanes No. 9 (Degussa-Ney Dental, Inc.)
Sterngold G/A (APM-Sterngold)
Crismani, McCollum (Attachments International)

Stud attachments
RECOMMENDED USE

Overdenture retention (Chapter 21)
SELECTED PRODUCTS

Gijin (Bell International)
ERA Attachment (Sterngold)
ORS-OD, Rothermann (Attachments International)
ZAAG, Zest (Zest Anchors, Inc.)
Flexi-Post (Essential Dental Systems)

• BURS, DIAMONDS, AND STONES
High-speed diamonds
RECOMMENDED USE

Extracoronal tooth preparation (Chapters 8 to 11)
SELECTED PRODUCTS

Two Striper (Premier Dental Products Co.)
Brasseler Diamonds (Brasseler USA)
BluWhite Diamonds (SDS Kerr)

Tungsten-carbide burs
RECOMMENDED USE

Intracoronal tooth preparation
Retention features (Chapters 8 to 11)
Finishing preparations

SELECTED PRODUCTS

Midwest American Burs (Midwest Dental Products
Corporation)

Brasseler Burs (Brasseler USA)
Busch Burs (Pfingst & Co., Inc.)
Carbide Burs (SS White Burs, Inc.)

Laboratory stones (for metal)
RECOMMENDED USE

Grinding castings (Chapter 29)
SELECTED SUPPLIERS

Degussa-Ney Dental, Inc.
Brasseler USA

Shofu Dental Corp.
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Jelenko International
Laboratory stones (for porcelain)
RECOMMENDED USE

Grinding porcelain (Chapters 24 and 25)
SELECTED PRODUCTS

Ceramiste Mounted Points (Shofu Dental Corp.)
Busch Silent, Horico Diamond (Pfingst & Co., Inc.)
Unitek Green Stones (3M-Unitek Corp.)
Green Mounted Points (Jelenko International)

• CASTING ALLOYS
ADA Type III gold casting alloys
RECOMMENDED USE

Extracoronal and intracoronal restorations (Chapter 22)
SELECTED PRODUCTS

Firmilay (Jelenko International)
Degulor C ( Degussa-Ney Dental, Inc. )
Ney-Oro B-2 ( Degussa-Ney Dental, Inc. )
Williams Harmony Line Hard (Ivoclar North America)

ADA Type IV gold casting alloys
RECOMMENDED USE

Extracoronal restorations (high stress)
SELECTED PRODUCTS

Jelenko No. 7 (Jelenko International)
Primallor G (Degussa-Ney Dental, Inc. )

Ney-Oro G3 (Degussa-Ney Dental, Inc. )
Lower gold casting alloys
RECOMMENDED USE

Extracoronal and intracoronal restorations
SELECTED PRODUCTS

Midas (Jelenko International)
Midigold (Ivoclar North America)
Miracast (Degussa-Ney Dental, Inc.)
Rx Midacast (Jeneric/Pentron)

Metal-ceramic alloys (base metal)
RECOMMENDED USE

Substructure for metal-ceramic restorations
SELECTED PRODUCTS* (SEE TABLE 19-1)

Rexillium III (Jeneric/Pentron Inc.)
Neobond II (Neoloy Products, Inc.)

Metal-ceramic alloys (high noble metal)
RECOMMENDED USE

Substructure for metal-ceramic restorations (Chapter 19)

SELECTED PRODUCTS *

(see Table 19-1)

• CEMENTS/LUTING AGENTS
Glass ionomer
RECOMMENDED USE

Permanent cementation (especially with esthetic
considerations)
SELECTED PRODUCTS

Ketac-Cem, Ketac-Cem Aplicap (ESPE)
Fuji I (GC America Inc.)
Vivaglass Cem (Ivoclar/Vivadent)

Provisional
RECOMMENDED USE

Luting provisional restorations (Chapter 15)
SELECTED PRODUCTS

Temp-Bond (SDS Kerr)

*Choice may depend on porcelain used

Zone (Cadco)
Resin (adhesive)
RECOMMENDED USE

Permanent cementation (Chapter 31)
SELECTED PRODUCTS

Panavia (J. Morita USA Inc)
C&B Metabond (Parkell Products)

Resin (autopolymerizing)
RECOMMENDED USE

Luting ceramic inlays and veneers (Chapter 25)
SELECTED PRODUCTS

Comspan (Caulk/ Dentsply)
Conclude (3M-Dental Products Division)
C&B Luting Composite (Bisco)
Cement-It! (Jeneric/Pentron)

Resin (photopolymerizing)
RECOMMENDED USE

Luting ceramic inlays and veneers (Chapter 25)
SELECTED PRODUCTS

Nexus (SDS Kerr)
Dual Cement (Ivoclar-Vivadent)
Duo-Link (Bisco)
EnForce (Dentsply/Caulk)
Lute-It! (Jeneric/Pentron Inc.)
Ultra-Bond (Den-Mat Corporation)
Variolink II (Ivoclar-Vivadent)

Resin-modified glass ionomer
RECOMMENDED USE

Permanent cementation (Chapter 31)
SELECTED PRODUCTS

Fuji Plus (GC America)

Vitremer (3M Dental)
Principle (Dentsply/Caulk)
ProTec CEM (Ivoclar-Vivadent)

Zinc phosphate
RECOMMENDED USE

Permanent cementation (Chapter 31)

Bases (Chapter 6)
SELECTED PRODUCTS

Fleck's Extraordinary (Keystone Industries)

Tenacin (Caulk)
Smith's Zinc (Teledyne Water Pik)

Zinc polycarboxylate
RECOMMENDED USE

Permanent cementation (Chapter 31; especially with
pulpal considerations)
SELECTED PRODUCTS

Durelon, Durelon Aplicap (ESPE)
Hy-Bond (Shofu Dental Corp.)

Liv Carbo (GC America, Inc.)
PCA (Mission Dental, Inc.)

• CROWN AND FPD REMOVERS
RECOMMENDED USE

See Chapter 32
SELECTED PRODUCTS

Coronaflex crown remover (KaVo America)
Metalift Crown and Bridge Removal System (Classic

Practice Resources)
Roydent Bridge and Crown Remover (Roydent Den-

tal Products)
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Richwell Crown and Bridge Remover (Almore Inter-
national, Inc.)

Atwood Crown and Bridge Remover (Atwood
Industries)

Crown and Bridge Removers (Parkell Products)

• CYANOACRYLATE RESIN
RECOMMENDED USE

Impregnating stone dies (Chapters 17, 18, 19, and 24)
Cementing Pindex dowel pins (Chapter 17)

SELECTED PRODUCTS

Hot Stuff (Satellite City, Inc.) (hardware stores)
Permabond 910 (George Taub Products & Fusion Co.)
Krazy Glue (hardware stores)
DVA Rocket (Dental Ventures of America, Inc.)

• DIE SYSTEMS
RECOMMENDED USE

Fabricating removable dies (Chapter 17)
SELECTED PRODUCTS

(See Table 17-2)
Pindex (Coltene/Whaledent, Inc.)
Dilok (Di-Equi Dental Products)
DVA Model System (DVA, Inc.)
Zeiser model system (Girrbach Dental GmbH)
Dowel pins (Buffalo Dental Mfg. Co., Inc.; De-

gussa-Ney Dental, Inc.)

• ELECTROPLATING MATERIALS; see
DIE MATERIALS

• DENTURE TEETH
SELECTED PRODUCTS

Trubyte (Dentsply/York Division)
Justi (American Tooth Industries)
Ivoclar (Ivoclar North America)
Vitapan (Vident)

• DIAMONDS; see BURS, DIAMONDS,
AND STONES

• DIE LUBRICANT
RECOMMENDED USE

Lubricating dies before waxing (Chapter 17)
SELECTED PRODUCTS

Slikdie Lubricant (Slaycris Products, Inc.)
Gator Die Lube (Whip Mix Corp.)
Die Lube (Degussa-Ney Dental, Inc.)
Isolit (Degussa-Ney Dental, Inc. )

• DIE MATERIALS (ALTERNATIVES TO
GYPSUM)
RECOMMENDED USE

Dies for complete ceramic crowns (Chapter 25)
Electroplating materials
SELECTED SUPPLIERS

Engelhard/Baker Dental
Epoxy resins
SELECTED PRODUCTS

Epoxy-Die (Ivoclar North America, Inc.)
Poly-Roqq (Dental Ventures of America, Inc.)

• DIE SAWS
RECOMMENDED USE

Sectioning working casts (Chapter 17)
SELECTED PRODUCTS

Ney Die Saw (Degussa-Ney Dental, Inc.)
Pindex Hand Saw (Coltene/Whaledent, Inc.)

DIE SPACERS
RECOMMENDED USE

To increase space for luting agent (Chapter 17)
SELECTED PRODUCTS

Pactra Aerogloss (hobby stores)
Die Spacer (SDS Kerr)
Tru-Fit (George Taub Products & Fusion Co.)

• ELECTROSURGICAL EQUIPMENT
RECOMMENDED USE

Removal of hyperplastic tissue before impression
making (Chapter 14)
SELECTED PRODUCTS

Electrosurgical Unit (Macan Engineering & Mfg. Co.)
Dento-Surg 90 (Ellman International Manufac-

turing Co.)
PerFect TCS (Coltene/Whaledent, Inc)
Sensimatic (Parkell Products)
Macan MC-6 (Macan Engineering & Mfg. Co.)

• EPOXY RESIN DIE MATERIALS; see
DIE MATERIALS

• FACEBOWS
RECOMMENDED USE

Articulator mounting casts (Chapters 2 and 17)
SELECTED PRODUCTS

Slidematic (Teledyne Water Pik)
Quick Mount (Whip Mix Corp.)
Earpiece Facebow (Teledyne Water Pik)
Hinge Axis Locator (Almore International, Inc.)

• FIBER-REINFORCED COMPOSITES
RECOMMENDED USE

Alternative to metal ceramic restorations (Chapter 27)
SELECTED PRODUCTS

Ribbond/BelleGlass (SDS Kerr)
Connect (GlasSpan, Inc.)
Vectris/Targis (Ivoclar North America)
Fiberkor/Sculpture, Splint-It (Jeneric/Pentron Inc)

• GINGIVAL DISPLACEMENT
Astringent solutions
RECOMMENDED USE

Gingival displacement before impression making
( Chapter 14)
SELECTED PRODUCTS

Hemodent (Premier Dental Products Co.)
Gingi-Aid (Belport Corp. /Gingi-Pak)
Astringedent (Ultradent Products Inc.)
Visine Eye Drops (Pfizer)
Afrin (oxymetazoline) Nose Spray (Schering-Plough

HealthCare Products, Inc.)
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Displacement cord
RECOMMENDED USE

Gingival displacement before impression making
(Chapter 14)
SELECTED PRODUCTS

Gingi-Pak (Belport Corp. /Gingi-Pak)
Gingibraid, Gingigel (Van R Dental Products)
Sil-Trax (Pascal Company, Inc.)
Ultrapak (Ultradent Products, Inc.)

• GYPSUM PRODUCTS
ADA Types IV and V die stones
RECOMMENDED USE

Casts and dies (Chapters 2 and 17)
SELECTED PRODUCTS

Silky-Rock, Prima-Rock, Jade Stone Super-Die, Resin-
Rock, Hard Rock (Whip Mix Corp.)

Vel-Mix Stone, Supra Stone (SDS Kerr)
Glastone, Glastone 2000 (Dentsply/Trubyte)
Die-Keen, Milestone, Die-Stone, Tru-Stone (Modern

Materials, Heraeus Kulzer, Inc.)
Synthetic Die Stone (Microstar Corporation)

I mpression plaster
RECOMMENDED USE

Soldering index (Chapter 28)
Occlusal registration (Chapter 17)

SELECTED PRODUCTS

Snow White No 2 (SDS Kerr)
Mounting stone
RECOMMENDED USE

Articulator mounting casts (Chapters 2 and 17)
SELECTED PRODUCTS

Mounting Stone (Whip Mix Corp.)
Castone Dental Stone (Dentsply/Trubyte)

IMPLANT MATERIALS
SELECTED SUPPLIERS

Nobelbiocare

Sulzer Calcitek
Astratech
3i (Implant Innovations)
Strauman (I.T.I.)
Paragon (Core-Vent)
Implant Support Systems, Inc.
Lifecore Biomedical
Friadent

• IMPRESSION MATERIALS
Addition silicone
RECOMMENDED USE

I mpressions of preparations (Chapter 14)
SELECTED PRODUCTS

Extrude, Take 1 (SDS Kerr)
Reprosil, Aquasil (Caulk/ Dentsply)
Exaflex, Examix (GC America Inc.)
I mprint, Express (3M-Dental Products Division)
President (Coltene/Whaledent, Inc.)

Irreversible hydrocolloid (alginate)
RECOMMENDED USE

Impressions for diagnostic casts (Chapter 2)
Duplicating diagnostic waxing

SELECTED PRODUCTS

Jeltrate (Caulk/ Dentsply)
Coe Alginate (GC America, Inc.)
Supergel (Harry J. Bosworth Co.)

Polyether
RECOMMENDED USE

I mpressions of preparations (Chapter 14)
SELECTED PRODUCTS

I mpregum, Permadyne (ESPE America)
Polygel (Caulk/ Dentsply)

Polysulfide polymer
RECOMMENDED USE

I mpressions of preparations (Chapter 14)
SELECTED PRODUCTS

Permlastic (SDS Kerr)
Coe-Flex (GC America, Inc.)

Reversible hydrocolloid (agar)
RECOMMENDED USE

Impressions of preparations (Chapter 14)
SELECTED PRODUCTS

Rubberloid, Acculoid (Van R Dental Products)
GingiPak (Belport Corp. /Gingi-Pak)

Silicone putty
RECOMMENDED USE

External mold for provisionals (Chapter 15)
Preparation reduction guide (Chapters 8 to 11)

SELECTED PRODUCTS

Citricon (putty) (SDS Kerr)
Accoe Silicone Tray Impression Material (GC

America, Inc.)
Zinc oxide-eugenol occlusal registration (impression)
pastes
RECOMMENDED USE

Occlusal records (Chapters 2 and 17)
Soldering records (Chapter 28)
Remount procedure (Chapter 30)

SELECTED PRODUCTS

Superpaste (Harry J. Bosworth Co.)
Luralite (SDS Kerr)

IMPRESSION SYRINGES
RECOMMENDED USE

Making elastomeric impressions (Chapter 14)
SELECTED PRODUCTS

Coe Syringe, Plastic Syringe (GC America, Inc)
Free-Flo Syringe (SDS Kerr)
Impregum Syringe (ESPE America)

• INTERNAL FITTING AGENTS
RECOMMENDED USE

Evaluating and refining internal fit of restoration
(Chapter 30)
SELECTED PRODUCTS

Fit Checker (GC America, Inc.)
Disclosing Wax (SDS Kerr)
PIP Pressure Indicator Paste (Mizzy, Inc.)

• INVESTING EQUIPMENT
Casting rings, liners, and crucible formers
SELECTED SUPPLIERS

Whip Mix Corp.
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Degussa-Ney Dental, Inc.
SDS KerrBelle de St. Claire
Buffalo Dental Mfg. Co., Inc.

• INVESTMENT MATERIALS
Gypsum bonded
RECOMMENDED USE

Conventional (low-heat) casting (Chapter 22)
SELECTED PRODUCTS

Beauty Cast (Whip Mix Corp.)
Luster Cast (SDS Kerr)

I nvestments for porcelain
RECOMMENDED USE

Ceramic inlays and veneers (Chapter 25)
selected products ( Note: some ceramic systems re-

quire manufacturer's specified material)
V.H.T., Polyvest (Whip Mix Corp.)
Neo-Brillat (Vident)

Phosphate bonded
RECOMMENDED USE

Casting metal-ceramic alloys (Chapter 19)
Pre-ceramic application soldering (Chapter 28)

SELECTED PRODUCTS

Cerafina, Ceramigold, Hi-Temp, FastFire 15, Power-
Cast (Whip Mix Corp.)

Complete, High-Span II, JelVest (Jelenko
International)

Deguvest F (Degussa-Ney Dental, Inc.)
Soldering investment
RECOMMENDED USE

Soldering (Chapter 28)
SELECTED PRODUCTS

Hi-Heat, Speed-E, Soldering Investment (Whip Mix
Corp.)

Quick Set Soldering Investment (SDS Kerr/Belle de
St. Claire)

• MAGNIFICATION EQUIPMENT
Laboratory microscope
SELECTED SUPPLIERS

Nikon, Inc. Instrument Group
Olympus America, Inc.
Austenal, Inc.
Carl Zeiss, Inc.

Loupes
SELECTED SUPPLIERS

Almore International, Inc.
Lactona/Universal
Designs for Vision, Inc.
American Optical
Orascoptic Research, Inc.
General Scientific Corporation

• MARKING AGENTS
RECOMMENDED USE

Identifying unwanted contacts on the fitting surface
of castings (Chapters 20 and 26)
SELECTED PRODUCTS

Occlude (Pascal Company, Inc.)
Accufilm IV (Parkell Products)
Liqua-Mark (The Wilkinson Company)

• MODELING COMPOUND
RECOMMENDED USE

Modifying impression trays (Chapter 2)
Supporting rubber dam clamps, matrix bands (Chap-

ter 6)
Transfer fork registration (Chapter 2)

SELECTED PRODUCTS

Mizzy Impression Compound (Mizzy, Inc.)
Impression Compound (SDS Kerr)

• MOISTURE-CONTROL PRODUCTS
Adhesive foil
RECOMMENDED USE

Moisture control during cementation (Chapter 31)
SELECTED PRODUCT

Burlew Dryfoil (Jelenko International)

Saliva ejectors
RECOMMENDED USE

Moisture and tongue control (Chapters 8 to 11 and 14)
SELECTED PRODUCTS

Svedopta (E.C. Moore Co.)
Speejector (Pulpdent Corp.)

• OCCLUSAL CONTACT INDICATORS
Articulating film
RECOMMENDED USE

Identifying the location of occlusal contacts (Chapters
4, 6, and 30)
SELECTED PRODUCTS

Accu-Film II (Parkell Products)
Articulating Silk-Mark Ribbon U.R. Rand Corp.)
ArtTape, GHM Articulating film, Madam Butterfly

Silk (Almore International, Inc.)
Powdered wax
RECOMMENDED USE

As an alternative to zinc stearate to identify wax con-
tacts (Chapter 18)
SELECTED PRODUCTS

Powdered Dusting Wax (Almore International, Inc.)
Powdered Dusting Wax (DeLar Corporation)

Thin Mylar film
RECOMMENDED USE

Identifying the presence of occlusal contact (Chapters
4, 6, and 30)
SELECTED PRODUCTS

Plastic Shim Stock (.0005") (Artus Corporation)
Shimstock Occlusion Foil (Almore International, Inc.)

• PICKLING SOLUTION
RECOMMENDED USE

Removing oxides from castings (Chapter 22)
SELECTED PRODUCT

Pickle-It (American Dental Supply, Inc.)
Prevox (Ivoclar North America)

• POLISHING MATERIALS
Acrylic resins (Chapters 4 and 14)
SELECTED PRODUCTS

Pumice (Whip Mix Corp.)
Finalustre (Buffalo Dental Mfg. Co., Inc.)
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Fabulustre (William Dixon Co.)
Castings (Chapter 29)
SELECTED PRODUCTS

Moore's Disks (E.C. Moore Co.)
White Flexies (Dedeco International, Inc.)
Tripoli, Rouge (Buffalo Dental Mfg. Co., Inc.)
BBC (Jelenko International)

Porcelain (Chapter 30)
SELECTED PRODUCTS

Porcelain Polishers (Brasseler USA, Inc.)
Two-Striper (Premier Dental Products Co.)
Porcelain Adjustment Kit (Shofu Dental Corp.)
Diamond Polishing Paste (Vident)

• PORCELAIN
Complete ceramic
RECOMMENDED USE

Crowns, inlays, and veneers with high esthetic need
(Chapter 25)
SELECTED PRODUCTS

Empress, Empress 2 (Ivoclar North America)
In-Ceram, Vitadur Alpha (Vident)
Optimal (Jeneric/Pentron, Inc.)

Metal-ceramic
RECOMMENDED USE

Esthetic crowns and FPDs (Chapter 24)
SELECTED PRODUCTS

IPS Classic (Ivoclar North America)
Vita VMK-95, Omega 900 (Vident)

PORCELAIN INSTRUMENTS
SELECTED SUPPLIERS

Vident
SDS Kerr/Belle de St. Claire
Jelenko International

• PORCELAIN STAINS
RECOMMENDED USE

Staining ceramic restorations (Chapter 30)
SELECTED PRODUCTS

Vita-Chrom (Vident)
DTC Color System Kit (Jelenko International)
IPS Classic Stains-P (Ivoclar North America)

• POST REMOVERS
SELECTED PRODUCTS

Masserann Kit (Medidenta International, Inc)
Post Puller (Star Dental /Den-tal-ez, Inc.)
Peerless Crown Remover (Peerless International, Inc)
Gonon (Thomas Extracteur De Pivots)

• POST SYSTEMS
Post preparation drills
RECOMMENDED USE

Restoration of endodontically treated teeth (Chap-
ter 12)
SELECTED PRODUCTS

Gates-Glidden drills (Pulpdent Corp.)
Posts
RECOMMENDED USE

Restoration of endodontically treated teeth (Chapter 12)

SELECTED PRODUCTS (see also TABLE 12-5)
EZ Cast Post (Merritt EZ Cast Post, Inc)
Endowel (Star Dental/Syntex Dental Products Inc)
ParaPost (Coltene/Whaledent, Inc.)
PGP Wire (Degussa-Ney Dental, Inc.)

• PREFABRICATED CROWN FORMS
RECOMMENDED USE

Provisional restorations (Chapter 15)
Metal (posterior teeth)
SELECTED PRODUCTS

Aluminum Crowns (3M-Unitek Corp.)
Iso-Form Ion Crowns (3M-Dental Products Division)

Resin (anterior teeth)
SELECTED PRODUCTS

Ion Polycarbonate Crowns (3M-Dental Products
Division)

B-Crowns (Harry J. Bosworth Co.)

• RFSINS
Autopolymerizing acrylic resin pattern material
RECOMMENDED USE

Direct patterns for post and cores (Chapter 12)
Soldering index (Chapter 28)
Recording occlusal relationship (Chapter 17)

SELECTED PRODUCTS

Duralay (Reliance Dental Mfg. Co.)
Pattern Resin (GC America, Inc.)
Relate (Parkell Products)
Palavit G (Heraeus Kulzer, Inc.)

Autopolymerizing clear acrylic resin
RECOMMENDED USE

Fabricating occlusal appliances (Chapter 4)
SELECTED PRODUCTS

Caulk Orthodontic Resin (Caulk/Dentsply)
COE Ortho-Resin II (GC America, Inc.)

Custom tray resin
RECOMMENDED USE

Impression trays (Chapter 14)
Anterior guide table (Chapter 2)
Remount procedure (Chapter 30)

SELECTED PRODUCTS

Formatray (SDS Kerr)
Tray Resin (Caulk/ Dentsply)
TMJ Resin (TMJ Instrument Co., Inc.)
Hygon Tray Resin (Hygenic Corporation)
COE Tray Plastic (GC America, Inc.)

Heat-polymerized clear acrylic resin
RECOMMENDED USE

Fabricating occlusal appliances (Chapter 4)
SELECTED PRODUCTS

Perma-Cryl Clear (GC America, Inc.)
Lucitone Clear (Caulk/ Dentsply)

Light-cured pattern resin
RECOMMENDED USE

Direct patterns for cores (Chapter 12)
Soldering index (Chapter 28)
Recording occlusal relationship (Chapter 17)

SELECTED PRODUCTS

Palavit G LC (Heraeus Kulzer, Inc.)
Luminex (Dentatus USA Ltd.)
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Provisional resin
RECOMMENDED USE

Fabricating provisional restorations (Chapter 15)
SELECTED PRODUCTS

Jet (Lang Dental Mfg. Co., Inc.)
Temporary Bridge Resin (Caulk/ Dentsply)
Alike (GC America, Inc)
Snap (Parkell Products)
Temporary Bridge Resin (Caulk/ Dentsply)
Trim (Harry J. Bosworth Co.)

Temporary Bridge Resin (Caulk/ Dentsply)
Protemp Garant (ESPE America.)
Integrity (Caulk/ Dentsply)
Temphase (SDS Kerr)
Luxatemp (Zenith)

• SEATING STICKS
RECOMMENDED USE

Seating cast restorations (Chapter 31)
SELECTED PRODUCTS

Aidaco Bite Sticks (Temrex Corporation)

• SEPARATING FLUIDS; see also DIE
LUBRICANT

RECOMMENDED USE

Fabricating provisional restorations (Chapter 15)
Fabricating occlusal appliances (Chapter 4)

SELECTED PRODUCTS

Al-Cute (Caulk/ Dentsply)
Modern Foil (Jelenko International)
Foil Cote (Buffalo Dental Mfg. Co., Inc.)

• SOFT METAL SHEET (ASH'S METAL)
RECOMMENDED USE

Reinforcing centric record (Chapter 2)
SELECTED PRODUCT

Relief Metal (William Dixon Co.)

SELECTED PRODUCTS

Slim strip 650 solder (Jelenko International)
Ney Balanced Line Regular Solder (Degussa-Ney

Dental, Inc.)

Engelhard Dental Solders (Engelhard /Baker Dental)

STONES; SEE BURS, DIAMONDS,
AND STONES

• RESIN STAINS
RECOMMENDED USE

Staining provisional restorations (Chapter 15)
SELECTED PRODUCTS

Jet adjusters (Lang Dental Mfg. Co., Inc.)
Minute Stains (George Taub Products & Fusion Co.)

SURFACTANTS
RECOMMENDED USE

Painting patterns before investing (Chapter 22)
SELECTED PRODUCTS

Smoothex (Whip Mix Corp.)
DeBubblizer (SDS Kerr)
DeLar Surfactant (DeLar Corporation)

THERMOPLASTIC RESIN SHEETS
RECOMMENDED USE

External mold for provisionals (Chapter 15)
Matrix for occlusal appliance (Chapter 4)
Tooth-preparation reduction guides (Chapters 8 to 11)

SELECTED PRODUCTS

Sta-Vac (Buffalo Dental Mfg. Co., Inc.)
Temporary Splint (Dentiform, Inc.)

• THICKNESS GAUGES
RECOMMENDED USE

Measuring thickness of patterns and restorations
SELECTED PRODUCTS

Dial Caliper (Almore International, Inc.)
Crown gauge (Miltex Instrument Co.)
Iwanson Spring Caliper (Hu-Friedy Mfr. Co.)
Calipers (Buffalo Dental Mfg. Co., Inc.)

• ULTRASONIC CLEANERS AND
SOLUTIONS
RECOMMENDED USE

Cleaning restorations and provisionals
SELECTED SUPPLIERS

Jelenko International
L & R Mfg. Co.
Hu-Friedy Mfr. Co.
Coltene/Whaledent, Inc.

• SOLDERING FLUX
RECOMMENDED USE

Preventing oxidation during soldering (Chapter 28)
SELECTED PRODUCTS

DS 1 Soldering Flux (Degussa Corporation)
Soldering Flux (Degussa-Ney Dental, Inc.)

SOLDERS
High-heat
RECOMMENDED USE

Pre-ceramic soldering (Chapter 28)
SELECTED PRODUCTS

( Use material recommended by alloy manufacturer.)
Low-heat
RECOMMENDED USE

Soldered connectors for conventional gold restora-
tions (Chapter 28)

Post-ceramic soldered connectors (Chapter 28)

• VACUUM FORMERS
RECOMMENDED USE

External molds for provisional restorations (Chap-
ter 15)

Tooth preparation reduction guides (Chapters 8 toll)
SELECTED SUPPLIERS

Buffalo Dental Mfg. Co., Inc.
Ultradent Products, Inc.

• WAXES
Boxing wax

RECOMMENDED USE

Boxing impressions (Chapter 14)
Boxing soldering assembly (Chapter 28)

SELECTED PRODUCTS

Boxing Wax (Hygenic Corporation)
Pro-Craft Boxing Wax Strips (William Dixon Co.)
also Magnetic Boxing Strips:

http://Mfr.Co.Coltene/Whaledent,
http://Mfr.Co.Coltene/Whaledent,
http://Mfr.Co.Coltene/Whaledent,


Magnetic Vinyl Strips (Almore International, Inc.)
DeLar Magnetic Boxing Strip (DeLar Corporation)

I nlay casting wax
RECOMMENDED USE

Making wax patterns (Chapter 18)
SELECTED PRODUCTS

Inlay Casting Wax (SDS Kerr)
Plastodent (Degussa Corporation)
Red Casting Wax (jelenko International)
Flex 200 (MDL Dental Products)

Occlusal registration wax
RECOMMENDED USE

Centric recording for diagnostic casts (Chapter 2)
SELECTED PRODUCTS

Aluwax (Aluwax Dental Products Co.)
Delar Wax (Almore International, Inc.)

Sprue wax
RECOMMENDED USE

Sprue former (Chapter 22)
SELECTED PRODUCTS

Sprue Wax (SDS Kerr)
Sprue Wax (Jelenko International)
Stalite Round Wire Wax (Buffalo Dental Mfg. Co., Inc.)
Pro-Craft Sprue Rod Wax (William Dixon Co.)

• WAXING INSTRUMENTS
SELECTED SUPPLIERS

American Dental Mfg.
Hu-Friedy Mfr. Co.
Premier Dental Products Co.

ELECTRIC INSTRUMENTS
Almore International, Inc.
Ultra-Waxer (SDS Kerr/Belle de St. Claire)
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ABRASIVE TECHNOLOGY, INC

	

ASTRA TECH, INC.

	

(800) 437-1514
8400 Green Meadows Drive

	

430 Bedford Street, Suite 100,

	

Fax: (805) 484-5076
P.O. Box 6127

	

Lexington, MA 02173.

	

BENCO DENTAL
Westerville, OH 43081

	

(781) 861-7707

	

11 Bear Creek Boulevard
(800) 964-8324

	

Fax: (781) 861-7787

	

Wilkes-Barre, PA 18702
Fax: (740) 548-7617

	

www.astratech.com

	

(800) 462-3626
www.abrasive-tech. coin

	

ATTACHMENTS INTERNATIONAL

	

(570) 823-9947
ALMORE INTERNATIONAL, INC.

	

600 S. Amphlett Blvd

	

www.benco.co m
P.O. Box 25214

	

San Mateo, CA 94402

	

Bisco DENTAL PRODUCTS
Portland, OR 97225

	

(800) 999-3003

	

1100 W. Irving Park Road
(800) 547-1511

	

Fax: (650) 340-8423 S

	

IL 60193
Fax: (503) 643-9748

	

www.attachments.com

	

(800) 247-3368
www.malmore.com	 ATWOOD INDUSTRIES

	

Fax: (800) 959-9550
ALuwAx DENTAL PRODUCTS CO.

	

1708 Rubenstein Drive

	

www.bisco.co m
4180 44th Street, SE

	

Cardiff-by-the-Sea, CA 92007

	

HARRY J. BOSWORTH CO.
Grand Rapids, MI 49512

	

(619) 944-9884

	

7227 N. Hamlin Avenue
(616) 895-4385

	

Fax: (619) 944-0112 Skokie, IL 60076
Fax: (616) 895-5060

	

AURium RESEARCH, U.S.A.

	

(800) 323-4352
AMERADENT INC OF NEVADA

	

5855 Oberlin Drive

	

Fax: (708) 679-2080
2533 North Carson Street

	

San Diego, CA 92121

	

www.bosworth.com
Carson City, NV 89706

	

(800) 645-6110

	

BRASSELER USA
(800) 959-8517

	

Fax: (516) 763-6710

	

800 King George Blvd.
(916) 858-1250

	

AUSTENAL, INC.

	

Savannah, GA 31419
AMERICAN DENTAL MFG. (see GC

	

4101 W. 51st Street

	

(800) 841-4522
AMERICA INC)

	

Chicago, IL 60632

	

Fax: (912) 927-8671

AMERICAN DENTAL SUPPLY, INC.

	

(800) 621-0381

	

www.brasseler.com

2600 William Penn Highway

	

Fax: (312) 735-3940

	

BUFFALO DENTAL MFG. CO., INC.

Easton, PA 18042

	

BAUSCH ARTICULATING PAPERS, INC.

	

99 Lafayette Drive
(800) 558-5925

	

11 Lacy Lane

	

Syosset, NY 11791
Fax: (610) 252-2822

	

Nashua, NH 03062

	

(800) 828-0203

AMERICAN TOOTH INDUSTRIES

	

(800) 622-8724

	

Fax: (516) 496-7751
1200 Stellar Drive

	

Fax: (603) 595-9988

	

www.buffalodental.co m

Oxnard, CA 93033

	

www.bauschdental.com

	

JOHN O. BUTLER COMPANY

(800) 235-4639

	

BAYER INC (see HERAEUs KULZER, INC.)

	

4635 West Foster Avenue
Fax: (805) 483-8482

	

BELL INTERNATIONAL

	

Chicago, IL 60630

www.mamericantooth.com	 31 Edwards Court

	

(800) 528-8537

APM-STERNGOLD (see STERNGOLD)

	

Burlingame, CA 94010

	

Fax: (312) 777-5101

ARrus CORPORATION

	

(800) 523-6640

	

www.jbutler.co m

P.O. Box 511

	

Fax: (415) 348-3937

	

CADco DENTAL PRODUCTS, INC.

201 South Dean Street

	

BELLE DE ST. CLAIRE A DIVISION

	

600 East Hueneme Road

Englewood, NJ 07631

	

OF SDS KERR

	

Oxnard, CA 93033
(201) 568-1000

	

1717 West Collins Avenue

	

(800) 833-8267
Fax: (201) 568-8865

	

Orange, CA 92867

	

Fax: (805) 488-2266
www.artusshim.co m

	

(800) 322-6666

	

www.cadcodental.com

ASEPTICO INTERNATIONAL

	

Fax: (818) 341-1142

	

CALCITEK (see SULZER CALCITEK, INC.)

