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v ITI Treatment Guide Volume 1

The materials offered in the ITI Treatment Guide are for
educational purposes only and intended as a step-by-step
guide to treatment of a particular case and patient situa-
tion. These recommendations are based on conclusions
of the ITI Consensus Conferences and, as such, in line
with the ITI treatment philosophy. These recommenda-
tions, nevertheless, represent the opinions of the
authors. Neither the ITI nor the authors, editors and pub-
lishers make any representation or warranty for the com-
pleteness ar accuracy of the published materials and as a
consequence do not accept any liability for damages
(including, without limitation, direct, indirect, special,
consequential or incidental damages or loss of profits)
caused by the use of the information contained in the ITI
Treatment Guide. The information contained in the ITI
Treatment Guide cannot replace an individual assess-
ment by a clinician, and its use for the treatment of
patients is therefore in the sole responsibility of the clini-
cian.

The inclusion of or reference to a particular product,
method, technique or material relating to such products,
methods, or techniques in the ITl Treatment Guide does
not represent a recommendation or an endorsement of
the values, features, or claims made by its respective
manufacturers.

All rights reserved. In particular, the materials published
in the ITI Treatment Guide are protected by copyright.
Any reproduction, either in whole or in part, without the
publisher’s prior written consent is prohibited. The infor-
mation contained in the published materials can itself be
protected by other intellectual property rights. Such
information may not be used without the prior written
consent of the respective intellectual property right
owner.

Some of the manufacturer and product names referred to
in this publication may be registered trademarks or pro-
prietary names, even though specific reference to this
fact is not made. Therefore, the appearance of a name
without designation as proprietary is not to be construed
as a representation by the publisher that it is in the pub-
lic domain.

With the exception of Fig 13a in section 4.7 and Figs 6,
7,23,24,25,27,29,30a, 30b, 31,32, 33, 34,and 37 in sec-
tion 5, the components of the implant system shown are
part of the Straumann® Dental Implant System.

The tooth identification system used in this ITI
Treatment Guide is that of the FDI World Dental
Federation.



The ITI Mission is ...

“... to promote and disseminate
knowledge on all aspects of implant
dentistry and related tissue
regeneration through research,

development and education to the
benefit of the patient.”



In the past 15 years, the use of osseointegrated implants
has become the standard of care for the rehabilitation of
fully and partially edentulous patients, leading to a rapid
expansion of implant therapy in dental offices.

This positive development was supported by several fac-
tors and trends. Firstly, implant therapy is meeting with
much greater acceptance—not only by patients, but also
by dentists. The excellent documentation of osseointe-
grated implants in prospective clinical studies (with up to
ten years of follow-up) and good clinical results have both
contributed to this increased acceptance. Secondly, the
prosthodontic aspect of implant therapy has been simpli-
fied by precise prefabricated components, so general
practitioners can easily treat patients with implant-sup-
ported restorations. Thirdly, there has been significant
progress in bone-augmentation procedures (techniques
to overcome local bone deficiencies such as guided bone
regeneration or sinus grafting). These surgical procedures
are routinely used for implant patients today; they have
broadened the indications for oral implant therapy, par-
ticularly in partially edentulous patients.
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As a result, the single-tooth replacement has become the
most common indication for implant therapy in recent
years. Parallel to this, “novel technigues,” such as imme-
diate implants (with or without flap elevation) and imme-
diate loading, have been promoted to make implant ther-
apy maore patient-friendly. Most of these new techniques,
however, have not yet been sufficiently documented clin-
ically. Carefully designed, randomized, controlled clinical
studies are required to evaluate their value for daily prac-
tice.

With this rapid expansion of implant therapy, involving
more than 100,000 clinicians worldwide, quality control
in implant dentistry has become an increasing challenge.
Universities and scientific associations have been asked
to make efforts to assure that the implant therapy provid-
ed is of high guality in order to maintain the good repu-
tation of dental implants.

The International Team of Implantology (IT1) has respond-
ed by establishing the ITI Education Committee. The main
objectives of this committee are to discuss and define the



standards of care in the surgical and prosthetic aspects of
implant dentistry, to integrate these standards into high-
quality continuing-education courses, and to coordinate
the worldwide educational efforts. Over the past eight
years, the ITI has significantly increased its efforts in the
area of implant education, including the establishment of
the ITI Scholarship Program, which offers stipends to
young clinicians and financial support for Centers of Im-
plant Dentistry in the U.S., Europe, and Japan. In addition,
the IT1 organized its third ITI Consensus Conference in
2003 to discuss clinical topics of interest to implant den-
tistry. The proceedings were published in a special supple-
ment of JOMI (Proceedings of the Third ITI Consensus
Conference 2004).

The ITI Education Committee has decided to use these
consensus proceedings to establish an ITI Treatment
Guide. This guide will offer detailed clinical guidelines for
specific problems in implant dentistry. The first volumes
will discuss the following topics: (i) esthetic implant den-
tistry; (ii) loading protocols in implant dentistry; and (iii)
implant placement in extraction sockets.

These topics will be comprehensively presented with de-
tailed recommendations for step-by-step procedures.
Each treatment option will be discussed objectively, tak-
ing into account the following parameters:

« Scientific documentation of the procedure through
clinical studies

s Objective benefits for the patient

» Risks involved with the procedure

« Level of treatment complexity according to the SAC
{simple—advanced—complex) classification

« Cost-effectiveness of the procedure

The first volume of the ITI Treatment Guide is devoted to
single-tooth replacements in the esthetic zone, a topic of
great interest within implant dentistry. It should be of
great help to the clinician dealing with esthetic indica-
tions in implant patients.

Daniel Buser Urs C. Belser

Daniel Wismeijer

- -
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1 Introduction

D. Buser, U.C. Belser, D. Wismeijer

Over the past 15 years, implant dentistry has progressed
faster than many other disciplines in dental medicine.
Whereas osseointegration was the primary goal two
decades ago, it is nowadays taken for granted and im-
plants are expected to remain functional for decades.

The success of implant therapy is no longer judged main-
ly by the osseointegration of the implant. In recent years,
esthetics has become an inseparable part of oral rehabil-
itation as patients not only expect implant-supported
restorations to be functional long-term, but also to be es-
thetic, especially in regions of the oral cavity that are vis-
ible when the patient smiles.

Supported by new academic curricula as well as by state-
ments from clinical dentistry, such as the Proceedings of
the Third ITI Consensus Conference published in a special
2004 supplement of JOMI, we believe that we are coming
closer to creating the “perfect illusion” and maintaining
it over time.

This is on one hand due to our increased knowledge of bi-
ological principles such as biclogic width. On the other
hand, our increasing awareness of the implementation of
biomimetic principles, derived from a growing under-
standing of the key anatomic and optical parameters of
the natural dentition, supports this goal as well.

Nevertheless, predictable optimum results in the esthet-
ic region can only be achieved through application of a
comprehensive clinical concept based on experience,
sound pre-operative examination and treatment plan-
ning, and a team approach that unites patients, surgeons,
prosthodontists, and dental technicians.

It is logical to use the 2004 Consensus Proceedings for
drawing up and publishing detailed clinical guidelines re-
garding diagnosis, treatment planning, and the manage-
ment of patients requiring implant therapy in the esthet-
ic zone,

Sound, evidence-based clinical concepts that produce suc-
cessful treatment outcomes are needed.

The present first volume of the ITI treatment guide pro-

vides comprehensive details on all aspects of implant
therapy in the esthetic zone.

ITI Treatment Guide « Volume 1 1
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2 Proceedings of the Third ITI Consensus Conference: Esthetics in Implant Dentistry

The International Team for Implantology (ITI) is a non-
profit academic organization of professionals in implant
dentistry and tissue regeneration with over 2000 fellows
and members in more than 40 countries. The ITl organiz-
es consensus conferences at 5-year intervals to discuss rel-
evant topics in implant dentistry.

The first and second ITI Consensus Conferences in 1993
and 1997 (Proceedings of the ITI Consensus Conference
2000) primarily discussed basic surgical and prosthetic is-
sues in implant dentistry. For the Third ITI Consensus
Conference in 2003, the ITI Education Committee decid-
ed to focus the discussion on four special topics that had
received much attention in recent years, “Esthetics in Im-
plant Dentistry” being one of them (Proceedings of the
Third ITI Consensus Conference, published in 2004).

A working group was elected for the exploration of each
topic. Working Group 2, exploring the topic of “Esthetics
in Implant Dentistry,” consisted of the following ITI fel-
lows:

Group leader: Urs C. Belser

Daniel Buser

Jean-Paul Martinet Douteau
Javier G. Fabrega

Timothy W. Head

Joachim 5. Hermann

Frank L. Higginbottom

John D. Jones

Hideaki Katsuyama

Scott E. Keith

William C. Martin

Stephen Rimer

Johannes Rockl

Bruno Schmid

Alwin Schonenberger

David Shafer

Christian ten Bruggenkate
Dieter Weingart

Participants:

4 ITI Treatment Guide - Volume 1

The group was asked to arrive at a consensus position re-
lated to the esthetic dimension of implant dentistry in the
anterior maxilla, based on its discussion of and subse-
quent deliberation on three position papers that had
been prepared regarding the following fields:

1. Outcome analysis of implant restorations located in
the anterior maxilla

2. Anatomical and surgical considerations of implant
therapy in the anterior maxilla

3. Practical prosthodontic procedures related to anteri-
or maxillary fixed implant restorations

The subsequent text gives an overview of the consensus
statements developed by the group (Belser and cowork-
ars, 2004).



2 Proceedings of the Third ITI Consensus Conference: Esthetics in Implant Dentistry

In esthetic dentistry, difficulties arise in generating evi-
dence-based statements regarding clinical procedures.
Therefore, any clinical recommendations given with re-
gard to esthetics in implant dentistry are primarily based

2:1.1

Statement A.1

Evidence from the Literature

The use of dental implants in the esthetic zone is well
documented in the literature. Numerous controlled
clinical trials show that the respective overall implant
survival and success rates are similar to those report-
ed for other segments of the jaws. However, most of
these studies do not include well-defined esthetic pa-
rameters.

Statement A.2

Single-Tooth Replacement

For anterior single-tooth replacement in sites without
tissue deficiencies, predictable treatment outcomes,
including esthetics, can be achieved because tissue
support is provided by adjacent teeth.

Statements A: Long-Term Results

Statement A.3

Multiple-Tooth Replacement

The replacement of multiple adjacent missing teeth in
the anterior maxilla with fixed implant restorations is
poorly documented. In this context, esthetic restora-
tion is not predictable, particularly regarding the con-
tours of the interimplant soft tissue,

Statement A.4

Newer Surgical Approaches

Currently, the literature regarding esthetic outcomes is
inconclusive for the routine implementation of certain
surgical approaches, such as flapless surgery and im-
mediate or delayed implant placement with or without
immediate loading in the anterior maxilla.

ITI Treatment Guide - Volume 1

on the expert opinion of the Esthetics consensus group.
The group worked on each statement until a unanimous
opinion was reached.
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2  Proceedings of the Third ITI Consensus Conference: Esthetics in Implant Dentistry

2.1.2 Statements B: Surgical Considerations

2]

Statement B.1

Planning and Execution

Implant therapy in the anterior maxilla is considered
an advanced or complex procedure and requires com-
prehensive preoperative planning and precise surgical
execution based on a restoration-driven approach.

Statement B.2

Patient Selection

Appropriate patient selection is essential in achieving
esthetic treatment outcomes. Treatment of high-risk
patients identified through site analysis and a general
risk assessment (medical status, periodontal suscepti-
bility, smoking, and other risks) should be undertaken
with caution, since esthetic results are less consistent.

Statement B.3

Implant Selection

Implant type and size should be based on site anato-
my and the planned restoration. Inappropriate choice
of implant body and shoulder dimensions may result
in hard and/or soft tissue complications.

ITI Treatment Guide = Volume 1

Statement B.4

Implant Positioning

Correct three-dimensional implant placement is es-
sential for an esthetic treatment outcome. Respect of
the comfort zones in these dimensions results in an im-
plant shoulder located in an ideal position, allowing for
an esthetic implant restoration with stable, long-term
peri-implant tissue support.

Statement B.5

Soft-Tissue Stability

For long-term esthetic soft-tissue stability, sufficient
horizontal and vertical bone volume is essential. When
deficiencies exist, appropriate hard and/or soft-tissue
augmentation procedures are required. Currently, ver-
tical bone deficiencies are a challenge to correct and
often lead to esthetic shortcomings. To optimize soft-
tissue volume, complete or partial coverage of the heal-
ing cap/implant is recommended in the anterior max-
illa. In certain situations, a non-submerged approach
can be considered.



2 Proceedings of the Third 1Tl Consensus Conference; Esthetics in Implant Dentistry

2.1.3 Statements C: Prosthodontic and Restorative Procedures

Statement C.1

Standards for an Esthetic Fixed Implant Restoration
An esthetic implant prosthesis was defined as one that
is in harmony with the peri-oral facial structures of the
patient. The esthetic peri-implant tissues, including
health, height, volume, color, and contours, must be in
harmony with the healthy surrounding dentition. The
restoration should imitate the natural appearance of
the missing dental unit(s) in calor, form, texture, size,
and optical properties.

Statement C.2

Definition of the Esthetic Zone

Objectively, the esthetic zone was defined as any den-
toalveolar segment that is visible upon full smile. Sub-
jectively, the esthetic zone can be defined as any den-
toalveolar area of esthetic importance to the patient.

Statement C.4

Use of Provisional Restorations

To optimize esthetic treatment outcomes, the use of
provisional restorations with adequate emergence pro-
files is recommended to guide and shape the peri-im-
plant tissue prior to definitive restoration.

Statement C.5

Location of the Implant Shoulder

In most esthetic areas, the implant shoulder is located
subgingivally, resulting in a deep interproximal margin.
This shoulder location makes seating of the restoration
and removal of cement difficult. Therefore, a screw-re-
tained abutment/restoration interface is advisable to
minimize these difficulties.

In this volume of the ITI Treatment Guide, the above-list-
ed Consensus Statements will be exemplified by clinical
case documentations.

Statement C.3

Measurement of Esthetic Outcomes

The following esthetic-related soft tissue parameters

are proposed for use in clinical studies:

» Location of the midfacial mucosal implant margin
in relation to the incisal edge or implant shoulder

« Distance between the tip of the papilla and the
most apical interproximal contact

« Width of the facial keratinized mucosa

« Assessment of mucosal conditions (e.g., modified
Gingival Index, bleeding an probing)

« Subjective measures of esthetic outcomes, such as
visual analog scales

ITl Treatment Guide - Volume 1






3 Pre-operative Analysis and
Prosthetic Treatment Planning
in Esthetic Implant Dentistry

W.C. Martin, D. Morton, D. Buser
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3 Pre-operative Analysis and Prosthetic Treatment Planning in Esthetic Implant Dentistry

The goal of risk assessment is to identify patients whose
implant therapy carries a high risk of a negative outcome.
Therefore, for each patient, a detailed preoperative analy-
sis should be performed to assess the individual risk pro-
file and the level of difficulty of the planned therapy.

Consensus Statement B.1

Planning and Execution:

Implant therapy in the anterior maxilla is considered
an advanced or complex procedure and requires com-
prehensive preoperative planning and precise surgical
execution based on a restoration-driven approach.

Consensus Statement B.2

Patient Selection:

Appropriate patient selection is essential in achieving
esthetic treatment outcomes. Treatment of high-risk
patients identified through site analysis and a general
risk assessment (medical status, periodontal suscepti-
bility, smoking, and other risks) should be undertaken
with caution, since esthetic results are less consistent.,

The initial examination of the patient requiring dental im-
plants in the anterior maxilla should commence with a
general treatment risk assessment. Risk assessment in the
anterior maxilla of potential implant patients includes
several aspects. The patient’s past medical history, cur-
rent medications, allergies, smoking habits, periodontal
status and occlusal function should be examined (Buser
and coworkers, 2004). Table 1 lists the superordinate, gen-
eral risk factors in implant patients:

With regard to implant success, high-risk patients should
be informed of the challenges associated with the treat-

ment. Alternative restorative methods should be duly con-
sidered before planning for dental implant therapy. Pa-
tients who qualify for surgical implant procedures from a
medical point of view and whose esthetic demands are
high should always undergo a detailed examination not
only of the edentulous space, but also of the supporting
hard and soft tissues. Adjacent teeth, periodontal sup-
port, and existing hard and soft tissues are all critical fac-
tors when planning for a predictable esthetic result. To-
gether, these factors constitute an assessment of esthet-
ic risk.

In simple terms, the esthetic quality of implant-support-
ed restorations should not differ from that of restorations
supported by teeth. They should be in harmony with peri-
oral facial structures, be associated with a healthy sur-
rounding dentition and represent a successful imitation
of the missing tooth or teeth with regard to color, form,
texture, size, and optical properties (Belser and coworkers,
2004). Achieving such an outcome presupposes a clear
understanding of dental esthetics and general esthetic
principles, and depends on the treatment team develop-
ing an acute diagnostic acumen.

Consensus Statement C.1

Standards for an Esthetic Fixed Implant
Restoration:

An esthetic implant prosthesis was defined as one that
is in harmony with the peri-oral facial structures of the
patient. The esthetic peri-implant tissues, including
health, height, volume, color, and contours, must be in
harmony with the healthy surrounding dentition. The
restoration should imitate the natural appearance of
the missing dental unit(s) in color, form, texture, size,
and optical properties.

Table 1 Risk factors in candidates for implant therapy (Buser and coworkers, 2004)

General Risk Factors in Candidates for Implant Therapy

Risk Factor

Remarks

Medical

Severe bone disease causing impaired bone healing
Immunologic diseases

Medication with steroids

Uncontrolled diabetes mellitus

Irradiated bone

Others

| Periodontal

Active periodontal disease
History of refractory periodontitis
Genetic disposition

Oral Hygiene/Compliance

+ Home care measured by gingival indices
+ Personality, intellectual aspects

| Occlusion

10 ITI Treatment Guide Volume 1
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Diagnostic factors of significance to the pre-treatment ex-
amination of the esthetic risk to the treatment outcome
include:

1.Patient’s treatment expectations

2.Patient’s smoking habits

3.Height of the lip line on smiling

4. Gingival biotype in the treatment area

5.5hape of the missing and surrounding teeth

6.Infection at the implant site and bone level at
adjacent teeth

7.Restorative status of the teeth adjacent to
the edentulous space

8.Character of the edentulous space

9.Width of the hard and soft tissues in the
edentulous space

10. Height of the hard and soft tissues in the

edentulous space

These criteria can be used to create an Esthetic Risk Pro-
file that will help the clinician and patient determine the
potential of achieving esthetic results through dental im-
plant therapy.

3.1.1 The Patient’s

Treatment Expectations

The recent rise in public awareness of the benefits of den-
tal implant therapy has had both positive and negative ef-
fects on daily clinical practice. We benefit from the in-
creasing numbers of patients who desire dental implant
treatment, but most patients are unaware of what the
process entails. Access to the Internet has helped educate
patients on how dental implants are used to replace miss-
ing teeth. Unfortunately, this education may lead to unre-
alistic expectations that the treatment team cannot at-
tain. During the consultation visit, it is imperative to de-
termine the patient’s ultimate desires. Discussion of the
oral rehabilitation project should focus on three aspects:
form, function, and esthetics (Garber and coworkers,
1995; Morton and coworkers, 2004). Reviewing these ar-
eas with the patient may help generate an initial risk pro-
file for the esthetic outcome and patient acceptance,

Jl5g05 ¢ jLLG ol UG
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Form

Can the edentulous span be restored at all? An evaluation
of the restorative space in relationship to adjacent or con-
tralateral teeth will determine if orthodontic or restora-
tive procedures are necessary before or along with im-
plant therapy (Figs 1a, b). Visualizing the planned restora-
tion will also provide information on the available hard
and soft-tissue support, whether deficient, adequate, or
excessive. Accepted dental procedures, including diagnos-
tic wax-ups and photographs, are important to this visu-
alization.

Fig Ta  Pre-treatment examination. Too little restorative space for a dental
implant at site 12.

Fig 16 Post-orthodontic treatment. ideal space for a dental implant and
restaration.

ITI Treatment Guide  Volurme 1 m



3 Pre-operative Analysis and Prosthetic Treatment Planning in Esthetic Implant Dentistry

Fig2 Pre- m_-utment examination. A lack of avaa!abie interocciusal space
for restoration using dental implants. Treatment of the opposing dentition
may be required to achieve long-term implant success.

Function

An occlusal evaluation is necessary to incorporate the im-
plant-supported restoration into a harmonious and func-
tional environment. In the case of long-standing eden-
tulism, supereruption of the opposing dentition into the
free space may make restoration of the implant(s) diffi-
cult (Fig 2).

Diagnostic wax-ups help establish a plan for modifying
the positions of those teeth and will often be a mandato-
ry component of pre-treatment esthetic analysis.

Esthetics

What are the patient’s esthetic expectations? And are
they realistic? A detailed discussion with the patient con-
cerning the potential outcome may help avoid disappoint-
ing outcomes for patients with high esthetic expecta-
tions. Such patients should be considered "high esthetic
risks.”

Consensus Statement C.2

Definition of the Esthetic Zone:

Ob}ectwemthe esthetic zone was defined as any den-
toalveolar segment that is visible upon full smile. Sub-
jectively, the esthetic zone can be defined as any den-
toalveolar area of esthetic importance to the patient.

12 ITI Treatment Guide - Volume 1

Fig3 Lowlip line.

3.1.2 Patient’s Smoking Habits

When determining the potential for the esthetic success
of a given course of implant treatment, potential compli-
cations secondary to the local and general factors should
also be considered. Smoking habits may have deleterious
effects on grafting procedures, implant integration, or
long-term peri-implant tissue health (Buser and cowork-
ers, 2004). Several clinical studies have shown smoking to
have a negative impact on the short-term and long-term
integration of dental implants {Bain and Moy, 1993; De-
Bruyn and Collaert, 1994; Lambert and coworkers, 2000;
Wallace, 2000). Patients who smoke should be educated
on or directed to cessation programs before implant ther-
apy is initiated. Heavy smokers (=10 cig/d) should be con-
sidered “high esthetic risks.”

3.1.3 Height of the Lip Line
on Smiling

The lip line is associated with the amount of tooth sub-
stance and supporting tissues visible when the patient
chews, speaks, or smiles.

Low Lip Line

Patients who exhibit a low lip line display a predominance
of mandibular teeth or an equal mix of maxillary and
mandibular teeth. For these patients, the quality of the es-
thetic outcome is related mostly to the appearance of the
incisal half of the maxillary teeth (Fig 3).

Here the "esthetic risk” is reduced as the lips effectively
mask suboptimal outcomes associated with the appear-
ance of the gingival tissues, tooth proportions, and the
apical aspects of the restoration.



Medium Lip Line

Patients who exhibit a medium lip line typically display
most of their anterior maxillary teeth and only very little,
if any, of the supporting periodontal structures (Fig 4).
Here the esthetic risk is increased and is associated with
factors affecting the appearance of these teeth and
restorations, such as tooth size, color, shape, texture, op-
tical properties, relative proportions, as well as the shape
and appearance of the incisal and gingival embrasures
and the presence of convexity in the teeth and the sur-
rounding structures.

High Lip Line

Patients characterized by a high lip line often display their
maxillary anterior teeth in their entirety, as well as a signifi-
cant portion of the supporting soft tissues (Fig 5). The es-
thetic risk for these patients is greatly increased, mostly
associated with the gingival tissue display. It can be diffi-
cult to develop healthy, symmetric, and contoured soft tis-
sues, and any failures will be readily visible—particularly
when restoring adjacent missing teeth (Buser and cowork-
ers, 2004). Moreover, the display of gingival structures in-
creases the relevance of tooth proportions and their
emergence profile. The esthetic contours of the gingival
margins are also critical to the outcome in patients with
high esthetic demands.

3.1.4 Gingival Biotype in the
Treatment Area

Thick-Gingiva Biotype

A thick-gingiva biotype can be low-risk when replacing sin-
gle missing teeth in the anterior area. The gingival tissues in
these patients are characterized by a predominance of a
thick, broad band of attached gingiva, typically resistant to
recession (Cardaropoli and cowarkers, 2004; Kan and cowork-
ers, 2003; Kois and coworkers, 2001; Weisgold, 1977) (Fig &).

The thickness of the gingival tissue effectively masks the
color of the implant(s) and any subgingival metallic com-
ponents, reducing the risk of not achieving a pleasing es-
thetic result. This biotype clearly favors the long-term sta-
bility of esthetic peri-implant soft tissues. Special surgical
consideration should be given to thick-gingiva biotype pa-
tients, as they are more prone to post-surgical scarring
subsequent to augmentation procedures.

For patients with multiple adjacent missing anterior teeth,
a thick-tissue biotype can be both favorable and detrimen-
tal. Thick gingiva remains predictable in terms of position
and appearance and resistant to recession. However, the
character of the tissue reduces the likelihood of papillae de-
veloping when multi-tooth edentulous areas are present
(Fig 7).

W. C. Martin, D. Morton, D. Buser

Fig4 Medum lip line.

Fig5 High lip line.

Fig & Thick-gingiva biotype characterized by a broad hand of thick kera-
tinized tissue and blunted papiliae,

Fig 7 Restoration of adjacent spaces 11 and 21 with crowns supported by
dental implants in a patient with a thick-gingiva biotype.
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3 Pre-operative Analysis and Prosthetic Treatment Planning in Esthetic Implant Dentistry

Fig 8 Medium-gingiva biotype characterized by a broad band of thin ker-
atinized tissue with blunted papillae.

Fig 9 Restoration of a dental implant at site 11 in a patient with a thin-
Bingiva biotype.

Fig 10 Slightly palatalized position
of the dental implant ailowing for
maximum hard-tissue and soft-tfs-
sue thickness on the facial surface.
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Medium-Gingiva Biotype

For patients with a medium-gingiva biotype, esthetic
restoration of missing teeth is more challenging in the
long term, and the esthetic risk is increased. Medium-gin-
giva biotypes display some characteristics of a thick bio-
type—most often the presence of thick attached gingival
tissues. In addition, however, they can display character-
istics of a thin-gingiva biotype, including long, thin, and
blunted dental papillae (Fig 8).

In these cases, esthetic restorations are more challenging
and less predictable over the long term.

Thin-Gingiva Biotype

A thin-gingiva biotype can be associated with excellent es-
thetic single-tooth restorations if the adjacent teeth are
periodontally healthy and have sufficient bone-crest
heights (Fig 9).

The thin and friable nature of the soft tissues is conducive
to the formation and maintenance of natural and pre-
dictable interproximal dental papillae, but an increased
esthetic risk is associated with the possibility of gingival
recession (Cardaropoli and coworkers, 2004; Kan and
coworkers, 2003; Kois and coworkers, 2001; Weisgold,
1977). Long-term predictability requires careful attention
to detail with particular regard to implant position and ad-
eqguate supporting bone, restoration emergence profile,
and technical adaptation and contour. The health and
proximity of adjacent structures as they traverse the con-
nective tissues and epithelium is important to establish-
ing and maintaining papillae.

The propensity for these tissues to respond to stimuli with
recession cannot be ignored as a significant risk to a sat-
isfactory esthetic outcome. Patients with adjacent miss-
ing teeth and thin-gingiva biotype often require periodon-
tal surgery to alter the character of the tissue before or in
conjunction with implant treatment. The danger of reces-
sion and tissue discoloration is further increased in pa-
tients with adjacent missing teeth, and implant position
and restorative shapes become more critical.

Restorative and surgical planning for these patients re-
quires implants to be placed closer to the palate (but still
within the orofacial comfaort zone), thus allowing for max-
imum hard-tissue and soft-tissue coverage of the dental
implant surface (Buser and coworkers, 2004). This posi-
tion places the long axis of the implant so that it exits
through the cingulum of the restoration, favoring screw-
retained restorations (Fig 10).



3.1.5 Shape of the Missing
and Adjacent Teeth

The shape of the missing and adjacent teeth can pro-
foundly influence the degree of risk associated with im-
plant-supported restorations in the esthetic zone. With
the esthetic outcome strongly influenced by the final gin-
gival architecture, the risk can be reduced by the presence
of square teeth (and, often, a thick-gingiva biotype). Al-
though implant-supported restorations in this environ-
ment are rarely associated with long and complete papil-
lae, it should be noted that this is often in harmony with
the patient’s natural state. There is little question that tri-
angular teeth pose a greater risk and that this risk is most
likely associated with the emergence anatomy and tissue
support (Takei, 1980). Triangular tooth shapes often have
a tissue architecture of the thin, high-scalloping type
when associated with teeth in good periodontal health. A
high esthetic risk is evident when a triangular tooth shape
is associated with localized periodontal defects and the
loss of interproximal papillae (Fig 11). These patients will
often require a dental implant superstructure that is
square-shaped, as well as large contact areas, potentially
compromising the final appearance. When the restoration
includes triangular tooth shapes, interproximal spaces
(black triangles) must be anticipated.

3.1.6 Infection at the Implant Site and

Bone Level at Adjacent Teeth

The presence or history of infection, at or adjacent to an
implant site, is an important consideration in the pre-op-
erative evaluation of the esthetic risk to implant-based
treatment. Local infections associated with periodontal
disease, endodontic lesions, post-traumatic lesions (root
fractures, root resorption, and/or ankylosis), or foreign bod-
ies (amalgam remnants, infected root remnants), are capa-
ble of directly reducing the quantity and quality of the hard
and soft tissues at potential implant sites or adjacent to
them. Further, an effective treatment of the local infection,
while resulting in disease resolution, can be associated
with additional loss of esthetically important tissues, par-
ticularly the levels of the crestal bone on adjacent teeth or
shrinkage of the soft tissues resulting in gingival recession.
The characteristics of a local infection, if it is chronic or
acute in nature, determines the severity of the esthetic risk
subsequent to effective infection control therapy. In the
context of local infections, the highest risk to an esthetic
outcome is associated with acute infections demonstrat-
ing suppuration and local swelling (Fig 12). Chronic infec-
tions, in particular chronic periapical lesions of teeth to be
replaced with implants, bear a medium risk for complica-
tions with esthetic significance if not resolved prior to im-
plant placement (Lindeboom and coworkers, 2006).

W, C. Martin, D. Morton, D. Buser

Fig 11 Pre-treatment examination. Triangular tooth shape associated with
localized periodontal disease. A high esthetic risk is associated with this type
of a clinical status.

Fig 12 Acute infections at the future implant site presenting local swelling
and suppuration pose maximum threat to the esthetic treatment outcome,

For single missing teeth, the support for interproximal
dental papillae is related to the height of the bone crests
on adjacent teeth (Chogquet and coworkers, 2001; Kan and
coworkers, 2003). Therefore, the contours of the restora-
tion (specifically the positions and extent of the contact
areas), in addition to the presence of interdental papillae
and the esthetic outcome, depend on the height of the
crestal bone adjacent to the implant site (Fig 13). Where
local infections have resulted in vertical bone loss around
adjacent teeth, the risk of a compromised esthetic out-
come is greatly increased (Fig 14). The probability of a
space (black triangle) arising between a properly con-
toured restoration and the adjacent tooth increases with
greater observable crestal bone loss on adjacent roots.
Furthermore, the regeneration of crestal bone along a pre-
viously infected root surface is not predictable, and is un-
likely with currently available treatment options.

For extended edentulous spaces with multiple missing
teeth, the risk of a compromised esthetic outcome is con-
sidered high, since horizontal and/or vertical bone defi-
ciencies are often present. The primary concern is in the
interdental spaces that are not adjacent to teeth. The
problem is magnified when adjacent implants are uti-
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3 Pre-operative Analysis and Prosthetic Treatment Planning in Esthetic Implant Dentistry

Fig 13 Radiograph showing ade-
quate interpraximal bone support.

Fig 14 Radiograph showing loss of
interproximal bone support due to
periodontal disease.

Fig 15 A high lip line, thin-gingiva biotype, and extended edentuious span
coupled with a loss of perfodontal support would classify this treatment as
a maximum esthetic risk.

Fig 16  An existing restoration at site 12 adjacent to a future implant site
should be scheduled for replacement in conjunction with the implant
restoration.
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lized in the esthetic zone, since this reduces the pre-
dictability of inter-dental closure with soft tissue (Tarnow
and coworkers, 2000; Tarnow and coworkers, 2003). When
combined with additional risk factors such as a high lip
line and/or a thin-gingiva biotype, the placement of adja-
cent implants in extended edentulous spaces in the ante-
rior maxilla often represents maximum esthetic risk (Fig
15). Site development for patients in this category is of-
ten mandatory prior to or in conjunction with implant
placement. The results of such procedures vary, with hor-
izontal augmentations often superior to those achieved
in the vertical dimension.

Identifying patients with increased risk factors for peri-
odontal susceptibility and/or advancing or refractory pe-
riodontal disease is also critical. Literature shows increas-
ing evidence that these patients pose potential risk to bi-
ologic complications (Ellegaard and coworkers,1997; Kar-
roussis and coworkers, 2003). Thus, periodontal disease
must be resolved before implant therapy is initiated. Ge-
netic swab tests have been introduced as clinical tests to
identify patients with a positive Interleukin-1 (IL-1) geno-
type, as these patients run a greater risk of developing pe-
riodontitis (Korman and coworkers,1997; Nieri and
coworkers, 2002; Tai and coworkers, 2002). Recent publi-
cations show a synergy for the frequency of biological
complications, when IL-1-pasitive patients are also heavy
smokers (Feloutzis and coworkers, 2003; Shimpuku and
coworkers, 2003: Grucia and coworkers, 2004). These pa-
tients should be identified and informed of potential es-
thetic complications prior to implant therapy, and should
be more rigorously followed during the maintenance pe-
riod.

3.1.7 Restorative Status of
Teeth Adjacent to the
Edentulous Space

When teeth adjacent to an edentulous area are healthy
from a restorative perspective, no additional risk to the es-
thetic outcome is predicted. Adjacent teeth with restora-
tions extending into the gingival sulcus, however, repre-
sent a serious threat. Subgingival margins are often asso-
ciated with recession subsequent to the placement of an
implant, and esthetic complications can be associated
with exposed restorative margins or an altered gingival ar-
chitecture (Fig 16). For these patients, meticulous treat-
ment planning is vital and may include the replacement
of the adjacent restoration as part of the treatment, or
modification of the surgical incision to reduce risk.



3.1.8 Character of the
Edentulous Space

The chances of an esthetic treatment outcome are high-
er for single missing teeth (Belser and coworkers, 1996;
Belser and coworkers, 2000; Belser and coworkers, 2004).
The neighboring teeth and supporting structures, howey-
er, must be in good health. There is a clearly lower esthet-
ic risk if support for the gingival tissue is provided by the
proximal crests of bone on adjacent teeth and if the dis-
tance from this bone to the restoration's contact points
above is short (Kan and coworkers, 2003). The esthetic re-
sult can be compromised when the edentulous site is as-
sociated with unfavorable periodontal conditions or inad-
equate restorative space.

Consensus Statement A.2

Single-Tooth Replacement:

For anterior single-tooth replacements in sites without
tissue deficiencies, predictable treatment outcomes,
including esthetics, can be achieved because tissue
support is provided by adjacent teeth.

Clinically, adjacent missing teeth greatly increases the es-
thetic challenge. Inter-implant soft-tissue and hard-tissue
support becomes unpredictable because the morphology
of the implants may cause the coronal aspect of the os-
seous crest between them to decrease (Buser and cowork-
ers, 2004; Tarnow and coworkers, 2003). For this reason,
the restoration-based placement of dental implants to al-
low for maximum inter-implant tissue support is para-
mount; even small errors can be detrimental. The plan-
ning of implant treatment for these patients should con-
sider the increased risk posed by adjacent implants and
the need for surgical precision. Appropriate implant selec-
tion is imperative, as the use of oversized implants can re-
sultinincreased bone attrition and consequent facial and
proximal tissue loss (Buser and coworkers, 2004).

The location of the adjacent missing teeth is important
to the assessment of the esthetic risk. Missing central in-
cisors provide the best opportunity for an esthetic result
due to potential “redundant” tissue located in the na-
sopalatine area, and the symmetry of gingival architec-
ture required after healing (Fig 17).

When replacing adjacent central and lateral incisors, the
challenge is increased by the need to provide anatomi-
cally correct gingival zenith positions. Further, the emer-
gence of appropriately contoured adjacent restorations
through the connective tissue is critical if papillary sup-
port is to be gained, increasing the reliance on appropri-
ate implant selection (size and shape). The restoration of

W. C. Martin, D. Morton, D. Buser

Fig 17  When redundant tissue is present in the nasopalatine area, restora-
tion of adjacent dental implants may lead to an acceptable result,

Fig 18 A mesially cantilevered restoration from a dental implant at sites
13and 12

Fig 19 An ovate pontic created at site 12 to help maximize interproximal
tissue support.

lateral incisors and canines presents the same difficul-
ties. Treatment options should be explored to prevent the
placement of adjacent implants in these areas where
possible. In general, when a lateral incisor is involved ad-
jacent to a missing central incisor or canine, a can-
tilevered restoration into the lateral site should be con-
sidered (Fig 18).

