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PREFACE

The Journai of Prosthodontics has been the official publi-
cation of the American College of Prosthodontists (ACP) for
over 20 years. More than 1000 peer-reviewed articles on a
wide variety of subjects are now in print, representing a
treasure chest of history and valuable information on a myriad
of topics of interest to our specialty.

The Board of Directors of the ACP recently began a
project to classify and collate articles of significance into a
book format, to allow both easier reference and enhanced
access to areas of specialty interest for our membership. This
specific project is a collection of different types of articles
from a number of years, on the multiple applications of
osseointegrated implants for the management of partially
edentulous and completely edentulous patients as well as

www.highdentlab.com
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patients with maxillofacial defects. There are also articles on
in vitro studies and general considerations to round out the
readership selections.

The Journal of Prosthodontics has played an important
role in the dissemination of quality implant research and
patient care information, especially in more recent issues.
Authors of prominence have begun to select the Journal with
increasing regularity, as its reputation for quality of content
and review process has become more accepted as the industry
standard for the specialty.

We hope you enjoy this collection!

AviNnasH S. Bbra, BDS, MS, FACP
STEPHEN M. PaARrReL, DDS, FACP
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AMERICAN COLLEGE OF PROSTHODONTISTS
POSITION STATEMENT ON DENTAL IMPLANTS

Pracement of dental implants is a procedure, not an Ameri-
can Dental Association (ADA) recognized Dental Specialty.
Dental implants like all dental procedures require dental
education and training.

Implant therapy is a prosthodontic procedure with a
surgical component. Using a dental implant to replace miss-
ing teeth is dictated by individual patient needs as determined
by their dentist. An implant is a device approved and
regulated by the FDA, which can provide support for a
single missing tooth, multiple missing teeth, or all teeth in
the mouth. The prosthodontic and the surgical part of implant
care can each range from straightforward to complex.

A General Dentist who is trained to place and restore
implants may be the appropriate practitioner to provide care
for straightforward dental implant procedures. This will vary
depending on an individual clinician’s amount of training
and experience. However, the General Dentist should know
when care should be referred to a specialist (a Prosthodontist,
a Periodontist or an Oral and Maxillofacial Surgeon). Practi-
tioners should not try to provide care beyond their level of
competence.

Orthodontists may place and use implants to enable
enhanced tooth movement. Some Endodontists may place
an implant when a tooth can’t be successfully treated using
endodontic therapy. Maxillofacial Prosthodontists may place
special implants or refer for placement when facial tissues are
missing and implants are needed to retain a prosthesis.
General Dentists are experienced in restorative procedures,
and many have been trained and know requirements for the
dental implant restorations they provide.

However, if a patient’s implant surgical procedure is
complex and beyond the usual practice of a dentist, this

www.highdentlab.com

part of the care should be referred to a Dental Specialist that is
competent in placement of implants. The referring dentist
should effectively communicate and provide specific instruc-
tions and any necessary surgical guide(s) for appropriate
care.

Likewise, the patient should be referred to a Prosthodontic
specialist (a Prosthodontist) if the restorative procedure is
complex and beyond the usual practice of the General
Dentist. Prosthodontists may place implants as part of their
patients’ reconstruction, but they also may refer with instruc-
tions and surgical guides when the implant placement is
beyond their level of competence. An example would be
referral to an Oral and Maxillofacial Surgeon for more
complicated surgical procedures or for patients with serious
medical conditions. Referral to a Periodontist would be
indicated when a patient exhibits significant periodontal
disease that needs to be treated in combination with the
implant restorations.

Dentists vary greatly in the procedures they perform and
the ones they refer. Procedures that dentists perform should
meet the standard of care for that procedure. A dentist should
refer to a specialist those procedures they are not experienced
and trained to do. Dental Specialists also vary in their level of
experience and training relative to the use of dental implants.
Therefore, any practitioner’s implant knowledge and expe-
rience needs to be known by the referring dentist and to the
patient regardless of the specialty.

Placement of implants without careful diagnosis and
treatment planning should be avoided. The more complex
and extensive the care, the more important it is to obtaining a
satisfactory outcome for the patient. Implants placed without
proper planning can result in an implant being placed with

xiii
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xiv AMERICAN COLLEGE OF PROSTHODONTISTS POSITION STATEMENT ON DENTAL IMPLANTS

improper position, orientation, or without adequate space for
the restoration. This can result in compromise of function,
durability, esthetics or any combination of these problems.
Implants may even need to be removed to get anticipated
results for the patient. In addition to producing a compro-
mised outcome, restoration of improperly placed implants
can be expensive and burdensome.

In summary, not all General Dentists and Dental Special-
ists perform dental implant therapy in their practice. When
considering a dental implant, patients should ask what train-
ing and credentials a particular dentist has that makes them
appropriate to be doing the implant procedure. Just as in
medicine, consumers should research their dentist’s creden-
tials and training. They should ask the same questions about
any dentist(s) they may be referred to for all or part of the
implant care. A list of some good questions to ask is below.
Patients should check a dentist’s web site for information and
also check for comments by patients on the web.

(1) How often do you do this procedure?
(2) How many times have you done this procedure?

(3) What has been your training in this procedure? How
long was it? (weekend course, lecture, 14-20 weeks
CE at a dental school, or years of specialty training
at an accredited dental school?)

(4) Where were you taught?

(&)

(6)
)

®)
(€))

(10)
D
(12)

(13)
(14)

Do you take lifelong learning/Continuing Education
credit and if so, when, where, how often and in what
area?

What’s the success rate for this procedure for me and
how long will it last?

How long will the procedure take from beginning
until I have my permanent teeth?

Will T have to be without teeth for any period of time?

How much will it cost for the entire treatment from
start to completion?

How much will it cost for follow-up maintenance of
my restoration?

What are alternative treatment options for this
procedure?

What training do you have in these alternative
options?

May I get my treatment plan in writing?

How do you feel about me getting a second opinion?

Author

John

Date

R. Agar, DDS, MA, FACP

Approved ACP Executive Committee: October 1, 2014
Affirmed ACP Board of Directors: November 4, 2014
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ICK CLASSIFICATION SYSTEM FOR PARTIALLY

EDENTULOUS ARCHES

SULIEMAN S. AL-JOHANY, BDS, MSD,1 AND CARL ANDRES, DDS, MSD>

! Assistant Professor, Department of Prosthetic Dental Sciences, College of Dentistry, King Saud University, Riyadh, Saudi Arabia
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ABSTRACT

Several methods of classification of partially edentulous
arches have been proposed and are in use. The most familiar
classifications are those originally proposed by Kennedy,
Cummer, and Bailyn. None of these classification systems
include implants, simply because most of them were pro-
posed before implants became widely accepted. At this time,
there is no classification system for partially edentulous
arches incorporating implants placed or to be placed in the
edentulous spaces for a removable partial denture (RPD).
This article proposes a simple classification system for
partially edentulous arches with implants based on the
Kennedy classification system, with modification, to be
used for RPDs. It incorporates the number and positions
of implants placed or to be placed in the edentulous areas. A
different name, Implant-Corrected Kennedy (ICK) Classifi-
cation System, is given to the new classification system to be
differentiated from other partially edentulous arch classifica-
tion systems.

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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4 ICK CLASSIFICATION SYSTEM FOR PARTIALLY EDENTULOUS ARCHES

Partial edentulism is defined as the absence of some but not
all the natural teeth in a dental arch.' Several methods of
classification of partially edentulous arches have been pro-
posed and are in use. It has been estimated that there are over
65,000 possible combinations of teeth and edentulous spaces
in opposing arches.’

The most familiar classifications are those originally
proposed by Kennedy,’ Cummer,* and Bailyn.> Costa® in
1974 summarized most of the classification systems for
partially edentulous arches and the rationale of the classifi-
cation. These included: (i) the number and position of direct
retainers,” (ii) the relation of edentulous spaces to abutment
teeth, (iii) the type of denture support, that is, tooth-sup-
ported, tissue-supported, or a combination,”” (iv) the quality
and degree of support a removable partial denture (RPD)
receives from the abutment teeth and residual ridge,8 (v) the
number, length, and position of edentulous spaces and the
number and position of remaining teeth,” (vi) the location and
extent of edentulous spaces,lo (vii) the boundaries of the
spaces,'' and (viii) combinations of these principles.*'*"?
Classifications have also been proposed by Neurohr,'* Aus-
tin and Lidgf:,15 Avant,16 and others.®!” Kennedy’s method
of classification is probably the most widely accepted clas-
sification of partially edentulous arches today.>'” None of
these classification systems include implants, simply because
most were proposed before implants became widely accepted.
Recently, Misch and Judy'® described a classification system
depending on the Applegate—Kennedy system, with emphasis
on the available bone in the edentulous area for implant
placement. Their classification involves four divisions: Divi-
sions A and B when bone is available for implant placement,
division C when bone is not available for implant placement,
and division D, restricted to cases with severe atrophy of the
edentulous area involving basal bone.

Implants with or without attachments can be used to
improve the support, stability, and retention of an RPD.
The esthetic result of the RPD can be greatly improved by
the use of implant attachments, thus eliminating unesthetic
clasps. With the use of implants, the options for RPD use
have increased, and the high demands of many patients for
esthetic prostheses have been satisfied.'” 2!

At this time, there is no classification system for partially
edentulous arches incorporating implants placed or to be
placed in the edentulous spaces for an RPD.

The purpose of this article is to present a simple classifi-
cation system for partially edentulous arches with implants
based on the Kennedy classification system, with modifica-
tion, to be used for RPDs.

KENNEDY CLASSIFICATION SYSTEM

The Kennedy method of classification was originally pro-
posed by Dr. Edward Kennedy in 1925.° He divided all

www.highdentlab.com

partially edentulous arches into four basic classes. Edentu-
lous areas other than those determining the basic classes were
designated as modification spaces.

Class I: Bilateral edentulous areas located posterior to the
remaining natural teeth,

Class II: A unilateral edentulous area located posterior to
the remaining natural teeth,

Class III: A unilateral edentulous area with natural teeth
remaining both anterior and posterior to it, and

Class IV: A single, but bilateral (crossing the midline),
edentulous area located anterior to the remaining natural
teeth.

In 1954, Applegate'” provided eight rules governing the
application of the Kennedy system and proposed a new
classification named the Applegate—Kennedy classification
system for partially edentulous situations. These rules can
be summarized in three general principles.'® The first principle
is that the classification should include only natural teeth
involved in the definitive prostheses and follow rather than
precede any extractions of teeth that might alter the original
classification. The second principle is that the most posterior
edentulous area always determines the classification. The third
principle is that the edentulous areas other than those determin-
ing the classification are referred to as modifications and are
designated by their number. The extent of modification is not
considered, only the number of additional edentulous areas.

GUIDELINES FOR THE NEW CLASSIFICATION
SYSTEM

The new classification system will follow the Kennedy
method with the following guidelines:

(1) No edentulous space will be included in the classifi-
cation if it will be restored with an implant-supported
fixed prosthesis.

(2) To avoid confusion, the maxillary arch is drawn as
half circle facing up and the mandibular arch as half
circle facing down. The drawing will appear as if
looking directly at the patient; the right and left
quadrants are reversed.

(3) The classification will always begin with the phrase
“Implant-Corrected Kennedy (class),” followed by
the description of the classification. It can be abbre-
viated as follows:

(1) ICK 1, for Kennedy class I situations,

(i) ICK 1II, for Kennedy class II situations,
(iii) ICK III, for Kennedy class III situations, and
(iv) ICK IV, for Kennedy class IV situations.

instagram.com/high_dent
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THE PROPOSED ICK CLASSIFICATION SYSTEM FOR PARTIALLY EDENTULOUS ARCHES 5

(4) The abbreviation “max” for maxillary and “man” for
mandibular can precede the classification. The word
modification can be abbreviated as “mod.”

(5) Roman numerals will be used for the classification,
and Arabic numerals will be used for the number of
modification spaces and implants.

(6) The tooth number using the American Dental Asso-
ciation (ADA) system is used to give the number and
exact position of the implant in the arch. (Nofe: other
tooth numbering systems such as Fédération Dentaire
Internationale [FDI] can be used, as can the tooth
name. The ADA system was used by the authors
because of familiarity).

(7) The classification of any situation will be according to
the following order: main classification first, then the
number of modification spaces, followed by the num-
ber of implants in parentheses according to their
position in the arch preceded by the number sign (#).

(8) The classification can be used either after implant
placement to describe any situation of RPD with
implants, or before implant placement to indicate
the number and position of future implants with an
RPD.

(9) A different name, ICK Classification System, is given
to this classification system to be differentiated from
other partially edentulous arch classification systems.

THE PROPOSED ICK CLASSIFICATION SYSTEM
FOR PARTIALLY EDENTULOUS ARCHES

Examples for Kennedy Class I Situations

For Kennedy class I situations, Figures 1.1-1.3 show the
classification if no modification spaces exist. The full text can
be used, or preferably the abbreviation (Fig 1.1).

FIGURE 1.1 Maxillary implant-corrected Kennedy class I (#2, 15)
or ICK I (#2, 15).

www.highdentlab.com

FIGURE 1.2 ICK I (#2).

If only one implant is placed in one of the two edentulous
areas, it will be indicated between parentheses. This will
mean that no implants were placed or to be placed in the other
edentulous area (Fig 1.2).

The main classification, followed by the number of modi-
fication spaces, will be placed first, followed by the position
(number) of the implants in the edentulous areas in parenthesis
arranged according to the tooth numbering system used.

The arrangement of the implants will be from right to left
in the maxillary arch and from left to right in the mandibular
arch, following the arrangement of the tooth numbering
system (Fig 1.3).

Figures 1.4-1.6 show the classification with modification
spaces. Figure 1.4 shows the situation if only one modification
space exists, and Figure 1.5 if two modification spaces exist.

If only one of the modification spaces or one of the main
edentulous spaces has implants, it will be the same as in
Figure 1.5.

When more than two modification spaces exist, it will be
as shown in Figure 1.6.

FIGURE 1.3 ICK I (#18, 22, 31).
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FIGURE 1.7 ICK II (#2).
FIGURE 1.4 ICK I mod 1 (#19, 25, 30).
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D L FIGURE 1.8 ICK II (#2, 7).
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FIGURE 1.5 ICK I mod 2 (#18, 22, 26, 31).
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% -- oSS
@ FIGURE 1.9 ICK II mod 1 (#21, 26, 30).
O
@ @‘. Examples for Kennedy Class II Situations
Q,J Figures 1.7 and 1.8 show the implant-corrected classification

(ICK) for Kennedy class II situations without any modifica-
tion spaces; Figures 1.9 and 1.10 show the same, but with
FIGURE 1.6 ICK I mod 3 (#18, 22, 28, 31). modification spaces.

t.me/highdent www.highdentlab.com instagram.com/high_dent



L5515 g ¢ljluwslass Hlos o3 o 5Ll lgil Y

THE PROPOSED ICK CLASSIFICATION SYSTEM FOR PARTIALLY EDENTULOUS ARCHES 7

& @

® @
@. OZANC

FIGURE 1.10 ICK II mod 2 (#24, 29). FIGURE 1.13 ICK II mod 3 (#23, 26).
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FIGURE 1.11 ICK I (#6).
FIGURE 1.14 ICK IV (#6, 11).
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FIGURE 1.12 ICK III mod 1 (#6, 11).

FIGURE 1.15 ICK IV (#19, 22).
Examples for Kennedy Class III Situations

Figure 1.11 shows the implant-corrected classification
for Kennedy class III without modification spaces;
Figures 1.12 and 1.13 show the same, but with modification Figures 1.14 and 1.15 show the implant-corrected classifica-
spaces. tion for Kennedy class IV situations.

Examples for Kennedy Class IV Situations
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8 ICK CLASSIFICATION SYSTEM FOR PARTIALLY EDENTULOUS ARCHES

DISCUSSION

One requirement of a classification of partially edentulous
arches is that it provides immediate visualization of the edentu-
lous situation and the proposed treatment planning and design.

The proposed classification can be used before or after
implant placement. The original Kennedy classification can
be used to describe the situation without implants, and then
the implant-corrected classification can be used to describe
the situation with implants. It means that the classification
can be used either retrospectively to describe an existing
situation, or prospectively for future planning. For example,
in a Kennedy class I situation with two implants already
placed in the area of teeth #2 and 15, this system can be used
to describe the existing situation as shown in Figure 1.1,
retrospectively. If the same situation has no implants placed,
but implants were planned to be placed in the area of teeth #1
and 15, this system can be used prospectively to describe the
future situation and help in treatment planning.

Any edentulous space to be restored with an implant-
supported fixed prosthesis will not be included in the classi-
fication as mentioned earlier in the guidelines. A description
of the types of the removable and/or fixed prosthesis can be
mentioned following the classification. The implant size,
length, and system can also be included.

Misch and Judy'® classification can be used for the edentu-
lous area regarding the available bone for implant placement, as
follows: divisions A and B for edentulous areas with bone
available for implant placement, division C when bone is
insufficient for implant placement, and division D when the
edentulous area is severely atrophied involving basal bone. The
authors did not use this in the classification to avoid complexity.
It can be mentioned after the classification, if desired.

For dental schools using Kennedy’s classification system
for the classification of partially edentulous arches, this new
classification system can be included to make the original
classification broader to incorporate implants with RPDs.
This can be done by explaining the original Kennedy classi-
fication first, then after the students become familiar with the
original classification, the new implant-corrected classifica-
tion can be introduced. Emphasis should be made about using
the new classification system only when implants are incor-
porated with an RPD, not to be confused with the original
classification without implants.

The guidelines of the new classification system can be
summarized or compacted for teaching purposes. The exam-
ples provided with drawings showing the use of this new
classification in different Kennedy -classification classes
should be helpful in explaining the use of this new classifi-
cation for educational purposes.

The recently developed Prosthodontic Classification Sys-
tem, or Prosthodontic Diagnostic Index (PDI) for complete
edentulism,** partial edentulism,’ and completely dentate
patients,”® has gained more interest among educational

www.highdentlab.com

centers and clinicians. Implants are involved in the classifi-
cation for complete edentulism. If the condition requires a
simple implant procedure, it will be classified as class III. If
the condition requires complex implant procedures with bone
graft, it will be class IV.

For partial edentulism, the residual ridge will be classified
according to the complete edentulism classification. For
example, if the residual ridge is classified as class III accord-
ing to the complete edentulism classification, the condition
will be class I11, if no other factors make it class IV, and so on.

The authors suggest that this new classification be used
with the PDI for partial edentulism according to the follow-
ing: if the implant-corrected classification (ICK) of the
condition involves the placement of two or fewer implants,
the condition will be considered as simple and placed as class
III (implants-simple) in the PDI. If the condition involves
placement of more than two implants, with or without bone
graft, it will be considered as complex and placed as class IV
(implants-complex) in the PDI.

The presented classification is simple, but needs practice for
familiarization. A software program (Dental Flash, Attach-
ments International, San Mateo, CA) can be used to assist in
drawing and designing any classification, and printing the
design cleanly. This is very helpful for students and residents.

A widely used classification (Kennedy) is followed with
modification for implant location and number. The classifica-
tion is simple and easy to visualize, it can be done by observing
the diagnostic casts or radiograph (e.g., Panorex), and assists in
proposed treatment planning and design. The system provides
ease in communication with the laboratory and assists profes-
sional communication regarding the different situations of
partially edentulous arches with implants for RPDs.

The classification will be difficult for individuals who are
unfamiliar with the Kennedy classification. Information is
provided about the location and the number of the implants,
but not the quality of the bone. Refinement and revision may
be required.

SUMMARY

A classification system for partially edentulous arches with
implants has been proposed. The Kennedy classification was
used with modification. It incorporates the number and
positions of implants placed or to be placed. A different
name, ICK Classification System, is given to the new clas-
sification system to be differentiated from other partially
edentulous arch classification systems.
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ABSTRACT

With an increase in the availability of implant restorative
components, the selection of an appropriate implant abut-
ment for a given clinical situation has become more chal-
lenging. This article describes a systematic protocol to help
the practitioner more thoughtfully select abutments for single
and multiple unit fixed implant prostheses. The article exam-
ines the evaluation, planning, design, and fabrication pro-
cesses for the definitive restoration. It includes an assessment
of a variety of factors, namely restorative space, soft and hard
tissues, the location of the implant platform, the type of
platform connection, platform switching indications, tissue
collar heights, emergence profile, implant angulation, and
finally the design and esthetic options for the final implant
abutment.

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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Criteria

Implication for Abutment Selection

Determine restorative space available

Abutment height must not exceed the space available for the restoration

Evaluate the soft and hard tissue for possible Placement of a bone graft may be required to correct vertical and horizontal defects prior to

grafting requirements
Determine implant platform location

placement in order to achieve a more proportional and esthetic final abutment restoration
Abutment margins should be supragingival in nonesthetic zones and slightly subgingival in

the esthetic zone. Locate depth of soft tissue when deciding on the collar design (bone
level, tissue level) with or without a transmucosal abutment

Choose engaging/nonengaging connection
Determine choice to platform switch
Determine existing tissue collar height
Plan to customize emergence profile

Plan to correct implant angulation

Decide on the type of connection based on the type of restoration (single-unit, multi-unit)

Decide on platform width based on adjacent teeth/implants and available or grafted bone

Bone sound the tissue to determine tissue thickness

Depending on the soft-tissue profile at the restorative stage, prefabricated or customized
abutments can be made

If unavoidable, the abutment must counter an implant angulation to allow the restoration to

emerge in the correct position relative to adjacent teeth

Plan for esthetic abutment

Ceramic/zirconia abutment may improve the esthetics

The dental implant has become a cornerstone in the current
practice of restorative dentistry. The predictability of
implant-supported restorations as a treatment modality has
been sustained by a considerable amount of research. The
continued development of implant surfaces, surgical proto-
cols, and prosthetic components have enhanced the planning,
placement, and restoration of missing dentitions." An abut-
ment is a component between the implant and the restoration,
usually retained to the implant by a screw. The abutment
provides retention, support, stability, and an optimal position
for the definitive restoration.

Implant dentistry may be technically considered a pros-
thodontic procedure with a surgical component and, as such,
it should be restoratively derived. The protocol for abutment
selection should therefore begin with an understanding of the
factors controlling prosthetic outcomes. The prosthetic selec-
tion process can be divided into planning phases. Related
criteria and decision-making processes have been sug-
gested.”® Additional factors also requiring consideration
include: (1) the proposed need for retrievability, (2) the
passivity of fit of the prosthesis, (3) the occlusal scheme
to be established, (4) predicting and planning for failure, and
(5) the cost limitations and expectations of the patient.>*

As part of the initial diagnostic assessment, the clinician
should: (1) establish well-extended and articulated diagnostic
casts. (2) Perform a diagnostic wax-up of the intended
definitive restoration, reflecting its 3D size and exact loca-
tion. (3) Begin to consider a protocol for rehabilitation, in the
order outlined in Table 2.1 and described in detail below.

RESTORATIVE SPACE EVALUATION

Examine the distance from the crest of the alveolar ridge or
the implant platform to the proposed occlusal plane in the
posterior region and the incisal edge in the anterior region.’

www.highdentlab.com

Restorative space has been classified by the American Col-
lege of Prosthodontists as follows: Class 1: 15 mm or greater;
Class 2: 12 to 14 mm; Class 3: 9 to 11 mm; Class 4: Less than
9 mm.® An excessive crown height space is considered to be a
distance greater than 15mm.’” These distances outline the
restorative boundary of the definitive prosthesis and provide
the clinician with the ability to decide between a screw- or
cement-retained, fixed or removable prosthesis. The ideal
space for a fixed prosthesis is suggested to be between 8 and
12mm.”

The choice of fixed restoration is dependent on the prefer-
ence of the clinician, and equal success has been accomplished
when using either cemented or screw-retained prosthetics. The
tissue may respond more favorably to a screw- vs. a cement-
retained restoration, due to potential extrusion of the luting
media on cementation.® Screw-retained restorations have dis-
advantages, including a higher cost of fabrication, and diffi-
culty in optimally positioning the access opening in the design
of the occlusion. As a result, some clinicians may prefer to use
traditional crown and bridge protocols and use cemented
restorations for prosthetic convenience.