P.O. Box 1548

	

www.sybrondental.co m

	

CAPTEK PRECIOUS CHEMICALS
Woodinville, WA 98072

	

BELPORT CORP./GINGI-PAK

	

2957 State Road 434, Suite 100
(800) 426-5913

	

P.O. Box 240

	

Longwood, FL 32750
Fax: (360) 668-8722

	

4825 Calte Alto

	

(800) 921-2227
www.aseptico.co m

	

Camarillo, CA 93011-0240

	

Fax: (407) 889-8893

826

	

www.captek.com

http://www.astratech.com
http://www.astratech.com
http://www.benco.com
http://www.benco.com
http://www.attachments.com
http://www.attachments.com
http://www.malmore.com
http://www.malmore.com
http://www.bisco.com
http://www.bisco.com
http://www.bosworth.com
http://www.bosworth.com
http://www.brasseler.com
http://www.brasseler.com
http://www.buffalodental.com
http://www.buffalodental.com
http://www.bauschdental.com
http://www.bauschdental.com
http://www.mamericantooth.com
http://www.mamericantooth.com
http://www.jbutler.com
http://www.jbutler.com
http://www.artusshim.com
http://www.artusshim.com
http://www.cadcodental.com
http://www.cadcodental.com
http://www.sybrondental.com
http://www.sybrondental.com
http://www.aseptico.com
http://www.aseptico.com
http://www.captek.com
http://www.captek.com
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CARL ZEISS, INC.

One Zeiss Drive
Thornwood, NY 10594
(800) 442-4020

(800) 215-4487
Fax: (800) 215-4489
www.copalite.co m

Fax: (914) 681-7446

	

IMPLANT COMPANY)

	

DENOVO
www.zeiss.com

	

COTTRELL LTD.

	

5130 Commerce Dr.
CAULK/DENTSPLY

	

7399 S. Tucson Way

	

Baldwin Park, CA 91706
38 West Clarke Avenue

	

Englewood, CO 80112

	

(800) 854-7949
Milford, DE 19963

	

(800) 843-3343

	

Fax: (800) 847-8599
(800) 532-2855

	

Fax: (303) 799-9408

	

www.denovodental.co m
Fax: (800) 788-4110

	

CLIVE CRAIG

	

DEN-TAL-EZ/STAR DENTAL
www.caulk.co m

	

600 East Hueneme Road

	

1816 Colonial Village Lane
CERAMCO, INC.

	

Oxnard, CA 93033

	

Lancaster, PA 17601
Six Terri Lane

	

(800) 833-8267

	

(800) 275-3320
Burlington, NJ 08016

	

Fax: (805) 488-2266

	

Fax: (717) 291-5699
(800) 487-0100

	

www.clivecraig.co m

	

www.dentalez.co m
Fax: (609) 386-8282

	

CRESCENT DENTAL MFG. CO

	

DENTAL POWER (see WESTERN DENTAL
www.ceramco.co m

	

7750 West 47th Street

	

SPECIALTIES/DENTAL POWER)

CHAMELEON DENTAL PRODUCTS

	

Lyons, IL 60534

	

DENTAL VENTURES OF AMERICA, INC.
200 N 6th Street

	

(800) 323-8952

	

217 Lewis Court
Kansas City, KS 66101

	

Fax: (708) 447-8190

	

Corona, CA 91720
(800) 366-0001

	

www.cresentproducts.com

	

(800) 228-6696
Fax: (913) 621-7012

	

CTH

	

Fax: (909) 270-0636
www.miragecdp.co m

	

393 Sunrise Highway

	

www.dentalventures.com
R. CHIGE, INC.

	

West Babylon, NY 11704

	

DENTATUS USA LTD.
4531 N. Dixie Highway

	

(800) 458-6152

	

192 Lexington Avenue
Boca Raton, FL 33431

	

Fax: (516) 661-8792

	

New York, NY 10016
(800) 645-2628

	

800) 323-3136
Fax: (561) 338-5668

	

DANVILLE ENGINEERING, INC

	

(

1901 San Ramon Valley Blvd.

	

Fax: (212) 532-9026
CLASSIC PRACTICE RESOURCES

	

San Ramon, CA 94583

	

www.dentatus.com
Div. Westerman Enterprises, Inc.

	

(800) 827-7940

	

DENTIFORM, INC.
7855 Jefferson Highway

	

Fax: (510) 838-0944

	

210 Division Street
Baton Rouge LA 70809

	

www.ddsnet.com/danville

	

Kingston, PA 18704
(800) 928-9289

	

800) 441-5421
Fax: (504) 923-2499

	

DEDECO INTERNATIONAL, INC.

	

(

Route 97

	

Fax: (717) 283-9094
COE LABORATORIES, INC. (see GC

	

Long Eddy, NY 12760

	

DENTIFAx/DI-EQuI
AMERICA, INC.)

	

(888) 433-3326

	

17 Old Route Nine
COLGATE ORAL PHARMACEUTICALS

	

Fax: (914) 887-5281

	

Wappingers Falls, NY 12590
1 Colgate Way

	

www.dedeco.com

	

(800) 643-1603
Canton, MA 02021

	

DEGUSSA-NEY DENTAL, INC.

	

Fax: (914) 297-1626
(800) 527-0222

	

65 West Dudley Town Road,

	

www.dentifax.co m
Fax: (617) 821-2187

	

Bloomfield, CT 06002

	

DENTSPLY INTERNATIONAL
www.colgate.com

	

(860) 242-6188

	

570 W. College Ave
COLTENE/WHALEDENT, INC.

	

Fax: (860) 769-5050

	

P.O. Box 872
750 Corporate Drive

	

www.neydental.co m

	

York, PA 17405
Mahwah, NJ 07430

	

DELAR CORPORATION

	

(800) 877-0020
(201) 512-8000

	

PO. Box 226

	

Fax: (717) 854-1599
Fax: (201) 539-2103

	

Lake Oswego, OR 97034

	

www.dentsply.com
www.coltenewhaledent.co m

	

(800) 669-7499

	

DESIGNS FOR VISION, INC

COLUMBIA DENTOFORM

	

Fax: (503) 635-2978

	

760 Koehler Avenue
22-19 41 Avenue

	

www.delar.com

	

Ronkonkoma, NY 11779
Long Island City, NY 11101

	

DENTR CORP. (see TELEDYNE WATER PIK)

	

(800) 727-6407
(718) 482-1569

	

Fax: (516)585-3404
Fax: (718) 482-1585

	

DENERICA DENTAL CORPORATION

	

(5 6)
www.columbiadentoform.com

	

313 Oswalt Avenue
Batavia, Illinois 60510

	

DI-EQui (see DENTIFAx/DI-EQuI)

COLUMBUS DENTAL See HERAEUS

	

(800) 336-7422

	

LESTER A. DINE, INC.
KULZER, INC.)

	

Fax: (630) 761-9663

	

PGA Commerce Park
COPALITE/COOLEY & COOLEY, LTD.

	

www.denerica.co m

	

351 Hiatt Drive
8550 Westland West Blvd.

	

DEN-MAT CORPORATION

	

Palm Beach Gardens, FL 33418
Houston, TX 77041

	

P0. Box 1729

	

(800) 237-7226

CORE-VENT CORP. (see PARAGON

Santa Maria, CA 93456
(800) 433-6628
Fax: (805) 922-6933
www.denmat.co m

http://www.copalite.com
http://www.copalite.com
http://www.zeiss.com
http://www.zeiss.com
http://www.denovodental.com
http://www.denovodental.com
http://www.caulk.com
http://www.caulk.com
http://www.clivecraig.com
http://www.clivecraig.com
http://www.dentalez.com
http://www.dentalez.com
http://MFG.CO
http://MFG.CO
http://www.ceramco.com
http://www.ceramco.com
http://www.cresentproducts.com
http://www.cresentproducts.com
http://www.miragecdp.com
http://www.miragecdp.com
http://www.dentalventures.com
http://www.dentalventures.com
http://www.dentatus.com
http://www.dentatus.com
http://www.ddsnet.com/danville
http://www.ddsnet.com/danville
http://www.dedeco.com
http://www.dedeco.com
http://www.dentifax.com
http://www.dentifax.com
http://www.colgate.com
http://www.colgate.com
http://www.neydental.com
http://www.neydental.com
http://www.dentsply.com
http://www.dentsply.com
http://www.coltenewhaledent.com
http://www.coltenewhaledent.com
http://www.delar.com
http://www.delar.com
http://www.columbiadentoform.com
http://www.columbiadentoform.com
http://www.denerica.com
http://www.denerica.com
http://www.denmat.com
http://www.denmat.com
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Fax: (407) 624-9103

	

Germany

	

www.intratechdental.com
www.lesterdine.com

	

+49-(0)72 31-957-160

	

IVOCLAR NORTH AMERICA, INC.
WILLIAM DIXON CO.

	

Fax: +49-(0)72 31-957-169

	

175 Pineview Drive
750 Washington Avenue	www.Girrbach.com	 Amherst, NY 14228
Carlstadt, NJ 07072

	

GLASSPAN, INC.

	

(800) 533-6825
(800) 847-4188

	

101 J.R. Thomas Drive

	

Fax: (716) 691-2285
Fax: (800) 243-2432

	

Exton, PA 19341

	

www.ivoclarna.co m
www.grobetusa.co m

	

800-280-7726

	

JELENKO INTERNATIONAL
DMG-HAMBURG (see ZENITH)

	

Fax: 610-363-6391

	

99 Business Park Dr.
ELLMAN INTERNATIONAL, INC

	

www.dentalxchange.com/glasspan /

	

Armonk, NY 10504.
1135 Railroad Avenue

	

GRESCO PRODUCTS, INC.

	

(800) 431-1785
Hewlett, NY 11557

	

12603 Executive Drive, 814

	

Fax: (914) 273-9379
(800) 835-5355

	

P.O. Box 865

	

www.jelenko.co m
Fax: (516) 569-0054

	

Stafford, TX 77477

	

JENERIC/PENTRON, INC.
www.ellman.com

	

(800) 527-3250

	

53 North Plains Industrial Rd.
ESPE NORTH AMERICA

	

Fax: (713) 240-2371

	

P.O. Box 724
1710 Romano Dr.

	

HANDLER MFR. COMPANY, INC.

	

Wallingford, CT 06492
P.O. Box 111

	

P.O. Box 520

	

(800) 551-0283
Norristown, PA 19404

	

Westfield, NJ 07091-0520

	

Fax: (203) 284-3310
(800) 344-8235

	

(800) 274-2635

	

www.jeneric.co m
Fax: (800) 458-3987

	

Fax: (908) 233-7340

	

JENSEN INDUSTRIES
www.espeusa.com

	

HERAEUs KULZER, INC.

	

50 Stillman Road
ESSENTIAL DENTAL SYSTEMS

	

4315 S. Lafayette Blvd.

	

North Haven, CT 06473
89 Leuning Street

	

South Bend, IN 46614

	

(800) 243-2000
South Hackensack, NJ 07606

	

(800) 343-5336

	

Fax: (203) 239-7630
(800) 223-5394

	

Fax: (219) 291-7248

	

www.jensenindustries.com
Fax: (201) 487-5120

	

www.kulzer.co m

	

KAVo AMERICA CORPORATION
www.edsdental.co m

	

Hu-FRIEDY MFR. CO., INC.

	

340 East Main Street
FILHOL DENTAL USA

	

3232 N. Rockwell Street

	

Lake Zurich, IL 60047
1219B Greenwood Road,

	

Chicago, IL 60618

	

(800) 323-8029

Baltimore, MD 21208

	

(800) 729-3743

	

Fax: (847) 550-6434

(800) 910-2050

	

Fax:(773) 975-1683

	

www.kavousa.co m
Fax: (410) 484-6354

	

www.hufriedy.com

	

KERR DENTAL (see SDS KERR)
www.filhol.co m

	

HYGENIC CORPORATION, THE

	

KEYSTONE INDUSTRIES
FLORIDA PROBE CORPORATION

	

1245 Home Avenue

	

616 Hollywood Avenue
3700 NW 91st Street

	

Akron, OH 44310

	

Cherry Hill, NJ 08002
Suite C-100

	

(800) 321-2135

	

(800) 333-3131
Gainesville, FL 32606

	

Fax: (330) 633-9359

	

Fax: (609) 663-0381
(352) 372-1142

	

www.hygenic.co m

	

www.keystoneind.co m
Fax: (352) 372-0257

	

HYDRO-CAST DENTAL PRODUCTS

	

KILGORE INTERNATIONAL, INC.
www floridaprobe.com

	

A Division of Kay-See Dental Manufac-

	

36 West Pearl Street
GC AMERICA, INC.

	

turing Company

	

Coldwater, MI 49036 USA
3737 West 127th Street,

	

124 East Missouri Avenue

	

(800) 892-9999
Alsip, IL 60803

	

Kansas City, MO 64106

	

Fax: (517) 278-2956
(800) 323-7063

	

(800) 842-8844

	

www.dentalstudymodels.com
Fax: (800) 423-2963

	

Fax: (816) 842-3402

	

L & R MFG. CO.
www.gcamerica.co m

	

www.hydrocast.co m

	

577 Elm Street
GEL-KAM (see COLGATE ORAL

	

IMPLANT INNOVATIONS see 31

	

Kearny, NJ 07032
PHARMACEUTICALS)

	

CORPORATION)

	

(800) 572-5326

GENERAL SCIENTIFIC CORPORATION

	

INTERPORE INTERNATIONAL

	

Fax: (201) 991-5870
77 Enterprise Drive

	

181 Technololgy Drive

	

wwzv.dentalxchange.com/frames/
Ann Arbor, MI 48103

	

Irvine, CA 92718

	

frame184.htm

(800) 959-0153

	

(800) 722-4489
LACTONA/UNIVERSAL

Fax: (734) 662-0520

	

Fax: (714) 727-7084

	

201 Commerce Drive
www.surgitel.com

	

www.interpore.co m

	

Montgomeryville, PA 18936
GINGI-PAK (see BELPORT

	

INTRATECH DENTAL PRODUCTS

	

(800) 523-2559

CORP./GINGI-PAK)

	

3301 Conflans Rd. Suite 101

	

Fax: (215) 368-1659

GIRRBACH DENTAL GMBH

	

Irving,TX 75061

	

LANG DENTAL MFG. CO., INC. PO

Box 14 0120

	

(800) 443-3536 P.O. Box 969

75138 Pforzheim Fax: (972) 790-9480

	

175 Messner Drive

http://www.intratechdental.com
http://www.intratechdental.com
http://www.lesterdine.com
http://www.lesterdine.com
http://www.Girrbach.com
http://www.Girrbach.com
http://www.ivoclarna.com
http://www.ivoclarna.com
http://www.grobetusa.com
http://www.grobetusa.com
http://www.dentalxchange.com/glasspan/
http://www.dentalxchange.com/glasspan/
http://www.jelenko.com
http://www.jelenko.com
http://www.ellman.com
http://www.ellman.com
http://www.jeneric.com
http://www.jeneric.com
http://www.espeusa.com
http://www.espeusa.com
http://www.jensenindustries.com
http://www.jensenindustries.com
http://www.kulzer.com
http://www.kulzer.com
http://www.edsdental.com
http://www.edsdental.com
http://www.kavousa.com
http://www.kavousa.com
http://www.hufriedy.com
http://www.hufriedy.com
http://www.filhol.com
http://www.filhol.com
http://www.hygenic.com
http://www.hygenic.com
http://www.keystoneind.com
http://www.keystoneind.com
http://floridaprobe.com
http://floridaprobe.com
http://www.dentalstudymodels.com
http://www.dentalstudymodels.com
http://www.gcamerica.com
http://www.gcamerica.com
http://www.hydrocast.com
http://www.hydrocast.com
http://wwzv.dentalxchange.com/frames/
http://wwzv.dentalxchange.com/frames/
http://www.surgitel.com
http://www.surgitel.com
http://www.interpore.com
http://www.interpore.com
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Wheeling, IL 60090

	

MIDWEST DENTAL PRODUCTS

	

OLYMPUS AMERICA, INC.
(800) 222-5264

	

CORPORATION A DIVISION OF DENTSPLY

	

Precision Instrument Division
Fax: (708) 215-6678

	

INTERNATIONAL INC.

	

4 Nevada Drive
www.langdental.co m

	

901 West Oakton St.

	

Lake Success, NY 11042
LAREs RESEARCH

	

Des Plaines, IL 60018

	

(800) 446-5967
295 Lockheed Avenue

	

(800) 800-2888

	

Fax: (516) 328-9503
Chico, CA 95973

	

Fax: (800) 596-9190

	

www.olympusamerica.co m
800-347-3289

	

www.midwestdental.co m

	

ORASCOPTic RESEARCH, INC.
Fax: (916) 345-1870

	

MILES INC. (see HERAEus KULZER, INC.)

	

5225-3 Verona Road
www.laresdental.co m

	

MILTEX INSTRUMENT CO., INC.

	

Madison, WI 53711
LEACH & DILLON DENTAL PRODUCTS

	

700 Hicksville Road

	

(800) 369-3698
5855 Oberlin

	

Bethpage, NY 11714

	

Fax: (608) 278-0101
San Diego, CA 92121

	

(800) 645-8000

	

www.orascoptic.com
(800) 375-9177

	

Fax: (516) 775-7185

	

PAASCHE AIRBRUSH CO.
Fax: (619) 626-8686

	

MIRAGE DENTAL SYSTEMS (see

	

7440 W. Laurence Ave.
www.argen.co m

	

CHAMELEON DENTAL PRODUCTS)

	

Harwood Heights, IL 60656
LEE PHARMACEUTICALS

	

MISSION DENTAL, INC. (see KEYSTONE

	

(800) 621-1907
1434 Santa Anita Avenue

	

INDUSTRIES)

	

Fax: (708) 867-9198
South El Monte, CA 91733

	

www.paascheairbrush.com
950-5337

	

MIZZY, INC. (See KEYSTONE INDUSTRIES)(800)

	

PANADENT CORPORATION
Fax: (818) 443-1561

	

MODERN MATERIALS (see HERAEus

	

22573 Barton Road
www.leepharmaceuticals.com

	

KULZER, INC.)

	

Grand Terrace, CA 92324
MACAN ENGINEERING & MFG. Co.

	

E.C. MOORE CO.

	

(800) 368-9777
1564 N. Damen

	

P.O. Box 353

	

Fax: (909) 783-1896
Chicago, IL 60622

	

Dearborn, MI 48121

	

www.panadent.co m
(312) 772-2000

	

(800) 331-3548 PARAGON IMPLANT COMPANY
Fax: (312) 772-2003

	

Fax: (313) 581-8348

	

15821 Ventura Blvd, Suite 420
Www.macanengineering.co m

	

J. MORITA USA, INC.

	

Encino, CA 91436
MAILLEFER (see DENTSPLY

	

9 Mason

	

(800) 877-9991
INTERNATIONAL)

	

Irvine, CA 92618

	

Fax: (818) 789-3928

MEDIDENTA INTERNATIONAL, INC.

	

(800) 752-9729

	

www.paragon-implant.co m

39-23 62nd Street

	

Fax: (949) 465-1095

	

PARKELL PRODUCTS

Woodside, NY 11377

	

www.jmoritausa.co m

	

155 Schmitt Blvd.
(800) 221-0750

	

MOYCO TECHNOLOGIES, INC.

	

Box 376
Fax: (718) 565-6208

	

200 Commerce Drive

	

Farmingdale, NY 11735
www.medidentaxom

	

PO. Box 505

	

(800) 243-7446

MEDESCO

	

Montgomeryville, PA 18936

	

Fax: (516) 249-1242

23461 South Point Dr.

	

(800) 331-8837

	

www.parkell.co m

Laguna Hills, CA 92652

	

Fax: (215) 362-3809

	

PASCAL COMPANY, INC.

(800) 633-3726

	

ww7v.pond.com/moyco /

	

P.O. Box 1478
Fax: (714) 588-9844

	

MYRON INTERNATIONAL (see

	

Bellevue, WA 98009
www.mtcnet.com/medesco.htm

	

CHAMELEON DENTAL PRODUCTS)

	

(800) 426-8051

MERRITT EZ CAST POST, INC.

	

NEOLOY PRODUCTS Co.

	

Fax: (206) 827-6893 609 Fleming St

	

14807 S. McKinley Avenue

	

www.pascaldental.com

Hendersonville, NC 28791

	

Posen, IL 60469

	

PATTERSON DENTAL COMPANY

(828) 692-6226

	

(800) 628-7336

	

1031 Mendota Heights Road
Fax: (828) 692-6227

	

Fax: (708) 371-8217

	

St. Paul, MN 55120

www.merrittezeastpost.co m	 NEY DENTAL (see DEGUSSA-NEY

	

(800) 328-5536

METALOR DENTAL USA CORP.

	

DENTAL, INC.)

	

www.pdental.com

255 John L. Dietsch Boulevard

	

NIKON, INC., INSTRUMENT GROUP

	

PEERLESS INTERNATIONAL, INC.

P.O. Box 255

	

1300 Walt Whitman Road

	

438 Depot Street
North Attleborough, MA 02761

	

Melville, NY 11747

	

South Easton, MA 02375
(800) 554-5504

	

(516) 547-4200

	

(800) 527-2025
Fax: (508) 695-3447

	

Fax: (516) 547-0306

	

Fax: (508) 230-2177
www.metaloncom

	

www.nikonusa.com

	

www.peerlessonline.co m

MICROSTAR CORPORATION

	

NOBEL BIOCARE USA, INC.

	

PFINGST & CO., INC.

4220 Steve Reynolds Blvd., Suite 19

	

22895 Eastpark Drive,

	

105 Snyder Road
Norcross GA 30093

	

Yorba Linda, CA 92887

	

P.O. Box 377
(800) 313-6427

	

(800) 993-8100 S. Plainfield, N 07080
Fax: (770) 935-4460

	

Fax: (714) 998-9236 (800) 221-1268
www.microstarcorp.com

	

www.nobelbioeare.s e

	

Fax: (908) 561-3213

http://www.langdental.com
http://www.langdental.com
http://www.olympusamerica.com
http://www.olympusamerica.com
http://www.midwestdental.com
http://www.midwestdental.com
http://www.laresdental.com
http://www.laresdental.com
http://www.orascoptic.com
http://www.orascoptic.com
http://www.argen.com
http://www.argen.com
http://www.paascheairbrush.com
http://www.paascheairbrush.com
http://www.leepharmaceuticals.com
http://www.leepharmaceuticals.com
http://www.panadent.com
http://www.panadent.com
http://Www.macanengineering.com
http://Www.macanengineering.com
http://www.paragon-implant.com
http://www.paragon-implant.com
http://www.jmoritausa.com
http://www.jmoritausa.com
http://www.parkell.com
http://www.parkell.com
http://ww7v.pond.com/moyco/
http://ww7v.pond.com/moyco/
http://www.mtcnet.com/medesco.htm
http://www.mtcnet.com/medesco.htm
http://www.pascaldental.com
http://www.pascaldental.com
http://www.merrittezeastpost.com
http://www.merrittezeastpost.com
http://www.pdental.com
http://www.pdental.com
http://www.nikonusa.com
http://www.nikonusa.com
http://www.peerlessonline.com
http://www.peerlessonline.com
http://www.microstarcorp.com
http://www.microstarcorp.com
http://www.nobelbioeare.se
http://www.nobelbioeare.se
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A

Abfraction, 79
clenching and, 94

Abrasion, 104, 730
from bruxism, 94

charting of, 13
poor resistance of gypsum and, 433

Abrasive disk, 713
Abrasiveness of ceramic, 663

polishing versus glazing and, 759
Abrasives for finishing-739, 738

Abscess, urgent treatment of, 76
Abutment, 79

Abutment analog, 335-336
Abutment driver, 328

Abutment healing cap, 328, 329
Abutment of implant, 330-333

Abutment post, 328, 336
Abutment teeth

alignment during tooth preparation and,
196

fiber-reinforced composite fixed prosthe-
sis and, 701

gingival preservation in residual ridge re-
sorption and, 515-519

indications for removable partial denture
and, 74

periodontal considerations, 108-134
anatomy in, 108-109

bone induction and, 119,120
classification of furcation involvements

and, 121

control of microbial plaque in, 113-115

correction of defective restorations in,
115

gingivectomy and, 116-117

guided tissue regeneration and, 125-
129, 130

maintenance of periodontal status in,
129

minor tooth movement and, 116
mucosal repair and, 117-118

odontoplasty-osteoplasty and, 122-123
open debridement and, 117,118

osseous resection with apically posi-
tioned flaps and, 119-120

periodontal disease and, 110-112
prognosis in periodontal disease,

129-130

provisionalization and, 124-125

restoration of tooth with resected roots
and, 125, 126, 127

root amputation and, 123-124
root anatomy and, 121-122
root planing in, 115-116

scaling and polishing in, 115

stabilization of mobile teeth in, 116
strategic tooth removal in, 116
ti ming and sequence of treatment, 113

replacement of single missing tooth and,
66-67

Abutment teeth-cont'd
resin-retained fixed partial denture and,

683,684-685
retainer and, 62, 543-566

attachments for, 557-562, 563
bars, studs, and magnets for, 561-562,

563
design of, 546-548

extracoronal attachments for, 557, 558
fabrication of crown for existing remov-

able partial denture, 556-557
finishing of, 555-556
i mpression making for, 552
intracoronal attachments for, 557-561,

562

reciprocation and, 549

retention and, 549
tooth preparation for, 549-552

try-in and cementation of, 556
wax pattern fabrication for, 552-555

selection of, 65-75

indications for removable partial den-
tures, 74-75

replacement of several missing teeth,
69-74

replacement of single missing tooth, 65-
69

Accelerated casting method, 582-583
Accelerator, 369, 377

AccessPost Overdenture, 291
Accufilm IV, 734

Achromatic, term, 605
Achromatic shade, 594

Achromatism, 598
Acid-etch technique, 265

Acid regurgitation
abnormal tooth wear and, 97

tooth damage caused by, 5
Acquired immunodeficiency syndrome, 6
Acquired pellicle, 110

Acrylic pontic, 526
Acrylic resin, 415

in custom-made post, 297

for custom tray fabrication, 364-365
in fabrication of occlusal device,

100-103

in provisionalization, 124-125

Acrylic resin record bases, 41
Acrylic resin veneer, 62

Acute necrotizing ulcerative gingivitis, 110
ADA type gypsum, 432,435

vacuum mixing of, 442-443

Adaptation, 484
provision for adequate cement space and,

459
Add-on porcelain, 749

Addition silicone, 361, 363-364
Additive color mixture, 605

Adhesion bridge, 676-679
Adhesive failure of porcelain-metal inter-

face, 619-620

Adhesive resin, 771
for resin-retained fixed partial denture,

690,691
Adjacent teeth, prevention of damage dur-

ing tooth preparation, 166-167
Adjustable anterior guidance, 53

Advanced plaque-induced lesion, 112
Aestheti-Post, 290, 297
Agar, 49, 377

Agar hydrocolloid, 360, 361
Age

chewing movements and, 92

factor in prognosis of prosthodontic treat-
ment, 19

Air cooling for heat generated during tooth
preparation, 167

Air-firing, strength values and, 619

Airborne particle abrasion, 510, 693, 743
with aluminum oxide, 618

of cast alloy, 620
before cementation, 772

in finishing of cast restoration, 738
to identify occlusal contacts, 752, 753

for removal of investment, 611
retention and, 185

scanning micrograph of alumina and sili-
cate particles, 679

of slip-cast ceramic, 649, 652
of veneering surface, 612, 613

Alcohol cleaning of metal framework, 613
Alginate, 26
Alignment

evaluation of, 13, 15-16

partial veneer crown and, 231
tooth preparation and, 196

Alignment grooves for axial reduction, 208-
209

All-Bond resin luting agent, 770

All-ceramic fixed partial dentures, 666

All-ceramic foundation restoration, 666-667
All-ceramic implant, 332
All-ceramic restoration, 262-271, 643-672

aluminous core ceramics, 647, 648, 649,
650

ceramic inlays and onlays, 265-267

complete ceramic crown, 262-265
esthetics and, 592-608

balance in, 599, 600

light and color in, 592-598
midline and, 599-600

proportion in, 598-599, 600
shade selection and, 600-605

smile anatomy in, 598, 599
fixed partial dentures, 666

foundation restoration, 666-667
high-strength ceramics for, 644

historical background of, 643-644
hot-pressed ceramics, 653-656

inlays and onlays, 665-666
machined ceramics, 656-660

metal-reinforced systems, 660-663

833
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All-ceramic restoration-cont'd

porcelain labial veneer, 663-664
porcelain laminate veneers, 267-269

resin-bonded ceramics, 667-668
resin-modified glass ionomer cement and,

769
selection of, 663

slip-cast ceramics, 647-653
strengthening mechanisms of dental ce-

ramics, 644-645
summary chart for, 270-271

All-metal pontic, 539-540
All-metal restoration, 203-215

advantages of, 203-204

alignment grooves for axial reduction in,

208-209
axial reduction in, 209-211

contraindications for, 204-205
criteria for, 205-206

deficiency of proximal contact, 747-749
disadvantages of, 204
evaluation of, 212-213

excessive tightness of, 747
finishing of, 211-212

guiding grooves for occlusal reduction in,
206-207

indications for, 204
occlusal reduction in, 207-208

summary chart for, 215
All-metal retainer, soldering of, 718

All-polymer prostheses, 698
Allergy

to monomer, 389
to polyether impression material, 363

Alloy, 510, 589
deformation and, 189-190

electrolytic etching of, 675
Maryland bridge and, 674

oxidizing and, 613-614
particle abrasion of, 677, 678

retention and, 185
selection for casting, 574-576

selection for metal-ceramic restoration,
497-509

density and, 500-503
elevated-temperature creep and distor-

tion and, 499-500
hardness and, 499

high noble metal alloys, 504-505
modulus of elasticity and, 498-499

noble metal alloys, 503-506
percentage elongation and, 500

predominantly base metal alloys, 506-
509

proportional limit and yield strength
and, 499

thermal expansion and contraction and,
500

toughness and, 500
ultimate tensile strength and, 500

for soldered connector, 707

sprue design and, 567
Alloy-porcelain interface, 616

failure of, 619
Alternative die systems, 436, 437, 438, 439

Alumina, 615, 618, 647
Aluminous core ceramics, 647, 648, 649, 650

Aluminum chloride, 357
Aluminum crown, 388,406-408,409

Aluminum oxide, 510, 668, 743
in aluminous core ceramics, 647

Aluwax record, 38-39

Alveolar architecture preservation tech-
nique, 519

Alveolar canal evaluation, 316
Alveolar crest fiber, 109

Alveolar mucosa, 108
Amalgam

as core material, 280-281, 287

for foundation restoration, 139-143
li mitations of, 60

in molar restoration, 272, 273
in provisionalization, 124-125

resin-retained fixed partial denture and,
689

restorative history and, 6
AmalgamBond, 144

American Dental Association
classification for dental casting alloys, 504

on dentist-laboratory relationship, 419
Amputation, distobuccal root, 123

Anatomic crown, 309
Ancorex prefabricated post, 290

Ancorextra prefabricated post, 290
Anesthesia for saliva control in impression

making, 356
Angle Class I occlusal relationship, 87

Angled abutment, 332, 347
Angle's classification of occlusion, 104

Anomalous trichromatism, 598
Anorexia nervosa, oral manifestations ef-

fecting treatment, 5
Anterior determinants, 91

Anterior guidance, 53
face-bow and, 50-51

horizontal and vertical overlap and, 91
mutually protected occlusion and, 95

partial veneer crown and, 230
Anterior guide pin, 53
Anterior guide table, 51, 53

for optimum contours in anterior restora-
tion, 480-481

Anterior mandibular dental implant
location of, 319-320

surgical template for, 323-325
Anterior maxillary implant, 319

Anterior open occlusal relationship, 104, 693
Anterior partial coverage restoration, 195

Anterior programming device, 20, 53
arbitrary hinge axis face-bow and, 37-38

with elastomeric or ZOE record, 40-41
Anterior reference point, 53

arbitrary hinge axis face-bow and, 33, 34
Anterior restoration

in endodontically treated tooth, 274-275
retention form and, 278-280, 281

metal-ceramic crown, 216-229
advantages and disadvantages of, 217

armamentarium for, 217-220
axial reduction of proximal and lingual

surfaces in, 222-224
contraindications for, 217

evaluation of, 226-227
finishing of, 224-226

guiding grooves for, 220, 221
indications for, 216-217

labial reduction and, 221-222, 223
occlusal reduction and, 220-221

summary chart for, 228-229
partial-coverage, 240-245, 246
pinledge preparation for, 245-252

contraindications for, 247, 248

indications for, 245-247
maxillary central incisor pinledge, 248-

252

Anterior restoration-cont'd
timing of, 77

wax pattern for, 480-482
Anterior teeth, resin-retained fixed partial

denture for, 682
Anterior tooth preparation

for fiber-reinforced composite fixed pros-

thesis, 701
for resin-retained fixed partial denture,

685-686
Anteroposterior curve, 473, 476, 484-485

Ante's law, 69, 79
Anticholinergics for saliva control in im-

pression making, 356
Anticipation of future needs, 797, 798-799,

806
Anticonvulsants, gingival hyperplasia

and, 5
Antiflux, 715, 730

Antimicrobials during tooth preparation,
169-170

Antirotational feature in implant body, 329
abutment and, 330, 331

Apex, 16, 20, 309
stress concentration in post-and-core and,

283
Apical extension of preparation, 171, 172

effect on crown-to-root ratio, 278

partial veneer crown and, 234

Apical fiber, 109
Apical seal, post length and, 279, 280

Apices, 20
Apicoectomy, 147

Appearance
chief complaint and, 3, 5
general examination and, 7

planning for improvement of, 60
Arbitrary face-bow, 31, 53

Arbitrary hinge axis face-bow, 33-51
anterior programming device and, 37-38

anterior programming device with elas-
tomeric or ZOE record, 40-41

anterior reference point and, 33, 34
centric relation record and, 34-36

centric relation recording technique
and, 38

jaw manipulation and, 36-37
recording jaw relationships in partially

edentulous dentitions, 41-51
anterior guidance and, 50-51

armamentarium for, 46
articulating diagnostic casts and, 42,

43,44
custom guide table fabrication and, 51

diagnostic cast modification and, 51,

53,54
evaluation of, 42, 45, 51, 53
posterior articulator controls and, 42-46

step-by-step technique in, 46-50
reinforced aluwax record and, 38-39

Arbitrary values to adjust posterior articula-
tor controls, 42

Arbor band, 448
Arc of closure, 104

Arch curvature, replacement of multiple
mandibular incisors and, 74

Arcon, 53
Arcon articulator, 29-30, 53
Arkansas stone, 738

Armamentarium
for all-ceramic crown, 264

for all-metal restoration deficiency correc-
tion, 748



Index

Armamentarium-cont'd

for anterior programming device with
elastomeric or ZOE record, 40

for autopolymerizing resin soldering
index, 723

for bonding of restoration, 776-777
for casting, 584
for cementation, 772, 773

for ceramic inlays and onlays, 266-267

for complete cast crown preparation, 206
for contouring of ceramic restoration, 756
for custom guide table fabrication, 51

for custom tray fabrication, 364, 365-366
for cutting back of veneering area, 493

for diagnostic impression, 26
for direct lift technique for porcelain

labial margin, 633
for eccentric interocclusal recording, 46

for evaluation and adjustment of seated
restoration, 751

for external color modification and char-
acterization, 759, 760

for face-bow transfer, 33
for finishing of cast restoration, 739

for inlay and onlay preparations, 253
for investing, 577

for metal-ceramic crown, 217-220
for metal-ceramic pontic fabrication, 536,

537,538
for partial-coverage restoration, 231-232

for porcelain application, 621, 622
for porcelain laminate veneer, 268
for pouring dies, 441

in provisional restoration, 394-395

for reinforced aluwax record, 38
for remount procedure, 753-754
for soldered connector, 721

for spruing, 570

for surface texture characterization, 758
for trimming dies, 449
for wax pattern, 462-463