This will allow the implant team to capitalize on a single
implant position while creating an ovate pontic into the
lateral site, potentially maximizing interproximal tissue
support (Fig 19).
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3 Pre-operative Analysis and Prosthetic Treatment Planning in Esthetic Implant Dentistry

Fig 20a  Frontal view of a missing lateral incisor highlighting excess verti-
cal height of soft tissue.

Fig 20b  Occlusal view of the missing lateral incisor highlighting deficient
horizontal width of hard tisswe.

Fig 20c  Replacement of the missing lateral incisor with a dental implant
and ceramo-metal restoration.
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Patients who exhibit adjacent missing teeth including a
lateral incisor should be considered as having a maximum
risk of esthetic complications when adjacent implants are
utilized.

3.1.9 Width of the Hard and
Soft Tissues in the Edentulous
Space

Tissue deficiencies in the horizontal dimension can pose
an increased esthetic treatment risk. The risk can be low
if adjacent structures are healthy and if extractions (where
required) are performed with a minimum of trauma to the
bone and surrounding soft tissues. If the defect is restrict-
ed to the horizontal dimension and other conditions are
satisfied (such as the periodontal and restorative integri-
ty of the adjacent teeth), site enhancement is predictable,
and an esthetic outcome can be expected (Hammerle and
coworkers, 2003; Hermann and Buser, 1996) (Figs 20a-c).

The risk of a compromised esthetic outcome increases
with the degree of horizontal bone loss and non-en-
hanced sites. In such cases, bone and soft-tissue height is
compromised by deeper implant placement, which is un-
dertaken to provide increased ridge width. Deeper im-
plant placement can also be detrimental to esthetics as
the proportions of the restorations, and their emergence
profiles, are negatively influenced (Buser and coworkers,
2004). Such situations can often be effectively addressed
with site enhancement through horizontal bone augmen-
tation and/or soft-tissue grafting (Jemt and coworkers,
1997; Salama and coworkers, 1996). These procedures
have been improved greatly in recent years and offer a
high degree of predictability in sites with horizontal defi-
ciencies.

Consensus Statement B.5

Soft-Tissue Stability:

For long-term esthetic soft-tissue stability, sufficient
horizontal and vertical bone volume is essential. When
deficiencies exist, appropriate hard and/or soft tissue
augmentation procedures are required. Currently, ver-
tical bone deficiencies are a challenge to correct and
often lead to esthetic shortcomings. To optimize soft
tissue volume, complete or partial coverage of the heal-
ing cap/implant is recommended in the anterior max-
illa. In certain situations, a non-submerged approach
can be considered.



3.1.10 Height of the Hard and
Soft Tissues in the Edentulous
Space
Small deficiencies in vertical bone height greatly in-
crease the risk of not achieving an esthetic outcome, as
augmentation procedures are still not entirely pre-
dictable (Fig 21a). Under most circumstances, regenera-
tive procedures increase the width of the implant sites but
do not recapture adequate height. This results in a com-
promised gingival and restorative appearance (Fig 21b).

Loss of vertical bone in the edentulous space also magni-
fies the risk associated with many other factors—partic-
ularly the periodontal health of adjacent teeth. Vertically
deficient sites that border on periodontally involved teeth
cannot be enhanced without addressing the periodontal
disease itself. Grafting adjuncts (enamel matrix proteins)
should be considered as a means of restoring periodontal
support in conjunction with the onlay graft (Francetti and
coworkers, 2005). When periodontally compromised teeth
are involved in future implant sites, tooth extrusion
should be considered (Salama and coworkers, 1996).

Patients who exhibit vertical hard-tissue or soft-tissue loss
are assaciated with a high esthetic risk. When vertical de-
ficiencies are present in adjacent edentulous areas, local-
ized grafting techniques (distraction, onlay, free gingival
grafts) should be seriously considered; the maximum es-
thetic risk applies.

Consensus Statement B.5

Soft-Tissue Stability:

For long-term esthetic soft-tissue stability, sufficient
horizontal and vertical bone volume is essential. When
deficiencies exist, appropriate hard and/or soft tissue
augmentation procedures are required. Currently, ver-
tical bone deficiencies are a challenge to correct and
often lead to esthetic shortcomings. To optimize soft
tissue volume, complete or partial coverage of the heal-
ing cap/implant is recommended in the anterior max-
illa. In certain situations, a non-submerged approach
can be considered.

3.1.11 Esthetic Risk Profile: Summary

Table 2 summarizes the various risk factors. The individ-
ual risk profile of each patient is established based on a
detailed preoperative analysis. The use of this esthetic
risk profile table will be exemplified in sections 4.4
through 4.14 for specific patient cases.

W. C. Martin, D. Morton, D. Buser

Fig 21a Frontal view of a missing canine and lateral incisor highlighting a
vertical borne deficiency.

Fig21h  Frontal view of the final restorations on dental implarts.
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3 Pre-operative Analysis and Prosthetic Treatment Planning in Esthetic Implant Dentistry

Table 2 Esthetic risk assessment for edentulous sites.

Esthetic Risk Factors ‘

Medical status

Smoking habit —‘
[

Patient’s esthetic
expectation

Lip line

Gingival biotype

Shape of tooth crowns

Infection at implant site

Bone level at
adjacent teeth

Low

Healthy patient and
intact immune system

Non-smoker

Low

Low-scalloped, thick

Rectangular

None

= 5 mm to contact point

Restorative status
of neighboring teeth ‘

Width of edentulous span

Soft-tissue anatomy

Bone anatomy
of alveolar crest

 Standard Plus implants, Regular Neck  Standard Plus implants, Narrow Neck
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Virgin

1 tooth (= 7 mm)’
1 tooth (= 5.5 mm)*

Intact soft tissue

Alveolar crest without
bone deficiency

Medium

Light smoker
(<10 cig/d)

Medium

Medium

Medium-scalloped,
medium-thick

Chronic

5.5t0 6.5 mm
to contact point

—F

1 tooth (< 7 mm)’

1 tooth (< 5.5 mm)*

Horizontal bone
deficiency

High

Reduced immune system

Heavy smoker
(> 10 cig/d)

High

High

High-scalloped, thin

Triangular

Acute

=7 mm to contact point

Restored

2 teeth or more

Soft-tissue defects

Vertical bone
deficiency




The esthetic risk profile will help minimize potential
restorative pitfalls that may ultimately be associated with
unacceptable restorative outcomes. While the restoration
itself can be enhanced by the expertise of the dental
technician through office-laboratory communication, it is
necessary for the restorative dentist to have a clear under-
standing of the materials and techniques involved in en-
hancing the soft-tissue response around the restoration.
The anatomy of the transition zone (the emergence pro-
file created from the shoulder of the implant to the mu-
casal margin) will play a large role in the contours of the
definitive restoration and the effects it has on peri-im-
plant tissue support (Figs 22a, b).

In most situations, the anatomy of the transition zone
around anterior implants poses a challenge when creat-
ing access to the shoulder of the ideally placed implant.
It is not uncommon to find an implant 2mm submucosal
at the mid-facial aspect and 5-6mm submucosal at the
interproximal aspect. Limited access to the shoulder in
the interproximal region makes it difficult to justify place-
ment of a cement line at the implant shoulder. Cement
trapped in the submucosa can lead to peri-implant in-
flammation and in extreme cases to the loss of bone sub-
stance on the implant surface. In these clinical situations,
placing a machined margin at shoulder level to help re-
duce potential inflammation is recommended (Belser and
coworkers, 2004). Restorative options in these situations
include a screw-retained restoration or a customized abut-
ment {(metal, ceramo-metal, ceramic) to allow for the ce-
ment line to be placed closer to the mucosal margin for
better access (Higginbottom and coworkers, 2004). In oc-
casional clinical situations, the implant shoulders may be
located 2 - 3mm submucosal around the entire circumfer-
ence of the implant (Fig 23). These patients can benefit
from a cemented or screw-retained restoration.

Fig 23 A circumiferential implant shoulder depth of less than 2-3mm

W. C. Martin, D. Morton, D. Buser

Figs22a, b The transition zone (red) is the area located between the shoul-
der of the implant and the mucosal margin.

would alfow for access to a cement fine on the shoulder of the implants.
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Fig 24a Laboratory-processed fiber-reinforced fixed partial denture.

Fig 24b  Frontal view of the resin-reinforced fixed partial denture bonded
in place immediately following extraction of tooth 11.

Fig 24c  Occlusal view of the resin-reinforced fixed partial denture in place
highlighting the flowable composite used to anchor it in place.
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The treatment of edentulous spans in the esthetic zone
that have pre-existing soft-tissue and/or hard-tissue defi-
ciencies will require surgical augmentation procedures be-
fore or in conjunction with implant placement. These pro-
cedures will often require a healing phase before the seat-
ing of provisional restorations on dental implants. A well-
designed interim restoration will not only provide esthet-
ic relief for the patient, but will help protect the tissue as
it matures during the healing phase (Markus, 1999).

Interim restorations can be either fixed or removable.
Both options can provide benefits for the patient, but cer-
tain key principles should be followed to prevent delete-
rious effects on the tissue in the edentulous space (Buser
and coworkers, 2004). Interim restorations must:

—

Satisfy (within reason) the patient’s esthetic
expectations.

Be easy to fabricate and maintain.
Eliminate intermittent vertical pressure.

Be durable.

Provide diagnostic value.

wos W

When vertical site enhancement procedures are per-
formed, it is necessary to design an interim restoration
that eliminates vertical intermittent pressure. Removable
prostheses that rely on the palatal tissue for retention and
resistance can create undesirable pressure in the area,
causing vertical loss of the graft. Designing an interim
restoration that will eliminate these pressures is recom-
mended.



Options for ideal interim restorations:

1. Fixed partial denture - If teeth adjacent to the eden-
tulous site are scheduled for full coverage restora-
tions, this interim prosthesis can provide good es-
thetics and function while the site matures.

2. Resin fiber-reinforced fixed partial denture - If inter-
occlusal space permits, a denture tooth with fiber
wings can be bonded to the palatal surface of adja-
cent teeth, providing an esthetic fixed alternative
(Figs 24a-c). Alternative procedures utilizing small in-
terpraximal retention preparations (within enamel)
can be performed to retain a denture tooth with
composite resin.

3. Orthodontics - Patients undergoing orthodontic
treatment or patients who accept the utilization of
brackets to retain a rectangular wire and a pontic
can benefit from a low-maintenance, easily retriev-
able fixed alternative.

4. Vacuform retainer - If interocclusal space is limited
and orthodontic treatment is not an option, a vacu-
form retainer with an ovate pontic can provide an
interim restoration that will have controllable pres-
sure an the graft site (Moskowitz and coworkers,
1997) (Fig 25). Vacuform retainers are not recom-
mended for extended use, since occlusal interfer-
ence and excessive denture wear must be expected.

5. Removable partial denture (RPD) - Patients can ben-
efit from a removable prosthesis when a vertical de-
ficiency does not exist. An acrylic-resin RPD gains its
support from the palatal tissue and allows for the
pantic to be designed in an ovate form for tissue
shaping (Figs 26a, b).

When needed, extra retention can be added by using in-
terproximal wrought-wire ball clasps. RPDs are not recom-
mended if vertical grafting is planned. The potential ex-
ists for intermittent pressure on the grafted site (even
when relieved), which could lead to resorption.

An interim restoration that meets these recommenda-
tions is an esthetic and functional prosthesis that at the
same time protects the site undergoing enhancement
procedures.

W. C. Martin, D. Morton, D. Buser

Fig 25 Vacuform retainer with a retained extracted tooth modified to an
ovate form.

Fig 26a Rernovabile partial denture replacing tooth 21 in a patient who re-
quire’s horizontal augmentation in conjunction with implant placement.
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Fig 26b  Occlusal view of a resin-based removable partial denture utilizing
the embrasures between the posterior teeth for retention.
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Careful and consistent site analysis can often alert clini-  tions. The assessment of the esthetic risk, in conjunction
cians and patients to the degree of esthetic risk associat-  with an assessment of the importance the patient assigns
ed with dental treatment, allowing the dentist and, above  to the esthetic outcome, are essential for improving the
all, the patient to develop reasonable treatment expecta-  quality and predictability of treatment results.
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4 Achieving Optimal Esthetic Results

D. Buser, W.C. Martin, U.C. Belser

Fig 1 The patient's smile, revealing a high lip line situation.

Fig 2 Single-tooth gap caused by a dental trauma. Edentulous span and
alveolar crest adequately dimensioned for impiant therapy.

Fig 3 Periapical radiograph show-
ing normal bone struciures in the
edentulous gap.

26

ITI Treatment Guide - Volume 1

The following case demonstrates the general principles of
implant placement in the esthetic zone:

The patient had a missing upper left central incisor, which
he had lost by trauma. At full natural smile, the patient ex-
hibited a high lip line situation and a harmoniously scal-
loped gingival margin (Fig 1).

The tissue biotype was thin and highly scalloped (Fig 2).
In general, the combination of a high lip line and a thin-
gingiva biotype is considered a high-risk situation from an
anatomic point of view. Patients with such a risk profile
should be treated with caution.

The periapical radiograph of the single-tooth gap, taken
in May 1996, demonstrated adequate bone height and
the absence of pathological processes (Fig 3).

Consensus Statement B.2

Patient Selection:

Appropriate patient selection is essential in achieving
esthetic treatment outcomes. Treatment of high-risk
patients identified through site analysis and a general
risk assessment (medical status, periodontal suscepti-
bility, smoking, and other risks) should be undertaken
with caution, since esthetic results are less consistent.

Consensus Statement B.1

Planning and Execution:

Implant therapy in the anterior maxilla is considered
‘an advanced or complex procedure and requires com-
prehensive preoperative planning and precise surgical
execution based on a restoration-driven approach.
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Table T Implant types recommended for use in the anterior maxilla
(Straumann Dental Implant System)

Implant Description

ER | |
' Standard Plus implant '
Endosseous @ 4.1 mm

Regular Neck (& 4.8mm) [

il

Fig 4 Schematic diagram of a waxup that can be used for the fabrication
of a surgical template.

In complex cases, a diagnostic waxup can be beneficial as

a basis for fabricating a surgical template (Fig 4), which L Standard PI'-'PS implant
facilitates correct three-dimensional implant placement ﬂ BIEscous & -E.Smm
during surgery. Here, the cervical end of the template in J.'—'_'j ReguiatNeck 2.8 mm
the tooth-gap position indicated the desired future soft- { { T

tissue margin at the implant-supported crown.

Esthetic implant placement is based upon a restoration- 5 M|

driven philosophy. Correct three-dimensional implant po- bt

sitioning will allow for optimal support and the stability = Standard Plus implant

of the peri-implant hard and soft tissues (Buser and =i Endosseous & 3.3mm

cowarkers, 2004). o i | Narrow Neck (&7 3.5mm) |
|

Consensus Statement B.3 -
Implant Selection:

Implant type and size should be based on site anato-
my and the planned restoration. Inappropriate choice
of implant body and shoulder dimensions may result
in hard and/or soft tissue complications.

amm

Tapered Effect implant
Endosseous &7 4.1 mm
Regular Neck (&2 4.8mm)

In the anterior maxilla, the implant types of the Strau-
mann Dental Implant System shown in Table 1 are recom-
mended for clinical use.

g

Tapered Effect implant
Endosseous & 3.3 mm
Regular Neck (&2 4.8 mm)

These implants differ in restorative shoulder diameter
and endosseous diameter. To use these implants success-
fully in the anterior maxilla, correct implant selection rel-
ative to the mesiodistal dimension of the tooth to be re- ‘

placed (gap size) is critical (Table 2). :

Table 2 Relationship between the mesiodistal gap size and the diameter of the implant shoulder (Straumann Dental Implant System)

Implant Type Shoulder Diameter (mm) Minimum Gap Size (mm) Ideal Gap Size (mm)
Implants with a |
Regular Neck (&7 4.8mm) 4.8 7.0 J 8.0-9.0

Implants with a

Narrow Neck (& 3.5mm) 3.5 5.5 6.0-7.0
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Na
Fig 5 Occlusal view of the crestal incision, which is positioned 2-3 mm
palatally.

Fig &6 Schematic drawing of the crestal fncision

Fig 7 Divergent distal line angles relieving incisions are often used ro allow
the incision of the periosteum and subsequent tension-free primary soft-tis-
sue closure

Fig 8 Clinical status folfowing flap elevation.
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Wide Neck implants, with their 6.5-mm shoulder diame-
ter, are not recommended for use in the anterior maxilla.
Their implant shoulder margin is likely to be located too
close to adjacent teeth or too far facially, encroaching on
their respective danger zones.

Under local anesthesia, a full thickness flap was created
with a crestal incision located approximately 2 -3 mm to-
ward the palatal aspect (Figs 5, 6). The relieving incisions
were placed at the distal line angles of the neighboring
teeth.

The flap was extended through the sulcus of the adjacent
teeth, ascending to the facial aspect of the alveolar crest
with divergent distal line angle relieving incisions (Figs 7,
8). These incisions avoid the formation of scar tissue in
the mid-crestal area and ensure sufficient vascularization
of the facial flap, especially in the area of the future papil-
lae.

Alternatively, a para-papillary incision technigue could
have been used.

The facial and palatal mucoperiosteal flaps were elevat-
ed with a fine tissue elevator to allow low-trauma soft-tis-
sue handling.

Following flap elevation, the surgical site was carefully an-
alyzed. Special attention was paid to the evaluation of the
facial aspect of the alveolar crest, since sufficient bone
volume in this area is an important prerequisite for an es-
thetic treatment outcome (Fig 8).

A periodontal probe was placed on the facial surface of
adjacent teeth to examine if the facial bone wall was flat-
tened in relation to adjacent teeth (Fig 9). Furthermore,
in implant sites in the central incisor area, the location of
the nasopalatal foramen needed to be determined.

A bone-scalloping procedure was performed in order to
facilitate an easier and more precise preparation of the
implant bed (Fig 10).

The scalloping procedure smoothens the alveolar crest
and imitates its natural shape. This helps visualize and
control the optimal implant position and facilitates pre-
cise implant-bed preparation.

Jlbg.n.'l uL:LuJ I:llJLﬁ:ﬁ:ll




Consensus Statement A.2

Single-Tooth Replacement:

For anterior single-tooth replacement in sites without
tissue deficiencies, predictable treatment outcomes,
including esthetics, can be achieved because tissue
support is provided by adjacent teeth.

Mo bone should be remaved in the proximal area of the
adjacent teeth, because this bone is important for the
support and maintenance of the papillae (Fig 11).

Although not mandatory for implant placement in single-
tooth gaps, the use of surgical templates in the anterior
maxilla can be valuable for properly placing the implant
shoulder in a position that will allow for an ideal emer-
gence profile and long-term peri-implant hard-tissue and
soft-tissue support (Higginbottom and Wilson, 1996). A
diagnostic waxup highlighting the final gingival margin
position, facial surface, and embrasure form of the pro-
posed restoration indicates these positions and should
be the basis for generation of the surgical template. The
template imitates the future soft-tissue margin at the im-
plant crown (Fig 12).

Furthermaore, the spiral drill is guided by the surgical tem-
plate for proper alignment of the implant.

After implant placement, the implant shoulder was locat-
ed in the desired, formerly planned position about 2 mm
apical to the future soft-tissue margin around the im-
plant-supported crown (Fig 12).

The placement of implants in a correct three-dimension-
al position is one of the keys to an esthetic treatment out-
come, regardless of the implant system used. The correct
three-dimensional position is dependent upon the
planned restoration that the implant will support (Belser
and coworkers, 1996; Belser and coworkers, 1998; Buser
and von Arx, 2000), The relationship of the position be-
tween the implant and the proposed restoration should
be based upon the position of the implant shoulder, since
it will influence the final hard and soft tissue response.
The implant shoulder position can be viewed in three di-
mensions:

1. Mesiodistal
2. Orofacial
3 Coronoapical

D. Buser, W. C. Martin, U. C. Belser

Fig9 Periodontal probe indicating no harizantal bone deficiency. The site
did not require horizontal bore augmentation.

Fig 10 Chinical status following bone scalloping. The bone crest at the ad-
Jacent teeth is not touched,

Frg 11 Schematic drawing of the bone scalloping procedure in this single-
tooth gap.

Fig 12 The future soft tissue margin at the implant crown as imitated by
the template served to place the implant shoulder in the ideal position.
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Fig 13 Correct implant position in the mesiodistal comfort zone (green).

Fig 14 Status following implant insertion. The implant shoulder is posi-
tioned in the comfort zone.

Fig 15 Schematic drawing with the comfort and danger zones in mesiodis-
tal direction.
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Consensus Statement B.4

Implant Positioning:

Correct three-dimensional implant placement is es-
sential for an esthetic treatment outcome. Respect of
the comfort zones in these dimensions results in an im-
plant shoulder located in an ideal position, allowing for
an esthetic implant restoration with stable, long-term
peri-implant tissue support.

When planning for an ideal three-dimensional implant
position, a distinction is made between “comfort” and
“danger” zones in each dimension (Buser and coworkers,
2004). The selection of the implant type and the place-
ment of the dental implant should be based on the
restorations planned in these zones. If implant shoulders
are positioned within the danger zones, complications
such as peri-implant bone resarption followed by soft-tis-
sue recession may occur, resulting in esthetic complica-
tions. Implants positioned in the comfort zones provide
the basis for a long-term stable esthetic restoration. Com-
fort and danger zones are defined in the mesiodistal, oro-
facial, and coronoapical dimensions.

4.1.1 Mesiodistal Dimension

In the mesiodistal dimension, the danger zones (red col-
or) are located next to the adjacent root surfaces. This
danger zone is about 1.0-1.5mm wide (Fig 13).

With the tulip shape of the implant shoulder on Strau-
mann implants, this places the implant body surface no
closer than 1.5mm to the adjacent root surfaces.

Proper mesiodistal implant placement aveoids the danger
zones adjacent to the neighboring teeth (Figs 14, 15).

Placing the implant shoulder too close to an adjacent
tooth can cause the resorption of the interproximal alve-
olar crest to the level of that of the implant (Esposito and
coworkers, 1993). With the loss of the interproximal crest
height comes a reduction in papillary height. This also cre-
ates restorative problems: poor embrasure forms and
emergence profiles will result in restorations with long
contact zones and a compromised clinical outcome. The
loss of crest height at adjacent teeth is caused by the bone
saucerization routinely found around the implant shoul-
der of osseointegrated implants. Bone loss occurs in both
the horizontal and vertical dimensions, creating a circum-
ferential bone saucer around the implant.



Because the horizontal dimension of this resorption area
measures about 1.0-1.5mm from the implant surface
{(Fig 16), this minimal distance needs to be respected at
implant placement to prevent vertical bone loss on adja-
cent teeth.

With regard to the coronoapical position of the implant
shoulder, the vertical dimension of the bone saucer will
lead to undesired bone loss if the implant is placed too
far apically. When measured from the microgap, this ver-
tical dimension amounts to approximately 2mm (Her-
mann and coworkers, 1997; Hermann and coworkers,
2000) in interproximal areas (Fig 17). This may affect the
height of the facial bone wall as well and can lead to un-
desired soft-tissue recession in this extremely important
esthetic zone.

4.1.2 Orofacial Dimension

In the orofacial dimension, the implant shoulder should
be positioned in the comfort zone (green color). The com-
fort zone measures about 1.5-2.0mm in width when
measured from the ideal point of emergence. The danger
zones (red color) are located both facially and palatally to
the comfort zone (Fig 18).

The facial danger zone is entered when the implant is
placed too far facially, i.e. facially of an imaginary line con-
necting the point of emergence of adjacent teeth. An im-
plant in the facial danger zone will result in the potential
risk of soft-tissue recession, since the thickness of the fa-
cial bone wall is clearly reduced by the malpositioned im-
plant. In addition, potential prosthetic complications
could result in restoration —implant axis problems, mak-
ing the implant difficult to restore.

The palatal danger zone is entered when the implant is
placed more than 2mm palatal to this imaginary line,
since this implant position often results in a restoration
with a ridge-lap design (Belser and coworkers, 1998).

After the implant bed is prepared, the facial bone wall
should be intact. It should ideally measure at least 2 mm
in thickness. This is important to ensure proper soft-tis-
sue support and to avoid the resorption of the facial bone
wall following restoration (Fig 19).
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Fig 16 The typical radiographic
appearance of a bone saucer
around g Straumann implant with a
vertical and a horizontal compo-
nent.

Fig 17 Schematic drawing of the
radiographic appearance of o bone
squcer around a Straumann im-

plant.

}:r'g 18 Schematic drawing of the orofacial comfort and danger zones.

Fig 19  Occlusal view following implant bed preparation with a proper oro-
facial implant position and an intact facial bone wall
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Fig 20 Periodontal probe visualizing the correct position of the implant
shoulder in arofacial direction

Fig 21 Comfort and danger zones in the coronoapical dimensian.

Fig 22 Correct implant placement in a coronoapical direction.

e ¥
.

Ff'g .1;3 Schematrc drawing Wlustrating the comfort and danger zones in the
coronoapical dimension,

‘Imml—r—§1mm
i:
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The implant shoulder should be positioned in the orofa-
cial comfort zone. (Fig 20).

4.1.3 Coronoapical Dimension

In the coronoapical dimension, the comfort zone is a nar-
row band of about 1 mm. Ideally, the shoulder of a Strau-
mann implant should be positioned about 1 mm apical to
the cemento-enamel junction (CEJ) of the contralateral
tooth (Buser and von Arx, 2000; Buser and coworkers,
2004). This recommendation, however, is only valid for
teeth without periodontal tissue loss (Fig 21).

This ideally results in an implant shoulder located approx-
imately 2 mm apical to the mid-facial gingival margin of
the implant restoration (Figs 22, 23).

This can be accomplished through a surgical template
highlighting the gingival margin of the planned restora-
tion (Higginbottom and Wilson, 1996).

In patients without vertical tissue deficiencies, the use of
a periodontal probe leveled on the adjacent CEJs in sin-
gle-tooth gaps has proven to be a valid alternative (Buser
and von Arx, 2000).

It is important to note that the CEJ of adjacent teeth can
vary depending on the tooth to be replaced, and must be
taken into consideration. In particular, lateral incisors are
smaller and their CEJ is normally located more coronally
compared to the CEJ of central incisors or canines. Im-
plant placement within the apical danger zone (located
anywhere 3mm or further apically of the proposed gingi-
val margin) can result in undesired facial bone resorption
and subsequent gingival recession. The coronal danger
zone is invaded with a supragingival shoulder position
leading to a visible metal margin and poor emergence
profile.

The use of a short, beveled healing cap facilitated a ten-
sion-free adaptation of the facial flap over the implant
site towards the palatal aspect (Fig 24).

In patients without local bone defects and no need for
bone grafting procedures, soft-tissue grafting can be used
to improve the thickness and contour of the facial mu-
cosa.



Consensus Statement B.5

Soft-Tissue Stability:

For long-term esthetic soft-tissue stability, sufficient
horizontal and vertical bone volume is essential. When
deficiencies exist, appropriate hard and/or soft tissue
augmentation procedures are required. Currently, ver-
tical bone deficiencies are a challenge to correct and
often lead to esthetic shortcomings. To optimize soft
tissue volume, complete or partial coverage of the heal-
ing cap/implant is recommended in the anterior max-
illa. In certain situations, a non-submerged approach
can be considered.

If required, a free connective-tissue graft can be used
from the palate at implant placement (Figs 25, 26). As im-
plants are increasingly placed into non-healed extraction
sockets, the frequency of soft tissue grafting has dropped
significantly in the past five years, whereas more and
more implants in the esthetic zone are placed in combi-
nation with a simultaneous guided bone regeneration
(GBR) procedure.

Returning to our case, the graft was placed on the facial
aspect of the implant site in order to check its shape and
position (Fig 27).

D. Buser, W. C. Martin, U. C, Belser

| . o A - -
Fig 24 Qcclusal view of the implant site with the inserted implant and a
beveled healing cap.

Fig 25 Harvesting site opened with a mucosal incision fn the premolar area
of the paiate.

Fig 26 Harues[inga small connective-tissue graft following elevation of a
mucosal flap.

Fig 27  Positioning the connective-tissue graft,
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Fig28 Occlusal view demonstrating the soft-tissue graft sutured to the mu-
coperiosteal flap.

Fig 30
gery.

insertion of the shortened partial denture after completion of sur-

Fig31 Postsurgical radiograph in-
dicating a correct implant position.
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The graft was sutured to the periosteum of the mucope-
riosteal flap to avoid displacement during wound closure
(Fig 28). Suturing also ensured close and secure contact
with the facial flap, thus facilitating proper vasculariza-
tion.

In most cases, the incision of the periosteum is necessary
to mobilize the flap coronally, and to obtain a tension-free
primary wound closure using 5-0 and 6-0 non-resorbable,
atraumatic suture material (Fig 29).

The mucoperiosteal flap was precisely repositioned for sub-
merged healing. Precise repositioning of the flap margins
is especially important in the area of the future papillae.

After surgery, the existing partial denture was shortened
and put in place (Fig 30).

The provisional restoration should not exert any pressure
on the soft tissues. In general, interim restorations that are
fixed to adjacent teeth are more beneficial for implant in-
tegration and soft-tissue maintenance, since they elimi-
nate the possibility for undesired soft-tissue contact. They,
however, are more difficult to handle for the clinician.

Following surgery, a periapical radiograph was taken to ex-
amine the position and direction of the implant and its
relationship to the roots of adjacent teeth (Fig 31).

During the soft-tissue healing period of two to three
weeks, chemical plague control with chlorhexidine diglu-
conate (0.1%) is normally performed. Follow-up visits are
recommended after 7, 14, and 21 days.

After six weeks, bone healing for implants with an SLA
(Sandblasted, Large-grit, Acid-etched) surface will have
sufficiently progressed in standard sites without peri-im-
plant bone defects. In implant sites where a simultaneous
bone-augmentation procedure was performed, a healing
period of eight to twelve weeks is required, depending on
the extent and morphology of the bone defect present at
the time of implant placement.

The restorative phase started after soft-tissue healing and
successful osseointegration of the implant.

Consensus Statement A.4

Newer Surgical Approaches:

Currently, the literature regarding esthetic outcomes is
inconclusive for the routine implementation of certain
surgical approaches, such as flapless surgery and im-
mediate or delayed implant placement with or without
immediate loading in the anterior maxilla.



At the completion of bone healing, the soft tissues were
healthy. The soft tissue in the implant site displayed an
excellent convex contour and favorable color (Fig 32).

The implant site was reopened with a punch technique
using a 12b blade to gain access to the implant shoul-
der. Following removal of the short healing cap, a long
healing cap was inserted to establish a soft-tissue “tun-
nel”from the implant shoulder to the soft-tissue surface
(Fig 33).

Instead of a long healing cap, a provisional restoration
may be instantly inserted using a chairside technique to
initiate the important phase of soft-tissue conditioning.

A few days after reopening, the soft tissues had healed un-
eventfully so that the restorative phase could be started
(Fig 34).

For impression-taking, the use of a screw-retained trans-
fer system is recommended in esthetic sites to ensure a
precise and reproducible transfer of the implant position
from the mouth to the master cast.

An acrylic-resin provisional crown, based on a prefabricat-
ed screw-retained titanium post for temporary restora-
tions, ensured the shaping of esthetic peri-implant soft-
tissue contours.

The periapical radiograph demonstrates the precise seat-
ing of the screw-retained provisional crown (Fig 35).

D. Buser, W. C. Martin, U. C. Belser

Fig 33 Status following the reopening procedure and insertion of a long ti-
ranium healing cap.

Fig 34 Clinfcal status a few days after the reopening procedure.

Fig 35 The periapical radiograph
shows a good fit between the im-
plant and the screw-retained provi-
stonal restoration,
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b

Fig 38 Esthetically pleasing treatment outcome with the implant-support-
ed ceramo-metal crown,

Fig 39  Periapical radicgraph show-
ing eacellent precision between the
implant and the restoration,
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The phase of soft-tissue conditioning usually takes three
to six months. Before the insertion of the final implant-
supported superstructure, the peri-implant soft tissue
should present optimal three-dimensional contours.

In this patient, the provisional crown remained in place
for three months to create ideal contours (Figs 36, 37).
The final treatment outcome with a screw-retained cer-
amo-metal crown was pleasing for the patient, and inte-
grated harmoniously into the natural dentition (Fig 38).
The periapical radiograph demonstrated stable peri-im-
plant bone crest levels (Fig 39).
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The long-term follow-up demonstrated excellent stability
of esthetic peri-implant soft tissues for up to nine years.
In particular, the facial mucosa maintained its convex con-
tour and the height of the midfacial gingival margin with-
out any recession (Figs 40-43).

Fig 41 The radiographic follow-up
at eight years showed excellent sta-
bility of the hone crest levels,

Fig 42 Clinical smile. The esthetic treatment outcome continues to be
pleasing (December, 2005).

Fig43 The detafl view confirming the stability of the esthetic result at the
naine-year follow-up.
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C. Hammerle, R. Jung

When teeth in the esthetic zone are lost, implants often
represent the therapy of choice. The patient will not only
request restitution of health and function, but will also
place strong emphasis on the esthetic outcome. In order
to meet these expectations, the surgical and the prosthet-
ic procedures need to be conducted using state-of-the-art
methods and techniques. Because patients are interest-
ed in a pleasing appearance of their teeth and mucosa,
surgical and prosthetic procedures need to be closely in-
terlinked.

In recent years, there has been increasing evidence that
a restoration-driven treatment concept is the key to
achieving optimal ocutcomes in the esthetic zone.

What are the accepted criteria for considering a given
treatment outcome an “esthetic success”? The third ITI
Consensus Conference {Proceedings of the Third ITI Con-
sensus Conference 2004) gave the following answer:

Statement C.1

Standards for an Esthetic Fixed Implant Restora-
tion

An esthetic implant prosthesis was defined as one that
is in harmony with the perioral facial structures of the
patient, The esthetic peri-implant tissues, including
health, height, volume, color, and contours, must be in
harmony with the healthy surrounding dentition. The
restoration should imitate the natural appearance of
the missing dental unit(s) in color, form, texture, size,
and optical properties.

As stated by the third ITI Consensus Conference (Proceed-
ings of the Third ITI Consensus Conference 2004) and il-
lustrated in Chapter 3 and Section 4.1, proper patient se-
lection, sound treatment planning, and correct three-di-
mensional implant placement following a restoration-
driven approach are the basis for achieving esthetic treat-
ment outcomes that remain stable over time.
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Consensus Statement B.1

Planning and Execution

Implant therapy in the anterior maxilla is considered
an advanced or complex procedure and requires com-
prehensive preoperative planning and precise surgical
execution based on a restoration-driven approach.

Consensus Statement B.2

Patient Selection

Appropriate patient selection is essential in achieving
esthetic treatment outcomes. Treatment of high-risk
patients identified through site analysis and a general
risk assessment (medical status, periodontal suscepti-
bility, smoking, and other risks) should be undertaken
with caution, since esthetic results are less consistent.

An important aspect of the prosthetic management of es-
thetic sites is related to the appropriate timing of implant
loading. This is based on the fact that both the patient
and the clinical team have a desire to reduce the overall
treatment time.

The patient’s individual risk profile as introduced in Chap-
ter 3 of this book is the basis for the decision-making
process in regard to the time of implant loading. It has ta
be kept in mind that the the primary objectives are to
reach the treatment goals and to minimize the associated
risk. Delayed loading (3 -6 months after implantation) is
therefore preferred in critical situations in order to mini-
mize treatment risk. The topic of loading protocols in im-
plant dentistry will be addressed in Volumes Il and Ill of
the ITI Treatment Guide and is not discussed in detail here.

The soft tissues around implant-supported prostheses are
of primary importance for an esthetic treatment out-
come. Esthetic peri-implant soft tissues are characterized
by good tissue health and appropriate volume, color, and
contours in harmony with the healthy surrounding tis-
sues.



Keratinized peri-implant mucosa also integrates better
with the surrounding structures than non-keratinized mu-
cosa, from an esthetic point of view. The clinical team
should therefore aim at establishing keratinized mucosa
around a dental implant (Figs 1a-c; Alpert, 1994; Saadoun
and coworkers, 1994; Landsberg, 1997; Jung and cowork-
ers, 2004).

Multiple problems such as a lack of buccal soft-tissue
height, a lack of papillary height, asymmetries, dislocation
of the junction between attached and mobile mucosa,
scars, irregular mucosal texture, and discolorations often
pose obstacles to achieving optimal esthetics. Further-
more, clinically apparent ridge defects include underlying
bony deficiencies in addition to soft-tissue deficits. As for
the restorative aspects, three general levels can be iden-
tified that need to be taken into consideration in order to
obtain an esthetically pleasing implant-supported restora-
tion:

Level 1: Bone contour

Level 2: Soft-tissue contours and texture

Level 3: Prosthesis: contours, position, texture,
and color

The underlying bone, the soft tissue, and the superstruc-
ture all affect the esthetic outcome. It is therefore recom-
mended that the clinician move from one level to the
next. Before or at implant placement, the bone contour is
modified according to the existing functional and esthet-
ic requirements. The soft-tissue management is carried
out next, comprised of grafting with various techniques
and of contouring with appropriate healing caps and pro-
visional restorations. Finally, the prosthesis ("white es-
thetics") is fabricated.