A cementable restoration requires 8 to 10 mm of clearance
from the implant platform to the opposing dentition. Clini-
cians should note that variations in the location of these
restorations when considering anterior or posterior regions of
the mouth may pose their own set of restorative space
requirements. The dimensions requiring consideration for
the abutment design should incorporate the 3-mm occluso-
gingival distance necessary for creating the ideal emergence
profile, 2 mm for the ideal porcelain thickness, and 3 to 5 mm
for the abutment to generate the retention, stability, and
support needed for the definitive prosthesis. If 8 to 10 mm
is not readily available, the dentist may choose to eliminate
the abutment altogether, and retain the prosthesis directly into
the body of the implant as a screw-retained restoration.
Alternatively, if only the minimum of 3mm for the
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12 A SYSTEMATIC APPROACH TO DEFINITIVE PLANNING AND DESIGNING SINGLE AND MULTIPLE UNIT IMPLANT ABUTMENTS

construction of the abutment is available, the clinician may
choose to modify the cementation method of the definitive
restoration.

If between 3 and 4 mm of restorative space exists between
the implant platform and the proposed occlusal plane, screw
retention is most often chosen to accommodate the restorative
space deficiencies. If 5 to 7mm of restorative space exists,
screw retention may be used. Additionally a cement-retained
restoration (abutment-supported) may also be chosen if the
implant has not been placed in its ideal location, to accommo-
date awkward screw access openings. Finally, if more than
8 mm of restorative space exists, the choice of either a cement-
or screw-retained (abutment-supported) prosthesis may be
possible.” The clinician should plan and consider the required
restorative space prior to implant surgery and not consider it as
an afterthought following implant placement.

Interocclusal distances exceeding 15 mm may be a con-
cern when considering fixed restorations, as ideal tooth
proportions can be challenging to accomplish and can often
be avoided and corrected if an examination of the soft and
hard tissue is accomplished concurrently with an assessment
of restorative space.” Available intraoral restorative space
may be estimated using a vacuum-formed shell of the
diagnostic wax-up and a periodontal probe.

SOFT AND HARD TISSUE EVALUATION

An assessment of the supporting tissues is critical in implant
treatment planning. In most instances, the proposed implant
site presents itself with deficiencies due to trauma, tooth loss,
or periodontal disease. This loss in architecture translates to
both hard and soft tissue deficiencies. The position of the
definitive restoration therefore has to be assessed in relation
to these existing deficiencies. This is accomplished both
clinically and radiographically.

Vertical, horizontal, and combined ridge defects should be
examined and classified relative to the planned restorative
position,” in addition to the quality and quantity of bone
(Fig 2.1). These sites may require corrective grafting proce-
dures or implant site development to have the implant
platform placed in an ideal position for the definitive resto-
ration. Careful planning will allow the implant restoration to
have a good esthetic result and enable the definitive prosthe-
sis to be placed in conformity with the body of the implant,
thereby preventing any angulation and offset load issues.'”

IMPLANT PLATFORM LOCATION AND
EVALUATION

Incorrect implant placement can lead to both esthetic and
prosthetic complications. Positional complications may
result from an incorrect placement of the implant platform

www.highdentlab.com

FIGURE 2.1 Alveolar ridge defects.

in mesiodistal, apicocoronal, or buccolingual directions.
Positional requirements should be addressed at the soft
and hard tissue evaluation phase, and if changes cannot be
made by grafting, a custom abutment may be incorporated.

Mesiodistal positional errors should not exceed 3 mm
from the intended prosthetic position, to prevent unreason-
able esthetic and functional challenges.'' Figure 2.2 illus-
trates a less than ideal placement in this direction. In these
instances, it is often difficult to obtain a fixture level impres-
sion of both implants at the same time, as the impression
copings have no space to be placed next to each other. In such
instances, departures from recommended impression proto-
cols may present restorative complications. It might even
become necessary to leave one of the implants unrestored if
an anatomical, cleansable, and esthetic result cannot be
obtained.

Apico-coronal positional errors should not lead to expo-
sure of the metal collar and implant platform. Figure 2.3
illustrates an incorrect apico-coronal position that had to be
corrected prosthetically. In such situations, crown height
becomes excessive, producing an unesthetic result. In
most instances, a gingival porcelain collar is often required,

FIGURE 2.2 Incorrect mesiodistal placements.
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FIGURE 2.3 Incorrect apico-coronal placement.

and a customized abutment will need to be constructed. The Buccolingual positional errors should not result in a ridge
definitive prosthesis can then be cemented into place or lap design in the definitive prosthesis, as this invariably
tapped into the custom abutment if screw retention is pre- makes oral hygiene almost impossible for the patient.'?
ferred. As previously mentioned, an assessment of grafting Placement should also not be directed buccally, as recession
requirements should be considered in advance so as to avoid of facial tissue will often ensue. Figure 2.4 illustrates an
the need for such prosthetic corrections. incorrect buccolingual placement that had to be corrected

FIGURE 2.4 Incorrect buccolingual placement.
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prosthetically. In this instance, the access hole for the resto-
ration emerges from the buccal surface of the first molar, as
an intervening abutment could not be used, a result of a desire
to keep the prosthesis retrievable. In this instance, a ridge lap
design was unavoidable.

INTERNAL ENGAGING/NONENGAGING
CONNECTION EVALUATION

The term “engaging” is an antirotational component that
prevents the turning of the abutment at the implant interface,
thereby preserving the integrity of the preload on the abut-
ment screw interface. The type of prosthetic connection is
established (Fig 2.5) in conjunction with the type of implant
platform to be used, whether it be at the bone level or the
tissue level. Interfaces are divided into internal and external
connections.'® Both connections have been successfully used
in the past; however, authors have suggested that under high
occlusal loads the external connection abutments have been
subject to greater micromovement, causing abutment joint
instability associated with screw loosening.'*

A resulting new preference of design has evolved favoring
the internal connection; however, with the variation in
manufacturers and the multitude of designs available, differ-
ences in performance between varieties of internal connec-
tions have been described.'” These variations will require
consideration during the selection process. Authors have
outlined some factors for choosing a particular connection
that may influence the success of the definitive prosthesis.®

These factors help the clinician control the design of the
implant/abutment interface to establish stability and longev-
ity in the implant prosthesis. Substantial evidence suggests
that eliminating misfit in the prosthesis and engaging the
antirotational features while applying adequate preload on
the abutment screw significantly reduces mechanical

FIGURE 2.5 Platform connection, inter-implant, and inter-tooth
distance.

www.highdentlab.com

complications and screw loosening.'”'® Selection of com-
patible components between manufacturers should always be
considered with care and caution.

The depth of penetration of the abutment within the fixture
of the implant should be known. In the past, screw loosening
and difficulty with seating restorations were attributed to the
short lateral wall heights of external indexed implant sys-
tems, which on average had 0.8 mm index heights.'” The
newer more commonly used internal engaging connection
systems have wall heights for lateral wall engagement on
average of 2.4 mm, which provides a biomechanical advan-
tage.'” The intimacy of fit between the walls of the abutment
and the internal surface of the implant fixture has become
important, as these internally indexed abutments may be a
challenge to seat accurately, especially when using multiple
abutments. To overcome this problem, nonengaging implant
connections are being used.

In a recent study of cantilevered prostheses, the presence
and position of engaging components was shown to have a
significant effect on the amount of axial force and the number
of cycles it took to see prosthesis failure resulting in screw
fracture and separation.'® The authors concluded that using an
engaging abutment in a screw-retained fixed cantilevered fixed
dental prosthesis (FDP) provided a mechanical advantage.

The dimensions of the abutment screw should also be
noted, as well as the type of thread design and the type of
driver interface present (whether it is square, hexed, or
unigrip), as these will influence individual torqueing proto-
cols. Screw preload and torque protocols vary for the specific
implant and the manufacturer.

Three types of connection methods are available to the
clinician to connect and retain the abutment to the implant
platform. One method involves a screw in addition to the
antirotational interface (Astra, Nobel Biocare, Zurich,
Switzerland). The other involves a tapered conical interfer-
ence fit or Morse Taper (Bicon Implant, Boston, MA).
Finally, the last mode of connection involves a combination
of the above two systems (Ankylos, Straumann, Basel,
Switzerland). When using the screw type of connection,
mechanical complications such as screw loosening when
occlusal loads exceed the preload were observed.”> When
tapered-fit connections are used, abutment loosening seems
to be less of a concern.”!

PLATFORM SWITCH EVALUATION

The implant platform is the area or the interface at which the
implant and the abutment come together. Platform diameters
can vary and can range from 3 to 6 mm depending on the
implant system used. All platforms are divided into groups:
narrow (3 mm), regular (4 mm), and wide (5—-6 mm). The
width of the implant platform chosen is often indicated by the
width of the tooth being restored.
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The size of the edentulous space will also dictate the
potential width of the proposed implant platform. Authors
have shown that a minimum space of 1.5mm is required
mesiodistally between an implant and a tooth to maintain both
the soft tissue and the architecture of the bone. When placing
an implant adjacent to another implant, a greater distance
has been recommended, with a minimum space of 3 mm.>?

The term “platform switching” is a concept first described
in 1991 when Implant Innovations introduced its wide
diameter implants, but they failed to develop an abutment
to restore their implants. They therefore recommended using
smaller standard diameter abutments and healing abutments
as a substitute for their restorative protocol. They noticed that
when these “platform-switched” components were used,
there was a smaller change in crestal bone height around
the implants than when restored in the conventional fash-
ion.* Since this discovery, implant manufacturers have tried
to establish their own systems of platform switched implants.

Platform switching is a treatment philosophy, and a recent
systematic review concluded that platform switching appears
to be a promising tool in the preservation of peri-implant
bone, but more research is needed to validate its applica-
tion.”* Several confounding variables will need to be stan-
dardized in existing studies to reach a definitive conclusion.

TISSUE COLLAR HEIGHT EVALUATION

A measurement of the soft tissue sulcular depth from the
surface of the implant platform to the free gingival margin
should be reflected in the design of the abutment. This depth
can be determined 6 to 8 weeks following stage 2 surgery.'
Assessment of gingival tissue thickness should begin prior to
surgical placement. The need to determine if a restoration
will connect straight to the implant or if an intermediary
transmucosal abutment is preferred will depend on the
amount of tissue present and the availability of an adaptable
manufactured abutment collar height.

Abutment collar heights can affect the design of the final
abutment restoration. Abutment marginal placement should
ideally follow the anatomy of the gingival margin as it rises

i3 S (5wl ass Hlgil Y
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and falls past the interdental col areas. Abutment margins on
the buccal and mesial should be placed at or 1 mm below the
gingival margin based on the site and location of the resto-
ration. Palatal and distal abutment margins may be placed at
the gingival crest or 0.5mm below the crest based on
operator preference, as nonesthetic sites. This helps account
for and controls any gingival recessional changes that may
occur over time. If a cemented restoration is chosen, cement
clean-up is easier to accomplish if abutment margins are
placed within 1 mm of the gingival crest. Studies have shown
that margins placed more below the gingiva can pose a
problem to cement removal. A recent study has indicated
that 80% of peri-implant disease was a result of the bacterial
colonization of the extruded cement”> An exactingly
detailed custom abutment may be fabricated using gold,
titanium nitride, or zirconia to ideally locate and esthetically
enhance the restorative margin.

Animplant may have a shallow tissue crevice and still be in a
position that is apical in relation to the adjacent teeth. This
happens in situations where vertical resorption has occurred
priortoimplant placementand the implants are placed into these
sites without the correct site development protocols, causing an
uneven gingival topography (Fig 2.6). If this restoration is
within the esthetic zone it may produce an esthetic compromise
in soft tissue and gingival architecture. The site may require
removal of the implant and grafting to correct the hard and soft
tissue deficiency. If this is not possible, pink porcelain can be
used to mask the defect'’ (Figs 2.3 and 2.6).

When soft tissue depth ranges from 1 to 3 mm, stock
prefabricated abutments may generally be used.?® Tissue
depths greater than 4 mm or presenting unusual gingival
contours may, however, benefit from customized cast or
milled computer-aided design/computer-aided manufacture
(CAD/CAM) abutments.?®

CAD/CAM abutment designs now allow control of mar-
ginal placement based on operator- and patient-specific
needs. These margins are designed from a scan of the implant
site, either directly in the patient’s oral cavity or from an
impression of the master cast, and the abutments can then be
virtually designed and fabricated. Abutment margins may be
placed by a variety of methods; some systems use

FIGURE 2.6 Gingival porcelain.
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subgingival depths by measuring the soft tissue from the
gingival crest to the proposed abutment margin at the implant
platform. Alternatively, the margin may be designed as close
to the implant/abutment interface as possible or by using the
neighboring teeth as a guide to its final placement.

EMERGENCE PROFILE EVALUATION

The emergence of an implant restoration is dependent on
implant location in three-dimensional space and the width of
the implant platform. Anatomically, teeth are ovoid in cross
section at the level of the cementoenamel junction (CED).”
Alternatively, implants have circular platforms, and this
poses difficulties for the dentist in creating a natural tooth
profile as it emerges from the soft tissue. Ideally, the place-
ment of the implant platform should be established 3 mm
below the CEJ of the adjacent teeth to provide the distance
required to establish the correct emergence of the restoration
out of its socket. If this can be established with relative ease,
then a prefabricated abutment may be used to construct the
definitive prosthesis. If soft tissue depths exceed 3 mm, then
customization may become necessary to follow the existing
gingival topography. The need for customized abutment may
also be beneficial in more challenging situations, especially
where anterior restorations are being planned in patients with
excessive gingival displays and esthetic challenges.*®

Keratinized tissues can be customized by a variety of
methods, some of which are illustrated in Figure 2.7. The
emergence profile may be modified either by a direct or an
indirect technique prior to definitive abutment selection.
Direct techniques involve customization intraorally, while
the indirect technique involves customization within the
laboratory setting. When using the indirect technique, authors
have contoured the emergence profile on the master cast by
shaping the gingival profile in stone or sculpting a gingival
substitute after the implant level impression has been made.*
The disadvantage of using this method is that the technician
has no indication of the biotype of the tissue or its tolerance to
the contours of the final restoration. If the emergence profile
is overcontoured, the tension created may result in trauma to
the soft tissue, causing soft tissue recession and hard tissue
resorption. In addition, if the tissue is undercontoured, tissue
collapse can occur, leaving an unacceptable esthetic result.*
Figures 2.5 and 2.7 illustrate how the emergence profile can
be sculpted by a direct technique.

Implant manufacturers have developed CAD/CAM
patient-specific abutments, to optimize function, esthetics,
and simplicity. Zirconia abutments are being used and pos-
sess favorable esthetic qualities and are available in a variety
of shades. These abutments are being virtually designed to
correspond to the shape of natural teeth and to the height and
width of the healing tissue gingival collar. The ability to
customize this space to a variety of dimensions can be chosen

FIGURE 2.7 Emergency profile customization.
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by the operator based on the level of soft tissue compression
desired to complement the specific emergence profile.

IMPLANT ANGULATION EVALUATION

Improper alignment of implants compromises both esthetics
and function due to the unfavorable positioning of the screw
access opening. Ideal access openings should be centrally
placed (Fig 2.8). As mentioned previously, offset angulation
problems should be avoided, and the restorative site must be
assessed in mesiodistal, buccolingual, and apicocoronal
directions. Figures 2.2-2.4 illustrate some of the problems
associated with an incorrect placement as well as the pros-
thetic corrections required to compensate for faulty surgical
placements. One of the major prosthetic problems in correct-
ing such nonoptimal implant placements is screw loosening,
which frequently ranges from 2% to 45%.>"

Prosthetic preangulated abutments are available to correct
such problems®? and are available in a variety of angulations
that can range from 15° to 35° depending on the implant
manufacturer chosen. The dentist may prefer to fabricate a
custom abutment to produce a more ideal abutment design,
thereby providing more control in the position of the defini-
tive restoration. Angulations less than 15° are slight and may
usually be corrected by modification of straight standard
prefabricated abutments. Angulations between 15° and 20°
may require the use of angle correcting prefabricated abut-
ments, while an angulation discrepancy greater than 20° will
usually require a custom abutment.

Studies have suggested that angulated abutments result in
increased strain and stress along the implant and bone
interface.*>* It was shown that when 15° and 25° angulated
abutments are used compared with straight abutments, com-
pressive strain increased fourfold with strain gauge measure-
ments, whereas photoelastic methods showed an 11%
increase in fringe order at the implant/bone interface. It is
now accepted that angulated abutments result in increased

FIGURE 2.8 Ideal implant location to access hole.
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stress on the implant and the adjacent bone, but these stresses
are within physiological limits.** In addition, the use of
angulated abutments has not decreased the survival rate of
implants or prostheses in comparison with those of straight
abutments, nor has this increase resulted in an increase in
bone loss.>

Implant angulation issues require additional restorative
distances from the implant’s prosthetic platform to the free
gingival margin. The dentist requires this distance to tran-
sition from the small-diameter, circular shape of the implant
platform to the final shape of the tooth being restored.*®
Larger distances can often be beneficial in creating a
transition from the implant platform to the free gingival
margin in situations where implants were incorrectly
placed. Custom abutments are often preferred in these
situations.

IMPLANT ABUTMENT—ESTHETICS AND
FUNCTION

An ideal abutment should be durable and able to undergo
functional loads without a risk of deformation and fracture.
Within the anterior region, the abutment should ideally be
tooth colored and allow soft tissue coloration. In sites of thin
gingival biotypes, the implant abutment can often show
through at the cervical extent of the tissue surface, producing
an unesthetic result. In such instances, three options are
available in abutment design. The operator may choose to
use a zirconium abutment, a titanium nitride coated abut-
ment, or a titanium abutment with pink gingival porcelain
to mask the color show through the gingiva. Titanium abut-
ments are the standard, but there is now a growing trend for
titanium-reinforced zirconia abutments and zirconium or
alumina abutments, which are often the choice if restorations
are planned within the anterior esthetic zone to produce more
satisfactory results; however, all-ceramic abutments are brit-
tle and susceptible to fracture in thin sections, and careful
examination and design of the prosthetic abutment is re-
quired.’® An alternative to the all-ceramic abutment is the
traditional porcelain fused to metal gold cast-to abutment. In
situations of lost gingival profile, gingival contours can be
recreated in the definitive restoration (Fig 2.6). The uses of
CAD/CAM abutments have their benefits, namely increased
accuracy or precision of fit, durability, and simplicity of
construction.’

With the advent of computer-generated technology in the
1980s, many manufacturers have now incorporated CAD/
CAM technology into the production of their implant abut-
ments. Traditional prosthodontic techniques used the lost-
wax technique and relied on the processes of impression
materials, gypsum products, waxing crowns, investing, and
casting with alloys at high temperatures. The accuracy of this
process is limited by the expansion and contraction of the
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materials at each stage. CAD/CAM production involves the
steps of scanning, CAD modeling, and CAM production.
All implant manufacturers offer ceramic abutments that
are available in either a prefabricated or a customizable
form. The current materials of preference are densely
sintered high purity alumina (Al,03) and yttria-stabilized
tetragonal zirconia poly-crystal ceramics. Zirconia has been
shown to possess superior properties due to the stabilizing
effect of yttria that allows the zirconia to be processed in a
metastable tetragonal crystalline structure at room temper-
ature. This tetragonal phase that is stable at room tempera-
ture allows transformation into the monoclinic form under

stress, preventing crack propagation, a process called trans-
formation toughening.*®

Alumina abutments are composed of 99.5% pure alumina
ceramic.” This abutment provides a more esthetic abutment
when compared to the more whitish zirconia. Alumina abut-
ments are also easier to prepare but are not as resistant to
fracture as their zirconia counterparts.* A study showed the
masticatory loading after fixation of various zirconia,
alumina, and titanium abutments and their restoration and
adhesive cementation of metal crowns. The median fracture
loads for the zirconia, alumina, and titanium abutments were
294N, 239N, and 324N, respectively. The authors

1.  PERFORM TRIAL TOOTH WAX-UP

2. DETERMINE RESTORATIVE SPACE AVAILABLE

8-10 MM: CEMENT-RETAINED

5-7 MM: CEMENT- OR SCREW-RETAINED

<4 MM: SCREW-RETAINED

3. EVALUATE SOFT AND HARD TISSUE

SOFT TISSUE GRAFT REQUIRED

HARD TISSUE GRAFT REQUIRED

COMBINATION GRAFT REQUIRED
BONE LEVEL IMPLANT REQUIRED

SOFT TISSUE GRAFT NOT REQUIRED
HARD TISSUE GRAFT NOT REQUIRED
COMBINATION GRAFT NOT REQUIRED
TISSUE LEVEL IMPLANT REQUIRED

4. DETERMINE IMPLANT PLATFORM LOCATION

MESIODISTAL POSITION

BUCCOLINGUAL POSITION

APICOCORONAL POSITION

5. DETERMINE NEED FOR IMPLANT ENGAGING/ NON ENGAGING CONNECTION

EXTERNAL CONNECTION

INTERNAL CONNECTION

6. DETERMINE NEED TO PLATFORM SWITCH

NARROW PLLATFORM- INCISOR, CANINE

REGUI.AR PLATFORM-PREMOLAR

WIDE PLATFORM-MOLAR

7. DETERMINE EXISTING TISSUE COLLAR HEIGHT

1-4 MM: PREFABRICATED ABUTMENT

>4 MM: CUSTOMIZED ABUTMENT

8. PLAN TO CUSTOMIZE EMERGENCE PROFILE

3 MM: PREFABICATED ABUTMENT

>4 MM: CUSTOMIZED ABUTMENT

9. PLAN TO CORRECT ANY IMPLANT ANGULATION

<15°: (STANDARD PREFABRICATED ABUTMENT)

15°-20°: (ANGLE CORRECT PREFABRICATED ABUTMENT)

>20°: CUSTOMIZE CAST OR CAD/CAM ABUTMENT

10. CONSIDER INDIVIDUAL ABUTMENT REQUIREMENTS

ANTERIOR RESTORATION (Zr)

POSTERIOR RESTORATION (Ti-reinforced Zr, Ti, Ti Nitride, Alloys)

FIGURE 2.9 Flow chart (single and multiple units).
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concluded that titanium-reinforced zirconia abutments were
comparable to metal abutments and can therefore be used as
an alternative in the anterior region.*’

When considering the definitive restoration, studies have
shown that the highest fracture resistance value was found
with a titanium and alumina crown combination, whereas the
smallest fracture resistance was found with an alumina abut-
ment and a zirconia crown. They concluded that all abutment
and crown combinations have the potential to withstand
occlusal loads in the anterior region. For the posterior region,
the routine use of zirconia abutments still must be vali-
dated.*"** Zirconia abutments benefit from the process of
customization, as this will ensure maximal bulk in the final
prosthesis to aid with durability. More recently, clinicians are
using titanium nitride abutments, which are gold colored and
have quite impressive esthetics through ceramic restorations
as they impart a warm natural hue through the crown and
gingiva.

CONCLUSION

Abutment selection is an important step in the process of
creating the ideal restorative prosthesis. This article presents
some of the factors and protocols needed for consideration in
making this definitive restoration possible. Figure 2.9 pres-
ents a flow chart summarizing these factors. The treatment,
however, remains the same and will invariably involve
correct treatment planning, decision making, and finally
sequencing of treatment to ensure a successful end result.
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ABSTRACT

The digital fabrication of dental restorations on implants has
become a standard procedure during the last decade. Avoid-
ing changing abutments during prosthetic treatment has been
shown to be superior to the traditional protocol. The presen-
ted concept for implant-supported single crowns describes a
digital approach without a physical model from implant
placement to final delivery in two appointments. A 54-
year-old man was provided with a single-tooth implant on
his left mandibular first molar. Before wound closure, the
implant position was captured digitally with an intraoral
scanning device. After bone healing at the time of second-
stage surgery the final screw-retained crown fabricated with-
out a physical model was inserted. Soft tissue healing took
place at the definitive restoration, avoiding abutment changes
or changes of the healing cap. These led to stable soft tissues
with a minimum of surgery. The benefits of digital fabrication
and the unique way to scan the implant right after placement
give an additional value that would not be achieved by analog
techniques. In addition to financial benefits it represents a
biologically advantageous, one-abutment/one-time approach
with customized screw-retained, full-contour crowns or
cemented crowns on custom abutments.
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Opver the last several decades, implant-supported restora-
tions have significantly changed prosthetic treatment con-
cepts and proven their clinical reliability.'™ In particular,
single implants help avoid sacrificing natural tooth structure
when fixed dental prostheses (FDPs) supported from adjacent
teeth can be avoided; however, to achieve clinical long-term
success, several clinical considerations have to be taken into
account, of which the soft tissue conditions around the
implant can be considered one of the most important.’