Arrow point tracer, 53
Arthralgic pain, 22

Arthrodial joint, 105
Arthrography, 18, 20

Articular capsule, 83
Articular disc, 83, 84

Articular eminence, posterior determinants
of occlusion and, 90, 91

Articulate, 18
Articulating film, 42

finishing of cast restoration and, 735, 736
Articulation

cast-and-die system and, 432
responsibility of dentist before laboratory

procedures, 420-425
Articulator, 23, 51

in fabrication of occlusal device, 100-103
fully adjustable, 30-31

mandibular cast and, 42, 44
maxillary cast and, 42, 43

mounting casts on, 450-454
Panadent,48
selection of, 27-28

semiadjustable, 28-30

small nonadjustable, 28, 29
temporomandibular joint, 50

Artificial crown, 79

Astringedent, 357

Astringent, displacement cord and, 357
Asymmetric muscle activity, 98
Atraumatic implant placement, 315

Atropine for saliva control in impression

making, 356
Attached gingiva, 108, 109
Attachment level, 11-16

dental charting and, 12-13
general alignment and, 15-16

initial tooth contact and, 13-15

jaw maneuverability and, 16
lateral and protrusive contacts and, 16

Attachment loss

overhanging restoration and, 115
in periodontitis, 112

Attachments for retainer, 557-562, 563
bars, studs, and magnets, 561-562, 563

extracoronal, 557, 558
intracoronal, 557-561, 562

Attrition, 105
abnormal tooth wear and, 97

Auricular palpation of temporomandibular
joint, 7, 8

Auscultation, 20
Autoglazing, 629
Automatrix, 143

Automix technique in impression making,
371-372

Autopolymer, 373, 411

Autopolymerizing acrylic resin, 309, 415,
693

in anterior programming device, 38, 40
in core fabrication, 301-302

in custom tray fabrication, 364-365
external surface form and, 387

in fabrication of occlusal device, 100-103
for working cast, 450, 451

Autopolymerizing resin soldering index,
718, 722-723

Average axis face-bow, 53

Average value articulator, 53
Avulsion, 309

Axial contour
adjustment of, 756, 757

excessive, 420

retainer in removable partial denture and,
552

Axial inclination, 197

dental surveyor for evaluation of, 196
Axial reduction

alignment grooves for, 208-209
complete cast crown and, 205, 209-211

long-term dental health and, 171-173
in mandibular premolar modified three-

quarter crown, 240

in maxillary canine three-quarter crown,
242, 243, 244, 245

in maxillary molar seven-eighths crown
preparation, 237, 238

metal-ceramic crown and, 222-224

partial veneer crown and, 233-234
Axial surface of tooth, wax pattern and,

468-470
Axial wall

complete cast crown preparation and
fluting in, 204

overtapering in, 212
finishing of cast restoration and, 738-739

Axiograph pantograph, 47, 49
Axis of preparation, 198

B

Baade-type band remover, 746

Back pressure porosity, 587-588, 589
Backhaus towel clamp forceps, 746

Bacteria
in microbial plaque, 110

periodontal examination and, 9
pulpal damage during tooth preparation

and, 169-170
Balance, esthetics and, 599, 600

Bar attachment, 561-562, 563
Bar-retained removable partial denture, 561-

562,563
Barrier for guided tissue regeneration, 125-

129,130
Base, 157

foundation restoration and, 143
glass ionomer cement as, 140

retainer and, 547
Base metal, 510, 589, 693
Base metal alloy

carbon-containing materials and, 574

electrolytic etching of, 675
as investment material, 572
oxide formation and, 614

soldering of, 716
Bass sulcular method of toothbrushing, 113-

114
Bead-brush technique

in evaluation of fixed partial denture, 398
in repair of provisional restoration, 413

Beilby layer, 743
Bench set, 415

Benham disk, 597
Bennett angle, 105

Bennett movement, 88
Benzoyl peroxide, free-radical polymeriza-

tion and, 393
Beryllium

in nickel-chromium alloy, 507, 618
possible health hazards of, 576

Bevel, 197
in class II inlay preparation, 255
effect of marginal fit of, 178

in facial margin of partial-coverage

restoration, 194
in maxillary molar seven-eighths crown

preparation, 237, 238, 239
in MOD onlay, 256

partial veneer crown and, 235, 236
in pinledge preparation, 249, 252

Beveled margin, 175, 176, 177-178
Beveled shoulder margin, 176, 180

Bicuspidization, 124
Bifurcation, 131
Bilaminar zone, 83

Bilaterally balanced articulation, 95
Bimanual manipulation technique, 37

Binder
materials for, 572

phosphate-bonded investment and, 573
Biocompatibility

of casting alloy, 575-576

of zinc oxide-eugenol cement, 768
of zinc polycarboxylate cement, 766

Biofeedback, temporomandibular joint dys-
function history and, 7

Biologic considerations

in casting alloy, 575
in pontic design, 525-527

occlusal forces, 527
oral hygiene, 525-526

pontic material, 526-527
ridge contact, 525

in tooth preparation, 166-181
axial reduction and, 171-173
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Biologic considerations-cont'd

	

Braided pattern of fibers, 699

	

Capsule, 105
in tooth preparation-cont'd

	

Branemark system, 315

	

Captek system, 646, 660, 661, 662
conservation of tooth structure and,

	

Brass dowel pin, 439, 446

	

Carat, 510
170-171, 172

	

Brazing, 708

	

Carat number of gold solder, 713
margin adaptation and, 174,175

	

Brinell test, 499

	

Carbide bur, 738
margin geometry and, 174-180

	

Brittleness of solder, 714

	

Carbon fiber, 699
margin placement and, 173-174

	

Brush technique of investing, 577-578

	

Carbon fiber post, 272, 287, 295, 296
occlusion and, 180

	

Bruxism, 92, 93-94, 105

	

Carborundum disk, 738
preventing tooth fracture and, 180-181

	

Bubble in metal-ceramic crown, 638

	

Cardiac monitoring, 7, 8
prevention of damage and, 166-170

	

Buccal embrasure, 470

	

Cardiovascular disease, general examina-
Biologic width, 150

	

Buccal reduction in metal-ceramic crown,

	

tion and, 7
Biomechanical factors

	

221-222, 223

	

Caries
in implant success, 347-349

	

Buccolingual relationship, 20, 79

	

charting of, 13, 15
in provisional restorations, 380-383

	

Buccoocclusal contrabevel, partial veneer

	

correction before prosthodontics, 59, 76
Bis-GMA, 393

	

crown and, 235, 236

	

evaluation in periodic recall examination,
Bisphenol-A glycidyl dimethacrylate, 62

	

Buffing compounds, 739

	

783-785
Bisque bake, 626, 629, 639, 668

	

Buffing wheel, 739

	

excavation of
Bite force

	

Bulimia, tooth damage from, 5

	

before ceramic inlays and onlays, 267
factor in prognosis of prosthodontic treat-

	

Bulky impression, 26

	

before inlay, 255
ment, 19

	

Bullet-shaped pontic, 523, 524

	

before onlay, 255-257
resistance and, 186-188

	

Bur

	

factor in prognosis of prosthodontic treat-
Blade form endosteal implant, 313, 314-315

	

in class 11 inlay preparation, 254

	

ment, 19
Bleach for disinfection of impression, 376

	

evaluative procedures during tooth

	

mouth preparation and, 139
Bleeding in tissue displacement in impres-

	

preparation and, 196-197

	

Cartesian coordinates, 595, 596
sion making, 359

	

heat generated during tooth preparation,

	

Cast, 25-58
Blocking out undercuts, 458

	

167

	

aid to technician, 427
Blood pressure, general examination and, 7

	

partial veneer crown and, 231

	

articulating of, 42, 43, 44
Body porcelain, 617

	

in post removal, 306

	

cementation and, 765
application of, 624-627

	

for removal of endodontic filling material,

	

for custom indirect-direct provisional
selection criteria for, 621

	

283,284

	

fixed partial dentures, 399, 400
slip-cast ceramic restoration and, 649-653

	

Burnishing of wax, 464

	

for custom indirect provisional fixed par-
Boley gauge, 470

	

Burnout, 578-580

	

tial denture, 396
Bolus, chewing and, 92

	

Burnout oven, 580

	

for dental implant, 316-317, 318
Bonding

	

C

	

in endodontically treated tooth restora-
in ceramic inlays and onlays, 265

	

tion, 303-304
of porcelain-alloy, 617-620

	

C-1 Post, 289

	

evaluation of, 746-758
of resin-retained fixed partial denture,

	

C-Post, 290

	

ceramic restorations, 756-758
690-691

	

CAD-CAM, 656,668

	

margin integrity, 749-751
of restoration, 776-778

	

Calcination, 433

	

occlusion, 751-756
Bonding agents

	

Calcium alginate, 26

	

provisional restoration and luting
in foundation restoration, 143

	

Calcium hydroxide, 143

	

agent, 746
for resin-retained fixed partial denture,

	

Calcium sulfate, 127

	

proximal contacts, 747-749
690,691

	

Calcium sulfate hemihydrate, 432-433

	

sequence of, 746-747
Bone

	

Calculus, 110, 115

	

stability, 751
dental implant and

	

Camphoroquinone, 393

	

face-bow and, 31-51
edentulous patient and, 344

	

Canal

	

anterior guidance and, 50-51
i mplant location and, 319, 320

	

configurations of, 287

	

anterior programming device and,
preparation of recipient site, 325

	

endodontically treated tooth restoration

	

37-38
loss of

	

and

	

anterior programming device with elas-
dental implant and, 347-348, 350

	

conservation of tooth structure and,

	

tomeric record, 40-41
indications for removable partial den-

	

276,277

	

anterior reference point and, 33, 34
ture and, 74, 75

	

enlargement of, 287-294

	

arbitrary hinge axis face-bow, 33
ridge defect and, 74

	

parallel-sided post and, 278, 279

	

centric relation record and, 34-36
root shape and angulation in replace-

	

removal of endodontic filling material

	

centric relation recording technique
ment of several missing teeth and,

	

and, 283-286, 287

	

and, 38, 39
71-72

	

Cancellous bone, mandibular dental im-

	

custom guide table fabrication and,
resorption of

	

plant and, 320

	

51,52
dental implant and, 347-348

	

Canine

	

face-bow transfer and, 33-34
pontic and, 531

	

average crown and root lengths, 284

	

jaw manipulation and, 36-37
Bone induction, 119, 120

	

average root diameters and recom-

	

kinematic hinge axis face-bow, 31-33
Bone sounding before dental implant, 318

	

mended post sizes, 286

	

pantographs and, 46-49
Bonwill triangle, 485

	

dimension of pulp and coronal contour,

	

posterior articulator controls and, 42-46
Borax glass, 714

	

168

	

recording jaw relationships in partially
Border movements, 88-90, 105

	

root canal configurations, 287

	

edentulous dentitions and, 41
anterior guidance and, 50

	

three-quarter crown on, 240-245, 246

	

reinforced aluwax record and, 38-39
chewing movements versus, 92

	

Canine-guided occlusion, 94, 95-97

	

stereograms and, 50
pantographic tracings and, 30-31

	

Canine protected articulation, 105

	

finishing of, 732-743
temporomandibular ligaments and, 84

	

Cantilever, 79, 685

	

axial walls and, 738-739
Boric acid, 714

	

resin-retained fixed partial denture and,

	

external margins and, 739-741
Boston Post, 291

	

685

	

i nternal margin and, 732-733
Box

	

Cantilever fixed partial denture, 65-66, 67,

	

internal surface and, 733-734
in inlay preparation, 254-255, 267

	

80,693

	

occlusal surface and, 735-738
in onlay preparation, 255, 256, 267

	

Capsular ligament, 84,105

	

proximal contacts and, 734-735
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Cast-cont'd

finishing of-cont'd

review of technique in, 741-742
sprue and, 734, 735

i mpression making for, 25-31
fully adjustable articulators and, 30-31

irreversible hydrocolloid in, 26
semiadjustable articulators and, 28-30

small nonadjustable articulators and,
28,29

technique in, 26-28

modification of, 51, 53, 54
for retainer, 545, 546, 547

wax pattern and, 457-487
of anterior teeth, 480-482

armamentarium for, 462-464
casting wax in, 460-462

of posterior teeth, 464-480
prerequisites for, 458-460

wax cut-back and, 482-483
waxing connectors and, 483-484

wear facets and, 13
Cast-and-die, 431-456

armamentarium for, 441
available methods in, 434-436

choice of system for, 436-441
electroplating in, 433-434

flexible die materials in, 434
gypsum in, 432-433

modifications before waxing, 458
mounting casts on articulator, 450-454
prerequisites for, 431-432

resin in, 433

step-by-step procedure in, 441-449
Cast clasp, 549
Cast connector, 707, 710

Cast gold for foundation restoration, 140

Cast mesh pattern in Virginia bridge, 676
Cast metal core

fabrication of, 301-302

pin-retained, 140
Cast metal crown

chamfer margin for, 175-176
limitations of, 60-61

Cast perforated resin-retained fixed partial
denture, 674, 675

Cast post-and-core, 272-274
Castable abutment, 328, 336

Castable ceramic, 668
Castable coping, 328, 336
Casting, 567-591

accelerated method of, 582-583

casting machines for, 583-584
defects in, 581-582, 586
investing and, 576-582

armamentarium for, 577

brush technique in, 577-578
step-by-step procedure in, 580-582

vacuum technique in, 578-580
materials science in, 572-574

preparation for cementation, 772
prerequisites for, 567-572

casting ring and liner in, 569-570

crucible former in, 569
multiple castings, 571-572

ringless investment technique in, 570
single casting and, 570-571

sprue in, 567-569
recovery of, 584-586

selection of materials for, 574-576
technique of, 584-588

Casting machine, 583-584

Casting nodule, 459, 573, 579, 581, 587
Casting ring and liner, 569-570, 589

Casting wax, 460-462, 485
Catalyst, 377, 693

impression making and, 369
Cavity varnish, foundation restoration and,

143
Cavosurface angle

axial reduction in partial veneer crown
and, 234

in complete ceramic crown, 263
porcelain laminate veneer and, 269

C&B Metabond Resin Cement, 770, 775
Ceka prefabricated extracoronal attachment,

557,558
Celay system, 658

Cellulose acetate, 384, 387, 388
Cement, 765-769

friction and, 182, 183
in inlay preparation, 255
for Maryland bridge, 674-675
partial veneer crown and, 231
pin-retained cast core and, 146

provision of adequate space for, 459-460
resin-bonded ceramics and, 667

for resin-retained fixed partial denture,
690-691

resistance and, 190
roughness of surface and, 185

for small defects, 139
stress concentration and, 184

Cement-retained versus screw-retained im-
plant crowns, 244-247

Cementation, 693, 765-781
cement space and, 459-460

for ceramic veneers and inlays, 775-778
definitive, 765-775, 776

choice of luting agent for, 769-771

of conventional cast restorations, 765
dental cements for, 765-769
preparation of restoration and tooth

surface for, 771-775
endodontic treatment after, 789

in endodontically treated tooth restora-
tion, 274-275, 304, 305

of fiber-reinforced composite fixed pros-
theses, 704-705

provisional, 410-412, 765
resin-bonded prosthesis and, 682

of retainer, 556
review of technique, 778-779

Cemented implant crown, 244-247
Cementoblast, 109
Cementoblast, 109

Cementoenamel junction, 109

clinical attachment level and, 12-13
relationship with osseous crest, 121

Cementum, 109

Center of ridge, 540
Central incisor

average crown and root lengths, 284

average root diameters and recom-
mended post sizes, 286

root canal configurations, 287
Centric cusp articulation, 466
Centric cusp bevel, 205

Centric occlusion, 94-95
Centric relation

conformative occlusion and, 452
elimination of interferences in occlusal

adjustment, 158
occlusion and, 87

Centric relation interocclusal record, 25
Centric relation position

assessment of, 13-15
diagnostic casts and, 25

reinforced aluwax record of, 38-39
Centric relation record, 20, 53

anterior programming device and, 37-38
complex prosthodontic treatment se-

quence and, 78
conformative occlusion and, 453

elastomeric material for, 40-41
face-bow and, 34-36

technique for, 38, 39
trimming of, 452

Centric slide, 20
Centric stop, 486

in metal-ceramic restoration, 482-484, 485,
490-492, 493

Cephalometric film before dental implant,
316,317

Ceram, 668

Ceramco system, 646
Ceramic, 639, 669

abrasiveness of, 663
classification of, 614

prevention of stress corrosion, 645

residual compressive stress and, 618-619
strengthening mechanisms of, 644-645

Ceramic crown, 643

Ceramic implant, 332
Ceramic inlay, 643

Ceramic post, 272, 287, 295, 297
Ceramic restoration

all-ceramic, 262-271
ceramic inlays and onlays, 265-267

complete ceramic crown, 262-265
porcelain laminate veneers, 267-269

summary chart for, 270-271
cementation for, 775-778

characterization and glazing of, 758-762
armamentarium for, 759, 760

shade modification and, 760-762
step-by-step procedure for, 759-760

evaluation of, 756-758
fracture of, 480, 488

metal-ceramic crown, 216-229, 609-642
advantages and disadvantages of, 217

armamentarium for, 217-220
axial reduction of proximal and lingual

surfaces in, 222-224
body and incisal porcelains for, 621
contraindications for, 217

evaluation of, 226-227
fabrication of, 621-630

factors affecting bonding of, 617-620
finishing of, 224-226

guiding grooves for, 220, 221
historical perspective of, 609

indications for, 216-217
labial reduction and, 221-222, 223

metal preparation for, 610-614
occlusal reduction and, 220-221

opaque porcelain for, 620-621
overview of, 609-610

porcelain-alloy bonding in, 617, 618
porcelain labial margins of, 630-637

porcelain manufacture for, 614-615
porcelain technique in, 615-616

review of technique, 638-639
summary chart for, 228-229

troubleshooting in, 637-638
types of porcelain for, 616-617

thickness of veneer, 480, 481, 488, 489



Index

Cerec system, 656-658
Cerinate system, 646, 665

Cerium, 617
Certification in dental technology, 418-419

Certified Dental Laboratory, 418-419
Certified Dental Technician, 418

Cervical amalgam restoration, 785
Cervical lymph node palpation, 7

Chamfer, 175-176,177,197-198
in all-ceramic crown, 265

in class Il inlay preparation, 255
complete cast crown and, 205

in mandibular premolar modified three-
quarter crown, 240

in maxillary canine three-quarter crown,
243

metal-ceramic crown and, 223, 224, 226
in partial-coverage restoration, 194
porcelain laminate veneer and, 269

Characterization, 759-762
Characterize, term, 763

Charting, 12-13,14-15
Check-bites, 42-46

Cheek damage during tooth preparation,
167

Chemical action of dental materials, 169
Chemical activation, 393

Chemical bonding resin-retained fixed par-
tial denture, 676-679

Chemical strengthening of ceramic, 644-645
Chewing

chief complaint and, 3
mandibular movement in, 92, 93

provisional restoration and, 382-383
Chief complaint, 3, 5

Chisel edge margin, 175,176
Chlorhexidine gluconate rinse, 326

Chlorine compounds for disinfection of im-
pression, 376

Chloroform, 575-576

Chroma, 594, 595, 605

selection of, 601-602
shade modification and, 760

Chromatic color, 595
Chromium

in cobalt-chromium alloy, 507
in nickel-chromium alloy, 503, 506-507

Chronic marginal gingivitis, 10
Chronic periodontal lesion, 111
CIELAB Color System, 594-596, 605

Cingulum rest seat, 548, 553, 555, 565
Clamping force between implant and

crown, 346-347
Class I occlusion, 104

cusp-marginal ridge scheme and, 472
Class I residual ridge defect, 514-515

Class II inlay preparation, 253-255
Class 11 occlusion, 104

Class 11 residual ridge defect, 515, 517, 518
Class III occlusion, 104

Class III residual ridge defect, 515, 517, 518
Class IV occlusion, 104
Cleaning

of cast restoration, 741

of metal framework, 613
Clearance, 198

i n ceramic onlay, 267
complete cast crown preparation and, 208
deformation and, 190

in inlay preparation, 255

in maxillary canine three-quarter crown,
242

Clearance-cont'd

in maxillary molar seven-eighths crown
preparation, 238

in MOD onlay preparation, 255
partial veneer crown and, 232-233

Clenching, 92, 94, 105
Click, 7, 21, 98

Clinical attachment level, 11-16
dental charting and, 12-13

general alignment and, 15-16
initial tooth contact and, 13-15
jaw maneuverability and, 16

lateral and protrusive contacts and, 16
Clinical attachment loss, 12

Clinical crown, 72, 146, 194, 540
Clinical examination, 7-19

clinical attachment level and, 11-16
dental charting in, 12-13

general alignment in, 15-16
initial tooth contact in, 13-15

jaw maneuverability and, 16
lateral and protrusive contacts in, 16

before dental implant, 315-316
diagnosis and prognosis and, 18-20

extraoral, 7-9
general, 7, 8

intraoral, 9-11
radiographic, 17-18

vitality testing in, 18-19
Clinical failure of post-and-core, 274
Clinical occlusal adjustment, 158

Clonidine for saliva control in impression
making, 356

Clutch, 31, 32

Cobalt-chromium alloy, 503, 507
in Maryland bridge, 674

in prefabricated post, 294
Coefficient of thermal expansion, 500

Cohesive failure of porcelain-metal inter-
face, 619-620

Coil spring for mesially tilted molar, 156
Collagen, gingival, 109
Collarless metal-ceramic crown, 630-637,

639
advantages and disadvantages of, 630

direct lift technique in, 633-635
framework design for, 630-631

indications and contraindications for, 630
methods of fabrication, 631

platinum foil matrix technique in, 631-633
porcelain wax technique in, 635-637

Colloidal silica, 573
Color, 605-606

of casting alloy, 574
description of, 593-596

modification of, 759-762
perception of, 596-598

of provisional restoration, 383, 413-414
work authorization form information on,

426-427
Color adaptation, 597

Color blindness, 598, 606
Color deficiency, 606

Color-measuring instruments, 596, 597
Color rendering index, 593

Color temperature, 593, 606
Colorama prefabricated post, 289

Colorimeter, 596
Colour Measurement Committee, 603

Comfort, chief complaint and, 3
Comfort cap, 328, 329

Commercial shade guides, 600-602

Communication with dental laboratory, 419-

420
Compensating curve, 486

Complementary colors, 597, 606, 760
Complete cast crown, 203-215

advantages of, 203-204
alignment grooves for axial reduction in,

208-209
axial reduction in, 209-211

contraindications for, 204-205
criteria for, 205-206
disadvantages of, 204

evaluation of, 212-213
finishing of, 211-212

guiding grooves for occlusal reduction in,
206-207

indications for, 204
li mitations of, 60-61

metal-ceramic, 216-229
advantages and disadvantages of, 217

armamentarium for, 217-220
axial reduction of proximal and lingual

surfaces in, 222-224
contraindications for, 217

evaluation of, 226-227
finishing of, 224-226

guiding grooves for, 220, 221
indications for, 216-217

labial reduction and, 221-222, 223
occlusal reduction and, 220-221
summary chart for, 228-229

occlusal reduction in, 207-208
summary chart for, 215

Complete ceramic crown, 262-265
Complete ceramic restoration, 262-271

ceramic inlays and onlays, 265-267
complete ceramic crown, 262-265

li mitations of, 62
porcelain laminate veneers, 267-269

summary chart for, 270-271
Complete crown, 80

cast, 203-215
advantages of, 203-204

alignment grooves for axial reduction
in, 208-209

axial reduction in, 209-211
contraindications for, 204-205

criteria for, 205-206
disadvantages of, 204

evaluation of, 212-213
finishing of, 211-212
guiding grooves for occlusal reduction

in, 206-207

indications for, 204
li mitations of, 60-61

summary chart for, 215
ceramic, 262-265

conservation of tooth structure and, 170
custom single-unit provisional restora-

tion, 402
metal-ceramic, 216-229

advantages and disadvantages of, 217

armamentarium for, 217-220
axial reduction of proximal and lingual

surfaces in, 222-224
contraindications for, 217

evaluation of, 226-227
finishing of, 224-226

guiding grooves for, 220, 221
indications for, 216-217

labial reduction and, 221-222, 223
occlusal reduction and, 220-221

summary chart for, 228-229



Complete crown-cont'd

occlusal reduction in, 207-208
resistance and, 188-189

Complete denture, 64, 80

Complex prosthodontics, treatment se-
quencing in, 77-79

Compo-Post, 291

Compomer, 768
Composite resin

advantages, disadvantages, and recom-
mendations for, 287

charting of, 13
for foundation restoration, 140, 145
limitations of, 60
for pontic, 529

for provisional restoration, 391, 392
restorative history and, 6

Composite resin cement, 769, 776
Composite restoration of endodontically

treated tooth, 272, 273
Compressive strength of luting agents, 189,

190,767
Compressive stress, 500, 510, 589

crystalline reinforcement of ceramic and,
644

Computed tomography, 18, 316
Computer imaging in treatment planning,

154,155

Comspan, 674-675
Condensation

foundation restoration and, 143
of porcelain, 616

Condensation silicone, 361, 362
Conditioning bake, 618

Conditions affecting treatment planning

and methodology, 3-5
Condylar axis, 21

Condylar elements, diagnostic casts and, 25
Condylar hinge position, 21, 53
Condylar inclination

posterior articulator controls and, 42
semiadjustable articular and, 30

Condylar movement, 7, 88
Condylar process, 83, 84

posterior and anterior determinants
and, 91

Condyle

orbiting, 88

posterior and anterior determinants
and, 91

transcranial radiograph of, 18
Condyle-disc assembly, centric relation

and, 87
Cone, 596-597

Conformative occlusion, 452-453
Conical abutment, 328, 330

Conical pontic, 523, 524, 540
Connect polyethylene weave, 699
Connective tissue graft

for Class III residual ridge defect, 515, 517

in reconstruction of interdental papillae,
152

subepithelial, 150

Connective tissue loss in periodontitis, 112

Connector, 63, 80, 707-731
for all-ceramic fixed partial denture, 666

considerations in anterior placement of,
480

design of, 709-710

evaluation of, 727-728

finishing of cast restoration and, 735, 736
fracture, 789-795

for metal-ceramic restoration, 496, 497

Connector-cont'd

minor, 548
in provisional restoration, 382

review of technique, 728-729
rigid, 707-709

soldering of, 720-728
autopolymerizing resin soldering index

and, 722-723
heat sources for, 718-720

high heat torch, 725-726
infrared, 726-727

investing and, 723
low heat torch, 724-725
materials science in, 713-715

oven, 726
selection of soldering technique, 715-

718

step-by-step procedure for, 721-722
wax removal and preheating in, 723-

724

types of, 710-713
waxing of, 483-484

work authorization form information on,
426

Consepsis, 169-170
Conservation of tooth structure, 170-171,

172,191
of endodontically treated tooth, 276-278

inlay and, 253
laminate veneering and, 268

partial veneer crown and, 231
pinledge preparation and, 245

Contact angle, pouring impression and, 444
Continuous spectrum, 606
Contouring

of ceramic restoration, 756-758

of foundation restoration, 143
of metal-ceramic crown, 627-628, 629

Contraangle handpiece, 196
Contrabevel

in maxillary molar seven-eighths crown
preparation, 237, 238, 239

partial veneer crown and, 235, 236
Contraction and expansion of dental alloy,

500

Conventional margin, 631
Conventional pinledge, 246

Conventional soldering, 715, 717
Convergence angle, 184

Coping, 510, 639, 669
Coping abutment, 328, 336

Coping screw, 328, 337
Copper

for foundation restoration, 140

in palladium-copper-gallium alloy, 502,
505-506

Core, 139-146

amalgam, 140-143
condensation and, 143

contouring and finishing of, 143

fabrication in endodontically treated
tooth restoration, 300-303

amalgam and, 301

direct pattern for multirooted teeth, 302

indirect pattern for posterior teeth, 302,
303

pattern fabrication with autopolymeriz-
ing resin, 301-302

pattern fabrication with thermoplastic

post, 298-299
procedure for single-rooted teeth, 301

glass ionomer, 144-145
matrix placement in, 143, 144

Core-cont'd
preparation design for, 139-140

selection criteria for materials in, 139-140
Coronal periodontium, 109

Coronal tooth structure, endodontically
treated tooth restoration and, 276-

278,294
Coronally positioned pedicle graft, 148-150

Coronoflex crown remover, 765, 791
Corrective bake, 626

Corrosion
of casting alloy, 574

classification of alloys by, 504
gold alloy and, 253

of prefabricated post, 295
Cortical bone implant, 320

CosmoPost, 297
Cotton roll in impression making, 355, 356
Cover screw, 328, 329

Crack in metal-ceramic crown, 637-638
Crater defect, 120

Craze, 639
Creep, 161

cast inlays and onlays and, 253
elevated-temperature, 499-500

Crepitation, 21
Crest, 540

Crevicular epithelium, 131
Cristobalite, 589

for investment, 572-573
Cross-mounted cast

diagnostic, 54, 78
for retainer, 545, 547

Crown
collarless metal-ceramic, 630-637

advantages and disadvantages of, 630
direct lift technique in, 633-635
framework design for, 630-631

indications and contraindications for,

630
methods of fabrication, 631

platinum foil matrix technique in, 631-
633

porcelain wax technique in, 635-637
complete cast, 203-215

advantages of, 203-204
alignment grooves for axial reduction

in, 208-209
axial reduction in, 209-211
contraindications for, 204-205

criteria for, 205-206
disadvantages of, 204

evaluation of, 212-213
finishing of, 211-212

guiding grooves for occlusal reduction

in, 206-207
indications for, 204
occlusal reduction in, 207-208

summary chart for, 215
defined, 80

fabrication for existing removable partial
denture, 556-557

metal-ceramic, 216-229
advantages and disadvantages of, 217

armamentarium for, 217-220
axial reduction of proximal and lingual

surfaces in, 222-224
contraindications for, 217

evaluation of, 226-227
finishing of, 224-226

guiding grooves for, 220, 221
indications for, 216-217

labial reduction and, 221-222, 223

Index
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Crown-cont'd

metal -ceramic-cont'd
occlusal reduction and, 220-221

summary chart for, 228-229
partial veneer, 230-252

advantages and disadvantages of, 231
anterior, 240-245, 246

armamentarium for, 231-232
conservation of tooth structure and,

170,171
contraindications for, 230-231

esthetics of, 193-195
facial margin of, 193
grooves and ledges in, 191

indications for, 230

mandibular premolar modified three-
quarter crown, 238-240

maxillary canine three-quarter crown,
240-245, 246

maxillary molar seven-eighths crown,
236-238

maxillary premolar three-quarter
crown, 232

occlusal reduction in, 232-236

pinledge preparations, 245-252
resistance and, 188-189

summary chart for, 258-259
three-quarter crown for maxillary

molar, 236
preformed, 387

provisional, 380-416
aluminum crown forms, 406-408, 409

armamentarium for, 394-395
biologic requirements of, 380-382

cementation in, 410-412
custom indirect-direct provisional fixed

partial dentures, 399-402
custom indirect provisional fixed par-

tial denture, 396-399
custom single-unit provisional restora-

tion, 402-403
esthetic enhancement of, 413-415

esthetic requirements of, 383-384
external surface form in, 384-388
free-radical polymerization in, 393-394

laminate veneers, 403-404

mass-produced ESP provisional
crowns, 404

materials for, 391-392

mechanical requirements of, 382-383
monomer properties in, 394

polycarbonate crown forms, 404-406
post-and-core, 408-410

removal, recementation, and repair of,
412-413

tissue surface form in, 388-391
removal of, 791-794

restorative history and, 6
Crown and bridge, 328, 336

Crown fracture, 80
all-ceramic restorations and, 262

metal-ceramic crown and, 217
Crown lengthening, 150-151

ferrule and, 277-278
resin-retained fixed partial denture and,

683
Crown remover, 791-793
Crown-root ratio, 72, 127, 157

crown lengthening and, 151

effect of apical preparation on, 278
Crown-to-implant ratio, 337
Crucible, 589

Crucible former, 457, 561, 569, 581, 589
Crystalline reinforcement of ceramic, 644