Provided that the bone and soft tissue contours were pre-
served or appropriately optimized during pretreatment
{Levels 1 and 2), ideal prerequisites are now established
for the fabrication of an esthetic implant superstructure.

The soft-tissue contouring process is initiated before or at
the time of implant site re-entry. Soft-tissue recession has
to be expected within the first three to twelve months af-
ter abutment connection. In transmucosal healing, reces-
sion starts developing after implant insertion, whereas in
submerged healing, this process begins only after abut-
ment connection. On average, the amount of recession is
between 0.6 and 1.6 mm, with considerable variation
(Grunder, 2000; Oates and coworkers, 2002; Small and
Tarnow, 2000; Ekfeldt and coworkers, 2003).

C.Hammerle, R Jung

Figs Ta-c
alveolus. A collagen allograft is used to fill the extraction sockel for support-
ing the graft.

A punch graft transfers keratinized tissue from the palate to the
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Fig 2 Thin, highly scalloped gingiva, com-
bined with a soft-tissue and hard-tissue de-
fect.

Fig 3 Soft-tissue access alfowing for transmucosal healing.

When it comes to deciding whether a submerged or a non-
submerged approach is to be chosen, the following recom-
mendations can be derived from the above literature:

1. In esthetically demanding areas with a thin, highly
scalloped gingiva or where extensive soft-tissue or
hard-tissue defects are present, submerged healing
is recommended in order to establish soft-tissue ac-
cess (Fig 2).

2. In esthetically demanding areas with a thick, low
scalloped gingiva and soft-tissue access of at least
1-2 mm compared to the contralateral tooth, trans-
mucosal healing can be chosen (Fig 3).

Statement B.5

Soft-Tissue Stability

For long-term esthetic soft-tissue stability, sufficient
horizontal and vertical bone volume is essential. When
deficiencies exist, appropriate hard and/or soft-tissue
augmentation procedures are required. Currently, ver-
tical bone deficiencies are a challenge to correct and
often lead to esthetic shortcomings. To optimize soft-
tissue volume, complete or partial coverage of the heal-
ing cap/implant is recommended in the anterior max-
illa. In certain situations, a non-submerged approach
can be considered.

Soft-tissue management can be carried out at different
times relative to implant placement and abutment con-
nection:

1. Before implant placement: in situations with exten-
sive soft-tissue deficits (Figs 4a-c).

2. Atimplant placement with submerged healing: stan-
dard procedure for the correction of soft-tissue prob-
lems.

Figs 4o0-c  Forced orthodontic eruption is applied to enlarge soft-fissue and
hard-tissue volume.
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Figs 5a-¢ A semilunar incision and subsequent rolling of a de-epithelial-
ized pedicle flap in a buccal direction. Tissue loss is avoided and the labial
soft-pissue contour is improved.

3. At abutment connection with submerged healing or
at implant placement with transmucosal healing (for
the correction of minor soft-tissue problems anly)
(Figs 5a-c).

4. After placement of a temporary or final reconstruc-
tion (in exceptional cases only).

C. Hammerle, R Jung

A connective tissue graft is placed 6 weeks after implantatian in
order to improve the soft-tissue contours.

Figs éa-c

Soft-tissue corrections before implant insertion may be
necessary in rare cases to allow secure implantation,
whereas additional soft tissue can more easily be incor-
porated directly at the time of implantation. In the major-
ity of cases, soft-tissue corrections are performed after
implant placement, since the exact implant position and
the amount of augmented bone are only clear at this time
(Figs Ba-c).
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Soft-tissue defects that remain after implant placement
are corrected before or at the time of healing cap/abut-
ment connection.

Earlier protocols for abutment connection describe a
punch technique under local anesthesia to gain access to
the implant shoulder (Lekholm, 1983). This excision tech-
nique does not consider factors such as the mucosal thick-
ness, the soft-tissue profile, or the course of the transition
line between keratinized and non-keratinized mucosa. In
addition, precious soft tissue is sacrificed by this tech-
nigue. In order to maintain as much tissue as possible and
to minimize the risks, resection techniques are usually
avoided.

The following overview of implant exposure (reentry)
technigues for abutment connection can be given:

« Punch technigue (only where abundant volume and
width of keratinized mucosa are present)

« Crestal or paracrestal incision of the keratinized
mucosa with apical positioning of the vestibular
mucosa

« Roll technique utilizing mini-flaps

The reentry procedure can also be considered an oppor-
tunity to influence the keratinized mucosa with respect to
contour and volume by applying reconstructive tech-
niques. Accordingly, reentry does not merely serve the
purpose of uncovering the implant and choosing appro-
priate healing caps, but it is also an opportunity for estab-
lishing of functional and esthetic peri-implant soft tissue.

During the subsequent wound healing and soft-tissue
maturation period, the new soft-tissue situation is sup-
ported and stabilized by the healing cap and the provi-
sional crown. It is important to note that there are very
few chances left to manipulate the soft-tissue contours af-
ter the insertion of the provisional or the final crown. At
that stage, vertical augmentation is no longer possible. A
deficient slight soft-tissue volume can be remedied using
inlay-grafting techniques (Fig 5). Hence, it is important to
anticipate soft-tissue problems before the insertion of
healing caps ar provisionals. There are hardly any options
for corrections after that point.
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Bearing the above in mind, the aims of the abutment-con-
nection procedure can be summarized as follows:

In traditional implant dentistry:

» Creation of a connection of the dental implant to
the oral cavity

In esthetic implant dentistry additionally:

« Assessment of the bone volume surrounding the
implant after guided bone regeneration (GBR)
procedures and, if required, membrane removal

+ Widening of the band of keratinized mucosa

» Relocation of the mucogingival border

« Enlargement of the volume of the buccal/labial mu-
cosa in order to improve the ridge contour
(root prominence)

« Augmentation of interproximal soft tissues for
papilla reconstruction

The circular profile of most healing caps differs from the
rather triangular profile of the cervical portion of the
tooth to be reconstructed. Hence, adjustments in shape
need to be made in order to create a natural, esthetic
emergence profile. This can best be achieved by tempo-
rary crowns or by the final restoration with the desired
shape and contour.

From a biological point of view and with regard to tissue
stability over time, a provisional crown is not mandatory.
This assertion is based on the observation that the papil-
lae adjacent to single-implant restorations present simi-
lar volume two years after crown insertion, regardless of
the types of the abutments used (healing cap or provision-
al resin crown; Jemt and coworkers, 1999). The same
study also demonstrated that the shape of the peri-im-
plant soft tissues was achieved more quickly using provi-
sional crowns than with healing caps.

Consensus Statement C.4

Use of Provisional Restorations

To optimize esthetic treatment outcomes, the use of
provisional restorations with adequate emergence pro-
files is recommended to guide and shape the peri-im-
plant tissue before definitive restoration.



In addition, temporary crowns are also valuable in diag-
nostics with regard to the (future) peri-implant soft-tissue
esthetics as well as to the ideal shape of the final crown.
Therefore, it is highly recommended to use provisional
crowns in esthetic sites.

It can be advantageous to adapt the shape of the provi-
sional crown at chairside. This allows the establishment
of the ideal shape, size, and contour in a single step or in
multiple steps. This can be done by subtracting (Paul and
Jovanovic 1999) or by adding temporary material (Figs 7
a, h). Depending on the desired emergence profile and the
quality of the mucosa, one to three conditioning steps, i.e.
maodifications of the shape of the crown, are necessary
(Touati, 1995; Potashnick, 1998; Vogel, 2002). Within six
to eight weeks, this process leads to the final soft-tissue
contour (Hinds, 1997; Vogel, 2002).

Maturation and stabilization of the peri-implant mucosa
around a provisional crown take place within the first
three to twelve months after insertion (Grunder, 2000;
Qates and coworkers, 2002; Small and Tarnow, 2000; Ek-
feldt and coworkers, 2003). It is therefore recommended
that the provisional crown remain in situ for at least three
months.

When the desired shape and emergence profile are
achieved (Fig 8), the impression for the master cast and
the final crown fabrication is taken.

C. Himmerle, R Jung

Figs 7a, b
chairside.

The cervical partion of the provisional crown is reshaped at

Fig 8 The contours of the mucosa for a natural emergence profile, which
were shaped by the provisional, can now be captured with the impression
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Figs Bo0-d  Anextracral impression of the provisional crown 5 used to trans-
fer the desired emergence profile fo the impression cap.

a4 ITI Treatment Guide - Volume 1

A so-called individualized impression that transfers the
emergence profile by use of an impression cap is advan-
tageous in esthetic sites (Figs 9a-d).

It precisely captures the emergence profile of the final
provisional crown and thus accurately communicates the
desired clinical situation to the dental technician (Figs
10a-b).

In the following situations, the use of a provisional crown
is highly recommended:

1. Patient has high expectations regarding the esthetic
treatment outcome and/or optimal esthetics

2. Patient presents thin, highly scalloped gingival bio-
type

3. Meed for additional diagnostics regarding the shape
or position of the planned reconstruction

In summary, the timing of the soft-tissue conditioning
process from the first impression to incorporation of the
final crown is as follows (Fig 11):

The transition zone, i.e., the emergence profile created
from the shoulder of the implant to the soft-tissue mar-
gin, can either be conditioned by a transocclusally screw-
retained crown (provisional or final) or by a mesostructure
such as the synOcta gold abutment or the synOcta In-Ce-
ram blank. A mesostructure may be beneficial whenever
access to the implant shoulder is difficult to obtain. This
is frequently the case in the interproximal areas of the es-
thetic zone, where the implant shoulder can easily be lo-
cated 5 or even 6 mm submucosally.



C. Hammerle, R Jung

Fig 10a-b  The individualized impression cap supports the mucosa during impression taking and enables the dental technician to fabricate the optimal
shape of the final crown.

Implantation Provisional Final impression

¢ Impression 1 ¢ Conditioning phase Final contour i

1 -2 weeks 2 -4 weeks 2 -4 weeks 4-12 weeks

Y

Fig 11 Timing of the soft-tissue conditioning process in esthetic sites.

Fig12 Individualized zirconia abutment and all-ceramic crown. Theshape  Fig 13 After adhesive cementation of the all-ceramic crown 21, harmo-
of the crown margrn s favorable, facilitating effective cement removal. nious integration into the natural dentition could be observed.

A mesostructure, i.e., an individualized abutment, noton-  When a mesostructure is used, it is recommendable to try
ly serves to condition the mucosa in the transition zone,  in this mesostructure in order to optimize the position
but it also displaces the margin of the crown coronally (Fig  and shape of the future crown margin (Fig 13). This en-
12). Thus, the margin of the crown is located closer tothe  sures pleasing esthetics and facilitates thorough cement
soft-tissue margin for better access to effectively remove  removal.

the cement used for seating crown (Higginbottom and

coworkers, 2004). Furthermore, a mesostructure may help

compensate for a non-ideal implant axis.
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Figs 14a-c
uation with all-ceramic crown on tooth 11 and all-ceramic implant-support-
ed superstructure at site 21.

In-Ceram blank at site 21, frontal and incisal view, and final sit-
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Consensus Statement C.5

Location of the Implant Shoulder

In most esthetic areas, the implant shoulder is located
subgingivally, resulting in a deep interproximal margin.
This shoulder location makes seating of the restoration
and removal of cement difficult. Therefore a screw-re-
tained abutment/restoration interface is advisable to
minimize these difficulties.

The biocompatibility of the various abutment materials
used also plays an important role. Commercially pure ti-
tanium as well as aluminum oxide and zirconia ceramics
are the abutment materials of choice (Figs 14a-c).

An epithelial attachment has been shown to form on
these materials, resulting in stable peri-implant tissue.

By contrast, soft-tissue recession and cervical bone resorp-
tion have been found with gold and ceramic veneer (Abra-
hamsson and coworkers, 1998; Kohal, 2004).

Another important aspect is the mechanical properties of
the materials. High-strength ceramic materials such as
densely sintered aluminum oxide or zirconia exhibit frac-
ture resistance values high enough for these materials to
be used intraorally (Lithy, 1996; Seghi and coworkers,
1995).

The thickness of the peri-implant mucosa is also a critical
factor for the selection of the appropriate abutment ma-
terial. In situations where the thickness was larger than
2.5 mm, the color of the abutment did not negatively in-
fluence the color of the mucosa (Himmerle and cowork-
ers, 2005). It may be be surmised that in esthetically de-
manding locations in combination with a mucosal thick-
ness below 2.5 mm, ceramic abutments avoid possible
negative influences on the esthetic treatment outcome.
Further research, however, is required before clear-cut
clinical recommendations can be made.
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U.C. Belser

The decision trees* for Regular Neck (RN) and Narrow
Neck (NN} implants presented in this chapter were devel-
oped to illustrate, in a structured manner, the possible
prosthetic options available in a given clinical situation
once the implant has been inserted. In this context, the
specific design of both the provisional crown and the fi-
nal superstructure, whether screw-retained or cemented,
and their respective restorative components (abutments,
mesostructures, secondary and tertiary components) are
graphically presented.

The different prosthetic options suggested in the decision
trees relate primarily to the individual implant position,
which includes both implantation depth as well as im-
plant axis.

The options suggested reflect the recommendations of
the third consensus conference (group on esthetics} and
do not claim to be “general rules.”

The decision trees are not meant to provide a complete
list of all available restorative components of the Strau-
mann Dental Implant System, nor do they represent a def-
inite hierarchy of prosthetic options. They reflect the au-
thors’ personal opinion, which is based on clinical experi-
ence.

The options based on ceramics (whether screw-retained
or cemented) were listed as the first options in order to
take into account the maost recent developments in ante-
rior implant prosthodontics (CAD/CAM technology, ZrO,).
This does not put ceramo-metal restorations in the posi-
tion of “second choice” by any means.

Blank fields for specific combinations of implant depths
and orofacial implant axes represent theoretical options
for superstructures that, in the opinion of the authors, are
less recommendable, even if they are theoretically possi-
ble.

* For the decision-tree posters, please see the inside back cover.

Since the rational choice of the most appropriate materi-
al (titanium/gold alloys/ceramics) in a specific given situ-
ation was discussed in detail in section 4.2 "Prosthetic
Management of Implants in the Esthetic Zone,” this dis-
cussion will not be revisited in this section.

4.3.1 Regular Neck Implants

The Regular Neck implant decision tree* is structured in
matrix form. The top row represents, from left to right, the
three possible vertical implant shoulder positions (i.e.,
ideal, deep, superficial) and secondly an axial-position
problem. By definition, this last aspect can be “superim-
posed” on any of the three preceding situations. The
columns reflect the possible restorative options relative to
implant shoulder depth and implant axis, in the following
order:

+ Provisional implant restorations
(screw-retained/cemented)
+ Definitive implant restorations
- All-ceramic restorations, screw-retained
- All-ceramic restorations, cemented
- Ceramo-metal restorations, screw-retained
- Ceramo-metal restorations, cemented

We deliberately limited this decision tree to the two vari-
ables “implantation depth” and "orofacial axial-position
problem,” because we consider that the remainder of the-
oretically possible implant positioning ,errors” such as:

« Position too far mesial/distal
+ Position too far labial/palatal
« Axial-position problem in the frontal plane

These errors should not occur under normal conditions.
As mentioned above, certain fields were left blank, indi-
cating this that specific restorative option cannot be rec-

ommended, given the particular implant-shoulder depth
or orofacial axial-position problem:
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Row 3: In case of a significantly protruding implant axis,
a transocclusally screw-retained all-ceramic solution is lit-
erally impossible.

Row 4: In case of a superficial implant shoulder position,
an all-ceramic restoration cemented on a CARES custom
abutment cannot be recommended, as the respective ce-
mented interface would be located too close to the labi-
al mucosal margin.

Rows 5, 6, and 7: In case of a superficial implant-shoul-
der position or an orofacial axial-position problem, a
transocclusally screw-retained ceramo-metal restoration
cannot be recommended, as the metal margin would be
too close to the muceosal margin and the screw access
channel would be located on the labial aspect of the
restoration.

Rows 8 and 14: In the absence of an orofacial axial-posi-
tion problem, the use of an angulated abutment does not
make sense.

Rows 9 and 10: In case of a deep or a superficial implant
shoulder position, a transversally screw-retained restora-
tion is not recommended, as in the first case the screw-
access channel may be located submucosally, and in the
second case, this same screw-access channel may inter-
fere with the occlusion.

Rows 11 and 12: In case of a superficial implant shoulder
position, the use of a CARES titanium custom abutment
or a synOcta gold abutment as a mesostructure for a ce-
mented ceramo-metal restoration is not recommended,
as the cemented interface would be too close to the labi-
al mucosal margin.

Row 13: In case of an ideal or a deep implant shoulder po-
sition, a ceramo-metal restoration cemented on a prefab-
ricated solid abutment cannot be recommended, as the
interproximal crown margins are inaccessible and the re-
sulting cement excess is difficult to remove.

It should generally be noted, however, that a ceramo-met-
al implant shoulder is theoretically also possible in case
of a superficial implant shoulder position (although the
respective column was deliberately left blank), provided
the dental technician has the requisite know-how and
skills to produce a metal margin of only minimal width (no
more than 0.2 -0.4 mm). If this is an option, visible met-
al margins can usually be avoided.
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4.3.2 Narrow Neck Implants

The Narrow Neck implant decision tree* has also been
structured in the form of a matrix. The top row represents,
from left to right, first the three possible vertical implant
shoulder positions - ideal, deep, superficial - and second-
ly an axial-position problem in orofacial direction. As per
definition, this last aspect can be “superimposed”on any of
the three preceding situations. The vertical columns reflect
the possible restorative options relative to implant shoulder
sink depth and implant axis, in the following order:

+ Provisional implant restorations
(screw-retained/cemented)
« Definitive implant restorations
- Ceramo-metal restorations, screw-retained
- Ceramo-metal restorations, cemented

A ceramic abutment (ZrQ.) for use with Straumann
CARES, the Computer Aided REstoration Service, will be
available in 2007.

We have deliberately limited this decision tree to the two
variables “implantation depth” and "orofacial axial-posi-
tion problem,” as we consider that the remainder of the
theoretically possible implant positioning “errors” should
not occur under normal conditions:

» Position too far mesial/distal
« Position too far labial/palatal
« Axial-position problem in the frontal plane

As mentioned above, certain fields have been left blank,
indicating that this specific restorative option cannot be
recommended, given the particular implant shoulder
depth or orofacial axial-position problem:

Rows 4 and 5: In case of a significant orofacial axial-po-
sition problem, a transocclusally screw-retained ceramo-
metal restoration cannot be recommended, as the screw-
access channel would be located on the labial aspect of
the restoration.

Rows 6 and 8: In case of a superficial implant shoulder po-
sition or an orofacial axial-position problem, a cemented ce-
ramo-metal restoration cannot be recommended, as in the
first case the cemented interface lies too close to the soft-
tissue margin, and in the second case the underlying abut-
ment would not provide adequate retention/resistance
form after having corrected the axial-position problem.

Row 7: In the absence of an orofacial axial-position prob-
lem, the use of an angulated abutment does not make
sense.



R.Jung

This 37-year-old female patient, a non-smoker, com-
plained about discomfort and gingival problems at tooth
11.She was in good general health, and her medical his-
tory was without significant findings.

The clinical inspection of the oral cavity revealed a fistu-
la originating at tooth 11 (Fig 1).

Radiological examination of the crowned tooth 17 re-
vealed a root-canal filling, status after apicoectomy, and
a large periapical bone defect, as well as secondary caries
{Fig 2).

The adjacent teeth, 21 and 12, were periodontally healthy.
They had interdental composite fillings that the patient
wanted replaced. The bone crest levels of teeth 12 and 21
were well maintained, providing potential soft-tissue sup-
port (Fig 3).

The treatment approach would have to ensure that the
distance between the interproximal bone crests of the
neighboring teeth and the contact with the planned im-
plant-supported superstructure would not exceed 5 mm,
as this has been proven to be an important factor for the
predictability of the papillae (Tarnow and coworkers,
1992).

Periodontal probing of tooth 11 as well as teeth 12 and
21 showed probing depths not exceeding 4 mm.

Fig 1 The fistula buccally of tooth 11 is clearly visible.

Fig 2 Radiograph of tooth 11 with
periapical pathology.

Fig 3 The interproximal bone fev-
els are intact. Because of the large
periapical radiolucency, however, an
extensive bone defect had to be an-
ticipated,
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Fig 4 A bony defect was fo be expected despite the harmoniously con-
toured bony arch.

ol
Fig 5 Buccal view of the treatment site after a mucoperiosteal flap was
raised. Note the lack of fabial bone around the root to be extracted.

Fig 6 After the extraction and removal of the granulation tissue, a large
bone defect was present that did not allow for primary implant stability.
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The patient’s biotype was medium thick, with a medium
scallop height. The soft tissues were free of recessions and
other defects. The gingival margin of contralateral tooth
21 was located about 1 mm further apically than that of
tooth 117, so there was some "soft-tissue access.” The
shape of the tooth crown was rectangular. The shape of
the gingival margin was harmonious, as was the shape of
the incisal edges, except for the elongated crown of tooth
11.

Clinically, the bony arch presented harmonious contours,
but due to the large periapical radiolucency, a bony defect
had to be anticipated (Fig 4).

The clinical and radiological findings in this patient add
up to the following esthetic risk-profile analysis (Table 1):

The individual esthetic risk profile of this patient shows
that this case is to be considered a medium-risk case. This
means that a certain esthetic risk is associated with the
treatment of this patient concerning the esthetic treat-
ment outcome.

Based upon the clinical and radiclogical findings and the
assessment of the esthetic risk associated with the treat-
ment, a treatment plan was defined with a two-stage
treatment protocol, including a guided bone-regenera-
tion procedure and the placement of a Straumann Stan-
dard Plus dental implant at site 11.

A full-thickness flap was raised for tooth extraction and
bone augmentation. Tooth 171 was extracted (Figs 5, &).



Healthy patient and
intact immune system

Non-smoker

Medium

Medium

Medium scalloped,
medium thick

Slightly triangular

5.5 to 6.5 mm
to contact point

1 tooth (2 7 mm)

Intact soft tissue

Horizontal bone
deficiency
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A large bone defect was present after the extraction and
removal of the granulation tissue. Due to the severe bone
resorption caused by the infection, a bone-augmentation
procedure needed to be performed before implant inser-
tion (Fig &). Thanks to the favorable anatomy of the de-
fect and the protective walls of the extraction socket, a
bone-augmentation procedure with particulate grafting

Fig 7 Access to the donor site gt~ material and a resorbable membrane was chosen.
the tuberosity area was gained with

horizontal (tuber), vertical {(mesial .
10 tooth 1) arid évicular toodh 171 Autogenous bone was harvested from the tuberosity area

incisions and mucoperiosteal flap  OF the left upper quadrant using forceps and chisels (Figs
elevation. 7,8). Access to that area is similar to the procedure for ex-
tracting a third molar.

The autogenous bone was then applied to the alveolus
and subsequently covered with a layer of deproteinized
bovine bone mineral (DBBM) (Fig 9).

o BT

. g e B A x
Fig 8 Particulate autogenous bone harvested form the tuberosity area.

Fig 9 Alveolar defect filled up using the GBR technique and autogenous
bone and particles of DBBM as supporting material,
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The augmentation site was then covered with a collagen
membrane (Figs 9, 10).

The augmented area was carefully shaped to the desired
contour. The labial aspect of the future implant site was
slightly overcontoured to create a favorable bone volume
and shape (Fig 11).

To facilitate primary wound closure without advancing
the buccal flap too far coronally, a rotational pedicle graft
was prepared (Fig 12) and rotated over the grafted alveo-
lar region (Fig 13). The graft was prepared by splitting the
palatal flap from the distal to the mesial end and leaving
the pedicle at the site of the former extraction socket.

R. Jung

Fig 10 The augmented area was covered with a resorbable collagen mem-
brane stabilized with two resorbable pins fin the apical region. Note the over-
contoured labial aspect of the prospective implant site.

Fig 11  About one-fourth of the volume was overcantoured in order to com-
pensate for the volume reduction caused by soft-tissue pressure,

Fig 12 Elevation of the palatal Rap for preparation of the spiit Aap from
distal to mesial.

Fig 13 Elevation of the connective-tissue pedicle graft to the site of aug-
mentation.

ITI Treatment Guide  Volume 1 53



4 Achieving Optimal Esthetic Results

Six months after augmentation, the site was healthy and
stable (Fig 14) and could be reopened for implant place-
ment.

To ensure good blood supply and to minimize the trauma
to the soft tissue, only one vertical relieving incision was
made (Fig 15).

As the full-thickness flap was created, care was taken to
place the crestal incision slightly palatally to avoid cutting
through the tip of the papilla.

Fig 14 Site 17 six months after primary augmentation.
g B Bone volume and contour proved to be favorable as the

flap was elevated. The new bone was vital and well sup-
plied with blood. Note the slightly overcontoured bone at
the facial aspect (Fig 16).

A Standard Plus implant was then placed in an ideal three-
f/\ dimensional position (Figs 17, 19).

In the coronoapical dimension, care was taken to place
the implant shoulder approximately 1 mm apically of the
cemento-enamel junction of contralateral tooth 21 (Figs
17,18).

Fig 15 Incision technique: sulcular incision around teeth 12 and 21; cre-
stal incision slightly palatally; vertical releasing incision distally of tooth 12,

Fig 17 Implant in the correct vertical position. Fig 18 The implant shoulder was [ocated in the coronoapical comfort
zone.
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Also in the orofacial dimension, the implant shoulder was
placed in an ideal position, i.e. about 1 mm palatally of the
point of emergence of the adjacent teeth (Figs 19, 20).
Note the remaining thickness of the facial bone wall of
more than 1 mm.

The implant was covered with a closure screw. The flap
was sutured for the implant to osseointegrate in a sub-
merged healing mode. The flap was sutured with non-re-
sorbable ePTFE suture material.

Twelve weeks after implant placement, the closure screw
was replaced by a labially beveled healing cap in order to
start the mucosa-conditioning phase and to facilitate soft-
tissue contouring. Two weeks later, remarkably goad soft-
tissue access was seen at the facial aspect of the implant
site. An impression was taken for a provisional crown (Fig
22).

Fig 19  Occlusal view of the correct orofacial position of the implant.

Four months after the implant was placed, a temporary
crown with a moderate emergence profile was fabricated
by the dental technician using a titanium post for tempo-
rary restorations (Fig 23). At the time of integration of the
temporary crown, it is important not to put too much
pressure on the soft tissue. Instead, the emergence pro-
file should be moderate, so that it can be modified in one
or two subsequent steps. This step-by-step procedure pre-
vents soft-tissue retraction and helps build a perfectly
conditioned mucosa to match the emergence line and the
contour of the marginal gingiva of the contralateral tooth
as closely as possible.

Fig 20 The impiant shoulder was located in the orofacial comfort zone.

Fig 21 Radiograph of the inserted
implant during submerged healing.

Fig23 Temporary crown with mod-
erate emergence profile.

Fig 22 Clinical situgtion two weeks after abutment insertion.
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The clinical situation immediately after insertion of the
temporary crown showed soft-tissue blanching caused by
pressure (Fig 24). The temporary crown did not yet have
the desired shape, and the line of emergence did not yet
match that of the contralateral tooth 21.

In order to improve the shape and emergence profile, the
provisional was modified chairside with a light curing
composite material (Fig 25).

After a soft-tissue maturation phase of three months, a

m impression cap was produced, capturing the shape
Fig 24 The pressure of the inserted temporary crown coused soft-tissue ELsGam & P‘ ?S : p ; P : : [3 g p
Blanching. of the provisional crown’s cervical portion and transfer-
ring it to the prefabricated impression cap (Fig 26).

At impression-taking, this customized impression coping
prevented soft-tissue collapse and ensured optimal sup-
port of the emergence profile (Fig 27).

The final crown was fabricated at the dental laboratory us-
ing a synOcta In-Ceram blank (Fig 28).

Fig25 Emergence profile of the provisional as improved by chairside step-
by-step modification with light-curing composite.

Fig 26 Modified impression cap capturing the shape of the provisional
crown.

Fig 27 Modified impression coping in place. Fig 28 Frontal view of the all-ceramic crown (synOcta in-Ceram blank)
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Thanks to the ideal implant axis, a screw-retained crown
could be fabricated (Fig 29).

For crown fabrication, the In-Ceram blank was ground to
the shape of a miniature copy of tooth 11, which was sub-
sequently glass-infiltrated and directly veneered with a ve-
neering ceramic.

The screw head was sealed off with a thin layer of cotton,
and the screw access was finally closed off with a light-cur-
ing composite material. The occlusion was carefully
checked.

The screw-retained all-ceramic crown harmoniously inte-
grated into the row of natural teeth. Another very impor-
tant advantage of screw retention was that there was no
cement residue after crown cementation (Fig 30).

The 2.5-year follow-up photograph confirmed stable peri-
implant soft tissues (Fig 31).

The 2.5-year follow-up periapical radiograph confirmed
stable peri-implant bone levels (Fig 32).
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Fig 29 Occlusal view of the screw-retained all-ceramic crown (synQcta In-
Ceram blank).

Fig 30 Frontal wiew of the all-ceramic implant-supported restoration at site
11,

Fig 31 Clinical situation showing favorable soft-tissue contours 2.5 years
after crown insertion

Fig 32 Stable peri-implant bone
levels 2.5 years after crown inser-
tion.
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U.C. Belser

Fig 1 At full smile, the high lip line completely exposed the facial aspect of
the anterior maxillary dentition, including the associated gingiva.

Fig 2 The thin to medium-thick, highly scalloped tissue biotype increased
the overall esthetic risk in this patient.
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In February 2005, a 25-year-old female patient, a non-
smoker, was referred to our clinic due to tooth 11 present-
ing a chronic fistula following unsuccessful root-canal
treatment and several attempts at endodontic surgery.
The dental history revealed that more than ten years ear-
lier,teeth 11 and 21 had been traumatized during a sports
accident. Consequently, 11 had lost its vitality, and there
were two moderate fractures of the mesioincisal borders
of the two central incisors that had been restored with di-
rect compaosite restorations.

At the time of examination, the composite restorations
showed signs of wear, some discoloration, and marginal
infiltration. The patient also complained about a moder-
ate discoloration of the clinical crown of the non-vital
tooth 11.

The patient was in good general health, and her medical
history revealed no significant findings.

Tooth 11 was considered hopeless (irrational to treat), and
implant therapy was the first therapeutic choice, as the
neighboring teeth did not require significant restorations.

At full smile, the patient presented a high lip-line situa-
tion, completely exposing the anterior maxillary teeth
and the associated facial gingival tissue (Fig 1).

The patient’s gingival biotype was thin to medium thick
and highly scalloped, at the same time presenting a broad
band of keratinized mucosa (Fig 2).



The clinical examination revealed the presence of a
chronic fistula apically of tooth 11 (Fig 3).

The initial radiographic examination documented a sta-
tus after extensive conventional root-canal treatment fol-
lowed by an unsuccessful attempt at periapical endodon-
tic therapy, as well as pronounced apical and lateral root
resorption. The vertical level of the interproximal bone at
the adjacent teeth, however, was still within the physio-
logical distance from the respective cemento-enamel
junction (CEJ) of the adjacent teeth. This parameter rep-
resents a major prognostic factor for esthetic considera-
tions relative to anterior single-tooth implant therapy
(Fig 4).

The patient's subjective symptoms at site 11, with chron-
ic pain and a persisting active fistula, and the highly un-
favorable radiographic status made it irrational to try to
re-treat this tooth. After a comprehensive evaluation of
the various treatment options, single-tooth implant ther-
apy was chosen, as it represented the least invasive treat-
ment modality, preserving hard tissue at adjacent teeth,
an approach that was highly predictable, also with regard
to long-term esthetics (Belser and coworkers, 2003; Belser
and coworkers, 2004; Buser and coworkers, 2004; Higgin-
bottom and coworkers, 2004).

The above findings led to the following esthetic risk pro-
file (Table 1), which could be classified as medium to high
and was thus associated with a considerable esthetic risk:

U. C. Belser

_ -8 LY
Fig2 Periodontal probe, confirming the presence of a chronic fistula at the
mucogingival border labial of root 11.

Fig4 Initial periapical radiograph.
Status after extensive conventional
reot-canal therapy on tooth 11, in-
cluding an unsuccessful attempt at
periapical endodontic surgery. Ad-
vanced apical and lateral root re-
sorption. The vertical bone height at
adjacent teeth was within two mil-
limeters of the cemento-enamel
junction.
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Healthy and cooperative
patient and
intact immune system

Non-smoker
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High scalloped, thin

Triangular

Chronic

=5 mm to contact point

21: minimally restored
12: virgin

1 tooth (=2 7 mm)

Horizontal bone
deficiency




After careful analysis of the patient’s esthetic risk profile,
it was decided to proceed according to the well-docu-
mented early implant placement/early implant loading
protocol, which implies a soft-tissue healing period of six
to eight weeks after tooth extraction.

A simple partial denture was therefore fabricated to serve
as an interim restoration during the first healing period
{after tooth extraction) and the second healing period (af-
ter implant placement) (Fig 5).

With the tooth to be extracted still in place, the laborato-
ry technician precisely anticipated on the study cast the
local site configuration expected after tooth removal. In
this process, the tooth was hemisected exactly at the gin-
gival level. A discrete concavity was created at the same
site in order to adapt a prefabricated acrylic denture tooth
as an ovate pontic. The landmarks provided by the con-
tralateral tooth helped create a simple but esthetically
pleasing provisional that did not have a buccal denture
flange, as no soft-tissue deficiencies had to be compen-
sated for at this stage of treatment (Fig 6).

During the second appointment, tooth 11 was carefully
and gently extracted without elevating a flap, using small
desmotomes. Particular care was taken to avoid any mo-
bilization of the root in a vestibular direction in order to
preserve as much of the remaining buccal bone plate as
possible (Fig 7).

U. C. Belser

Fig5 Occlusal view of the maxillary study cast with the simple removable
partial denture, which was to serve as an interim restoration after the ex-

traction of tooth 71

Figh

Labial aspect of the provisional removable partial denture (RPD). The
laboratory techaician had tried to respect, as much as possible, the symme-
try-related esthetic parameters gathered from the contralateral site (21). In
particwiar, the cervical aspect of termporary toath 17 had been designed as
an avate pantic of a conventional fixed partial denture (FPD) without a labi-
al denture flange

Fig 7 Clinical view immediately after extraction aftooth 11. This procedure
was performed without elevating a mucoperiosteal flap.
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Fig 8 Occlusal view of site 11 immaediately after tooth extraction showing
the amount and extent of the vestibular soft-tissue swelling due to the ac-
tive periapical inflammatory process.

Fig9 Examination of the extracted root. Mid-facial perforation, periagical
root resorption, and abundant inflammatory tissue

Fig 10 Care was taken not to compress the soft tissue at the fresh extrac-
tion site with the removable provisional partial denture, while also provid-
ing minimal tissue support in the interproximal areas.
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The presence of an active periapical inflammatory pro-
cess with associated pain, swelling (Fig 8), and a persist-
ing fistula was incompatible with a more progressive and
more rapid approach, such as the immediate placement
of an implant.

Once the infected tooth 11 had been removed, the signif-
icant root resorption and abundant presence of granula-
tion tissue fully confirmed the indication for an extraction
(Fig 9).

Following the extraction, the previously fabricated provi-
sional RPD was carefully inserted and checked for any ex-
cessive soft-tissue contact and compression in order to
guarantee uneventful healing. Besides assuring function,
phonetics, and esthetics, the objective was to establish
slight soft-tissue contact, especially at the interproximal
aspects, to provide minimal support to the papillary tis-
sue, preventing excessive collapse towards the center of
the extraction site (Fig 10).
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Figs 11a, b Veestibular {a) and occlusal (b) views of the extraction site six weeks after the right central maxillary incisor had been removed. Only minimal
soft-tissue loss in an orofacial and a coronoapical direction could be observed, and the scalloped course of the gingival was maintained. A marked concay-
ity still existed in the center of the former extraction site.

Figs 12a,b  Eight weeks after the extraction of tooth 11, the soft-tissue situation at the site of implantation was considered adequate according to the pre-
ferred early placement/early loading protocol.

Six weeks after the extraction, the soft tissue of the fu-
ture implant site had uneventfully healed and the re-
spective wound surface was completely epithelialized
{Figs 11a, b). As expected, only minimal loss of soft-tis-
sue height at the interproximal aspects and of soft-tis-
sue width in an orofacial direction was observed. The
harmonious course of the gingiva could largely be main-
tained.

However, as a distinct concavity at the center of the for-
mer extraction site was still present, it was decided to wait
for more tissue fill-in and to postpone the planned inser-
tion of the implant for an additional two weeks.

This additional healing time contributed to a more favor-
able soft-tissue situation from a surgical point of view,
eight weeks after the extraction (Figs 12a, b).