The established interface during soft tissue healing
between the peri-implant mucosa and the implant/abutment
consists of an epithelium and a connective tissue compo-
nent.® Berglundh et al reported a length of approximately
2 mm for the junctional epithelium and a height of 1 to 2 mm
for the connective tissue zone, resulting in a total trans-
mucosal attachment of 3 to 4 mm.” Several technical factors
might possibly influence the condition of this critical peri-
implant mucosa. These factors include the material of the
abutment, the veneering material, the fit of the abutment, or a
platform switch.3~'°

In contrast, some clinical procedures are known to influ-
ence the soft tissue around dental implants. Frequent probing
at dental implants during the soft-tissue healing period has
been shown to increase the pocket probing depths and
markedly disrupt the epithelial and connective tissue attach-
ment.'! Additionally, an elevation of a full flap (periosteum)
leads to a substantial loss of hard tissues and, therefore,
influences the soft tissue behavior.'?™' Furthermore, the
prosthetic treatment concept was reported to influence the
stability of the soft tissues. Repeated abutment change was
associated with a disruption of the mucosal seal and an
increase of the dimension of the transmucosal barrier and
an increase of bone remodeling in an animal study.'®> As
such, from a histological point of view, abutments should not
be changed once they have been placed.'® In this context,
interesting concepts (e.g., the “one-abutment/one-time con-
cept”) have already been described. Against a control group
using provisional abutments, the “one-abutment/one-time”
group showed significantly less bone loss at the 18-month
and 3-year recalls after implant placement.'’

Today, the computer-aided design (CAD)/computer aided
manufacturing (CAM) of implant abutments has become a
new standard for customized abutments.'®2° However,
using digital technology for fabrication of dental restorations
requires the digitalization of the oral situation. This can be
done either by direct digitalization, using an intraoral scan-
ning device, or by indirect digitalization of a plaster model in
the dental laboratory.”' Because of the multiple potential
sources of error during the conventional way, including
conventional impression, plaster model, and indirect digital-
ization, the direct digitalization using an intraoral scanner
seems to be the most logical way to access the digital
workflow and CAD/CAM.?>** As a whole, the digital
workflow offers the possibility to facilitate the daily
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procedures and offers new, innovative treatment strategies
that provide advantages for dentists, dental technicians, and
patients. > 2%

Against this background, this report introduces the
Munich Implant Concept (MIC), describing the treatment
of a patient with an implant-supported, full-contour crown
within two appointments without any physical model, using
intraoral scanning and CAD/CAM technology.

CLINICAL REPORT

Anamnesis and Preoperative Procedure

A generally healthy 54-year-old male patient was referred to
the Department of Prosthodontics at Munich Dental School
with a missing mandibulary left first molar (FDI position 36,
Fig 3.1). After discussion of the alternative treatments, the
patient decided to have a single-tooth implant and gave his
informed consent. As he lived 2000 km from the clinic, the
number of appointments necessary until delivery needed to
be limited to a minimum. A cone-beam computed tomogra-
phy (CBCT) of the site was made to receive 3D information

FIGURE 3.1 Preoperative situation: a missing first mandibular
molar (FDI position 36).
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about the soft and hard tissues (CS 9300; Carestream Dental,
Rochester, NY) at the desired implant position.

Appointment 1: Implant Surgery and Scanning

The intraoral situation was digitized using an intraoral scan-
ning device (Intrascan; Zfx, Dachau, Germany) to receive a
dataset of the clinical situation. This scan involved the
mandible (gap and adjacent teeth), the maxilla, and a vestib-
ular scan for bite registration.

The patient was instructed to take antibiotics (Amoxicillin,
1.000 mg t.i.d.) and 400 mg of Ibuprofen 1 hour before surgery
to prevent inflammation and swelling. Ibuprofen was continued
for 2 days. Immediately before surgery, the patient rinsed his
mouth with a 0.2% chlorhexidine solution for 3 minutes.”> A
crestal incision in region 36 was followed by sulcular incisions
at both neighboring teeth without relieving incisions. A full-
thickness flap was elevated, and all inflammatory and granula-
tion tissue was debrided with a curette. For a tension-free wound
closure, the periosteum was slit at the basal of the flap, right at
beginning of the surgery. An implant (Iength 11 mm, diameter
4.3 mm, Camlog Screwline; Camlog Biotechnologies, Basel,
Switzerland) was placed at the planned position according to the
manufacturer’s protocol (Fig 3.2).

After placement, a scan body (3shape, Copenhagen,
Denmark) was screwed to the primary stable implant to enable
the direct digitalization of the implant position (Fig 3.3). The
precise fit of the scan body could be controlled easily, and
the scan was conducted within the “gingiva-extra” scan mode.
During scanning, it was of paramount importance to also scan
the adjacent teeth to enable a superimposition of the scan body
dataset with the situation scan, which was conducted before
surgery.

After scanning, the scan body was removed, a covering
screw was placed, and the wound was closed with a deep
horizontal mattress (Prolene 5.0; Ethicon, Johnson & John-
son Medical, Norderstedt, Germany) and interrupted sutures
(Prolene 6.0; Ethicon). A control X-ray was made for
forensic reasons, and the patient was instructed on adequate
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FIGURE 3.3 Screen shot of the virtual model in the CAD
program (Dental Designer; 3shape).

care for the next several days. Wound healing was
uneventful. The sutures were removed 8 days after implant
placement. Subsequently, the scan data was exported in
standard tessellation language (STL) format and transferred
to the dental laboratory of the Department of Prosthodontics
of Martin Luther University, Halle, Germany, where the
crown was manufactured during the healing period.

Laboratory

The scan data were imported into a CAD-Software (Dental
Designer; 3shape) to design the final restoration (Fig 3.4).
The bottom line of the presented concept is to prevent
changes of abutments or healing caps. Therefore, two resto-
ration options are possible: (1) a final screw-retained crown;
(2) a final custom abutment made from zirconia or titanium
with a provisional crown. In this case, the restorative team
decided to deliver a screw-retained full-contour crown made

from lithium disilicate (IPS e.max CAD; Ivoclar Vivadent,
Schaan, Liechtenstein), which was stained and glazed.30 The
finalized crown was adhesively bonded (Multilink Implant;
Ivoclar Vivadent) to a Ti insert (Fig 3.5) in accordance with
the manufacturer’s recommendations.

31,32

FIGURE 3.2 Situation during implant placement: scanning post
mounted to the implant.

www.highdentlab.com

FIGURE 3.4 Screen shot of the CAD design (Dental Designer)
of a screw-retained crown.
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FIGURE 3.5 Screw-retained crown fabricated in full contour
from lithium disilicate (e.max CAD, Ivoclar Vivadent) bonded to
a titanium insert.

Appointment 2: Re-entry and Delivery

After 12 weeks of healing, SeCOI.ld'Stage Surgery was per- FIGURE 3.7 Second-stage surgery: placement of screw-retained
formed, and the final crown was inserted. Therefore, only a final crown.

mucosal flap was necessary, and the periosteum remained on

the bone (Fig 3.6). The covering screw was removed. The ] ) o ) ) ) )
implant was rinsed with isotonic sodium chloride solution

and dried. The screw-retained crown was tried in, and
occlusal and proximal contacts were checked and adapted.
The crown was polished in the dental laboratory according to
the manufacturer’s recommendations and was cleaned in an
ultrasonic bath. Before placing, the restoration was disin-
fected in 0.2% chlorhexidine solution. The crown was
placed, and the screw was fixed with a torque moment of
20N cm (Fig 3.7). The soft tissue was adapted to the crown
with two papilla sutures (Prolene 6.0). Sutures were removed
after uneventful healing after 6 days.

DISCUSSION

Today, the CAD/CAM-supported fabrication of abutments
and implant-supported restorations can be considered as the
new standard.>>** In consideration of the industrial quality of
the applied materials and the almost unlimited design oppor-
tunities regarding the emergence profile, the dimensions and
angulation of the restorations have to be considered as the
major advantage of this digital procedure. In addition to the
higher mechanical stability that can be achieved by CAD/
CAM-fabricated restorations,30 concepts that offer additional
value to patients and practitioners mean further advantages of
digital implant-supported prosthodontics.

FIGURE 3.6 Second-stage surgery: raising a mucosal flap and Regarding the MIC, the fabrication of the restoration
undermining the buccal soft tissue. during the (closed) healing-phase of the implant rationalizes
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the treatment procedure. The accuracy of the transfer of the
implant position by an intraoral scan seems to be sufficient
for single-tooth implants.*® Also, the adjacent teeth and
antagonists are directly digitized, which facilitates the trans-
fer of the situation to the dental laboratory. The scanning
device allows the export of STL data, which allows importing
the data in all major CAD programs. Based on the authors’
experience, physical models are not necessary for that kind of
single-tooth restoration.

The question of screw retention or cementation is contro-
versial; however, the presented concept allows both protocols.
The primary objective of omitting detaching of the epithelium
from the abutment or healing cap can easily be followed when
a screw-retained restoration is placed. The gingival line repre-
sents no esthetic limitation, as abutment and crown are one
part, made from a tooth-colored material (e.g., lithium dis-
ilicate). If a cemented approach is used, the part in direct
contact with the soft tissue must be final. Abutments fabricated
from zirconia or titanium are treatment options of choice. If a
cemented restoration is used, the gingiva line becomes more
important, as visible Ti, in particular, might be an esthetic
drawback. Therefore, provisional crowns are cemented on the
final abutments at the time of re-entry. After soft tissue
consolidation, the preparation margin of the abutment can
be adjusted without removing the abutment in the patient’s
mouth. An additional (conventional or digital) impression is
made for the fabrication of the final crown.

After placement of the restoration at the time of uncovering
the implant, the healing of the soft tissue takes place at the
definitive restoration instead of at a healing abutment. Conse-
quently, the emergence profile heals immediately toward an
optimal shape. In contrast, standard healing abutments exhibit
a round profile, which means that the cross section of the
emergence profile has to be modified from round-shaped
toward root-shaped before placement of the definitive restora-
tion. This is achieved by repeated change of interim prostheses
or continuously individualized healing abutments to apply
gentle pressure on the emergence proﬁle.36 However, too
much high pressure might cause a change of the mucosa
that can lead to a loss of attached gingiva and recessions.>’

Additionally, the immediate placement of the definitive
restoration enables the formation of a long junctional epi-
thelium between the restoration and soft tissues that should
not be separated again.®'®*%3° This sealing between the oral
environment and the alveolar bone is an important factor for
the long-term success of implant-supported restora-
tions.”***" In consideration of these findings, less peri-
implant inflammation can be expected when the junctional
epithelium is not detached and injured; however, this has to
be proven in animal experiments and clinical studies.

Observed from the economic standpoint, the concept offers
clear advantages for dentists and patients. On one hand, the
concept saves treatment time, yet the healing period does not
have to be abbreviated. On the other hand, the MIC concept
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offers saving potential regarding additional implant parts, as
there is no need for transfer posts and healing abutments.

A screw-retained full contour crown from lithium dis-
ilicate on a Ti insert seems to be the best restorative approach
for the presented concept based on today’s knowledge. Even
in cases where the soft-tissue level might heal more apically
from the planned level, there will be no esthetic or functional
disadvantages due to the continuous color and form of the
restoration.

CONCLUSION

The Munich Implant Concept offers economical and biolog-
ical advantages for practitioners and patients, and the
ongoing integration of the digital workflow offers the poten-
tial for further enhancements and simplifications.
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ABSTRACT

Purpose: Delayed placement of implant abutments has been
associated with peri-implant marginal bone loss; however,
long-term results obtained by modifying surgical and pros-
thetic techniques after implant placement are still lacking.
This study aimed to evaluate the marginal bone loss around
titanium implants placed in fresh extraction sockets using
two loading protocols after a 5-year follow-up period.

Material and Methods: A total of 36 patients received
40 titanium implants (Astra Tech) intended for single-tooth
replacement. Implants were immediately placed into fresh
extraction sockets using either a one-stage (immediate load-
ing by placing an interim prosthesis into functional occlu-
sion) or a two-stage prosthetic loading protocol (insertion of
abutments after 8 weeks of healing time). Marginal bone
levels relative to the implant reference point were evaluated
at four time intervals using intraoral radiographs: at time of
implant placement, and 1, 3, and 5 years after implant
placement. Measurements were obtained from mesial and
distal surfaces of each implant (@ =0.05).

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
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Results: One-stage immediate implant placement into
fresh extraction sockets resulted in a significant reduction in
marginal bone loss (p <0.002) compared to the traditional
two-stage technique. Whereas mesial surfaces remained
stable for the 5-year observation period, significant marginal
bone loss was observed on distal surfaces of implants after

Radiological assessment of bone quality and quantity
around dental implants is one of the most important evalua-
tion criteria in long-term follow-up studies; however, with
regard to marginal bone loss (MBL), most reports present
only mean values, while frequency distributions of the data
have rarely been described. Only a few long-term studies
have addressed this issue from the patient level.'™

Several criteria have been proposed for the evaluation of the
success of dental implants. A commonly used criterion was
suggested by Albrektsson et al'® and was further revised in
1993.'" According to the authors,' a successful dental implant
should sustain less than 1.5 mm of bone loss during the first
year in function and less than 0.2 mm annually thereafter. In
1999, Wennstrom and Palmer'® suggested a modification of
the radiological criteria used to assess MBL. They suggested
that a maximum bone loss of 2 mm could be accepted over a
5-year period after functional loading of the restoration.

The peri-implant tissue or biological width is composed of
connective tissue coated by layers of epithelial cells that attach
to the implant surface, forming the junctional epithelium.

Biologic width should be physiologically and dimension-
ally stable before and after loading.'*'> Dynamic changes can
be observed over time regarding the dimensions of gingival
sulcus, junctional epithelium, and connective tissue. 620

Achieving optimal peri-implant mucosal dimension is a
challenging procedure, and maintaining it over time can be an
equally demanding task.?'** In fact, peri-implant mucosal
architecture implicates the position of the gingival zenith and
the interproximal tissue volume (papillae). It is also well
accepted that peri-implant soft tissue preservation is related
to many anatomical and clinical parameters,” >’ and that
following implant, abutment, or crown placement, peri-
implant soft tissue changes may include papillary regrowth,
among other changes.''*?° Presence and maintenance of
papillae is primarily related to the bone level at the adjacent
tooth,'>**?% and bone preservation is a key factor for the
esthetic outcome.***°

MBL can be influenced by several surgical and prosthetic
factors, such as immediate insertion of implants in fresh
extraction sockets, the time of fixation of the implant super-
structures, and the time of functional loading.*' > Previous
studies”**~® have reported a possible association between
increase in the MBL and the removal of cover screws,
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cementation of interim prostheses (p <0.007) and after
12 months (p < 0.034).

Conclusions: Within the limitations of this study,
immediate loading of implants placed into fresh extraction
sockets reduced marginal bone loss and did not compromise
the success rate of the restorations.

placement of healing abutments, and subsequent manipula-
tions of the abutment. This prosthetic handling is a potential
compromising factor for the stability of the subcrestal bio-
logical area. In 2006, Lazzara and Porter®® reported that “the
removal and reconnection of the abutment created a soft
tissue wound with subsequent bone re-sorption due to the
attempt made by the soft tissue to establish a proper biologic
dimension of the mucosal barrier attachment to a stable
implant surface.”®

Several studies have reported inconclusive evidence
regarding the advantages or disadvantages of immediate
versus delayed implant placement.’”*® The correlation
between the timing of implant placement and tooth extraction
has been evaluated and has been reported not to be crucial for
implant survival or MBL.*'** Some investigations*>~** have
compared bone level changes for immediately loaded versus
conventionally loaded implants and have not reported any
differences in MBL levels. The results of recent studies have
shown that insertion of abutments at the time of implant
placement resulted in a significant reduction in MBL.*343~%7

Unfortunately, sound guidelines regarding the interaction
of these variables are not yet available in the dental literature,
especially over long-term observation periods. The aim of
this retrospective study was to evaluate the influence of two
prosthetic techniques on MBL around titanium implants
placed into maxillary fresh extraction sockets over a
S-year period. The null hypothesis was that more MBL
would not be observed around immediately loaded implants
compared to the delayed loading technique.

MATERIALS AND METHODS

This study included 36 patients (21 men and 15 women,
mean age 31 years) who required single implant placement
in anterior maxillae. Ethics Committee approval (School
of Dentistry, Lebanese University, Beirut, Lebanon) was
obtained for all patients.

Patient Selection Criteria

Patients in need of bone grafts or bone regeneration, medically
compromised patients (corticosteroid therapy, uncontrolled
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diabetes, bisphosphonate therapy, immunocompromised
cases), smokers, and patients with periodontal disease were
excluded from the study. The selected cases included 20
central incisors, 13 lateral incisors, 1 canine, and 6 premolars;
all were treated by the same oral surgeon (n =40). Study casts,
diagnostic waxing, and surgical guides were prepared for all
patients. Provisional crowns were prepared for implants when
sufficient initial primary stability was observed (20 N/cm).*®4°

Surgical Phase

The diseased teeth were extracted, and full-thickness muco-
periosteal flaps were raised for direct exposure of the surgical
fields. Titanium implants (Astra Tech Implant system; Dents-
ply Implants, Molndal, Sweden) were inserted into the
prepared sites using successive drill sizes and were counter-
sunk to levels approximately 2 mm apical to the cemento—
enamel junctions of the adjacent teeth. This process resulted
in implant collars 1 mm below the crest of the ridge for
greater primary stability and optimal esthetics. Bone chips
collected during drilling were packed to fill the gaps between
the defects and the inserted implants. Implants with initial
primary stability of 20N/cm or more were immediately
restored; implants placed with less than 20 N/cm of insertion
torque were restored with a delayed loading protocol. Initial
stability was evaluated during insertion of the implants in the
prepared sockets with a torque-controlled low-speed hand-
piece. The torque (N/cm) values were visualized on the
surgical motor (Aseptico Inc., Woodinville, WA). A manual
torque control (Astra Tech Implant system) was used to
confirm initial stability by engaging it in the removal posi-
tion; force was stopped once the indicator passed the required
level (20 N/cm).

Immediate Loading Protocol (One Stage)

Definitive abutments (Ti Design or Zir Design; Astra Tech
Implant system) were prepared outside the mouth for use
intraorally, and abutment screws were tightened with finger
pressure. No further preparation of the abutments was
required. Interim prostheses were fabricated and adjusted
in the mouth with demonstrable contact (holding shimstock)
in the maximum intercuspal position. No eccentric contacts
were permitted. Temporary cement (Temp-Bond; Kerr USA,
Romulus, MI) was used to cement the acrylic resin interim
prostheses (Pro-Temp Garant I1I; 3M ESPE America, Norris-
town, PA). Excess cement was removed, and the flaps were
closed around the cemented restorations by means of inter-
rupted sutures (Vicryl 4-0; Johnson & Johnson Medical Ltd.,
Wokingham, UK).

Delayed Loading Protocol (Two Stages)

Implants that did not achieve 20 N/cm of insertion torque
were covered using flathead cover screws. After 8 weeks of
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healing time, a tissue punch and small crestal incisions were
used to expose the cover screws, and the previously
described prosthetic protocol was applied. Abutment screws
were tightened with a torque controller, according to the
manufacturer’s recommendations (20 N/cm for 3.5 and 4 S
abutments; 25 N/cm for ST abutments). Provisional crowns
were prepared as for the immediate loading group and
cemented with occlusal contacts until the delivery of the
definitive restorations. Definitive crowns (Empress 2; Ivoclar
Vivadent, Schaan, Liechtenstein) were cemented with glass
ionomer cement (Ketac-Cem; 3M ESPE America). Patients
were instructed to rinse three times daily (0.12% digluconate
chlorhexidine, for 3 minutes after each meal over a 2-week
period) and to maintain proper oral hygiene.

Radiological Evaluation

Standardized periapical radiographs were obtained using a
long-cone paralleling technique, with the central beam per-
pendicular to the alveolar crest (XCP holder Rinn; Dentsply
International, York, PA). Each X-ray holder was individual-
ized with an occlusal record to standardize the procedure
between visits for each patient. Radiographs were obtained at
the time of implant placement, after 8 weeks, then at 1, 3, and
5 years of function. All radiographs were processed accord-
ing to time/temperature guidelines (processing solutions
were maintained at 20°C and an immersion time of
4 minutes).

A digital camera (Kodak EOS camera equipped with 1:1
100 mm macro lens; Kodak, Rochester, NY) was used to
convert the images into digital formats (JPEG format).
Measurements were obtained with the aid of image-proc-
essing software (DBSWIN 5; DURR DENTAL AG, Bie-
tigheim-Bissingen, Germany) and were used to calculate
the vertical distance between the bone level and the
implant shoulder (calibrated 10X magnifications). Mar-
ginal bone level relative to the implant reference point
(implant shoulder) was measured on mesial and distal
surfaces of the implants (Fig 4.1). Two calibrated exam-
iners performed all measurements, which were recorded in
millimeters.

Statistical Analysis

Interexaminer correlation analysis was performed to cali-
brate the accuracy of the measuring procedure. One- and
two-way ANOVA were performed to detect significant
changes in the marginal bone level at every time interval
(a=0.05). Measurements were obtained on the mesial and
distal surfaces of each implant. Pairwise comparisons were
performed using Bonferroni’s post hoc test. Analyses were
performed using computer software (SPSS, version 18.0;
SPSS Inc., Chicago, IL).
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FIGURE 4.1 Measurementtechnique: (A) Mesial and distal marginal
bone loss (MBL) calculated as the vertical distance between the crestal
bone level and the implant neck; (B) software calculation of the MBL.

RESULTS

Interexaminer correlation analysis revealed a nonsignificant
error margin for all of the measurements obtained (p < 0.11).
Statistical analysis showed that immediate placement of
interim prostheses in occlusion as described resulted in a
significant reduction in MBL (F=21.5, p < 0.002), compared
to the two-stage technique, where abutments were inserted
8 weeks following implant placement. This finding was
observed at all time intervals (Figs 4.2 and 4.3). Significant
MBL was observed on the distal surfaces of the implants after
cementation of provisional crowns (F=8, p<0.007) and at
1 year (p <0.034), compared to the mesial surfaces, which
remained stable over the 5-year observation period (Table 4.1).

DISCUSSION

All 40 implants were successfully integrated at the time of
definitive crown cementation. No failures were recorded
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over the 5-year evaluation period. Complications included
fracture of three provisional crowns, two in the immediate
group and one on the delayed group, during the healing
period. Minor incisal porcelain chipping of four crowns
occurred after 1 year, and two crowns were replaced for
esthetic reasons. The patients reported no crown or abut-
ment loosening.

Data analysis revealed that the majority of MBL was
observed during the second observation period, 8 weeks after
insertion of implants. Almost 85% of the total MBL observed
after 5 years occurred during the first 8-week period follow-
ing implant placement, after which the rate of bone loss
remained relatively constant (0.01 to 0.02 mm/year). This
could be related to the early loss of the bundle bone of the
buccal aspect.”® After the 8-week healing period, the forma-
tion of soft tissue attachment, which protects peri-implant
crestal bone from oral cavity products, was observed. This
tissue is important for initial healing, osseointegration main-
tenance, and long-term implant behavior.'>'*~!

Significantly lower MBL associated with immediately
loaded implants inserted into fresh extraction sockets was
observed when compared to the delayed loading technique.
Thus, the suggested hypothesis that greater MBL would be
observed in immediately loaded implants was rejected.