CTH Beta Post, 290
CTH R Series, 290

Curettage in modified Widman procedure,
117,118

Curette in root planing, 115-116

Curve of Monson, 486
Curve of occlusion, 486

Curve of Spec, 486
Curve of Wilson, 486

Cusp

adjustment of opposing, 751
clinical occlusal adjustment and, 158-159

complete cast crown and, 205
direction of movement, 160
spruing and, 568

wax pattern and, 474-475
Cusp angle, 486

Cusp-fossa scheme, 474
Cusp height, 486

semiadjustable articulator and, 30
wax pattern and, 473-475

Cusp-marginal ridge scheme, 474
Cuspal coverage for endodontically treated

tooth, 276
Custom acrylic anterior guidance table, 51,

52,53
Custom anterior guide table, 427

Custom external surface form, 384, 385, 386,
400

Custom guide table fabrication, 51, 52
Custom impression tray, 26

Custom indirect-direct provisional fixed
partial denture, 399-402

Custom indirect provisional fixed partial
denture, 396-399

Custom-made post

advantages, disadvantages, and recom-
mendations for, 287

enlargement of canal for, 294
fabrication of, 295-298

Custom shade guide, 604-605

Custom single-unit provisional restoration,
402-403

Custom tray, 378

fabrication of, 364-368

polysulfide polymer and, 361
Cut-back

incisal porcelain and, 624

in metal-ceramic pontic fabrication, 537
of veneering area, 493-497

Cyanide in silver plating, 434
Cyanoacrylate, 455

for abrasion resistance of gypsum, 433
for coating marked margin, 460

for porcelain labial margin, 633-635
Cylinder, 178, 324

Cylindrical foot-form dental implant, 315
Cytco prefabricated post, 289

D

DAI; see Dental aesthetic index

Darby-Perry trimmer, 464
Dark adaptation, 597

Davis Crown Post, 290
Daylight, 593

Debonding of resin-retained fixed partial
denture, 692

Debridement, 127,157
in modified Widman procedure, 117,118

periodontal history and, 6
root planing and, 115-116

Deceptive color perception, 597-598
Definitive abutment, 352

Definitive cementation, 765-775, 776
choice of luting agent for, 769-771

of conventional cast restorations, 765
dental cements for, 765-769

Definitive therapy, 76-79
Deflection, 21

Deflective contact, 161
centric relation record and, 34-36

selective occlusal grinding for, 157
Deformation of restoration, 189-191

Degas, 510, 639
Degassing, 613-614, 618, 639

Degranulation of mesial defect, 120
Degussa Model TS-1 casting machine, 583

Delayed expansion, composite resin in
foundation restoration and, 140

Delayed implant loading, 315

Delta E, 606
Demineralization, 21, 80

Denar articulator, 29, 31, 44
Denar Slidematic arbitrary hinge axis face-

bow, 33, 34, 35
Denar Vericheck, 42, 45

Density of dental alloy, 500-503, 575
Denta Pops aspiratory system, 355

Dental aesthetic index, 598
Dental calculus, 110, 115

Dental caries
charting of, 13, 15

correction before prosthodontics, 59, 76
evaluation in periodic recall examination,

783-785
excavation of

before ceramic inlays and onlays, 267
before inlay, 255

before onlay, 255-257
factor in prognosis of prosthodontic treat-

ment, 19

mouth preparation and, 139

Dental cast, 17, 455
Dental casting investment, 589

Dental cements, 765-769
Dental charting, 12-13, 14-15

Dental floss, 114
Dental gypsum, 432-433

Dental health, tooth preparation affecting,
171-181

axial reduction and, 171-173

margin adaptation and, 174,175
margin geometry and, 174-180

margin placement and, 173-174
occlusion and, 180

prevention of tooth fracture and, 180-181
Dental history, 6-7

Dental implant, 313-353
anatomic limitations in, 319-320

bone loss and, 350
cement-retained versus screw-retained im-

plant crowns, 344-347
clinical implant components in, 326-337

abutments, 330-333
cover screw, 329

healing abutment, 329-330
implant body, 326-329

impression posts, 333-335
laboratory analogs, 335-336

prosthesis-retaining screws, 337
waxing sleeves, 336, 337

connection of implants to natural teeth,
348-349
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Dental implant-cont'd

distal-extension implant restorations, 337-
338

fixed restoration in completely edentu-
lous arch, 341-344, 345

implant and framework fit, 349
implant types in, 313-315
implant uncovering and, 326
long edentulous span restoration, 338, 339

maintenance of, 349-350
occlusion and, 347-348
placement of, 321, 322, 325

postoperative evaluation in, 326
prosthetic failure in, 350

restoration size and, 321, 323
shock-absorbing elements for, 349

single tooth, 323, 338-341, 342, 343
surgical access in, 325

surgical guide in, 323-325
treatment planning for, 315-318

Dental laboratory, 418-430
appropriate checks with, 428-429

dental technology certification, 418-419
mutual responsibilities and, 419-420

responsibilities of dentist and, 420-428
articulation, 421-425
i nfection control, 420
preparation margins, 420-421, 422

tooth preparation, 420
work authorization, 425-428

Dental plaque

control of

after pinledge preparation, 245
after provisional restoration, 381
assessment of, 6

collarless metal-ceramic crown and, 630

factor in prognosis of prosthodontic
treatment, 19

flossing in, 114
before prosthodontic treatment, 59, 72

toothbrushing for, 113-114
pontic and, 525, 526
structure of, 110

Dental porcelain
adequate thickness of

in metal-ceramic restoration, 192
in partial-coverage restoration, 194

all-ceramic restoration and
ceramic inlays and onlays, 265-267

complete ceramic crown, 262-265
porcelain laminate veneers, 267-269

summary chart for, 270-271
metal-ceramic crown and, 216-229

advantages and disadvantages of, 217
armamentarium for, 217-220

axial reduction of proximal and lingual
surfaces in, 222-224

contraindications for, 217
evaluation of, 226-227

finishing of, 224-226
guiding grooves for, 220, 221

indications for, 216-217
labial reduction and, 221-222, 223

occlusal reduction and, 220-221
summary chart for, 228-229

thickness of veneer, 480, 481
Dental questionnaire, 4
Dental stone, 432, 455

Dental surveyor

nonrigid connector and, 711
in planning for retainer, 543, 545

Dental technology certification, 418-419

Dentalus Classic post, 290
Dentin

characterization and, 762
conservation of tooth structure and, 170

protection in provisional restorations, 381
Dentin bonding agent, 143
Dentin shade guide, 604

Dentist
experience with laboratory procedures,

419

responsibilities to laboratory, 420-428
articulation, 421-425
infection control, 420

preparation margins, 420-421, 422

tooth preparation, 420
work authorization, 425-428

Dentition

assessment of general alignment, 15-16
charting of, 12-13

occlusion and, 86-87
Dentogingival junction, 109

Denture
fixed partial, 380-416; see also Fixed partial

denture
aluminum crown forms, 406-408, 409

armamentarium for, 394-395
biologic requirements of, 380-382

cementation in, 410-412
custom indirect-direct provisional fixed

partial dentures, 399-402
custom indirect provisional fixed par-

tial denture, 396-399
custom single-unit provisional restora-

tion, 402-403
esthetic enhancement of, 413-415

esthetic requirements of, 383-384
external surface form in, 384-388

free-radical polymerization in, 393-394
laminate veneers, 403-404

mass-produced ESE provisional
crowns, 404

materials for, 391-392
mechanical requirements of, 382-383

for missing mandibular premolar, 2
monomer properties in, 394

polycarbonate crown forms, 404-406
post-and-core, 408-410

removal, recementation, and repair of,
412-413

restorative history and, 6

tissue surface form in, 388-391
surgical template fabricated from, 345

Denture base, 63
retainer and, 549

Deprogrammer, 21, 53
Deprogramming device, 53

Depth gauge for cut-back procedure, 494,
495

Desensitizing agent, 768
Determinants of mandibular movement, 105

Devest, term, 589, 743
Deviation, 21

in facial symmetry, 7
Devitrification, 615, 639

Devitrified porcelain, 638
Di-Lok system, 436-440, 665

Diabetes mellitus, factor in prognosis of
prosthodontic treatment, 19

Diagnosis, 19-20

of pathogenic occlusion, 97

prerequisite to treatment planning, 3

Diagnostic cast, 21, 25-58

aid to technician, 427
anterior wax pattern from, 481
articulating of, 42, 43, 44

complex prosthodontic treatment se-
quence and, 78

for custom indirect-direct provisional
fixed partial dentures, 399, 400

for dental implant, 316-317, 318
for determination of orthodontic tooth

movement, 154,155
in diagnostic occlusal adjustment, 157

in fabrication of occlusal device
direct procedure using vacuum-formed

matrix, 100, 101
indirect procedure using autopolymer-

izing acrylic resin, 100-103
face-bow and, 31-51

anterior guidance and, 50-51
anterior programming device and,

37-38
anterior programming device with elas-

tomeric record, 40-41

anterior reference point and, 33, 34

arbitrary hinge axis face-bow, 33
centric relation record and, 34-36
centric relation recording technique

and, 38, 39

custom guide table fabrication and, 51,
52

face-bow transfer and, 33-34

jaw manipulation and, 36-37
kinematic hinge axis face-bow, 31-33

pantographs and, 46-49
posterior articulator controls and, 42-46

recording jaw relationships in partially
edentulous dentitions and, 41

reinforced aluwax record and, 38-39
stereograms and, 50

fixed partial denture and, 62
i mpression making for, 25-31

fully adjustable articulators and, 30-31
irreversible hydrocolloid in, 26

semiadjustable articulators and, 28-30
small nonadjustable articulators and,

28,29
technique in, 26-28

modification of, 51, 53, 54
in pinledge preparation, 245

in removable partial denture, 543, 544,
546

for tooth preparation, 195-197
wear facets and, 13

working cast versus, 450
Diagnostic occlusal adjustment, 157

Diagnostic occlusal device, 21, 53-54, 80
Diagnostic tooth preparation, 195-197

Diagnostic waxing, 21, 50, 195, 196
aid to technician, 427-428

complex prosthodontic treatment se-
quence and, 77-79

for dental implant, 316-317

in determination of minor tooth move-
ment, 157

in tooth preparation for retainer, 546
Dial caliper, 611

Diamond disk, 626
Diamond for making margin, 176,178

Diastema, 12
loop connector and, 710, 711

minor tooth movement before correction
of, 156, 157



Dichromatic vision, 606
Dichromatism, 598

Dicor MGC system, 646,658
Dicyclomine for saliva control in impression

making, 356
Die

cast-and-die system, 431-456
armamentarium for, 441

available methods in, 434-436
choice of system for, 436-441

electroplating in, 433-434
flexible die materials in, 434

gypsum in, 432-433
mounting casts on articulator, 450-454

prerequisites for, 431-432
resin in, 433

step-by-step procedure in, 441-449
modifications before waxing, 458

Die materials, 435
Die spacer, 458, 460

Diet, periodic recall examination and, 783,
785

Differential diagnosis, 19

Digastric muscle, 85, 86
palpation of, 10

Digital subtraction radiography, 18

Dimensional inaccuracy in casting, 582, 588
Dimensional stability, 360, 378
Dimensions of color, 606

Diphenylhydantoin, 117

Direct-indirect procedure in crown fabrica-
tion for existing removable partial
denture, 555

Direct lift technique for porcelain labial
margin, 633-635

Direct procedure in crown fabrication for

existing removable partial denture,
555

Direct tissue surface form, 390

Disclosing agents, 115
Disclosing wax, 749

Diseases and disorders
correction of existing disease before treat-

ment, 59
patient history of, 5

prevention of, 60
Disinfection of impression, 22-23, 376, 377
Disk, 105

Disk displacement, 5

Displacement cord, 356-357, 358
Displacement of provisional restoration, 383

Distal-extension implant restoration, 337-338
Distal root, 122
Distobuccal root, 121-122

Distobuccal root amputation, 123
Distocclusion,104

Distortion
of aluwax record, 38

elevated-temperature creep and, 499-500
of irreversible hydrocolloid, 26

Divergence, 198
undercut and, 183

DOB onlay wax pattern, 481
Dolder bar, 565

Dovetails, 560
Dowel, 309

Dowel pin, 455
in custom-made post fabrication, 295

in DVA Model System, 438
i n Pindex system, 446-447

positioning before cast pouring, 441, 442,
444

in removable die, 434-435, 440-441

Draw, 198
Drill for removing gutta-percha, 285

Ductility, 510
DVA Model System, 436, 438, 439, 440

Dyes for marking, 626

E

Early plaque-induced lesion, 111
EBA cement, 768

Eccentric interocclusalrecording, 42-46,47
Eccentric tooth contact

detection of, 160

evaluation of, 16
Economic issues in casting, 574-575

Edentulous patient, dental implant for
distal-extension implant restoration, 337-

338
fixed restoration in completely edentu-

lous arch, 341-344, 345
treatment planning in, 315-318

Egg-shaped pontic, 523, 524
Egyptian faiences, 609

Elastic, term, 309
Elastic fiber, 109

Elastic impression materials, 360-364
Elastic limit, 499, 510

Elastic modulus, 309
Elasticity of alloy, 498-499

high noble metal alloys, 501
noble metal alloys, 502-503

predominantly base metal alloys, 503
Elastomer, 361, 378
Elastomeric detection paste, 663, 749, 750

Elastomeric impression materials
anterior programming device with,

40-41

for pin-retained cast core, 146
step-by-step procedure in, 369-372

tray selection and, 26
Electric pulp tester, 146-147, 786, 788
Electric waxing instrument, 464

Electroformed system, 660-663
Electromagnetic energy, 592

Electromagnetic spectrum, 592, 606
Electronic pantograph, 47, 49

Electroplated dies, 433-434,435
Electroplating, 455

Electrosurgery in tissue displacement in im-
pression making, 359-360

Elemental mapping, 616
Elevated-temperature creep and distortion,

499-500
Elevator muscle, 105

Elliptical connector, 709
Elongation of dental alloy, 500, 510

high noble metal alloys, 501
noble metal alloys, 502-503

predominantly base metal alloys, 503
Embrasure, 468, 486

evaluation of, 757
loss of residual ridge contour and, 514

symmetry of, 470
Emergence profile, 468, 486, 532, 540, 755,

763
saddle or ridge lap pontic and, 521

Emergency appointment, 789-797
fractured connector and, 789-795

fractured porcelain veneer, 795-797
loose abutment retainer and, 789, 790,

791-794
pain and, 789, 790

Empress system, 646, 651

Enamel

fluorescence of, 597
prevention of fracture in provisional

restoration, 382

wear from opposing porcelain crown,
480, 481, 488, 489

Enamel cracks, 761
Encroachment of dental implant, 319

Endodontic filling material removal, 283-

286,287
Endodontic history, 6
Endodontic plugger, 283, 284

Endodontically treated tooth restoration,
272-312

cementation in, 304, 305
core fabrication in, 300-303

amalgam and, 301
direct pattern for multirooted teeth, 302

indirect pattern for posterior teeth, 302,
303

pattern fabrication with autopolymeriz-

ing resin, 301-302
pattern fabrication with thermoplastic

post, 298-299
procedure for single-rooted teeth, 301

enlargement of canal in, 287-294
custom-made posts and, 294

prefabricated posts and, 293-294
evaluation of, 304, 305

investing and casting in, 303-304
post fabrication in, 294-298

custom-made posts and, 295-298
prefabricated posts and, 294-295, 296,

297
preparation of coronal tooth structure,

294
provisional restorations in, 302-303

removal of endodontic filling material,
283-286, 287

removal of existing posts in, 304-307, 308
tooth preparation in, 276-283

conservation of tooth structure, 276-278
resistance form and, 281-283

retention form and, 278-281
treatment planning in, 272-276

anterior teeth considerations, 274-275
clinical failure and, 274

posterior teeth considerations, 275-276
Endodontics

in abutment teeth before replacement of
single missing tooth, 67

mouth preparation for, 146-147

periapical lesion from defective, 6

prosthodontic treatment planning and, 77
Endoscope, 309

Endosteal dental implant, 313-353
anatomic limitations in, 319-320

bone loss and, 350
cement-retained versus screw-retained im-

plant crowns, 344-347
clinical implant components in, 326-337

abutments, 330-333
cover screw, 329
healing abutment, 329-330

i mplant body, 326-329
impression posts, 333-335
laboratory analogs, 335-336
prosthesis-retaining screws, 337

waxing sleeves, 336, 337
connection of implants to natural teeth,

348-349
distal-extension implant restorations, 337-

338

Index
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Endosteal dental implant-cont'd
fixed restoration in completely edentu-

lous arch, 341-344, 345

i mplant and framework fit, 349
i mplant types in, 313-315

i mplant uncovering and, 326
long edentulous span restoration, 338, 339

maintenance of, 349-350
occlusion and, 347-348

placement of, 321, 322, 325
postoperative evaluation in, 326

prosthetic failure in, 350
restoration size and, 321, 323

shock-absorbing elements for, 349
single tooth, 323, 338-341, 342, 343

surgical access in, 325
surgical guide in, 323-325

treatment planning for, 315-318
Endowel prefabricated post, 289

Envelope of motion, 105
Epinephrine in displacement cord, 357

Epithelial attachment, attachment level and,
11-12

Epithelial rest, 109

Epoxy die, 431
Epoxy resin, 429, 431, 455

ER Casting Post, 289
ER Cerapost, 289

ER PCR Post, 289
ER Post System, 289

ERA Direct Overdenture, 291
Erosion, 21

of cement, 765, 766
charting of, 13

Erythrosin dye, 115
Established plaque-induced lesion, 111-112

Esthetics, 592-608
of all-ceramic restoration, 663

balance in, 599, 600
in ceramic inlays and onlays, 266

of collarless metal-ceramic crown, 630
in complete ceramic crown, 262

light and color in, 592-598
in metal-ceramic crown, 217

midline and, 599-600
path of insertion for removable partial

denture and, 545
in pontic design, 529-534

gingival interface in, 529-531
incisogingival length in, 531-532, 533

mesiodistal width in, 532-534
proportion in, 598-599, 600

provisional restoration and, 383-384, 413-
415

in replacement of multiple mandibular in-
cisors, 74

shade selection and, 426-427, 600-605
smile anatomy in, 598, 599
surgical crown lengthening and, 151

in tooth preparation, 191-195

metal-ceramic restoration and, 192-193
partial-coverage restoration and, 193-

195

Etched cast resin-retained fixed partial den-
ture, 674-675

Etching, 669, 693
for cementation of inlay, 776

of resin-bonded ceramics, 668
for retention of metal to enamel, 673

2-ethoxybenzoic acid modifier, 768
Ethyl methacrylate,393

Etiologic factors, 17, 131

Eugenol provisional luting agent, 411
Evacuator for saliva control in impression

making, 355,356
Evaluation, 746-758

of casting, 586
of centric relation, 42, 45

of ceramic restorations, 756-758
of clinical occlusal adjustment, 159

of complete cast crown, 212-213
of custom acrylic anterior guide table,

51,53
of custom indirect provisional fixed par-

tial denture, 398-399
in custom tray fabrication, 368
of cut-back in veneering area, 496-497

of diagnostic cast, 27, 28
of endodontically treated tooth restora-

tion, 304, 305
of hydrocolloid impression, 375

of impression, 376, 377
of margin integrity, 749-751

of metal-ceramic crown, 226-227
of metal-ceramic pontic, 537-538

of occlusion, 751-756
of opaque porcelain, 624

of provisional restoration and luting
agent, 746

of proximal contacts, 747-749
sequence of, 746-747

of soldered connector, 727-728
of stability, 751

of tissue displacement in impression mak-
ing, 359

in tooth preparation, 196

of wax pattern, 466-467, 478, 480

ExactaCast prefabricated post, 291
Examination, 7-19

clinical attachment level and, 11-16
dental charting in, 12-13

general alignment in, 15-16
initial tooth contact in, 13-15

jaw maneuverability and, 16
lateral and protrusive contacts in, 16

before dental implant, 315-316
diagnosis and prognosis and, 18-20
extraoral, 7-9

general, 7, 8
intraoral, 9-11

radiographic, 17-18
vitality testing in, 18-19

Excessive taper, 171
Excessive tightness of restoration, 747

Excursion, 91
Excursive contact evaluation, 16

Existing disease correction, 59
Expansion and contraction dental alloy, 500

Exposed incisal dentin, 762
Exposure, 131, 157, 305

Extended range shade guides, 604
Extensometer, 500

External acoustic meatus, arbitrary hinge
axis face-bow and, 33

External characterization of metal-ceramic
crown, 629-630, 759-762

External surface form, 384-388, 404
Extracoronal attachments, 557, 558

Extracoronal complete coverage fixed pros-
theses, 701, 702

Extracoronal restoration
li mitations of, 61

partial veneer crown, 230-252
advantages and disadvantages of, 231

Extracoronal restoration-cont'd
partial veneer crown-cont'd

anterior, 240-245, 246
armamentarium for, 231-232

conservation of tooth structure and,
170,171

contraindications for, 230-231
esthetics of, 193-195

facial margin of, 193
grooves and ledges in, 191
i ndications for, 230
mandibular premolar modified three-

quarter crown, 238-240
maxillary canine three-quarter crown,

240-245,246

maxillary molar seven-eighths crown,
236-238

maxillary premolar three-quarter
crown, 232

occlusal reduction in, 232-236
pinledge preparations, 245-252

resistance and, 188-189
summary chart for, 258-259

three-quarter crown for maxillary
molar, 236

Extracoronal retainer, 80
Extraction, strategic, 116

Extractor for post removal, 308
Extraoral examination, 7-9

of lips, 9, 10
of muscles of mastication, 7-9, 10

of temporomandibular joints, 7, 8
Extrusion, 161

before restoration, 153-154

surgical crown lengthening and, 151
Eye, perception of color and, 596-597

F

Fabrication defects in ceramic, 644

Face-bow, 31-51, 54
anterior programming device and, 37-38

anterior programming device with elas-
tomeric or ZOE record, 40-41

anterior reference point and, 33, 34
arbitrary hinge axis face-bow, 33

centric relation record and, 34-36
centric relation recording technique and,

38,39
complex prosthodontic treatment se-

quence and, 78
jaw manipulation and, 36-37

kinematic hinge axis, 31-33
recording jaw relationships in partially

edentulous dentitions, 41-51
anterior guidance and, 50-51

armamentarium for, 46
articulating diagnostic casts and, 42,

43,44
custom guide table fabrication and, 51

diagnostic cast modification and, 51,

53,54
evaluation of, 42, 45, 51, 53
posterior articulator controls and, 42-46

step-by-step technique in, 46-50
reinforced aluwax record and, 38-39

Face-bow fork, 34, 54
Face-bow record, 54

Face-bow transfer, 33-34, 35
Facet, 21
Faceting, 13

Facial margin
maxillary canine three-quarter crown

and, 245



Index

Facial margin-cont'd
in metal-ceramic crown, 222, 223, 225

in partial-coverage restoration, 190-191,
230

Facial reduction in all-ceramic crown, 265
Facial symmetry deviation, 7

Facial tooth reduction, 192
in metal-ceramic crown, 220-221

Facial veneer, 267-269

Facing, 535
Fastening screw, 328, 337

Fatigue, 510
FCR; see Fiber-reinforced composite
Featheredge margin, 174-175, 176
Feldspar, 609, 614, 639-640, 669

Feldspathic machinable ceramic, 646
Feldspathic porcelain, 645

Ferric sulfate, 357
Ferrule, 277, 309

Fiber-reinforced composite, 697-698
Fiber-reinforced composite fixed prostheses,

697-706
advantages and disadvantages of, 697-698

available materials for, 699-700
contraindications for, 700-701

extracoronal complete coverage fixed
prostheses, 701, 702

indications for, 700
intracoronal partial coverage fixed pros-

theses, 701-704
try-in and cementation, 704-705

Fiber-reinforced composite resin pontic, 529,
535

Fiber-reinforced resin technology, 62
Fiberkor glass fiber, 699

Fibonacci series, 599
FibreKor Post System, 291

Fibroblast, 109
Fibrous encapsulation, blade implant and,

315

Fick's first law of diffusion, 765
File for removing gutta-percha, 285

Filler in provisional restorative material, 394

Film thickness of luting agents, 767
Filpost prefabricated post, 289
Final impression, 378

Fineness, 730
Finesse system, 646

Finish line, 194
Finishing

of all-ceramic crown, 265
of cast restoration, 732-743

axial walls and, 738-739
external margins and, 739-741

internal margin and, 732-733
internal surface and, 733-734

occlusal surface and, 735-738
proximal contacts and, 734-735

review of technique in, 741-742
sprue and, 734, 735

in ceramic inlays and onlays, 267
of complete cast crown, 211-212

in cut-back procedure, 494-496
of foundation restoration, 143, 145

of mandibular premolar modified three-
quarter crown, 240

of margin, 750-751

of metal, 611-614

of metal-ceramic crown, 224-226
of metal-ceramic interface, 612, 613
of partial veneer crown, 236

of retainer, 555-556
of wax pattern margin, 478-480

Fins, 581, 587
Firing, 640, 669

for deficient proximal contact in porcelain
restoration, 749

historical background of, 644
First molar

average crown and root lengths, 284

average root diameters and recom-
mended post sizes, 286

occlusal scheme of, 466
First premolar

average crown and root lengths, 284
average root diameters and recom-

mended post sizes, 286
occlusal scheme of, 466

First stage cover screw, 328, 329
Fit Checker, 734

Five-unit fixed partial denture, 70
Fixed abutment, 328, 336

Fixed partial denture, 380-416
all-ceramic, 666

aluminum crown forms, 406-408, 409
armamentarium for, 394-395

biologic requirements of, 380-382
cementation in, 410-412
connectors for, 707-731

autopolymerizing resin soldering index
and, 722-723

design of, 709-710

evaluation of, 727-728
heat sources for soldering, 718-720

high heat torch soldering in, 725-726
infrared soldering in, 726-727
investing and, 723

low heat torch soldering in, 724-725

materials science in, 713-715
oven soldering in, 726
review of technique, 728-729

rigid, 707-709
selection of soldering technique, 715-

718
step-by-step procedure for, 721-722

types of, 710-713
wax removal and preheating in, 723-

724
custom indirect-direct provisional fixed

partial dentures, 399-402
custom indirect provisional fixed partial

denture, 396-399
custom single-unit provisional restora-

tion, 402-403
defined, 80

dental caries beneath, 785
esthetic enhancement of, 413-415

esthetic requirements of, 383-384
external surface form in, 384-388

free-radical polymerization in, 393-394
integration with removable partial den-

ture, 564
laminate veneers, 403-404
limitations of, 62, 63
long-term follow-up of, 814-815

magnitude of dislodging forces and, 181-
182

mass-produced ESF provisional crowns,
404

materials for, 391-392

mechanical requirements of, 382-383
for mesially tilted second molar, 67-69

monomer properties in, 394
polycarbonate crown forms, 404-406

pontics, 513-542
all-metal fabrication, 539-540

Fixed partial denture-cont'd

pontics-cont'd
available materials for, 534, 535

biologic considerations, 525-527
conical, 523, 524

esthetic considerations, 529-534
mechanical considerations, 527-529

metal-ceramic fabrication, 535-539
modified ridge lap, 521-523
ovate, 523-525

pretreatment assessment and, 513-519
saddle or ridge lap, 521, 522

sanitary or hygienic, 520-521, 522
post-and-core, 408-410

postoperative care, 782-817
anticipation of future needs, 806

emergency appointments and, 789-797
extensive fixed and removable prostho-

dontics, 805
full mouth rehabilitation, 802-803

long-term follow-up of comprehensive
rehabilitation of periodontally com-

promised dentition, 812-813
long-term follow-up of comprehensive

rehabilitation with fixed and remov-
able prostheses, 807-809

long-term follow-up of comprehensive
rehabilitation with fixed prostheses,
810-811

long-term follow-up of fixed partial
denture, 814-815

partial-coverage retainer, 801
periodic recall and, 783-789

periodontal disease restored with fixed
prosthodontics, 803-804

pinledges, 801-802
postcementation appointments and,

783,784
retreatment, 797-799

simple fixed partial dentures, 801
single cast restoration, 800

removal, recementation, and repair of,
412-413

resin-retained, 673-696
advantages of, 680-681

anterior tooth preparation and frame-
work design in, 685-686

bonded pontics in, 674
bonding restoration in, 690-691

cast perforated, 674, 675
chemical bonding, 676-679

contraindications for, 683-684
design concepts for, 679-680

disadvantages of, 681-682
etched cast, 674-675

indications for, 682-683
laboratory procedures in,688-690

macroscopic mechanical, 675-676
posterior tooth preparation and frame-

work design in, 686-688, 689
preparation of abutment teeth in, 684-

685

recall, follow-up, and failure of, 691-692
review of technique, 692

restorative history and, 6

selection of abutment teeth and, 65-75
indications for removable partial den-

tures, 74-75

replacement of several missing teeth,
69-74

replacement of single missing tooth,
65-69

span length and, 72-73
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Fixed partial denture-cont'd

substructure design for, 610
tissue surface form in, 388-391
tori and, 137, 138

try-in of, 428
Fixed partial denture retainer, 80

Fixed prosthodontics
articulator selection for, 45

clinical examination in, 7-19
clinical attachment level and, 11-16

diagnosis and prognosis and, 18-20
extraoral, 7-9

general, 7, 8
intraoral, 9-11

radiographic, 17-18
vitality testing in, 18-19

defined, 21
history taking in, 3-7

chief complaint in, 3, 5
dental history in, 6-7

medical history in, 3-6
personal details in, 3

mouth preparation for, 135-163
caries and existing restorations and, 139

coronally positioned pedicle graft and,
148-150

crown lengthening procedures and,
150-151

endodontics and, 146-147
foundation restorations and, 139-146

free autogenous gingival graft and, 147-
148

laterally positioned pedicle graft and,
148,149

maintenance and reconstruction of in-

terdental papilla and, 151-153
mucosal reparative therapy and, 147

occlusal treatment and, 157-160
oral surgery and, 137-138

orthodontic-periodontac extrusion and,
153-154

orthodontic treatment and, 154-157
subepithelial connective tissue graft

and, 150
surgical crown lengthening and, 151

periodontal considerations, 108-134
anatomy in, 108-109

bone induction and, 119, 120
classification of furcation involvements

and, 121
control of microbial plaque in, 113-115

correction of defective restorations in,
115

gingivectomy and, 116-117
guided tissue regeneration and, 125-

129,130
maintenance of periodontal status in,

129

minor tooth movement and, 116

mucosal repair and, 117-118
odontoplasty-osteoplasty and, 122-123

open debridement and, 117,118
osseous resection with apically posi-

tioned flaps and, 119-120
periodontal disease and, 110-112

prognosis in periodontal disease, 129-
130

provisionalization and, 124-125

restoration of tooth with resected roots
and, 125, 126, 127

root amputation and, 123-124
root anatomy and, 121-122

root planing in, 115-116

Fixed prosthodontics-cont'd

periodontal considerations-cont'd
scaling and polishing in, 115

stabilization of mobile teeth in, 116
strategic tooth removal in, 116

timing and sequence of treatment, 113
treatment planning in, 59-82

available materials and techniques in,
60-64

identification of patient needs in, 59-60
selection of abutment teeth and, 65-75

sequence of treatment and, 76-79
tooth loss and, 64-65

Fixture replica, 328, 334
Flap

anterior surgical guide template fabrica-

tion and, 324
in bone induction, 119, 120

in guided tissue regeneration, 127

in modified Widman procedure, 117,118
osseous resection with apically posi-

tioned, 119-120

in pouch technique for soft tissue ridge
augmentation, 517

in reconstruction of interdental papillae,

152,153
in roll technique for soft tissue ridge aug-

mentation, 516

Flaring
maxillary canine three-quarter crown

and, 244
in maxillary molar seven-eighths crown

preparation, 238, 239
Flash, 459, 480

Flexi-Flange, 292
Flexi-Overdenture, 292

Flexi-Post, 292
Flexible die materials, 434

Flexing of fixed partial denture, 72-73
Flexure strength of fiber-reinforced compos-

ite, 698, 700
Floor of mouth palpation, 9

Floss threader, 114
Flossing, 114

under pontic, 782
in proximal contact evaluation, 747

Fluorescence, 597, 606, 669
surface characterization and, 760

Fluorescent materials, 597
Fluoride

in foundation restoration materials, 140
release from glass ionomer cement, 766

Fluormica machinable ceramic, 646
Flux, 584, 589, 730

Flux formula, 714-715
Follow-up

in dental implant, 349-350
in occlusal treatment, 103
in resin-retained fixed partial denture,

691-692
treatment plan and, 79

treatment presentations, 799-815
anticipation of future needs, 806

extensive fixed and removable prostho-

dontics, 805
full mouth rehabilitation, 802-803

long-term follow-up of comprehensive
rehabilitation of periodontally com-

promised dentition, 812-813
long-term follow-up of comprehensive

rehabilitation with fixed and remov-

able prostheses, 807-809

Follow-up-cont'd
treatment presentations-cont'd

l ong-term follow-up of comprehensive
rehabilitation with fixed prostheses,

810-811
long-term follow-up of fixed partial

denture, 814-815

partial-coverage retainer, 801
periodontal disease restored with fixed

prosthodontics, 803-804
pinledges, 801-802

simple fixed partial dentures, 801
single cast restoration, 800

Food impaction
charting of, 13
conical pontic and, 524

loss of residual ridge contour and, 514
proximal contacts and, 747

Forces
applied to cantilever fixed partial den-

ture, 67
bruxism and, 94

dental implant and, 347-348
of mastication, 21

optimum occlusion and, 96
in overloading of abutment teeth in re-

placement of missing teeth, 69
pontic and, 527

resistance form and, 185-188
retention form and, 181-182

role in periodontal disease, 157
root shape and angulation in replacement

of several missing teeth and, 71-72
Foundation restoration, 139-146

all-ceramic, 666-667
amalgam core, 140-143

condensation and, 143
contouring and finishing of, 143

glass ionomer core, 144-145
matrix placement in, 143, 144

preparation design for, 139-140
selection criteria for materials in, 139-140

Fracture
of abutment screw, 350

of ceramic, 644
of connector, 789-795

of crown, 80
all-ceramic restorations and, 262, 663
metal-ceramic, 217, 637-638

of metal, 620

of porcelain, 480, 481
modulus of elasticity and, 499

urgent treatment of, 76
of porcelain veneer, 795-797

of post, 304, 307
of resin-bonded ceramics, 667

of root, 123
emergency appointment and, 789, 790
post length and, 280

of tooth
cementing anterior endodontically

treated tooth and, 274-275
charting of, 13

cuspal coverage of posterior endodonti-
cally treated tooth and, 176

pathogenic occlusion and, 97
prevention of, 180-181

provisional restoration and, 382
Framework design, 488-512

cutting back veneering area in, 493-497
for labial margin, 630-631

metal selection in, 497-509
density, 500-503
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Framework design-cont'd
metal selection in-cont'd

elevated-temperature creep and distor-
tion, 499-500

hardness, 499

high noble metal alloys, 504-505
modulus of elasticity and, 498-499

noble metal alloys, 503-506
percentage elongation, 500

predominantly base metal alloys, 506-
509

proportional limit and yield strength,
499

thermal expansion and contraction, 500
toughness, 500

ultimate tensile strength, 500
prerequisites in, 489-493

occlusal analysis, 490-493
waxing to anatomic contour, 490, 491

in resin-retained fixed partial denture
anterior tooth preparation and, 685-686

posterior tooth preparation, 686-688,
689

Framework fit in implant restoration, 349

Frankfort horizontal plane, 54

Free autogenous gingival graft, 147-148
Free eugenol, 411
Free gingiva, 108

Free gingival groove, 108, 109
Free gingival margin, 131

Free-radical polymerization, 393-394
Fremitus, 17,131

palpation of, 16
pathogenic occlusion and, 97

Frenulum, 80
Frenum, 11

Friction, cement and, 182, 183
Frit, 614

Frontal plane, 106
mandibular movement in, 88, 89

Frozen slab technique, 773-775
Fulcrum line, 565

Full-mouth radiographic survey, 17
Full mouth rehabilitation, 802-803

Fully adjustable articulator, 30-31, 54
Fully adjustable gnathologic articulator, 54
Function

chief complaint and, 3

planning for restoration of, 60
provisional restoration and, 382-383

Functional cusp bevel, complete cast crown
and, 205, 208

Functional movements of mandible, 91-92
Furcation

complete cast crown and, 203, 204
surgical crown lengthening and, 151
treatment of, 120-125

classification of involvements in, 121

odontoplasty-osteoplasty in, 122-123
provisionalization in, 124-125
restoration in, 125, 126, 127

root amputation in, 123-124
root anatomy and, 121-122

Furnace soldering, 719, 726

G

Gait, general examination and, 7
Gallium

in palladium-copper-gallium alloy, 502,
505-506

in palladium-gallium alloy, 503, 506
Gamma ray light, 592

Garnet paper, 738

Gas-air casting torch, 583
Gas-air torch for soldering, 718-719

Gas-oxygen casting torch, 583
Gates-Glidden drill, 284, 285

Gelation in impression making, 26
General alignment evaluation, 15-16
General examination, 7, 8