At this stage, a periapical radiograph was taken to exam-

ine the osseous status at the future implantation site (Fig  Fig 13 Eight-week post-extraction
13). This two-dimensional diagnostic document con-  @pical radiograph documenting fa-
firmed that the vertical bone level at the int imal YRR e TRGOE UE T e
irmed that the ver |_ca one level at the interproximal as-  ,,imat aspects of the adjacent
pects of the two neighboring teeth was maintained at a  teeth,
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Fig 14 After elevation of a mucoperiosteal flap with mesial and distal re-
lieving incisions, the absence of the buccal bone piate at the center of the
prospective implantation site became apparent

|.—

Figs 16a, b

Labial {a) and occlusal (b) views of site

1 rTmmedmre?fy after placement of a ﬁegular Neck (RN) Tapered Effect (TE) implant. Adeguate three-

&
Fig 15 Occlusal view, confirming that only moderate horizontal bone loss
had occurred since the extraction.

b'

- -

dimensional implant position, completely within the alveclar housing and fully compatible with a simultaneous localized GBR procedure.

height similar to that before the tooth was removed. As
this height corresponded to a physiological distance from
the CEJ of the adjacent teeth and as this parameter had
been proven to represent a key factor for soft-tissue sup-
port around implants, the esthetic prognosis was excel-
lent.

Based on the clinical and radiographic examinations that
had confirmed that the optimal situation for early im-
plant placement had been reached, the decision was
made to proceed to the surgical phase of the treatment.
A slightly palatal crestal incision was chosen and a mu-
coperiosteal flap with two relieving incisions was elevat-
ed. As expected, part of the buccal bone plate was miss-
ing, but without affecting the width of the orofacial crest
at adjacent teeth further apically (Fig 14).

The occlusal view of the site confirmed, as anticipated,
the compatibility of the local crestal-bone anatomy with
the placement of an implant in combination with a simul-
taneous guided bone regeneration (GBR) procedure (Fig
15). More specifically, a localized bone defect at the
vestibular aspect of the prospective implant site was ob-
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served. This favorable two-wall defect anatomy is fully
compatible with the insertion of an implant, as it permits
the achievement of (1) primary implant stability; (2) an
implant position entirely inside of the alveolar crest con-
finement; and (3) either a three-wall or a two-wall defect
that can be corrected predictably with a simultaneous
GBR procedure.

As documented by Figures 16a and b, an adequate three-
dimensional implant position, resulting in a two-wall bony
defect at the buccal aspect, was achieved. The entire cir-
cumference of the implant body and the implant shoul-
der were located within the alveolar bone crest (Buser and
coworkers, 2004).



Fig 17 The persisting localized dehiscence-type defect on the labial aspect
of the freshly inserted implant was covered with small bone chips harvested
next ta the implant site.

Once the appropriate three-dimensional implant position
had been reached and its primary stability confirmed, the
localized GBR procedure was undertaken. It consisted first
of the harvesting of autogenous bone grafts (“chips”) in
the close vicinity of the implant site and then of an adap-
tation to the exposed buccal implant surface to fill in the
small dehiscence-type defect (Fig 17).

In order to guarantee an adequate thickness of the buc-
cal bone wall, a substantial layer of bone fillers, soaked
in blood, was applied (Fig 18). These bone fillers with a
lowsubstitution rate will provide the necessary support
and stability for the overlaying soft tissue. As the bone
fillers would be resorbed only slowly or not at all, the con-
vex vestibular alveolar-ridge profile achieved strongly re-
sembled that normally observed buccally of natural
roots, would be maintainable long term.

U. C. Belser

calization of the dehiscence defect, which graduaily extended to the periph-
ery, a distinct convexity at site 11 was achieved. This procedure, which in-
cluded a slight "overbuild” of the vestibular contour of the alveolar bone
crest, was intended to provide the required support and long-term stability
for the averlaying soft tissue.

Fig 19 A bioabsorbable barrier membrane was applied in two layers to cre-
ate the preconditions for a successful GBR-procedure. No additional mem-
brane-fixation mMeasures were Necessary.

As well documented in the literature, a bioabsorbable
barrier membrane was applied to avoid a second open-
flap procedure to remove the membrane. A so-called
“double-layer”technique was used to improve membrane
stability. Once soaked with blood, the membranes could
easily be adapted to the alveolar-bone crest and did not
require any additional fixation (Fig 19). In the esthetic
zone, complete soft-tissue coverage of the implant site is
most often preferred, in combination with a submerged
approach aimed at complete primary wound closure.
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Fig 22 The provisional RPD was shortened at site 17 to minimize the risk
of interference with the healing process.

Fig 23 As soon as the process of soft-tissue healing permitted, the tempo-
rary RPD was carefully refined to establish optimal tissue contact and to im-
prove the esthetic appearance of the anterior maxilla.
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Figs 20a, b Primary wound closure was achieved with incision of the periosteurn at the basal leve! of the flap, compensating for the significant “over-build”™
of the labial aspect at the implant site.

Fig 21  Perigpical radiograph, illustrating
a satisfactory position of the implant with
respect to the different landmarks (CEJ,
neighboring roots) provided by the adja-
cent natural dentition.

In order to permit optimal, tension-free flap adaptation in
view of a complete primary wound closure (Figs 20a, b),
the periosteum was split at the basis of the flap.

At the end of the surgical procedure, an apical radiograph
was taken to serve as a baseline reference and to docu-
ment/verify the adequate relationship between the
neighboring roots and the intrabony part of the inserted
implant (Fig 21).

The GBR procedure required a significant cervical reduc-
tion of the provisional RPD to avoid any excessive tissue
compression in the region of the freshly inserted implant
(Fig 22).

After ten days of uneventful soft-tissue healing, the tem-
porary restoration was relined for the patient’s subjective
comfort and to improve the esthetic appearance in the re-
gion of the anterior maxilla (Fig 23).



U. C. Belser

Figs 24a, b Vestibular (a) and occlusal (b) of the implant site after a ten-week peria:\f_af uneventful healing, documenting that the first phase of post sur-
gical soft-tissue maturation was completed. Only minimal vertical tissue loss had occurred compared with the pre-surgical situation.

Ff'g 26a,b ACO:z ser technigue was applied to create access to Eheundeﬂy:'ng impiant shoulder (a). The original short healing cap was subseguently re-
placed by a longer one to maintain the newly established restorative access ().

In accordance with an early loading protocol and taking
into account the individual extent of GBR performed, the
prosthodontic procedure could be initiated in this patient
ten weeks after implant placement. At that time, the
phase of primary soft-tissue healing was considered com-
pleted (Figs 24a, b).

A periapical radiograph was taken to confirm a stable peri-
implant bone situation (Fig 25). In particular, the inter-
proximal height of the bone surrounding the adjacent nat-
ural teeth had been maintained at a level comparable to
that before implant placement.

The first step of the restorative phase consisted of estab-

lishing access from the soft-tissue surface to the underly-

ing implant shoulder. In this patient, a CO, laser technigue

(Fig 263}‘was used and the‘ short trltanlum heallrlg c_ap re- FiEs R i
placed with a longer one (Fig 26b) in order to maintain the menting the anticipated stable peri-
freshly created restorative access. implant bone.
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Fl'g? ; Approximately ten days after the second-stage surgical intervention,
the soft tissue allowed proceeding to the next prosthadontic step.

Figs 28a, b Comparison of the labial views with (a) and without (b) the provisional RPD, indicating that
to create a symmetrical soft-tissue contour at the position of the two central maxillary incisors.

sufficient soft-tissue height was present at site 11

Ten days later, the peri-implant soft tissue (Fig 27) was
considered compatible with impression-taking or the fab-
rication of a chairside implant-supported provisional
restoration.

A direct comparison between the labial view with (Fig
28a) and without (Fig 28b) the provisional RPD in place
gave rise to the expectation that the slight excess in soft-
tissue height at site 11 would be sufficient to ultimately
create a restoration emergence profile similar to that of
the contralateral tooth (21).

It was decided to proceed to the fabrication of a direct

fixed implant-supported provisional in an attempt to es-

tablish optimal peri-implant soft-tissue contours prior to

the implant impression. For the fabrication of the planned

chairside provisional, a newly developed restorative com-

ponent, the Regular MNeck (RN) synOcta temporary

) mesoabutment, was used (Fig 29). It is possible to add
gffries;szn;ﬁig:;:;ﬁ acrylic resin directly to this substructure, fabricating a
chairside fabrication of an oc-  ONe-piece screw-retained implant provisional. The same
clusally screw-retained temporary  component can also be used as a mesostructure, serving
Implant-supported crown. As the oo o' hace for a cemented provisional restoration. This

marginal area is prefabricated, the ot )
clinician anly needed to adaptthe  component could also be utilized — after substantial oc-

@ cer ”'Fa‘r;m”ﬁz{’ﬁf f;"f"ehf“b' clusal reduction — as a screw-retained tissue condition-
tractively or a ifl'l.l"EI}" 0 the re- . n -
giliEmerts of thie el st e‘n‘heahng abutrflent. Under tl‘fese I:ll‘l:umsl:‘al."ltes, apa

tion. tient would continue to wear his or her provisional RPD.
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0 S 2 TLMOer the fabrication steps

After finishing and the temporary crown (a) produced at chairside was ready for insertion (b).

The component described could subsequently be at-
tached to a corresponding implant analog, facilitating the
finishing procedures that were performed extraorally (Fig
30a). A special holder (Fig 30b) is available for the fixation

of the analog.

[a)
s
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b

Figs 32a,b  For demonstration purposes, a screw-retained provisional crown was fabricated in the dental laboratory, using the previously described RN syn-
Octa temporary mesoabutment as its base.

Fig 33 The impression cap was attached to the implant and secured with
the matching occiusal screw. The peri-implant soft-tissue contours were sat-
isfactory

J|$9.0:| uLlL.uu |L|_JLIJUII|

The RN synOcta temporary mesoabutment can also be
used as a base for a screw-retained provisional crown fab-
ricated on a working cast in the dental laboratory (Figs
32a, b).

Two months after the insertion of the fixed temporary im-
plant restoration, the peri-implant soft-tissue contours
were judged to be adequate, so that the clinical situation
was ripe for taking the final impression. As the implant
shoulder was located distinctly submucosally, particular-
ly at the mesial and distal aspects, an approach involving
a screw-retained impression cap and an open tray was pre-
ferred (Fig 33).
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Figs 3da-c  Vestibular (a) and occlusal (b) views of the master cast, show-
ing a satisfactory three-dimensional implant position and peri<implant soft-
tissue contours optimized on the working cast by the laboratory technician.
An geccess slot was created at the palatal aspect for better visual control of
the margin and for ease of manipuiation. The implant is ideally placed with-
in the orafacial and mesiodistal comfort zones (c).

A stone working model was produced to fabricate an oc-
clusally screw-retained permanent implant-supported
crown (Figs 34a, b).

The master cast was reproduced in a special dental stone
that provided the strong optical contrast necessary for the
scanning process essential to Straumann CARES, the Com-
puter Aided REstoration Service (Fig 35).

Fig 35 Labial view of the working cast with the increased optical contrast
reguifred for the CARES system during the scanning process.
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three-dimensional scanning of the implant shoulder position.

a

Figs 37a, b

Figs 36a, b Labial and occlusal close-up views of implant site 11 after attachment of the scanbody with its three small occlusal domes, permitting precise

The computer-generated zirconivm-dioxide custom abutment, to be connected to the synOcta 1.5 abutment (a) and :)'r'sp;'-cﬂrfng a shghtly

“whitish" appearance (B), required some preliminary medification to create optimal conditions for esthetic ceramic veneering

The so-called scanbody, a prefabricated system compo-
nent with three well-defined domes at its occlusal aspect,
was attached to the implant analog at site 11 by simple
finger pressure (Figs 36a, b). The master cast was thus
ready to be inserted into the InEos scanner (Sirona) for au-
tomatic digitizing of the precise three-dimensional im-
plant shoulder position.

After the scanning process, the three-dimensional outline
of an optimal all-ceramic (ZrO,) CARES custom abutment
was designed on the computer screen and milled by the
respective computer-assisted manufacturing (CAM) unit.
This ceramic custom abutment (Fig 37a) connected to a
synOcta 1.5 abutment and allowed for direct veneering
with adapted feldspathic ceramics (Fig 37b).
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Although the zirconium-dioxide custom abutment fea-
tured a certain degree of translucency, its slightly “whitish”
appearance (Fig 38a) made a minor preliminary color mod-
ification necessary, creating a more dentine-like appear-
ance (Fig 38b) and facilitating the subsequent esthetic ve-
neering (Andersson and coworkers, 2001).

Despite the addition of this dentine-like ceramic layer, a
significant degree of translucency could be maintained,
which was verified by light transmission (Fig 39).

In the dental laboratory, the ceramist had the demand-
ing task of duplicating as closely as possible the optical
properties of the natural left maxillary central incisor
(contralateral tooth) by applying a complex layering
technique and anticipating the significant volume con-
traction associated with the subsequent sintering
process (Figs 40a, b).
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Figs 38a, b The original milled zirconium-dioxide custom abutment displayed a slightly "whitish” appearance (a). Therefore, a first layer of a more den
tine-like ceramic material was agpiied (b) to create an appropriate base for the subsequent layers of ceramic veneering.

Fig39 After adding a thin layer of dentine-like ceramic, the remain
cency of the ZrQ: custom abutment was verified under light-transmission con-
ditions

In the first step, the clinical crown volume, composed of a complex sequence of layers of different opacities and shades, imitating the basic
s—dentine, ename!, and incisal translucency—of a natural maxillary incisor, was established (a). After the first ceramic sintering, a significant
discernible.

Figs 40a, b
compene,

volume contraction was observed, reguiring at least one additional corrective step. The basic optical properties, however, were aiready clea
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Figs41a, b Precise addition of more transiucent ceramic to compensate for the contraction after the first sintering and to integrate additional optical fea-
tures from the contralateral natural tooth (a). After the second sintering process, some minor finishing with rotary instruments was performed before the
subsequent clinical try-in (b).

Fig 42  The first clinical try-in of the ali-ceramic implant-supported crown
11 revealed an acceptable integration into its natural surroundings and con-
firmed that the basic features of tooth and tooth volume and the localiza-
tion of the mesial and distal transition line gngles had closely duplicated
those of contralateral natural tooth.

Figs 43a, b The labial surfaces of the implant-supported crown 11 and its contralateral natural tooth 27 were covered with a thin peilicle of gold spray te
better highlight the basic features of tooth form and surface texture (a). This facilitated the last finishing steps, mainly carried out by rotary instruments (b)

Minute layers of more translucent ceramic material were
added where necessary to compensate for the contraction
that had occurred after the first sintering process (Fig
41a). After this second sintering process, followed by
some final adjustments with rotary instruments, the im-
plant-supported crown was ready for the clinical try-in (Fig
41b).
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A clinical try-in of the ceramic implant-supported crown
in its “biscuit stage” was needed to identify, by compar-
ing the natural tooth and the ceramic crown, the optical
and esthetic key parameters, such as interproximal ridges,
mesial and distal transition line angles, and surface char-
acteristics (Fig 42).

In the dental laboratory, the final modifications, focusing
primarily on the surface texture characteristics as seen in
the contralateral natural tooth, were carried out (Figs
43a, b)



Fig 44 Labial view of the anterior
mesioincisal composite restoration.

maxilla after replacing the existing

Figs 450, b The all-ceramic implant-supported crown 11 was inserted (a)
and its esthetic integration verified (b).

At this stage, the existing composite restoration at the
mesioincisal angle of tooth 21 was replaced (Fig 44). The
final all-ceramic crown was inserted and its occlusal screw
tightened to 15 Ncm (Fig 45), and the screw-access chan-
nel was closed with composite resin.

The radiographic control confirmed stable bony peri-im-
plant conditions, excellent radio-opacity of the zirconium-
dioxide custom abutment, and adequate marginal adapta-
tion of the all-ceramic implant-supported crown (Fig 47).

U. C. Belser

4 [ 4 q o to Sk . ’ - L ‘
Fig 46  Palatal view of the newly inserted all ceramic implant-supported
crown, showing that despite the considerable height and volume of this
restoration type, a satisfactory contour was achieved compared to the adja-
cent dentition. - y

Fig 47 The final radiograph con-
firmed stable peri-implant bone
conditions, excellent radio-opacity
of the ZrO; substructure, and a good
marginal fit of the all-ceramic im-
plant-supported crown.

Clinical appearance of the anterior maxillary dentition (patient’s

Fig 48
urforced smile).

The patient’'s unforced smile at the end of treatment doc-
umented that the implant-supported crown blended in
nicely with the surrounding natural dentition, matching
quite satisfactorily the adjacent natural teeth in shape,
texture, and color. Furthermore, the line of the marginal
gingiva and the line of the incisal edges in relation to the
border of the lower lip were harmonious (Fig 48).
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Figs 49a b For direct comparison,
an additional CARES titanium cus-
tom abutment (a) was produced for
this same implant, serving as a base
for a cemented Auro-Galvano cer-

amo-metal crown (b).

a I
Pl 1 !
Figs 50a, b The computer-generated titanium custom abutment, which had been previously sandblasted at the futwre abutment-to-crown interface, was
cannected directly to implant 11 and subsequently tightened to 35 Ncm (a). The cemented ceramo-metal crown was then tried in (b)

For demonstration and direct comparison purposes, a sec-
ond crown was produced for implant 11 based on a CARES
titanium custom abutment directly connected to the un-
derlying implant (Figs 49-52).
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U. C. Belser

Fig 57a,b  The implant-supparted crown was held in place with light finger pressure, which led to a discrete blanching of the labial peri-implant mucosa (a). Although
still largely acceptable from an esthetic point of view, this second ceraro-metal crovn — in contrast to the all-ceramic crown presented previously — showed a slight
“grayish” shadow along the labial soft-tissue margin (b). This optical phenomenon was probably due to a decrease in light transmission caused by the metal framework.

Fig 52 The palatal view, however, demonstrated the more faverable cervi-
cal configuration of this type of implant-supported crown, which does not
require a screw-access channel.
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R.Jung

Fig 1 At medium smile, the patient displayed at least three-quarters of his
incisors. The incisal edges were unharmonious.

Fig 2 Buccal view of the incisors revealing a thick-tissue biotype with soft-
tissue excess to the buccal gingival margin of tooth 11,

Fig3 Occlusal view of the incisors. Favorable buccal contour.
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The 54-year-old male patient, a non-smaoker, had ceramo-
metal crowns on teeth 11 and 12 that no longer met his
esthetic needs (Fig 1). The patient was free of pain. His
medical history was without significant findings, and the
patient was in good general health.

The patient’s wish was to improve the esthetics of his an-
terior teeth.

At full smile, the patient presented a medium to high lip
line, displaying the full crowns and the marginal gingiva
(Fig 1).

The harmony of the gingival margin was disrupted by the
now rejected ceramo-metal crowns on teeth 11 and 12.
The crowns differed from the respective contralateral
teeth in shape, texture, and color (Fig 2).

The patient’s gingival biotype was thick, with a broad
band of attached keratinized gingiva and a moderate
{medium) scallop height.

The soft tissues were free of recessions (Fig 2). The pa-
tient’s soft-tissue situation was favorable due to the slight
soft-tissue excess at the buccal gingival margin of tooth
11 compared to that of tooth 21.

The patient’s crown shape was mostly triangular. The more
the crown shape tends towards the triangular, the higher
the esthetic risk. In this patient, however, the esthetic risk
was reduced thanks to the contact area that was present at
the mesial aspect of tooth 21. Furthermore, the incisal
edges of the contralateral teeth differed in height. Teeth 11
and 12 appeared to be longer than the respective contralat-
eral teeth. The option to shorten the incisal portion of a
tooth reduces the esthetic risk of obtaining a long clinical
crown after implant reconstruction.

The incisal view shows a harmoniously contoured arch
without any horizontal deficiencies (Fig 3).



A loose crown on tooth 11 was detected at the clinical ex-
amination. Further, the pre-treatment periapical radio-
graph revealed a root-canal filling and secondary caries at
tooth 11, which was also fractured in the coronal part of
its root (Fig 4).

Radiologically, the interproximal bone-crest levels of the
adjacent teeth seemed to be sufficiently well maintained
to allow for a distance of about 5 mm between them and
the contact points of the future crowns (Fig 5).

If the distance between the interproximal bone crest and
the contact point exceeds 5 mm, the papilla may not fill
the interdental space, and a "black triangle” is likely to re-
sult (Tarnow and coworkers, 1992; Choguet and cowork-
ers, 2001).

Periodontal probing revealed a probing depth of 6 mm at
the buccal aspect of tooth 11. This might be explained by
the superficial fracture of the buccal root. Mesially, the
probing depth exceeded 5 mm; more tissue could have
been lost during therapy, a fact that needed to be taken
into account. The patient needed to be informed about
this clinical finding and its potential influence on the es-
thetic treatment outcome, as it created an esthetic risk.

The gingival margin of contralateral tooth 21 was located
about 1.5 mm further apically than that of tooth 11. This
“soft-tissue excess” around tooth 11 in combination with
the medium-scalloped, thick-tissue biotype were impor-
tant prerequisites for immediate implant placement and
transmucosal healing.

After immediate implant placement, unpredictable re-
modeling processes at the hard-tissue and soft-tissue
level had to be expected (Botticelli and coworkers, 2004).
Favorable conditions as in this patient (Fig 6) will tolerate
a certain amount of soft-tissue recession without compro-
mising the esthetic treatment outcome.

The above clinical and radiological findings are the basis
for the patient’s esthetic risk profile (Table 1):

R. Jung

Fig 4 Periapical radiograph show-
fng a root-canal filled tooth with a
post and a gap between the crown
and the root. The periapical area
seemed to have no pathology, and
the interproximal bone level af the
adjacent teeth seemed to be intact.

Fig5 Interproximal bone-crest lev-
els of the adjacent teeth allowing
the “5-mm rule”to be observed,

Fig 6 Soft-tisswe excess at the future implant site minimizing the risk of o
compromised esthetic treatment outcome with regard to the height of the
future peri-implant mucosa.
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Healthy, cooperative
patient with intact
immune system

Non-smoker

Medium scalloped,

5.5t0 6.5 mm
to contact point

1 tooth (= 7 mm)

Intact soft tissue

Alveolar crest without
bone deficiency




The esthetic risk-profile analysis shows a medium esthet-
ic risk for this patient.

Based on the above analysis, it was decided to extract
tooth 11 in a minimally invasive mode and to perform im-
mediate implant placement (type 1) with transmucosal
implant healing, using a Standard Plus implant with an en-
dosseous diameter of 4.1 mm and a Regular Neck pros-
thetic platform of 4.8 mm in diameter and 12 mm in
length. Figure 7 shows the pre-implantation treatment
planning on the orthopantomograph (OPT).

For immediate implant placement, it was important to
have at least about 3 mm of residual bone height apical-
ly of the extraction socket to ensure sufficient primary
stability (Fig 7).

Because the root of the extracted tooth 11 was tilted dis-
tally, the implant bed had to be carefully prepared regard-
ing the mesiodistal aspect of the extraction socket to en-
sure a correct three-dimensional position of the implant
(Figs 10,11).

In order to ensure optimal access to the implant site and
the expected buccal bone deficiency and to keep bone de-
nudation and soft-tissue trauma as minimal as possible,
a flap design with one vertical releasing incision at the dis-
tal aspect of adjacent tooth 12 was chosen (Fig 8)

A TE (Tapered Effect) implant would have been a sound
choice as well, but at the time of implantation, the TE im-
plant was not yet commercially available.

Immediately after tooth extraction, the implant was
placed according to the desired prosthetic treatment out-
come, i.e. the future line of the marginal mucosa (top-
down approach) (Figs 9, 10).

R. Jung

Fig 7 Visualization of preoperative treatment planning by drawing the ad-
Jjacent roots, the anatornical structures, and the planned implant on a trans-
parent foil on top of the OPT.

Fig & One vertical releasing incision instead of two to reduce trauma and
the area of hone denudation.

Fig9 Theimplant after placement
in a correct coronoapical position
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A
Fig 10 Qcclusal view after implant placement in a corrected mesiodistal
dimension (note the discrepancy between root form and position and the
implant form and position).

Fig 11 The implant was centered in the mesiodistal dimension and the fm-
plant shoulder was located in the orofacial comfort zone.

|
Fig 12 Buccal view after augmen-
tation with a membrane-supporting
material. The site was slightly over-
contoured to ensure an adegudte
buccal root prominence after treat-
ment.

Fig 13 Buccal view after position-
ing and tacking the collagen mem-
brane.
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When it comes to placing an immediate implant in an ex-
traction socket, special care needs to be taken to prepare
the implant bed in the ideal three-dimensional position.
It may be helpful to plan and drill as if the extraction-sock-
et defect were not present. In this case, this led to an im-
plant position in the mesiopalatal aspect of the extraction
socket (Figs 10,11).

The horizontal bone deficiency, including the apical fen-
estration defect, was covered with a deproteinized bone
allograft (Fig 12), and the site was subsequently covered
with a resorbable collagen membrane stabilized with two
resorbable polylactide pins (Fig 13).

The fixation of the membrane served to maintain the de-
sired shape and prevented the membrane and allograft
material from dislocating.

After a periosteal releasing incision, the flap was careful-
ly mobilized, repositioned free of tension, and sutured
with non-resorbable suture material, allowing the implant
to heal in a semi-submerged mode (Fig 14). The use of a
labially beveled healing cap allowed the placement of the
buccal flap slightly further coronally to provide for soft-tis-
sue excess at the prospective implant site.

Fig 14

Buccal view after repositioning the flap to allow for a semi-sub-

merged healing mode.

Fig 15 The radiograph after
twelve weeks of healing showing
successful implant integratian.



R. Jung

Four weeks after implant placement, the clinical situation
was inconspicuous (Figs 16, 17). Some soft-tissue excess
was still present at the buccal aspect of the labially
beveled healing cap (Figs 16, 17), which facilitated subse-
quent soft-tissue conditioning.

Twelve weeks after implant placement, the healing cap
was removed for impression-taking.

The small cylindrical area of access to the implant would
not yet allow the insertion of a crown with its final emer-
gence profile (Fig 18).

Fig 16  Buccal view of implant site 11 still showing some soft-tissue excess

compared to the contralateral tooth.
Either a larger healing cap or a temporary crown may be
used for soft-tissue conditioning. For diagnostic reasons,
a temporary crown has multiple advantages in the esthet-
ic area, such as soft-tissue conditioning, evaluation of
crown length and profile, phonetic checks, and the pa-
tient’s overall acceptance of and coping with the implant
reconstruction.

Figs 19 and 20 show the situation with the impression cap
carefully screwed into place (hand-tight).

Fig 18 Status after removing the healing cap, showing a small cylindrical
area of access to the implant.

Fig 20 Buccal view of the impression cap.

Fig 19 Occlusai view of the impression cap.
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Fig 22

Fig 23

84

3 l,-l; | 4

Cusraize r}ay with the access hole at site 11.

Fssr’on tray with polyether impression material.

Impression ready for transfer to the dental lab.

Fig24 synOcta post for temporary
restorations, titanium,
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In order to facilitate the use of a screw-retained impres-
sion cap, a customized tray was modified at site 11 so it
allowed for screw access (Fig 21).

After complete setting of the impression material, the
screw of the impression cap was loosened through the
custom-made impression tray’s access hole for removal of
the impression (Fig 22).

Based upaon that impression (Fig 23), a master model was
fabricated in the dental lab on which a custom tempaorary
crown was to be fabricated.

To avoid multiple cementation of the temporary crown for
soft-tissue conditioning, a screw-retained crown was pro-
duced, using a titanium post for temporary restorations
(Fig 24).



After defining the final form and dimension of the crown
in wax, a silicone key was made. The post was tightened
on the implant analog and trimmed to the desired height.
The silicone key served to determine the ideal occlusal
height (Fig 25).

After sandblasting, silanization, and sealing the screw
channel, an opaque was applied, and the screw-retained
temporary crown was layered with a self-curing resin ma-
terial (polymethyl methacrylate, PMMA) and character-
ized with light-curing compaosite.

Using a self-curing PMMA for the provisional crown, the
dentine core of the crown was condensed and pressure-
cured, resulting in the crown's dentine “core.” This den-
tine core was then characterized using light-curing com-
posite shades. PMMA for the incisal crown portion was
added, giving the crown its final tooth shape. It is impor-
tant that all the composite colors applied to the dentine
core be covered with PMMA for the incisal crown portion.

Special attention was paid in order to create an ideal
emergence profile and crown shape in harmony with that
of the contralateral tooth. A silicone gingiva mask facili-
tated the creation of the emergence profile (Figs 26, 27).

Fig 28 shows the clinical situation immediately after in-
sertion of the provisional crown, thirteen weeks after im-
plantation. The transocclusally screw-retained provision-
al crown was placed in the implant’s internal octagon and
tightened by hand.

In order not to traumatize the tissue, a chairside reduc-
tion of the cervical crown dimension is often needed to

allow insertion of the temporary crown.

Mote the blanching of the mucosa due to the pressure ap-
plied by the crown (Fig 28).

This pressure initiates the mucosa-conditioning phase.

R. Jung

e

.
- o

ngg synCcta titarmum ,:J-O.S_f, customized for the clinical situation accord-
ing to the digenastic waxup.

Fig 26  Buccal view of the final provisional crown.

Fig 28 The provisional crowr was inserted with siight pressure on the peri-
implant mucosa.
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Three weeks later, the mucosa was healthy and stable (Figs
29, 30).1t had nicely adapted to the emergence profile of the
implant-supported temparary crown. Meanwhile, the cer-
amo-metal crown on tooth 12 was replaced by an acrylic
temporary crown. Note the improved papilla contours to the
distal of tooth 11 as well as between teeth 11 and 21.

During the soft-tissue conditioning phase, the emergence
profile of the temporary crown was adapted twice, three
and six weeks after its first attachment to the implant. De-
pending on the diameter of the tooth and the resistance
of the mucosa, one to three conditioning steps should be
planned for.

The maturation of the soft tissue around an implant
crown takes place within the first three to six months af-
ter insertion of the reconstruction (Grunder, 2000).
Hence, a minimum time of three months after insertion
of the temporary crown should be allowed for soft-tissue
maturation and stabilization.

Four months after first insertion, the desired final emer-
gence profile was achieved (Fig 31), and the mucosa was
shaped according to the contours of the final provisional
(Fig 32).

To capture and transfer the emergence profile as precise-
ly as possible by means of a second impression intended
for the fabrication of the master model for the final
crown, the final temporary crown was screwed onto an im-
plant analog (Hinds 1997) (Fig 32).

Fig 31
profile.

Final emergence profile of the implant site imitating a natural tooth

Figs 32a, b The temporary crown (a) screwed onto an implant analog (b).

a6 ITI Treatment Guide - Volume 1



The implant analog and the temporary crown were insert-
ed into putty silicone material to capture the shape of the
crown'’s cervical portion (Fig 33).

After the silicone had set, the crown was removed by loos-
ening the occlusal screw so that a precise copy of its cer-
vical shape was captured within the silicone (Fig 34).

A screw-retained impression cap was seated on the ana-
log and tightened. The gap between the silicone and the
impression cap was filled with a flowable light-curing
composite (Fig 35).

The result was an individualized impression cap that ex-
actly mimicked the tempaorary crown’s cervical portion
(Fig 36).

R. Jung

Fig 33 Temporary crown inserted into putty silicone material up to about
one-half of the crown.

Fig 34 Cervical shEEe of the iempomry'cmwn as captured within the sili-
cone.

Fig35 The gap between the é;'fimfw and the |'m-n;'.ession cap was filled with
a flowable light curing composite.

Fig 36
file,

Individualized impression cap mimicking the final emergence pro-
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Fig 37  Individualized impression cap ideally supporting the mucosa.

A L .
Fig39 Final master cast for the tooth-supported crown 12 and the implant-
supported crown 17,

Fig 40 Diagnostic waxup crowns for teeth 12 and 11

B8 ITl Treatment Guide - Volume 1

This individualized impression cap not only prevented the
conditioned peri-implant mucosa from collapsing when
the temporary was removed, but it also provided ideal
support for the mucosa during impression-taking (Fig 37)
and captured the ideal emergence profile within the im-
pression (Fig 38).

The result was a new, definitive master model that pre-
cisely captured the shape of the peri-implant mucosa,
communicating the diagnostic findings and past clinical
procedure to the dental technician (Fig 39).

To determine the ideal shape and dimensions of the final
crowns, a waxup was produced (Fig 40).



The diagnostic waxup helped select the right type of
restoration and the right type of abutment.

In this case, the clinical situation did not allow for a screw-
retained restoration due to the relatively far palatal posi-
tion of the incisal edges of the central incisors. To simpli-
fy the lab procedure by using the same materials for the
reconstruction of both the natural tooth and the implant,
it was decided to use a ceramic blank (synOcta In-Ceram
blank, material: VITA In-Ceram ZIRCONIA) on the implant.

A silicone key was produced to capture the tooth shapes
from the waxup and used for evaluation of the ideal abut-
ment dimensions (Fig 41).

After shaping the In-Ceram blank, special attention was
paid to checking the precise dimensions of its marginal
aspect and the position of the future cement line, and the
respective minimal dimensions necessary for optimum
mechanical stability (Fig 42).

A check of the incisal edge positions revealed that the In-
Ceram blank’s incisal edge portion was located too far
labially (Fig 43) and needed to be corrected (Fig 44). Note
the special blue anodized occlusal screw used to tighten
the In-Ceram blank on the synOcta abutment.

R. Jung

Fig 41 Silicone key representing the diagnostic waxup used to determine
and caontrol the shape and form of the individual abutment,

Fig 43 The incisal edge of the In-Ceram blank was located too r’ar labial-
Iy; this had to be corrected.

Fig 44 The corrected In-Ceram blank's incisal edge portion.
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Fig 45 Abutment fry-in, checking the form and position of the preparation
margin. Adjustments can be performed directly in the mouth with a high-
speed angled handpiece or by marking the correct position with a pen.

Fig46 Glass powder mixed with distilfed water for application to the blank.

Fig 48 Final glass-infiltrated abutment with stained cervical aspect.
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At try-in seven months after implantation and four
months after installation of the first temporary abut-
ment, the synOcta In-Ceram blank was carefully screw-
tightened onto the synOcta abutment by hand. Again,
special attention was paid to the evaluation of the posi-
tion of the mucosal margin in relation to the preparation
margin of the blank and its cervical, submucosal aspect
(Fig 45). To ensure optimal cement removal, the cement
line should be placed 1-2 mm submucosally.

In order to be able to adapt the shape of the blank based
on the outcome of the try-in, the blank was tried in its
porously sintered, non-infiltrated state and infiltrated af-
ter the chairside try-in session (Fig 46, 47).

After the infiltration process that gave the porously sin-
tered, chalky blank its final strength and stability, the cer-
vical portion was stained according to the dentine color
of neighboring tooth 12 (Fig 48).



After the first bake, the shape and fit of the all-ceramic
crowns were checked on the model (Fig 49).

After the second bake, the crowns integrated harmonious-
ly with the existing dentition (Fig 50). Note the natural col-
or of the mucosa and the harmonious line of the margin-
al gingiva and mucosa.

When the result of the try-in in the patient’s mouth was
found to be acceptable, the all-ceramic crowns were final-
ized in the dental lab (Figs 51, 52)

The crowns were etched with hydrofluoric acid in the
dental lab. Silane was applied at chairside.

The all-ceramic crown for the implant superstructure in
position 11 perfectly matched the individually stained
cervical portion of the In-Ceram blank and precisely fit on
top of it (Fig 53).

Fig 51

Final glass-ceramic crowns.

Fig 52 Final glass-ceramic crowns before cementation.

R. Jung

Fig 49 All-ceramic crowns after the first bake,

Fig 50  Try-in of the crowns after the second bake.

Fig 53 Final crown on the individualized In-Ceram blank.
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i )
Fig 54 Final blank, pluced on the synOcta abutment with the blue an-
odized occlusal screw tightened to 15 Nem

Fig55 After adhesive cementation of the two crowns, harmonious integra-
tion into the natural dentition,

Fig 56 Final implant-supparted all-ceramic crown 11 and tooth-support-
ed ali-ceramic crown 12,

Fig 57 A stable soft-tissue level can be expected due to the ideal relations
of bone crest, implant shoulder, and contact points,
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The In-Ceram blank was screwed in place on the synOcta
abutment with the blue anodized occlusal screw tight-
ened to 15 Ncm (Fig 54).

The final implant-supported superstructure integrated in-
to the natural dentition harmoniously. The shape of the
crown on tooth 12 as well as the shape of the implant-sup-
ported crown at site 11 perfectly matched the shape, tex-
ture, and size of the corresponding contralateral natural
teeth. The lines of the marginal gingiva and mucosa were
symmetrical. The gingival and mucosal colors were natu-
ral and matched that of the rest of the gingiva. The papil-
lae filled the interdental spaces completely, without leav-
ing "black triangles” (Figs 55, 56)

The incisal edges were symmetrical to those of the con-
tralateral natural teeth (Fig 56). At this point, the treat-
ment could be considered an esthetic success.

The distance between the contact points and marginal
bone crest levels on the mesial and distal of the implant
did not exceed 5 mm (Fig 57). Therefore, one would ex-
pect the soft-tissue level to remain stable and no “black
triangles” to develop in the interdental spaces over time.