During the one-stage surgery, the concept of immediate
placement of definitive abutments and insertion of immediate
interim prostheses appeared to protect the blood clot and
to prevent interruption of the early mineralization of
marginal bone.>' This was in contrast with several studies
that reported no differences in MBL between immediate and
delayed loading of dental implants.***!'~* This phenomenon
was more obvious in fresh extraction sockets, which dem-
onstrated early MBL during the first 8 weeks, after which
a constant marginal bone height was observed over
5 years 23637

Evaluation of the MBL in extraction sites was also related
to discrepancies between the socket walls and the final
drilling dimensions. Filling the extraction sockets with
bone chips resulted in preservation of the marginal buccal
wall during the observation period of this study. The MBL
values reported in this study were lower compared to other
studies with similar observation periods.*****" Another
concern for the immediate loading group was the predict-
ability of peri-implant mucosal healing, based on positive
adaptation to the implant—abutment complex. The rapid and
reproducible reformation of peri-implant mucosa within the
gingival embrasures can be attributed to minimal MBL,
immediate delivery of the interim prostheses, and absence
of abutment manipulation during the healing period.

Two-phase surgical procedures have been associated with
continuous MBL of between 0.01 and 0.02 mm/year, which
could be in part related to the additional surgical procedure.
During the removal of cover screws and tightening of implant
abutments, greater stress is delivered to the initially
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B C
D E F G
FIGURE 4.2 Digital intraoral radiographs of implants placed into fresh extraction sockets with immediate loading (one-stage technique) at

different observation times. (A) Preoperative; (B) on the day of surgical placement of the implant; (C) placement of the abutment and
provisional crown; (D) 8 weeks after definitive crown cementation; (E) after 1 year; (F) after 3 years; (G) after 5 years.

mineralizing marginal bone; this manipulation could inter- compared to immediately loaded implants inserted into fresh
fere with the healing process and thus result in increased extraction sockets. Vascular ischemia associated with flap
MBL.'?**3> Moreover, the amount of initial MBL during the reflection for second-stage surgery has been implicated as a
first 8 weeks was significantly greater (more than twofold), potential source of MBL."® Significant changes did occur

A B C
D E F G

FIGURE 4.3 Digital intraoral radiographs of implants placed into fresh extraction sockets with delayed loading (two-stage technique):
(A) preoperative; (B) implant placement; (C) healing abutment placement; (D) 8 weeks after definitive crown cementation; (E) after 1 year;
(F) after 3 years; (G) after 5 years.
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TABLE 4.1 Marginal Bone Loss (mm) at Different Time Intervals
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Technique Observation Interval Distal Mesial Average

One-stage 8 weeks 0.189+0.270 0.039+0.104 0.114+0.135
1 year 0.261 +£0.243 0.217£0.233 0.239+£0.158
3 years 0.247 +0.270 0.220 +0.221 0.233+0.182
5 years 0.200 +0.271 0.160 £0.241 0.180+£0.183

Two-stage 8 weeks 0.300 +0.283 0.160+0.230 0.230+0.244
1 year 0.400 +0.071 0.340 +0.241 0.370+0.144
3 years 0.420+0.084 0.300 £0.200 0.360 +£0.089
5 years 0.450+0.071 0.300+0.141 0.375+0.106

MBL was significantly greater for the two-stage technique at all time intervals (F = 14, p <0.005). For every group, there was no significant difference in MBL

t.me/highdent

between the second and third observation periods or between the fourth and fifth observation periods.

within the soft tissue compartments, such that sulcus depth
and connective tissue contact dimensions decreased while the
length of epithelium barrier increased.** The formation and
maturation of the soft tissue around implants in fresh extrac-
tion sockets were higher than in healed sockets.'

Other reports have shown that simple procedures, such as
removing healing screws, are associated with an increase in
MBL.3>3¢ Thus, prevention of further disturbance of the
implant bone—soft tissue interface favored early placement of
definitive implant abutments.” In some cases, if reflection of
a flap is required, greater bone loss is expected due to the
interruption of the blood supply reaching the bone crest. The
results of these studies warrant the immediate placement of
implant abutments when primary stability was achieved, to
reduce MBL 43647

The difference in MBL values between mesial and distal
surfaces was observed statistically; however, this difference
was too small to have any clinical relevance (maximum
difference of 0.2mm at all observation intervals). This
difference could be related to anatomical features, such as
incisive fissures and interdental septa, or due to the direction
of stress around the implant neck.?>** Periodic follow-up
radiographs are required to detect the early stages of MBL
and peri-implantitis.

An interesting observation was the remodeling of peri-
implant marginal bone around the implant collars, in associ-
ation with healthy gingival margins and sulcular depths. In an
environment with active biomechanical stimulation, several
factors should be considered to preserve marginal bone for
adequate protection and support of soft tissue, careful and
regular oral hygiene, and for proper placement of implant
abutments.

CONCLUSIONS

Within the limitations of this study, less MBL was associated
with immediately loaded implants inserted into fresh extrac-
tion sockets.

www.highdentlab.com
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A PROSPECTIVE ANALYSIS OF IMMEDIATE
PROVISIONALIZATION OF SINGLE IMPLANTS
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Keywords ABSTRACT

Dental implant; single-tooth implant; immediate provision-

alization; Teeth in a Day protocol; osseointegration. Purpose: The purpose of this prospective study was to
evaluate the viability of immediately provisionalized sin-
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day of the surgery. All implants were manufactured by Nobel
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Vol. 20, Issue 1 configurations. The majority of the implants used in this
study had oxidized titanium surfaces. The contours of the

doi: 10.1111/j.1532-849X.2010.00659.x restorations were designed to mimic the original teeth and

root forms. The morphology of the restorations provides
support of the labial gingiva.

Results: Over 5.5 years, 164 implants were placed and
immediately provisionalized. Sixty-four implants were
placed immediately post extraction. Seven implants failed,
yielding an overall survival rate of 95.73%.

Conclusion: The application of an immediate provision-
alization protocol to a single implant can be successful if the
proper precautions are taken in achieving passive occlusion.
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Excellent long-term results have been achieved with the
conventional two-stage implant protocol with delayed load-
ing.! Healing periods may be a result of clinical assumptions>
and appropriate to question as a requisite to osseointegration
in all situations. Healing periods for dental implants can
impose hardships on patients for many reasons, most obvi-
ously inconvenience, discomfort, and embarrassment of
removable prostheses. An alternative protocol, known as
immediate loading, delivers a prosthesis immediately follow-
ing implant placement and eliminates many of the aforemen-
tioned hardships. Immediate loading features direct occlusal
loading and enjoys high success rates.> Evidence supports
immediate loading if micromotion can be controlled below
the threshold that could interfere with osseointegration.*°
This technique, however, is susceptible to certain complica-
tions, including overload, as exceeding threshold forces of
100 pm can lead to fibrous encapsulation.” A third option,
known as immediate provisionalization, is becoming a com-
monplace therapeutic procedure for partially edentulous and
dentate patients wishing to replace missing teeth.*™'°
Research illustrates that this technique enjoys high survival
rates, varying between 82 and 100%."""'* One method of
achieving this includes placing sufficient numbers of threa-
ded implants into high-quality bone and connecting them
with a rigid restoration.

Immediate loading of multiple implants is significantly
different than single, unsplinted implants. Functional loads
on a single-tooth implant restoration are applied to the one
implant and not spread through a rigid connection to multiple
implants. Common clinical practice is for the interim prosthe-
sis placed on the single implant to be fabricated in a manner
that eliminates direct occlusal loading.'*'> After the implant
has osseointegrated, the definitive prosthesis can be put into
normal function. The purpose of this prospective study was to
evaluate the long-term viability of these immediately provi-
sionalized single implants. A secondary purpose of this study
was to assess the success rates of varying implant types and
surfaces. Past research illustrates that oxidized-titanium-sur-
faced implants had higher survival rates.'®'”

MATERIALS AND METHODS

Patients

One hundred forty patients (86 female, 54 male), with a mean
age at placement of 45 years (range 15-88 years), needing
single-tooth replacement were treated between July 1999 and
December 2004 (Fig 5.1). Inclusion criteria were based on
current stable medical condition and ability to undergo dental
implant surgery. Exclusion criteria were limited to patients
with metabolic bone disease or an unstable systemic condition,
such as uncontrolled diabetes, untreated hypothyroidism, or a
malignancy in mid-treatment. All patients were treated in a
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FIGURE 5.1 Retracted facial view of missing maxillary left
lateral incisor.

private-practice setting (Prosthodontics Intermedica, Institute
for Facial Esthetics, Fort Washington, PA).

Surgical Procedure

Local anesthesia was administered as follows: Marcaine
1:200,000 (Cooke-Waite, Abbott Laboratories, North
Chicago, IL) and Lignospan 1:100,000 (Septodont, Inc.,
New Castle, DE). When teeth were present they were carefully
removed using thin elevators to dissect the periodontal liga-
ment and allow atraumatic removal of the tooth from the socket
while maintaining all available bone surrounding the area.
Clinical palpation and lateral cephalometric radiographs
assisted in positioning the drills used to create the implant
osteotomy site. Profuse saline irrigation is used throughout the
drilling procedure. In the esthetic zone, the osteotomy is
designed to orient the receptor site toward the palatal aspect
of the socket to create an implant angulation similar to that of
the natural root but extending far beyond the apex into the
premaxillary basal bone. All immediate implants were placed
with an insertion torque of at least 45 N cm using the Nobel-
Pharma DEC 100 drill machine (Nobel Biocare, Yorba Linda,
CA). Following preparation of the sockets in the esthetic zone,
an implant was placed with the shoulder 4 mm below the crest
of the gingiva on the labial aspect. A bone guide was often
installed and the accompanying trephine was used to remove
peripheral bone from the proximal surfaces of the sockets.
Typically on external hexed Brénemark implants, a 1-mm
CeraOne abutment was installed (Nobel Biocare).

Teeth in a Day Prosthetic Procedures

With the abutment in place, a methyl methacrylate custom
coping was fitted over the abutment. A prefabricated acrylic
resin crown was carefully connected to the plastic coping with
a soft mix of acrylic resin. Once the acrylic resin polymerized
to the coping, the crown was removed from the abutment, and
an abutment analogue was installed in the coping to preserve
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FIGURE 5.2 Delivery of Nobel Perfect implant provisional
crown for immediate provisionalization.

the integrity of the acrylic resin margins during the refinishing
of the acrylic resin restoration. Small amounts of acrylic resin
were added to any voids or thin areas that required
reinforcement. Once set, the occlusion was adjusted to elim-
inate contact in all centric and excursive movements, and final
contouring/polishing was accomplished.

Clinical treatment continues during this laboratory phase.
If required, autogenous bone obtained from the osteotomy
site is used to fill voids between the socket wall and the
implant surface.

Cementation of the acrylic resin crown is accomplished
with carboxylate cement (Duralon, ESPE America Inc.,
Norristown, PA). Only the thinnest amount of cement was
required as to avoid the extrusion of excess into the cervicular
area of the fresh extraction site. The contours of this restora-
tion were designed to mimic the original tooth and root form,
sealing the socket and maintaining clot formation subgingi-
vally. The morphology of the restoration provides support of
the labial gingiva (Fig 5.2).

No sutures were required when sculpting the restoration in
this fashion. This incisionless, sutureless procedure provides
an exceptionally fast recovery with very little, if any, post-
operative discomfort. Standard protocol for medications
following implant surgery was given to patients along
with postoperative instructions cautioning premature func-
tion on the individual implant.

For many patients, the definitive impression can be made
at the time of this one-stage procedure, just prior to cemen-
tation of the crown. Cases with gingival swelling due to
extensive presurgical periodontal and endodontic pathology
are often unsuitable for impression at stage one. Those
patients return 4 months after the procedure for the final
impression, followed a few days later by delivery of the
porcelain-fused-to-gold implant-supported crown. Periapical
radiographs were taken on the day of implant placement,
definitive prosthesis delivery, and annually. These radio-
graphs had the same angulation through the use of a Rinn
Long cone radiographic holder to position the film.
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A total of 164 single-tooth implants were placed and
provisionalized the day of surgery following the protocol
as described above. The implant sites include the maxillary
premolar, canine, lateral, central, and molar, as well as the
mandibular premolar, canine, and incisor. There was only
one single-tooth implant molar restoration in this study
because the clinician authors prefer the use of two implants
for a molar;18 therefore, limited data are present for that
area. Sixty-four of the 164 implants were placed in fresh
extraction sites, two were immediate replacements for
failed implants, and the remaining 98 sites were into healed
ridges. At the time of implant placement, the bone quality
was determined clinically by the surgeon'® according to the
anatomic and bone density criteria established by Lekholm
and Zarb.?°

The implants were various Nobel Biocare implants with
differing diameters and configurations. The majority (151) of
the implants used in this study had oxidized titanium surfaces
(TiUnite, Nobel Biocare USA); the remaining 13 implants
had a machine surface. While 7.7% of machine surface-type
implants failed, only 4.0% of TiU surface implants failed.
One hundred fifteen implants were regular platform, 39 were
wide platform, and 10 were narrow platform (Table 5.1).
Diameters were predominately 4 and 5mm with implant
lengths distributed primarily between 13 and 18 mm. The
teeth most often treated in this study were the maxillary
lateral incisors (Table 5.2). Bone quality was primarily type
I (59.15%) versus type II (29.88%) and type IV (10.98%)
with no type I cases (Table 5.3). Nine patients were smokers,
receiving 12 total implants. Seventy-nine autogenous bone
grafts were placed.

Of the 164 implants placed with immediate provision-
alization seven implants failed, yielding an overall survival
rate of 95.73%. Among the complications noted at failure
was soft tissue encapsulation, fracture of buccal bone,
infection, a decrease in bone quality, and pain. Of the
seven failures, four were in the maxillary premolar area,
two in the mandibular incisor region, and one in the
mandibular premolar region. Three of the failures were
type III bone, three were type IV, and one was type II. Four
failures were implants placed into immediate extraction
sites (6.25%). Twenty percent of Ebon type implants
failed, 3.3% of MKIII, and 7.8% of MKIV; there were
no failures for MK II, Nobel Perfect, and Branemark
standard type implants (Table 5.4). Two failures had
autogenous bone grafts at the time of placement. Six of
the failures had TiUnite surfaces (3.97%); one machined
surface implant failed (7.69%). None of the failures were
associated with smokers, and one occurred in a diabetic
patient, otherwise medical conditions were unremarkable.
No occlusal adjustments were necessary, and no provi-
sional crowns became loose.
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TABLE 5.1 Implant Distribution Frequency DISCUSSION
Quantity Diameter Length Type Surface Platform 4 5 )
Kupeyan and May™ and Woéhrle” reported on a series of 10 and
1 4 15 Ebon Machine RP 14 immediately restored implants, respectively, in the maxil-
4 5 13 Ebon Mach%ne WP lary anterior region. Kupeyan and May performed their study in
! 5 10 MKO Machine WP healed ridges with machined titanium implants while Wéhrle
3 4 13 MKII TiU RP . . . . .
. reported on roughened implants in immediate extraction sites.
9 4 15 MKII TiU RP All implants in both studi linically int ted . .
3 4 18 MK III TiU RP ) b;m%) artlhs mb 0 :u ies ¢ limca; 6y in eﬁfa te ,3rema1mng
: stable for the observation periods of 6 months to 3 years.
1 5 13 MKII TiU WP rorthe o p years
6 3.75 15 MKII TiU RP Huietal * did a comparison study of two groups of patients
8 375 18 MK I TiU RP with 24 implants, immediate placement of implants in 11
7 4 10 MKIV TiU RP extraction sites and immediate placement and restoration in 13
12 4 13 MKIV TiU RP extraction sites in the maxillary anterior region. Heavy smok-
21 4 15 MKIV TiU RP ers and patients with a history of bruxism were excluded.
18 4 18  MKIV Tiu RP Machined-surface implants 13 to 18 mm long were placed
5 5 13 MKV T¥U WP with torque values of 40 to 50N cm attempting to achieve
! 3.75 18 MKIV T}U RP bicortical anchorage. Interim prostheses were placed out of
2 33 13~ Nobel Perfect TilJ NP contact in all excursive movements the day of surgery. No
8 3.5 16 Nobel Perfect TiU NP - S P S
) 4 13 Nobel Perfect TiU RP implants were 0?2, and no complications were encountered.
1 43 10 Nobel Perfect TiU RP Glauser et al ~ placed 127 implants (76 maxillary, 51
3 43 13 Nobel Perfect TiU RP mandibular) in 41 patients, including smokers. Patients with
14 43 16 Nobel Perfect TiU RP bruxism and imperfect alveolar ridges were not excluded.
1 5 10  Nobel Perfect TiU WP Restorations were usually placed the day of surgery and were
4 5 13 Nobel Perfect TiU WP fabricated in centric occlusal contact without excursive
22 5 16 Nobel Perfect TiU WP contact. After 1 year, results indicated that 22 implants
3 3.75 15 Standard Machine RP were lost in 13 patients, including 7 maxillary implants in
1 375 18 Standard Macthe RP one patient, for a survival rate of 82.7%. Thirty-four percent
2 4 18 Standard . of 41 implants in the maxillary posterior area failed, while
1 5 12 Standard Machine WP . . .
) only 9% of the other 86 implants in all other areas failed.
Total implant 164 : . . . . .
. Patients with parafunctional habits (22 implants) had failure
population

more often (41%) than nonbruxers (105 implants, 12%).
Following up on their earlier work, Malo et al'® coordi-
nated a multicenter study with 116 machined-surface
implants with various diameters and configurations placed
in 76 patients. Implants were placed in the esthetic zone using
underpreparation of the apical aspect of the osteotomies to
increase initial stability and increasing insertion torque to
greater than 30 N cm for all implants. Twenty-four patients in

Regular platform (RP), narrow platform (NP), wide platform (WP).

TABLE 5.2 Implant Survival Rates by Location and Implant Length

Length
Tooth Position Total 10 mm 12 mm 13 mm 15 mm 16 mm 18 mm Failures
Max premolar 37 6 14 5 12 1 4
Max canine 10 3 2 3
Max lateral 54 9 15 13 17
Max central 34 4 10 11 10
Max molar 1 1
Mand premolar 18 3 1 9 4 1 1
Mand canine 4 1 1 2
Mand incisors 6 4 1 1 2
Totals 164 10 1 36 42 41 34 7
Failures 7 2 0 1 4 0 0

Survival rate 95.73% 80.00% 100.00% 97.22% 90.48% 100.00% 100.00%
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TABLE 5.3 Implant Survival Rates by Location and Bone Quality

Bone Quality

Tooth Position Total I I il v Fail % Survival
Max premolar 37 3 28 6 4 89.18%
Max canine 10 5 5 100.00%
Max lateral 54 14 30 10 100.00%
Max central 34 15 19 100.00%
Max molar 1 1 100.00%
Mand premolar 18 6 10 2 1 94.44%
Mand canine 4 3 1 100.00%
Mand incisors 6 3 3 2 66.70%
Totals 164 0 49 97 18 7 95.73%
% of cases 0.00% 29.88% 59.15% 10.98%

Failures 7 1 3 3

Survival rate n/a 97.95% 96.91% 83.33%

TABLE 5.4 Implant Failure Rate by Type

Type Ebon MK I MK III MK IV NblPrfct Standard

Cases 5 1 30 64 57 7 164
% of total cases 3.0% 0.6% 18.3% 39.0% 34.8% 4.3%

Failures 1 1 5 7
Fail rate 20.0% 0.0% 3.3% 7.8% 0.0% 0.0% 4.3%

this group smoked more than 10 cigarettes per day. The
authors reported a 96.5% (112 of 116) success rate for
integration and 100% (22 of 22) integration in fresh extrac-
tion sockets.

These studies show promise for immediate provisional-
ization of single-tooth implants with a success range from
82% to 100%. In this study, the survival rate was 95.7%
during the observation period. Schnitman et al® reported on
factors affecting the outcome of immediately loaded implants
as high primary stability, implant to cortical bone contact
percentage, cortical bone density, and control of micromo-
tion during the healing process. Brunski’ suggests the thresh-
old of forces critical to successful integration is 100 pm, and
exceeding this level leads to fibrous encapsulation.

This report shows a trend of higher failure rates in
immediate provisionalization of single-tooth implants as
the bone quality decreases; however, the sample size of
implants placed in Type IV bone is limited, and therefore
no definitive conclusion can be made from the bone quality
figures. This data does illustrate that successful osseointe-
gration can occur in all bone types with a single-tooth implant
immediately provisionalized.

Of the implant designs used in this study, the Nobel
Perfect implant had the best success rate. All 57 Nobel
Perfect implants achieved successful osseointegration. The
oxidized Ti surface (TiUnite) implants in this study yielded a
96.03% survival rate, a greater percentage than the implants

www.highdentlab.com

with a machined surface (92.31%). These results support the
results from previous reports.'®'” In regards to implant
location, the only implants that failed in the maxillary
arch were in the premolar areas. This suggests the possibility
of micromotion/overload created by larger forces found in
the area of the premolar. In the mandible, there was one
failure in the area of the premolars and two failures in the area
of the incisors.

The implants in this study were placed consecutively as
single teeth and immediately provisionalized. Without the
confounding variable of operator judgment, the results
should be reproducible by attention to detailed replication
of technique and materials.

CONCLUSION

Immediate provisionalization protocols have proven to be a
successful treatment option for the edentulous and partially
edentulous patient. Although loading forces are different
from an edentulous arch to a partially edentulous or sin-
gle-tooth restoration, the application of provisionalization to
a single implant can be successful if the proper precautions
are taken in achieving passive occlusion. The data from this
study supports this treatment option by reporting a 95.73%
survival rate for a population of 164 immediately provision-
alized single-tooth implants.
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Many present-day implant systems have screw-retained
abutments onto which restorations can be cemented. There
are situations when a patient presents with an otherwise
clinically successful, cement-retained fixed prosthesis that
needs to be separated from its respective metallic sub-
structure. This is most often the case when an implant
abutment screw loosening has occurred under a cemented

ABSTRACT

Failed restorations diagnosed with salvageable and subse-
quently reusable metal substructures that demand their sepa-
ration can be clinically challenging to undertake without the
risk of damaging either the super- or substructures. This
article describes a technique to safely separate them from
each other in order for the respective substructure to be
reused in the fabrication of a newly reconstructed restoration
and for the existing restoration to be reused as a provisional
where appropriately indicated.

restoration due to inadequate torque, or when a cast dowel
and core-retained restoration has developed an incipient
recurrent caries between the preparation finish line and the
prosthetic margin. In both cases, there may or may not be an
indication for the fabrication of a new restoration. Some of
the traditional methods used to separate cemented retainers
from their respective metallic abutments are to physically

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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pull them apart or to use an ultrasonic vibration device to
disturb the cement interface.' The technique described here is
a more ‘“predictable” practical procedure with the least
damaging effect on the restoration or its respective sub-
structure. One of the main advantages of this procedure is
that the retrieved prosthesis and its metallic substructure can
be salvaged and subsequently reused either definitively or
provisionally. The technique described below is illustrated
through its application in two cases with different clinical
presentations.

TECHNIQUE

Clinical Scenario Case 1

1. A patient presents with a loose, implant-retained
fixed partial denture (FPD) cemented on screw-
retained abutments. An intraoral radiograph is
made as a preoperative guide. Upon examination,
clinical findings are that the abutments screws are
loose and require retightening.

2. The entry to each screw head is carefully gained
through access channels prepared from the palatal
aspect, using a high-speed diamond bur to cut
through porcelain to maintain its integrity and
then multifluted carbide burs (SS White, Lake-
wood, NJ) to cut through the metal substructure
(Fig 6.1).

3. The width of the screw-access channels are kept
slightly larger than the screw head diameter for
unimpeded straight-line access to each screw head.

4. The screw heads are exposed after the screw access
channel filling material is removed.

5. Using the appropriate implant system screwdriver,
the abutment screws are removed through the access
channels, and the FPD is retrieved with its cemented
abutments (Fig 6.2).

6. In this particular situation, the fabrication of a new
FPD is planned for two reasons. One, the screw
access chamber is overenlarged following

—=

FIGURE 6.2 Ceramometal implant-retained FPD with its associ-
ated abutments is retrieved from the implants.

preparation while trying to gain direct straight-line
access for the screwdriver to the screw head. With
the concern that this channel will weaken the porce-
lain structural integrity and establish unstable occlu-
sal contact’ that may compromise the long-term
prognosis of the prosthesis, a new FPD is advisable.
Second, a new prosthesis is warranted due to the
patient’s insistence for a cement-retained prosthesis
without the esthetic compromise of the filled screw
access holes.