General factors in diagnosis and
prognosis, 19

Geniohyoid muscle, 86
Gingi-Aid, 357

Gingiva, 108-109, 131
displacement in impression making, 354,

356-360

esthetic considerations in pontic design
and, 529-531

examination of, 9-11

health after provisional restoration, 381
impression for implant and, 335, 336

monomer-related ulceration of, 389
preservation in residual ridge resorption,

515-519
reaction to nickel, 576

solid cast with individual die and, 436
Gingival displacement, 378

Gingival embrasure, 470
Gingival floor of box in inlay preparation,

255
Gingival graft, free autogenous, 147-148

Gingival hyperplasia, 110
anticonvulsant drug use and, 5

gingivectomy for, 116-117
Gingival margin, resin-retained fixed partial

denture and, 684, 685
Gingival porcelain

slip-cast ceramic restoration and, 653
strength values for, 619

Gingival sulcus, 7,109

displacement in impression making, 354
initial lesion in gingivitis and, 111

Gingivectomy, 116-117
Gingivitis

chronic marginal, 10, 11
etiology of, 110

pathogenesis of, 110-112
Gingivodental ligament, 109

Ginglymoarthrodial joint, 83
Girrbach vacumat, 577

Glass-ceramic, 669
fabrication defects and, 644

Glass fiber, 699
Glass fiber post, 272

Glass ionomer cement, 766-768, 769
frozen slab technique for, 773-775

physical properties of, 189, 190
Glass ionomer core, 140, 144-145, 287

Glass modifiers, 615

GlasSpan, 699

Glaze, 609, 640, 669, 763
surface, 645

Glazed porcelain pontic, 526-527
Glazing, 640,669,758-762

armamentarium for, 759, 760
of metal-ceramic crown, 628-629

shade modification and, 760-762
step-by-step procedure for, 759-760

for strengthening purposes, 645
Glazing furnace, 758, 759

Glenoid fossa, centric relation and, 87
Glutaraldehyde disinfection of impression,

23,376

Gnashing of teeth, 92, 93-94
Gold

for casting, 574
in gold-palladium alloy, 501, 505

in gold-palladium-silver alloy, 501, 504-
505

in gold-platinum-palladium alloy, 501,

504
for pontic, 526

postceramic soldering of, 718
Gold alloy

in cast inlays and onlays, 253
casting accuracy of, 575

casting of, 584
deformation and, 189-190

sandpaper prepared, 678
in waxing sleeve, 336, 337

Gold coping, 328, 336
Gold cylinder, 328, 336

Gold-palladium alloy, 501, 505
Gold-palladium-silver alloy, 501, 504-505

Gold-platinum-palladium alloy, 501, 504
Gold prefabricated post, 295

Gold screw, 328, 337
Gold sleeve, 328, 336

Gold solder, 713, 714
Golden proportion, 599

Golden Screw Post, 291
Gonon post-removing system, 308

Gore-Tex in guided tissue regeneration, 126-
127

Graft

for Class I residual ridge defect, 515, 517,
518

gingival, 147-148
pedicle

coronally positioned, 148-150
laterally positioned, 148, 149

in reconstruction of interdental papillae,
152-153

subepithelial connective tissue, 150
Grain boundaries of alloy, 618

Gram-negative organisms in periodontal
disease, 110

Graphite as antiflux, 715
Groove, 198, 693

in all-ceramic crown, 265
in ceramic inlays and onlays, 267

in class II inlay preparation, 255
in complete cast crown, 206-207

effect on retention of tapered post, 281
heat generated during tooth preparation

and, 169
in mandibular premolar modified three-

quarter crown, 240
in maxillary canine three-quarter crown,

242, 243, 244, 245
in maxillary molar seven-eighths crown

preparation, 237, 238
in metal-ceramic crown, 220, 221

in MOD onlay, 256, 257
for occlusal rest seat, 551
partial veneer crown and, 231, 233-235

to provide rigidity in pinledges, 191

to reduce incidence of restoration dis
placement, 184, 185

resin-retained fixed partial denture and,
679, 685, 686

resistance and, 189
rotational resistance and, 283

Group function, 95, 105
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Guide plane, 543, 565
milling of, 555-556
minor connectors and, 548
reciprocation and, 549
wax pattern and, 554-555

Guided tissue regeneration, 125-129
Guiding groove

for metal-ceramic crown, 220, 221
for occlusal reduction in complete cast

crown, 206-207
Guiding plane, 693
Gum arabic, 433
Gutta-percha removal, 283-285, 287
Gypsum, 455

for cast-and-die, 432-433, 435
vacuum mixing of, 442-443

Gypsum-bonded investments, 572-573, 576,
584

Gypsum hardeners, 433

H

Handpiece holder for milling guide planes,
555

Hard tissue preparations, 137,138
Hard tissue procedures, 118-120

bone induction, 119,120
evaluation of, 125-127
osseous resection with apically positioned

flaps, 119-120
Hardness of alloy, 499

high noble metal alloys, 501
noble metal alloys, 502-503
predominantly base metal alloys, 503

Healing
i n guided tissue regeneration, 127,129
of periodontium, 120

Healing abutment, 328, 329-330
Healing cap, 327, 329
Healing collar, 328, 329
Healing screw, 328
Heart-shaped pontic, 523, 524
Heat generation during resin polymeriza-

tion, 389
Heat-polymerized acrylic resin in fabrica-

tion of occlusal device, 103
Heat sources for soldering, 718-720
Heavy body-light body combination im-

pression making, 369-371
Heavy chamfer margin, 178-180
Helioform system, 647, 660-663
HEMA; see Hydroxyethyl methacrylate
Hemisection, 124, 131
Hemodent, displacement cord and, 357
Hemogin-L, 357
Hemorrhage in tissue displacement in im-

pression making, 359
Hemostat, 746
Hemostatic agents, 357
Hepatitis B, 6
Hex driver, 328, 334
Hex tool, 328, 334
Hiatal hernia, oral manifestations effecting

treatment, 5
High-density alloy, 575
High-fusing ceramic, 614
High-fusing solder, 715
High heat torch soldering, 725-726
High lip line, 21, 80
High noble metal alloys, 501, 504-505

alloy-porcelain interface and, 616
High-strength, high-expansion stone, 432
High-strength ceramics, 644
High-strength dental stone, 432

High-strength provisional restoration, 383
Hinge axis, 31
Hinge axis recording, 31-33
Hinge closure of articulator, 28
Hinging, 83, 88
History, 3
History taking, 3-7

chief complaint in, 3, 5
dental history in, 6-7
diagnosis and, 19
medical history in, 3-6
periodic recall examination and, 783
personal details in, 3

Hollenback carver, 464
Horizontal bone dimension in dental im-

plant, 319
Horizontal bone loss, 71-72
Horizontal fiber, 109
Horizontal forces, optimum occlusion

and, 96
Horizontal overlap, 19, 78, 105

evaluation of, 15-16
mandibular opening and, 91

Horizontal plane of reference, 54
rotation of mandible in, 88, 89

Host tissue response, 9
Hot-pressed ceramics, 653-656
Hue, 593-594, 595, 606

adjustment of, 760
selection of, 600-601, 602

Human immunodeficiency virus infection, 6
Humidor, 580
Hybrid ionomer, 768
Hybrid prosthesis, 338, 339, 352

in completely edentulous arch, 341-344,
345

resin fracture in, 350
Hydrochloric acid, 584
Hydrocolloid, 50, 360, 361, 378

step-by-step procedure for impression,
372-375

Hydrocolloid conditioning equipment, 373
Hydrofluoric acid, 576

for removal of phosphate-bonded invest-
ment, 611

in resin-bonded ceramics, 667
use in investing, 586

Hydroxyapatite ceramic, 80, 669
Hydroxyapatite-coated cylinder, 314, 329
Hydroxyapatite-coated screw, 329
Hydroxyethyl methacrylate, 769
Hygienic pontic, 520-521, 522, 540
Hygoformic aspirator system, 355
Hygroscopic expansion of mold, 569, 572,

589
Hyoid bone, 85
Hyperbaric oxygen, 5
Hypermobility of tooth, 97
Hyperplasia, gingival, 5, 110
Hypertrophy, 19
Hypocalcified area, 761
Hypoglossal muscle, 85
Hysteresis, 580

latrogenic damage to adjacent tooth, 166-
167

Ice pencil, 146-147
Ideal occlusion, 83
Identification of patient needs, 59-60
Imbibition, irreversible hydrocolloid and, 26
Imbrication lines in provisional restoration,

415

I mmediate denture, 80
I mpacted tooth

factor in prognosis of prosthodontic treat-
ment, 19

periodontal examination of, 11
I mplant abutment, 330-333, 352

placement of, 326
Implant analog, 328, 334
Implant angulation, 319, 321
Implant body, 326-329, 352

overloading of, 347-348
Implant body analog, 328, 334
Implant fixed analog, 328, 334
Implant fixture screw, 328
Implant healing cap, 328, 329
Implant lab analog, 328, 334
Implant prosthodontics, 352
Implant recipient site preparation, 325
Implant substructure, 352

try-in of, 428
work authorization form information on,

426,427
Implant-supported fixed prostheses, 313-353

anatomic limitations in, 319-320
bone loss and, 350
cement-retained versus screw-retained im-

plant crowns, 344-347
clinical implant components in, 326-337

abutments, 330-333
cover screw, 329
healing abutment, 329-330
i mplant body, 326-329
i mpression posts, 333-335
laboratory analogs, 335-336
prosthesis-retaining screws, 337
waxing sleeves, 336, 337

connection of implants to natural teeth,
348-349

distal-extension implant restorations, 337-
338

fixed restoration in completely edentu-
lous arch, 341-344, 345

i mplant and framework fit, 349
implant types in, 313-315
implant uncovering and, 326
li mitations of, 62, 63
long edentulous span restoration, 338, 339
maintenance of, 349-350
mouth preparation and, 137
occlusion and, 347-348
placement of, 321, 322, 325
postoperative evaluation in, 326
prosthetic failure in, 350
restoration size and, 321, 323
shock-absorbing elements for, 349
single tooth implant, 323, 338-341, 342,

343
surgical access in, 325
surgical guide in, 323-325
treatment planning for, 315-318

I mplant surgery, 325-326, 352
Implantology, 352
I mpression coping, 328, 334
I mpression making, 21-27,354-379

automix technique in, 371-372
cast-and-die system and, 431
for custom external surface form, 384,

385,386
for custom indirect-direct provisional

fixed partial dentures, 399, 400
custom tray fabrication in, 364-368
Di-Lok die system and, 436, 437
disinfection and, 376
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I mpression making-cont'd

displacement of gingival tissues in, 356-
360

DVA Model System and, 438
elastic impression materials for, 346-360
evaluation in, 376, 377

fully adjustable articulators and, 30-31
for groove evaluation in partial veneer

crown, 233

heavy body-light body combination in,
369-371

incorrect technique of pouring, 444

irreversible hydrocolloid in, 26
machine mixing technique in, 372,373

for metal-ceramic pontic fabrication, 536
occlusal soldering index and, 721-722

pin-retained restorations and, 375-376
Pindex system and, 446-447

for remount procedure, 753
for retainer, 552

reversible hydrocolloids in, 372-375
saliva control in, 355-356

semiadjustable articulators and, 28-30
single-mix technique in, 371

small nonadjustable articulators and, 28, 29
technique in, 26-28

tissue health and, 354-355
in tooth preparation, 196

wax pattern and, 457
Zeiser model system and, 439-440

I mpression materials, 354, 378
for custom external surface form, 384,

385,386
elastic, 360-364

electroplating and, 434
incompatibility with resin, 433

for working cast, 450-452
Impression pin, 328, 334
Impression plaster, 432, 450
Impression post, 328, 333-335
Impression tray, 22, 360, 378

In-Ceram Spinell, 649
In-Ceram Zirconia, 649

Inceram system, 647, 651, 652

Incisal edge, position and shape of, 756-757
Incisal guidance, 19, 52, 78, 105
Incisal halo, 762

Incisal offset, maxillary canine three-quarter

crown and, 243-245, 246
Incisal plaster index, 625
Incisal porcelain, 617

application of, 624-627
selection criteria for, 621

slip-cast ceramic restoration and, 649-653
Incisal reduction, 192

in all-ceramic crown, 265

in maxillary canine three-quarter crown,
241-243

in metal-ceramic crown, 220-221
in pinledge preparation, 249

Incisal rest, 548

Incisal surface of tooth, wax pattern and,
481-482

Incision
anterior surgical guide template fabrica-

tion and, 324

in coronally positioned pedicle graft, 149,
150

in free autogenous gingival graft, 147-148
for gingivectomy, 117
in implant placement, 325

in laterally positioned pedicle graft, 148,
149

Incision-cont'd

in modified Widman procedure, 117,118
in osseous resection with apically posi-

tioned flaps, 119

in reconstruction of interdental papillae,
152

Incisive foramen, implant location and, 319
Incisogingival height, pontic design and,

530,532
Incisogingival length, pontic design and,

531-532, 533
Incisor

average crown and root lengths, 284
average root diameters and recom-

mended post sizes, 286
border movements and, 89, 90

dimension of pulp and coronal contour,
168

endodontically treated
loss of internal structure in, 275

post length and, 279
maxillary central incisor pinledge, 248-

252
metal-ceramic crown for, 216-229

advantages and disadvantages of, 217
armamentarium for, 217-220

axial reduction of proximal and lingual
surfaces in, 222-224

contraindications for, 217
evaluation of, 226-227
finishing of, 224-226

guiding grooves for, 220, 221

indications for, 216-217
labial reduction and, 221-222, 223

occlusal reduction and, 220-221
summary chart for, 228-229

root canal configurations, 287
Inclusion porosity, 582
Incomplete casting, 582, 587

Indentation in pinledge preparation, 249-

250,251
Index, 730

Indirect-direct tissue surface form, 390-391
Indirect procedure in crown fabrication for

existing removable partial denture,
555-556

Indirect retainer, 80
Indirect retention, 80, 565
Indirect tissue surface form, 389-390

Infection control
in dental laboratory, 419

dentist role in, 420
universal precautions in, 6

Inferior alveolar canal

evaluation before dental implant, 316
implant location away from, 319

Inferior lateral pterygoid muscle, 84, 86
Inferior synovial cavity, 83, 84
Infiltration glass, 652

Inflammation
in gingivitis, 110, 111

ridge contact with pontic and, 525
Infrabulge clasp, 565

Infrahyoid muscles, 86
Infrared radiation, 730

Infrared soldering, 719, 720, 726-727
Initial occlusal contact, 21

Initial plaque-induced lesion, 111

Initial therapy in periodontal treatment,
113-116

control of microbial plaque in, 113-115
correction of defective restorations in, 115
evaluation of, 116

Initial therapy in periodontal treatment-
cont'd

minor tooth movement and, 116
root planing in, 115-116
scaling and polishing in, 115

stabilization of mobile teeth in, 116
strategic tooth removal in, 116

Initial tooth contact, 13-15
Initial visit, 3

Inlay, 253-255, 669
cementation for, 775-778

ceramic, 265-267, 665-666
custom single-unit provisional restoration

and, 403
hot-pressed ceramic, 654

limitations of, 60-61
summary chart for, 260-261

tooth fracture and, 180-181
waxing of, 480, 481

Inlay casting wax, 460-462
Inlay wax, 486

Instability, evaluation of, 751
Intaglio, 733-734, 743

Integra Post System, 290
Integration of dental implant, 319, 320

Interabutment expansion in one-piece cast-
ing, 721

Intercondylar distance, 105
Intercuspal contact, 486

Intercuspal position
assessment of, 13-15
conformative occlusion and, 453

diagnostic casts and, 25
Interdental papilla, 109

maintenance and reconstruction of, 151-

153
ridge contact with pontic and, 525

Interim abutment, 352
Interim prosthesis, 80

Interlocking cast core, 282
Intermediate abutment, 65, 80
Internal attachment, 565

Internal characterization of porcelain, 627,
628

Internal margin, finishing of, 732-733
Internal surface

evaluation of, 750
finishing of, 733-734

International Organization for Standardiza-

tion, on porcelain-metal bonding, 620
Interocclusalclearance, 198

Interocclusal distance, 21
Interocclusalrecord, 54

conformative occlusion and, 453

semiadjustable articulator and, 30
Interpositional graft, 515, 517

Interproximal contact, 80
Interproximal sulcular area, correct position

of periodontal probe in, 11
Interproximal wraparound concept, 679

Intrabony lesion, 119

Intracoronal attachments, 557-561, 562
Intracoronal partial coverage fixed prosthe-

ses, 701-704
Intracoronal restoration

class II inlay preparation, 253-255

limitations of, 60-61
tooth fracture and, 180-181

Intraoral examination, 9-11
of gingiva, 9-11

periodontal examination in, 9
Intraoral tin-plating, 678

Intrinsic coloring, 640, 669, 763
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Investing, 567-591

accelerated method of casting and, 582-
583

armamentarium for, 577
brush technique in, 577-578
casting machines and, 583-584

casting technique and, 584-588
in endodontically treated tooth restora-

tion, 303-304
materials science in, 572-574

prerequisites for, 567-572
casting ring and liner in, 569-570

crucible former in, 569
multiple castings, 571-572

ringless investment technique in, 570
single casting and, 570-571

sprue in, 567-569
selection of materials for, 574-576

solder, 715
in soldered connector, 722, 723

step-by-step procedure in, 580-582
vacuum technique in, 578-580

Investment expansion, improper, 459, 460
Investment material, 567, 572-574

selection of, 576
ultrasonic removal of, 610-611

vacuum mixing of, 576-577
lodophor disinfection of impression, 376

Ion exchange strengthening, 645, 669
IPS Empress 2 system, 655-656

Iridium, 504
Iron oxide as antiflux, 715

Irreversible hydrocolloid, 22, 50, 361
Ischemia, 378

displacement cord and, 357
overcontoured connector in provisional

restoration and, 383
Isobutyl methacrylate,393

Ivoclar Chromoscop shade guide, 601

J

Jaw

bimanual manipulation technique of, 37

evaluation of maneuverability, 16
functional movements of, 91-92

hinge axis recording of, 31-33
i mplant location and, 319-320

lever system of, 96
ligaments of, 84, 85

manipulation for face-bow, 36-37
parafunctional movements of, 92-94

recording relationships in partially eden-
tulous dentitions, 41

Jeweler's rouge, 739

Joint capsule, 85

Joint derangement, midline deviation
and, 98

Juvenile periodontitis, 110

K

K4 Custom Core Anchor, 292

K4 Denture Anchor, 292
K4 Ready Core Anchor, 292

K4 Universal Anchor, 292
Kaolin, 609

Kelvin temperature, 606
Keratinized gingiva

examination of, 10-11

gingivectomy and, 116-117
laterally positioned pedicle graft and, 148
mouth preparation and, 147

Keratinized mucosa, 108

Kerr Broken-Arm casting machine, 583

Keyway, 80-81, 565
Keyway semi-precision attachment, 348

Kinematic face-bow, 54
Kinematic face-bow transfer, 33

Kinematic hinge axis face-bow, 31-33
Knoop hardness number, 499, 510

L

Labial margin placement, 192-193
Labial reduction for metal-ceramic crown,

221-222,223
Labial surface of tooth, wax pattern and,

482
Labioversion, 21

Laboratory, 418-430
appropriate checks with, 428-429

dental technology certification, 418-419
mutual responsibilities and, 419-420

responsibilities of dentist and, 420-428
articulation, 421-425

infection control, 420
preparation margins, 420-421, 422

tooth preparation, 420
work authorization, 425-428

Laboratory analogs, 335-336
Laboratory-made attachments, 560-561, 562

Laminate veneering, 267-269
provisional restoration and, 403-404

Laser welding, 510, 719-720
Lateral cephalometric radiography, 316, 317

Lateral contact evaluation, 16
Lateral incisor

average crown and root lengths, 284
average root diameters and recom-

mended post sizes, 286
Lateral interference elimination, 159-160

Lateral interocclusalrecord, 54
Lateral movement of mandible, 7, 8

Lateral pterygoid muscle, 85, 86
palpation of, 10

Lateral record, 42
Laterally positioned pedicle graft, 148, 149

Laterodetrusion, 88
Lateroretrusion, 88

Laterosurtrusion, 88
Laterotrusion, 88, 105

Laterprotrusion, 88
Leaf gauge, 21, 38, 54

Ledge
on margin, 749, 750

in MOD onlay, 256,257
in pinledge preparation, 249-250, 251

Lengthening of clinical crown, 131
Lentulo rotary paste, 304, 305

Leucite
compressive stresses and, 644

in hot-pressed ceramics, 653-654
porcelain manufacture and, 614, 615

thermal expansion and, 626
Leucite-reinforced translucent material, 62

Lever system of mandible, 96
Ligaments, mandibular, 84, 85

Light, 606
color and, 592-598

Light-cured resin for provisional restora-
tion, 391, 392

Light energy, 594

Light-scattering effect, 598
Limited path of withdrawal, 183

Line angle, 757

Linear coefficient of thermal expansion, 500,

618-619
Lingual embrasure, 470
Lingual pinhole, maxillary canine three-

quarter crown and, 243-245, 246
Lingual reduction

in all-ceramic crown, 265
i n maxillary canine three-quarter crown,

241-243
in partial veneer crown, 234

in pinledge preparation, 249
Lingual surface of tooth, wax pattern and,

481-482
Lining mucosa, 108

Lip examination, 9, 10
LiquaMark, 734

Lithium phosphate pressable ceramic, 646
Lithium silicate-based ceramic, 655-656

Load distribution, vertical overlap and, 19
Local anesthesia for saliva control in im-

pression making, 356
Local etiologic factors, 17

Local factors in diagnosis and prognosis,
19-20

Long centric, 95

Long chamfer in porcelain facial veneer, 269
Long edentulous span restoration, 338, 339

Long-span fixed partial denture, 73

Loop connector, 710, 711
Loose abutment retainer, 789, 790, 791-794

Loss of attachment
overhanging restoration and, 115

in periodontitis, 112
Lost salt crystal technique, 675-676

Lost-wax casting technique, 567
Lost-wax process, 453-454
Low bisque bake, 626

Low-density alloy; 575
Low expansion surface layer, 645

Low-fusing ceramic, 614
Low-fusing solder, 715

Low heat torch soldering, 723-724
Low lip line, 21, 81

Lowered threshold to pain, 97

Lucia jig, 38, 54
Luminex prefabricated post, 290
Luscent Anchors prefabricated post, 289

Lute, 693
Luting agents, 765-781

for angled abutment, 332
for cast metal crown, 60

for cementation of endodontically treated
tooth restoration, 304

cementation procedures for ceramic ve-
neers and inlays and, 775-778

definitive cementation and, 765-775, 776
choice of luting agent for, 769-771

conventional cast restorations and, 765
dental cements for, 765-769

preparation of restoration and tooth
surface for, 771-775

effect on post retention, 280
evaluation of, 746

indications and contraindications for, 771
partial veneer crown and, 231

physical properties of, 189, 190
provisional cementation and, 765

in provisional restoration, 410-412, 765
radiopacity of, 784

in resin-bonded ceramics, 667
retention and, 185, 186, 187

review of cementation technique, 778-779
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Lymphocyte, advanced lesion of gingivitis-
periodontitis and, 111, 112

M

Machine mixing technique in impression

making, 372, 373
Machined ceramics, 656-660

Macrohardness of dental alloy, 499
Macroscopic mechanical resin-retained fixed

partial denture, 675-676
Magnet attachment, 561-562

Magnetic resonance imaging, 18
Major connector of removable partial den-

ture, 63

Malformation, charting of, 13
Malleable, term, 510

Malocclusion, 105
bruxism and, 93

Mamelon configuration, 628
Mandible

bimanual manipulation technique of, 37
functional movements of, 91-92

hinge axis recording of, 31-33
implant location and, 319-320

lever system of, 96
ligaments of, 84, 85

parafunctional movements of, 92-94

Mandibular canine, root canal configura-
tions of, 287

Mandibular cast, 42, 44

Mandibular clutch, 31, 32
Mandibular condyle

orbiting, 88

posterior and anterior determinants

and, 91
transcranial radiograph of, 18

Mandibular dentition
average crown and root lengths, 284

average root diameters and recom-
mended post sizes, 286

proximal contact areas of, 467-468
Mandibular first premolar

occlusal scheme of, 466
root canal configurations, 287

Mandibular fossa, 83, 84

posterior and anterior determinants
and, 91

Mandibular hinge position, 19,105
Mandibular incisor

replacement of multiple missing teeth,
73-74

root canal configurations, 287
Mandibular molar

amalgam restoration of, 281

complete cast crown restoration of, 2
MO inlay and, 254
MOD onlay and, 256

occlusal scheme of, 466
perforation of root, 294

root anatomy of, 121-122
root canal configurations, 287

single-piece casting for, 282
Mandibular movement

articulator selection and, 27-28
diagnostic casts and, 25

muscles in, 84-86
occlusion and, 87-94

border movements in, 88-90

functional movements in, 91-92
parafunctional movements in, 92-94
reference planes in, 87-88

pantographic recordings of, 47, 48, 49
Mandibular opening, 7,8

Mandibular premolar

amalgam restoration of, 281
modified three-quarter crown for, 238-240

occlusal scheme of, 466
three-unit fixed partial denture for, 2

Mandibular second premolar
occlusal scheme of, 466

root canal configurations, 287
Mandibular sideshift, 88

posterior and anterior determinants
and, 91

posterior articulator controls and, 42
Mandibular translation, 105
Mandibular trismus, 21

Margin, 194
adaptation of, 174, 175

adequate preparation before laboratory

procedures, 420-421, 422
in ceramic inlays and onlays, 266, 267

in class 11 inlay preparation, 253, 255
in complete cast crown, 205
in complete ceramic crown, 262-263

conservation of tooth structure and, 171
deformation and, 190-191

discrepancy in casting, 582, 588
esthetic considerations in, 192

evaluation of integrity, 749-751

finishing of cast restoration and, 739-741
geometry of, 174-180

heat generated during tooth preparation
and, 167

labial placement of, 192-193

in maxillary canine three-quarter crown,
242

metal-ceramic crown and, 222-223
in MOD onlay, 256,257

porcelain laminate veneer and, 268, 269
provisional restoration and, 381, 390, 392

resin-retained fixed partial denture and,
684,685

supragingival versus subgingival place-
ment of, 173-174

wax pattern and

finishing of, 478-480

marking for, 460
Marginal gingiva, 108,131

laterally positioned pedicle graft and, 148
Marginal ridge height, 11

Mark 11 system, 647
Marking agents, 734
Marking of margin, 460

Maryland bridge, 674-675

Mass-produced ESF provisional crown, 404
Masserann technique for removal of frac-

tured post, 307
Masseter muscle, 85, 86

examination of, 7-9, 10
Mast cell, 109

Master cast, 431, 455
Master impression, 378
Mastication, 92

Masticatory cycle, 105
Masticatory force, 21, 81

Masticatory mucosa, 108
Masticatory muscles, 84, 85-86

examination of, 7-9, 10
Materia alba, 110

Matrix placement, amalgam foundation

restoration and, 143, 144
Maxillary canine

root canal configurations of, 287
three-quarter crown for, 240-245, 246

incisal and lingual reduction in, 241-243

Maxillary canine-cont'd

three-quarter crown for-cont'd
incisal offset and lingual pinhole in,

243-245,246
Maxillary cast, 42, 43

Maxillary central incisor pinledge, 248-252
Maxillary dental implant

implant location and, 319, 320
single tooth, 339

surgical template for, 325
Maxillary dentition

average crown and root lengths, 284
average root diameters and recom-

mended post sizes, 286
metal-ceramic fixed prostheses for, 2

proximal contact areas of, 467-468
Maxillary first premolar

occlusal scheme of, 466

root canal configurations, 287
Maxillary incisor

framework designs for, 494
metal-ceramic crown for, 216-229

advantages and disadvantages of, 217
armamentarium for, 217-220

axial reduction of proximal and lingual
surfaces in, 222-224

contraindications for, 217
evaluation of, 226-227

finishing of, 224-226
guiding grooves for, 220, 221

indications for, 216-217
labial reduction and, 221-222, 223

occlusal reduction and, 220-221
summary chart for, 228-229

replacement of multiple missing teeth, 74
root canal configurations, 287

waxing labial surface of, 482
Maxillary molar

complete cast crown and, 205
framework designs for, 494

occlusal scheme of, 466
root anatomy of, 121-122

root canal configurations, 287
seven-eighths crown for, 236-238

single-piece casting for, 282
three-quarter crown for, 236

Maxillary premolar
cuspal coverage in endodontically treated

tooth, 276

occlusal scheme of, 466

single-piece casting for, 282
three-quarter crown for, 232

Maxillary sinus

evaluation before dental implant, 316
implant location and, 319, 320

Maxillomandibular relationship record, 54

Maximal intercuspal position, 161
Maximum intercuspation, 87

Maximum mandibular opening, 7,8
Mean shrinkage values from firing metal-

ceramic crown, 626
Mechanical anterior guidance table, 50
Mechanical considerations

in pontic design, 527

in provisional restoration, 382-383
in selection of alloy for metal-ceramic

restoration, 498-503
in tooth preparation, 181-191

deformation and, 189-191
resistance form and, 185-189

retention form and, 181-185
Mechanical displacement theory of myofas-

cial pain dysfunction, 99
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Mechanical retention resin-retained fixed
partial denture, 674, 675

Mechanoreceptors in periodontium, 36
Medial pterygoid muscle, 85, 86

palpation of, 10

Medical history, 3-6
Medication history, 3-5

Medium-fusing ceramic, 614

Megapascal, 189
Mental foramen, implant location and, 319,

320
Mercury, 575-576

Mesh in Virginia bridge, 676
Mesial drift, 81
Mesial margin, 192

Mesial root, 122
Mesially tilted molar

coil spring for, 156
fixed partial denture and, 67-69

Mesiobuccal root, 121-122
Mesiobuccal root amputation, 123, 124

Mesiocclusion, 104
Mesiodistal width, pontic design and, 532-

534
Metal

adhesive bonding resin to, 677
finishing of, 611-614, 732-743

axial walls and, 738-739
external margins and, 739-741

internal margin and, 732-733
internal surface and, 733-734

occlusal surface and, 735-738
proximal contacts and, 734-735
review of technique in, 741-742

sprue and, 734, 735
investing and casting of, 567-591

accelerated method of, 582-583

armamentarium for, 577
brush technique in,577-578

casting machines for, 583-584
casting ring and liner in, 569-570

crucible former in, 569
materials science in, 572-574

multiple castings, 571-572
ringless investment technique in, 570
selection of materials for, 574-576

single casting and, 570-571
sprue in, 567-569

step-by-step procedure in, 580-582
technique of, 584-588

vacuum technique in, 578-580
preparation for metal-ceramic crown, 610-

614
investment removal in, 610-611

metal finishing in, 611-614
oxide removal in, 611

shape and, 610, 611
selection in metal-ceramic restoration,

497-509
density, 500-503

elevated-temperature creep and distor-
tion, 499-500

hardness, 499
high noble metal alloys, 504-505

modulus of elasticity and, 498-499
noble metal alloys, 503-506

percentage elongation, 500
predominantly base metal alloys, 506-

509
proportional limit and yield strength,

499
thermal expansion and contraction, 500

Metal-cont'd
selection in metal-ceramic restoration-

cont'd
toughness, 500

ultimate tensile strength, 500
Metal-ceramic crown, 216-229, 609-642

advantages and disadvantages of, 217

armamentarium for, 217-220
axial reduction of proximal and lingual

surfaces in, 222-224

body and incisal porcelains for, 621
chamfer margin for, 176, 177

chroma of, 760
contraindications for, 217
for damaged maxillary dentition, 2

deformation of, 190
enamel wear associated with, 480, 481,

488,489
esthetics and, 192-193, 592-608

balance in, 599, 600
light and color in, 592-598

midline and, 599-600
proportion in, 598-599, 600

shade selection and, 600-605
smile anatomy in, 598, 599

evaluation of, 226-227, 746
fabrication of, 621-630

contouring in, 627-628, 629
external characterization in, 629-630

glazing and surface characterization in,
628-629

internal characterization in, 627, 628
porcelain application in, 621-627

factors affecting bonding of, 617-620

failure of, 637-638
finishing of, 224-226, 732-743

axial walls and, 738-739
external margins and, 739-741

internal margin and, 732-733

internal surface and, 733-734
occlusal surface and, 735-738

proximal contacts and, 734-735
review of technique in, 741-742

sprue and, 734, 735
fracture of, 795-797
framework design in, 480-485, 488-493

cutting back veneering area in, 493-497
occlusal analysis in, 482-485, 490-493

waxing to anatomic contour in, 482,
483, 490, 491

guiding grooves for, 220, 221
historical perspective of, 609

indications for, 216-217
labial reduction and, 221-222, 223

limitations of, 61
metal preparation for, 610-614

metal selection in, 497-509
density, 500-503

elevated-temperature creep and distor-
tion, 499-500

hardness, 499
high noble metal alloys, 504-505

modulus of elasticity and, 498-499
noble metal alloys, 503-506

percentage elongation, 500
predominantly base metal alloys, 506-

509
proportional limit and yield strength,

499
thermal expansion and contraction, 500

toughness, 500
ultimate tensile strength, 500

Metal-ceramic crown-cont'd
occlusal reduction and, 220-221
opaque porcelain for, 620-621

overview of, 609-610
porcelain-alloy bonding in, 617, 618

porcelain labial margins of, 630-637
advantages and disadvantages of, 630

direct lift technique in, 633-635
framework design for, 630-631
indications and contraindications for,