At full smile, the patient presented an esthetically pleas-
ing row of maxillary teeth. The implant-supported super-
structure harmoniously blends in with the row of natural
teeth (Fig 58).

The periapical radiograph after installation of the super-
structure confirmed its gap-free seating on the implant

shoulder (Fig 59).

The three-year follow-up photographs (Figs 60-61)
demonstrate a stable esthetic treatment outcome.

The three-year follow-up periapical radiograph demon-
strated stable bone levels around the implant (Fig 62).
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Fig 60 Buccal view three years after implant insertion.

R. Jung

Fig 59 Radiograph before cemen-
tation. Gap-free seating of the super-
structure on the implant shoulder.

Fig 61 Smile three years after implant insertion.

Fig 62 Periapical radiograph three
years after implant insertion,
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W. C. Martin

Fig T At full smile, the patient presented with a high lip line expasing full
clinical crowns, papillae, and gingival tissues.

Fig 2  With the interim prosthesis in place, it was evident that teeth 13 and
12 were malpasitioned.

Fig3 Retracted view showing the excessive overbite and malpositioning of
teeth 13 and 12.
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A healthy 32-year-old female patient presented for a con-
sultation on treatment options to restore her missing cen-
tral incisor 11 (Fig 1).

She reported of a recent sporting accident in which she
had lost part of her tooth. The remaining tooth structure
and root had been removed by a local periodontist, fol-
lowed by a socket-preservation procedure. She was un-
aware of current treatment options to replace her missing
tooth and wanted to explore the most esthetic and func-
tional options available. A brief consultation showed that
the patient was not interested in orthognathic procedures
to address her maxillary overbite, nor in any alternative
procedures to lower her high lip line. With her interim
prosthesis in place, an evaluation of her smile highlight-
ed several malpositioned teeth surrounding tooth 11.
Comparing the maxillary canines, it was evident that
tooth 13 was rotated. Comparison of the lateral incisors
revealed that tooth 12 had a flared appearance (Fig 2). A
detailed examination of the teeth and periodontium ad-
jacent to the edentulous space was performed to assess
the esthetic risk for implant therapy.

An occlusal evaluation revealed coincident maxillary and
mandibular midlines, mutually protected occlusion, and
approximately 75% overbite (Fig 3).



The gingival biotype was thin with moderately scalloped
papillae, thin tissue, broad keratinized tissue, and slightly
tapered teeth (Fig 4). Pontic tooth 11 was ovate in shape,
indicating adequate facial tissue height in the edentulous
space. A soft-tissue examination revealed a deficiency in
papillary support on the mesiofacial aspect of teeth 12
and 21. Probing depths at teeth 12 and 21 were 2mm
palatally, 2mm interproximally, and 1 mm facially. It was
also apparent that an adequate horizontal tissue thick-
ness existed, allowing for good “root-form” emergence of
the proposed implant restoration (Fig 5).

The examination of the periapical radiograph revealed
the presence of borderline space (6.5mm) between the
roots of the adjacent teeth. Good interproximal bone sup-
port is evident on the teeth adjacent to the edentulous
space (Fig 6).

After the consultation, the data obtained were compiled
for the esthetic risk-assessment table (Table 1).

W. C. Martin

Fig4 Frontal view of moderately tapered teeth, harmanious gingival mar-
gins, and papillary deficiencies on the mesiofacial aspect of teeth 12 and 27

Fig5 Occlusal view highlighting good horizontal ridge support in the eden-
tulous space.

Fig 6 Periapical radiograph at site
11. Interproxirmal space at mid-root
level is 6.5 mm, alveolar crest height
5mm from the desired contact point.
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intact immune system
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to contact point

1 tooth (< 7 mm)

Soft-tissue defects

Alveolar crest without
bone deficiency




Taking into consideration the patient's restorative de-
sires, high lip line, thin-gingiva biotype, and deficiencies
in papillae adjacent to site 11, multiple treatment options
were considered. When the pros and cons of fixed treat-
ment options were provided, the patient insisted on the
implant option, as it would not rely on support from the
adjacent teeth. The overall esthetic risk for this treatment
is high. This indicates that the potential for an esthetic re-
sult to be achieved with an implant-supported restora-
tion, as based on the ITI Consensus Statements (Belser
and coworkers, 2004), is low. With this guarded diagnosis,
a comprehensive treatment plan was generated to treat
the edentulous site with a team approach. All of the po-
tential outcomes were reviewed with the patient before
proceeding with the treatment. Esthetic risks associated
with the procedure ranged from: lack of papillary support
adjacent to the dental implant restoration, discolored mu-
cosal tissue facial to the implant, a square restoration to
mask an interproximal tissue deficiency, and lack of har-
monious tissue margins.

Three phases of treatment were planned:

1. Orthodontics - Would be performed to reduce the
vertical overlap and align the canine (13) and lateral
(12) into the arch form and to create more space be-
tween the roots of teeth 12 and 21.

2. Surgery - Using a restoration-driven approeach, plac-
ing a Regular Neck (RN), Standard Plus (SP) dental
implant.

3. Restorative - A provisional fabricated in addition to
a final restoration focusing on form, function and es-
thetics.

Orthodontic therapy reduced the overbite and rounded
out the maxillary arch (Fig 7). A denture tooth was bond-
ed to a bracket and attached to the orthodontic archwire,
providing esthetics while tooth movement occurred (Fig
8). Moderate rotational torque was applied to create root
space between teeth 12 and 21. Upon completion of the
orthodontic treatment, the patient was seen before the
removal of the brackets to fabricate a surgical template
and to insert the dental implant. Utilizing the brackets to
retain the denture tooth after implant surgery and before
loading provided a stable and esthetic interim prosthesis.

Prior to surgery, a radiographic template was fabricated to
assure proper placement of the dental implant (Fig 9).

W. C. Martin

Fig 7 Frantal view showed the improvernent in gingival margin relation-
ships and resolution of the excessive overbite as achieved through orthodon-
tic therapy.

Fig 8 Denture tooth replacing tooth 11 attached to the orthodontic arch-
wire throughout the orthodontic treatment.

Fig9 Perigpical view with the radi-
ographic template in place.
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Fig 10 Perigpical radiograph after
implant placement.

Fig 120 Upon removal of the archwire, the healing cap was slightly exposed,
allowing for access to the implant shoulder with minimal tissuwe removal.

Fig 12b  Occlusal view of the excess tissue that covered the palatal portion
of the healing cap.
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A surgical template was fabricated based upon the results
of the radiographic survey and utilized during the surgi-
cal procedure. At the surgical visit, a scalloping procedure
was done to allow proper vertical placement of the RN SP
implant. The vertical positioning template assured ideal
coronoapical positioning while template with the drill
sleeve was utilized to prepare the osteoctomy site. Once
the implant had been placed, the vertical depth (shoulder
2mm apically of the proposed mucosal margin) was con-
firmed once more before removing the implant mount.
After placement of the labially beveled healing cap and
suturing, a periapical radiograph was taken (Fig 10).

The denture tooth was adjusted so it did not contact the
healing cap when the archwire was in place. The patient
was scheduled for a one-week follow-up.

Six weeks after implant placement, the patient was sched-
uled for a loading visit (Fig 11). At this appointment, a pro-
visional restoration was made that would initiate matura-
tion of the transition zone. Upon removal of the ortho-
dontic archwire, it became evident that the healing cap
was semi-submerged (Figs 12a, b).



Fig 13a A 5-mm biopsy tissue punch was used to remove the tissue that
covered the healing cap.

air-water syringe before placing the interim abutment.

Excess tissue was located on the palatal surface of the
healing cap. Upon examination, it appeared that there
was no benefit in keeping the tissue, so a 5-mm biopsy
punch was utilized to carefully remove that excess tissue
(Figs 13a, b).

Based upon its ease of use, a 5.5-mm solid abutment was
used to fabricate the provisional restoration (Figs 14a, b).
As reported in the ITI Consensus statements (Belser and
coworkers, 2004), when the shoulder of the implant is
greater than 3 mm submucosally, a screw-retained ma-
chined margin connection is recommended to prevent en-
trapment of cement. While not in line with the ITI Consen-
sus statements, a solid abutment was utilized due to the
implant position (exiting through the incisal edge) and cli-
nician preference. A preformed polycarbonate shell was
relined with methylmethacrylate resin to fabricate the
provisional restoration (Fig 15).

Fig ida  After removal of the healing cap, the implant was cleaned with an

W. C. Martin

Fig 138 Upon the removal of the tissue, the healing cap was easily acces-
sible.

Fig 14b A 5.5-mm solid abutment was tightened to 15 Nem to be utilized
as an interim abutment.

Fig 15 A polycarbonate shell was relined with methyimethacrylate resin
over the solid abutment.
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Fig 16 The emergence profile of the provisional restoration was siightly un-
dercontoured in all dimensions to prevent movement of the tissue in an api-
cal direction.

Fig 17 Two weeks post-loading with the provisional restoration.

Fig 18 Occlusal view with trapped cement retained on the facial aspect of
the implant shouwider
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Once the provisional material had set intraorally, it was re-
moved and placed onto a practice abutment and analog.
Using some powder and monomer in dappen dishes and
a brush, acrylic resin was added to the provisional to cre-
ate an emergence profile from the implant shoulder into
the oral cavity. Upon placement of the provisional in the
mouth, tissue blanching subsided within 10 minutes. The
provisional was cemented with temporary cement, and
the occlusion was adjusted (Fig 16).

Due to the high esthetic challenge of this treatment, the
patient was brought back after two weeks for a follow-up.

At the return visit, a moderate amount of tissue inflam-
mation remained around the facial mucosal margin (Fig
17).

Upon removal of the provisional and abutment, excess ce-
ment was located under the facial shoulder of the implant
(Fig 18). It was decided at this visit to make a synOcta im-
pression for the fabrication of an indirect provisional that
would remove any possibility of cement entrapment by
bringing the cement line closer to the tissue surface.



W. C. Martin

Fig 1% Modified synOcta post for temporary restorations. Fig 20a  The custom provisional abutment was modified on the master
cast.

Fig 18h  Kerr Kolor Plus opague (Kerr). Fig 20b After preparation of the  Fig 20c After preparation of the
provisional abutment, facial view, provisional abutment, lateral view,

Fig 19¢  The synQOcta post for tem- Fig 19d The synOcta post for tem- Fig 20d  The provisional restoration fabricated on the custom provisional
porary restorations after application  paorary restorations built up with @ abutment.
of the opaque. composite resin.

In the laboratory, a synOcta post for temporary restora-
tions was modified to create a custom temporary abut-
ment (Figs 19a-d).

Once fabricated, the custom temporary abutment was
placed on the cast and prepared to create restorative mar-
gins slightly below the proposed mucosal margin. Upon
completion of the preparation, a cementable provisional
restoration was fabricated utilizing an acrylic-resin lami-
nate procedure (Figs 20a-d).
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Fig 21a  Facial view of the customized provisional abutment. Fig 22a  Four weeks after delivery of the provisional restoration.

Fig Ib Occlusal view of the customized provisional abutment. Fig 22b  After removal of the provisional restoration.

The patient returned to the clinic for insertion of the cus-
tom provisional abutment and provisional. After removal
of the previous provisional and solid abutment, the cus-
tom provisional abutment was tightened to 15 Ncm, and
the second provisional with improved emergence profiles
was cemented with temporary cement (Figs 21a-c).

Fig 21c  After cementation of the provisional restoration.

The goal of this provisional restoration was to bring the
cement line to a clinically accessible location and reduce
the potential for continued inflammation on the facial as-
pect of the implant. The patient was scheduled for a final
impression two weeks later.

The maturation of the peri-implant tissue and the reduc-

tion in inflammation could be appreciated at the return
visit (Figs 22a-b).
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The provisional and abutment was removed and the
implant was cleansed with air and water, allowing the
maturation of the transition zone to be appreciated (Figs
23a-h).

Before the final impression, the shade was taken (Fig 24).

With a synOcta impression cap in place, the lack of peri-
implant tissue support was evident in the interproximal ar-
eas (Fig 25). Therefore, the fabrication of a custom impres-
sion cap would allow vital information of the transition
zone to be transferred to the technician to enhance the fi-
nal emergence of the definitive abutment and restoration.
At chairside, the provisional abutment and crown were uti-
lized to modify the impression cap (Figs 26a-f).

W. C. Martin

Fig 230 Upon removal of the provisional abutment, the maturation of the

transition zone was noticeable.

Fig 25 Facial view of an unmodified synOcta impression cap. Note the lack
of interproximal tissue support.
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Fig 26a  Custom impression cap fabrication. Provisional abutment on the
synOcta analog.

e — 2
Fig 26b  Custom impression cap fabrication. Provisional on the abutment,

Fig 26c

Fig 26d Custom impression cap fabrication. Once set, the provisional and
against the provisional. the abutment were removed.

Custom impression cap fabrication. Polyviny! siloxane injected

=

Fig 26e  Custom impression cap fabrication. synOcta fimpression cap (with Fig 26f Custom impression cap fabrication. A flowable resin (GC Pattern
handle) on the analog. Resin, GC America) in the void around the impression cap.

Fig 27 Custom impression cap fab-
rication. Emergence of the cus-
tormized impression cap similar to
the provisional restoration

. -
Fig 28 Facial view of a customized synOcta impression cap. Note the
added support of interproximal tissue.
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Upon completion of the modification to the impression
cap, comparison with the provisional revealed similar
emergence profiles of the implant shoulder (Fig 27}.

With the custom impression cap in place, a polyvinyl silox-
ane impression was taken (Fig 28).

In the laboratory, an implant analog was placed into the
impression coping and soft-tissue analog material was in-
jected around the customized impression post and al-
lowed to set (Figs 29a-b).

A low-expansion die stone was poured into the final im-
pression and allowed to set. Upon removal, the transition
zone was clearly seen on the master cast (Fig 30).

A synOcta gold abutment was selected as the definitive
abutment for this case (Fig 31).

W. C. Martin

Fig 25u  Laboratory analog attached to the customized impression cap.

Fig 29b  Soft-tissue analog (Gingitech, Ivolcar) placed around the analog
and customized impression cap.

Fig 30 Master cast. Note the duplication of the ciinical transition zone in
the soft-tissue analog

Fig 31
The synOcta gold abutment,
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Fig 32¢

106

Facial view of the wax buildup on the synOcta gold abutment.

; -

Occlusal view of the wax buildup on the synOcta gcfd_ abutment,

Facial view of the waxup. Fig32d Palatal view of the waxup.
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Due to the thin soft tissues, a ceramic-modified surface
was planned for the definitive custom abutment to pre-
vent any submucosal reflection of metal. Once the abut-
ment had been placed onto the master cast, it was mod-
ified to provide space for the ceramic material. Wax was
then applied to the surface to cast an oxidizable alloy on-
to the abutment to allow for ceramic application (Figs
32a-d).



W. C. Martin

After the abutment was cast, it was then opaqued, fol-
lowed by a ceramic buildup designed to support the soft-
tissue analog and maintain a submucosal margin position
(Figs 33a-c).

Fig 33a  Casting before removal
of the sprue.

Fig 33b  Frontal view of the synOcta gold abutment customized with ce-
ramics.

Fig 33¢c  Palatal view of the synOcta gold abutment customized with ce-
ramics

ITl Treatment Guide Volume 1 107



4 Achieving Optimal Esthetic Results

Upon completion of the customized abutment, an all-ce-
ramic In-Ceram crown was fabricated with a 360° ceram-
ic butt-joint margin (Fig 34).

The custom abutment and crown were returned to the
clinic for delivery to the patient (Figs 35a-b).

: -
Fig 34 The In-Ceram restoration on the customized abutment

Fig 35a  Final restoration and abutment returned from the laboratory.

Fig 35bh  Exploded view of the relationship between the crown and abut-
mant
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At the delivery visit four weeks after impression-taking,
the provisional restoration and abutment were removed
(Fig 36). The implant was irrigated with the air-water sy-
ringe before placement of the customized abutment.
Once the fit and shade of the final restoration had been
confirmed, the abutment screw was tightened to 35 Ncm
(Figs 37a-c).

W. C. Martin

Fig 37a Tightening of the custom abutment to 35 Ncm wsing the ratchet
with torgue contral device.

Fig37h  Facial view of the custom abutment in place. Note the submucos-
al margins, accessible for cement cleanup.

Fig 37c Occlusal view of the custom abutment in place. Note the 360° ce-
ramic butt margin.
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Fig 38

cleanup.

Fig 40a

110

Cotton and Covit placed to seal access to the abutment screw.

Fig33 After cementation of the restoration, allowing for accessible cement

After delivery of the In-Ceram crown for tooth 71.

Fig 40b  Periapical radiograph af-
ter delivery.
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The screw access hole was covered with a cotton pellet
and sealed with Cavit (3M Espe) (Fig 38). The final restora-
tion was cemented with permanent cement. Excess ce-
ment was removed after setting (Fig 39).

The occlusion was adjusted to a light shim-stock pull. Ad-
justments to the ceramic surface were followed by polish-
ing with diamond-impregnated disks that help to create
a glaze-like surface on the ceramic. A periapical radio-
graph was taken and the patient was scheduled for a 3-
week follow-up (Figs 40a-b).



At the 3-week visit, the peri-implant tissues were exam-
ined for residual cement and the occlusion checked. Oral
hygiene procedures were reviewed with the patient. After
the visit, the patient was scheduled for yearly mainte-
nance procedures.

The patient was seen after her maintenance visit for a fol-
low-up after one year (Figs 41a-c).
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W. C. Martin

Figdla Follow-up twelve months after delivery. The harmonious gingival mar-
gins, tooth positions, and interproximal tissue support can be appreciated.

Fig 41h A stable esthetic treatment outcome due to correct three-dimen-
sional implant placement,

Fig 41c  Follow-up twelve months after delivery, full smile.
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Fig1

R.Jung

The slight smile presents a harmonious relation between the course

of the incisor edges and the lower lips

Fig 2

112

The tissue biotype was medium thick with a medivm scallop.
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The 23-old-male patient, a light smoker (less than five cig-
arettes per day), presented with a non-vital and discolored
tooth 21 (Fig 1). The patient was in good general health,
and his medical history was without significant findings.
He suffered from pain originating from mobile tooth 21.
Because of the discoleration of tooth 21, the patient
asked to have his esthetic appearance improved. Tooth 21
had been endodontically treated after trauma, and an api-
coectomy had been performed.

At full smile, the patient had a medium smile line, expos-
ing the full teeth and part of the gingiva.

The patient’s gingival biotype was medium thick, with a
sufficiently thick band of attached keratinized gingiva
(Fig 2). The tissue was free of recessions or other defects.

The line of the gingival margin and the line of the incisal
edges were harmonious.

In general, a quadrangular tooth shape has the advantage
of reducing the esthetic risk due to the long interproximal
contact areas that help compensate for black triangles. In
a diastema case like this, however, a lack of interproximal
tissue cannot be compensated for by prosthetic treat-
ment. Orthodontic treatment and increasing the
mesiodistal tooth diameters could help lower the esthet-
ic risk. The patient was asked if he wanted to undergo or-
thodontic therapy to re-align his teeth and to increase the
mesiodistal diameter of the incisors using either compos-
ite or ceramic veneers. The patient’s desire was to keep
his characteristic appearance. He asked for replacement
of tooth 21 only, without any additional orthodontic or
prosthetic therapy.



As Figure 3 demonstrates, the labial contours of the alve-
olar arch were maintained by tooth 21.

Clinical probing of tooth 21 revealed a mesial pocket
depth of 7mm and a buccal pocket depth of 10 mm.

Radiologically, a radiclucency mesially of tooth 21 could
be detected. These findings are symptomatic of a root
fracture of the endodontically treated tooth 21, status af-
ter apicoectomy (Fig 4).

Looking at the adjacent teeth, the interproximal bone lev-
els were judged to be sufficiently well maintained for ad-
equate soft-tissue support after implant therapy (Fig 5).

Due to the increased probing depth at the buccal aspect
of tooth 21, a lack of buccal bone lamina had to be expect-
ed. Hence, the possibility of a major bone defect had to
be considered, which would necessitate bone augmenta-
tion with or without simultaneous implant placement.

Based upon the data collected during the clinical and ra-
diological examination, the patient's esthetic risk-profile
analysis was as follows (Table 1):

Fig3 Occlusal view of the incisors.

Fig 4 Periapical radiograph show-
ing o mesial radiclucency and the
status after apicoectomy.

Fig5 Evaluating the interproximal
bone levels around the teeth adja-
cent to the future implant site is im-
portant for the evaluation of the es-
thetic risk.
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Healthy and
cooperative patient,
intact immune system

Light smoker
(<10 cig/d)

Medium

Medium scalloped,
medium thick

Rectangular

5.5to 6.5 mm
to contact point

Virgin

1 tooth (= 7 mm)

Intact soft tissue

Horizontal bone
deficiency




The diastema situation in combination with the expect-
ed large bone defect made this a medium to high risk
case.

The pre-extraction orthopantomograph showed suffi-
cient bone thickness apically of tooth 21. It also showed
that teeth 11 and 22 and their periodontal structures
were healthy. The mesiodistal width of the future implant
site was sufficient (Fig 6).

Because of the expected major bone-augmentation pro-
cedure, a thick, mature mucosa at the prospective implant
site was desirable. A healing period of six to eight weeks
after tooth extraction (Type 2 implant placement, Ham-
merle and coworkers, 2004) was chosen to allow for soft
tissue healing.

Either a primary bone-augmentation procedure or im-
plant placement with simultaneous bone augmentation
could be performed at the time of reopening. The deci-
sion was based on the ability of stabilizing the implant in
the proper prosthetic position.

The site was reopened eight weeks after extraction. An os-
seous defect with the expected large buccal dehiscence
was present (Fig 7).

The incisal view shows the full extent of the horizontal
bone defect (Fig 8).

R. Jung

Fig & The pre-extraction orthopantomagraph was used for pre-implanta-
tion diggnostics and treatment planning

L
Fig8 The bone defect at the future implant site had a large horizontal com-
ponent,
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Fig 9 The surgical template facilitated ideal three-dimensionai, prostheti-
cally driven implant placement.

Fig 10 The implant was to be located about 2 mm apically of the border
of the surgical template representing the future soft-tissue margin of the im-
plant crown.

Fig 17 A surgical tempiate helping
to visualize the filture soft-tissue
margin, ideally located about 2 mm
coronally of the implant shoulder.

Fig 12 Implant in its ideal coronoapical position.
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To facilitate an ideal three-dimensional implant place-
ment in accordance with the planned future position of
the implant-supported crown, a surgical template was
used for correct implant placement (Figs 9, 10).

It is important, especially in diastema situations, to en-
sure implementation of the pre-operative diagnostics and
treatment planning during surgery. The use of a surgical
template for implant placement is therefore highly recom-
mended in these cases.

The surgical template not only ensured the correct orofa-
cial implant position, but it also determined the correct
coronoapical position (Figs 10, 11).

In its ideal coronoapical position, the implant shoulder is
located about 2 mm apically of the future soft-tissue mar-
gin at the implant-supported crown, imitated by the api-
cal border of the template (Fig 11).

The situation after removal of the surgical template
showed the ideal three-dimensional position of the im-
plant (Tapered Effect (TE) implant, endosseous &4.1 mm,
Regular Neck, @ 4.8 mm) achieved despite the large bone
defect (Figs 12, 13). Especially in large bone defects, the
increased thread pitch of the TE implant facilitates pri-
mary stability.

{deal mesipdistal and orofacial implant positions.



Because sufficient apical bone volume was available, the
implant could be placed easily and it attained good pri-
mary stability. The site could thus be treated in a simulta-
neous approach, combining implant placement and bone
augmentation. Membranes with improved mechanical
properties have advantages for the regeneration of large
bone defects in that they predictably re-establish the
bone contour that was lost. For large defects, the concept
for bone regeneration therefore includes the use of a ti-
tanium-reinforced membrane together with autogenous
bone and grafting material.

The autogenous bone, harvested from the osteotomy site
and the anterior nasal spine, was applied to the implant
neck portion (Fig 14).

The osseous defect was completely filled with grafting
material.

The augmentation site was subsequently covered with a
titanium-reinforced e-PTFE membrane in order to stabi-
lize the augmentation site and to preserve the desired
contour.

To prevent dislocation of the membrane, it was fixed with
pins as well as the implant’s closure screw (Figs 15, 16).

R. Jung

Fig 15 Perforating the membrane
for insertion of the closure screw.

Fig 16a Closure screw facilitating positioning and stabilization of the mem-
brarne.

Fig 160 Additional pins ensuring stable fixation of the membrane.
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Fig 17

Fig 18a  Healthy soft tissue six months after implantation.

Fig 18b

Incisal view af well-healed soft tissue,
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The flap was released via periosteal releasing incisions,
and the wound was closed with non-resorbable suturing
material. This hydrophobic, non-resorbable e-PTFE mem-
brane material has an increased risk for wound dehis-
cence compared to resorbable collagen membranes (Zitz-
mann and coworkers, 1997). In order to ensure proper
wound closure, two suturing materials were used, the
thicker one for tension and the thinner one for adaptation
(Fig 17).

Six months after implant placement, the site was re-eval-
uated for removal of the membrane (Fig 18a).

The soft tissue was healthy, and a favorable contour of the
alveolar arch could be noted (Fig 18b).



After re-entry (Fig 19) and removal of the membrane, the
augmentation procedure could be considered a success,
as a favorable bone contour and volume were present at
the implant site (Fig 20).

The vertical bone height was ideal as bone was present
up to the level of the implant shoulder (Fig 20b).

To increase the thickness of the peri-implant mucosa, a
connective-tissue graft was harvested from the palate at
the time of membrane removal (Fig 21). The graft was su-
tured to the palatal mucosa and placed over the implant
(Fig 22).

Fig 21  Connective-tissue graft donor site a_?:?-ér harvesting and suturing,

R.Jung

Fig ? Healing cap facilitating access ta the implant shoulder as well as re-
moaval of the membrane.,

h-‘ . ] ’ - . %

Auvgmentation site after membrane removal, showing favorable

Fig 20a

horizontal bane volume.
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Fig23 Primary soft-tissue closure with horizontal mattress sutures and sin-
gle interrupted sutures.

y

Fig 24 De-epitheliglization of the future flap area.

Fig 25 }ap creation above the implant.
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Primary soft-tissue closure was again achieved (Fig 23).

Six weeks after soft-tissue augmentation, the reopening
procedure for the insertion of a healing cap was initiated.
To increase root prominence at the prospective implant
site, a small-pedicle rotation flap was created above the
implant.

The area was de-epithelialized with a high-speed angled
handpiece and a ball-shaped diamond bur (Fig 24).

After de-epithelialization, a U-shaped incision was made
above the implant shoulder, with the opening of the U
pointing toward the labial aspect (Fig 25).



This pedicled flap was mobilized and positioned between
the implant neck and the labial mucosa (Figs 26, 27).

After this procedure, a labially beveled healing cap was in-
serted onto the implant to ensure access to the implant
shoulder and to start the soft-tissue conditioning phase
(Fig 28).

R. Jung

Figs 26a, b Labially pedicled flap,
carefully tucked under in a labial di-
rection,

Fig 27  Rotated flap improving the labial contour of the implant site.

Fig 28 Healing cap helping stabilize the flap.
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Fig 29

Fig 30

Fig 32

122

Favorabie soft tisswe hejght and volume.

Impression cap screwed to the fmplant.

Fig 31 Precise seating of the im-
pression cap on the implant shoul-
der ensures a precise impression.

The occlusal view of the impression cap showed g favorable buc-
cooral implant position for the screw-retained superstructure.
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The pedicle rotation flap helps increase soft-tissue thick-
ness, creating a favorable contour.

The situation from the labial aspect after the preparation
of the pedicle rotation flap and the insertion of the heal-
ing cap is shown in Figure 29.

Two weeks later, a screw-retained impression cap was in-
serted onto the implant for impression-taking and the
subsequent fabrication of a temporary crown (Fig 30).

The periapical radiograph showed that the cap was cor-
rectly seated on the implant shoulder without forming
any marginal gaps (Fig 31).

The radiograph also showed that the implant was success-
fully placed in the planned position. Furthermore, the im-
plant was well osseointegrated.

The implant axis allows the fabrication of a transocclusal-
ly screw-retained superstructure, as evidenced by the po-
sition of the impression cap (Fig 32).



A customized impression tray was perforated to allow for
loosening the screw of the impression cap after taking the
impression. The correct position of the perforation was
checked in the patient’'s mouth (Fig 33).

To ensure easy loosening of the screw and subsequent re-
moval of the impression, the area around the screw was
also blocked out with wax (Fig 34).

The impression was sent to the dental lab for fabrication
of a cast model. Before pouring the impression, an im-
plant analog was screwed on top of the impression cap
(Fig 35).

in the dental lab, the transocclusally screw-retained pro-
visional crown was fabricated on a titanium post for tem-
porary restorations (Fig 36).

R. Jung
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Fig 34 Wax facilitating the loosening of the screw before the impression is
remowved.

Fig 35

Impression ready for transfer to the dental lab.

Fig3a The zmnsocc!usaﬂy_screw-remmed provisional crown on the madel,
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Fig 37 Provisional crown integrating well into the line of natural teeth.

Fig 38 The clinical situation five weeks after insertion of the healing cap
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The patient’s wish for the diastemas to be retained was
met (Fig 37).

The cervical portion of the temporary crown was kept slim
on its labial aspect to create the ideal cervical shape at
chairside (Fig 38).

Five weeks after reopening and after the insertion of the
healing cap, the soft tissues were healthy and well-main-
tained. Note the favorable soft-tissue volume and con-
tours at the implant site (Fig 39).



The labial view showed that special care was needed to
create esthetic soft-tissue contours and interdental papil-
lae (Fig 40). The following soft-tissue conditioning proce-
dure helped create a more favorable soft-tissue contour.

After the healing cap was removed, the mucosa was sta-
ble and well established (Fig 41).

To condition the peri-implant mucosa to the desired
emergence profile and contour, the cervical portion of the
provisional crown was modified accordingly, applying a
flowable light-curing composite material in a chairside
procedure (Fig 42).

The application of the composite material was driven by
the point of emergence of the crown. The goal was to copy
and match the line of the marginal gingiva at contralater-
al tooth 11.

At insertion of the provisional crown, notable blanching
of the mucosa occurred (Fig 43).

R. Jung

Fig 40 A flat mucosal contour at the implant site.

Fig 41 After removal of the healing cap.

Fig 42 Stepwise adaptation of the cervical portion of the provisional,

Fig43
impilant mucosa.

The provisional crown was inserted with siight pressure to the peri-
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Fig 44  The goal of the cervical modification process was fo make the course of
the mucosa match the course of the gingiva at tooth 11 as closely as possible,
This was achieved by adding composite material in the respective areas.

Fig 45

Fig 46 Soft-tisswe contour after two soft-tissue conditioning steps, includ-
ing modification of the provisional crown.

Fig 47  Clinical situgtion at the end of the soft-tissue conditioning phase,
fabial view.
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Step by step, composite material was added where the
mucosa line needed to be improved (Fig 44).

The pressure applied to the mucosa by the cervical por-
tion of the temporary crown allowed the desired emer-
gence profile. Due to the ideal implant axis, the provision-
al crown could be transocclusally screw-retained (Fig 45).

After two to four weeks, additional soft-tissue condition-
ing can take place to further improve the emergence pro-
file and the line of the marginal mucosa.

Another two to four weeks later, a final soft-tissue condi-
tioning step can be made if necessary. In this case, a pleas-
ing soft-tissue contour was found after two soft-tissue
conditioning steps (Fig 46).

Also, a favorable increase in soft-tissue height between
the two central incisors was seen.

Soft-tissue maturation takes place during the first three
to six months after reopening and the insertion of the
healing cap and the provisional, respectively. During this
time, buccal soft-tissue recession may be expected (Grun-
der, 2000).

To prevent recession after the insertion of the final crown,
the provisional crown is kept in place for at least 3 to 6
months in general (Fig 47).



This final soft-tissue shape had to be transferred to the
dental lab as precisely as possible (Fig 48).

To capture this final tissue shape, an individual impres-
sion cap was fabricated by placing the provisional on an
implant analog (Fig 49) and pressing it into silicone.

The individual impression cap was then attached to the
implant in the patient’s mouth with the integral screw
(Fig 50).

The individualized impression cap prevented the soft tis-
sues from collapsing and ensured precise modeling of the
emergence profile for the fabrication of the final crown
(Fig 51).

R. Jung

Fig 48 Clinical situation at the end of the soft-tissue conditioning phase,
incisal view.

Fig 49 The shape of the provisional crown to be transferred to the impres-
sion cap.

Fig 50

Fig 51 Well-supported labial aspect of the mucosa.
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Fig 52 Individualized impression
cap seated on the implant shoulder
without marginal gaps.

Fig 53 Impression being prepared for fabricating the cast.

Fig 54 The fabrication of a gingiva mask is recommended in esthetic sites.

Fig 55 The synOcta gold coping attached to the implant analog,
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The precise seating of the impression cap on the im-
plant shoulder was radiologically checked one more
time (Fig 52).

In the dental laboratory, an implant analog was attached
to the individual impression cap for master cast fabrica-
tion (Fig 53).

Silicone material was applied to the implant site to create
a gingiva mask (Fig 54).

After the fabrication of the final master cast, a decision
must be made concerning the abutment type selection.
Due to the scalloped gingival line, cementation at the lev-
el of the implant shoulder is not recommended because
of the difficult access for cement removal, especially in
the interdental area. Cementation of an individual abut-
ment or a screw-retained reconstruction should be cho-
sen. The favorable implant position allowed a screw-re-
tained reconstruction in this particular case.

A Regular-Neck (RN) synOcta gold coping was screwed on-
to the implant analog for fabrication of a transocclusally
screw-retained ceramo-metal crown (Fig 55).



The metal core of the future crown was modeled in wax
(Fig 56). A silicone key representing the diagnostic waxup
was used to determine the ideal shape and dimension of
the metal core.

Figure 57 shows the crown’s cast-metal frame.

R. Jung

Fig 56a  The waxup, labial view.

Fig 57a  The cast-metal crown framework, labial view.

Fig 57b  The cast-metal crown framework, incisal view.
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After preparing the gold framework with corundum
stones at low speed, the framework was cleaned in
ethanol far 10 minutes. Gold bonder was evenly applied
and baked on in order to shift the color from “cold gray”
to “warm gold” (Figs 58, 59).

Opaque was applied (Fig 60), and the veneering ceramic
was built up using the layering technique.

Again, a silicone key was used to determine the ideal
shape of the crown (Fig 61).

Fig 58 Gold bonder applied, labial view with gingiva mask,

The occlusion was carefully checked, and disturbances
were removed in order to establish anterior tooth guid-
ance (Fig 61).

Fig 59 Gold bonder applied, labial view without gingiva mask.

A
Fig 60 Opagque applied to the cast-metal framework.

Fig 81 Occlusion check on the model,
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Figures 62 and 63 show the crown as it was ready for in-
sertion (Figs 62, 63).

The final crown integrated very well with the natural den-
tition with regard to tooth shape, size, color, and surface
texture. The line of the incisal edges and the line of the
gingival and mucosal margins were harmonious and con-
tributed to the esthetically pleasing treatment outcome
(Fig &4).

The treatment was in line with the patient’s wishes and
could be considered an esthetic success (Fig 65).

R. Jung

Fig &2 The final crown, labial view.

Fig 64  The implant-supported superstructire in situ.

Fig 65 At fill natural smile, the implant-supported crown cannot be dis-
tinguished from the natural teeth.
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Fig 66 The patient’s smile line thee years after insertion.

Fig 67 Healthy peri-mplant soft tissue and a stable esthetic treatment out-
come.

Fig 68 Periapical radiograph three
years after implant fnsertion
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At the patient’s follow-up visit three years later, the es-
thetic treatment outcome was stable (Figs 66 - 68).

Acknowledgments

Prosthetic Procedures

Contribution to the surgical procedure by Dr. Vincent Goh
- University of Zurich, Switzerland, Clinic for Dental
Crown and Bridge Prosthetics, Partial Prosthetics, and
Dental Material Science

Laboratory Procedures

Dental Technician Daniel Pally - University of Zurich,
Switzerland, Clinic for Dental Crown and Bridge Prosthet-
ics, Partial Prosthetics, and Dental Material Science



U.C. Belser

In September 2004, a 38-year-old female patient, a non-
smoker, was referred to our clinic for the replacement of
the missing left central maxillary incisor (tooth 21), which
had been removed two months before the initial appoint-
ment due to a vertical root fracture. The dental patient
history revealed that the tooth in question had support-
ed a ceramo-metal crown for more than ten years before
the root fracture occurred.

Implant therapy (single-tooth replacement) was consid-
ered the first therapeutic choice, as the neighboring teeth
did not require significant restoration.

The patient was in good general health, and her medical
history revealed no significant findings.

At full smile, the patient presented a high lip-line situa-
tion, displaying full teeth and associated gingival tissue in
the anterior maxilla (Fig 1). The patient’s gingival biotype
was thin to medium thick and highly scalloped, associat-
ed with a broad band of keratinized mucosa.