7. After disinfection, the retrieved FPD with its asso-
ciated abutments is placed in the ceramic furnace
tray on a fibrous firing support pad (Vita Zahnfabrik,
Bad Sackingen, Germany).

8. The ceramic furnace (Programat P80, Ivoclar, Vita
Zahnfabrik) is programmed using the following
schedule:

(1) Firing at 650°C (or equivalent) as the high
temperature,

(2) No vacuum used,

(3) One minute preheat time,

(4) One minute holding time at the maximum
temperature,

FIGURE 6.1 Screw access channels are prepared from the palatal aspect to retrieve the prosthesis and its respective substructures.
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FIGURE 6.3 The cemented FPD is separated from its screw-
retained implant abutments through cement disintegration.

(5) Allow to cool on firing tray at room temperature.
This firing sequence resulted in the dis-
integration of the cement layer, leaving the
abutment detached from the prosthesis (Fig 6.3).

9. The retrieved abutments’ supramarginal areas are
carefully air-abraded with 50 pm medium grit lead-
free soda particles of glass beads (Perlablast micro,
Bego, Bremen, Germany) at 2bar air pressure to
remove the superficial passive postfiring titanium
oxide layer, to remove remnants of the old cement,
and to increase the surface area necessary to opti-
mize cement adhesion. This mechanical (nonacid)
treatment is recommended for base-metal castings
instead of pickling (chemical) treatment.> With the
use of glass bead particles, there is no metal loss,
because the surface is compacted rather than
abraded. This will maintain the integrity of the
machined precision friction-fit of the manufactured
plastic or metal coping used in the fabrication of the
permanent restoration. The final cleaning step is
done by immersing the abutments in a container
of distilled water and either cleaned ultrasonically
(BioSonic UC100, Coltene Whaledent AG,
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Altstatten, Switzerland) or steam cleaned (Impulse,
Jacger, Weinsheim, Germany) for 10 to 15 minutes.*

10. The abutments are tightened to their recommended

torque value of 35 Ncm.

11. An impression is made for the fabrication of the new

FPD in the conventional manner.

12. The retrieved FPD is cleaned before it is recemented

with interim cement as a provisional prosthesis.
Screw access channels are sealed with Fermit
(Ivoclar North America, Amherst, NY).

Clinical Scenario Case 2

1. The patient presented for his recare visit with a finding

of early stage recurrent caries along the finish line of a
first molar crown.

. Bite-wing radiographic analysis revealed a root canal-

treated tooth with a cast dowel and core foundation and
loss of restoration marginal integrity with natural tooth
due to caries.

. An attempt to remove the crown alone without disturb-

ing its cast dowel and core system was unsuccessful. In
this particular case, among other etiological factors, this
could be due to intraradicular cement insufficiency,
cement adhesion bond failure between the dowel and
core system with the root dentine, or poor cementation
technique. Inadequate dowel/core system design (e.g.,
short tapered post) is ruled out.

. The same laboratory procedure described above

(step 8) is used to carefully separate the dowel/core
system from its restoration after disinfection (Fig 6.4).

. The cast dowel and core is air-abraded with 50 pm

aluminum oxide particles at 1 to 2 bar air pressure. It is
then chemically treated (cleaned) by immersion in
nonfuming hot pickling agent (Jet Pak, JF Jelenko,

FIGURE 6.4 Retrieved PFM crown with custom cast dowel and core still cemented. The right picture shows the crown separated from its cast
dowel-core substructure through cement disintegration.
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FIGURE 6.5 Lower root-treated right first molar preparation
following recurrent caries removal, remargination, and dowel space
clean-up.

Armonk, NY) in an ultrasonic bath for several
minutes.’

6. The existing custom-made cast dowel and core system
is recemented after the root canal system is conserva-
tively filled, irrigated, and cleaned of the old residual
cement.

7. Following caries removal and remargination, the pre-
pared tooth is impressed for the fabrication of a new
crown (Fig 6.5).

8. The existing crown is finally luted with interim cement
(Tempbond NE, Kerr, West Collins Orange, CA) and
used as a provisional after it has been cleaned and
relined intraorally. Due to the near-precise fit of the
existing PFM crown used as provisional, and to not
disturb the cemented cast dowel and core, the Temp-
bond NE modifier has been added to the base before it
is mixed with the accelerator to make the crown easier
to remove thereafter.

In the alternative procedure, if following residual cement
removal and canal clean-up, the retrieved cast dowel/core is
deemed to be mildly loosely fitting within the caries-free
canals (i.e., with suboptimal snug fit), it can be air-abraded,
ultrasonically cleaned, and oxidized if it is made of metal
base alloy or either silane coupling agent bonded to its
surface using special equipment (Silicoater, Kulzer, Irvine,
CA) or tin-electroplated if made of noble metal alloy® in
preparation for adhesive resin bonding. Additionally, the
radicular dentine to be conditioned before the cast dowel
and core can be bonded using the appropriate etchants and
adhesive resin luting cement, which provide significantly
higher retentive tensile bond strength”® due to the fact that

www.highdentlab.com

adhesive cement is an active resin that chemically bonds not
only to the restoration but also to the tooth structure prepa-
ration, even if designed with suboptimal or less-than-ideal
retentive features.’

Following the cement disintegration firing cycle, contam-
ination to the ceramic furnace can be overcome by purging it
in the manner recommended by the manufacturer. Firing
below the auto-glaze temperature of the porcelain minimizes
any pyro thermomechanical detrimental effects on the resto-
ration, such as vitrification.

SUMMARY

This technique has several advantages. It enables the clini-
cian to separate the cemented prosthesis from its respective
substructure in a practical, simple, and predictable way
whenever indicated. It is a chairside, time-saving procedure
that can be carried out in the dental laboratory once the
restoration components’ assembly is safely retrieved. As per
clinical judgment, the separated components can be reused
either provisionally (interim prostheses) or permanently (the
abutments and custom-cast dowel and core system) without a
remake. This in turn renders it a cost-effective procedure.
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Eating disorders are characterized by patterns of disturbances
in eating behavior. Anorexia Nervosa (AN), Bulimia Nervosa
(BN), and Eating Disorders Not Otherwise Specified (ED-

ABSTRACT

This manuscript describes the reconstruction of a maxillary
anterior segment using immediate implant placement and
immediate implant loading techniques, aided by computer-
guided implant treatment software and stereolithographic
models and surgical templates, in a patient with a history
of eating disorder. Her medical and dental histories did not
make her a candidate for the use of conventional 2-stage
implant surgery and restorative procedures along with an
interim removable prosthesis.

NOS), which includes the provisional Binge-Eating Disorder
(BED), are three formal diagnostic categories described by the
American Psychiatric Association.' Eating disorders have

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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been associated with increased suicide and mortality rates**
and affect up to 24 million people of all ages and genders in the
United States.* Several psychological and pharmacological
treatment modalities have been described, such as family-
based therapy, cognitive-behavior therapy, along with use of
antidepressants, both in primary care settings and outpatient
facilities.” Physical and psychosocial health consequences
include, but are not limited to, limb and joint pain, headache,
gastrointestinal problems, menstrual problems, shortness of
breath, chest pain, anxiety, depression, and substance abuse.®
Common oral and dental signs and symptoms include hyper-
sensitivity, erythema, chemical erosion of the lingual surfaces
of maxillary teeth, xerostomia, loss of enamel, gingival
bleeding, caries, loss of occlusal vertical dimension, and
angular cheilitis.”'° Few patients with eating disorders
seek medical treatment,'’ and often the dentist is the first
healthcare professional to detect the signs of eating disorders
in an otherwise undiagnosed patient.'? Several reports in the
dental literature address the challenges of treating the conse-
quences of this disease due to the complexity of the medical
and dental clinical conditions. Most authors recommend that
restorative therapy should begin once the patient’s eating
disorder is under control.'*'* Treatment modalities vary
depending on the extent of damage to the remaining dentition
and supporting structures. Composite resin restorations have
been recommended for the management of limited erosive
lesions and caries along with the use of fluoride rinses and
gels."” Lesions extending subgingivally or those where tooth
foundation is compromised require the use of partial or full
coverage restorations such as veneers, inlays, or crowns.'¢
Dental implants have been used successfully in the resto-
ration of partially and fully edentulous patients for the past 30
years.'”"'? Methods and technologies have evolved to deliver
highly functional and esthetic implant-supported restora-
tions, especially in the maxillary anterior region®® incorpo-
rating concepts such as immediate implant loading.
Previously, dental implant treatment consisted of a two-stage
surgical protocol where patients were asked to wear an
interim removable prosthesis or remain partially edentulous
during the healing phase.”’*? At times, this was an
inconvenience for the patient and forced clinicians to find
a solution to this challenge. The concept of loading of
implants immediately after surgical placement was intro-
duced and defined as a restoration placed in occlusion
with the opposing dentition within 48 hours of implant
placement.” Multiple studies have reported successful out-
comes when implants are immediately loaded through
interim prostheses in edentulous arches®** and later, in
partially dentate arches.’*>® The concept of immediate
loading is based on three important principles: (1) micro-
motion of approximately 100 pm (with a range of 50 to
150 pm) may be the threshold value for implants to osseoin-
tegrate properly; (2) implants need to be joined together
through a rigid interim prosthesis to reduce micromotion
and favor healing during immediate loading;**>' and (3)

www.highdentlab.com

micromotion between the implant and its osteotomy needs to
be minimized through insertional torque values of at least
30Ncm at the time of implant placement.*?

The original protocol for implant surgery required raising
a flap to expose underlying bone, probably leading to a
compromised esthetic result.’® Several techniques were
developed to minimize the impact of altering tissue attach-
ment and position with modified flaps, mini flaps, and
microflaps®® as well as with enhanced suturing methods.
Digital technologies have been developed to aid in the
flapless surgical procedure, allowing for proper management
of hard and soft tissues.>>® These technologies include
computer-guided implant treatment software and stereolitho-
graphic models and surgical templates.

Computer-guided implant treatment software uses cone
beam computed tomography (CBCT) files to create a 3D
image of the patient’s jaws. The software allows for the desired
implants to be planned and positioned on the patient’s image.
Once the position has been finalized, stereolithographic mod-
els and surgical templates can be fabricated.>” This allows for
the fabrication of interim prostheses that will allow for ade-
quate implant splinting with ideal esthetics and function.

Few reports describe the prognosis for dental implants and
surrounding soft tissues in patients with eating disorders.*® To
our knowledge, no report in the literature addresses the use of
immediately loaded dental implants in the management of a
patient affected by eating disorders, incorporating the use of
software for digital diagnostics and treatment planning along
with virtual surgery and stereolithographic models.

CLINICAL REPORT

This clinical report presents a 29-year-old female patient with
a 10+ year history of being diagnosed with an eating
disorder. She received comprehensive medical and psycho-
logical treatment and was considered to be under remission.
At the time of treatment, she continued to attend support
meetings two times per week with her physicians and thera-
pists. Prior to treatment, the patient underwent a thorough
medical evaluation in conjunction with her attending physi-
cian. A full panel of laboratory values and a 12-lead electro-
cardiogram were obtained to determine her ability to undergo
the surgical procedure. In light of the past longstanding
eating disorder, her liver enzymes were elevated, thus pre-
cluding the use of general anesthesia. Her ECG was inter-
preted as normal. Based on this information, her physician
cleared her for the procedure under local anesthesia. The
treating physicians also deemed her fit for treatment, as she
had not had any recurrences in the previous 18 months and
had attended all scheduled support sessions.

The patient had been unsuccessfully restored several
times in the anterior maxilla with full coverage restorations,
which over time had to be replaced with more extensive
restorations replacing extracted teeth. At the time of her
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FIGURE 7.1 (A) Pretreatment dental condition and (B) pre-
operative periapical radiographs showing abutment teeth under
fixed partial dental prosthesis.

examination, she presented with an eight-unit porcelain-
fused-to-metal fixed partial denture (FPD) retained by max-
illary canines and first premolars, which were failing due to
recurrent decay (Fig 7.1). Her main concern had to do with
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her inability to tolerate a removable prosthesis due to her
sensitive gag reflex and the emotional and psychological
effects of it on her overall condition. She was also unwilling
to transition during the healing phase without teeth. After
clinical and radiographic evaluation it was determined that
the retaining teeth for her FPD had a questionable prognosis.
The existing fixed restoration was removed to evaluate the
condition of the canines and first premolars. The extent of
decay compromised these teeth to the extent that endodontic
treatment along with crown lengthening procedures, cast post
and cores, and full coverage crowns were required. Past
experiences with similar procedures on the now missing
maxillary central and lateral incisors made her unwilling
to proceed with such an alternative, and the option of dental
implants was presented. To address the patient’s chief com-
plaint, the treatment plan included extraction of failing
maxillary left and right canines and first premolars, immedi-
ate placement of dental implants on the sites of central
incisors, canines, and first premolars, bilaterally, and two
fixed four-unit implant-supported interim FPDs. After proper
healing, the plan was to restore the patient with ceramic
abutments and two four-unit ceramic FPDs.

CBCT was performed, and digital images reconstructed
using computer-guided implant treatment software. Removal
of teeth was done on the software, and buccolingual slides
were evaluated for selected implant placement. The anterior
and sagittal views ensured that the roots of adjacent teeth
would not be compromised (Fig 7.2). Both a stereolitho-
graphic surgical guide and model were fabricated.

FIGURE 7.2 Images of computer-guided implant treatment software depicting selected implant position in relation to angulation and depth in
residual bone and relation with remaining teeth. Design of definitive prosthesis imposed over planned implant position was used to evaluate

abutment design and esthetics.

www.highdentlab.com
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FIGURE 7.3 Stereolithographic model and surgical template
were ordered. Implant analogs were set in model to allow for
fabrication of abutments and interim prostheses.

Simulated surgery was completed on the model using
NobelGuide instrumentation (Nobel Biocare, Yorba Linda,
CA). The surgical guide was secured on the stereolitho-
graphic model, and implant placement was completed in
the planned position (Fig 7.3). The stereolithographic model
was duplicated using implant replicas, vinylpolysiloxane

(VPS) (Gingifast Rigid; Zhermack, Rovigo, Italy), and
Type IV stone (GC Fujirock EP, GC Corporation, Tokyo,
Japan). The cast with the implant replicas in the selected
implant position was used for the design and fabrication of
custom temporary abutments (Nobel Biocare) with the goal
of providing proper guidance and support for the healing of
the soft tissues. Four-unit cement- and screw-retained interim
FPDs were fabricated using bis-acrylic temporization mate-
rial (Protemp Plus, 3M ESPE, St. Paul, MN) to meet the
esthetic and functional demands of the patient (Fig 7.4).
Actual surgery followed the same NobelGuide protocol.
Failing teeth were removed, the surgical guide was seated,
and site development was completed. Selected implants
(Nobel Replace) were placed through the surgical template
at a 35 N cm torque value. Temporary abutments were seated
on the implants in the positions of central incisors and
canines and torqued to 20 Ncm. Screw access holes were
sealed with Teflon tape and Fermit. Interim prostheses
were modified as needed to develop the desired emergence
profile and soft tissue contours. The four-unit interim FPDs
were cemented over these abutments using RelyX luting
cement (3M ESPE) while at the same time, screwed directly
onto the implants in the first premolar position. The screw
access holes were sealed in the previously described fashion.
The occlusion on the interim FPD was adjusted to prevent
loading during eccentric movements, while allowing maxi-
mum intercuspation loading in centric occlusion only on the
first premolars. Radiographs were taken to verify implant,
abutment, and prosthesis position. The patient was given
postoperative instructions and recall appointments after

FIGURE 7.4 Temporary abutments were customized to develop proper emergence profile and esthetics. Two four-unit interim FPDs were
fabricated; the restorations were cemented over the abutments in the central incisor and canine positions, while the first premolar was screw-
retained directly on the implant. Ovate pontics were developed for the lateral incisors.

www.highdentlab.com
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FIGURE 7.5 Intraoral labial view of interim prostheses after
1 week of healing.

1 week, 1 month, and 2 months. At each of these visits,
implant and abutment stability, soft tissue health, and pros-
thesis appearance and function were evaluated (Fig 7.5). At
5 months, tissue health was considered optimal, and with no
signs of prosthesis, abutment, or implant mobility, final
restorative procedures were completed. The interim prosthe-
ses and abutments were removed, and impression copings
connected to the implants. An open tray implant level
impression was made using VPS impression material, mak-
ing sure the healed soft tissue contour was adequately
detailed. The soft tissue was reproduced in the impression
using a VPS gingival mask (Gingifast Rigid), and the master
cast was poured in Type IV stone (GC Fujirock EP). Abut-
ment design and fabrication were completed with computer-
aided design/computer aided manufacture (CAD/CAM)
technology in zirconia (Procera, Nobel Biocare). Two
four-unit zirconia frameworks were fabricated for the
FPDs (Wieland ZENO, Pforzheim, Germany) (Figs 7.6
and 7.7). Both FPDs were cemented using temporary cement
(Zone Temporary Cement, Dux Dental, Oxnard, CA). The fit
of the abutments on the implants and of the FPDs on the
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FIGURE 7.6 Zirconia abutments fabricated using CAD/CAM
technology seated on implants.

FIGURE 7.7 Two four-unit zirconia FPDs were cemented.

abutments was verified with periapical radiographs, and the
marginal bone height was recorded. During the course of
treatment and a follow-up period of 18 months, the patient
has not presented with any complications (Fig 7.8).

e ool i Gl

FIGURE 7.8 Periapical radiographs illustrating bone levels after 18 months in function in definitive prostheses.
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SUMMARY

This clinical report describes rehabilitation using implant-
supported FPDs on immediately placed and immediately
loaded dental implants, aided by computer-guided implant
treatment software, stereolithographic models, and surgical
templates, of a partially dentate patient affected by eating
disorders. The patient’s anatomy was evaluated on CBCT
scans to determine the ideal recipient sites for implant
placement, as well as angulation and depth. Virtual surgery
was done with the aid of computer-guided implant treatment
software, and stereolithographic models, and surgical tem-
plates were obtained once the digital process was completed.
Temporary abutments and interim prostheses were designed
on the stereolithographic models to aid in soft tissue healing
and enhance the final esthetic and functional result. Treat-
ment for this patient with immediate implant placement and
immediate implant loading kept her from having to use a
removable prosthesis during the healing phase, thus avoiding
the undesirable gag reflex.
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ABSTRACT

Purpose: The Integrated Abutment Crown™ (IAC) is a
technique for the fabrication of single-tooth implant-sup-
ported crowns where the abutment and the crown are one
unit. The abutment—crown complex is connected to the
implant with a locking taper. This technique does not use
cement to retain the crown or screws to retain the abutment.
The purpose of this study was to evaluate the clinical
outcome of screwless, cementless single implant-supported
crowns (IACs) placed in a general dental practice.

Materials and Methods: A retrospective cohort study
was conducted between July 2001 and August 2003. Patients
were recalled between January and March 2004. The resto-
rations were evaluated following the modified United States
Public Health Service (USPHS) criteria. Several other var-
iables, such as anatomic form, occlusion, soft tissue health,
and reconstructive procedures, were also recorded. Descrip-
tive statistics, univariate and multivariate marginal Cox
Proportional Hazards Regression models, adjusted for mul-
tiple implants in the same patient, were used.

Results: During the chart review, 108 patients were
identified. A cohort of 59 patients with a total of 151 IACs
met the inclusion criteria. The Kaplan—Meier survival rate for
IACs was 98.7%. Two IACs were removed, one due to
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implant failure; the other became loose several times and was
replaced with a splinted restoration. Excellent marginal
adaptation was observed with no clinically discernible inter-
face between the veneer material and the abutment. Nine
maxillary anterior IACs loosened on five patients; eight of
them were reinserted and continued in function without
further problems for the remainder of the study. An IAC
located between a tooth and an implant was 2.65 times more
likely to have postinsertion complications (p =0.05). An IAC

Common techniques to achieve structural integrity of the
crown/abutment and implant/abutment complexes in single-
tooth implant restorations include screws and cement.'™'®

When both the implant—abutment and crown—abutment
complexes are retained with screws, long-term follow-up
studies have reported several complications, including screw
loosening, fracture, and other component failures.'” Screw
loosening appears to be a greater problem with single-tooth
restorations replacing mandibular molars."**° With regard
to sulcular health, a screw-retained prosthesis does not seal
the abutment-to-crown interface or margin, which harbors
bacteria in the crevice. This may act as an endotoxin pump,
encouraging the proliferation of micro-organisms in the
sulcular region.'%"?

When a crown is cemented onto an implant abutment, it is
possible for excess cement to flow into the gingival sul-
cus.'>'* Subgingival margins make it difficult to ensure the
complete removal of excess cement,'*™'® and the possibility
exists for residual cement to be forced into the sulcus as the
restoration is being seated.'>'*'® Incomplete cement
removal from the gingival sulcus can lead to loss of peri-
implant bone that may be visualized radiographically.'*'*
Furthermore, a gap between the crown and the implant or
abutment has been associated with greater marginal bone loss
during the first year of function.’

with incorrect anatomic form (overcontoured) was 3.26 times
more likely to have postinsertion complications (p =0.01).
Maxillary anterior IACs adjacent to one tooth and one
implant were 3.9 times more likely to come loose (p =0.05).

Conclusions: The clinical outcome of this screwless
and cementless system for single implant restorations com-
pares favorably with the experience of screw- and cement-
retained single implant restorations within the observation
period.

The Bicon Dental ImplantTM system (Bicon, LLC, Bos-
ton, MA) is a screwless implant system. The implant and
implant—abutment unit connect by means of a 3.0° locking
taper. The high friction force created by the locking taper
breaks down the titanium oxide layer, and the metals are
fused together in a cold weld.'” Therefore, there are no gaps
between the implant and the abutment. The locking-taper
connection provides a frictional seal shown to be hermetic to
bacterial invasion'® and clinically reliable.’® A 10-year
survival rate of 99.0% for Bicon implants restored with
single-tooth restorations has been documented.””

The Integrated Abutment Crown™ (IAC) (Bicon, LLC)is an
implant restoration where the implant abutment and the crown
material are one unit>' (Fig 8.1). A light-cured, highly filled
composite resin material, such as Diamond Crown™ (DRM
Research Laboratories, Branford, CT), is chemo-mechanically
bonded in the laboratory to the coronal part of a titanium alloy
abutment. This technique does not require cement or screws.

The purpose of this study was to examine the clinical
outcome of single implant-supported IACs placed in a
general practice and to create a basis for further long-term
evaluation of this type of restoration. The hypothesis was that
the screwless and cementless implant restoration presented in
this study should have comparable performance to screw-
and cement-retained single implant restorations.

FIGURE 8.1 Insertion of an IAC. Both maxillary central incisors are IACs. A restoration is being inserted (A). Lateral view of the crowns
after insertion (B). Periapical radiograph (C). (Picture courtesy Dr. Vincent Morgan, Implant Dentistry Centre, Boston, MA.)
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MATERIALS AND METHODS

The present study was designed as a retrospective cohort
study. The cohort was derived from the population of patients
who had at least one IAC restored at the Implant Dentistry
Centre, Faulkner Hospital (IDC-FH), Boston, MA between
July 2001 and August 2003.

Patients of record treated at IDC-FH were selected if they
satisfied the following inclusion criteria: (i) restored with at
least one TAC and (ii) consented to participate after being
fully informed of the conditions of the study. Exclusion
criteria included inadequate or unavailable patient charts
and/or patient unwilling or unable to attend the follow-up
examination.

This study was approved by the Faulkner Hospital Insti-
tutional Review Board, Boston, MA.

This retrospective study involved the examination of
patient records as well as clinical evaluations of the restora-
tions during recall appointments between January and March
2004. Periapical and panoramic radiographs and clinical
photographs were obtained.

Study Variables

Health Status Variables Demographic variables included
age and gender. General health status was classified accord-
ing to the American Society of Anesthesiology (ASA)
system.*? Patients were categorized as healthy (ASA 1),
as having mild systemic disease (ASA 2), or as having
moderate or severe systemic disease (ASA 3). Past history
of smoking as well as current tobacco and alcohol use were
documented.