630
methods of fabrication, 631

platinum foil matrix technique in, 631-

633
porcelain wax technique in, 635-637

porcelain manufacture for, 614-615

porcelain technique in, 615-616
recommended minimum dimensions for,

216

review of technique, 638-639
summary chart for, 228-229
troubleshooting in, 637-638

try-in of, 428
types of porcelain for, 616-617

on working cast, 452
Metal-ceramic fixed partial denture, solder-

ing of, 718
Metal-ceramic junction, 610

Metal-ceramic pontic
fabrication of, 535-539

mechanical considerations in, 528, 529
Metal-ceramic rehabilitation in completely

edentulous arch, 341-344, 345
Metal collar, 193, 225

Metal crown, 203-215
advantages of, 203-204

alignment grooves for axial reduction in,
208-209

axial reduction in, 209-211
contraindications for, 204-205
criteria for, 205-206

disadvantages of, 204
evaluation of, 212-213

finishing of, 211-212
guiding grooves for occlusal reduction in,

206-207

indications for, 204
occlusal reduction in, 207-208
summary chart for, 215

Metal reinforced systems, 660-663

Metal sprue, 568
Metalift Crown and Bridge Removal Sys-

tem, 791-792

Metameric pair, 606
Metamerism, 597, 598, 606

4-methacrylethyl trimellitic anhydride, 769
Methantheline for saliva control in impres-

sion making, 356
Methyl methacrylate resin, 415

effect of eugenol on, 411
in provisional restoration, 393

Microbial plaque, 110, 113
Microcrack, 640, 644

Microhardness of dental alloy, 499
Microleakage

composite resin in foundation restoration
and, 140

core fabrication and, 300
of luting agent, 771

pulpal damage during tooth preparation
and, 169



Index

Micromechanical retention resin-retained
fixed partial denture, 674-675

Micropost, 291

Microshock, 669
Midline

deviation of, 98
esthetics and, 599-600

Mill, 565

Milling
of guide plane, 555-556

of nonrigid connector, 711
Milling machine, 659

Mineralization of microbial plaque, 110
Minor connector, 63, 548, 565

Minor tooth movement, 154-155
assessment in, 154-155

initial therapy and, 116

tipping or extruding single tooth, 156-157
Missing tooth

charting of, 13

removable partial denture for, 62, 63
replacement of several missing teeth,

69-74
multiple anterior teeth, 73-74

overloading of abutment teeth in, 69-71
root shape and angulation in, 71-73

treatment planning for, 75
replacement of single tooth, 65-69

assessment of abutment teeth in, 66
cantilevered fixed partial denture for,

65-66,67
endodontically treated abutment

and, 67

mesially tilted second molar and, 67-69

unrestored abutments and, 67
treatment planning for, 64-65

MO inlay, 254

MO inlay wax pattern, 481
MOD inlay, 60-61

ceramic, 266
MOD onlay preparation, 255-257

Model, 455
Model plaster, 432

Model trimming, 441
Modified Periodontal Chart, 13

Modified pinledge, 247

Modified ridge lap pontic, 520, 521-523, 530,
540

Modified Widman procedure, 117,118
Modifier, 640

Modulus of elasticity, 498-499, 510
high noble metal alloys, 501
noble metal alloys, 502-503

predominantly base metal alloys, 503
retainer and, 549

Modulus of resilience, 510
Moisture-absorbing card, 355, 356

Moisture content of endodontically treated
tooth, 274

Moisture control in impression making, 354,
355-356

Moisture sorption

composite resin foundation and, 140, 145
glass ionomer cement and, 766
glass ionomer core and, 144

of polyether impression material, 363
Molar

average crown and root lengths, 284
complete cast crown for, 203-215

advantages of, 203-204
alignment grooves for axial reduction

in, 208-209

Molar-cont'd

complete cast crown for-cont'd

axial reduction in, 209-211
contraindications for, 204-205
criteria for, 205-206

disadvantages of, 204
evaluation of, 212-213

finishing of, 211-212

guiding grooves for occlusal reduction
in, 206-207

indications for, 204

occlusal reduction in, 207-208
summary chart for, 215

mandibular
amalgam restoration of, 281

complete cast crown restoration of, 2
MO inlay and, 254

MOD onlay and, 256
occlusal scheme of, 466

perforation of root, 294
root anatomy of, 121-122

root canal configurations, 287
single-piece casting for, 282

maxillary

complete cast crown and, 205

framework designs for, 494
occlusal scheme of, 466

root anatomy of, 121-122
root canal configurations, 287

seven-eighths crown for, 236-238
single-piece casting for, 282
three-quarter crown for, 236

root anatomy of, 121-122

Moldable putty for external surface form,
384,386

Monochromatic color, 606

Monomer, 305, 374

allergic gingival ulceration and, 389
properties associated with, 394

in provisional restoration, 392-393
Monomer-moistened dowel in custom-

made post fabrication, 295
Mortise of nonrigid connector, 711-712
Mounting, 50, 455

of mandibular cast, 44
of maxillary cast, 43

verification of accuracy in, 45
of working cast, 450-454

Mounting plate, 54
Mouth guard, 161

Mouth preparation, 135-163

caries and existing restorations and, 139
coronally positioned pedicle graft and,

148-150

crown lengthening procedures and, 150-
151

for dental implant, 325
endodontics and, 146-147

foundation restorations and, 139-146
amalgam core, 140-143

composite resin, 145
condensation and, 143

contouring and finishing in, 143

glass ionomer core, 144-145
matrix placement and, 143, 144

pin-retained cast core, 145-146
selection criteria for, 139-140

free autogenous gingival graft and, 147-

148
laterally positioned pedicle graft and, 148,

149

Mouth preparation-cont'd

maintenance and reconstruction of inter-
dental papilla and, 151-153

mucosal reparative therapy and, 147

occlusal treatment and, 157-160
oral surgery and, 137-138

orthodontic-periodontic extrusion and,
153-154

orthodontic treatment and, 154-157
subepithelial connective tissue graft and,

150

surgical crown lengthening and, 151

Mucogingival junction, 108,131
gingival examination and, 10-11

Mucosa, 108

Mucosal reparative surgery, 117-118
mouth preparation and, 147

Multi-rooted tooth, core fabrication for, 302
Multiorifice tip, 583

Multipiece post-and-core, 303
Multiple castings, 571-572

Multiple-pour technique, 435-436, 444, 445
Munsell color order system, 593-596, 606

Muscle spasm, 21
Muscle splinting, 21

Muscle theory of myofascial pain dysfunc-
tion, 99

Muscle tone, factor in prognosis of prostho-
dontic treatment, 19

Muscles

in mandibular movement, 84-86
masticatory, 7-9, 10

pathogenic occlusion and, 98

Musculoskeletal pain, 22
Mutually protected articulation, 105

Mutually protected occlusion, 94, 95-97
Mylar shim stock, 8,155,449

to evaluate proximal contacts, 747
to identify occlusal contacts, 752

Mylohyoid muscle, 85, 86
mandibular dental implant and, 320

Myofascial pain dysfunction, 98-99

Myogenous pain, 22

N

Nanometer, 592
Nasion relator, 35

National Organization of Dental Laborato-
ries, 418

Natural color system, 606-607
Natural defects, reproduction of, 761

Natural glaze, 640, 669, 763
Natural tooth

color of, 594
connecting implant to, 348-349

distal-extension implant restoration and,
337-338

fluorescence of, 597
opalescence of, 598

Neck palpation sites for assessing muscle
tenderness, 10

Negative space, 9, 10, 757
Neglect of fixed prosthesis, 799

Nerve supply of tooth, vitality testing of,
18-19

Neuromuscular dysfunction
anterior programming device and, 38

bruxism and, 93
Neutrocclusion, 104

Neutrophil, advanced lesion of gingivitis-
periodontitis and, 112
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Ney-Cheyes no. 9 prefabricated intracoronal
attachment, 558

Ney Miniglaze/2 glazing furnace, 759
Nickel, 507

allergy to, 576

Nickel-chromium alloy, 503, 506-507
beryllium added to, 618

casting accuracy of, 575
for Maryland bridge, 674

in prefabricated post, 294-295
i n preformed crown, 388

Noble metal, 510, 693
Noble metal alloys, 502-503, 505-506

for casting, 574, 584
tin-plating of, 677, 678

Noble metal content of alloy, 504
Nocturnal bruxism, 93

Nodule in casting, 581, 587
removal of, 733-734

Non-end cutting bur, 284
Non-keratinized mucosa, 11

Nonadjustable articulator, 28, 29, 54
Nonarcon articulator, 29-30

Noncentric cusp bevel, complete cast crown
and, 205

Noneugenol provisional luting agent, 411
Nonfunctional cusp bevel, complete cast

crown and, 205
Nonprecious casting alloy, 504

Nonresorbable barrier for guided tissue re-
generation, 126

Nonrigid connector, 65, 81, 707, 708-709,

711-713, 730
Nonworking side interference, 22

NuBond prefabricated post, 290
Nut and bolt, 182

O

Oblique fiber, 109

Oblique ridge, 486
Obtundent, term, 411, 415

Obturation Post, 291
Occlude, term, 22, 54

Occlude Marking Agent, 734
Occluded gas porosity, 589

Occluding centric relation record, 54
Occlusal adjustment

diagnostic, 157
kinematic face-bow technique and, 33

orthodontic history and, 6
before prosthodontic treatment, 77

Occlusal analysis, 81
in class 11 inlay preparation, 253

in metal-ceramic restoration, 482-485, 490-
493

orthodontic history and, 6
posttreatment, 788

Occlusal balance, 105
Occlusal clearance

in ceramic onlay, 267
complete cast crown and, 208

in maxillary molar seven-eighths crown
preparation, 238

partial veneer crown and, 232-233
Occlusal contact

centric relation record and, 34-36
clinical occlusal adjustment and, 158-159

evaluation after seated restoration, 751-
756

adjustment and, 751-753

remount and, 753-756

finishing of cast restoration and, 735-738
general alignment and, 15-16

Occlusal contact-cont'd
initial, 13-15

lateral and protrusive, 16
porcelain-metal interface and, 482-485

provisional restoration and, 381-382
wax pattern and, 467-468, 477, 478

Occlusal device, 52, 79, 99
fabrication of, 99-103

direct procedure using vacuum-formed

matrix, 100, 101

indirect procedure using autopolymer-
izing acrylic resin, 100-103

indirect procedure using heat-polymer-

ized acrylic resin, 103
mandibular manipulation and, 38

temporomandibular joint dysfunction his-
tory and, 7

Occlusal discrepancy
nonadjustable articulator and, 28, 29

patient adaptability to, 97
Occlusal embrasure, 470

Occlusal equilibration, 81
Occlusal examination, 13

Occlusal force, 22
pontic and, 527

Occlusal index in remount procedure, 753,
754

Occlusal indicator wax, 42, 45
Occlusal loading, all-ceramic crown and,

263,264
Occlusal neurosis, 105
Occlusal nodule, 27, 28

Occlusal offset, partial veneer crown and, 235
Occlusal plane, 486

articulated diagnostic cast and, 25
Occlusal plaster index, 718

Occlusal prematurity, 737, 753
Occlusal record for retainer in removable

partial denture, 552

Occlusal reduction
in all-ceramic crown, 265

i n complete cast crown, 205, 206-208
in mandibular premolar modified three-

quarter crown, 240

in maxillary molar seven-eighths crown
preparation, 237, 238

in metal-ceramic crown, 220-221
in MOD onlay, 257

partial veneer crown and, 232-236
Occlusal rest, 63, 565

Occlusal rest seat
planning for, 547-548

resin-retained fixed partial denture and,
686-687

tooth preparation for, 551
wax pattern and, 554, 555

Occlusal scheme, 471-474
Occlusal soldering index, 721-722

Occlusal stability, 81
Occlusal studies, 94-97

Occlusal trauma, 816
Occlusal treatment, 99-103

clinical occlusal adjustment in, 158
diagnostic adjustment in, 157

fabrication of device for, 99-103
follow-up in, 103

occlusal device therapy, 99
step-by-step procedure in, 158-159

Occlusion, 83-107
all-ceramic crown and, 263-264

anatomy and, 83-87
dentition, 86-87

ligaments, 84, 85

Occlusion-cont'd
anatomy and-cont'd

musculature, 84-86

temporomandibular joints, 83-84
Angle's classification of, 104

centric relation and, 87
ceramic inlays and onlays and, 266

conformative, 452-453
dental implant and, 347-348

dysfunction evaluation during recall ex-
amination, 786, 788

evaluation after seated restoration, 751-
756

adjustment and, 751-753
remount and, 753-756

evaluation of, 751-756
history of occlusal studies, 94-97

mandibular movement and, 87-94
border movements in, 88-90
functional movements in, 91-92

parafunctional movements in, 92-94
reference planes in, 87-88

occlusal treatment, 99-103
fabrication of device for, 99-103

follow-up in, 103
occlusal device therapy, 99

pathogenic, 97-99
patient adaptability and, 97

provisional restoration and, 381-382
reorganized, 450-452

resin-retained fixed partial denture and,
686

tooth preparation and, 180
wax pattern and, 470-471, 472

work authorization form information on,
426

Occlusocervical dimension of edentulous
spaces, 25

Odontoplasty-osteoplasty, 122-123
Odor, chief complaint and, 3

Offset yield strength, 499
One-piece casting

for cast connector, 710
interabutment expansion and, 721

One-piece post-crown, 272, 274
One-stage endosteal implant, 313-314, 329

One-walled osseous defect, 119
Onlay, 255-257

ceramic, 265-267, 665-666
for Class 111 residual ridge defect, 515,

517,518
custom single-unit provisional restoration

and, 402-403

resin-retained fixed partial denture, 688
summary chart for, 260-261

waxing of, 480, 481

Opacified dentin powder, 627
Opacifying agents, 621

Opacious dentins, 624, 625
Opacity, 615, 640, 669

Opalescence, 598
Opaque, term, 640, 669
Opaque modifiers, 627

Opaque porcelain, 609, 616-617
aluminous core ceramics and, 647

application of, 621-624
selection criteria for, 620-621

strength values for, 619
Open contact, pathogenic occlusion and, 97

Open curettage, 117, 118
Open debridement, 117,118

Open margin, 750
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Open occlusal relationship, 105

mechanical retention resin-retained fixed
partial denture and, 674

Opening movement, 86,105

Operator positioning in tooth preparation,
197

Optical illusion, 531, 533

Optical index of refraction, 617

Optimal system, 647
Optimum occlusion, 96-97
Oral hygiene

assessment of, 6

periodic recall examination and, 783, 785
pontics and, 525-526

Oral hygiene aids, 782

Oral surgery

mouth preparation and, 137-148
prosthodontic treatment planning and, 77

Oral surgical history, 7

Organophosphates,769
Orophysiology aids, 114-115

Orostat 8%, 357
Orthodontic history, 6

Orthodontic wire for mesially tilted
molar, 69

Orthodontics, 154-157
assessment in, 154-155

extrusion before restoration, 153-154
for minor tooth movement, 116

prosthodontic treatment planning and, 77
tipping or extruding single tooth, 156-157

Orthognathic surgery

history of, 7

mouth preparation and, 137
Orthotics, 99

Osseointegrated dental implant, 313-353
anatomic limitations in, 319-320
bone loss and, 350

cement-retained versus screw-retained im-

plant crowns, 344-347
clinical implant components in, 326-337

abutments, 330-333
cover screw, 329
healing abutment, 329-330
i mplant body, 326-329
i mpression posts, 333-335
laboratory analogs, 335-336

prosthesis-retaining screws, 337
waxing sleeves, 336, 337

connection of implants to natural teeth,
348-349

distal-extension implant restorations, 337-
338

fixed restoration in completely edentu-

lous arch, 341-344, 345
implant and framework fit, 349
implant types in, 313-315
implant uncovering and, 326

long edentulous span restoration, 338, 339
maintenance of, 349-350
occlusion and, 347-348

placement of, 321, 322, 325

postoperative evaluation in, 326
prosthetic failure in, 350

restoration size and, 321, 323
shock-absorbing elements for, 349

single tooth, 323, 338-341, 342, 343
surgical access in, 325
surgical guide in, 323-325

treatment planning for, 315-318
Osseous crest, 121

Osseous defects, 119, 120, 797

Osseous integration, 352

Osseous pain, 22
Osseous resection with apically positioned

flaps, 119-120
Osteoblast, 109

Osteoblast, 109
Outline form

in ceramic inlays and onlays, 267
in class 11 inlay preparation, 253-255

in foundation restoration, 140, 143
in MOD onlay preparation, 255, 256

Ovate pontic, 519, 520, 523-525, 540

esthetics of, 531
Oven soldering, 719, 726

Overcharacterizing of restoration, 758
Overclosure, 816

Overcontouring
of axial surfaces, 469

of provisional restoration connector, 382,
383

Overdenture, 816
residual ridge and, 64

Overglaze, 629, 640, 669, 749, 763
Overhang, 22, 816

correction of, 115
marginal integrity and, 750

postcementation appointment and, 783
Overtapering of axial walls, 212
Overtrimming of die, 449

Oxide layer, 618, 620
Oxides

opaque porcelain and, 616-617
removal of, 611

strength values and, 619
Oxidizing, 613-614

Oxyacetylene torch, 583
Oxyguard 11, 690-691

Oxytalan fiber, 109

P

Pain

chief complaint and, 3

emergency appointment and, 789, 790

lowered and raised thresholds to, 97
myofascial pain dysfunction, 98-99
in temporomandibular joint, 7

treatment of, 76
Palatal root, 121-122

Palatal root amputation, 123
Palladium

in casting, 574-575
in gold-palladium alloy, 501, 505

in gold-palladium-silver alloy, 501, 504-
505

in palladium-copper-gallium alloy, 502,
505-506

in palladium-gallium alloy, 503, 506
in palladium-silver alloy, 502, 505

scanning micrograph of, 618
Palladium-copper-gallium alloy, 502,505-

506
Palladium-gallium alloy, 503, 506

Palladium-silver alloy, 502, 505
Palpation

of cervical lymph nodes, 7

of fremitus, 16
of gingiva, 10

of muscles of mastication, 7-9, 10

of temporomandibular joint, 7,8
Panadent articulator, 48

Panadent Quick Analyzer, 47
Panavia, 677, 690-691, 770, 775, 776

Panoramic film, 18

Panoramic radiograph, 22, 316
Pantograph, 54

posterior articulator controls and, 42
simplified, 46-47

Pantographic tracing, 47, 48, 54
fully adjustable articulator and, 30-31

Para Post drill, 284
Parafunction, 92, 105

Parafunctional movements, 92-94
orthodontic history and, 6

Parallel attachment, 558

Parallel-sided post, 278-279

advantages, disadvantages, and recom-
mendations for, 287

available styles, 290-291

enlargement of canal for, 293

smooth-sided and serrated, 288
stress concentration and, 283

Paralleling device, 245

Parallelometer, 693
ParaPost, 290

ParaPost Plus, 291
ParaPost XH, 291

ParaPost XP, 290
ParaPost XT, 292

Partial-coverage restoration, 230-252
advantages and disadvantages of, 231

anterior, 240-245, 246
armamentarium for, 231-232

conservation of tooth structure and, 170,
171

contraindications for, 230-231
custom single-unit provisional restora-

tion, 402-403
esthetics of, 193-195

facial margin of, 193
grooves and ledges in, 191
indications for, 230

maxillary canine three-quarter crown,
240-245, 246

pinledge preparations, 245-252
contraindications for, 247, 248

indications for, 245-247
maxillary central incisor pinledge, 248-

252
posterior, 232-240

mandibular premolar modified three-
quarter crown, 238-240

maxillary molar seven-eighths crown,
236-238

maxillary premolar three-quarter
crown, 232

occlusal reduction in, 232-236
summary chart for, 258-259

three-quarter crown for maxillary mo-
lars, 236

resistance and, 188-189
Partial-coverage retainer, 801

Partial denture retention, 565
Particle abrasion of alloy, 677, 678

Partitive color mixing, 607
Patch bake, 626

Path of insertion
nonrigid connector and, 707

for removable partial denture, 545
for resin-retained fixed partial denture, 684

Path of placement, 198
Path of withdrawal for removable partial

denture

tooth preparation for, 550-551
treatment planning for, 545, 546



Pathogenic occlusion, 97-99, 106
Patient

adaptability to occlusal abnormality, 97
needs identification of, 59-60
positioning in tooth preparation, 196-197

selection of
for clinical occlusal adjustment, 158

for fiber-reinforced composite fixed
prosthesis, 700-701

Patrix, 81

Pattern for pin-retained cast core, 145, 146
PD Solid and Hollow Post, 289
PD Sprues prefabricated post, 289

Pedicle graft
coronally positioned, 148-150

laterally positioned, 148, 149
Peeso Reamer, 285

Pellicle, 110
Pennyweight, 584

Pentamix machine, 373
Perceived color, 607

Percentage of elongation of alloy, 500
Perception of color, 596-598

Percussion, 22
in mouth preparation, 147

vitality testing and, 18
Perforation of root, 294

Peri-implantitis, 352
Periapical, term, 22

Periapical lesion, 6
mouth preparation and, 147

urgent treatment of, 76
Perikymata, 758
Periodic recall, 783-789

dental caries and, 783-786

history and general examination in, 783
occlusal dysfunction and, 786, 788

oral hygiene, diet, and saliva evaluation,
783,785

periodontal disease and, 786, 787
pulp and periapical health and, 786, 788,

789
Periodontal chart, 11, 12

Periodontal disease
associated with excessively contoured

restoration, 756

correction before prosthodontic treatment,

76,77
etiology of, 110
initial therapy in, 113-116

control of microbial plaque in, 113-115

correction of defective restorations in,
115

evaluation of, 116
minor tooth movement and, 116

root planing in, 115-116
scaling and polishing in, 115
stabilization of mobile teeth in, 116

strategic tooth removal in, 116
maintenance of periodontal status and,

129
modified wax pattern and, 469

pathogenesis of, 110-112

pathogenic occlusion and, 97-98
prognosis in, 129-130

provisional restoration and, 381
recall examination and, 786, 787
restoration with fixed prosthodontics,

803-804
role of occlusal forces in, 157

root shape and angulation in replacement
of several missing teeth and, 71-72

Periodontal disease-cont'd
subgingival margins of cemented restora-

tions and, 173
surgical therapy in, 116-129

bone induction, 119, 120
classification of furcation involvements

and, 121
gingivectomy, 116-117

guided tissue regeneration and, 125-
129,130

mucosal repair, 117-118
odontoplasty-osteoplasty, 122-123

open debridement, 117,118
osseous resection with apically posi-

tioned flaps, 119-120

provisional ization, 124-125
restoration of tooth with resected roots,

125, 126, 127
root amputation, 123-124

root anatomy and, 121-122
Periodontal examination, 9

Periodontal history, 6
Periodontal ligament

cellular elements in, 109
implant location and, 319

Periodontal pockets, 7, 8, 112
elimination of, 123

formation in gingivitis-periodontitis, 111
Periodontal probe

for examination of periodontium, 11
for groove evaluation in partial veneer

crown, 233
Periodontal splinting, resin-retained fixed

partial denture and, 686, 688, 689
Periodontal surgery, 116-129

bone induction, 119, 120
classification of furcation involvements

and, 121
gingivectomy, 116-117

guided tissue regeneration and, 125-129,
130

mouth preparation for fixed prosthodon-
tics and, 147-154

coronally positioned pedicle graft, 148-
150

crown lengthening procedures, 150-151
free autogenous gingival graft, 147-148

laterally positioned pedicle graft, 148,
149

maintenance and reconstruction of in-
terdental papilla, 151-153

mucosal reparative therapy, 147
orthodontic-periodontic extrusion, 153-

154
subepithelial connective tissue graft, 150

surgical crown lengthening, 151
mucosal repair, 117-118

odontoplasty-osteoplasty, 122-123
open debridement, 117, 118

osseous resection with apically positioned
flaps, 119-120

periodontal history and, 6
provisionalization, 124-125

restoration of tooth with resected roots,
125, 126, 127

root amputation, 123-124
root anatomy and, 121-122

Periodontics, 108-134
anatomy in, 108-109
initial therapy, 113-116

control of microbial plaque in, 113-115
correction of defective restorations in,

115

Period ontics-contd
initial therapy-cont'd

evaluation of, 116
minor tooth movement and, 116
root planing in, 115-116

scaling and polishing in, 115
stabilization of mobile teeth in, 116

strategic tooth removal in, 116
maintenance of periodontal status, 129

periodontal disease and, 110-112
prognosis in periodontal disease, 129-130

prosthodontic treatment planning and, 77
surgical therapy, 116-129

bone induction, 119, 120
classification of furcation involvements

and, 121
gingivectomy, 116-117

guided tissue regeneration and, 125-
129,130

mucosal repair, 117-118
odontoplasty-osteoplasty, 122-123

open debridement, 117,118
osseous resection with apically posi-

tioned flaps, 119-120

provisionalization, 124-125
restoration of tooth with resected roots,

125, 126, 127

root amputation, 123-124
root anatomy and, 121-122

ti ming and sequence of treatment, 113
Periodontitis

clinical attachment loss and, 12
correction before prosthodontic

treatment, 76

etiology of, 110
osseous resection with apically positioned

flaps in, 119-120

pathogenesis of, 110-112
Periodontium

anatomy of, 109
evaluation of, 116

examination of, 11, 12
mechanoreceptors in, 36
pathogenic occlusion and, 97-98

postsurgical healing of, 120
Periodontosis, 110

Periradicular, term, 22
Permadyne, 335

Permucosal extension, 328
Persevering, 715

Personal details in history taking, 3
Phenolic disinfection of impression, 376

Phosphate-bonded investment, 573-574, 576
removal of, 611

Phosphorescence, 607
Photoactive, term, 374, 411

Photographic aids for technician, 428
Photon, 594

Photoreceptor process, 607
Phototopic vision, 597, 607

Physical elasticity of muscle, 22
Physical therapy, temporomandibular joint

dysfunction history and, 7

Pickle, 589
Pigment, 640, 669, 763

in porcelain, 609

in provisional restoration, 392
Pilot channel in pinhole preparation, 250

Pin placement
i n foundation restoration, 143

in wax pattern of internal surface of pos-
terior teeth, 464

Pin-retained cast metal core, 140, 145-146

Index
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Pin-retained restoration, impression making
for, 375-376

Pindex system, 434-435, 440, 446
Pinhole

maxillary canine three-quarter crown
and, 243-245, 246

partial veneer crown and, 231

pinledge preparation and, 247, 250-252
Zeiser model system and, 439

Pinledge, 245-252

contraindications for, 247, 248
indications for, 245-247

maxillary central incisor pinledge, 248-
252

treatment presentation of, 801-802
Pinledge retained fixed splint, 247

PKT waxing instruments, 463
Placement, term, 779

Planned retreatment, 797, 798-799
Planning, 59-82

available materials and techniques in,
60-64

cast metal crowns, 60-61
complete ceramic restorations, 62

complete dentures, 64
fiber-reinforced resin technology, 62

fixed partial dentures, 62, 63
i mplant-supported prostheses, 62, 63
metal-ceramic crowns, 61

plastic materials, 60

removable partial dentures, 62, 63
resin-veneered restorations, 61-62

clinical examination and, 7-19

dental charting in, 12-13

diagnosis and prognosis and, 18-20
extraoral, 7-9
general, 7, 8

general alignment in, 15-16
i nitial tooth contact in, 13-15
intraoral, 9-11
j aw maneuverability and, 16

lateral and protrusive contacts in, 16
radiographic, 17-18

vitality testing in, 18-19
computer imaging in, 154,155

diagnosis and prognosis in, 18-20
diagnostic cast in, 25-58

articulating of, 42, 43, 44

complex prosthodontic treatment se-
quence and, 78

for determination of orthodontic tooth
movement, 154,155

i n diagnostic occlusal adjustment, 157

fixed partial denture and, 62
i mpression making for, 25-31

modification of, 51, 53, 54
wear facets and, 13

face-bow and, 31-51
anterior guidance and, 50-51

anterior programming device and,
37-38

anterior programming device with elas-
tomeric record, 40-41

anterior reference point and, 33, 34
arbitrary hinge axis face-bow, 33

centric relation record and, 34-36
centric relation recording technique

and, 38, 39

custom guide table fabrication and,
51,52

face-bow transfer and, 33-34
jaw manipulation and, 36-37

kinematic hinge axis face-bow, 31-33

Planning-cont'd

face-bow and-cont'd

pantographs and, 46-49
posterior articulator controls and, 42-46

recording jaw relationships in partially
edentulous dentitions and, 41

reinforced aluwax record and, 38-39
stereograms and, 50

history taking and, 3-7

chief complaint in, 3, 5
dental history in, 6-7

medical history in, 3-6
personal details in, 3

identification of patient needs in, 59-60
mouth preparation and, 135-163

caries and existing restorations and, 139
coronally positioned pedicle graft and,

148-150
crown lengthening procedures and,

150-151
endodontics and, 146-147

foundation restorations and, 139-146
free autogenous gingival graft and, 147-

148

laterally positioned pedicle graft and,

148,149
maintenance and reconstruction of in-

terdental papilla and, 151-153
mucosal reparative therapy and, 147

occlusal treatment and, 157-160
oral surgery and, 137-138

orthodontic-periodontac extrusion and,
153-154

orthodontic treatment and, 154-157
subepithelial connective tissue graft

and, 150

surgical crown lengthening and, 151

occlusion principles and
anatomy and, 83-87

Angle's classification and, 104
centric relation and, 87

history of occlusal studies and, 94-97
mandibular movement and, 87-94
occlusal treatment and, 99-103

pathogenic occlusion and, 97-99

patient adaptability and, 97
periodontal considerations in, 108-134

anatomy and, 108-109
bone induction and, 119, 120

classification of furcation involvements
and, 121

gingivectomy and, 116-117
guided tissue regeneration and, 125-

129,130
initial therapy and, 113-116

maintenance of periodontal status and,
129

mucosal repair and, 117-118

odontoplasty-osteoplasty and, 122-123

open debridement and, 117, 118
osseous resection with apically posi-

tioned flaps and, 119-120
periodontal disease and, 110-112

prognosis in periodontal disease and,
129-130

prosthodontic treatment planning
and, 77

provisionalization and, 124-125

restoration of tooth with resected roots
and, 125, 126, 127

root amputation and, 123-124
root anatomy and, 121-122

Planning-cont'd

periodontal considerations in-cont'd
timing and sequence of treatment in, 113

for pinledge preparation, 245

selection of abutment teeth, 65-75
indications for removable partial den-

tures, 74-75
replacement of several missing teeth,

69-74
replacement of single missing tooth,

65-69

sequence of treatment, 76-79

definitive therapy, 76-79
follow-up, 79

in periodontal disease, 112-113
stabilization of deteriorating condi-

tions, 76, 77

treatment of symptoms, 76

for tooth loss, 64-65
in tooth preparation, 195-197

Plaque control

after pinledge preparation, 245
after provisional restoration, 381

assessment of, 6
collarless metal-ceramic crown and, 630

connectors and, 709

factor in prognosis of prosthodontic treat-
ment, 19

flossing in, 114

postcementation monitoring of, 783
before prosthodontic treatment, 59, 72

toothbrushing for, 113-114
Plaque control record, 785

Plasma cell, advanced lesion of gingivitis-
periodontitis and, 111, 112

Plaster, 455
Plaster occlusal soldering index, 721-722

Plaster of Paris, 123, 455
Plastic coping, 328, 336

Plastic filling materials in core fabrication,
300-301

Plastic Impression Pin, 289
Plastic materials, limitations of, 60

Plastic pattern for pin-retained cast core,
145,146

Plastic sheath, 328, 336
Plastic sleeve, 328, 336

in Pindex system, 446
Plastic sprue, 568

Plate implant, 314-315
Platinium-gold-palladium prefabricated

post, 294
Platinum foil, 640, 669

Platinum foil matrix, 262, 631-633, 648
historical background of, 644

step-by-step procedure, 663-664
Plunger cusp, 81

Pocket depths, 12
Pocket elimination, 123

Pocket epithelium, 111
Polish, 589

Polishing, 115, 589, 743
of casting, 587, 740

of connector areas, 736
of porcelain surface, 759

Polishing wheel, 739
Polycarbonate crown, 387, 388, 404-406

Polycarbonate fiber-reinforced composite
fixed prosthesis, 701

Polycarboxylate cement, 766, 767
Polyether, 354, 362-363, 378

electroplating and, 434

for impression post, 334, 336



Polyethylene, 699
Polymerization, 309

cement space and, 459
contraction of polysulfide during, 361

of epoxy resin, 433
free-radical, 393-394

heat generation during, 389
Polymethyl methacrylate

gingival ulceration and, 389
for provisional restoration, 391

Polymorphonuclear leukocyte, gingivitis
and periodontitis and, 111

Polypropylene for external surface form,

384,386
Poly(R methacrylate) resin, 391

Polysulfide, 361-362, 378
electroplating and, 434

step-by-step procedure for, 369-372
Polytetrafluoroethylene for guided tissue re-

generation, 126-127
Polyurethane, 433

Polyvinylsdoxane, 363-364, 378

for conformative interocclusal record, 453
for impression post, 334
predictable esthetics of, 427