The initial intraoral radiograph displayed the characteris-
tic status to be expected after the recent extraction of a
root (in this particular case of tooth 21). The outline of the
alveolus was still clearly visible. Furthermore, the radi-
ograph confirmed the presence of sufficient intact inter-
proximal bone at both adjacent teeth (Fig 2).

Clinical examination of the anterior maxilla revealed the
presence of a harmoniously scalloped soft-tissue line and
the absence of significant vertical-tissue loss (Fig 3). To-
gether with the relevant radiographic findings, this indi-
cated that the initial clinical situation greatly favored im-
plant therapy for single-tooth replacement.

The above findings led to the following patient-specific
esthetic risk profile (Table 1), which could be classified as
medium.

Fig 1 . At .Fuf smile, the high lip line showed a significant portion of the gin-
gival tissue.

Fig 2 Initial intraoral radiograph
showing both the typical situation
after a recent tooth extraction
(tooth 21) and the presence of intact
interproxkimal bone tissue with suffi-
cient height at the two adjacent
roots.

Fig 3 The labial close-up view of the anterior maxilla demonstrated a basi-
cally unaltered line of the vestibular soft tissue line with intact interproximal tis-
sue of sufficient height at the two natural teeth adjacent to the extraction site.
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Figs4a, b At the moment of flap elevation, i.e. approximately two months after the extraction of the longitudinally fractured root, the prospective

U.C. Belser

fmplant site

21 presented a localized, bone defect. The degree of horizontal tissue loss could be assessed fn a more occlusal view (@), whereas the amount of vertical bone

lgss became clearly evident on the labial view (b).

Figs 5a, b The labial view, immediately after the placement of a standard screw-type implant (a), confirmed the resulting two-wall dehiscence-type defect.

The occlusal view clearly documented that the implant had been placed completely inside the alveolar bone crest (b).

The overall complexity of the case corresponded to the
advanced level and was associated with a medium esthet-
ic risk. Implant therapy, however, was clearly the number-
one choice, as the restorative status of the neighboring
teeth did not require full-coverage therapy and because
all of the key conditions for the predictable success of sin-
gle-tooth implant therapy, including the esthetic param-
eters, were present (Belser and coworkers, 2003; Belser
and coworkers, 2004; Buser and coworkers, 2004; Higgin-
bottom and coworkers, 2004).

After elevation of a mucoperiosteal flap, a localized, con-
fined bone defect comprising both a horizontal and a sig-
nificant vertical component became apparent at site 21
(Figs 4a, b). Despite the obvious hard-tissue defect, this lo-
cal anatomical situation was considered compatible with
the insertion of an implant. This judgment was based on
the following elements: the local bone anatomy would
permit (1) optimal three-dimensional implant position-
ing; (2) adequate primary implant stability; and (3) execu-
tion of a predictable simultaneous guided bone-regener-
ation (GBR) procedure.

A standard implant was inserted according to the guide-
lines described in Chapter 4.1 of this Treatment Guide
and achieved adequate primary stability. Furthermore,
the entire circumference of the implant could be placed
inside the confinement of the surrounding alveolar bone
crest, resulting in a three-wall dehiscence-type bony de-
fect that represented conditions favoring a predictable si-
multaneous GBR procedure (Buser and coworkers, 2004)
(Figs 5a, b).
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a - ; ) ; .

Fr";,rs-ﬁa. b Comparative view of the vestibular as,:;éf.r ofrﬁa?-;‘.'mshfy inserted .lm,m'un!_i;é-l'ﬁi'e fa) and after (b) adaptation of small autogenous bone chips col-
lected in the close environment.

Figs ?a_"f: The second step of the simultaneous GBR procedure was the application of a considerable amount of bone fillers (@) in order to recreate in sfight
excess the originally convex labial contour of the alveolar ridge. To favor the selective in-growth of bone-forming cells, a bio-absorbable barrier membrane
was applied in two layers {(b), in what is termed "double layer technigue.”

The resulting vestibular dehiscence-type defect (Fig 6a) The next step was to apply a layer of bone fillers soaked
was covered with small autogenous bone grafts harvest-  with blood (Fig 7a) to rebuild a slightly excessive convex
ed in the immediate neighborhood of the implant site  labial contour of the alveolar bone crest. The bone fillers
(Fig 6b). were covered with two layers of a bioabsorbable barrier
membrane (Fig 7b) in order to permit the bone-forming
cells to invade the wound selectively and ultimately to
cover the bone-filler particles with newly formed bone.
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Figs 8a, b

In order to allow for coronal repositioning and tension-free adaptation of the flap, several horizontal incisions of the periosteum had ta be made.

U. C. Belser

The occlusal view (B) confirmed the establishment of a labial convexity of the alveolar ridge at the site of implant placement, similar to that abserved at the

adjacent natural dentition.

Fig 9@ The intraoral radiograph,
taken immediately after the inser-
tion of the 12 mm screw-type im-
plant, confirmed an adeguate fm-
plant position with respect to depth,
axis fn the frontal plane, and dis-
tance toward the adjacent natural
roats,

The last step in this combined implant placement/bone
augmentation procedure was the precise adaptation of
the flap (Figs 8a, b). As a considerable ridge volume had
been added in the form of autogenous bone grafts and
bone fillers, several horizontal incisions of the perios-
teum at the base of the flap were required to achieve an
accurate and tension-free repositioning of the flap, stabi-
lized by interrupted sutures. The authors consider primary
wound closure an integral part of the preferred protocol
for the anterior maxilla, in the interest of predictability.

Before dismissing the patient, an intraoral radiograph
(Fig 9) was taken to verify the correct implant position
with respect to depth, axis, and relation to the neighbor-
ing roots and to create a baseline document for future
comparison (Fig 10).

In accordance with the recommended early implant place-
ment/early implant restoration concept, the successful os-
seointegration was verified ten weeks after implant place-
ment, first radiographically (Fig 10) and then clinically.

Fig 10 The control radiograph,
taken ten weeks after implant place-
ment, showing the extent of initial
interproxirmal peri-implant bone re-
modeling and the maintenance of
the original vertical bone height at
the two adjacent natural roots.

Fig 11 The temporary mesoabut-
ment was used as base for a chair-
side fabricated screw-retained provi-
sional implant restoration to initiate
peri-implant soft-tissue condition-

fng.

When it comes to single-tooth replacement in the anteri-
or maxilla, it is generally recommended to use either an
implant-borne fixed temporary restoration (usually screw-
retained, as the implant shoulder is normally located dis-
tinctly submucosally in the interproximal area and thus
not easily amenable to cementing}, or to utilize a simple
“tissue former” component to initiate peri-implant soft-
tissue conditioning. The prefabricated Regular Neck (RN)
synOcta temporary mesoabutment (Fig 11) serves both
these purposes (Priest, 2003; Small and Tarnow, 2000;
Giannopoulou and coworkers, 2004; Jemt, 1999).
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12a b
utment was

&

with a pencil (b).

The respective prosthetic component was connected di-
rectly to the implant shoulder via its integrated occlusal
screw (Fig 12a), after first verifying and eventually correct-
ing the cervical emergence profile, which may be too
“bulky” in a given clinical situation. It is important not to
compress the mucosa excessively, particularly in its
vestibular aspect, as this may lead to soft-tissue recession
with negative consequences for esthetic appearance. The
next step was to circumferentially mark the level and
course of the peri-implant mucosal margin (Fig 12b).
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Necessary individual modifications were performed outside the oral cavity wherever poss
pose, the mesogbutment was attached to a laboratory analog with &

Having reduced the cervical emergence profile of the prefabricated temporary component on ffs interproximal and labial aspects, the meso-
onnected directly to the implant with the integrated occlusal screw (a). The precise level and course of the marginal soft-tis

ue line was marked

le, using the appropriate rotary instruments. For

s integrated occlusal screw.

The marked mesoabutment was attached to the corre-
sponding RN laboratory analog to facilitate the necessary
modifications, which were performed with appropriate di-
amond burs and abrasive disks (Figs 13a, b). To increase
the efficacy (precision and time) of the procedure and to
minimize potential sources of tissue irritation, all the cor-
rections that could be carried out outside the oral cavity
were made on the implant analog.



FJ Ta, b The customized temporary mesuabutmrrt was reattached to the implant, secured with its retention screw, and the occlusal features carefully

verified (a) and then carrected intrecrally using diamond burs (b).

Figs 15a,b A transparent silicone material was used to verify the space at disposition for the subsequent acrylic resin veneering of the customized tempo-

U. C. Belser

rary mesoabutment. This newly developed type of material is characterized by its high level of precision and the additional possibility to use light-curing
acrylic resins, which in turn was significantly contributing to the efficacy of the described chair-side procedure.

Before completing the temporary component with acrylic
resin, an intraoral try-in was performed to verify that the
adjustments corresponded to the individual clinical needs
(Figs 14a, b). In particular, the occlusal requirements were
minutely verified and further corrections carried out di-
rectly in the patient’s mouth where indicated.

A transparent silicone key helped precisely assess the
space available for the acrylic resin to be used for veneer-
ing (Figs 15a, b). The recent introduction of transparent
silicone materials made it possible to use intraoral high-
precision templates for direct provisional restorations and
gave access to light-curing resins. The latter aspect con-
tributes significantly to efficacy in a chairside setting,
where time is of paramount importance.
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=

Figs 17a, b An advantage of using a combination of a transparent silicone material and a light-polymerizing acrylic resin is that the key can be carefully

Fig 16 Before proceeding to the intracral application of light-curing acrylic
resin, the screw-access channel was blocked out with wax to guarantee easy
and rapid access to the ecclusal screw immediately after polymerization of
the light-curing material directly in the patient’s mouth.

loaded, the absence of air entrapments can be verified, and the subsequent intraoral positioning carried out without time constraints. The light-curing process
itself is extremely rapid and has no clinical shortcomings such as tissue irritation caused by free monomers and an increase in temperature.

A direct (chairside) screw-retained provisional implant
restoration had been planned for this patient. The respec-
tive screw-access channel was blocked out with wax be-
fore the acrylic resin was applied (Fig 16) to assure easy
access to the screw once the acrylic resin was processed
- asimple measure taken to render this chairside proce-
dure as safe and as fast as possible for the benefit of both
the patient and the clinician.
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Another advantage of using a combination of a transpar-
ent silicone key and a light-curing acrylic resin is that they
provide abundant time for careful loading of the silicone
template at the corresponding location and for verifying
the absence of any air entrapments (Figs 17a, b). Once this
check had been made and any “bubbles” had been elim-
inated, the key was precisely repositioned on the dental
arch, followed by a short time of exposure to the curing
light. The template was removed, the access to the screw-
access channel was established, and the restoration was
removed from the patient’s mouth, attached to the labo-
ratory analog, and all correction and finishing procedures
were performed extraorally.



Figs 18a, b The lateral close-up
wiew of the finalized provisional im-
plant restoration before and after its
insertion, showing that a flat cervi-
cal emergence profile was estab-
lished. Note the smooth transition
from the prefabricated temporary
mesoabutment to the secondary
acrylic resin (a). Immediately after
insertion of the provistonal in the
patient’s mouth (b), only minimal
blanching of the peri-implant soft
tissue occurred, and an acceptabie
averall esthetic integration of the
provisional was observed.

U. C. Belser

Figs 190, b Two months after insertion of the screw-retained implant pro visional, the peri-implant soft tissue displayed healthy and stable features. From

an esthetic point of view, the soft-tissue appearance and contours were favorable. At this stage, the clinical situation was judged adequate for taking the fi-

nal impression.

After the completion phase of the temporary implant
restoration, which comprises its general shape, cervical
emergence profile, interproximal contacts, occlusal fea-
tures, surface texture characteristics, and shade, the pro-
visional can be either mechanically polished or glazed
with a light-curing varnish and subsequently inserted in
the patient’s mouth (Figs 18a, b). This step in the chain
of reconstructive procedures initiated the phase of peri-
implant soft-tissue conditioning to create a healthy, sta-
ble, and esthetic mucosal configuration.

Approximately two months after the placement of the im-
plant provisional, the peri-implant soft-tissue configura-
tion was considered adequate for undertaking the next
treatment step, consisting of final impression taking. A
carefully fabricated implant provisional, as previously de-
scribed, in conjunction with a well-instructed and highly
compliant patient as far as plaque control and mainte-
nance were concerned, led to optimal peri-implant soft-
tissue conditions, including esthetic mucosal contours
(Figs 19a, b).
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Fig 20 In the presence of a distinctly submucosal implant shoulder, an
apen-tray type impression was performed using a screw-retained impression
cap. Care was taken to proceed with impression-taking immediately after re-
maoving the provisional in order to pick up a maximum amount of the rele-
vant peri-implant soft-tissue contours created by the axial profile of the tem-
porary restoration.

One of the major reasons for fabricating a provisional im-
plant restoration had been to generate stable and esthet-
ic peri-implant soft-tissue contours, similar to those ob-
served at the natural control tooth. At the same time, the
patient’'s compliance concerning oral hygiene, which can
be particularly demanding when it comes to an implant
restoration in the esthetic zone, could be monitored and
reinforced if necessary. The patient’s capacity to use e.g.
Superfloss daily and efficiently had an impact on the de-
sign of the final restoration, especially in regard to its ax-
ial profile. It is well known that this can be “more hygien-
ic, but less esthetic” or vice versa.

In this particular patient, compliance was considered op-
timal and the resulting soft-tissue conditions were fully
compatible with a highly esthetic superstructure design.
Two impressions of the maxilla were taken: (1) an alginate
impression with the temporary still in place (to guide the
laboratory technician during the fabrication of the final
implant-supported crown), and (2) a final elastomeric im-
pression to produce the master cast. As in most instances
in the anterior maxilla, an open-tray impression in asso-
ciation with a screw-retained impression cap was chosen,
primarily because the implant shoulder was located dis-
tinctly submucosally (Fig 20).
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Figs 21a-c  Close-up views (a; palatal; b: occlusal) of the master cast doc-
umenting the optimal implant position in an orefacial and a mesiodistal di-
rection. The implant was ideally ploced within the orofacial and mesiodistal
comifart zones (c).
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Care was taken to proceed with impression-taking imme-
diately after removing the provisional, in order to pick up
a maximum amount of the relevant peri-implant soft-tis-
sue contours created by the axial profile of the temporary
restoration. This aspect has clinical significance, as the re-
spective soft tissue tends to collapse rapidly in the direc-
tion of the surface of the impression cap and to no longer
correspond to the provisional-derived contours. Where
this aspect is of major concern, the technigue of cus-
tomizing the impression cap, using the pertinent informa-
tion derived from the cervical part of the successful tem-
porary restoration, can be applied (as described in Chap-
ter 4.2 of this Treatment Guide).

In most instances, dental technicians, and particularly ex-
perienced ceramists, recommend the fabrication of a
straightforward stone master cast comprising the inte-
grated laboratory implant analog(s), as in this case (Figs
21a, b). In order to assure adequate access to the shoul-
der of the implant analog and to create optimal technical
conditions for developing an adequate emergence profile
of the ceramo-metal restoration, the peri-implant soft tis-
sue was reshaped using rotary instruments. This proce-
dure was based on the information provided by the cir-
cumferential line of emergence of the contralateral natu-
ral tooth that served as reference. Together with the study
cast, representing the provisional implant restoration that
had functioned successfully in the patient’s mouth for
two months, these landmarks represented the basis for
the final implant-supported crown.

In this case, the RN synOcta gold coping, a prefabricated
restorative implant component permitting a cast-on lab-
oratory procedure, was used to generate the metal frame-
work for the planned transocclusally screw-retained cer-
amo-metal superstructure.

Using the silicone key derived from the provisional, the ce-
ramist subsequently proceeded with the mounting of the
various layers of different ceramic substrates to achieve
an optimal reproduction of shapes and optical properties
as present in the natural contralateral tooth. This proce-
dure required an "over-build” of crown volume to antici-
pate the subsequent sintering contraction (Fig 22a). After
the first ceramic firing, the volume contraction was par-
ticularly evident at the interproximal surfaces, resulting in
an absence of interdental contacts (Fig 22b) and requir-
ing at least one additional correction-sintering step.

U. C. Belser

Figs 22a, b In the first step, the clinical crown body was established, com-
posed of a complex sequence of layers of different opacities and shades
aimed at imitating the basic components - dentin, enamel, and incisal
transiucency — of a natural central maxiliary incisar {a). After the first ce-
ramic sintering step, @ significant volume contraction was observed, requir-
fng at least one additional corrective step. The basic optic tooth-fike proper-
ties, however, were already clearly visible.
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Fig 23 In order to reproduce the main morphological features of the nat-

ural controf tooth, these elements, such as mesial and distal transition line
angles and the long axis of the clinical crown, were first marked on the con-
tralateral tooth and then highlighted on the ceramic crown,

b

Figs 24a, b Vestibuwlar and palatal close-up views of the completed transoc-
clusally screw-retained ceramo-metal implant-supported crown,

£
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After the second ceramic firing, the ceramist outlined in
pencil the key morphological parameters on both the nat-
ural contralateral tooth and on the newly produced cer-
amo-metal implant-supported crown (Fig 23). This sys-
tematic approach ultimately achieved an adequate level
of similarity, a determinant for the final esthetic outcome.

After an additional sintering step, the transocclusally
screw-retained ceramo-metal implant-supported crown
21 was finalized and mechanically polished to the same
characteristic surface texture observed at tooth 11 (Figs
244, b). For reasons of mechanical strength and to prevent
ceramic fractures, the screw-access channel was protect-
ed with a metal sleeve,

At the insertion of the final ceramo-metal implant-sup-
ported crown, the peri-implant soft tissue presented itself
as healthy, stable, and esthetic in appearance (Figs 25a-d).
This included the symmetry of the labial line of the mu-
cosa when comparing the implant site with its natural con-
trol tooth 11, as well as the appearance of the soft tissue
that was free of any signs of inflammation.

The implant-supported crown was inserted in the nearly
optimal clinical environment previously described (Fig 26).

As expected under such conditions, the integration of the
new implant-supported crown in the adjacent natural
dentition reached acceptable standards. A slight vertical
soft-tissue loss on both the mesial and distal aspects of
the new restoration led to the presence of two small so-
called “black triangles.” However, this limited degree of
soft-tissue loss is still largely within the limits of what one
would consider acceptable from an esthetic point of view.

From a radiological point of view, the single-tooth re-
placement 21 was to be considered successful (Fig 27).
The peri-implant bone appeared stable, confirming that
osseointegration had reached the steady state, and the in-
terproximal bone height at the two adjacent natural teeth
was similar to the preoperative situation.



U. C. Belser

Figs 25a-d  Four different close-up views ofimplant site 21, documenting the almost perfect condition of the peri-implant soft tissue from the points of view
of health and esthetics.

Fig 26 Labial aspect immediately after insertion of the screw-retained ce-
ramo-metal implant-supported crown 21, confirming esthetic integration in
a natural environment,

Fig 27 Final radiograph confirm-
ing a stable peri-impiant bone situ-
ation, excellent radio-opacity of the
precious-alloy substructure, and a
good margingl fit of the metal-ce-
ramic implant-supported crown.
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Figs 28a, b Right and left oblique views, confirming that, despite the slight aifference in mesiodistal dimensions between the implant and natural tooth,
an esthetically acceptable level of outcorne had been reached.

Figs 230, b Direct comparison between the centric acclusal position fa) and protrusive excursion of the mandible (b), demonstrating a harmomnious oc-
clusal pattern.

When analyzing the esthetic integration from different  Functionally, a harmonious anterior guidance, evenly dis-
angles (Figs 28a, b), it became apparent that despite a  tributing contacts between the two maxillary central inci-
slight discrepancy between the mesiodistal dimension of  sors during protrusive excursions of the mandible, was es-
the edentulous site 21 and its natural contralateral tooth  tablished (Fig 29a, b).

11, the basic shapes of the new crown were sufficiently

similar to those of its natural model, assuring a largely ac-

ceptable outcome.
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At normal communication distance, looking at the patient
smiling unforced (Fig 30}, an overall acceptable level of in-
tegration of the implant-supported single crown was
reached from both an esthetic and a functional point of
VIEW.
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Fig 30 The patient’s unforced smile. Despite a high lip-line situation, an ac-
ceptabie level of esthetic integration was reached with single-tooth replace-
mert therapy.
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W.C. Martin

A healthy 32-year-old male patient presented at the clin-
ic for a consultation on treatment options to replace his
failing central incisors and retained deciduous canine.
This case review addresses the treatment of the central in-
cisors, At full smile, the patient exhibited a medium lip
line with tapered clinical crowns and a thin-gingiva bio-
type (Fig 1).

A retracted view of the central incisors showed a discrep-
ancy in the gingival margin positions of teeth 11 and 21
(Figs 2a-c).

Fig 1 Full smile. Medium lip line exposing the mafority of the clinical
crowns and the tips of the papilige.
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X R
Fig 2a  The retracted view showing clinical crowns with thin scalloped
papifiae and a moderate band of keratinized tissue.

Fig 2b  Frontal view highlighting the discrepancy between the gingival
margins of teeth 17 and 27. The gingival margin of tooth 21 is the favorabie
margin position.

e

~2.5mm

Fig 2c  The marginal discrepancy between 11 and 21.



A radiographic examination revealed that teeth 11 and 21
were subject to external and internal resorption and that
an impacted canine was present (Fig 3). A clinical and ra-
diographic examination showed good circumferential
bone support of the anterior teeth. A detailed examina-
tion was performed to determine the esthetic risk profile
for this patient.

After the consultation, the data obtained were compiled
for the esthetic risk-assessment table (Table 1).

Taking into consideration the patient’s restorative wishes
as well as his medium lip line, thin-gingiva biotype, resorp-
tion of the central incisors, and impacted canine, several
treatment options were considered. The overall esthetic
risk for this treatment is high, indicating that the poten-
tial for an esthetic result based upon the ITI Consensus
Statements (Belser and coworkers, 2004) for implant
restorations is uncertain. The high esthetic risk for this pa-
tient is influenced by the need to replace the central inci-
sors. The replacement of the adjacent teeth in the esthet-
ic zone would be a complex process due to the influence
of the dental implants on the interimplant bone support.
If the possibility of retaining one of the central incisors
had existed, the esthetic risk could be adjusted to medi-
um. Based on an understanding of these challenges, alter-
natives were explored to preserve tooth 21. In addition,
the removal of the impacted canine would result in a large
osseous defect, so a CT scan was made to help locate the
exact position of the impacted tooth relative to the cen-
tral incisors. Based upon the information gathered from
these diagnostic tests, a definitive treatment plan was
drawn up, and the esthetic risk in regard to treatment was
reviewed with the patient. Three phases of treatment
were anticipated:

1. Endodontic - Non-surgical endodontic treatment of
tooth 21 to delay or even arrest the internal resorp-
tion process.

2. Surgical - Navigated implant surgery, immediate
placement of a Regular Neck (RN), Standard Plus
(SP) implant at site 11.

3. Restorative - Provisional restoration and subse-
guent final restoration, focusing on form, function,
and esthetics.

Endodontic therapy was performed on tooth 21 (Fig 4). A
bi-annual follow-up was initiated to track any changes
within the tooth.

W. C. Martin

Fig 3 Perfapical radiograph show-
ing the advanced internal and exter-
nal resorption of tooth 11 and mod-
erate internal resorption of tooth
21. The impacted canine is visible,
although the extent of the orofacial
displacement is not evident.

Fig 4 Periapical radiograph after
treatment of toath 21.
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Healthy and
cooperative patient,
intact immune system

Non-smoker

High scalloped, thin

Triangular

=5 mm to contact point

Virgin

1 tooth (= 7 mm)

Intact soft tissue

Alveolar crest without
bone deficiency




Before the surgical session, a custom CT template was fab-
ricated, highlighting the proposed mucosal margin posi-
tion of tooth 11 (Fig 5).

This template was worn during the CT survey (Fig 6). In-
formation gathered from the survey was analyzed using
implant-planning software (DenX Ltd.) In this virtual en-
vironment, the dental implant was placed in an ideal po-
sition based upon (1) the nature of the planned restora-
tion,(2) available bone, and (3) the position of the impact-
ed canine. At the surgical visit, a periotome was used to
remove tooth 11 while maintaining facial bone support.

A navigation system (DenX Ltd.) was used to place a Reg-
ular Neck, Standard Plus implant in the ideal three-di-
mensional position previously planned with the naviga-
tion software (Fig 7).

A healing cap was placed and the extracted central inci-
sor was inserted into a vacuform template to be used as
an interim restoration. The patient was scheduled for a
fallow-up visit one week later (Fig 8).

W. C. Martin

Fig5 A radiopague resin tooth highlighting the desired mucosal margin at
site 11 was fabricated. This tooth would be incorporated into the CT tem-
plate.

Fig 7 Image of the preparation of the ostectomy during the surgical pro-
cedure. The implant was to be placed within the osseous housing and facial-
Iy of the impacited canine.

Fig & Occlusal view of the healing cap at the one-week follow-up visit.
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Fig & Eight weeks after impilant placement.

Fig 10 The synOcta temporary
| mespabutmert,

Fig 11a  Frontal view after preparation of the mesoabutment.

Fig 11b  Occlusal view of the mesoabutment, highlighting the axial posi-
tion of the implant and circumferential margin preparation.
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The patient was scheduled for a loading visit eight weeks
after implant placement (Fig 9). At that appointment, a
provisional restoration was to be inserted that would ini-
tiate the maturation of the transition zone.

Upon removal of the healing cap, excess coronal tissue was
evident. A synOcta temporary mesoabutment was select-
ed for use as an interim abutment (Fig 10). A mesoabut-
ment is a prepable peek abutment that allows intraoral
modification with a high-speed diamond bur. The key ben-
efits of a mesoabutment are; the placement of a machined
connection at the implant shoulder, a preformed emer-
gence profile, and an accessible provisional margin for ce-
ment removal.

The abutment was placed on the implant and tightened
to 15 Ncm. It was then modified with diamond bur in a
high-speed handpiece to create a circumferential submu-
cosal shoulder (Figs 11a, b).



Fig 12a  Frontal view of the meso-
abutment during removal.

Fig 12b Exploded view of the
relined polycarbonate crown and
mesoabutment on a synOcta ana-
log

A prefabricated polycarbonate crown was relined with Tri-
ad VLC (Dentsply) over the meso-abutment. The margins
of the provisional were refined extraorally to create an
ideal emergence contour from the shoulder prepared on
the meso-abutment (Figs 12a-d).

Upon completion of the extraoral margination process,
the mesoabutment was returned to the mouth and tight-
ened to 15 Ncm. The screw access hole was covered with
cotton, and the provisional was cemented with temporary
cement (Fig 13). The occlusion was adjusted and the pa-
tient scheduled for a final impression after four weeks.

At the return visit, the maturation of the peri-implant tis-
sue could be appreciated (Fig 14).

Fig 14 Four weeks after insertion of the provisional restoration.

W. C. Martin

Fig 12¢ Once the provisional was
placed on the abutment, excess ma-
terial was removed before buillding
up the ideal emergence profife.

Fig 12d Prowvisional restoration
and abutment, highlighting the fa-
cial and palatal contours.
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Upon removal of the provisional restoration, the tissues
showed minimal inflammation and little cement residue
(Figs 15a-b).

The mesoabutment was removed and the implant
cleaned with air and water, allowing the maturation of the
transition zone to be appreciated (Figs 16a, b).

Fig 15a  Facial view of the mesoabutment and surrounding tissie Lpon re-
moval of the provisional restoration.

Fig 15b  Occlusal view of the mesoabutment showing minimal inflamma-
tion and cement residue.

Fig 16a  Facial view of the implant, highlighting the facial and interproxi-
mal tissue support

Fig 16b  Occlusal view of the implant and transition zone created by the
mespabutment and provisional restoration.
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Before the final impression, the correct shade was select-
ed (Figs 17a, b).

Due to the large size of the transition zone, a custom im-
pression cap was fabricated at chairside with the aid of
the mesoabutment and provisional restoration (Figs 18a-
b). The fabrication of a custom impression cap allowed vi-
tal information of the transition zone to be transferred to
the technician to enhance the final emergence contour of
the definitive abutment and restoration.

Upon placement of the customized impression cap,
it became evident that full seating could not be con-
firmed clinically, so a periapical radiograph was taken
(Figs 19a, b).

Once full seating had been confirmed, a polyvinyl siloxane
impression was made (Fig 20).

W. C. Martin

Fig 176 Close-up view of shade
tab, highlighting the characteriza-
tion of the adjacent teeth.

Fig T7a Shade selection for com-
munication to the laboratory.

Fig 18a Frontal view of the cus-
torm impression cap, showing the
emergence of the transition zone
captured with the pattern resin.

Fig 18b  Lateral view of the custom
impression cap. The facial emer-
gence profile can be appreciated.

Fig 15b  Periapical radiograph con-
firming finll seating of the custom im-
pression cap.

Fig 19a The frontal view of the
custom impression cap in place

Fig 20 Final impression with the synOcta anaiogs in place.
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In the laboratory, the position of the implant axis was con-
firmed as passing through the cingulum of the planned
restoration (Fig 21). A screw-retained crown could there-
fore be selected as the definitive restoration. To accom-
plish this, a synOcta gold abutment was selected as the
definitive abutment (Fig 22). It would allow for the merg-
ing of the restoration directly onto the abutment. The re-
sult would be a crown that would directly connect into the
synOcta connection on the implant, using a single abut-
ment screw to retain the crown on the implant.

The restoration pattern was waxed up to full contour on
the cingulum, allowing for transoe: ; the master cast, followed by a cut back to allow for the ce-
clusal screw retention of the crown ramic veneer. After casting, ceramic material was built up
and glazed and the fit of the restoration tested on a solid
master cast (Figs 23a, b).

s passing through The synOcta gold abut-

' The crown and abutment screw were then returned for in-
; . 3 sertion (Fig 24).
\ 1

L| ey
\ a i

\ i

'l
. - ‘
e
-

Fig 23a  Final restoration on the master cast

screw access hole

'-u':‘- 24 Fingl crown and abutment Screw.

156 ITI Treatment Guide  Volume 1



At the insertion visit four weeks after the impression had
been taken, the provisional restoration and meso-abut-
ment were removed (Figs 253, b). The implant was irrigat-
ed with an air-water syringe before placing the final
crown.

Once the fit and shade of the final restoration had been
confirmed, it was tightened to 35 Ncm (Figs 26a, b). The
screw access hole was covered with a cotton pellet and
sealed with composite. The occlusion was adjusted to a
light shimstock pull. Adjustments to the ceramic surface
were followed by a polishing procedure with diamond-im-
pregnated disks that helped create a glaze-like ceramic
surface.

W. C. Martin

Fig 25a Frontal view of the provisional restoration at the insertion visit.

Fig 25b Upon removal of the provisional and abutment, the peri-implant
tissues were frrigated with air and water,

Fig 26a Frontal view showing the
seating of the crown onto the im-
plant.

Fig 26b  The abutment screw was lightened to 35 Ncm and sealed with cot-
ton and camposite.
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Fig 27 Periapical radiograph tak-
en arter insertion of the crown.

Fig 28 The three-week follow-up showed good tissue contours and excel-
lent facial and interproximal tissue support.

Fig 28a  Frontal view six months after insertion.

Fig 290 Radiograph six months af-
ter insertion.
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A periapical radiograph was taken and the patient was
scheduled for a follow-up visit after three weeks (Fig 27).

At the three-week follow-up, the peri-implant tissue was
examined and the occlusion checked (Fig 28).

Oral hygiene and home-care procedures were reviewed
with the patient. The patient was scheduled for mainte-
nance visits every six months.
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U.C. Belser

In October 1999, the 35-year-old female patient, a non-
smoker, presented at our clinic with a persisting decidu-
ous canine 63 that displayed all the clinical signs and
symptoms of an ankylosed primary tooth, including inad-
equate crown volume, discoloration, locally perturbed oc-
clusal plane, inharmonious course of the associated soft
tissue, advanced root resorption, and increased mobility.
The patient had a strong wish for a durable improvement
of the situation with a clear emphasis on dental/gingival
esthetics.

The patient was in good general health, and her medical
history revealed no significant findings.

At full smile, the patient exhibited a high lip line, expos-
ing all of the teeth and part of the gingiva (Fig 1).

The patient’s gingival biotype was thin to medium thick
and highly scalloped, presenting a broad band of kera-
tinized mucosa (Fig 2).

Fig 1 Full smile. High lip line revealing a significant portion of the gingiva.
The persisting deciduous upper left canine was responsible for the severely
disturbed symmetry of the anterior maxiflary dentition, creating significant
visual tenision.

Fig2 The thin to medium thick, highly scalloped gingival biotype increased
the esthetic risk in this patient.
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Fig 3 The band of keratinized mucosa associated with tooth 63 was nar-
row, and the free gingiva was located apically of that of the neighboring
teeth.

Fig 5 The presence of a vertical tissue deficiency ta the distal of tooth 22
increased the esthetic risk.

Fig 6 Pre-treatment periapical ra-
dingraph showing the extent of root
resorption of tooth 63, vertical bane
loss an the distal aspect of tooth 22,
and the vertical bone volume avail-
able at the prospective implant site.
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However, the keratinized gingiva was narrow at site 63
{Fig 3).

The harmony of the gingival margin line was disrupted by
the persisting ankylosed deciduous canine, which also
caused a marked disharmony in the alignment of anteri-
or teeth (Fig 4).

The patient’s clinical crowns tended towards a triangular
shape, indicating an increased esthetic risk.

Except for tooth 63, the incisal edges of the maxillary in-
cisors did not substantially differ in height compared to
the respective contralateral teeth.

Clinical examination and periodontal probing revealed
that vertical tissue deficiencies were present at sites
22 - 24, particularly to the distal of tooth 22, where the ce-
mento-enamel junction (CEJ) was completely exposed
(Fig 5).

The distance between the CEJ and the alveolar bone crest
exceeded 3 mm. This recession further increased the es-
thetic risk, since more bone and, subsequently, soft tissue
would be lost after the extraction of tooth 63 and flap ele-
vation at the time of implant placement.

The periapical radiograph confirmed significant vertical
tissue loss (bone and related soft tissue) distal of tooth 22,
which would negatively affect the final esthetic treat-
ment outcome, Beyond these findings, the clinical and ra-
diographic examination did not reveal any signs of patho-
logic processes (Fig 6).

If the preoperative clinical and radiographic examination
indicates that an implant-based solution cannot provide
a “perfect illusion” from an esthetic point of view, the de-
cision-making process should be extended to include a
thorough analysis of available conventional prosthodon-
tic alternatives. In this case, possible conventional
prosthodontic alternatives to replace the missing tooth
23 included a three-unit resin-bonded ("Maryland”) or ce-
ramo-metal FPD, or eventually a “cantilever” FPD using
teeth 24 and 25 as abutments. Since the lateral incisor
cannot serve as an optimal bridge abutment either me-
chanically or esthetically and teeth 24 and 25 were virgin
teeth, these options were rejected. The fact that both
neighboring teeth were intact further supported the de-
cision to insert a dental implant (Belser and coworkers,
2003; Belser and coworkers, 2004; Buser and cowaorkers,
2004; Higginbottom and coworkers, 2004).

The above findings led to the following esthetic risk pro-
file (Table 1):



Healthy and

cooperative patient,
intact immune system

Non-smoker

High

High

High scalloped, thin

Triangular

= 7 mm to contact point

1 tooth (< 7 mm)

Intact soft tissue

Vertical bone
deficiency
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Fig 7 Adequate shade selection is an integral part of any routine prostho-
dontic pracedure, including provisionals, which should match as closely as
possible the shade of the neighboring natural dentition.

Fig 9 The deciduous tooth 63 could easily be mobilized with a small
desmotome,

Fig 10 Care was taken to mimmize trauma to the soft tissue.
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This overall clinical situation can be classified as ad-
vanced to complex and is thus associated with a high es-
thetic risk.

Still at the first appointment, the shade for the removable
provisional restoration was determined (Fig 7).

An intact reference tooth was defined for shade-taking.
This is usually the contralateral tooth. Individual charac-
teristics of the reference tooth, such as surface texture,
should also be documented and communicated to the
dental technician.

At the second appointment, the deciduous canine was
carefully extracted (Figs 8-10).



Due to advanced root resorption, the deciduous tooth was
easily removed by elevating it from the palatal aspect with
a lancet-shaped desmotome, leaving the labial tissue ba-
sically untouched.

Also due to the root resorption, the alveolus was quite
shallow (Fig 11).

This situation was considered advantageous for the estab-
lishment of primary stability in the apical region on im-
plant placement.

The harizontal aspect of the bony arch was harmonious-
ly contoured and did not have any major horizontal defi-
ciencies. From a vertical viewpoint, however, the labial tis-
sue deficiency was clearly visible (Fig 12).

No further “ridge preservation” procedures were per-
formed at the time of extraction.

Immediately after the extraction, a provisional removable
partial denture was inserted to maintain the patient’s ba-
sic esthetic and phonetic functions (Fig 13).

At this stage, it was important to ensure that no signifi-
cant tissue compression would occur. “Fit Checker” was
used to identify pressure spots, which were subsequently
removed. To align the provisional with the line of the
neighboring natural teeth and the mucosa line, its pink
base was also modified at insertion (Fig 14).

U. C. Belser

Fig 11 As anticipated from the radiograph and the clinical examination,
the resulting extraction socket was shallow.