Anatomic-Tooth Specific Variables These variables
included implant position (maxilla, mandible, anterior, pos-
terior), tooth type (incisor, canine, premolar, molar), bone
quality (types 1-4), and proximity of the implant relative to
other teeth or implants. The proximity of implants to other
dento-alveolar structures were grouped into the following

categories: no teeth (edentulous), one natural tooth, two
natural teeth, one implant, two implants, and one natural
tooth-one implant.? The presence of endodontic treatment of
the teeth immediately adjacent to the implant areas and the
reasons for tooth loss were recorded.

Implant-Specific Variables These variables included size
(width 3.5 to 6 mm, length 6 to 11 mm), coating [uncoated,
titanium-plasma sprayed (TPS), hydroxyapatite (HA)], well
size (2 or 3 mm), and surgical protocol (one vs. two stage).
Immediate extraction and placement was recorded when a
tooth was extracted on the same day as implant placement.
When the implant restoration was placed in occlusion and
splinted to adjacent structures on the same day of implant
placement, it was recorded as immediate loading/stabiliza-
tion (Fig 8.2).

Reconstructive Variables Bone graft augmentation proce-
dures prior, at, or after implant placement were recorded.

Prosthetic-Soft Tissue Variables Stability of the implant
and crown—abutment complex was determined by tapping
back and forth between two instrument handles. Fractures
and interproximal and occlusal contacts were documented.
Fractures were defined as loss of core material, regardless of
the amount and/or presence of cracks or fracture lines.
Occlusal contacts were verified by the presence of marks
and resistance to dislodgement of articulating paper
(0.04 mm thick, Bausch Articulating Papers, Nashua, NH)
when the patient’s occlusion was in maximal intercuspation.
A positive interproximal contact was recorded when resist-
ance to dental floss and the presence of contact upon visual
evaluation was observed.

Contact between opposing teeth on both right and left
working sides during excursive jaw movements (lateral
guidance) was documented as canine protected articulation
or group function.* The contacts were verified twice by the
presence of marks and resistance to dislodgement of articu-
lating paper.

FIGURE 8.2 Periapical radiographs of a mandibular left bicuspid and first molar area, before treatment (A), after removal of the failing fixed
partial denture (B), and after implant placement (C). The second mandibular left bicuspid was extracted, and an implant was placed on the same
day. Implants on second premolar and first molar were splinted to adjacent teeth with composite resin and placed in occlusion on the day of

implant placement (C).
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Occlusion was classified on both right and left sides as
class I, II, or III according to Angle’s classification of
occlusion.** If an IAC was located on the maxillary or
mandibular right side, the type of occlusion and lateral
guidance present on that side were recorded for that restora-
tion. If an IAC had a positive working side contact, the
restoration was recorded as guiding excursion. Furthermore,
the structure of the opposing occlusal contact [tooth, implant,
implant overdenture, removable partial denture (RPD), or
complete denture (CD)] and the type of restorative material
present on the opposing supporting cusp (tooth structure,
porcelain, metal, acrylic, composite resin) were documented.

Using the modified United States Public Health Service
(USPHS)25 criteria, the crowns were evaluated for color
match, surface texture, marginal adaptation, and anatomic
form. Values of O (alpha) and 1 (bravo) were considered
clinically acceptable. Values of 2 or higher required further
treatment. For color match, an unrestored tooth in close
proximity served as the comparison.

A restoration was considered an absolute failure when it
could not remain in function as a consequence of implant loss
or prosthetic malfunction.

Three soft tissue parameters were recorded for each
implant site. The modified plaque index®® and sulcular
bleeding index?’ were recorded on the facial surfaces, and
sulcular depth measurements were obtained on six surfaces
(ml, 1, dl, mf, f, df). A prosthodontist (first author) obtained
the clinical measurements. To ensure consistency, several
trial examinations were performed prior to the actual clinical
measurements being recorded.

Complications Prosthodontic, surgical, or other com-
plaints and all complications were noted.

Patient Questionnaire The patients’ perceptions of
esthetic results, satisfaction, and comfort were obtained using
a standard questionnaire. The survey was mailed to the
patients after clinical evaluation had already been performed.

Data Management and Statistics

A database was created using Excel (Microsoft 2000, Seattle,
WA) with appropriate checks to identify errors. Descriptive
statistics were computed for all the study’s variables. Uni-
variate analyses were used to identify risk factors associated
with complications after insertion of the IACs. Prosthetic risk
factors with p-values <0.15 based on univariate analyses
were entered into multivariate Cox proportional hazards
regression models that adjusted for clustering failure-time
observations within the same patient using the marginal
approach.?® Crown (IAC) survival rate was computed using
the Kaplan—Meier Estimator.”’ Survival statistical comput-
ing methodologies used the SAS (Version 8.2, Cary, NC)
programming environment in the PC-DOS operating system.
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The procedure code “proc phreg” in SAS with the “cov-
sandwich” or “covs” option was used.

RESULTS

A total of 108 patients were restored with 285 IACs between
July 2001 and August 2003. All records of the 108 patients
were reviewed. Among the 108 patients, 59 patients had
subsequent follow-up visits and were included in the present
study.

The cohort was composed of 151 Bicon implants restored
with TACs on 59 patients with a mean age of 57.2 +14.3
years. Women made up 57.6% of the studied group.

The average time the IACs were in function was 16.7
months. The descriptive statistics for the study variables are
summarized in Table 8.1.

The reason for tooth loss prior to implant placement was
not available for 55 teeth. Of the remaining 96 teeth, 30 teeth
(31.3%) were lost because of fractures or trauma, 42 teeth
(43.8%) were extracted because of advanced dental caries,
and 21 teeth (21.9%) were removed because of periodontal
and/or endodontic reasons.

Two failures were documented. One IAC replacing a
maxillary left second premolar was removed 1 month after
insertion of the definitive restoration, due to the failure of the
implant to become osseointegrated. The failed implant had
been splinted to a previously integrated implant and placed in
function with a temporary restoration immediately after
placement. The implant was removed because of mobility
and pain. An IAC replacing a maxillary lateral incisor was
removed because it became loose several times. The new
restoration was splinted to an adjacent implant to prevent
further dislodgement. One hundred forty-nine IACs were in
function at the last recall appointment and were classified as
excellent for anatomic form (75.8%), marginal adaptation
(98%), color match (64.1%), and surface texture (68.5%).

Fifty-one IACs had supragingival plaque recognizable
with a periodontal probe (score 1, modified plaque index).*®

The Kaplan-Meier® survival estimate for IACs was
98.7% with an associated 95% confidence interval between
96.8% and 100% (Table 8.2).

The patients’ responses to their treatments were positive
(Table 8.3). The majority of patients (95.7%) were extremely
satisfied (score 0). Twelve patients did not return their
questionnaire but were contacted by phone and reported
having no problems.

In addition to the implant failure, the following compli-
cations were noted after insertion of the IACs, all of which
occurred in the maxilla. A small fracture of the core material
was documented on a maxillary left first premolar during the
first year of function. After refinishing, the crown continued
in function uneventfully for the remainder of the study. One
patient complained of throbbing pain due to soft-tissue
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TABLE 8.1 Descriptive Statistics and Univariate Analysis for Risk Factors Associated with Complications After Insertion of the
IACs (Total n = 59 Patients; Total k = 151 Implants)

Variable Number Percent HR (95% CI) Robust p-Value
Age at implant placement (n =159) 57.2 +14.3 (range 27.8-90.8) 0.98 (0.95, 1.01) 0.22
Gender (n=159)
Female 34 57.6 0.50 (0.19, 1.35) 0.17
Male 25 424 1.00 (Ref.) .
ASA status (n=59) 1.09 (0.54, 2.22)" 0.80
ASA 1 54 91.5
ASATI 4 6.8
ASA III 1 1.7
Tobacco use (n=159)
Yes 7 11.9 0.73 (0.21, 2.52)
No 52 88.1 1.00 (Ref.) 0.62
Jaw (k=151)
Mandible 57 37.8 ¥ <0.0001*
Maxilla 94 62.3 1.00 (Ref.)
Tooth type (k=151)
Incisor 34 22.5 7.46 (1.64, 33.92) 0.009
Canine 10 6.6 1.90 (0.18, 20.03) 0.59
Premolar 67 444 1.18 (0.22, 6.42) 0.85
Molar 40 26.5 1.00 (Ref.)
Bone quality (k=109) ,
Type 11 15 13.8 1.89 (0.73, 4.87)" 0.19
Type 1T 20 18.4
Type IV 74 67.9
Adjacent structures (k=151)
Adjacent to 1 tooth 4+ 1 implant 63 41.7 2.25 (0.86, 5.92) 0.10
Not adjacent to 1 tooth + 1 implant 88 58.3 1.00 (Ref.)
Diameter (k=151) ,
3.5mm 16 10.6 0.88 (0.53, 1.47)" 0.63
4 mm 29 19.2
4.5 mm 45 29.8
5 mm 51 33.8
6 mm 10 6.6
Length (k=151)
6mm 7 4.6 1.13 (0.85, 1.51)" 0.39
8 mm 85 56.3
11 mm 59 39.1
Coating (k=151)
Uncoated 5 33 2.00 (0.26, 15.35) 0.50
TPS 32 21.2 1.15 (0.36, 3.74) 0.81
HA 114 75.5 1.00 (Ref.)
Surgical protocol (k=151)
2 stage 52 34.4 0.39 (0.11, 1.35) 0.14
1 stage 99 65.6 1.00 (Ref.)
Immediate extraction (k=151)
Yes 47 31.1 1.69 (0.65, 4.38) 0.28
No 104 68.9 1.00 (Ref.)
Immediate loading/stabilization (k= 151)
Yes 55 36.4 2.94 (1.10, 7.89) 0.03
No 96 63.6 1.00 (Ref.)
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Variable Number Percent HR (95% CI) Robust p-Value
Bone augmentation before implant (k=151)
Yes 7 4.6 ¥ <0.0001*
No 144 95.4 1.00 (Ref.)
Bone augmentation at implant (k=151)
Yes 47 31.1 0.66 (0.21, 2.05) 0.47
No 104 68.9 1.00 (Ref.)
Interproximal contacts (k= 149)
Yes 116 77.9 0.83 (0.27, 2.59) 0.75
No 33 22.1 1.00 (Ref.)
Occlusal contacts (k= 149)
Yes 116 77.9 1.00 (Ref.)
No 33 22.1 3.02 (1.11, 8.17) 0.03
Type of occlusion (Angle) (k=151)
Class III 16 10.6 2.01 (041, 9.76) 0.39
Class IT 48 31.8 1.51 (0.53, 4.31) 0.44
Class | 87 57.6 1.00 (Ref.)
Lateral guidance (k=151)
No contact due to balancing interferences 2 1.3 * <0.0001
Group function 86 57.0 1.14 (0.43, 3.04) 0.79
Canine 63 41.7 1.00 (Ref.)
IAC guiding excursion (k= 149)
Yes 30 20.1 0.59 (0.14, 2.60) 0.49
No 119 80.0 1.00 (Ref.)
Type of opposing structure (k=151)
None 3 2.0 ¥ <0.0001
Tooth 107 70.9 1.00 (Ref.)
Implant 37 24.5 0.15 (0.02, 1.17) 0.07
RPD/CD implant-supported 4 2.7 ¥ <0.0001
Type of opposing material (k=151)
None 3 2.0 Not compared
Tooth structure 66 43.7 1.000 (Ref.)
Porcelain 44 29.1 0.45 (0.14, 1.39) 0.16
Metal 6 4.0 Not compared
Acrylic/IPN 5 33 Not compared
DC resin 27 17.9 i <0.0001
USPHS criteria (k= 149)
Color match
0-excellent match 91 64.1 2.32 (0.84, 6.45)" 0.11
1-minimal mismatch 51 35.9
Surface texture
0-smooth 102 68.5 0.50 (0.15, 1.69)" 0.27
1-dull 46 30.9
2-rough, pitted 1 0.7
Marginal adaptation
0-no catch 146 98.0 1.000 (Ref.)
1-catch 3 2.0 o <0.0001*
Anatomic form
0-correct 113 75.8 2.94 (1.28, 6.75)" <0.011
1-incorrect 35 23.5
2-defective 1 0.7
(continued)
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TABLE 8.1 (Continued)
Variable Number Percent HR (95% CI) Robust p-Value
Mean modified plaque index 0.5+ 0.6 (range 0-2) 0.45 (0.18, 1.15) 0.10
Mean sulcular bleeding index 0.2 +0.4 (range 0-2) 0.27 (0.04, 1.95) 0.19
Mean sulcular depth (mm) 3.0+0.7 (range 1.5-5.0) 0.88 (0.44, 1.79) 0.72
Presence of complications (k=151)

No 134 88.7

Yes 17 11.3

*All complications occurred: in the maxilla, in patients with no augmentation procedures done before implant placement, and in restorations with good marginal
adaptation.

"Modeled as a continuous variable with the HR for a linear trend.

*HR was undetermined because there were no complications for this level of the covariate.

Note: Ref. means the “reference group” at each level of the covariate. The HR (hazard ratio) for the reference group is set at 1.00.

TABLE 8.2 Kaplan-Meier Survival for Integrated

Abutment Crowns irritation around an IAC that had been in function for 1 year.

Four occlusal contacts were adjusted due to biting sensitivity.

Time After An interproximal contact was added to an anterior IAC that
Insertion , . had been in function for 5 months. Loosening of nine
(Months) n (AtRisk) % 5% Cl K (Failed) maxillary anterior IACs was documented.
0 151 100 100 0 The majority of the postinsertion complications occurred
6 113 98.7  96.8, 100.0 2 in restorations opposing natural teeth (16 out of 17, or 94%),
12 101 987  96.8,100.0 0 immediately loaded implants (10 of 17, or 59%), and resto-
18 61 98.7 96.8,100.0 0 rations adjacent to one tooth-one implant (10 of 17, or 59%).
24 21 98.7 96.8, 100.0 0

Of the IACs that loosened, nine (100%) were opposing
natural teeth, six (66%) were adjacent to one tooth-one
implant, three (33%) were adjacent to two implants, and
five (56%) implants had been immediately loaded. Of the
eight IACs that loosened but remained in function, three
(38%) had incorrect anatomic form and four (50%) lacked

TABLE 8.3 Descriptive Statistics for Patient Questionnaire
(Score 0-5) (n =47 Patients)

Number Percent occlusal contacts.

Table 8.1 summarizes the univariate relationships
Satisfaction with implant crown between the study variables and complications after insertion
?::2:;3?; Zzttllzgi 4; 92; of the TACs. During the univariate analysis, the following
’ variables were identified as risk factors (p <0.15) for com-
Satisfaction with appearance plications after insertion of the IACs: adjacent structures,
O—extremely satisfied 40 85.1 surgical protocol, immediate loading/stabilization, occlusal
;:181?;231}:2 Z?ttlllseilesay 431 gg contacts, type of opposing structure, color match, anatomic
’ form, and modified plaque index. Two clustered parsimo-
Would select same type of crown nious multivariate regression models were developed
O—extremely satisfied 37 787 (Table 8.4). Variables in the multivariate models were
;:fg?g{;a; satisfied g 11(3) selected because they were statistically associated with com-
’ plications in univariate analysis (p <0.15) and were of
Would recommend procedure to a friend prosthetic relevance. In the multivariate Cox models shown
0—extremely Sati,Sﬁed 39 83.0 in Table 8.4, anatomic form, IAC adjacent to one tooth and
;:i(;n;zgﬁlagt satisfied Z 1;(1) one implant, and occlusal contacts remained statistically
‘ associated with complications after insertion of the IACs
Appearance compared to teeth (p £0.05). If an IAC had incorrect anatomic form, it was 3.26
O—extremely safisfied 13 21.7 times more likely to develop complications after insertion
l_somew,hat satisfied 16 34.0 (p=0.01; Table 8.4A). If an IAC was located between an

2—no feeling 18 38.3
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TABLE 8.4 Multivariate Marginal Cox Regression Models for Risk Factors Associated with
Complications After Insertion of IACs (Total N =59 Patients; Total k = 151 Implants)

t.me/highdent

Variable Hazard Ratio 95% CI Robust p-Value
A. First multivariate model
Adjacent to one tooth-one implant 2.65 (1.00, 7.15) 0.05"
Not adjacent to one tooth-one implant 1.00 (Ref.)
USPHS, anatomic form 3.26 1.32, 8.07" 0.01*
B. Second multivariate model
Immediate loading/stabilization
Yes 2.53 0.90, 7.10 0.08
No 1.00 (Ref.)
Occlusal contacts
Yes 1.00 (Ref.)
No 2.53 1.00, 6.42 0.05"
Type of opposing structure
None 0.000 ¥ <0.0001
Tooth 1.00 (Ref.)
Implant 0.19 0.02, 1.52 0.12
RPD/CD implant-supported 0.000 * <0.0001

*Statistically significant at (p <0.05).

"Modeled as a continuous variable with the HR for a linear trend.
*HR was undetermined because there were no complications for this level of the covariate.
Note: Ref. means the reference group at each level of the covariate. The HR (hazard ratio) for the reference group is set

at 1.00.

complications after insertion (p = 0.05; Table 8.4A). An IAC
without contact in maximal intercuspation was 2.53 times
more likely to have postinsertion complications (p =0.05;
Table 8.4B). Immediately stabilized implants were more
likely to have postinsertion complications but not at a
statistically significant level (p =0.08; Table 8.4B).

To further evaluate the possible relationships of these risk
factors with loosening of maxillary anterior IACs, a subgroup
statistical analysis was performed. Maxillary anterior IACs
adjacent to one tooth and one implant were 3.9 times more
likely to come loose (p =0.05).

DISCUSSION

The most common materials used for the restoration of both
teeth and implants are ceramo-metal and all-ceramic
crowns. According to Paul and Pietrobon® in their litera-
ture review, a single implant-retained metal-ceramic crown
cemented on a metal abutment may be considered the
standard selection.

The implant restorations evaluated in this study differ
from cemented metal-ceramic crowns in that the metal
abutments and the crown material were chemo-mechanically
bonded in the laboratory; therefore, there was no need for
cement. Also, the abutments were connected to the implants
with a screwless locking taper, another significant difference.
The concept of incorporating a screwless, locking taper

www.highdentlab.com

implant abutment with a crown material in a single integrated
unit is new.

The TACs showed a 98.7% survival rate during a period of
observation of up to 29 months with 71% of them restoring
posterior areas.

These results compare favorably with the 12-18 month
cumulative survival rate of 98.2% reported by Naert et al.¥!
In a 5-year study with a lower cumulative success rate of
93.7% for implant-supported single crowns, two fractures of
all-ceramic restorations were reported in the first 2 years
where the majority of the crowns (79%) evaluated were
placed in anterior areas.*> Another study of implant-sup-
ported single-tooth replacements reported five fractured
crowns during a period of up to 8 years where the majority
of the restorations (31 of 49) were placed in anterior areas and
the majority of the fractures (4 out of 5) occurred in posterior
areas.>”

Excellent marginal adaptation was observed with no
clinically discernible interface between the veneer material
and the implant abutment for 98% of the IACs. Even though
the marginal adaptation showed no deterioration over time
(Figs 8.3 and 8.4), the stability of the bond between the metal
abutment and the resin veneering material will need to be
demonstrated in long-term studies.

The surface texture rating was reduced in 47 IACs because
of a slightly dull or granular surface appearance. Past
research has shown that when polished, resin materials
achieve higher roughness values than all-ceramic materials.>*
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FIGURE 8.3 Periapical radiographs and clinical pictures of IACs restoring the same mandibular left bicuspid and first molar area presented in
Figure 8.2. At crown insertion, June 2002 (A, B) and at a recall appointment, February 2004 (C, D).

The color remained stable during the period of observa-
tion. In a recent study,35 Diamond Crown™ was shown to
have significantly better color stability than Tetric Ceram™
(Ivoclar Vivadent AG, Liechtenstein).

The supragingival plaque accumulation observed around
IACs was expected, because it has been consistently shown

that resin-based materials accumulate plaque at a higher rate
than tooth structure and all-ceramic restorations.*®~®

The mean sulcular depth around IACs was 3.0mm,
whereas probing depths of 2.7 to 3.3 mm have been recorded
for screw- and cement-retained single-tooth implant
rehabilitations.>”

FIGURE 8.4 Clinical and radiographic view of an IAC on a maxillary right second premolar, at crown insertion (A, B), and at the recall

appointment 27 months later (C, D).
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The most common postinsertion complications were the
need for the adjustment of occlusal contacts and loosening of
maxillary anterior restorations. Nine maxillary anterior IACs
loosened on five patients; eight of them were reinserted and
continued in function without further problems for the remain-
der of the study. One IAC loosened several times. This IAC
restoring a maxillary lateral incisor was replaced with a metal—
ceramic restoration splinted to an adjacent implant. This
patient’s occlusion consisted of seven remaining mandibular
teeth, six of which were mandibular anterior teeth and one of
which was a mandibular molar with no opposing occlusion.
Even though the anterior region of the mouth is characterized
by reduced bite forces compared to the posterior region,*” it is
reasonable to conclude that the absence of posterior support
caused most of this patient’s functioning to occur in the
maxillary anterior region and led to the loosening of this
restoration. A poor occlusal scheme both increases the mag-
nitude of loads and intensifies mechanical stresses. These
factors increase the frequency of complications of implant
restorations and/or bone support.*

To evaluate the potential risk factors associated with
postinsertion complications, two multivariate Cox regression
models were developed. The possible relationship between
these risk factors and the most common complication, loos-
ening of maxillary anterior IACs, was also investigated.

Based on the data shown in Table 8.4B, it can be
concluded that IACs without contact in maximal intercus-
pation were 2.53 times more likely to have postinsertion
complications (p =0.05). Biting sensitivity was the second
most common complication and required the adjustment of
occlusal contacts in the weeks following the insertion of four
IACs. These adjustments resulted in the fact that a majority of
IACs with complications lacked occlusal contacts at the time
of the recall examination. Therefore, the absence of occlusal
contacts did not make the restorations more likely to have
complications, but rather was a consequence of the treatment
provided for biting sensitivity. No association was observed
between presence of occlusal contacts and loosening of
maxillary anterior IACs.

TACs with deficient anatomic form and IACs positioned
between a tooth and an implant were more likely to have
postinsertion complications (Table 8.4A); however, only
positioning between a tooth and an implant was found to
have a statistically significant effect on loosening of maxil-
lary anterior IACs.

To explain the loosening of maxillary anterior IACs, two
hypotheses are presented. The first theory is that the restora-
tions loosened in response to masticatory forces. In class I
occlusal relationships, mandibular anterior teeth occlude
with the palatal surfaces of the maxillary anterior teeth,
producing forces that are oblique to their long axis. For
implants in the maxillary anterior area, these lateral loads
make the crown height act as a lever and a force magnifier for
any offset occlusal loads. This may lead to an increase in
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faciolingual microrotation*' and could have caused the loos-
ening of the maxillary anterior IACs.

Another possible explanation for the loosening of the
IACs could have been the clinician’s failure to properly
engage the locking taper connection. This hypothesis appears
to be supported by the fact that anatomic considerations in the
maxillary anterior area limit a clinician’s ability to effectively
apply a seating force along the long axis of the implant during
the insertion of the restoration.

The placement of a maxillary anterior implant rarely
corresponds exactly to the crown-root position of the
original tooth. After tooth loss, the thin labial bone remod-
els with the alveolar crest shifting palatally; therefore,
necessitating the more palatal placement of the implant.*?
Hence, the long axis of a maxillary anterior implant crown
frequently has a different trajectory than the long axis of its
implant.

To effectively engage the locking taper connection, the
seating forces must be directed in the long axis of the implant.
Tapping on the incisal edges of most maxillary anterior I[ACs
will not direct the forces along the long axis of the implant;
whereas a similar force applied on the occlusal surface of a
posterior IAC is more likely to be directed vertically in the
same axis as the implant and, as a result, more effectively
engage its taper connection.

The stability of the connection between locking-taper
implants and the crown—abutment complexes for maxillary
anterior IACs should be substantiated by a long-term eval-
uation of the study group.