Pontic, 513-542
biologic considerations, 525-527

occlusal forces in, 527
oral hygiene in, 525-526

pontic material in, 526-527
ridge contact in, 525

cantilever fixed partial denture and, 65
classification of, 520-525

conical pontic, 523, 524
modified ridge lap pontic, 521-523

ovate pontic, 523-525
saddle or ridge lap pontic, 521, 522

sanitary or hygienic pontic, 520-521,
522

design for metal-ceramic restoration, 496,
497

esthetic considerations, 529-534
gingival interface in, 529-531

incisogingival length in, 531-532, 533
mesiodistal width in, 532-534

fabrication of, 534-540
all-metal pontics, 539-540

available materials for, 534, 535
metal-ceramic pontics, 535-539

fixed partial denture and, 62, 63
flossing under, 782

mechanical considerations, 527-529
pretreatment assessment and, 513-519

gingival architecture preservation and,
515-519

pontic space and, 513-514
residual ridge contour and, 514, 515,

516,517
surgical modification and, 514-515, 516,

517
resin-retained fixed partial denture and,

674,687
saddle, 798

span length and, 73
work authorization form information on,

426,427
Pontic materials

biologic considerations, 526-527
mechanical considerations, 527-529

Popping, pathogenic occlusion and, 98
Porcelain, 640, 669

adequate thickness of
in metal-ceramic restoration, 192

Porcelain-cont'd
adequate thickness of-cont'd

in partial-coverage restoration, 194
for veneer, 480, 481

adherence to high-palladium alloys, 620
all-ceramic restoration and

ceramic inlays and onlays, 265-267
complete ceramic crown, 262-265

porcelain laminate veneers, 267-269
summary chart for, 270-271

application to metal-ceramic crown, 621-
627

body and incisal porcelains, 624-627
opaque porcelains, 621-624

cohesive failure of, 619
contouring of, 627-628, 629

disadvantages of, 698
discoloration of, 756

manufacture of, 614-615
metal-ceramic crown and, 216-229

advantages and disadvantages of, 217
armamentarium for, 217-220
axial reduction of proximal and lingual

surfaces in, 222-224
contraindications for, 217

evaluation of, 226-227
finishing of, 224-226

guiding grooves for, 220, 221
indications for, 216-217

labial reduction and, 221-222, 223
occlusal reduction and, 220-221

summary chart for, 228-229
in metal-ceramic pontic, 538-539

for pontic, 526-527
selection criteria for, 620-621

technique for, 615-616
thickness of veneer, 488, 489

types of, 616-617
Porcelain-alloy bonding, 617-620

Porcelain jacket crown, 643-672
aluminous core ceramics, 647, 648, 649,

650
esthetics and, 592-608

balance in, 599, 600
light and color in, 592-598

midline and, 599-600
proportion in, 598-599, 600

shade selection and, 600-605
smile anatomy in, 598, 599

fixed partial dentures, 666
foundation restoration, 666-667

high-strength ceramics for, 644
historical background of, 643-644

hot-pressed ceramics, 653-656
inlays and onlays, 665-666

machined ceramics, 656-660
metal-reinforced systems, 660-663

porcelain labial veneer, 663-664
resin-bonded ceramics, 667-668

selection of, 663
slip-cast ceramics, 647-653

strengthening mechanisms of dental ce-
ramics, 644-645

Porcelain labial finish line, 640
Porcelain labial margins of metal-ceramic

crown, 630-637
advantages and disadvantages of, 630

direct lift technique in, 633-635
framework design for, 630-631

indications and contraindications for, 630
methods of fabrication, 631

platinum foil matrix technique in, 631-633
porcelain wax technique in, 635-637

Porcelain labial veneer, 663-664
Porcelain laminate veneer, 267-269

Porcelain-metal interface
cut-back in veneering area and, 495
occlusal rest seat and, 548

sliding contact over, 482-484, 490-492
Porcelain release agent, 633

Porcelain restoration
characterization and glazing of, 758-762

armamentarium for, 759, 760
shade modification and, 760-762

step-by-step procedure for, 759-760
deficient proximal contact in, 749

evaluation of, 747
Porcelain stain, 627

Porcelain veneer
alloys for, 501-509

thickness of, 480, 481
Porcelain wax technique for porcelain labial

margin, 635-637
Porosity, 589, 669

of casting, 569, 587-588
fabrication defects and, 644

firing and, 644
strength values and, 619

Positional stability, 83
Posselt's representation of mandibular

movement, 88-90
Post, 309

cementing of, 274-275
diameter of, 280
effects of length of, 279, 280

fabrication of, 294-298
radiographs of, 288

removal of existing, 274, 304-307, 308
rotational resistance and, 283

surface texture of, 280, 281

Post-and-core, 272-274
all-ceramic, 666

available systems, 287
clinical failure of, 274
in endodontically treated abutments, 67

impression making and, 376
provisional restoration, 408-409

resistance form and, 281-283
rotational resistance and, 283

successful design of, 277
Postcementation appointment, 783, 784

Postcementation sensitivity, 767, 768

Postceramic solder, 713, 714, 718
Posterior articulator controls, 42-46

Posterior border movement, 106
Posterior determinants, 90, 91
Posterior mandible, implant location in, 320

Posterior maxilla, implant location in, 319,

320
Posterior restoration

complete cast crown for, 203-215

advantages of, 203-204
alignment grooves for axial reduction

in, 208-209
axial reduction in, 209-211

contraindications for, 204-205

criteria for, 205-206
disadvantages of, 204

evaluation of, 212-213
finishing of, 211-212
guiding grooves for occlusal reduction

in, 206-207
indications for, 204

occlusal reduction in, 207-208
summary chart for, 215

Index



Posterior restoration-cont'd

in endodontically treated tooth, 275-276
i ndirect pattern for core fabrication,

302,303
retention form and, 280-281, 282

partial-coverage, 232-240
mandibular premolar modified three-

quarter crown, 238-240
maxillary molar seven-eighths crown,

236-238

maxillary premolar three-quarter
crown, 232

occlusal reduction in, 232-236

summary chart for, 258-259
three-quarter crown for maxillary

molars, 236
ti ming of, 77

wax pattern for, 464-480
axial contours, 470, 475, 476

axial surfaces, 468-469
cusp height and location, 474-475
i nternal surface, 464-466

margin finishing in, 478-480

occlusal scheme in, 471-474
occlusal surfaces, 470-471, 472

proximal surfaces, 467-468
removal of pattern, 356-357

secondary ridges, 476-478
triangular ridges, 475-476, 477

waxing inlays and onlays and, 480, 481
Posterior tooth preparation

for fiber-reinforced composite fixed pros-
thesis, 701

for resin-retained fixed partial denture,

686-688, 689
Postoperative care, 782-817

emergency appointments and, 789-797

fractured connector and, 789-795
fractured porcelain veneer, 795-797
l oose abutment retainer and, 789, 790,

791-794

pain and, 789, 790

evaluation of dental implant, 326
periodic recall and, 783-789

dental caries and, 783-786
history and general examination in, 783

occlusal dysfunction and, 786, 788
oral hygiene, diet, and saliva evalua-

tion, 783, 785
periodontal disease and, 786, 787

pulp and periapical health and, 786,
788,789

postcementation appointments and, 783,
784

retreatment, 797-799
treatment presentations, 799-815

anticipation of future needs, 806
extensive fixed and removable prostho-

dontics, 805
full mouth rehabilitation, 802-803
l ong-term follow-up of comprehensive

rehabilitation of periodontally com-

promised dentition, 812-813
long-term follow-up of comprehensive

rehabilitation with fixed and remov-
able prostheses, 807-809

l ong-term follow-up of comprehensive
rehabilitation with fixed prostheses,
810-811

long-term follow-up of fixed partial

denture, 814-815
partial-coverage retainer, 801

Postoperative care-cont'd
treatment presentations-cont'd

periodontal disease restored with fixed
prosthodontics, 803-804

pinledges, 801-802
simple fixed partial dentures, 801

single cast restoration, 800
Postoperative pain, foundation restoration

and, 143

Postsoldering, 715, 717
Postsurgical healing in osseous resection

with apically positioned flaps, 120

Potassium aluminum silicate orthoclase, 614
Pouch technique for Class I residual ridge

defect, 515, 517

Preceramic application soldering, 715, 725-
726

Preceramic solder, 713
Precious casting alloy, 504

Precious metal alloy, 693
Precision attachment, 543, 558, 565

Prefabricated extracoronal attachment, 557
Prefabricated intracoronal attachment, 558-

560
Prefabricated plastic pin in impression mak-

ing, 375-376
Prefabricated post in endodontically treated

tooth restoration, 276, 277
classification of, 288

currently available styles, 289-292
diameters of, 293

enlargement of canal for, 293
fabrication of, 294-295, 296, 297
materials for, 272

removal of, 278-279

Prefabricated sprue, 567
Prefabricated wax pontic, 536

Preformed external surface form, 384-388
Preliminary cast, 57

Preliminary impression, 57
Preload between implant and crown, 346-

347

Premature tooth contact

centric relation record and, 34-36
elimination of centric relation interfer-

ences and, 158
Premolar

average crown and root lengths, 284
average root diameters and recom-

mended post sizes, 286
mandibular

amalgam restoration of, 281
modified three-quarter crown for, 238-

240

occlusal scheme of, 466

three-unit fixed partial denture for, 2
maxillary

cuspal coverage in endodontically
treated tooth, 276

occlusal scheme of, 466

single-piece casting for, 282

three-quarter crown for, 232
root canal configurations, 287

Premolarization, 124,127

Preoperative records, 22
Preoperative wax-up, 57

Preparation margin marking, 460
Preparatory treatment, 135-163, 166-201

for all-ceramic restoration, 262-271

ceramic inlays and onlays, 265-267
complete ceramic crown, 262-265

porcelain laminate veneers, 267-269
summary chart for, 270-271

Preparatory treatment-cont'd
biologic considerations in, 166-181

axial reduction and, 171-173
conservation of tooth structure and,

170-171, 172
margin adaptation and, 174, 175

margin geometry and, 174-180
margin placement and, 173-174
occlusion and, 180

preventing tooth fracture and, 180-181
prevention of damage and, 166-170

caries and existing restorations and, 139
for complete cast crown, 206-213

alignment grooves for axial reduction
in, 208-209

axial reduction in, 209-211
evaluation of, 212-213

finishing of, 211-212
guiding grooves for occlusal reduction

in, 206-207
occlusal reduction in, 207-208

summary chart for, 215
coronally positioned pedicle graft and,

148-150
crown lengthening procedures and, 150-

151
diagnostic, 195-197

in endodontically treated tooth restora-
tion, 276-283

conservation of tooth structure, 276-278
coronal tooth structure and, 294

removal of endodontic filling material
and, 283-286, 287

resistance form and, 281-283
retention form and, 278-281

endodontics and, 146-147
esthetic considerations in, 191-195

metal-ceramic restoration and, 192-193
partial-coverage restoration and, 193-

195

foundation restorations and, 139-146
amalgam core, 140-143

composite resin, 145
condensation and, 143

contouring and finishing in, 143
glass ionomer core, 144-145

matrix placement and, 143,144

pin-retained cast core, 145-146
selection criteria for, 139-140

free autogenous gingival graft and, 147-

148
laterally positioned pedicle graft and, 148,

149
maintenance and reconstruction of inter-

dental papilla and, 151-153
mechanical considerations in, 181-191

deformation and, 189-191
resistance form and, 185-189

retention form and, 181-185
mucosal reparative therapy and, 147

occlusal treatment and, 157-160
oral surgery and, 137-138

orthodontic-periodontic extrusion and,
153-154

orthodontic treatment and, 154-157
patient and operator positioning in, 196-

197
responsibility of dentist before laboratory

procedures, 420
subepithelial connective tissue graft and,

150
surgical crown lengthening and, 151

Pressable high leucite, 645

Index



Index

Pressoreceptor,92

Pretreatment planning, 59-82
available materials and techniques in,

60-64
cast metal crowns, 60-61

complete ceramic restorations, 62
complete dentures, 64

fiber-reinforced resin technology, 62
fixed partial dentures, 62, 63
implant-supported prostheses, 62, 63

metal-ceramic crowns, 61
plastic materials, 60

removable partial dentures, 62, 63
resin-veneered restorations, 61-62

clinical examination and, 7-19
dental charting in, 12-13

diagnosis and prognosis and, 18-20
extraoral, 7-9

general, 7, 8
general alignment in, 15-16

initial tooth contact in, 13-15
intraoral, 9-11

jaw maneuverability and, 16
lateral and protrusive contacts in, 16

radiographic, 17-18
vitality testing in, 18-19

computer imaging in, 154,155
for dental implant, 315-318

bone sounding in, 318
clinical evaluation in, 315-316

diagnostic casts in, 316-317, 318
radiographic evaluation in, 316, 317

restoration size and, 321
single tooth implant, 323

diagnosis and prognosis in, 18-20
diagnostic cast in, 25-58

articulating of, 42, 43, 44

complex prosthodontic treatment se-

quence and, 78
for determination of orthodontic tooth

movement, 154,155

in diagnostic occlusal adjustment, 157
fixed partial denture and, 62

i mpression making for, 25-31
modification of, 51, 53, 54

wear facets and, 13
in endodontically treated tooth restora-

tion, 272-276
anterior teeth considerations, 274-275

clinical failure and, 274
posterior teeth considerations, 275-276

face-bow and, 31-51
anterior guidance and, 50-51

anterior programming device and,
37-38

anterior programming device with elas-
tomeric record, 40-41

anterior reference point and, 33, 34
arbitrary hinge axis face-bow, 33

centric relation record and, 34-36
centric relation recording technique

and, 38, 39
custom guide table fabrication and,

51,52
face-bow transfer and, 33-34

jaw manipulation and, 36-37
kinematic hinge axis face-bow, 31-33

pantographs and, 46-49
posterior articulator controls and, 42-46

recording jaw relationships in partially
edentulous dentitions and, 41

reinforced aluwax record and, 38-39

stereograms and, 50

Pretreatment planning-cont'd

history taking and, 3-7
chief complaint in, 3, 5

dental history in, 6-7
medical history in, 3-6

personal details in, 3
identification of patient needs in, 59-60

mouth preparation and, 135-163
caries and existing restorations and, 139
coronally positioned pedicle graft and,

148-150
crown lengthening procedures and,

150-151
endodontics and, 146-147

foundation restorations and, 139-146
free autogenous gingival graft and, 147-

148

laterally positioned pedicle graft and,
148,149

maintenance and reconstruction of in-
terdental papilla and, 151-153

mucosal reparative therapy and, 147

occlusal treatment and, 157-160
oral surgery and, 137-138

orthodontic-periodontac extrusion and,
153-154

orthodontic treatment and, 154-157
subepithelial connective tissue graft

and, 150
surgical crown lengthening and, 151

occlusion principles and
anatomy and, 83-87

Angle's classification and, 104
centric relation and, 87

history of occlusal studies and, 94-97
mandibular movement and, 87-94

occlusal treatment and, 99-103
pathogenic occlusion and, 97-99

patient adaptability and, 97
periodontal considerations in, 108-134

anatomy and, 108-109
bone induction and, 119, 120

classification of furcation involvements
and, 121

gingivectomy and, 116-117
guided tissue regeneration and, 125-

129,130
initial therapy and, 113-116

maintenance of periodontal status and,
129

mucosal repair and, 117-118
odontoplasty-osteoplasty and, 122-123
open debridement and, 117,118

osseous resection with apically posi-
tioned flaps and, 119-120

periodontal disease and, 110-112

prognosis in periodontal disease and,
129-130

prosthodontic treatment planning
and, 77

provisionalization and, 124-125

restoration of tooth with resected roots

and, 125, 126, 127
root amputation and, 123-124
root anatomy and, 121-122

timing and sequence of treatment in,
113

in periodontal disease, 112-113
selection of abutment teeth, 65-75

indications for removable partial den-
tures, 74-75

replacement of several missing teeth,
69-74

Pretreatment planning-cont'd

selection of abutment teeth-cont'd
replacement of single missing tooth,

65-69
sequence of treatment, 76-79

definitive therapy, 76-79
follow-up, 79

stabilization of deteriorating condi-
tions, 76, 77

treatment of symptoms, 76

for tooth loss, 64-65
Pretreatment record, 22

Prevention
of damage during tooth preparation, 166-

167
of tooth fracture, 180-181

Primary colors, 607
Primary occlusal trauma, 131

Probing depths, 11, 12
ProCad system, 647, 658

Procera crown system, 508-509, 647, 658-660
Prognosis, 18-20

Ante's law and, 71
in periodontal disease, 129-130

restorative history and, 6
Proportion, esthetics and, 598-599, 600

Proportional length of alloy, 499
Proportional limit of alloy, 499, 511, 589

ProPost, 290
Prosthesis, 328, 337
Prosthesis-retaining screw, 337

Prosthetic failure in dental implant, 350
Prosthetic restoration, 22

Protective reflexes, 16
anterior programming device and, 37-38

diagnostic casts and, 25
mechanoreceptors in periodontium

and, 36

Protrusion, 106
elimination of interference, 159-160
evaluation of contact, 16

pterygoid muscles and, 86
Protrusive deflection, 161

Protrusive interocclusalrecord, 57
Protrusive movement, 88, 89

Protrusive record, 42, 47
Provisional abutment, 328, 343

Provisional cementation, 765
Provisional prosthesis, 80

Provisional restoration, 380-416
aluminum crown forms, 406-408, 409

armamentarium for, 394-395
biologic requirements of, 380-382

cementation in, 410-412
custom indirect-direct provisional fixed

partial dentures, 399-402
custom indirect provisional fixed partial

denture, 396-399
custom single-unit provisional restora-

tion, 402-403
in endodontically treated tooth, 302-303

esthetic enhancement of, 413-415
esthetic requirements of, 383-384

evaluation of, 746
external surface form in, 384-388

free-radical polymerization in, 393-394
laminate veneers, 403-404

mass-produced ESF provisional crowns,
404

materials for, 391-392
mechanical requirements of, 382-383

monomer properties in, 394
polycarbonate crown forms, 404-406
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Provisional restoration-cont'd

post-and-core, 408-410

removal, recementation, and repair of,
412-413

tissue surface form in, 388-391

try-in of, 428
Provisional stain kit, 413

Provisionalization, 124-125
Proximal box

in inlay, 254-255

in onlay, 255, 256

Proximal coloration, 761
Proximal contact

in custom indirect provisional fixed par-
tial denture, 398

designing cut-back of veneering surface
and, 493

evaluation of, 747-749
finishing of cast restoration and, 734-735

lower-fineness gold solder and, 713-714
porcelain laminate veneer and, 268, 269
wax pattern and, 467-468

Proximal groove pinledge preparation, 248
Proximal guide plane

minor connectors and, 548
wax pattern and, 554-555

Proximal margin

of partial-coverage restoration, 193-194
of porcelain laminate veneer, 269

Proximal reduction, 192,193

in partial veneer crown, 234
in pinledge preparation, 248-249

Proximal slice pinledge preparation, 248
Proximal surface of tooth, wax pattern and,

467-468
Psychophysiologic theory of myofascial

pain dysfunction, 98
Pterygoid muscle palpation, 10
Pulp

damage during tooth preparation, 167,
169-170

dimensions related to coronal contour,
168

evaluation during recall examination, 786,

788,789
protection in provisional restorations,

380-381
relationship between pinhole placement

and, 251
toxicity of zinc phosphate cement and,

766

vitality testing of, 18-19
Pulp capping, 161

amalgam core and, 141
Pulpitis, 22

Pulse, general examination and, 7
Pumice, 415

Pure white light, 592, 593
Pyroplastic flow, 615, 629, 756

Q

Quartz, 590, 640

for investment, 572, 573

in porcelain manufacture, 614
in soldering investment, 715

Quenching after soldering, 714

Questionnaire
for dental-medical history, 3, 4

for temporomandibular joint
dysfunction, 7

R

Radiation therapy, 4

Radiograph, 22
in dental implant

evaluation before implant, 316, 317
hybrid prosthesis restoration, 344
impression and, 335
postoperative evaluation, 326

endodontic history and, 6
in initial examination, 15, 17-18

Radiographic history 7

Radiolucent, term, 22
Radiopacity of luting agents, 768, 784

Radiopaque, term, 22
Radix Anchor, 292

Raised threshold to pain, 97
Range of motion, 22

Reattachment, 131
guided tissue regeneration and, 125

Rebonding of resin-retained fixed partial
denture, 680

Recall examination, 783-789
dental caries and, 783-786

of dental implant, 349-350
history and general examination in, 783

occlusal dysfunction and, 786, 788
oral hygiene, diet, and saliva evaluation,

783,785
periodontal disease and, 786, 787

pulp and periapical health and, 786, 788,
789

Recementation of provisional restoration,
412-413

Reciprocal arm of removable partial den-
ture, 63, 549

Reciprocal clasp, 549

Reciprocal click, 22
Reciprocation, 566

Reconstruction of interdental papillae, 151-
153

Record, 22, 57
Record base, 57

Record base with wax rims, 544, 552
Reduced interarch distance, 22

Reduction
in all-ceramic crown, 265

in complete ceramic crown, 262

conservation of tooth structure and, 172
deformation and, 190, 191

esthetic considerations in, 192, 193, 638
external surface form as guide for, 386

in metal-ceramic crown, 216, 217, 220-222,
223

porcelain laminate veneer and, 268-269
for retainer in removable partial denture,

552

Reduction gauge, 208
Reference planes, 87-88

Reflectance, 607
Reflecting mucosa, 108

Reflection of flap, 119
Reflowing margin, 479, 496

Reflowing of wax pattern, 733
Refraction, 607

Refractory cast, 665, 669
Refractory die, 647-649, 665-666

Refractory investment, 590
Refractory investment materials, 572

Refractory mold, 568, 590
for hot-pressed ceramics, 654

Reinforced aluwax record, 38-39
Remount, 753-756, 763

Removable die system, 431, 434-435
sectioning of, 448

Removable partial denture
complete cast crown support of, 204

indications for, 74-75
integration with fixed prosthesis, 564

laboratory checks of, 429
limitations of, 62, 63

retainers for, 543-566
attachments for, 557-562, 563
bars, studs, and magnets for, 561-562,

563
design of, 546-548

extracoronal attachments for, 557, 558
fabrication of crown for existing remov-

able partial denture, 556-557
finishing of, 555-556
impression making for, 552
intracoronal attachments for, 557-561,

562
reciprocation and, 549

retention and, 549
tooth preparation for, 549-552

try-in and cementation of, 556
wax pattern fabrication for, 552-555

Removable prosthodontic history, 6-7
Removal of provisional restoration, 412-413

Removal of wax pattern, 466-467
Reorganized occlusion, 450-452
Repair of provisional restoration, 412-413

Replica, 455
Reproducible hinge movement, 53

Resection of root, 272, 273
Residual bone, 81

Residual compressive stress, ceramic and,
618-619

Residual ridge, 81, 513, 540
contour of, 514, 515, 516, 517

incision for implant placement, 325
mandibular dental implant and, 320

overdenture and, 64
resorption of, 540

surgical modification of, 514-515, 516, 517
Residual ridge crest, 540

Resin, 305, 411
for abrasion resistance of gypsum, 433

for blocking out undercuts, 458
in custom tray fabrication, 364-365

as die material, 433
in fabrication of occlusal device, 100, 101

for foundation restoration, 140
heat generation during polymerization,

389
layering for coronal translucency, 414

post and core restorations and, 280, 297
for provisional restoration, 391-392

softening by free eugenol, 411
Resin-bonded ceramics, 667-668

Resin-bonded prosthesis, 682, 693
Resin bonding technique, 777
Resin crown, 415

Resin luting agents, 769, 770, 775, 776

Resin-modified glass-ionomer luting agents,
768-769,771

Resin-reinforced glass ionomer, 768
Resin-retained fixed partial denture, 673-696

advantages of, 680-681
bonded pontics in, 674

cast perforated, 674, 675
chemical bonding, 676-679

contraindications for, 683-684
design concepts for, 679-680
disadvantages of, 681-682

etched cast, 674-675
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Resin-retained fixed partial denture-cont'd

fabrication of, 684-691
anterior tooth preparation and frame-

work design in, 685-686
bonding restoration in, 690-691

laboratory procedures in, 688-690
posterior tooth preparation and frame-

work design in, 686-688, 689
preparation of abutment teeth in, 684-

685
indications for, 682-683

laboratory procedures in, 688-690
macroscopic mechanical, 675-676
recall, follow-up, and failure of, 691-692

review of technique, 692
Resin veneer template for implant restora-

tion, 323-325
Resin-veneered pontic, 528-529

Resin-veneered restoration, 61-62
ResinRock, 433

Resistance area, 186
Resistance form, 185-189, 198, 693

complete cast crown and, 203
in endodontically treated tooth restora-

tion, 281-283
foundation restoration and, 141-143

geometry of tooth preparation and, 188-
189

inlay and, 253
magnitude and direction of dislodging

forces and, 186-188
maxillary canine three-quarter crown

and, 243

partial veneer crown and, 231

physical properties of luting agent and,
189,190

resin-retained fixed partial denture and,
682

Resorbable barrier for guided tissue regen-
eration, 126

Resorption

of bone
dental implant and, 347-348

pontic and, 531
of residual ridge, 515

of root, 6
Respiration, general examination and, 7

Rest seat
planning for, 547-548

tooth preparation for, 551
Restoration

after root resection, 125, 126, 127
all-ceramic, 262-271

ceramic inlays and onlays, 265-267
complete ceramic crown, 262-265

porcelain laminate veneers, 267-269
summary chart for, 270-271

bonding of, 776-778
cementation of, 693, 765-781

for ceramic veneers and inlays, 775-778
choice of luting agent for, 769-771

dental cements, 765-769
fiber-reinforced composite fixed pros

theses and, 704-705
preparation of restoration and tooth

surface for, 771-775
provisional, 765

resin-bonded prosthesis and, 682
of retainer, 556

review of technique, 778-779
charting of, 13

complete cast crown, 203-215
advantages of, 203-204

Restoration-cont'd
complete cast crown-cont'd

alignment grooves for axial reduction
in, 208-209

axial reduction in, 209-211
contraindications for, 204-205

criteria for, 205-206
disadvantages of, 204

evaluation of, 212-213
finishing of, 211-212

guiding grooves for occlusal reduction
in, 206-207

indications for, 204
occlusal reduction in, 207-208

summary chart for, 215
correction of defective or overhanging,

115
deformation of, 189-191

of endodontically treated tooth, 272-312
cementation in, 304, 305

conservation of tooth structure in, 276-
278

core fabrication in, 300-302

enlargement of canal in, 287-294
evaluation of, 304, 305

investing and casting in, 303-304

post fabrication in, 294-298
preparation of coronal tooth structure,

294

provisional restorations in, 302-303
removal of endodontic filling material,

283-286,287
removal of existing posts in, 305-307,

308
resistance form in, 281-283

retention form in, 278-281
treatment planning in, 272-276

evaluation of, 746-758
ceramic restorations, 756-758

margin integrity, 749-751
occlusion, 751-756

provisional restoration and luting
agent, 746

proximal contacts, 747-749
sequence of, 746-747

stability, 751
foundation, 139-146

amalgam core, 140-143
condensation and, 143

contouring and finishing of, 143
glass ionomer core, 144-145

matrix placement in, 143, 144
preparation design for, 139-140

selection criteria for materials in, 139-
140

i mplant, 326-347
abutments in, 330-333

cement-retained versus screw-retained
i mplant crowns, 344-347

connection to natural teeth in, 348-349
cover screw in, 329
distal-extension, 337-338

fabrication of, 326, 327
fixed restoration in completely edentu-

lous arch, 341-344, 345
framework fit in, 349

healing abutment in, 329-330
implant body in, 326-329

impression posts in, 333-335
laboratory analogs in, 335-336

long edentulous span restoration, 338,
339

maintenance of, 349-350

Restoration-cont'd
implant-cont'd

placement of, 321, 322
prosthesis-retaining screws in, 337
restoration size and, 321, 323

single tooth, 323, 338-341, 342, 343
waxing sleeves in, 336, 337

metal-ceramic crown, 216-229
advantages and disadvantages of, 217

armamentarium for, 217-220
axial reduction of proximal and lingual

surfaces in,222-224
contraindications for, 217
evaluation of, 226-227

finishing of, 224-226
guiding grooves for, 220, 221

indications for, 216-217

labial reduction and, 221-222, 223
occlusal reduction and, 220-221

summary chart for, 228-229
mouth preparation and, 139
partial-coverage, 230-252

advantages and disadvantages of, 231
anterior, 240-245, 246

armamentarium for, 231-232
conservation of tooth structure and,

170,171
contraindications for, 230-231

esthetics of, 193-195
facial margin of, 193

grooves and ledges in, 191
indications for, 230

mandibular premolar modified three-
quarter crown, 238-240

maxillary canine three-quarter crown,
240-245, 246

maxillary molar seven-eighths crown,
236-238

maxillary premolar three-quarter
crown, 232

occlusal reduction in, 232-236
pinledge preparations, 245-252
resistance and, 188-189

summary chart for, 258-259
three-quarter crown for maxillary mo-

lar, 236
pinledge preparation, 245-252

contraindications for, 247, 248
indications for, 245-247

maxillary central incisor pinledge, 248-
252

postoperative care, 782-817
anticipation of future needs, 806

emergency appointments and, 789-797
extensive fixed and removable prostho-

dontics, 805
full mouth rehabilitation, 802-803

long-term follow-up of comprehensive
rehabilitation of periodontally com-

promised dentition, 812-813
long-term follow-up of comprehensive

rehabilitation with fixed and remov-
able prostheses, 807-809

long-term follow-up of comprehensive
rehabilitation with fixed prostheses,

810-811
l ong-term follow-up of fixed partial

denture, 814-815
partial-coverage retainer, 801

periodic recall and, 783-789
periodontal disease restored with fixed

prosthodontics, 803-804
pinledges,801-802
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Restoration-cont'd

postoperative care-cont'd
postcementation appointments and,

783,784
retreatment, 797-799

simple fixed partial dentures, 801
single cast restoration, 800

provisional, 116-117, 372-418
aluminum crown forms, 406-408, 409

armamentarium for, 394-395
biologic requirements of, 380-382

cementation in, 410-412
custom indirect-direct provisional fixed

partial dentures, 399-402
custom indirect provisional fixed par-

tial denture, 396-399
custom single-unit provisional restora-

tion, 402-403
esthetic enhancement of, 413-415

esthetic requirements of, 383-384
external surface form in, 384-388

free-radical polymerization in, 393-394
laminate veneers, 403-404
mass-produced ESF provisional

crowns, 404
materials for, 391-392

mechanical requirements of, 382-383
monomer properties in, 394

polycarbonate crown forms, 404-406
post-and-core, 408-410

removal, recementation, and repair of,
412-413

tissue surface form in, 388-391
Restorative history, 6

Restricted movement of mandible, 7, 8
Retainer, 543-566, 693

attachments for, 557-562, 563
bars, studs, and magnets, 561-562, 563

extracoronal, 557, 558
intracoronal, 557-561, 562

complete cast crown used as, 204
fabrication of crown for existing remov-

able partial denture, 556-557
finishing of, 555-556
i mpression making for, 552

laboratory checks of, 429

loose, 789, 790, 791-794
metal-ceramic crown as, 216-217

partial veneer crown as, 230
pinledge as, 245
pontics and, 62

in resin-retained fixed partial denture, 692
tooth preparation for, 549-552

axial contours, 552
path of withdrawal, 550-551

rest seats, 551
treatment planning for, 543-549

design, 546-548
reciprocation, 549

retention, 549
try-in and cementation of, 556

unrestored abutments and, 67
wax pattern fabrication for, 552-555

guide planes in, 554-555
occlusal rest seats in, 554, 555

survey line in, 552-554
Retaining screw, 328, 337

for angled abutment, 332
Rete ridge, gingivitis and periodontitis and,

111

Retention, 181, 693
for amalgam core, 300

complete cast crown and, 203

Retention-cont'd

depth of embedding post and, 279, 280
effect of luting agent on, 769

electrolytic etching for, 673
features in foundation restoration, 139-

140
luting agent and, 185, 186

mandibular premolar modified three-
quarter crown and, 238

materials being cemented and, 185
maxillary canine three-quarter crown

and, 243

partial veneer crown and, 230, 231
of plaque in damaged tooth, 167

polycarboxylate cement and, 766
resin-retained fixed partial denture and,

683
retainer and, 549

roughness of surface being cemented and,
185

surface area and, 184
taper and, 183-184

type of preparation and, 184-185
Retention form, 181-185, 198, 693

endodontically treated tooth restoration
and, 278-281

geometry of tooth preparation and, 182-
185

inlay and, 253
magnitude of dislodging forces and, 181-

182

resin-retained fixed partial denture and,
692

Retentive arm of removable partial denture,

63,549
Retreatment, 797-799

Retrodiscal pad, 83, 84
Retrodiscal tissue, 106

Retruded contact position, 20, 106
Reuse of provisional restoration, 383
Reverse articulation, 22

Reversible hydrocolloid, 360, 361, 378
step-by-step procedure for, 372-375

Ribbond, 699
Richwill Crown and Bridge Remover, 793

Ridge augmentation, 540
ovate pontic with, 524-525

Ridge crest, 540
Ridge defect, bone loss and, 74

Ridge lap, 540
Ridge lap pontic, 520, 521, 522

Rigid connector, 707-709, 710, 711, 730
Ring liner, 569-570

Ringless investment technique, 570
Risk factors to dentist and personnel, 6

Rocatec System, 678-679
Rockwell test, 499

Rod, 596-597, 607
Roll technique for Class 1 residual ridge de-

fect, 515, 516
Root, 309

amputation of, 123-124
provisionalization after, 124-125

restoration after, 125, 126, 127
anatomy of, 121-122

fracture of, 123
emergency appointment and, 789, 790

post length and, 280
perforation of, 294
resection of, 272, 273

resorption subsequent to orthodontic
treatment, 6

Root-cont'd
shape and angulation in replacement of

several missing teeth, 71-73
surface area assessment in potential abut-

ment teeth, 69-71
surgical crown lengthening and, 151

Root canal
configurations of, 287

endodontically treated tooth restoration
and

conservation of tooth structure and,
276,277

enlargement of, 287-294

parallel-sided post and, 278, 279
removal of endodontic filling material

and, 283-286, 287
Root caries, 785-786

Root form endosteal implant, 313, 314, 315
Root planing, 115-116

Rotary instrument
for removing gutta-percha, 284, 285

scanning electron micrograph of, 170
taper and, 184

Rotation of mandible, 84
in horizontal plane, 88, 89

in sagittal plane, 87-88
Rotational hinge movement, 53

Rotational resistance, 283
of dowel in removable die, 434

Rouge, 739, 741, 743
Rough casting, 581, 587, 741
Roydent Bridge and Crown Remover, 792