' !
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Fig 12 Soft-tissue conditions with a soft-tissue deficiency around tooth 63,
creating an esthetic risk.

Fig 13 The transient removable partial denture helped maintain esthetics
and phonetics.

Fig 14 Chairside modification of the provisional improved fit and esthet-
fcs.
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Fig 15 Ten days after extraction, the vertical soft-tissue loss was not signif-

icant.

Fig 16 Moderate horizontal tissue loss had occurred since the extraction.

Fig 17 Status before implant placement.

Fig 18  The crestal incision was placed siightly palataily.
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Ten days after extraction, the first phase of uneventful
soft-tissue healing was completed. Mo significant vertical
soft-tissue loss had taken place (Fig 15).

A more frontal view of the extraction site with the partial
denture in place demonstrated moderate horizontal tis-
sue loss (Fig 16)

Eight weeks after the extraction, soft-tissue healing was
completed, and the patient was scheduled for the place-
ment of a Standard implant (Fig 17).

A full-thickness flap was elevated in local anesthesia, in-
cluding mesial and distal relieving incisions and a crestal
incision located approximately 2 - 3 mm palatally (Fig 18).



The flap was extended through the sulcus of the adjacent
teeth, ascending to the facial aspect of the alveolar crest
with divergent distal line angle relieving incisions.

The mucoperiosteal flap was carefully raised, exposing
the underlying alveolar bone (Fig 19).

After implant-bed preparation, which included minimal
bone scalloping, a Standard Implant was placed (Fig 20).

The implant shoulder was located significantly more api-
cally, approximately 2 mm apically of the CEJ of the neigh-
boring teeth (Fig 21). This was necessary due to a signifi-
cantly more apical location of the marginal bone in rela-
tion to the CEJ of the natural teeth. The full extent of the
bone loss at tooth 22 was clearly visible.

In order to improve the thickness and contour of the labi-
al bone plate, which should be at least 2 mm thick, the
labial aspect of the implant site was augmented with a
low-substitution bone substitute (Fig 21).

This augmentation procedure served to enhance long-
term soft-tissue esthetics.

The implant was covered with a small closure screw (Fig
21). A free connective-tissue graft was harvested from the
palatinal premolar region at the time of implant place-
ment. The connective-tissue graft was placed over the
augmented implant site in a coronal position. It covered
the coronal portion of the implant (Fig 22), improving the
volume and position of the marginal tissue.

To avoid displacement of the graft and to ensure optimal
vascularization, it was carefully sutured to the periosteum
of the full-thickness flap.

U. C. Belser

F'r'g _S-.ff-é.i"r.f.'y apical implant shoulder position due to the bony defect
around tooth 12,

{ \ \
Fig 21 Augmentation of the alveolar bone in order to improve its contour
- a prerequisite for optimal esthetics,

Fig 22 A soft-tissue graft was placed to compensate for the soft-tissue de-
ficiency at site 23.
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Fig 23 Tension-free wound closure facilitating uneventful soft-tissue heal-
ing.

Fig 24  Periapical radiograph illus-
trating the slight apical position of
the implant shoulder.

Fig 25 One week after implant placement.
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Following the incision of the periosteum, the flap was
carefully mobilized coronally, precisely repositioned, and
sutured free of tension with 6.0 non-resorbable suture
material (Fig 23).

After implantation and soft-tissue grafting, a periapical
radiograph was taken (Fig 24).

Seven days after implant placement, the site was incon-
spicuous (Fig 25), documenting successful soft tissue
graft integration. The sutures could be removed.



After another six weeks, the site was re-entered to gain
access to the coronal implant portion. The small closure
screw was removed and replaced by a longer healing cap
(Fig 26). This served to establish a soft-tissue “tunnel”
from the implant to the oral cavity and initiated the soft-
tissue conditioning phase.

To preserve precious keratinized mucosa, the tissue was
opened with a scalpel instead of a tissue punch. A signif-
icant volume of keratinized soft tissue was moved to the
mesial aspect of the implant site (Fig 26).

The tissue blanching caused by the pressure of the heal-
ing cap on the soft tissue indicated the start of the mu-
cosa-conditioning process.

The restorative phase was initiated two weeks after the
installation of the healing cap (Fig 27).

Seen from labially, the height of the soft-tissue margin at
the implant site was now located more coronally than at
the time of extraction of the deciduous canine (Figs 28,
29).

U. C. Belser

Fig 26 A healing cap was attached to establish and maintain a soft tissue
“tunnel” which would provide easy access to the implant shoulder for the
prasthetic procedures.

Fig 27 Uneventful healing of the soft tissues after installation of the heal-
ing cap.

Fig 28 The soft-tissue graft helped move the soft-tissue margin at the im-
plant site more fncisally

Fig 29 Soft-tissue margin before (red) and after (blue) the grafting proce-
dure.
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Fig 30 A stable epithelium.

Fig 31
aged.

Connecting the impression cap. The soft tissue must not be dam-

Fig 32 Custom impression tray with the passage hole for the screw of rhé
impression cap.

Easy access to the screw of the impression cap.
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Once the healing cap was removed for impression taking,
the first phase of the process leading to the establishment
of a scalloped soft-tissue line was completed (Fig 30).

A screw-retained synOcta impression cap was connected
to the implant shoulder and tightened with the integral
guide screw (Fig 31). The custom impression tray was
tried in to ensure a precise fit and easy access to the screw
(Figs 32, 33).



The screw access hole of the impression cap was covered
with wax to prevent it from being blocked by impression
material and to ensure easy access (Fig 34).

A polyether impression was taken (Fig 35) and an implant
analog fixed on the impression cap (Fig 36).

U. C. Belser

Fig 34 A wax cover for the screw facilitated easy loosening of the impres-
sion cap after the impression was taken.

Fig 35 Apical view of the impression cap, ready for connection of the im-
plant analog.

Fig36 The impiant analog was attached to the impression cap and secured
with the respective screw before the master cast was made.
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Fig 37  The post for the temporary crown needed to be shortened.

e

Fig 38 The post was shortened to the desired occlusal height.

Fig 3% Sandblasting focilitated adhesion of the opague

Fig 40  Applying the opaque
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A stone cast was produced for the fabrication of a transoc-
clusally screw-retained provisional composite crown. The
crown was fabricated on the basis of a titanium synQOcta
post for temporary restorations (Fig 37).

The post was shortened to the desired length (Fig 38),
sandblasted (Fig 39), and coated with opaque (Fig 40).

The temporary implant-supported restoration was com-
pleted using a traditional composite-layering technigue
(dentine and enamel, using composite of different shades
and levels of opacity), based on a previously generated
waxup and a derived silicone guide. The implant axis was
ideal, so the screw access opening was located at the
palatal aspect of the crown, which in this manner could
be screw-retained transocclusally (Fig 41).

Fig 41 The screw channel must not interfere with the occlusion.



A long interproximal contact line was established to com-
pensate for the vertical soft-tissue deficiency distal of
tooth 22 to reduce the size of the interproximal black tri-
angles (Figs 42, 43).

Looking from the incisal aspect, the design of these
“wings"” becomes more apparent (Fig 44).

At the time of the integration of the provisional crown, the
soft-tissue blanching occurring at insertion (Fig 45) indi-
cated that volume had been added at the cervical portion
of the restoration. This additional volume was necessary
to achieve harmony with the emergence profiles of the
natural adjacent teeth.

U. C. Belser

Fig 42 Provisional crown, labial view.

Figd3
sue deficiencies.

Long interproximal contacts compensated for interproximal soft-tis-

Fig44 The long interproximal con-
tacts were located slightly more
palatally:

Fig45 The pressure applied to the soft tissues at the time of integration of
the provisional crown initiated the soft-tissue conditioning phase.
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Fig 47a  Before treatment,

Fig 47h  After insertion of the provisional crown.
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Figd6 The soft tissues had adapted to the shape of the provisional crawn,

One week after insertion of the provisional crown, the mu-
cosa had adapted to the shape of the provisional (Fig 46).
The incisal portion had been slightly modified to comply
with the patient’s esthetic expectations.

In the region of the mesial papilla, the dehiscence at the
distal aspect of tooth 22 was clearly visible, as expected,
leading to a slight disharmony in the marginal mucosa
line.

Compared to the initial situation in October of 1999 (Fig
47a), esthetics had been significantly improved (Fig 47b).

Before the insertion of the final implant-supported super-
structure, the peri-implant soft tissue had to present op-
timal three-dimensional contours. The soft-tissue condi-
tioning process usually takes three to six months.

The provisional crown remained in situ for three months
to create optimal contours. At that point, the decision was
made to proceed with the final restoration.



In the dental laboratory, a synOcta transversal (T5) abut-
ment for transversally screw-retained crowns was select-
ed and placed on the implant analog (Fig 48).

This approach provided more room in the incisal third of
the restoration. This made it possible to avoid impairment
of the optical properties of the more incisal regions of the
final crown, such as translucency of the screw-access
channel. Furthermaore, the screw-access channel did not
interfere with dynamic occlusion,

In order to permit perfect positioning of the respective
metal component, the peri-implant soft tissue had to be
modified at its palatal aspect: The model was relieved to
generate space for positioning the cervical portion of the
crown carrying the screw-retention part (Fig 49).

The ceramo-metal crown was fabricated according to a
standard protocol: A metal framework based on a prefab-
ricated cast-on component was created and veneered
with compatible ceramics, applying a complex layering
technique to achieve the required optical properties (Figs
50-52).

Fig 51 Transversal screw in the cervical portion of the crown, palatal view

U. C. Belser

4

Fig 48 A T5 gbutment was attached to the implant analog.

Fig 49 TS5 abutment an the analog, incisal view

Fig 52 The crown and the small-sized fransversal screw.
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Before the insertion of the final ceramo-metal crown, the
abutment was tightened to 35 Ncm (Fig 53).

The crown was attached to the abutment and the trans-
versal screw tightened to 15 Ncm (Fig 54).

Fig 53 The abutment was inserted before the integration of the impiant-
supported transversally screw-retained crown,

Fig 54  Polatal view ofthe final implant restoration showing easy access for
manipulating the transversal screw. The screw-access channel was protect-
ed by a minimal perimeter of metal.
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The implant-supported crown blended in well with the
natural dentition in an esthetically pleasing way, match-
ing the natural teeth in shape, texture, and color. The
course of the marginal gingiva and the lines of the incisal
edges were harmonious and esthetically appealing (Figs
55-57).

U. C. Belser

Fig 55
crown

Clinical appearance immediately after instaliation of the final

Fig 55 A more tangential view. Straight vestibwlar emergence profile of the
implant-supported restoration, establishing harmony with the buccal con-
tour of the adfacent natural dentition

Fig 57 The implantsupported superstructure blended in nicely with the
natural dentition,
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Fig 58 The occlusal guidance during lateral excursion of the mandible was
meticulously checked, and any interference was carefully removed.

Fig 59 The cervical position of the screw access channel helped create a
disturbance-free occlusion.

Fig 81 Stable soft tissue conditions twelve months after final crown instal-
lation,
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The occlusion was carefully checked. Minor discrepancies
were adjusted (Figs 58, 59).

The patient’s smile after insertion of the final crown is
seen in Figures 60 and 61. She was very pleased with the
esthetic treatment outcome.

The situation twelve months after integration of the final
restoration is seen in Figure 61.



The periapical radiograph twelve months after implant
placement shows a stable bone level (Fig 62).

At the five-year clinical follow-up in March 2005, the soft-
tissue contours as well as the bone contours were stable
(Figs 63 -65).
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U. C. Belser

Fig 62 Stable bone contours twelve
months after final crown installation,

Rt = 0 : P
Fig 63 Five years after insertion of the crown, the peri-implant soft tissues
continued to be stable.

Fig 64 Close-up view of the implant site at the five-year follow-ugp visit.

Fig 65 Five-year periapical radiograph
showing a stable bone level around the
dental implant,
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B. Schmid

Fig1

Clinical situation at baseline (1999, frontal view.

Fig 2 Clinical situation at baseline, incisal view.

Figs 3a, b Periapical radiographs at baseline. Widening of the gap in posi-
tion 22 as well as root parallelization were necessary before implantation.
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An 18 year-old female patient, a non-smoker, presented in
1999 during orthodontic treatment with a tooth gap in
position 22 due to a congenitally missing permanent
tooth 22 and a peg-shaped permanent tooth 12 (Figs
1-3).

Orthodontic treatment had started four years before,
when the patient was 14 years old, to correct a complex
situation by maxillary expansion in combination with a
bracket treatment. The patient had been referred by the
orthodontist for clarification of a possible implant thera-
py to define the ideal size of the tooth gap at site 22 as
well as the necessary root parallelization for implant
placement, i.e. final minor orthodontic corrections to cre-
ate an ideal situation for implant placement.



During the remainder of the orthodontic treatment, tooth
12 was brought to a position that would allow for the
placement of an esthetically pleasing laminate veneer, giv-
ing the tooth crown a shape that would blend in well with
the line of natural teeth. The size of the gap at site 22 was
adjusted to approximately 6 mm for the placement of a
Narrow Neck (NN} implant (Figs 4, 5).

The patient wanted the gap at site 22 closed and the
shape of tooth 12 improved. She had high esthetic expec-
tations with regard to the treatment outcome.

Before implant placement, a ceramic laminate veneer was
bonded to the peg-shaped tooth 12 (Figs 6, 7).

After the veneering procedure, the placement of a NN im-
plant in site 12 was planned.

The periapical radiograph taken after orthodontic treat-
ment demonstrated the straightened tooth axes of teeth
21 and 23 and the widened gap, which now had a
mesiodistal width of approximately 6 mm (Fig 8).

B. Schmid

Fig4 Clinical sitvation after orthodontic treatment, frontal view,

Fig 5 Clinical situation after orthodontic treatment, with retainers, incisal
view.

Fig &6 Ideal position of tooth 12 for the bonding of a ceramic laminate ve-
neer, thanks to orthodontic alignment,

Fig 7 Tooth 12 two manths after the bonding of the ceramic laminate ve-
neer.
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Fig 8 Periapical radiograph of the
future implant site after orthodontic
tregtment. The wires of the retainers
arid the wires of the removable par-
tial denture to close the gap at site
22 were visible.

Fig 9 Situation after implant
placement.

EID The rmpian!-shou-fﬁer was located in rﬁ'e.apr'cocaronm comifort
zone.

180 ITI Treatment Guide  Volume 1

Radiclogically, the interproximal bone-crest levels at
teeth 21 and 23 were well maintained, allowing for a dis-
tance of less than 5mm between the contact points of
the future crowns and the interproximal bone-crest
(Tarnow and coworkers, 1992; Choquet and coworkers,
2001) (Fig 8). Periodontal probing confirmed this radio-
logical finding and delivered probing depths of 2mm
around teeth 21 and 23.

The patient’s smile line was medium high, displaying all
of the tooth crowns and marginal soft tissue at full smile.
The tissue biotype was thin and highly scalloped. The
shape of the tooth crowns tended towards the triangular.

The clinical and radiological findings in combination with
the patient's esthetic treatment expectations led to an es-
thetic risk profile summing up to a medium esthetic risk
(Table 1).

Based upon the above analysis, a treatment plan was
drawn up, preparing for the placement of a Standard Plus
implant with a NN prosthetic platform (@ 3.5 mm) and a
length of 12 mm length in semi-submerged healing mode.
The implant axis was planned in a way that would allow
for transocclusal screw retention of the future superstruc-
ture.

Due to an apical fenestration defect at the time of implant
placement caused by the horizontal bone deficiency, a si-
multaneous augmentation procedure was performed.
This also allowed for the optimization of the horizontal
bone volume and contour. Good primary stability and an
ideal three-dimensional implant position were achieved
(Figs 9,10).



Healthy and
cooperative patient,

intact immune system
Non-smoker
High
Lip line Medium
il 1 ;I'_' ] i
High scalloped, thin
Triangular

None
= 5 mm to contact point

Virgin

1 tooth (< 5.5 mm)
Intact soft tissue

Horizontal bone
deficiency
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Fig 117 Clinical situation eight weeks after implant placement. A gingivec-
tomy was performed and a longer healing cap was placed to keep the space
open after the impression was taken,

Eh < - . < AWENET
Fig 12 As in most young patients, A2 was the best match for the natural
tooth color.

Fig 13 NN titanium coping.

Fig 14 Pressure needs to be appiied to the perimplant mucosa fo start
the soft-tissue conditioning process
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Eight weeks after implant placement, the soft tissues
were healthy and had healed well (Fig 11). It was there-
fore decided to take an impression to enable fabrication
of a provisional restoration.

Before taking the impression, the appropriate tooth shade
was determined (Fig 12).

A NN coping, titanium, was used for the fabrication of a
provisional cement-retained crown (Fig 13).

At the time of delivery of the provisional crown, a distinct
blanching of the mucosa was visible due to the pressure
applied by the provisional (Fig 14).

The provisional was given its ideal shape at the time of
integration, and adaptations of the provisional crown dur-
ing the course of the mucosa-conditioning process were
set aside. This explains the extent of blanching. Due to
this initial compression of the soft tissue, some patients
request an anesthesia for this step of the treatment. The
blanching of the mucosa should disappear within 10 to
15 minutes,

Because of the patient’s young age, the provisional crown
could have been left in situ for a time (one year or more)
to avoid discrepancies in incisal-edge positions. Contin-
ued skeletal growth might then lead to a change in the po-
sitions of the natural teeth, whereas the implant position
would remain stable. This might lead to discrepancies in
the vertical position of the incisal edges (Bernard and
coworkers, 2004).



Nine months after loading with the provisional crown, the
desired emergence profile was well developed (Fig 15) so
that it was decided to take the impression for the final
crown (Fig 16).

In the dental laboratory, a master cast was poured for the
fabrication of the final ceramo-metal crown, with the
emergence profile precisely matching the anatomy of the
conditioned mucosa.

B. Schmid

h’gs 15a, b The mucosal arch was naturally curved, and the papiliae were
well shaped.

Figs 16a,b A NN impression cap was screw-tightened on the implant shoul-
der.
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Figs 170, b The final transocclusally screw-retained ceramo-metal crown

ready for insertion.

Fig 18 Situation after tightening of the occlusal screw at 35 Ncm, ready for
sealing the screw access hole.

Fig 19 The crown was precisely
seated on the implant shoulder.
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The implant axis had been planned to "exit” through the
dental cingulum of the planned restoration, which made
transocclusally screw-retained attachment mode possi-
ble (Fig 17a). The crown was fabricated using an NN
framework blank made from an oxidizable alloy not suit-
able for casting-to, which was directly veneered with ve-
neering ceramics (Fig 17b).

After integration of the final crown, the occlusion was
checked to detect and remove possible disturbances. The
crown was cleaned and the screw-access channel sealed
with composite material (Fig 18).

The periapical radiograph taken after loading with the fi-
nal crown confirmed the exact fit of the crown on the im-
plant shoulder (Fig 19).



In 2004, two years after crown insertion, the follow-up pe-
riapical radiograph confirmed stable peri-implant bone-
crest levels (Fig 20).

At the same visit, the peri-implant tissues were inspect-
ed. Facial and interproximal tissue support was ideal, with
excellent soft-tissue stabilization (Fig 21).

B. Schmid

Fig 20 Two-year follow-up radio-
graph.

RN

Figs 21a, b The two year follow-up showed stable and esthetically pleas-
ing soft-tissue contours.

Fig 22 The dental esthetics at full smile were excellent.

ITI Treatment Guide - Valume 1 185



4 Achieving Optimal Esthetic Results

Fig 24 Close-up at 334 years.

Fig 25 Due to the ideal relations of implant shoulder, bone crest, and con-
tact points, the soft tissue was stahie.

Fig 26 3-year follow-up radio-
graph.
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The smile-line photograph documented the pleasing and
stable esthetic treatment outcome (Fig 23).

At the beginning of 2006, 3'4 years after crown insertion,
the peri-implant soft tissue continued to be stable (Fig
23).

The close-up photograph 3% years after loading with the
final crown confirmed the pleasing and stable esthetic
treatment outcome (Figs 24, 25).

The 3'4-year periapical radiograph confirmed stable bone
crest levels (Fig 26).
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W. C. Martin

W.C. Martin

A healthy 19-year-old male patient presented at our clin-
ic for a consultation on treatment options to replace the
congenitally missing teeth at sites 12 and 22 (Fig 1). He
expected the treatment to be performed within one year,
as he was planning to move away from the area.

After a consultation on treatment options, the patient re-
guested an implant-retained fixed restorative solution. A
detailed examination of the teeth and periodontium ad-
jacent to the edentulous spaces was performed to assess
the potential for an esthetic result (Figs 2a-d).

Fig 1 At full smile, the patient presented with @ medium lip line, display-
ing the incisal and middle thirds of the clinical crowns and the tips of the
papiliae

Fig 2a  Retracted anterior view showing virgin teeth adjacent to the eden- Fig2b Open-retracted view showing square-shaped teeth and irregular gin-

tulous spaces and a medium gingival biotype with moderate scalioped papil-  gival margins between the canines and central incisors. Inadequate clinical
lae and medium-thick tissue. A thin band of keratinized tissue spanned the  crown exposure on tooth 23. The excess tissue height was favorable, as it al-
area from canine ta canine. lowed for modifications during the surgical procedures.
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Fig 2c  Open-lateral of teeth 73 and 71, Excess tissue height in the edentu-
lous space, indicating a potential need for hard-tissue scalloping during im-
plant placement to ailow for proper vertical positioning of the implant shoul-
der. Probing depths were 2 mm around teeth 13 and 17.

Fig3  The retracted anterior view with the removable interim prosthesis in
place. Confirmation of the edentulous span (7 mm) was possibie as the den-
ture teeth were acceptoble in size and shape.
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Fig 2d Open-lateral view of teeth 21 and 23. Excess tissue height in the
edentulous space as well as on the facial side of tooth 23. The surgical pro-
cedures planned would address excess tissue problem. Probing depths were
2 mm around teeth 27 and 23

The patient reported that orthodontic therapy had re-
cently been completed and that the edentulous spaces
were maintained with an interim removable prosthesis
(Fig 3).



W. C. Martin

Fig 4a  Occlusal view of the edentulous space at site 12, revealing a hori- Fig 4b  Occlusal view of the edentulous space at site 22, revealing a hori-
zontal hard-tisswe deficiency. zontal hard-tissue deficiency.

Fig 4c Horizontal deficiency at site 22 with the proposed restoration p.’&fe.

Close inspection of the denture teeth on the interim
restoration indicated that adequate facial and interprox-
imal tissue height existed to allow for tooth replacement
with soft-tissue margins symmetrical to those of adjacent
teeth. It was also apparent that the horizontal tissue thick-
ness was inadequate to allow for a pleasant-looking “root-
form” emergence of the definitive restorations. The oc-
clusal view without the prosthesis in place confirmed
these horizontal deficiencies (Figs 4a-c).

Figure 4c with the proposed future restoration in place ex-

plains the need for a bone-augmentation procedure to ad-
dress the horizontal bone deficiencies.
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Fig 5a Periapical radiograph of
site 12. Interproximal root space less
than 7 mm, alveolar crest less than
Smm from the desired contact
paint.

Fig 5b  Periapical radiograph of
site 22. Interproximal root space less
than 7 mm, alveolar crest height less
than 5 mm from desired contact
paint

Fig &6 The panoramic radiograph revealed potential donor sites in the ra-
mus and chin areas.
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Examination of the periapical radiographs revealed ideal
space between the roots of the adjacent teeth as well as
an ideal height of the interproximal crests for papilla sup-
port (Figs 5a-b).

An examination of the panoramic radiograph revealed
several potential donor sites for hard tissue, if any was
needed for grafting procedures (Fig 6).

Consideration was given to the patient's age and predict-
ed completion of growth. Unable to obtain serial lateral
cephalographs, the best determinant of growth comple-
tion, a hand-wrist film was used to examine the fusion of
the epiphysis and diaphysis of the middle phalanx and the
degree of calcification of the ulnar sesamoid bone (Prof-
fit and coworkers, 1992) (Fig 7). In general, male patients
above the age of 19 are good candidates for implant ther-
apy. Risks associated with premature implant placement
include delayed passive eruption of the anterior den-
toalveolar segments and orthodontic relapse of the adja-
cent teeth with subsequent “intrusion” of the implant
restorations. A correction will most often require replace-
ment of the restoration or orthodontic retreatment.

After the consultation, the data obtained were compiled
for the esthetic risk-assessment table (Table 1):

Fig 7 A wview of the hand-wrist film depicting fusion of the epiphysis and
diaphysis of the middle phalanx and the degree of calcification of the ulnar
sesamaoid bone.
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Horizontal bone
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g |
Fig Ba A vertical releasing incision to expose the lateral border of the ra-
mus.

Fig8h A srrm'g_h'r_ﬁssure carbide bur was used to create a vertical section
in the iateral portion of the ascending ramus.

Fig 8 A 1.5x1.5cm harvested
donor block.

T s — — " i — —— ——

o o

Fig 8 Two 7 x 7 mm biocks created from the donor block to be used for
onlay grafting at sites 12 and 22.
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Taking into consideration the patient’s age, virgin adja-
cent teeth, and desire for long-term function, dental im-
plants and restorations were chosen. The overall esthetic
risk for this treatment was low. This low esthetic risk indi-
cated that the potential for an esthetic result based upon
the ITI Consensus Statements (Belser and coworkers,
2004) for an implant restoration was high. With this favor-
able diagnosis, a comprehensive treatment plan was
drawn up to treat these edentulous sites with an expedit-
ed approach. Three phases of treatment were planned:

1. Augmentation - Bilateral autogenous hard tissue
grafts were to be placed to enhance width.

2. Surgery - In a restoration-driven approach, two Nar-
row Neck (NN) Implants were to be placed.

3. Restorative - Provisional and final restorations were
to be fabricated to enhance form, function, and es-
thetics.

Autographs and allographs were considered. Due to the
patient’s limited available treatment time, bilateral auto-
genous ramus graphs were indicated. A 1.5 x 1.5 cm donor
block graft was harvested from the left ramus and sec-
tioned into two 7 x 7 mm blocks (Figs 8a-d).



A mid-crestal and a distal vertical releasing incision were
executed, followed by a periosteal releasing incision. The
periosteal releasing incision allowed for placement of the
donor black and membrane, followed by tension-free clo-
sure (Figs 9a-p).

W. C. Martin

Fig 9a A mid-crestal incision at site 12 performed with a straight #12
blade.

Fig 9b Elevation of the tissue and removal of any soft-tissue residue on the
surface of the bone

Fig 9c  Periosteal releasing incision performed with a curved #15¢ blade.

Fig9d After the donor block was adjusted to fit to the recipient site, a bone
screw was placed in it to simplify intraoral placement.
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il

Fig 9e  Frontal view of the fixated block, Fig 9f Cancelious bone collected during the preparation procedures was
packed around the block before covering it with the membrane.

- - e
Fig 9 A mid-crestal incision at site 22 performed with a straight #12 Fig 9 Elevation of the tissue and removal of any soft-tissue residue on the
blade. surface of the bone.
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Fig 3m Cancellous bone collected during the preparation procedures was

packed around the block before covering it with the membrane.

Fig S0 Qcclusal view after suturing. Fig Sp  Frontal postoperative view.
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Fig 10c  Lateral view of edentulous site 22, three months after grafting. Fig 10d  Occlusal view highlighting width gained,

At the completion of surgery, the removable interim par-
tial denture was adjusted to create space between the
denture teeth and the incision lines. The patient was
placed on antibiotics (amaoxicillin 500 mg three times a
day for seven days) and a mouth-rinse (chlorhexidine). He
was also instructed to eat a soft diet and to avoid situa-
tions that would create pressure on the graft sites. The su-
tures were removed at the follow-up visit one week later.

After three months of healing, the patient returned for a
presurgical workup. Diagnostic casts were poured to per-
form a waxup and to fabricate surgical templates (Figs
10a-d). In the laboratory, the diagnostic waxup was per-
formed highlighting the proposed soft-tissue margin po-
sition of the implant restorations was utilized to assist in
planning the ideal implant position (Figs 11a-f).
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Fig 17a  Frontal view of the diggnastic cast, Fig 11b A red line was drawn on the cast to indicate a harmoanious gingi-

val margin spanning from tooth 13 to tooth 23

Fig 11c  Excesssoftthard tissue height ne-cessitated a scalloping procedure Fig 11d  Lateral view of site 12 highlighting the scalloping performed to
on the cast to al-low proper placement of the soft-tissue margin of the pro- place the soft-tissue margin slightly superior to the red line cannecting the
posed implant restoration. gingival margins of teeth 13 and 11

Fig 17e  Lateral view of site 22 highlighting the scalloping performed to
place the soft-tissue margin shightly superior to the red line connecting the
gingival margins of teeth 21 and 23.

Fig 11f Frontal view of the diagnostic waxup.
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Once the planned restorations were determined, a radi-
ographic template was fabricated for surveying before
the fabrication of the surgical template (Figs 12a, b). The
template utilized a rod 10mm in length and 2.2 mm in di-
ameter and indicated the proposed implant position.
Coronal tissue thickness and radiographic distortion could
be accounted for based on the known dimensions of the
rod. This assisted the surgeon in selecting the ideal im-
plant length for the site.

Upon confirmation of the radiographic survey, the surgi-
cal template was fabricated. At the time of surgery, a min-

Fig12a Periapical radiograph with  Fig12b  Periapical radiograph with

the radiographic template in place.  the radiographic template in place. imal tissue reflection was performed to obtain access to
the retaining screw (Fig 13). A 0.5mm template (vertical
template) highlighting the proposed mucosal margin of
the implant restoration was placed, Scalloping of the os-
seous crest was performed to allow for the placement of
the implant shoulder approximately 2mm apical of the
zenith of the vertical template (Figs 14a, b).

Fig 13 Minimal tissue reflection allowing access to the titanium retaining
screw at site 22.

Fig 14a  Upon placement of the vertical template, the excess height of hard Fig 14b  After scalloping. Osseous crest located at a position that allows for
tissue can be appreciated, the vertical placement of the dental implant shoulder, 2 mm apically of the
proposed mucosal restorative margin.
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Fig 15a  Inftial preparation through the drill sleeve with a small round bur.

Fig 15¢c Confirmation of the initial depth of the osteotomy with the Fig 15d  Removed drill sleeve
2.2-mm alignment pin. depth of 12mm.

. Preparation with the 2.8-mm twist drill to a

Fig 15e Confirmation of osteotomy depth and angulations with the
2.8-mm depth gauge.

Once the hard tissue scalloping was completed,a 1.0 mm
template with drill sleeve was placed that allowed for the
preparation of the osteotomy site while directing orofa-
cial and mesiodistal angulations (Figs 15a-e). The site was
prepared for a Narrow Neck implant 12mm in length. Up-
on completion of the osteotomy, the implant was placed
with close regard to the vertical position of the shoulder.
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Before the removal of the transfer post, the vertical tem-
plate was used to help confirm the proper implant depth
(Figs 16a-c).

F < :
Fig T6a  Before the removal of the transfer post, the vertical depth of the
implant was confirmed using the vertical template.

Fig 16h  After the removal of the transfer post, the implant shouider was
clearly visible up to the zenith of the tempiate.

Fig 16c  Final distance from the implant shoulder to the planned soft-tis-
sue margin of the restaration (2 mm).
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After removal of the transfer post, the healing cap was
placed and the tissue closed with a 4-0 vicryl suture (Figs
17a, b). The patient was sent for a postoperative radi-
ograph while the interim restoration was adjusted to pre-
vent contact with the healing cap under function (Fig 18).
The patient was scheduled for a follow-up appointment
after one week.

W. C. Martin

Fig 17a Placement of the NN healing cap.

Fig 18 Postoperative panoramic radiograph confirming final implant an-
gulations.
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Six weeks after implant placement, the patient was sched-
uled for a loading visit (Figs 19a-e). At that appointment,
provisional restorations were fabricated that would initi-
ate maturation of the transition zone. As mentioned in
Chapter 1.2, the transition zone is the emergence creat-
ed from the shoulder of the implant to the soft-tissue
margin.

Fig 190 Six weeks after implant placement.

Fig 19b  Lateral view of implant 12 implant six weeks after implant place-
ment,

Fig 19d  Lateral view of implant 22 six weeks after implant placement,

Fig 19c  Occlusal view of implant 12 six weeks after implant placement. Fig 19¢  Occlusal view of implant 22 six weeks after implant placement,
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Fig 20a NN titanium coping in place on implant 12. A high-speed carbide Fig 20b NN titanium coping in place on implant 22, A high-speed carbide
bur was used to mark indicator grooves (mid-facial, interproximal, palatal, bur was used to mark indicating grooves (mid-facial, interproximal, palatal,
and gingival) to assist with extraoral preparation. and gingival) to assist with extraoral preparation.

[T} "
Fig 20c  Extraoral preparation of the titanium coping using the analog
holder.

After placement of the NN titanium copings on the im-
plants and tightening to 15 Ncm, indicator grooves were
prepared on the surface with a high-speed carbide bur to
help obtain the correct reduction and angulations while
the definitive finishing was performed extraorally (Figs
20a-d). In general, titanium should not be prepared intra-
orally in order to avoid impregnating the tissue with tita-
nium particles.

Fig 20d  Final preparation design
of the titanium coping.
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Fig 21a  Lateral view of the NN tmplant 12 with the titanium coping in
place. The access hole was covered with cotton, and a polycarbonate crown
was reltined over it.

Fig 22a  Facial view of provisional
crown 12 on the titanium coping
and laboratory analog after the re-
lining procedure.

Fig22b Lateral view of provisional
crown 12 on the titanium coping
and laboratory analog after the re-
lining procedure.

Once the custom preparation was complete, the copings
were placed on the implants and the access holes blocked
with cotton before the prefabricated polycarbonate
crowns were relined (Figs 21a, b).

Jlbgnj LJL!L.U.I |:||J|.15.1.'|'-.r|
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Fig 216 Lateral wiew of NN implant 22 with the titanium coping in place
The access hole is covered with cotton, and a polycarbonate crown was re-
lined over it.

Fig23 Compositeresin wasadded  Fig 24  Compaosite resin was added

to the interproximal surfaces to cre-  facially and palatally te create ideal

ate support for the peri-implant tis- emergence of the provisional restora-

sue, supporting the papiliae. tion. Facially, the point at which the
emergence becomes convex estab-
fishes the mucosal mangin.

Once the provisionals had set intraorally, they were re-
moved along with the copings and placed onto laborato-
ry analogs (Figs 22a, b). Composite resin was added to cre-
ate an emergence profile from the coping margin to the
contact point, establishing the transition zone. Creating
interproximal emergence requires straight or slightly con-
vex support from the coping margin through the tissue to
the contact point (Fig 23). The facial emergence contour
was straight or concave from the coping margin to the
proposed position of the mucosal margin, at which point
it becomes convex (Fig 24). This convexity will help estab-
lish the final position of the mucosal margin of the im-
plant restoration.



W, C. Martin

Fig 25a  Tissue blanching immediately after the placement of the provi- Fig 25b  Tissue blanching immediately after the placement of the provi-
sional on implant 12. sional on implant 22.

Fig 26a  Reduction in blanching noticed after 10 minutes. Fig 26b  Reduction in blanching noticed after 10 minutes.

Once the emergence modifications of the provisionals
were completed, the copings were placed back on the im-
plants, tightened to 15 Ncm, covered with cotton, and the
provisionals were seated. Blanching of the tissue is often
evident (Figs 25a, b). In general, if the blanching subsides
within 10 minutes, no reduction in the emergence profile
or removal of tissue is necessary (Figs 26a, b).
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4 Achieving Optimal Esthetic Results

A return visit was scheduled for four weeks later, when a
final impression was to be taken and the correct shade se-
lected (Figs 27a-c).

In general, if dental bleaching is planned, it is performed
during the 4-week tissue-maturation phase. After removal
of the provisionals and copings, the tissue maturation in
the transition zone can be appreciated (Fig 28).

Fig 27a  Open-anterior view of the provisional restorations for teeth 12 and
22, four weeks after loading.

Fig 27b  Lateral view of the provisional restoration for tooth 12, four weeks Fig 27c  Lateral view of the provisional restoration for tooth 22, four weeks
after loading. after loading.

Fig 28 Occlusal view of implants highlighting the transition zane created
by the provisionals.
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Before the final impression, the shade was taken using
photographs and communicated to the laboratory. NN
snap-on impression caps were placed on the implants and
a polyvinyl siloxane impression was made (Fig 29).

In the laboratory, NN laboratory analogs were inserted in-
to the final impression, into which a low-expansion die
stone was then poured (Figs 30a, b).

W. C. Martin

Fig 29 The polyviny! siloxane impression with NN snap-on impression
caps.

Fig 30a NN laboratory analogs were snapped into the impression caps.

by it b '
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Fig 30b  Master cast for fabrication of final copings and restorations,
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Fig 31b  Facial view of the titanivm copings after preparation.

Fig 31c  Facial view of the ceramo-metal restorations on the titanivm cop- Fig 31d  Final restorations and customized copings as returned from the
ings laboratory:

Two new NN titanium copings were used to fabricate the
final custom copings and ceramo-metal restorations (Figs
31a-d).
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Fig 32 Lateral view of the coping and tissue support after removal of the

Fig 32a Lateral view of the provisional restoration for tooth 12 six weeks
provisional restoration for tooth 12.

after loading.