CONCLUSIONS

The screwless and cementless implant restorations pre-
sented in this study showed a survival rate of 98.7%,
excellent marginal adaptation with a cementless interface,
color stability, and a reduced number of prosthetic compo-
nents. Plaque accumulation was observed around the crown
material. The surface texture had higher roughness. The
duration of the follow-up did not allow for a long-term
assessment of the IACs.

The results of this study demonstrate that IACs located
between a tooth and an implant were 2.65 times more
likely to have postinsertion complications (p=0.05).
IACs with incorrect anatomic form (overcontoured)
were 3.26 times more likely to have postinsertion compli-
cations (p =0.01).

The most common complication observed was loosening
of nine maxillary anterior IACs. Of the IACs that loosened
nine (100%) were opposing natural teeth, six (66%) were
adjacent to one tooth-one implant, and five (56%) implants
had been immediately loaded. Maxillary anterior IACs adja-
cent to one tooth and one implant were 3.9 times more likely
to come loose (p=0.05).
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PART I1

MANAGEMENT OF THE COMPLETELY
EDENTULOUS PATIENT
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Since the advent of the implant fixed complete denture
(IFCD) for the treatment of the mandibular edentulous
patient more than 30 years ago, the ad modum Branemark
prototype has prompted design innovations to address clini-
cian- and patient-mediated concerns for the implant

ABSTRACT

Since the introduction of the ad modum Branemark proto-
type prosthesis for the mandibular edentulous patient more
than 30 years ago, design permutations have met clinician
and patient considerations. Dental student training and
specialist continuing education often rely on anecdotal
reports of success to determine the recommended design
for patients. Decision-making algorithms for treatment are
optimally predicated on the best available evidence. The
purpose of this article is to elucidate the benefit/risk calcu-
lus of various implant modalities for the mandibular eden-
tulous patient.

restoration of the edentate patient. Despite unsurpassed
longitudinal implant and prosthetic survival of the IFCD,'
outcome measures have emerged related to quality of life
(QoL) concerns and have underscored the importance of
developing new criteria for evidence-based differential

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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implant treatment planning for the edentulous maxilla and
mandible.”* In accordance with the Commission on Dental
Accreditation, which has mandated that dental graduates
must be competent to assess, critically appraise, apply,
and communicate scientific and lay literature as it relates
to providing evidence-based patient care, the faculty at the
University of the Pacific Arthur A. Dugoni School of Den-
tistry has reviewed these evidence-based guidelines for
student clinical decision making. This article will discuss
the indications for the implant-retained overdenture (IROD),
the implant-supported overdenture (ISOD), IFCD, and
implant-supported metal ceramic (MC) reconstructions.

The scientific rigor of the best available evidence varies
and will be stratified in each section of this discussion based
on a hierarchy designated by Sackett et al.* The hierarchy is
outlined as follows:

Level 1A: Systematic review of randomized controlled
trials (RCTs); 1B: RCTs with narrow confidence inter-
val; 1C: All or none case series

Level 2A: Systematic review cohort studies; 2B: Cohort
studies, low quality RCT; 2C: Outcomes research

Level 3A: Systematic review of case-controlled study; 3B:
Case-controlled study

Level 4: Case series, poor cohort case-controlled study
Level 5: Expert opinion

A MEDLINE search was conducted along with a hand
search for articles published within the last 20 years on
implant restorative treatment for the edentulous patient.

GENERAL CONSIDERATIONS FOR IMPLANT
TREATMENT

Three factors will govern the patient’s suitability for implant
therapy and the prosthetic design determinants: systemic
conditions, local factors, and patient-mediated concerns.
Multiple investigations have reviewed the systemic risks
for implant therapy.”™ Details of these risk factors have
been discussed in a previous article.'® However, the level of
evidence indicative of absolute and relative contraindications
for implant therapy due to systemic diseases is low. Local
factors dictating design considerations may include hard/soft
tissue foundation, interarch space/relationship, applied
forces, and antagonist dentition. Patient-mediated concerns
may include cost, treatment time, morbidity, esthetics, reten-
tion security, phonetic concerns, and hygiene access. Studies
on potential risk factors are restricted to retrospective cohort
studies, clinical reports, and case series or level 3/4 evidence.
More definitive studies, which will serve as a basis for
consensus statements, will be predicated on future controlled
studies. "’

www.highdentlab.com

IMPLANT RESTORATION OF THE EDENTULOUS
MANDIBLE

The rationale for placing implants in the edentulous mandible
is to improve retention, stability, and chewing ability ren-
dered by a complete denture and has been supported by the
results of a prospective RCT evaluating patient satisfaction
after 10 years of treatment.'' Patients with a mandibular
IROD, when compared to a conventional complete denture,
revealed a higher mean satisfaction score. This was corrobo-
rated by a meta-analysis reporting mandibular IROD as more
satisfactory at a clinically relevant level than complete
dentures are.'? Pan et al'®> demonstrated in an RCT of 214
patients that mandibular bone height had no effect on patient
satisfaction with the function, chewing ability, and comfort
of their prostheses. Regarding comparative patient satisfac-
tion of edentulous patients when comparing a fixed complete
denture to an implant overdenture (implant-supported or
-retained) on the mandible, a number of studies failed to
show a significant difference, and it has been postulated that
subjective, patient-related factors are likely the main deter-
minants of treatment outcomes.'*~'° However, selection of a
fixed or removable prosthesis, number of implants, anchor-
age system, and loading protocol must be predicated on a
review of the pertinent evidence, patient diagnostic data, and
preferences. The evidence evaluating comparative patient
satisfaction between conventional complete dentures and
IROD treatment is level 1A. The evidence evaluating com-
parative patient satisfaction between the IFCD and ISOD
modalities is level 1C.

IMPLANT OVERDENTURE

In the 1980s, a two-implant overdenture design was intro-
duced. In a longitudinal study it was found to have cumulative
implant and prosthetic survival rates of 96.4% and 100%,
respectively, over 15 years.'” Similar results were found using
a nonsplinted or splinted anchorage system.'® In 2002, The
McGill Consensus Statement purported that as a minimum
treatment objective, mandibular two-implant overdentures
should be the first-choice standard of care for edentulous
patients.'® However, in a systematic review of the literature,
Fitzpatrick?® underscored the importance of clinician- and
patient-mediated determinants for selecting a successful treat-
ment modality as well as informing the patient of the risk/
benefit calculus of the prosthodontic options.?' In fact, evi-
dence suggests that 75% of all patients treated with implants
receive insufficient information regarding treatment limita-
tions, complications, costs, and alternatives.”?

Overdenture prostheses are either implant-supported or
combined implant-retained and tissue-supported. The muco-
sal support can best be achieved if there is some hinging
movement of the superstructure by using two solitary
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anchors or a splinted design with a round/ovoid bar and
single clip. With more than two implants or more than one
bar segment, no rotational axis is present, and the over-
denture is mainly implant-supported.”® Despite findings that
there are no significant differences in peri-implant
health,z“_26 masticatory forces,”‘29 or patient satisfac-
tion>*? with either a splinted or nonsplinted anchorage
system or between two or four implants, there are indications
for a bar design and/or more than two implants. In patients
with sensitive mucosa over the mental foramina region, a bar
design allows for a protective cantilever extension. Distal
extensions also provide a high level of stability against lateral
forces and improve retention.*> The cantilever bar should
not, however, extend beyond the position of the first premolar
and cannot compensate for a short central segment.” In
scenarios with a dentate maxilla, high muscle attachments,
sharp mylohyoid ridges, and narrow tapered arches, more
than two implants are recommended to enhance prosthetic
stability.34*36 Patient-mediated factors, such as cost of treat-
ment, maintenance, and ease of cleaning, may impact the
selection of anchorage system and number of implants. The
solitary anchor attachment system initially is a more eco-
nomical treatment modality than the bar construction.*®
However, as a result of the need for significantly more
aftercare appointments for the 2-IROD retained with a ball
attachment, an overdenture with a bar may be more cost
effective.’’° Over a 3-year follow-up, with 2-IROD using
the Locator attachment system, approximately 40% required
denture adjustments, 34% needed improvement in retention,
and 12% presented with loose implant abutments.*® Mackie
et al*! found slightly less than 20% of the Locator over-
dentures on two implants required a reline after 3 years, and
also noted food impaction in the occlusal rim of the abutment
prevented complete seating for nearly half of the patients
after 7 years. The need for relines for IROD as well as ISOD,
regardless of design, has been reported to vary from 8% to
30%.** When the ball design was used, a greater ease of
cleaning was reported for solitary anchors compared to bar
attachments.*® For patients restored with a two-implant bar
overdenture with up to a 4-year follow-up, the most fre-
quently observed complication was hyperplasia (38.3%), bar
unscrewing (6.4%), and loss of retention (2.8%).44 It is
noteworthy that the burden of prosthodontic maintenance
of overdentures with two, three, or four implants using a
round bar was found to be statistically similar.*> However,
when four interforaminal implants are used to anchor the
overdenture, a rigid milled bar substructure capitalizing on
retention security of swivel latches*® with a metal reinforced
denture framework required less prosthodontic aftercare than
a resilient bar (e.g., Dolder bar) over 5 years.*” In summary,
the decision to place more than two implants for an over-
denture or a splinted/nonsplinted design will be predicated on
the patient’s jaw morphology and anatomy, antagonist arch,
retention needs, hygiene, and cost considerations.>> When
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opting for multiple implants, a rigid anchorage system,
although requiring a larger initial investment, is more cost
effective than the resilient bar.****° The interarch space (from
soft tissue to antagonist occlusal contact) needed for solitary
abutments (Locator), Hader bar, or milled bar design with
secondary framework require 8 to 9 mm, 12 mm, and 10 mm,
respectively.’®!

The evidence evaluating IROD and ISOD designs ranges
from level 2 to 4. Controlled clinical trials evaluating patient
satisfaction and QoL with the IROD and ISOD designs given
specific risk factors of jaw morphology, anatomic limitations,
and dentate antagonist would enhance the rigor of the
available literature.

Immediate Loading Protocols

Indications for immediate load on the edentulous mandible
include morphological, functional and psychologic factors,>>
but the patient’s systemic status, loading forces, anatomic/
surgical presentation, and level of oral hygiene will dictate
the patient’s candidacy.”™> Patients with wound healing
delays such as hyperparathyroidism, diabetes, heavy smok-
ing habits (>20 cigarettes/day), current chemotherapeutic
therapy, or history of radiation to head or neck are poor
candidates for this regimen.’®’ Heavy bruxers or clenchers
are also best excluded from immediate load protocols.’®
Primary stability (35N cm), at least 10 mm implant length,
and surgical skill appear to be important for success.’®>°7!

A systematic review reported that immediate loading of
implant overdentures in the edentulous mandible (1 to 2
days) is scientifically and clinically validated with implant
survival rates ranging from 96 to 100% (1 to 13 years) and
prosthodontic survival rates ranging from 88.3 to 100%.%*
The number of implants (2 to 4), splinted, or single had no
effect on implant survival.®>~®® Prosthetic maintenance with
a small patient sample (8) immediately loaded with
unsplinted implants supporting a Locator mandibular over-
denture with a 3-year follow-up revealed similar complica-
tions to those seen with delayed-loading patients. Most
frequent incidences of aftercare burden were replacement
of attachment inserts, abutment loosening, and reline.® QoL
(phonetics, comfort, masticatory performance, nutritional
condition) and patient satisfaction (lack of movement of
the prosthesis when talking or laughing) have been demon-
strated with immediate load of the bar 2-IROD.”® Using an
early loading protocol (2 weeks), Ma et al used strong
methodological rigor to investigate the mandibular
2-IROD using the unsplinted design and noted no marginal
bone loss differences compared to delayed loading protocols
over 10 years.71 However, it should be noted that more RCT's
comparing outcomes between delayed and immediate load
and splinted and unsplinted designs, with long-term treat-
ment outcomes and larger sample sizes are necessary to
further validate immediate loading protocols for mandibular
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overdentures.”” The level of evidence has been represented
by 2B/3B.

IMPLANT FIXED COMPLETE DENTURE

A 20-year follow-up investigation on the mandibular IFCD
design has yielded an implant survival rate of 99.2% (using
machined surfaces and 2-stage surgical protocol).”
Although implant survival with this design is exceptional,
prosthetic maintenance was not uncommon when evaluated
with an 8-year follow-up period.”* The most prevalent
complications were chipping or fracturing of the veneering
material, prosthetic tooth fracture, tooth wear, maxillary hard
relines, and screw complications. Patients were 52.5 times
more likely to need posterior tooth replacement at 5 years
than at 2 years.”* However, significantly more aftercare
treatment was required by implant overdenture patients in
comparison with fixed complete denture patients.”>’® The
decision to provide a fixed complete denture vs. an over-
denture design is predicated on a number of clinician- and
patient-mediated factors. Patients with combination syn-
drome,”’ TMD,78 tapered mandibular arch form,79 or marked
residual ridge resorption®*®? would benefit from an IFCD.
On the other hand, patients with off-ridge relations.,83 facial
or dental esthetic concerns,®** hygiene access considera-
tions,® or economic concerns®® may be optimally treated
with an ISOD. However, long-term costs of overdentures due
to maintenance may surpass the initial savings in upfront fees
compared to an IFCD.”>*%’

Guidelines for treatment planning an IFCD include a
minimum of 10mm alveolar dimension, a minimum of
10mm interocclusal dimension measured from soft-tissue
ridge crest to occlusal plane, and an anterior-posterior (A-P)
distribution of at least 10 mm.®® This span would allow a
15mm cantilever using a formula by English.” When a
square arch would preclude a centimeter A-P span of straight
implants placed in the interforaminal region, the use of tilted
terminal implants will allow for a longer occlusal table with
reduced cantilever and improved distribution of
implants.***° In a meta-analysis, Monje et al demonstrated
no significant differences in marginal bone loss when com-
paring splinted tilted and straight implants with up to a 5-year
follow-up.”’ While there has been controversy regarding the
importance of at least 2mm of peri-implant keratinized
mucosa,%94 Schrott et al®® conducted a 5-year evaluation
of keratinized mucosa on peri-implant health and concluded
that an increased soft tissue recession over time has to be
expected circumferential to implants with insufficient kerati-
nized mucosa.

Few comparative prospective controlled studies have
investigated patient satisfaction with a fixed versus a remov-
able prosthetic design on the edentulous mandible.”® Quir-
ynen et al”’ assessed clinical and patient satisfaction

www.highdentlab.com

outcomes with mandibular 2-IROD and IFCD after 10 years
of function and reported that both prostheses provided
favorable long-term outcomes. The IFCD group scored
only slightly higher for chewing comfort and general satis-
faction. Feine et al®® used a 2-month crossover design to
compare a long bar ISOD on four implants with an IFCD in
experienced denture users. The results of this study revealed
no treatment modality superiority in general satisfaction,
ability to chew and to speak, satisfaction with esthetics
and self-confidence, and masticatory function. Patient pref-
erence appeared to be dependent on many factors. The
removable design group rated ease of cleaning and esthetics
high in their choice, and the fixed group rated stability the
most important factor. The level of evidence on IFCD is level
1B/2B. Randomized clinical long-term data would enhance
evaluation of patient-mediated responses to treatment.

Immediate Load Protocols

Immediate loading of the completely edentulous mandible
with an IFCD has been widely documented.””'°" An imme-
diate load IFCD design on three straight implants for the
edentulous mandible was reported with a 98% implant
survival rate with up to 3-year follow-up using the Brane-
mark Novum concept and later with a longer follow-up of up
to 5 years at 91% implant survival.'">'* However, this
design used prefabricated surgical and prosthetic compo-
nents and did not have universal application. Capelli et al'®*
found no implant failure in immediate rehabilitation of the
edentulous mandible with upright or tilted implants with up
to 40 months of follow-up. Recently, the All-on-4 concept
has been shown to be effective using tilted implants with a
prosthesis survival rate of 99.2% over 10 years.'®® Maximum
insertion torque values of failed implants were significantly
lower than those in successful cases of immediately loaded
edentulous mandibles.'°® Mechanical complications such as
resin veneer fracture and tooth fracture were more prevalent
during the initial 6-month loading period using the recom-
mended protocol of fixed provisional prostheses.'®” Implant
placement immediately postextraction has been shown to be
a predictable procedure.'*®'% Artzi et al''® compared the
efficacy of full-arch, immediately restored implant-supported
reconstructions in extraction and healed sites over a 3-year
period. Cross-arch immediate loading of implants placed in
extraction sites or in healed sites were comparable in respect
to crestal bone levels; however, when cervical augmented
sites were compared to nonaugmented sites there was sig-
nificantly greater crestal bone loss at augmented sites. In a
recent systematic review, immediate loading in the edentu-
lous mandible shows encouraging results, but appropriate
patient selection, primary implant stability, at least 10 mm
long implants, splinting of implants, and the expertise of
surgeons all seem to be important for predictable prognosis.®'
Indications for an immediately loaded IFCD are similar to the
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immediately loaded implant overdenture prosthesis.’*> Few
studies report QoL and patient satisfaction data for this
treatment modality."'""''* Babbush'"® performed a post-
treatment evaluation of patient experiences with immediately
loaded full-arch prostheses. He reported on responses from
250 patients who filled out a self-administered 20-question
edentulous patient impact questionnaire. Ninety five percent
described themselves as extremely satisfied (74%) or satis-
fied (21%) with their prostheses.

The highest level of evidence is presently level 2A. Larger
prospective RCTs or systematic reviews of RCTs are needed
comparing immediate and delayed loading outcomes. RCTs
of low methodological quality can alter interpretation of the
benefit of intervention when incorporated in a systematic
review.''

METAL CERAMIC FIXED DENTAL
PROSTHETIC DESIGN

Restoration of the edentulous mandible with an MC is opti-
mally indicated for patients with limited alveolar resorption. As
opposed to the ISOD/IROD or IFCD design, which require a
composite defect, either by resorptive process or alveoplasty,
the FDP is a replacement for a tooth-only defect (without
requiring pink porcelain).''> There is a dearth of articles
detailing the implant survival and prosthetic success rates of
MC restorations on a large cohort with 5- to 10-year follow-
up.''® Ferrigno et al evaluated 40 patients, each supporting an
MC restoration on six implants in the mandible, and reported a
96.2% implant survival rate and 100% prosthetic success.''” A
5-year follow-up investigation of MC prostheses in 22 mandi-
bles confirmed a high implant survival rate (98.5%) when the
mean number of implants was 7.2, mean length of implants was
14.7 mm, and mean diameter of implants 3.8 mm."'® Implants
of at least 10 mm with textured microtopography have been
shown to be comparable to longer machined implants and
confirmed by a meta-analysis."'*'?° Furthermore, the appro-
priate number and length of implants is patient-dependent and
is determined by the quality/quantity of bone, and anticipated
force to be placed on the restoration and the arch form. At least
six implants are recommended.'*' In narrow tapered arches,
the addition of an implant in the central incisor position will
improve the mechanical retention of cement-retained anterior
FDPs and the implant distribution, and counter the anterior
cantilever.'”* Regardless of the morphological diversity of
patients’ jaws, there is a premium on experienced surgeons
placing the implants congruent with the restorative crown with
the least latitude for error for the MC design.'*

A systematic review addressed the paucity of reports on
complications with observations of at least 5 years of reha-
bilitation of the mandibular edentate population with MC
restorations.'** Pjetursson et al'*® noted that implant-
supported FDPs in partially edentulous patients have a
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38.7% complication rate after only 5 years. Fracture of the
ceramic veneer material, abutment or screw loosening, and
loss of retention were the most frequently encountered
technical complications. Given this high aftercare burden
incidence in the partially edentulous scenario, design of the
full-arch restoration into shorter segments will reduce casting
errors and facilitate repair. The number of prostheses per
edentulous arch has not been shown to be significant in
prosthetic survival rate.'*® Short-span FDPs (two three-unit
FDPs and one six-unit dental prosthesis) facilitate a passive
fit, ceramic veneering, and re-intervention if needed.'?!
Additionally, screw-retained designs are preferable for
retrievability unless cementation of MC restorations can
be done with provisional cements, assuming sufficient
mechanical retention in the abutment design.'?’ The level
of evidence ranges from 1B to 3B, but there are only a
handful of clinical trials, marred by their heterogeneity, and
although the implant and prosthodontics survival rate has
been reported as high, meager data on specific design,
complications, and patient satisfaction are available.

Immediate Load Protocols

A compilation of current literature on the MC restoration of
the edentulous mandible with immediate loading of implants
points to implant survival rates comparable to delayed load-
ing, but suffers from limited sample size and observation
periods.'?*'*! Furthermore, no prosthetic failures were
reported in these four studies in follow-up from 1 to 3
years.®> However, data on specific prosthetic complications
are lacking. A systemic review on immediate loading of
immediately placed implants on the edentulous mandible,
while promising, reported that the conclusions of these
articles are based on a low level of evidence, poor data on
complications, and no more than 5-year follow-up.®!'*?
Similar criteria have been outlined for immediate load of
MC and IFCD restorations, including the absence of wound
healing delays, an implant of sufficient micro- and macro-
structure to meet primary stability requirements in a given
bone density, and a minimum number of implants.>* For the
edentulous mandible, the minimum recommendation is Six
implants.'?® Rigid splinting provided by metal-reinforced
provisional fixed prostheses or by acrylic resin is still
controversial.'33134

The evidence on immediate loading of MC restorations is
characterized at best by level 2B. Longer follow-ups and
larger sample sizes with more granularity on the design
considerations, prosthetic aftercare burden, and patient sat-
isfaction outcomes are recommended.

SUMMARY

When assessing the strength of the evidence on the implant
restoration of the edentulous mandible, there is a notable lack
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of RCT studies. Randomization to intervention and the
presence of a control group are considered important deter-
minants of quality of the methodology, because biased results
are reduced compared to prospective studies. Since the
selection of treatment is dependent on both clinician- and
patient-related factors, true randomization may be compli-
cated by ethical issues; however, more longitudinal compar-
ative studies with prosthetic success data and QoL outcomes
would be instrumental in a comprehensive informed consent
for patients. Based on the present evidence, investigations
with improved scientific rigor are most needed in the area of
MC restorations because of the heterogeneity in number of
implants, arch form, and length of implants, as well as
loading protocols.
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Researchers and clinicians must address many diverse
aspects of knowledge in understanding and providing man-
dibular implant overdenture treatment. The areas supported by
research generally embrace a higher level of consensus among
practitioners. Research data, however, is not available to

ABSTRACT

A literature review of implant overdenture treatment for the
edentulous mandible is presented. The report focuses on the
knowledge base for this treatment modality, in an effort to
distinguish between areas that are well characterized and
enjoy a higher level of consensus among practitioners as
compared with those that are more controversial and not
clearly understood.

support all of the considerations necessary to predict success-
ful clinical treatment outcome. There are voids in our knowl-
edge base in which objective information does not exist.
Some areas are either unable to be tested or have not been
considered using a strict research protocol. Additionally, it is
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not uncommon to find contradictory results and conclusions
from related research efforts, even when strict research
protocols are followed. In the absence of unequivocal evi-
dence-based knowledge, these questions are often addressed
using nonscientific data, clinical experience, and the opin-
ions, assumptions, and inferences of clinicians. These con-
tributions can be useful and clinically relevant, but should be
considered controversial and subject to interpretation. To
properly critique the understanding of mandibular implant
overdenture treatment, clinicians must distinguish areas of
consensus from areas of controversy.

The purpose of this report is to review the literature,
addressing some of the current issues influencing our under-
standing of mandibular implant overdenture treatment, and to
distinguish between areas of consensus of opinion and
controversy. This awareness becomes increasingly important
with a growing acceptance of this treatment modality and a
possible paradigm shift in therapeutic philosophy, in which
implant overdenture treatment could become the future
standard of care for mandibular edentulism.

EDENTULISM

In considering this treatment modality and to understand the
extent of the clinical problem, it is necessary to first explore
the treatment diagnosis: edentulism. According to National
Institute of Dental and Craniofacial Research epidemiolog-
ical data, approximately 10% of the US adult population is
completely edentulous.' The estimated number of edentulous
individuals ages 18 to 74 using complete denture prostheses
in this country is nearly 14 million.> With people living
longer, the demographics of the United States are shifting to a
progressively larger older adult subgroup. As a result, it is
estimated that within the population over the next 30 years,
the number of edentulous individuals over age 65 will remain
constant at around 9 million, despite a decrease in the
percentage who are edentulous.’