Rubber crucible former, 569
Rubber dam isolation

in amalgam core, 140
in ceramic inlays and onlays, 267

in class 11 inlay preparation, 253
in composite resin foundation, 145

in fiber-reinforced composite fixed pros-
thesis, 700

in impression making, 356
Rubber point, 738

Rubber wheel, 738
Ruthenium, 504

S

Saddle pontic, 520, 521, 522, 798

Safe-tip rotary instrument, 284, 285
Sag in soldering, 718

Sagittal plane, 106
rotation of mandible in, 87-88

Saliva
control in impression making, 355-356

evaluation in periodic recall examination,
783,785

Salt crystal technique in Virginia bridge,
675-676

Sandblasting in resin bonding, 678-679
Sandpaper disk, 738

Sandpaper prepared gold alloy, 678
Sanitary pontic, 520-521, 522

Saturation, 607
Saw cuts in sectioning removable dies, 448

SB Post, 291
Scaling, 115

Scanning electron micrograph
of alloy-porcelain interface, 616, 618
of cast gold alloy, 740

of etched alloy, 675
of glass fiber, 699

of gypsum-bonded and phosphate-
bonded investments, 573

of implant and abutment, 323
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Scanning electron micrograph-cont'd
of margin designs, 176
of pontic material, 526

of rotary instrument, 170
of shoulder margin, 179

Scotopic vision, 596-597, 607
Screening questionnaire

for dental-medical history, 3, 4
for temporomandibular joint

dysfunction, 7
Screw driver, 328, 334

Screw loosening in single tooth implant,
339, 340, 347

Screw-retained implant crown, 244-247
Sealing screw, 328
Seating tool, 328

Second molar

average crown and root lengths, 284
average root diameters and recom-

mended post sizes, 286
mesially tilted, fixed partial denture and,

67-69

occlusal scheme of, 466
Second premolar

average root diameters and recom-

mended post sizes, 286
occlusal scheme of, 466

Secondary occlusal trauma, 131

Secondary ridge in wax pattern, 476-478
Sectioning removable dies, 448

Seibert classification of residual ridge defor-
mities, 514, 515

Selective occlusal grinding, 157
Self-threading pin, 145

Semiadjustable articulator, 28-30, 57
Semiprecious casting alloy, 504

Semiprecious metal alloy, 693
Semiprecision attachment, 348, 560

Sensitivity
chief complaint and, 3

to nickel, 507
Sensory mucosa, 108

Separating medium, 486
Sequential wax addition technique, 471, 472

Serial tomography, 18
Setting expansion of dental casting invest-

ment, 569, 572, 590
Setting mechanism of dental cement, 765

Seven-eighths crown for maxillary molar,
236-238

Shade, 607

modification of, 760-762

selection of, 426-427, 600-605
Shade distribution chart, 427, 605

ShadeEye-EX Chroma Meter, 597
Sharpey's fibers, 109

Shear strength of porcelain, 619
Shearing stress, 511
Shim stock, 8, 155, 449

to evaluate proximal contacts, 747

to identify occlusal contacts, 752
Shock-absorbing elements in dental im-

plant, 349

Shoulder bevel margin, metal-ceramic
crown and, 225

Shoulder margin, 175, 176, 178, 179

all-ceramic restoration and, 263
i n metal-ceramic crown, 224-225

Shoulder with bevel margin, 175, 176

Shoulderless margin, 174, 176
Shrink-pot porosity, 590

Shrinkage values from firing metal-ceramic
crown, 626

Silanating of resin-bonded ceramics, 668
Silica, 590, 640, 669

in Borax glass, 714
hydrofluoric acid removal of, 611

Silica-bonded investment, 572
Silicoater MD system, 677

Silicon, 614-615
Silicone

addition, 361, 363-364
condensation, 361, 362

Silver amalgam, 60
Silver cyanide, 576

Silver-palladium alloy, 502, 505
for cast connector, 713

Silver plating, 434
Simple fixed partial denture, 801

Simplified pantograph, 46-47
Single cast restoration, 800

Single casting, 570-571
Single-mix technique in impression making,

371

Single-rooted tooth, core fabrication for, 301
Single tooth implant, 338-341, 342, 343

connecting implant to natural teeth, 348-
349

screw loosening in, 347
treatment planning for, 323

Skin
general examination of, 7

nickel and, 507
Slide from CP to IP, 14

Sliding pair, 182
Slip-cast ceramic, 646, 647-653

Sloped shoulder margin, 175, 176, 180
Slot retention, foundation restoration and,

143
Small nonadjustable articulator, 28, 29

Smear layer, astringents and, 357, 358
Smile

analysis of, 9, 10
anatomy of, 598, 599

labial margin placement and, 193
Social pressure, chief complaint and, 3

Society of Dyers and Colourists, 603
Sodium aluminum silicate albite, 614

Soft-bristle toothbrush, 113
Soft tissue

damage during tooth preparation, 167
i mpression making and

for implant, 335, 336
tissue displacement and, 354-355

reproduction in working cast, 432

for ridge augmentation, 515, 516

single tooth implant and, 339-341, 342,
343

Soft tissue procedures, 116-118
evaluation of, 125-127

gingivectomy, 116-117
mouth preparation and, 137
mucoal repair, 117-118

open debridement, 117,118
Solder, 707-708, 730

adding proximal contact with, 748
composition and flow temperatures of,

714

Soldered connector, 707, 708, 710, 711, 720-
728

autopolymerizing resin soldering index

and, 722-723
heat sources for, 718-720

high heat torch soldering and, 725-726
infrared soldering and, 726-727

investing and, 723

Soldered connector-cont'd
low heat torch soldering and, 724-725

materials science in, 713-715
oven soldering and, 726

selection of soldering technique, 715-718
step-by-step procedure for, 721-722

wax removal and preheating in, 723-724
Soldering, 708

distortion during, 418
try-in and, 428

Soldering antiflux, 715
Soldering flux, 714-715

Soldering index, 715
Soldering investment, 715

Soldering width gap, 710
Solid cast with individual die, 435-436, 440,

444,445
Solid solution hardening of gold-palladium-

silver alloy, 504-505
Solidification porosity, 590
Space maintainer appliance for missing first

molar, 69
Span length, 81, 693

root shape and angulation in replacement
of several missing teeth and, 72-73

Speaking, mandibular movement in, 92
Special illusions, characterization and, 762

Specialized mucosa, 108

Spectrophotometer, 596
Spectrum, 607
Speejector saliva evacuator, 355

Sphenomandibular ligament, 84,85
Spline interface, 323

Splint
pinledge retained fixed, 247

for stabilization of mobile teeth, 116
Splint-It glass fiber, 699

Splinting, 81
Split cast mounting system, 38, 41, 454

Split thickness flap in pouch technique for
soft tissue ridge augmentation, 517

Sprue, 567-569, 590
finishing of cast restoration and, 734, 735

Sprue button, 590
Sprue former, 569

Spruing technique, 570-572
Stability

of complete denture, 64
evaluation of, 751

indications for removable partial denture
and, 74

of matrix in amalgam foundation restora-

tion, 143, 144

optimum occlusion and, 96
positional, 83

tooth removal without replacement and,
64-65

Stabilization, 730
of deteriorating conditions, 76, 77

of mobile teeth, 116
provisional, 124-125

Stage II provisional technique, 343
Stain, 640, 669, 763

characterization and, 762

internal, 627

step-by-step procedure, 759-760
surface, 758

Stain kit, 759, 760

Stained crack line, 761-762
Stainless steel prefabricated post, 295

Standard abutment, 328, 330
Standard light source, 607

Standard of care, 6
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Standards in dental technology, 418-419

Static fatigue, 511, 645
Static positional record, 42

Steam cleaning of metal framework, 613
Stereogram, 50

Stereographic record, 57
Stern bar attachment, 562

Stern nonrigid prefabricated extracoronal
attachment, 557

Stern prefabricated intracoronal attachment,
558

Stern stud attachment, 562
Sternocleidomastoid muscle palpation, 9, 10
Stock impression tray, 26

Stone in impression making, 27
Straight abutment, 328, 336

Strength of dental alloy, 500
Stress, 309, 511

cementing anterior endodontically treated

tooth and, 274-275
fixed partial denture failure and, 527

provisional restoration and, 382-383
Stress concentration, 184

post design and, 283

Stress-corrosion, 645
Stress director, 81

Stress distribution, endodontically treated
tooth restoration and, 281-283

Stress-Free Post, 289
Stress-strain curve, 498

Stuart articulator, 31, 48
Stud attachment, 561-562

Stylohyoid muscle, 85
Stylomandibular ligament, 84, 85
Styptin, 357

Subepithelial connective tissue graft, 150

Subgingival margin
finishing of, 750-751

placement of, 173-174
Subperiosteal dental implant, 313, 314

Substructure, 352
cleaning of, 613

of fixed prostheses, 697-698
minimum recommended dimensions for

metal, 612

porcelain fracture from flexing of, 499
try-in of, 428

waxing to anatomic contour, 482, 483, 490,
491

work authorization form information on,

426,427
Subtractive color system, 607
Suck-back porosity, 582

Sulcular debridement in dental implant, 349

Sulcular method of toothbrushing, 113-114
Sulcus, 11, 109
Sulcus/pocket-measuring probe, 11

Super Bond, 677
Superior-inferior implant placement, 321,

322
Superior lateral pterygoid muscle, 84, 86

Superior synovial cavity, 83, 84
Superstructure-implant body interface, 326

Supra-erupted tooth, 16
provisional restoration and, 381-382

Supraclusion, 452
Supraeruption, 81
Supragingival margin

fiber-reinforced polymer and, 700

finishing of, 750, 751
in metal-ceramic crown, 222

placement of, 173

Suprahyoid muscles, 84, 85, 86

Supraocclusion, 81
Sure-Grip prefabricated post, 292

Surface area, retention and, 184
Surface characterization of metal-ceramic

crown, 628-629, 758, 760
Surface crack, 644

Surface glaze, 645
Surface stain, 629-630, 758

Surface tension, 378
Surfactant, impression and, 443
Surgical crown lengthening, 151

Surgical template
for dental implant, 317, 318, 323-325

for edentulous patient, 345
Surgical therapy in periodontal disease, 116-

129
bone induction, 119, 120

classification of furcation involvements
and, 121

gingivectomy, 116-117
guided tissue regeneration and, 125-129,

130
mucosal repair, 117-118

odontoplasty-osteoplasty, 122-123
open debridement, 117,118

osseous resection with apically positioned
flaps, 119-120

provisionalization, 124-125
restoration of tooth with resected roots,

125, 126, 127

root amputation, 123-124
root anatomy and, 121-122

Survey line, 566
retention and, 549

wax pattern fabrication and, 552-554
Surveying, 543-545

Surveyor, 566

for evaluation of axial inclination, 196
in orthodontic assessment, 155

in planning for retainer, 543, 545
Svedopter saliva evacuator, 355
Swelling, chief complaint and, 3

Sympathetic nervous system, 81
Symptoms, treatment of, 76

Syneresis, irreversible hydrocolloid and, 26
Synovial fluid, 83,106

Synovial membrane, 83
Syphilis, risk factor to dentist and person-

nel, 6
Systemic conditions, history of, 4-5

Systemic resistance, prognosis and, 19

T

Tachycardia, epinephrine-related, 357
Taper, 183-184

conservation of tooth structure and, 171
Tapered abutment, 328, 330

Tapered Obturation Post, 290
Tapered post

advantages, disadvantages, and recom-
mendations for, 287

available styles, 289-290
in endodontically treated tooth restora-

tion, 280, 281
enlargement of canal for, 293

smooth-sided and serrated, 288
Taste, chief complaint and, 3
Tear resistance of polysulfide, 361

Technician certification, 418-419

Telescopic coping, 349

Temperature
cause of damage during tooth prepara-

tion, 167-169
effect on compressive strength of luting

agents, 189, 190
general examination and, 7

Template

in custom tray fabrication, 368
for dental implant, 317, 318, 323-325

for edentulous patient, 345
Temporal muscle, 85, 86

examination of, 7-9, 10
Temporal tendon palpation, 10

Temporary abutment sleeve, 328, 343
Temporary coping, 328, 343

Temporary cylinder, 328, 343
Temporary gingival cuff, 328, 329

Temporary screw, 328, 329
Temporomandibular joint, 106

anatomy of, 83-84
dysfunction of

history of, 7
influence of occlusion on, 157
radiographic evaluation of, 18

examination of, 7, 8
ligaments of, 85

myofascial pain dysfunction and, 98-99

pathogenic occlusion and, 98
Temporomandibular joint articulator, 50

Temporomandibular joint capsule, 10
Temporomandibular ligament, 84,85

Tenon of nonrigid connector, 711-712
Tensile strength, 500

of bonded prosthesis, 691
of high noble metal alloys, 501
of metal-ceramic system, 619

of noble metal alloys, 502-503
of predominantly base metal alloys, 503

Tensile stress, 480, 488, 511
Terminal hinge axis, 87,88

Terminal hinge closure, 13
Tetracycline-stained teeth, porcelain facial

veneer for 268
Tetrahedral configuration of porcelain, 614-

615
Texture of provisional restoration, 414-415

Thermal activation, 393
Thermal coefficients mismatch, 619

Thermal expansion, 590, 640
composite resin foundation and, 145

of dental alloy, 500
of dental porcelain, 609

devitrification and, 615
interfacial bond and, 618-619

leucite crystallization and, 626
of mold during wax elimination, 572-573

Thermal tempering, 645
Thermoplastic, term, 415

Thermoplastic custom tray, 366
Thermoplastic external surface form, 384,

386
Thermoplastic post, 298-300

Thomas post-removing system, 308
Threaded post

advantages, disadvantages, and recom-
mendations for, 287

in endodontically treated tooth restora-

tion, 278
stress concentration and, 283

tapered and parallel, 288
Three-point bending test, 620

Three-quarter crown for maxillary molar, 236
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Three-unit fixed partial denture
all-metal, 539
components of, 63

for congenitally missing lateral incisor, 66

cut-back procedure for, 537
fiber-reinforced composite, 698

for mandibular first molar loss, 68
for missing mandibular premolar, 2
modified ridge lap pontic for, 521, 523

oven soldering of, 719
rigid connectors in, 707

Three-walled osseous defect, 119
Ticon mandrel, 560, 561, 713
Tilting

cantilevered fixed partial denture and, 65-

66,67
MOD onlay preparation and, 255

Tin foil, 378

Tin-plating of noble alloys, 677, 678

Tin-silver preformed crown, 388
Tinner's joint, 649
Tinnitus, 22

Tipped tooth, 16

Tissue displacement, 378
in impression making, 354, 356-360

Tissue extension, 328, 330
Tissue reaction, 378, 511

Tissue surface form, 388-391
Titanium alloy healing abutment, 329

Titanium alloy hollow basket, 314
Titanium-based alloy, 507-509
Titanium cylinder, 62

Titanium healing abutment, 329
Titanium oxide, 621

Titanium plasma-sprayed cylinder, 314, 329
Titanium screw, 314, 329

Titanium Screw Post, 291
Tomograph, 18, 22

Tongue

damage during tooth preparation, 167
i mpression making and, 356

Tooth color selection, 607

Tooth contact
centric relation record and, 34-36

clinical occlusal adjustment and, 158-159
finishing of cast restoration and, 735-738

general alignment and, 15-16
initial, 13-15

lateral and protrusive, 16
porcelain-metal interface and, 482-485,

490-493

provisional restoration and, 381-382

wax pattern and, 467-468, 477, 478
Tooth fracture

cementing anterior endodontically treated
tooth and, 274-275

charting of, 13

cuspal coverage of posterior endodonti-

cally treated tooth and, 176
pathogenic occlusion and, 97
prevention of, 180-181

provisional restoration and, 382
Tooth grinding, 105

Tooth loss, 64-65
Tooth movement

evaluation of, 16

factor in prognosis of prosthodontic treat-
ment, 19-20

loss of arch integrity and, 64-65

pathogenic occlusion and, 97
stabilization of, 116

surgical crown lengthening and, 151

Tooth preparation, 166-201

for all-ceramic restoration, 262-271
ceramic inlays and onlays, 265-267

complete ceramic crown, 262-265
porcelain laminate veneers, 267-269

summary chart for, 270-271
biologic considerations in, 166-181

axial reduction and, 171-173
conservation of tooth structure and,

170-171, 172
margin adaptation and, 174, 175

margin geometry and, 174-180
margin placement and, 173-174

occlusion and, 180
preventing tooth fracture and, 180-181
prevention of damage and, 166-170

for cementation, 771-775

for complete cast crown, 206-213
alignment grooves for axial reduction

in, 208-209
axial reduction in, 209-211
evaluation of, 212-213

finishing of, 211-212

guiding grooves for occlusal reduction
in, 206-207

occlusal reduction in, 207-208

summary chart for, 215
diagnostic, 195-197

in endodontically treated tooth restora-
tion, 276-283

conservation of tooth structure, 276-278
coronal tooth structure and, 294

removal of endodontic filling material
and, 283-286, 287

resistance form and, 281-283
retention form and, 278-281

esthetic considerations in, 191-195
metal-ceramic restoration and, 192-193

partial-coverage restoration and, 193-195
for fiber-reinforced composite fixed pros-

thesis, 701
mechanical considerations in, 181-191

deformation and, 189-191
resistance form and, 185-189

retention form and, 181-185
patient and operator positioning in, 196-

197

for resin-retained fixed partial denture
anterior, 685-686

posterior, 686-688, 689

responsibility of dentist before laboratory
procedures, 420

for retainer, 549-552

axial contours, 552
path of withdrawal, 550-551

rest seats, 551
Tooth reduction

in all-ceramic crown, 265
in complete ceramic crown, 262

conservation of tooth structure and, 172
deformation and, 190,191

esthetic considerations in, 192, 193, 638
external surface form as guide for, 386

in metal-ceramic crown, 216, 217, 220-222,
223

porcelain laminate veneer and, 268-269
for retainer in removable partial denture,

552
Tooth removal

planning for, 64-65
before removable partial denture, 545

strategic, 116

Tooth supported, term, 81
Tooth wear

from bruxism, 94
pathogenic occlusion and, 97

Toothbrushing,113-114
Torch soldering, 718-719

high heat, 725-726
low heat, 724-725

Torque on screw, 346
Torus, 22

Toughness of dental alloy, 500, 511
Tracings

border movements and, 30-31
pantographic, 47, 48, 54

Transcranial radiograph of temporo-
mandibular joint, 18

Transfer pin, 328, 334

Transfer post, 328, 334

Transitional contour, 486
Transitional prosthesis, 81
Translation, 83, 106

Translatory movement, 7
Translucency, 640, 669

of all-ceramic restoration, 643
characterization and, 762

of fiber-reinforced composite, 698
of glass ionomer cement, 766

of provisional restoration, 414
Transmucosal abutment, 328, 330

Transosteal dental implant, 313, 314, 352
Transseptal fiber, 109

Transverse horizontal axis, 29, 106
Trapezius muscle palpation, 9

Tray selection in diagnostic impression, 26
Treatment planning, 59-82

available materials and techniques in,
60-64

cast metal crowns, 60-61
complete ceramic restorations, 62
complete dentures, 64

fiber-reinforced resin technology, 62
fixed partial dentures, 62, 63

i mplant-supported prostheses, 62, 63
metal-ceramic crowns, 61

plastic materials, 60
removable partial dentures, 62, 63

resin-veneered restorations, 61-62
clinical examination and, 7-19

dental charting in, 12-13

diagnosis and prognosis and, 18-20
extraoral, 7-9
general, 7, 8

general alignment in, 15-16
initial tooth contact in, 13-15

intraoral, 9-11
jaw maneuverability and, 16

lateral and protrusive contacts in, 16
radiographic, 17-18

vitality testing in, 18-19
computer imaging in, 154,155

for dental implant, 315-318
bone sounding in, 318

clinical evaluation in, 315-316
diagnostic casts in, 316-317, 318

radiographic evaluation in, 316, 317
restoration size and, 321

single tooth implant, 323
diagnosis and prognosis in, 18-20

diagnostic cast in, 25-58
articulating of, 42, 43, 44
complex prosthodontic treatment se-

quence and, 78
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Treatment planning-cont'd
diagnostic cast in-cont'd

for determination of orthodontic tooth
movement, 154,155

in diagnostic occlusal adjustment, 157
fixed partial denture and, 62
i mpression making for, 25-31
modification of, 51, 53, 54
wear facets and, 13

in endodontically treated tooth restora-
tion, 272-276

anterior teeth considerations, 274-275
clinical failure and, 274

posterior teeth considerations, 275-276
face-bow and, 31-51

anterior guidance and, 50-51

anterior programming device and, 37-38
anterior programming device with elas-

tomeric record, 40-41
anterior reference point and, 33, 34
arbitrary hinge axis face-bow, 33

centric relation record and, 34-36
centric relation recording technique

and, 38, 39
custom guide table fabrication and,

51,52
face-bow transfer and, 33-34

jaw manipulation and, 36-37
kinematic hinge axis face-bow, 31-33

pantographs and, 46-49
posterior articulator controls and, 42-46

recording jaw relationships in partially
edentulous dentitions and, 41

reinforced aluwax record and, 38-39
stereograms and, 50

history taking and, 3-7
chief complaint in, 3, 5

dental history in, 6-7
medical history in, 3-6
personal details in, 3

identification of patient needs in, 59-60

mouth preparation and, 135-163
caries and existing restorations and, 139

coronally positioned pedicle graft and,
148-150

crown lengthening procedures and,
150-151

endodontics and, 146-147
foundation restorations and, 139-146

free autogenous gingival graft and, 147-
148

laterally positioned pedicle graft and,

148,149

maintenance and reconstruction of in-
terdental papilla and, 151-153

mucosal reparative therapy and, 147

occlusal treatment and, 157-160
oral surgery and, 137-138

orthodontic-periodontic extrusion and,
153-154

orthodontic treatment and, 154-157

subepithelial connective tissue graft
and, 150

surgical crown lengthening and, 151

occlusion principles and
anatomy and, 83-87

Angle's classification and, 104
centric relation and, 87

history of occlusal studies and, 94-97
mandibular movement and, 87-94

occlusal treatment and, 99-103
pathogenic occlusion and, 97-99

patient adaptability and, 97

Treatment planning-cont'd
periodontal considerations in, 108-134

anatomy and, 108-109
bone induction and, 119,120

classification of furcation involvements
and, 121

gingivectomy and, 116-117
guided tissue regeneration and, 125-

129,130
initial therapy and, 113-116

maintenance of periodontal status and,
129

mucosal repair and, 117-118
odontoplasty-osteoplasty and, 122-123

open debridement and, 117,118
osseous resection with apically posi-

tioned flaps and, 119-120
periodontal disease and, 110-112
prognosis in periodontal disease and,

129-130
prosthodontic treatment planning

and, 77
provisional ization and, 124-125

restoration of tooth with resected roots
and, 125, 126, 127

root amputation and, 123-124
root anatomy and, 121-122
ti ming and sequence of treatment in,

113

in periodontal disease, 112-113
pontics and, 513-519

gingival architecture preservation and,
515-519

pontic space and, 513-514
residual ridge contour and, 514, 515,

516,517
surgical modification and, 514-515, 516,

517

for retainer, 543-549
design, 546-548

reciprocation, 549
retention, 549

selection of abutment teeth, 65-75

indications for removable partial den-
tures, 74-75

replacement of several missing teeth,
69-74

replacement of single missing tooth,
65-69

sequence of treatment, 76-79

definitive therapy, 76-79
follow-up, 79

stabilization of deteriorating condi-
tions, 76, 77

treatment of symptoms, 76
for tooth loss, 64-65

Treatment presentations, 799-815
anticipation of future needs, 806

extensive fixed and removable prostho-
dontics, 805

full mouth rehabilitation, 802-803
long-term follow-up of comprehensive re-

habilitation of periodontally compro-
mised dentition, 812-813

long-term follow-up of comprehensive re-
habilitation with fixed and remov-

able prostheses, 807-809
long-term follow-up of comprehensive re-

habilitation with fixed prostheses,
810-811

long-term follow-up of fixed partial den-
ture, 814-815

partial-coverage retainer, 801

Treatment presentations-cont'd
periodontal disease restored with fixed

prosthodontics, 803-804
pinledges, 801-802
simple fixed partial dentures, 801

single cast restoration, 800
Treatment sequence, 72-75, 136

in definitive therapy, 76-79
follow-up in, 79

mouth preparation in, 135
stabilization of deteriorating conditions

in, 76, 77
treatment of symptoms in, 76

Trephine bur for post removal, 308
Tri-n-butylborane catalyst system, 677
Trial cementation, 765

Trial denture, 64

Trial tooth preparation and waxing, 51, 54
Triangular ridge in wax pattern, 475-476,

477
Trichromatic system, 607

Trichromatism, 598
Trigger point, 22
Trimming

of centric relation record, 452
of die, 432, 439, 441, 449

Troughing of pattern, 494, 495-496
Try-in

appointment for, 428
bonding procedure and, 778

of fiber-reinforced composite fixed pros-
theses, 704-705

of resin-retained fixed partial denture,
683,684

of retainer, 556
Tuberosity reduction, 137,138

Tunneling, 123
Two-piece impression coping, 335

Two-stage endosteal implant, 314, 329
healing caps in, 327

i mplant uncovering in, 326
Two-walled osseous defect, 119

U

UCLA abutment, 336, 352

Ulceration
monomer-related, 389
ridge contact with pontic and, 525

Ultimate strength of dental alloy, 511
Ultimate tensile strength, 500

Ultrasonic cleaning of cast restoration, 741
Ultrasonic post removal, 306

Ultraviolet light, 592

to reveal plaque deposits, 115
Ultraviolet radiation, 597

UM C-POST prefabricated post, 289
Uncovering of implant, 326
Undercut, 183, 566, 693

complete cast crown and, 213
Maryland bridge and, 674

retention and, 549
surveyor evaluation of, 543

Virginia bridge and, 675-676
Unidirectional fiber architecture, 699

Uniform color space, 607

Unilaterally balanced articulation, 95
Unimetric prefabricated post, 289
Unity prefabricated post, 290

Universal precautions, 6
Unrestored abutment in replacement of sin-

gle missing tooth, 67
Unstable occlusion, 97

Unstrained jaw relation, 22



Index

Unwaxed dental floss, 114

Upright, term, 81
Urethane dimethacrylate, 393

Urgent treatment of nonacute problems, 76

Useful strength of dental alloy, 499
Usual and customary standard of care, 6

V

Vac-U-Spat, 441
Vacuum casting, 590

Vacuum-firing, strength values and, 619
Vacuum-formed custom tray, 366

Vacuum-formed matrix in fabrication of oc-
clusal device, 100, 101

Vacuum investing, 590
Vacuum mixer, 441, 442-443

Vacuum mixing, 455, 586, 590
of investment materials, 576-577

Vacuum porcelain furnace, 622
Vacuum technique of investing, 578-580
Value of color, 594, 607

adjustment of, 760-761
selection of, 602

Vario Active Post, 292
Vario Cast Passive Post, 290

Vario ELO Active Post, 292
Vario Passive Post, 291

Vario PCR Passive Post, 291

Varnish, foundation restoration and, 143
Vectris woven glass fiber, 699
Veneer

cementation for, 775-778
fracture of, 795-797

porcelain labial, 663-664
preparation of veneer area, 611

Venting of casting, 569
Ventra-Post, 290

Vericheck, 453, 454
Versadowel-A Series, 291

Versadowel-M Series, 291
Versadowel-U Series, 291

Vertex palpation, 10
Vertical bone dimension in dental implant,

319
Vertical overlap, 13, 87, 106

factor in prognosis of prosthodontic treat-
ment, 19

mandibular opening and, 90
Vickers hardness number, 499

high noble metal alloys, 501
noble metal alloys, 502-503
predominantly base metal alloys, 503

Vicostat, 357
Virginia bridge, 675-676

Visible-light activation, 393
Visible light-polymerized custom tray, 367

Visible spectrum, 593, 607
Vita Inceramat Special porcelain furnace,

652
Vita Lumin vacuum shade guide, 600-601,

602
Vita Mark II system, 656-658

Vitachrom stain kit, 759, 760
Vital signs, general examination and, 7

Vitality testing, 18-19
in mouth preparation, 146-147

partial veneer crown and, 231
Vitapan 3D-Master shade guide, 600, 601,

602-604
Vitreous sintering, 616
Vlock Active Post, 292

Vlock Passive Post, 291

Voids in casting, 587-588
Volatilization of base metal solder, 713

W

Ward carver, 464

Water-powder ratio, setting expansion of in-
vestment and, 572

Water-soluble marking agent, 749
Water spray for heat generated during tooth

preparation, 167
Wavelength of light, 592, 607

Wax
in custom-made post fabrication, 303
in custom tray fabrication, 367

elimination in investing, 578-580, 590
framework fabrication and, 480, 482, 483,

488, 490, 491
Wax addition technique, 471, 472

Wax burnisher, 464
Wax carver, 464

Wax chips, 468
Wax cone, 473

Wax cut-back, 482-483
in metal-ceramic pontic fabrication, 537

Wax dipping pot, 465
Wax distortion, 459, 461

Wax evaluation
in complete cast crown preparation, 208

for dental implant, 316-317
Wax expansion, 486, 582, 590

Wax expansion curve, 461
Wax flow curve, 461
Wax pattern, 301, 457-487

aid to technician, 427-428

anatomic contour, 483, 491
of anterior teeth, 480-482

armamentarium for, 462-464
for cast connector, 707

casting wax in, 460-462
in fiber-reinforced composite fixed pros-

thesis, 703
for hot-pressed ceramics, 654

incisal plaster index and, 625
lost-wax casting technique and, 567
for metal-ceramic pontic, 535-537

in platinum foil matrix technique for

porcelain labial margin, 632
of posterior teeth, 464-480

axial contours, 470, 475, 476

axial surfaces, 468-469

cusp height and location, 474-475
internal surface, 464-466
margin finishing in, 478-480

occlusal scheme in, 471-474

occlusal surfaces, 470-471, 472
proximal surfaces, 467-468
secondary ridges, 476-478

triangular ridges, 475-476, 477
waxing inlays and onlays and, 480, 481

prerequisites for, 458-460
reflowing of, 733

removal from soldered connector, 723-724
for retainer, 552-555

guide planes in, 554-555
occlusal rest seats in, 554, 555

survey line in, 552-554
wax cut-back and, 482-483

waxing connectors and, 483-484
work authorization form information on,

426,427
working casts and dies, 431-456

armamentarium for, 441

Wax pattern-cont'd

working casts and dies-cont'd
available methods in, 434-436
choice of system for, 436-441

electroplating in, 433-434
flexible die materials in, 434

gypsum in, 432-433
mounting casts on articulator, 450-454

prerequisites for, 431-432
resin in, 433

step-by-step procedure in, 441-449
Wax sprue, 568

Waxing instruments, 463-464
Waxing procedure, 21, 50, 195, 196

to complete anatomic contour of frame-
work, 482, 483, 490, 491

complex prosthodontic treatment se-
quence and, 77-79

in custom indirect provisional fixed par-
tial denture, 399, 400

in determination of minor tooth move-

ment, 157
metal-ceramic pontics and, 528, 529, 535-

537
resin-retained fixed partial denture and,

688-690
Waxing sleeve, 328, 336, 337

Wear
of acrylic resin-veneered prosthesis, 529

adequate tooth reduction and, 190, 191
all-ceramic restoration and, 263

from bruxism, 94
cast restoration design and, 787

fiber-reinforced composite fixed prosthe-
sis and, 700

in metal-ceramic restoration, 480, 488
pathogenic occlusion and, 97

posttreatment occlusal analysis and, 788
Wear facet, 13
Weight, general examination and, 7

Welded connector, 708

Welding, 730
Well retention, foundation restoration and,

143
Wetting in soldering procedure, 713

Whaledent dowel system, 434-435
Whip Mix articulator, 25, 29

mounting maxillary cast on, 43
Whip Mix Quick Mount arbitrary hinge axis

face-bow, 33, 35
Whip Mix Vacuvestor, 577
White Arkansas stone, 738

White light, 592, 593
Wire post and cast core, 287

Work authorization, 425-428
Working articulation, 81

Working casts and dies, 431-456
armamentarium for, 441

available methods in, 434-436
choice of system for, 436-441

electroplating in, 433-434
flexible die materials in, 434

gypsum in, 432-433
mounting casts on articulator, 450-454

prerequisites for, 431-432
resin in, 433

step-by-step procedure in, 441-449
Working side, 91,107

Working side condyle, 107
Working side contacts, 107

Woven fiber post, 287, 295
Woven pattern of fibers, 699
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Wrought retention clasp, 549, 553

X

X-ray energy-dispersive analysis, 620

Xerostomia, 22
dental caries and, 783

Y

Yellow stain, 760

Yield strength of alloy, 499
high noble metal alloys, 501

noble metal alloys, 502-503
predominantly base metal alloys, 503

Young's modulus, 498

Z

Zeiser model system, 436, 439, 440

Zinc oxide-eugenol cement, 768
for provisional cementation, 765

for provisional restoration, 410-411
for working cast, 450

Zinc oxide-eugenol record, 40-41

Zinc phosphate cement, 766, 769
for blocking out undercuts, 458

physical properties of, 189, 190
step-by-step procedure for, 772-773, 774

Zinc polycarboxylate cement, 766, 767, 769
Zirconia ceramic post, 295, 297

advantages and disadvantages of, 287
for all-ceramic foundation restoration,

666,667
Zirconium oxide, 621
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