Fig32d Lateral view of the coping and tissue support after removal of the

Fig 32c Lateral view of the provisional restoration for tooth 22 six weeks
provisional restoration for tooth 22.

after loading.

At the delivery visit two weeks after the final impression
had been taken, the provisional restorations and copings
were removed (Figs 32a-d).
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Fig 33a  Occlusal view of implant 12 after irrigation and before the inser- Fig 33b  Occlusal view of implant 22 after irrigation and before the inser-
tion of the definitive coping. The transition zone was mature. tion of the definitive coping. The transition zone was mature.

Fig 34a  After insertion of the definitive customized titanium coping for Fig 34b  After insertion of the definitive customized titanium coping for
toath 12, torgued to 35 Ncm, and sealed with cotton and Cavit. tooth 22, torqued to 35 Nem, and sealed with cotton and Cavit.

The implants were irrigated with an air-water syringe be-
fore inserting the definitive copings (Figs 33a, b).

Once the fit and shade of the final restorations were con-
firmed, the coping screws were tightened to 35 Ncm. The
screw access hole was covered with a cotton pellet and
sealed with Cavit (3M Espe) (Figs 344, b).
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Fig 35a  Final restoration after delivery.

The final restorations were cemented with a permanent
cement and the occlusion was adjusted to a light shim-
stock pull (Figs 35a, b). Adjustments to the ceramic sur-
face were followed by a polishing procedure with dia-
mond-impregnated discs that help to create a glaze-like
surface on the ceramic.

Periapical radiographs were taken and the patient was
scheduled for a three-week follow-up (Figs 36a, b).

W. C. Martin

Fig 35b  Final restoration after delivery.

Fig 36a Periapical radiograph of  Fig 36b Periapical radiograph of
implant 21 after insertion of the fi-  implant 22 after insertion of the fi-
nal restoration. nal restoration.
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4 Achieving Optimal Esthetic Results

At the three-week visit, the peri-implant tissues were ex-
amined for cement residue, and the occlusion was
checked. Oral hygiene and home-care procedures were re-
viewed with the patient. At the end of the visit, the patient
was scheduled for yearly maintenance procedures. The
patient was seen at the follow-ups at one year and two
years (Figs 37a-n).

Fig 37a  Full smile, one year after insertion.

Fig 37¢  Open-anterior view of teeth 12 and 22, one year after insertion.

Fig 37d Lateral view of tooth 12, one year after insertion.

Fig 37e  Occlusal view of tooth 12, one year after insertion. Fig 37g Occlusal view of tooth 22, one year after insertion.
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Fig 37h  Full smile, two years after insertion. Fig 37i  Retracted view, two years after insertion.




4 Achieving Optimal Esthetic Results

W.C. Martin

Fig 7 At full smile, the pun’nr presented with a medium lip line, display-
ing the incisal and middle thirds of the clinical crowns and the tips of the
papillae

Fig 2 Retracted anterior view showing discolored teeth adjacent to the
edentulous space, a medium gingival biotype with moderately scalloped
papiliee and medium-thick tissue. A moderate band of keratinized tissue
spanned from caning to canine.
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A healthy 32-year-old female patient presented at the
clinic for recementation of a resin-retained fixed partial
denture (RRFPD) and for a consultation on treatment op-
tions to replace the congenitally missing tooth 12 (Fig 1).
She desired a more esthetic and functional treatment op-
tion than her current one.

A detailed examination of the teeth and periodontium ad-
jacent to the edentulous space was performed to assess
the esthetic risk for implant therapy. The intraoral exam
revealed a pre-existing metal-reinforced RRFPD replacing
tooth 12. Discoloration of teeth 13 and 11 due to the large
metal retainers on the prosthesis was evident. The patient
reported several occasions on which the prosthesis had
debonded and had to be reinserted. It had become a nui-
sance for her,and she wanted a more permanent solution.
Upan comparison of the adjacent lateral incisors, the
mesiodistal width of 12 was slightly smaller and 22 was
slightly undercontoured in its incisal embrasure (Fig 2).



Pontic 12 was a ridge-lap design masking the excessive tis-
sue height in the edentulous space, indicating a sufficient
amount of tissue for facial and interproximal support. It
also indicated a potential need for hard-tissue scalloping
during implant placement to allow for proper vertical po-
sitioning of the implant shoulder (Fig 3).

Adequate horizontal tissue thickness existed to allow for
good “root-form” emergence of the proposed implant
restoration (Fig 4). Probing depths were 2 mm circumfer-
entially around teeth 13 and 11.

Examination of the periapical radiograph revealed limit-
ed space between the roots of the adjacent teeth as well
as adequate height of the interproximal crests for papilla
support (Fig 5).

After the consultation, the data obtained were compiled
for the esthetic risk-assessment table (Table 1).

W. C. Martin

Fig 3 Lateral view revealing square-shaped teeth and harmonious gingival
margins between the canine and central incisor. Broad contact points were ev-
ident at the retainers for tooth 12, which explained the esthetic problem,

Fig4 Anocclusal view from tooth 13 to tooth 17 showing the large metal
retainers used in the resin-retained restoration.

Fig 5 Periapical radiograph of site
12. Interproximal root space less
than 7 mm, alvealar crest height less
than 5 mm from the desired contact
point.
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Healthy and
cooperative patient,
intact immune system

Non-smoker

Medium scalloped,
medium thick

=5 mm to contact point

1 tooth (< 5.5 mm)

Intact soft tissue

Alveolar crest without
bone deficiency




Taking into consideration the patient’s previous experi-
ence with the RRFPD, its unesthetic appearance, and ex-
pectations for long-term support and function, a dental
implant and restoration was chosen. The overall esthetic
risk for this treatment is low. This low esthetic risk indi-
cates that the potential for an esthetic result for an im-
plant restoration is high based upon the ITI Consensus
Statements (Belser and coworkers, 2004). With this favor-
able diagnosis, a comprehensive treatment plan was gen-
erated to treat the edentulous site with a comprehensive
team approach. Three phases of treatment were planned:

1. Orthodontics—limited orthodontics would be done
to create equal lateral spaces and to level out the in-
cisal plane.

2. Surgery—utilizing a restoration-driven approach, a
Narrow Neck (NN} implant would be placed.

3. Restorative—a provisional would be fabricated in
addition to a final restoration focusing on form,
function, and esthetics.

Orthodontics
The mesiodistal space at site 12 was enlarged orthodon-
tically by approximately 1 mm (Figs 6a, b).

W. C. Martin

Fig 6a  Frontal view of the spring used on the orthadontic wire to create
mesiodistal space.

Figeb Lateral view 5ire_Tqurmg the orthodontic procedures.
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Fig 7a  Lateral view of site 12. 7 mm of mesiodistal space was created.

Fig 7b  Occlusal view of site 12 shows good width compared to the adja-
cent teeth.

Fig 7c  Proposed axial implant position exiting through the incisal edge of
the planned restoration.
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The pre-treatment dimension of site 12 was 6mm, and
of tooth 22, 7mm. If desired, a denture tooth could be
bonded to a bracket and incorporated into the orthodon-
tic archwire, providing esthetics while tooth movement
occurs. Upon completion of the orthodontic treatment,
the patient was seen before the removal of the brackets
to confirm that ideal restorative space was generated
(Figs 7a-c).



Befare the removal of the braces, the patient returned for
a data-collection visit, during which diagnostic casts were
fabricated. A diagnostic waxup was completed in the
laboratory and a radiographic template fabricated (Figs
8a-d).

W. C. Martin

ment.

Fig 86 A Vacuform template of the diagnostic waxup.

Fig 8d Radiographic template on the duplicated diagnostic cast.
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tal angulation

Fig 9 Periapical radiograph show-
ing the radiographic rod, highlight-
ing the proposed implant mesiodis-

Fig 10

Fig 11
sfeeve in place before the preparation of asteotomy site.

220

L

Diagnostic cast with surgical template and drill sleeve in place.

Lateral view after scalloping with the surgical template and drili
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A periapical radiograph was taken with the template in
place to confirm the planned implant position, avoiding
the adjacent tooth roots (Fig 9). The surgical template was
then fabricated based upon the confirmed radiographic
pin position (Fig 10).

At the surgical visit, a scalloping procedure using the vacu-
form (vertical) template was performed to allow proper
vertical placement of the NN implant, The surgical tem-
plate and drill sleeve was used to prepare the osteotomy
site (Fig 11).



W. C. Martin

Once the implant had been placed, the vertical depth
(shoulder 2 mm apically of the proposed mucosal margin)
was confirmed before the transfer part was removed. Af-
ter the placement of the healing cap and suturing, a peri-
apical radiograph was taken (Figs 12a-c). The pontic on
the orthodontic wire was adjusted so that the healing cap
was out of contact. The patient was scheduled for a fol-
low-up visit after one week.

Fig 12b  Occlusal view after suturing.

Fig 12c  Postoperative radiograph.
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Fig 13 Twelve weeks after J‘mp.ram_pfacemenr. The healing cap was slight-
ly exposed, allowing access to the implant shoulder without the need for tis-
sue removal,

e Pl
Fig 14a  Lateral view with an unprepared titanium coping in place. Indica-
tor grooves were made mid-facially and in any areas requiring reduction for
interocclusal and interarch space.

Fig 14b  Extraoral prepamr:.rn of
bide bur.
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Twelve weeks after implant placement, the patient was
scheduled for a loading visit (Fig 13). Loading of the NN
implant occurred at twelve weeks because it had a titani-
um-plasma sprayed surface (TPS); all NN implants today
have a sandblasted large-grit acid-etched (SLA) surface
that allows loading after six weeks of healing.

At this appointment, a provisional restoration was made
that would initiate the maturation of the transition zone.
After the removal of the healing cap, a titanium coping
was hand-tightened, and indicator grooves were prepared
on the surface with a high-speed carbide bur that would
assist in an appropriate reduction extraorally (Figs 14a, b).



Once the custom preparation was complete, the coping
was placed onto the implant and hand-tightened and the
access hole was blocked with cotton before the provision-
al restoration was fabricated (Fig 15).

A vacuform retainer of the waxup was used with methyl-
methacrylate resin to fabricate the provisional restoration.
Once the provisional material had set intraorally, it was re-
moved along with the coping and placed back onto a lab-
oratory analog (Fig 16). Methyl methacrylate powder and
rmonomer was mixed in a dappen dish and added to the
provisional with a brush to create an emergence profile
from the coping margin to the contact point, establishing
support for the transition zone (Fig 17).

After the emergence modifications of the provisional
were complete, the coping was returned to the implant
and tightened to 15 Ncm and covered with cotton pellets,
and the provisional was seated. Blanching of the tissue
subsided within 10 minutes, so that the provisional was
cemented with a temporary cement (Fig 18). The occlu-
sion was adjusted and the patient was scheduled to return
to the clinic for a final impression after four weeks.

W. C. Martin

Fig 15  Lateral view with prepared coping in place.

Fig 16 The provisional restoration
on the coping and iaboratory analog.
Peri-impilant tissue prevented the
acrylic resin from extending submu-
cosally, creating an overhang be-
tween the acrylic resin and the cop-
ng.

Fig 17 Acrylic resin was added to
create an emergence profile to sup-
port the interproximal tissue and
create a facial soft-tissue margin,

F;'g 18 Lateral view after cementation of the provisional. The blanching of
the tissue had subsided.
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Fig 20b Periapical radiograph
with the titanivm coping and prowvi-
sional restoration in place.

Fig21 Occlusal view of the coping and transition zone after removal of the
provisional restoration.
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The patient returned after four weeks for a final impres-
sion. The tissue had begun the maturation process, and
the mucosal margin looked mare refined (Fig 19).

Before the final impression, a periapical radiograph was
taken and the correct shade determined (Figs 20a, b).

Upon removal of the provisional restoration, the matured
transition zone was exposed (Fig 21).



The tissue scallop created by the provisional was larger
than the diameter of the impression cap. To prevent the
collapse of this tissue as the impression was taken, a cus-
tom impression cap was fabricated extraorally from the
provisional restoration (Figs 22a-c).

Once modified, the impression cap was placed on the im-
plant shoulder, and a polyvinyl siloxane impression was
made (Fig 23).

Fig 22c  Fabricating a custom im-
pression cap. The madified impres-
sion cap upon removal from the put-
ty matrix. The pattern resin has cap-
tured the transition zone.

W. C. Martin

S

Fig 22a Fabricating a custom im-
pression cap. The provisional on the
titanium coping and analog are em-
bedded in silicone putty.

Fig 22b  Fabricating a custom impression cap. Upon setting, the provision-
al and coping were carefully removed and an impression cap was snapped
onto the analog. Orofacial indicators were marked into the putty to retain
the orientation of the cap for placement in the mouth. A pattern resin ma-
terial (GC Resin, GC America) was flowed into the void that existed around
the cap and allowed to set.

Fig 23 Customized NN snap-on impression cap in place before taking the
final impression
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Fig 24 A polysulfide material was placed around the analog and custom
impression cap.

Fig25 Anocclusal view of the master cast with the soft-tissue analog high-
lighting the transition zone.

Fig 26 After reduction of the axidizable NN framework biank and before
application of ceramic.

Fig 27 Customized framework
biank. Emergence profile in ceramic
instead of the traditional gold alloy.
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Once set, the final impression was removed from the
mouth, and a laboratory analog was placed into the im-
pression cap. A polysulfide material was injected around
the analog area and allowed to set (Fig 24).

A low-expansion die stone was then poured into the final
impression and allowed to set. The transition zone was
visible on the master cast after the impression had been
removed (Fig 25).

The NN framework blank (oxidizable) was chosen by the
laboratory as the definitive coping. This blank allowed the
technician to build up ceramic on its surface and created
support for the peri-implant tissue while generating a ce-
ment line closer to the soft-tissue margin. Traditionally,
these custom abutments are made with a gold alloy; more
recently, CAD/CAM technology and titanium have increas-
ingly been used. Due to the patient's esthetic expecta-
tions, it was decided to place ceramic material under the
tissue surface, preventing any submucosal reflection of
the metal. Once the framework blank had been placed on-
to the master cast, it was reduced to provide space for the
ceramic material (Fig 26).

An opaque was then applied, followed by a buildup de-
signed to support the soft-tissue analog and maintain a
submucosal margin position (Fig 27).

Upon completion of the customized abutment, a ceramo-
metal crown was fabricated with a 360° ceramic butt-joint
margin (Fig 28).

Fig 28 The customized framework
blank and ceramo-metal crown
ready for insertion.



At the insertion visit three weeks after the final impres-
sion session, the provisional restoration and framework
blank were removed (Fig 29).

The implant was irrigated with the air-water syringe before
the customized blank was inserted. Once the fit and shade
of the final restoration had been confirmed, the screw was
tightened to 35 Ncm (Figs 30a, b).

W. C. Martin

Fig 29 Occlusal view of the implant shoulder before placement of the cus-
tomized framework hlank.

Fig 30a Lateral view of the customized framework blank in place before
crown cementation.

Fig 30b  Occlusal view of the customized framework blank in place before
crown cementation. The ceramic margin is located slightly below the mu-
cosa, thus allowing for easy post-cementation access,
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The screw access hole was covered with a cotton pellet
and sealed with Cavit (3M Espe). The final restoration was
cemented with permanent cement, and the occlusion was
adjusted to a light shim-stock pull (Figs 31a-c). Adjust-
ments to the ceramic surface were followed by a polish-
ing procedure with diamond-impregnated disks that
helped create a glaze-like ceramic surface.

Fig31a  Loteral view of the inserted implant-supported crown on tooth 72,

12.

Fig 31c  Post-tregtment smile.
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A periapical radiograph was taken and the patient was
scheduled for follow-up after three weeks (Fig 32). At the
three-week visit, the peri-implant tissues were examined
for cement residue, and the occlusion was checked. Oral
hygiene and home-care procedures were reviewed with
the patient. At the end of the visit, the patient was sched-
uled for yearly maintenance.

The patient was seen after her maintenance visit for a fol-
low-up at four years (Figs 33a, b).
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Fig 32 Perfapical radiograph of
the implant-supported crown on
tooth 12.

Fig 33a Lateral view of the implant-supported crown on tooth 12, four
vears after insertion,

Fig 33b Periapical radiograph of
the implont-supported crown on
tooth 12, four years after insertion.
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5 Esthetic Complications
and Their Causes

D. Buser, W.C. Martin
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5 Esthetic Complications and Their Causes

Esthetic complications with implant-supported restora-
tions can be either iatrogenic or caused by anatomic fac-
tors such as bone or soft-tissue deficiencies. In many pa-
tients with esthetic complications, a combination of sev-
eral factors is present. A thorough understanding of these
factors is therefore important to be able to improve es-
thetic treatment outcomes in daily practice.

latrogenic causes of esthetic complications include:

+ Selection of an inappropriate, oversized implant
{wide platform)

« Malpositioned implant entering a danger zone in a
coronoapical, mesiodistal or orofacial direction

« Asurgical approach that overstresses the healing ca-
pacity of the tissues, leading to the resorption of the
facial bone wall

« Improper use or non-use of provisional restorations
to shape the peri-implant soft tissues

« Inappropriate use of restorative implant components
or materials for fabricating restorations

232 ITI Treatment Guide  Volume 1

Anatomic causes of esthetic complications include:

= Horizontal or vertical bone deficiencies at the im-
plant site

« Vertical bone deficiencies at adjacent root surfaces

« Implant sites with multiple missing teeth leading to
the placement of adjacent implants

For single-tooth replacement, the factor of adjacent im-
plants plays no role and will not be discussed inthis Treat-
ment Guide. A separate Treatment Guide will be devoted
to this issue.

These factors will be discussed with seven reports on cas-
es with esthetic complications. Each case will be system-
atically analyzed to improve the reader's understanding
of these problems.



5:2.1

A 20-year-old female patient presented with a compro-
mised esthetic treatment outcome after implant therapy
in the anterior maxilla. Figure 1 shows the clinical status
4 months after implant restoration in the area of the right
central incisor. The patient presented with a high lip-line
situation exposing not only the crowns, but also the gin-
giva when smiling.

Patient No.1

The close-up view shows the full extent of the interrup-
tion of the harmonious gingival line by a soft-tissue reces-
sion at the implant-supported crown (Fig 2). The gingival
recession measures approximately 3 mm and developed
rapidly within a few weeks after the insertion of the im-
plant crown.

The periapical radiograph reveals the cause for the
esthetic failure (Fig 3): The implant shoulder was placed
too far apically using an extensive countersinking proce-
dure. In addition, the implant was also malpositioned in
a mesiodistal direction, since the implant shoulder al-
most touched the root surface of the lateral incisor. Both
these factors led to bone resorption on the facial aspect
of the implant and on the adjacent root surface of the
lateral incisor.

D. Buser, W.C. Martin

Fig 1 The high lip-line 5itua'r'o clearly reveals the interruption of the har-

monious gingival line

Fig 2 The detail view illustrates the extent of the gingival recession at the
implant crown.

Fig 3 Periapical radiograph show-
ing the malpasition of the implant in
a coronoapical and in a mesiodistal
direction
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Figd Theimplant in apical maipo-
sition due to excessive countersink-
ing and the close proximity of the
implant to the lateral incisor.

Fig5 The "hone saucer” (red) causes facial bone wall resorption if the fa-
cial bone wall is only T mm in thickness.
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Figure 4 illustrates the coronoapical implant position in
relation to the correct coronoapical implant position for
this case. The implant shoulder is located approximately
4 mm apical to the cemento-enamel junction (CEJ) of the
adjacent central incisor. The correct distance to the CEJ
should only be 1T mm.

The peri-implant “bone saucer” that routinely forms
around dental implants after prosthetic restoration can
lead to a partial resorption of the facial bone wall and sub-
sequent facial soft-tissue recession when the implant is
placed in the apical danger zone, since it has a vertical ex-
tension of about 1.5 to 2.0 mm and a horizontal compo-
nent of 1.0 to 1.5 mm (Buser and coworkers, 2004) (Fig 5).

When the peri-implant “bone saucer” had developed
around this particular implant after loading, it added to
the resorption of the facial bone wall. As a result, facial
soft-tissue recession rapidly developed within a few
weeks. The graphic also shows a malposition of the im-
plant shoulder in the mesiodistal danger zone of the ad-
jacent lateral incisor.

Case summary:

The soft-tissue recession of 3mm was mainly caused
by a malposition of the implant shoulder in the coro-
noapical direction. The complication cannot be re-
solved by mucogingival surgery. Due to the high lip-line
situation of the patient, the only option to resolve the
recession is to remove the implant. From a surgical
point of view, this is very difficult due to the close prox-
imity of the implant to the lateral incisor. The removal
of the implant will not only create a bone defect at the
implant site, but also a shortened mesial papilla at the
lateral incisor.



5.2.2 Patient No.?2

This 40-year-old female patient was referred with a seri-
ous esthetic complication. She presented with a major
gingival recession at the implant crown in the area of
tooth 12. The main cause of this complication was a se-
vere implant malposition in coronoapical direction. The
implant shoulder was positioned about 5 mm apical to
the planned soft-tissue margin of the future implant-sup-
ported crown. This malposition resulted in severe facial
bone resorption and subsequent soft-tissue recession.
The use of pink ceramic was necessary to mask the unfa-
vorable esthetic treatment outcome (Fig 6).

The periapical radiograph reveals the apical malposition
of the implant that caused the severe esthetic complica-
tion (Fig 7).

The patient exhibited a mid lip-line situation. When she
was smiling, the severe soft-tissue recession was partially
covered by the lip (Fig 8).

Case summary:

The severe soft-tissue recession was mainly caused by
an extreme apical malposition of the implant shoulder.
Due to the mid lip-line situation, the esthetic compli-
cation was marginally acceptable to the patient.

D. Buser, W.C, Martin

Fig & Severe esthetic complication with the impiant crown at site 12,

Fig 7 Perigpical radiograph demorn-
strating a well-integrated implant in
an apical malposition.

Fig8 The patient’s mid lip-line situation maskirg the compromised treat-
ment outcome.
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pi 1

Fig 3 An attempt to "sound"” for osseous support revealed a deficiency in
vertical and horizontal bone

Fig 10 Periapical radiograph con-
firming bone deficiencies at the pro-
posed implant site and interproxi-
mal support on the adjacent roots,

Fig 11 Periapical radiograph with
the radiographic template in place.

Fig 12 Postoperative radiograph depicting the placement of the implant
in the coronoapical danger zone.
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5.2.3 Patient No.3

A 30-year-old female patient presented at the clinic for a
consultation to replace a missing tooth (21) lost in a sport
accident. Examination of the esthetic risk for her treat-
ment revealed a medium lip line at full smile, exposing
three-quarters of the clinical crowns and the tips of the
papillae. The gingival biotype was thin, with highly scal-
loped papillae, tapered clinical crowns, and a thin band of
keratinized tissue. The site analysis showed a deficiency
in osseous width and height extending apically of the mid-
dle third of the adjacent roots (Fig 9).

The periapical radiograph confirmed this bone loss while
showing that adequate bone support existed on the inter-
proximal of the adjacent teeth 11 and 22 (Fig 10).

Based upon the clinical findings, the patient was in-
formed of the high risk of esthetic failure with dental im-
plant therapy. A plan was presented to address the hard-
tissue and soft-tissue deficiencies prior to implant place-
ment. Six months after the grafting procedure, a clinical
examination revealed successful horizontal bone regener-
ation, while a deficiency in vertical height remained. The
patient declined further tissue-enhancement procedures
and desired to proceed with implant placement. A radio-
graphic template was fabricated and a periapical radio-
graph taken (Fig 11).

The dental implant was placed within the orofacial and
mesiodistal comfort zones, while entering the coronoapi-
cal danger zone (Fig 12).

Six weeks later, the implant was restored with a provision-
al restoration; the clinical result highlighted the apical po-
sition of the soft-tissue margin at site 21 related to the ad-
jacent teeth (Fig 13).

Fig 13 Provisional restoration at site 27 highlighting the apical position of
the soft-tissue margin related to the adjacent teeth,



Fig 14 Clinical view of implant 27 highlighting the apical position of the
soft-tissue margin relative to the adjacent teeth. The interproximal tissue
support was promising.

Upon maturation of the transition zone, there was inter-
proximal tissue support, but a mucosal deficiency on the
facial aspect was evident (Fig 14).

The implant shoulder was located in the apical danger
zone (Fig 15). To compensate for this situation, pink ce-
ramic material was integrated into the implant-support-
ed superstructure. In this way, a pleasing esthetic treat-
ment outcome could be achieved despite the compro-
mised clinical situation (Fig 16).

The esthetic result was acceptable to the patient (Fig 17).

The postoperative periapical radiograph highlights the fi-
nal position of the supporting structures (Fig 18).

Case summary:

This clinical case is an example of an esthetic compro-
mise associated with clinician and patient causes and
anatomical limitations. The challenges in this treat-
ment were associated with several factors: patient lim-
itations—time constraints and finances; surgical chal-
lenges—extensive grafting procedures with multiple
procedure limits; and anatomic limitations—thin bio-
type coupled with severe localized atrophy. Proper es-
thetic risk assessment, patient education, treatment
planning, and technician expertise allowed a pleasing
esthetic treatment outcome, since the necessary com-
promises were take into consideration before the treat-
ment began.

D. Buser, W.C. Martin

Fig 15 Impiant shoulder located in the apical danger zone, with the soft-

tissue margin in an apical position

=

Fig 17 Pink ceramic material helped create the illusion of a harmonious
soft-tissue contaur,

Fig 18 Periapical radiograph after insertion highlighting the final positions
of the dental implant and surrounding hard Hssues.

ITI Treatment Guide - Volume 1 237
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5.2.4 Patient No.4

This 34-year-old female patient presented with an unsat-
isfactory esthetic treatment outcome, a visible implant
shoulder at tooth 13 and a reduced papilla mesially of the
implant-supported superstructure (Fig 19). The patient
had a high lip-line situation, so that the metal margin of
the implant crown was in plain view when she smiled.

The papilla mesial to the implant crown was reduced, and
the metal margins of the implant shoulder and of the ce-
ramo-metal crown were visible (Fig 20). Both complica-
tions have clear causes. The visible metal margin had
been caused by a malposition in the coronoapical direc-
tion; this implant shoulder was positioned in the coronal
danger zone. That the implant was not placed sufficient-
ly deeply into the tissue. In addition, the concavity on the
facial aspect gave rise to the assumption that the facial
bone wall was lacking in support for the facial soft tissue.

The periapical radiograph showed the cause for the short
mesial papilla of the implant crown. The diameter of the
implant selected for this single-tooth gap was too large,
so the Regular Neck implant had entered the mesial dan-
ger zone of the adjacent lateral incisor. This close proxim-
Fig 20 De!m' r'w of the esthetic complication. The metal margin was vis- ity led to alveolar bone resorption between the implant
ible and the mesial papilia was clearly shortened. and root surfaces, followed by the shrinkage of the papil-
la. To avoid this unpleasant complication, orthodontic
treatment would have been required to open the
mesiodistal space in this single-tooth gap, allowing for an
appropriate placement of a Regular Neck implant. The
use of a Narrow Neck implant to replace an upper canine
is contraindicated.

Fig 21 The perigpical radiograph » ; i i .
reveals the oversized implant that ~ Figure 22 shows the actual implant position in relation to

resulted in the implant shoulder be-  the comfort and danger zones in the mesiodistal direc-
ing located in the mesial danger tion

Zone. As a result, the bone between .
the implant and the adjacent later-
al incisor was resorbed, leading to
the reduction of the mesial papilla.

Case summary:

The esthetic complication observed has two causes -
first, the inappropriate, oversized implant that made
the implant shoulder invade the mesial danger zone at
the adjacent lateral incisor, causing bone resorption
there and subsequently a short mesial papilla. Second-
ly, the coronoapical malposition led to an exposed met-
al margin. To resolve this, the preparation of the im-
plant shoulder on the facial and mesial aspect and the
fabrication of a new crown can help improve the es-
thetic outcome without the removal of the implant.

Fig 22 The implant invades the
mesial danger zone, leading to the
resarption of alvealar bone at the
adfacent lateral incisor.
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5.2.5 Patient No.5

This 43-year-old female patient presented with an esthet-
ic disaster. She had been treated with an immediate im-
plant following extraction of tooth 21. The patient had a
high lip-line that exposed the facial soft tissue when she
smiled (Fig 23).

Following implant placement, a severe soft-tissue reces-
sion developed within a few months, exposing a signifi-
cant portion of the implant surface (Fig 24). On the day
of examination, the implant showed slight mobility and
had to be removed.

The implant shoulder was located too far facially, drasti-
cally invading the facial danger zone (Figs 25, 26). This is
partly due to the selection of an oversized implant. Such
an implant position can be also caused by the anatomy of
the alveolus in immediate implants, since the alveolus
guides the drills too far facially.

D. Buser, W.C. Martin

Fig 23 The patient’s high lip I'r.le expased the esthetic failure when she
smiled.

Fig 25  Occlusal wew reveaiing the facial malposition of the implant,
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|

Fig 26 The oversized implant was malpositioned and entered the facial
danger zone. The facial bone wall had been completely resorbed during the
healing period despite an attempt to build up the facial bone wall with a si-
multaneous GBR procedure.

Fig 27 The implant is clearly too
large in relation to the gap size, re-
sulting in bone resorption.
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The periapical radiograph illustrated the oversized im-
plant in the area of the central incisor (Fig 27). The use of
a wide-platform implant aggravated the effect of the mal-
position.

Case summary:
= This esthetic disaster had been caused by (a) the in-

appropriate selection of a wide platform implant and
(b) an inappropriate treatment approach using the
concept of immediate implant placement following
extraction. This approach led to a malposition and in-
vasion of the facial danger zone. In addition, the si-
multaneous GBR procedure could not regenerate a
facial bone wall of sufficient height and thickness
due to the malposition of the wide-diameter im-
plant.

The removal of the implant was the only solution to
eliminate the esthetic failure. However, this implant
removal created a severe bone and soft-tissue defect
in the alveolar crest that is difficult to handle given
all the forensic problems involved in such a treat-
ment.



5.2.6 Patient No.6

A 70-year-old female patient presented at the clinic for
placement of an implant at site 22. Six months previous-
ly the site had been augmented with an allogenous graft
(Fig 28). An implant was placed without the use of a sur-
gical template. A surgical index was created at the time of
surgery to assist in the second-stage provisional fabrica-
tion.

The postoperative periapical radiograph revealed that
the implant had been placed in the apical danger zone
(Fig 29).

In the laboratory, the surgical index was used to confirm
the position of the dental implant (Figs 30a, b).

D. Buser, W. C. Martin

Fig 28 Frontal view before implant surgery. Interproximal tissue deficien-
cies are evident adjacent to site 22.

Fig 29 Postoperative periapical ra-
diograph highlighting the "deep”
placement of the dental implant
compared to the adjacent teeth. De-
ficiencies in interproximal bone sup-
port were evident on the teeth adja-
cent to site 22,

Fig 30a  Master cast highlighting the extreme facial and apical position of
the implant.

.j-

Fig 30b An angle correction of 25
plant.

_—
degrees was needed to restore the im-
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Fig31 A 25-degree abutment and a screw-retained restoration were deliv-

v

Fig 32 The apical placement of the implant caused bone recession and
subseguently also soft-tissue recession.

ered during second-stage surgery.

Fig 33 The invasion of the facial
danger zone aggravated the resorp-
tion process,

- |} - -
Fig 34  During second-stage surgery, a subepithelial connective-tissue graft
was used in an attermpt to fncrease the soft-tissue volume,
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It was decided to fabricate a definitive screw-retained
restoration for insertion during second-stage surgery
(Fig 31).

The implant was clearly placed too far apically (Fig 32)
and too far facially (Fig 33).

During second-stage surgery, an attempt to increase the
soft-tissue support was made using a subepithelial con-
nective-tissue graft (Fig 34).



The clinical result immediately after surgery was favor-
able (Fig 35).

At the one-year follow-up visit, interproximal and facial
tissue loss was evident due to a lack of interproximal and
facial bone support (Fig 36).

The periapical radiograph revealed the loss of peri-implant
support as well as the unfavorable crown-to-implant ratio
(Fig 37).

Case summary:

This esthetic and functional compromise was necessi-
tated by the incorrect application of the planning prin-
ciples for ideal implant placement. The clinical disre-
gard for comfort and danger zones during surgery led
to an implant position that was restoratively and func-
tionally difficult to manage. Any attempt to overcome
the lack of osseous support after implant placement
inevitably had to meet with failure.

D. Buser, W.C. Martin

Fig 35 Postoperative frontal view showing an acceptable result.

Fig 36  One-year follow-up revealing the side effects of inadequate peri-im-
plant hard-tissue support.

Fig 37 Periapical radiograph at
one-year follow-up. Poor implant-to-
crown ratio.
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Fig 38 Lateral view at site 12 with titanium visible at the soft-tissue mar-
2in

Fig 39 Narrow Neck titanium cop-
1 ing

Fig 41

A pleasing esthetic result with a properly restored implant at site 12,
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5.2.7 Patient No.7

A 23-year-old female patient presented at the clinic with
an esthetic compromise of an implant-supported restora-
tion at tooth 12. The patient reported an unsatisfactory
restorative result with titanium visible at the mucosal
margin (Fig 38).

A clinical examination revealed a submucosal implant
shoulder. Research on the implant system (Narrow Neck
implant) and restorative components (titanium caping)
showed an error in the use of the implant components.
The titanium coping was a modifiable coping, allowing
the restorative margin to be placed in a submucosal posi-
tion (Fig 39).

The correction necessitated the removal of the crown and
coping. A new customized coping and a ceramo-metal
crown were fabricated (Fig 40).

An esthetically pleasing result was obtained (Fig 41). A pe-
riapical radiograph was taken to confirm full seating of
the restoration (Fig 42).

Case summary:

This esthetic compromise had been caused by an inap-
propriate choice of components for the implant system
used. Although the implant was ideally placed in all
comfart zones, the improper use of the titanium cop-
ing resulted in an unesthetic appearance. The correc-
tion was easy to accomplish, requiring only the proper
preparation of a new coping and crown. The result was
an acceptable esthetic implant restoration.

Fig 42  Periapical radiograph tak-
en after insertion of the definitive
restoration.
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These seven case reports demonstrate several possible  These iatrogenic factors are often combined with anatom-
causes of esthetic implant complications or implant fail-  ic risk factors such as horizontal or vertical bone deficien-
ures. In the majority of such cases, an inappropriate im-  cies.

plant selection using wide-platform implants, an inappro-

priate implant position invading one or several danger  These esthetic implant complications or failures often re-
zones, or the use of an inappropriate treatment approach  quire the removal of the implant, leading to bone or soft-
that overstresses the biologic healing capacity of the peri-  tissue deficiencies.

implant hard and soft tissues causes these complications.
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6 Synopsis

The main objectives of this volume of the ITI Treatment
Guide were to comprehensively address the therapeutic
situation “single-tooth restoration in the anterior maxil-
la” and to provide the clinician with relevant information
and state-of-the-art knowledge on both surgical and pros-
thetic procedures. Primary importance was given to pre-
dictable, evidence-based concepts and derived practical
procedures, specifically encompassing the following as-
pects:

« Treatment goals, including the patient’'s demands
and expectations.

* Preoperative diagnostics.

» Case-specific esthetic risk assessment and determi-
nation of individual complexity level.

« Definitions and guidelines for achieving a satisfacto-
ry three-dimensional implant position.

« Prosthetic management, including an overview of
the various restorative options and the associated
decision-making criteria, as well as precise guide-
lines related to the recommended clinical and labo-
ratory step-by-step procedures.

+ Analysis of possible causes of complications.

Special emphasis was put on the systematic assessment
of the individual esthetic risk of a given patient. This com-
prised the identification and weighing of both general
and local risk factors. The focus was on clinical cases with
arisk profile compatible with implant therapy. In this con-
text, assessment of the individual complexity of the ini-
tial situation should also provide the relevant information
to the clinician as to whether the collaboration of a sur-
gical specialist should be considered.
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Furthermore, the direct association between the com-
plexity of the case and the importance of adhering to sci-
entifically proven protocols was pointed out specifically.

Similarly, for the prosthetic phase of therapy, the applica-
tion of sound, evidence-based clinical and laboratory pro-
tocols was underlined as being of the utmost importance.
In particular, it was pointed out that sufficient time must
be given to developing healthy, stable, and esthetic peri-
implant soft-tissue conditions.

The proposed decision trees for Regular Neck (RN) and
Narrow Neck (NN) implants were developed to facilitate
the respective decision-making processes for the specific
design of the provisional and restorative components of
the final superstructure including the selection of the re-
spective restorative components. These decisions de-
pended mainly on the individual implant position, which
included both implantation depth and implant axis.

A comprehensive series of cases were presented to exem-
plify the consensus statements and to recommend specif-
ic prosthetic approaches, optimally adapted to the indi-
vidual situation of each patient.

Finally, a number of clinical examples of complications
and failures were used to identify a variety of possible
causes of esthetic shortcomings and to make recommen-
dations for their prevention.
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