CONVENTIONAL DENTURE TREATMENT

Numerous factors are involved in the successful delivery of
conventional complete denture treatment.*” Patients per-
ceive improved treatment success in terms of increased
prosthesis retention and stability.® Redford et al® showed
that over 50% of mandibular complete dentures have prob-
lems with stability and retention. Across-arch comparisons
indicated that mandibular denture treatment produced signif-
icantly more problems than did maxillary denture treatment.
A “lack of retention” was found to be the driving force
behind this differential.? Perhaps the most significant bio-
logical condition associated with mandibular complete den-
ture retention is physiological alveolar ridge resorption,
resulting in diminishing oral tissue volume for denture
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FIGURE 10.1 Diminished supporting tissue volume can have a
negative influence on mandibular complete denture stability and
retention. Alternatives to conventional denture treatment may be
necessary when this occurs.

support (Fig 10.1). In some cases, it is not possible to achieve
optimal results using conventional complete denture treat-
ment alone, and alternatives must be considered. When
satisfactory denture support is present, denture adhesives
can improve treatment outcome, but they are also subject to
misuse or abuse.” When problems arise from inadequate
supporting tissue volume for mandibular denture treatment,
denture adhesives can sometimes prove inadequate. In the
past, treatment solutions have generally focused on providing
increased supporting tissue volume. Alveolar ridge augmen-
tation using a variety of natural and synthetic materials has
been used for this purpose. Similarly, alveoloplasty and
tissue extension procedures have been used to expose addi-
tional intraoral tissues and reposition muscle attachments for
denture support. These treatments have provided mixed long-
term success and have occasionally introduced significant
complications and morbidity.>*

DENTAL IMPLANT UTILIZATION

Within the dental profession over the past 15 years, the
consideration of dental implants has shifted from a peripheral
position to one of central importance. When the Branemark
dental implant philosophy was first formally introduced in the
United States in 1982, research focused on the bone-implant
interface and biological considerations. These areas had been
previously identified as the weak link for the predictability and
success of dental implant treatment. Research in implant
prosthodontics for the edentulous patient initially received
little interest. It was shown, however, that the use of dental
implants could provide predictable prosthodontic results.'®!!
During this initial time period, the most common implant
prosthodontic treatment of choice for an edentulous mandible
involved the placement of 5 or 6 implants and fabrication of a
fixed-detachable, all-implant supported prosthesis (Fig 10.2)."?
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FIGURE 10.2 The totally implant-supported prosthesis in the
anterior mandible was the treatment of choice when the Branemark
dental implant philosophy was first formally introduced in the
United States in 1982.

Today, important improvements have been made in
understanding the prosthodontic aspects of implant-related
treatment.'? Research efforts have focused on materials,
treatment design, and methodology. As a result, treatment
methods have changed as dental implant systems have been
improved.

IMPLANT OVERDENTURE TREATMENT

With time, mandibular implant overdenture treatment has
gained considerable acceptance. It is an especially attractive
treatment option because of its relative simplicity, minimal
invasiveness, and affordability.'*™'® The prosthesis is sup-
ported by both implant and mucosa and generally requires
fewer implants when compared with the totally implant-
supported prosthesis design. Fewer implants and a removable
prosthesis offer a less complex and less expensive option for
an edentulous patient.'’

Van der Wijk et al*° compared the financial costs of different
treatment strategies for an edentulous mandible. They compared
first-year treatment costs associated with conventional denture
treatment, mandibular implant overdenture treatment using
either endosseous or transmandibular implant systems, and
conventional denture treatment in combination with prepros-
thetic surgery. Results indicated that the costs for overdenture
treatment supported by a transmandibular implant were 7 times
those of conventional denture therapy. Both endosseous implant
overdenture treatment and conventional denture treatment after
preprosthetic surgery resulted in patient costs that were 3 times
those of conventional dentures.

Investigations have concluded that mandibular implant
overdenture treatment can show significantly improved
retention and stability characteristics as compared with con-
ventional mandibular complete dentures. Additionally, a
direct relationship has been shown between prosthesis reten-
tion and stability and patient satisfaction.®'®*! In fact, even
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with otherwise successful conventional complete denture
treatment in the mandible, it has been shown that it is possible
to achieve a higher clinical standard for success with the
implant overdenture.?!

NATURAL TEETH VERSUS DENTAL IMPLANTS

Treatment decisions regarding the restoration of compro-
mised mandibular teeth can be difficult. When teeth require
significant prosthodontic or periodontal treatment or when
occlusal relationship problems exist, information and guide-
lines on tooth maintenance versus dental implant use are
sparse and controversial (Fig 10.3). In one of the few
published reports comparing overdenture treatment using
natural tooth roots and implants, Mericske-Stern® concluded
that the data indicate a higher probability of success in the
mandible when overdentures are supported by implants
rather than tooth roots. The author could not recommend
significant endodontic, periodontic, and/or prosthodontic
treatment to save a few remaining teeth when dental
implant treatment was possible. She concluded that the
cost effectiveness of dental implants in combination with
the mandibular implant overdenture would generally provide
a more favorable treatment outcome.

PRESERVATION OF BONE

Longitudinal studies have shown that a mean yearly alveolar
ridge height reduction of around 0.4 mm can be expected in
the edentulous anterior mandible, resulting from physiologi-
cal changes.”** Additionally, the rate of resorption is 4
times greater in the mandible, compared with the maxilla.
In comparison, Quirynen et al*> studied the degree of bone
loss associated with dental implant treatment. Clinically exam-
ining patients with a total of 509 implants, they found the mean
annual marginal bone loss (scored on standardized radiographs)
to be 0.9 mm during the first year after implant placement and

FIGURE 10.3 When teeth require significant treatment, informa-
tion and guidelines for tooth maintenance versus dental implant use
are sparse and controversial.
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FIGURE 10.4 Four dental implants located within the anterior
mandibular alveolar bone. Dental implant use can have a significant
positive influence in maintaining residual alveolar bone in the
edentulous mandible (Nobel Biocare, Inc., Yorba Linda, CA).

0.1 mm in following years. Other studies have documented
similar results.”*” The data are significant when considering
the ability of implants to preserve alveolar bone (Fig 10.4).
This data comparison supports the conclusion that after the
first year, implants have a significant positive influence in
maintaining alveolar bone. Evidence indicates that physiolog-
ical residual ridge resorption occurs in the anterior edentulous
mandible at a rate 4 times greater than bone resorption occur-
ring in the same location when dental implants have been used.

NUMBER OF IMPLANTS REQUIRED:
INTERCONNECTED VERSUS INDEPENDENT
IMPLANTS

If a practitioner concludes that a patient would be best treated
with an implant overdenture, how many implants should be
placed? The answer is controversial because adequate data to
address this concern are lacking. Some practitioners believe
that using more implants for overdenture treatment results
in a better treatment outcome, but supporting evidence is
limited. Similarly, from a prosthodontic treatment perspec-
tive, practitioners must decide between a rigid bar fixation
connecting 2 or more implants and an independent implant
attachment system. Guidelines to assist with this treatment
decision are also limited and controversial.

Two dental implants are usually considered the minimum
number necessary for mandibular implant overdenture treat-
ment.'®" The mucosa and implants provide support, reten-
tion, and stability for implant overdentures. As more implants
are used, responsibility for these functions shifts from the
mucosa to the implants. The improvements to the overall
performance of the prosthodontic treatment provided by
using additional implants are not clearly understood.

Published reports describe 2 general technical methods
for using implants as the foundation beneath an

FIGURE 10.5 Two independent dental implants with O-ring
attachments in the anterior mandible (Nobel Biocare, Inc.).

overdenture.'>'"-**7" The first method uses implants as
independent units, connected individually to an overdenture
with components such as ball or ERA (Sterngold-Implamed,
Inc., Attleboro, MA) attachments. While the denture base
properly contacts the mucosa, the simultaneous interlocking
of attachment components provides the retentive quality for
these systems. This technique is more commonly selected
when 2 implants are used. This may be because of the desire
to simplify treatment. Additionally, abutment parallelism can
be more critical with independent implant systems, and this
necessity can be increasingly more difficult to achieve as
greater numbers of implants are involved (Fig 10.5). The
evolution of some attachment systems such as the ERA has
provided angled abutments, which allow additional latitude
in this regard.

The second method employs a rigid interconnection
between implants using a cast metal bar attachment. The
overdenture is fabricated to passively fit and attach to the bar
while simultaneously resting on adjacent mucosa for support.
The connection between the bar and denture base provides
the attachment’s retentive quality. This method is suitable for
2 or more implants, but is the method of choice when more
than 2 implants are used (Figs 10.6 and 10.7).

FIGURE 10.6 Two dental implants with bar attachment in the
anterior mandible (Nobel Biocare, Inc.).
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FIGURE 10.7 Four dental implants with bar attachment fixation
in the anterior mandible (Nobel Biocare, Inc.).

From a biomechanical perspective, Misch'® discussed the
rationale and theory for rotational movement of a prosthesis
around a bar attachment. He indicated that by allowing an
attachment clip, located in the denture base, to freely rotate
around a bar, prosthesis movement can compensate for the
resilience of the supporting mucosa and reduce the transfer-
ence of torsional forces to the implants. The 2-implant, single
bar attachment works best when this is desired. The bar is
fabricated with reasonable alignment perpendicular to the
posterior edentulous arches, and parallel to the plane of
occlusion. When more than 2 implants and multiple bars
between implants are used, the attachment clips located on
each bar are frequently not parallel to one another or per-
pendicular to the posterior ridges. According to Misch,'?
when this occurs, the clips can bind in function, limiting
prosthesis movement. This can produce a reduced range of
motion between the prosthesis and bar attachment, increased
prosthesis support from the implants, and increased applied
torsional forces to the implants. In clinical situations involv-
ing poor posterior ridge form, reducing posterior mucosal
support in this manner may be advantageous. The impor-
tance, however, of a specific prosthesis range of motion
requirement is controversial and needs additional study to
provide better understanding of its clinical implications.

Treatment involving 2 independent implants without rigid
interconnection is an important consideration with mandibu-
lar overdenture treatment. Data support the use of indepen-
dent implants for a mandibular overdenture.'”?**° When
existing conventional dentures are directly altered to accom-
modate implant overdenture attachments, the treatment is
usually easier and more predictable with independent
implants that require less alteration of the denture base.'>?!

There is clear evidence indicating a significant negative
correlation between socioeconomic status and edentu-
lism.>'* For those edentulous individuals who can benefit
from implant-retained/supported prostheses, treatment costs
are considerably higher when additional implants and/or bar
fixation between implants are used. An impelling, but

controversial, consideration suggests that if these variable
treatment modalities have equivalent treatment outcomes, the
2-independent-implant treatment is the method of choice
because patients can receive the same or similar treatment
benefit for less patient expense, treatment involvement, and
complexity.

Kenny and Richards** evaluated the photoelastic stress
patterns produced by implant-retained overdentures. They
found that independent O-ring attachments transferred less
stress to implants than the bar-clip attachments when their
model was subjected to posterior vertical load. Menicucci
et al,>® in an in vivo study, used strain gauges placed within
abutments to measure force distribution differences between
the independent ball and the connected bar attachment
treatment modalities. They concluded that the ball attach-
ments seemed to provide greater stability with the load more
evenly distributed onto the distal mucosa on both sides of the
dental arch. Axial load on the working-side abutment
increased when the bar-anchored attachment was used.

This controversial concept was also addressed by Batenburg
etal.*® They studied 60 mandibular implant overdenture patients
who were divided into 2 groups, 1 treated with 2 endosteal
implants and the other with 4. They found no significant
differences with regard to the peri-implant health. The authors
suggested that additional study is necessary, but based on their
finding, concluded that there seemed to be no need to insert more
than 2 endosteal implants to support an overdenture.

Wismeijer et al®’ studied 110 patients who had received
mandibular implant overdenture treatment. Subjects received
either 2 implants with ball attachments, 2 implants with an
interconnecting bar, or 4 interconnected implants. Subjects
completed questionnaires designed to elicit opinion regard-
ing individual treatment outcome. Sixteen months after
treatment, almost all subjects were generally satisfied. No
significant difference was found between the 3 treatment
strategies. The study concluded that implant treatment using
the 2-implant ball attachment is sufficient, but the authors
emphasized the need for additional clinical studies.

In a retrospective study, Mericske-Stern'’ examined 67
patients divided into 3 groups: 27 with 2 implants using a ball
attachment, 29 with 2 implants connected with a bar, and 11
as the control group with 3 or 4 implants, all splinted with a
bar. Evaluation included assessments of occlusion, the
need for denture remounting, and the need for relining
and replacement of attachment retainers. The author con-
cluded that the retention, stability, and occlusal equilibration
of dentures improved slightly with increasing numbers of
implants. Using three-dimensional finite-element analysis,
Meijer et al*® studied the stress distribution in the anterior
mandibular bone around implants under conditions in which
either 2 or 4 implants were used. They concluded that there
was no reduction of the principal stresses in bone when the
occlusal load was distributed over an increasing number of
implants.
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Fontijn-Tekamp et al,* in an in vivo study, analyzed the
difference in masticatory forces using conventional maxillary
denture treatment, and in the mandible, either conventional
denture treatment or implant-supported denture treatment
using either a transmandibular implant or 2 anteriorly placed
endosseous implants. They found that both implant treat-
ments produced significantly higher masticatory forces com-
pared with conventional denture treatment, but that forces did
not differ between the mainly implant-borne and the mucosa-
implant borne implant treatments. Chao et al*’ conducted a
literature review to analyze survival rates of loaded implants,
occlusal forces, and stress distributions of implant over-
denture prostheses in the edentulous mandible. This report
concluded that the number of implants supporting a prosthe-
sis seems to have less influence on stress distribution than
does prosthesis design and the related direction of forces.

Zarb and Schmitt'® indicated from their study that the
major determinant of success in complete denture prostho-
dontics is patient-perceived denture stability, which can be
achieved irrespective of the number of implants successfully
integrated. This theory supports the concept that fewer
implants can be equally effective for the overdenture pros-
thesis. The placement of additional implants beyond that
necessary for the proposed prosthodontic treatment provides
a means for contingency planning against the loss of
implants, if tissue integration fails. Zarb and Schmitt*!
reported a clinical success rate in excess of 96% for implants
supporting overdentures. Other authors have reported similar
results.'>**~* These findings support the view that the high
degree of predictability of implant integration in the anterior
mandible may preclude the contingency placement of addi-
tional implants in anticipation of potential loss.

COMBINATION SYNDROME ASSOCIATED WITH
DENTAL IMPLANTS

Several authors have reported the response of supporting soft
tissues for implant overdentures and opposing prosthe-
ses.®!15:1646-52 1y gituations in which mandibular implant
overdentures oppose maxillary complete dentures, some
authors contend that conditions may be produced at the
prosthesis-tissue interface that are similar to those observed
with combination syndrome. This condition usually is asso-
ciated with mandibular distal extension removable partial
denture and maxillary complete denture treatments
in situations in which mandibular posterior prosthesis sup-
port is lost.***¥->12 This situation can lead to the transfer-
ence of significant occlusal forces into the anterior maxilla
with subsequent maxillary alveolar bone resorption and soft
tissue inflammation.

Jacobs et al®® and Bums et al,(’ on the other hand,
documented improved tissue health and reduced annual
residual ridge resorption in supporting tissues of prostheses

that oppose a mandibular implant overdenture. They con-
cluded that a more stable occlusion provides a better distri-
bution of occlusal forces and protects the maxillary anterior
edentulous ridge. Jacobs pointed out the need for regular
recall and routine prosthesis reline to maintain proper occlu-
sal relationships.

It is possible that in association with mandibular implant
overdenture treatment, reduced posterior prosthesis support
caused by alveolar bone resorption could set the stage for
pathological complications similar to combination syn-
drome. Under conditions of adequately maintained posterior
prosthesis support, however, the stabilizing influence of
implants may promote tissue health. Additionally, Johns
et al' found a significant decrease in soreness, stomatitis,
and ulceration in the anterior mandibular tissues with the use
of implant overdenture treatment, when compared with
conventional dentures.

PERI-IMPLANT RESPONSE

The peri-implant osseous and gingival tissue response to
mandibular implant overdenture treatment has been docu-
mented in the literature,' 71941 -4347:535% Gene rally, favor-
able results have been reported concerning peri-implant
tissue response. Geertman et al** evaluated several peri-
implant parameters including the plaque index, bleeding
index, gingival index, probing depth, quantitative assessment
of the keratinized mucosa, and radiographic evaluation of
bone level. The authors recorded favorable results for these
assessments among 3 implant systems. Mericske-Stern'’
concluded that implants supporting overdentures may be
maintained in a healthy and stable condition, independent
of the retentive device used for overdenture anchorage.
Johns et al'? reported on a controversial issue by stating
that a healthy soft tissue response is possible, regardless of
whether the implants were placed in areas of alveolar mucosa
or attached gingiva. Both Zarb and Schmitt*' and Jemt et al*®
indicated that bone level maintenance around isolated over-
denture implant abutments seemed to parallel that reported
for natural tooth abutments in the general fixed prosthodontic
literature. Wright et al> studied the influence of attachment
bar design on implant overdenture treatment and documented
hyperplasia of the mucosal tissue around implants and the bar
in 35% of the patients they observed. Improving oral hygiene
and adjusting the dentures in conjunction with the surgical
removal of hyperplastic tissue resolved these problems.

TREATMENT COMPLICATIONS

Treatment complications associated with implant overdentures
have been discussed in numerous studies,'>!'®!?28:42:43:35-59
Geertman et al*> evaluated complications using a clinical
implant performance scale. This method identified a range of
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complications using a criterion-defined 5-point scale. Most
complications were not serious. Loosening of coping screws
and the need for replacement of attachment clips were the most
common. Gingival hyperplasia, maxillary denture reline
requirements, and occlusal adjustment were also noted, but
infrequent.

Walton and MacEntee® retrospectively evaluated treat-
ment maintenance requirements for 156 patients who
received overdenture treatment over a 6-year period.
They found problems with loose, lost, or broken retentive
clips that accounted for the most common overdenture
repairs. More importantly, they found that the vast majority
of repairs were needed within the first year of prosthesis
service. Hemmings et al®> compared the complications and
maintenance requirements for fixed implant prostheses and
implant overdentures in edentulous mandibles over a 5-year
period. They found that overdentures required more adjust-
ment than the fixed prostheses, but that the adjustments
were usually performed within the first year post-insertion.
The main complications associated with mandibular
implant overdenture treatment involved the peri-implant
mucosa, abutment and gold screws, acrylic resin compo-
nents, and retentive clips (Fig 10.8).

Jemt et al*® studied implant overdenture treatment in a
5-year prospective, multicenter study. They found that the
success rates for implants and overdenture prostheses in the
mandible were 94.5% and 100%, respectively. Most (79%) of
the failed implants in the mandible were identified before or
during the first year of function. Similarly, Kucey’® retrospec-
tively studied implant placement and prosthodontic treatment
over a 5-year period. He found that implant overdenture
treatment showed no implant loss and 100% restoration
retention during this period. Muftu and Karabetou® warned
that complications associated with implant overdenture treat-
ment cannot be dismissed and managing these complications
may require extra clinical time and expense, a fact that should
be taken into account when identifying the patient’s total
financial commitment for this type of treatment.

FIGURE 10.8 Denture base fracture associated with mandibular
implant overdenture treatment.

CONCLUSIONS 83
PATIENT SATISFACTION

An understanding of patient satisfaction associated with
mandibular implant overdenture treatment has received con-
siderable acknowledgement in the literature ®'3-3743:61-73
Burns et al® and Boerrigter et al®>® showed a significant
increase in patient satisfaction with this treatment when
compared with conventional dentures. Burns concluded
that mandibular implant overdenture treatment provided
patients with a more predictable treatment outcome and a
potentially higher standard of success than is possible with
most treatments using conventional complete dentures. Feine
et al®’ compared patient satisfaction between implant-
supported fixed prosthodontic treatment and implant over-
denture treatment in the mandible. After subjects experienced
each treatment type, an equal number preferred the remov-
able to the fixed treatment. For the categories of prosthesis
stability and the ability to chew, the fixed treatment received
a higher rating. The removable treatment was rated superior
for ease of cleaning and esthetics. In terms of reducing patient
complaints, Cune et al®* suggested that treatment with dental
implants in combination with an overdenture is very effec-
tive. In particular, for the mandibular implant prosthesis,
patient comfort was significantly improved. Geertman et al®®
compared the 2 endosseous implant and transmandibular
implant overdenture treatments in the mandible in terms
of patient satisfaction, complaints, and subjective chewing
ability, and found no statistical difference. They suggested
that their results were unexpected, because the transmandib-
ular treatment provides a greater degree of implant support
for the prosthesis compared with the 2 endosseous implant
treatments.

Grogono et al’® studied the differential of importance
between function and esthetics, reporting data collected from
61 questionnaires completed by patients with existing
implant prosthodontic treatment. The most common reason
for choosing a dental implant prosthesis was to improve
eating ability. Eighty-two percent of respondents reported
improved eating ability after implant utilization. Function
and confidence were more important than esthetics. This
information is of particular interest because the esthetic
outcome of treatment with a mandibular implant overdenture
is similar to that of a conventional denture.

CONCLUSIONS

The information presented in this report represents a portion
of the knowledge base available for mandibular implant
overdenture treatment. Some information is well documented
and supported by evidence, and some is not. Conclusions for
this material, based on the consideration of consensus of
opinion versus controversy, are as follows.
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Areas of General Consensus

Edentulism is a significant health problem in the
United States and will continue to be of concern in
the future.

Patients experience greater difficulties with mandib-
ular conventional dentures than with maxillary
dentures.

Retention and stability problems have significant nega-
tive influence on treatment outcomes for conventional
mandibular dentures.

The success of dental implants in the anterior mandible
is generally excellent.

Dental implants, when used with mandibular overden-
ture treatment, have demonstrated many benefits com-
pared with conventional denture treatment.

Implants in the anterior mandible can slow the process
of physiological bone resorption.

Peri-implant and osseous response to mandibular
implant overdenture treatment has proven favorable.

Treatment complications are a concern, especially dur-
ing the first year of treatment service.

The potential for complications points to the need
for routine recall and follow-up evaluation and
treatment.

Data indicate significant increases in patient satisfaction
with mandibular implant overdenture treatment when
compared with conventional denture treatment.

Areas of Controversy

When complex treatment is required to restore a few
remaining natural teeth in the anterior mandible, extrac-
tion of the teeth and replacement using implant over-
denture treatment may be the best option, but decision
guidelines are needed.

The number of implants required to provide adequate
mandibular implant overdenture treatment outcome
remains open to debate.

The necessity for rigid interconnection between
implants in the anterior mandible has not been defini-
tively determined.

Negative influence of mandibular implant overdenture
treatment on the anterior maxilla (combination syn-
drome) requires additional understanding.

The necessity for placement of dental implants in
attached keratinized gingiva rather than alveolar mucosa
is unresolved.

Dentistry may be experiencing a paradigm shift in
which the mandibular implant overdenture treatment
could become the future standard of care for the eden-
tulous mandible.
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ABSTRACT

Since the introduction of the endosseous concept to North
America in 1982, there have been new permutations of the
original ad modum Branemark design to meet the unique
demands of treating the edentulous maxilla with an implant
restoration. While there is a growing body of clinical evi-
dence to assist the student, faculty, and private practitioner in
the algorithms for design selection, confusion persists
because of difficulty in assessing the external and internal
validity of the relevant studies. The purpose of this article is
to review clinician- and patient-mediated factors for implant
restoration of the edentulous maxilla in light of the hierar-
chical level of available evidence, with the aim of elucidating
the benefit/risk calculus of various treatment modalities.
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Restoration of the maxillary edentulous patient with
implants is often more challenging than the mandibular
arch due to anatomic, biomechanical, and esthetic consider-
ations. Maxillary bone density is predominantly quality 3, as
opposed to the mandible, characterized more commonly as
quality 2, using the Lekholm-Zarb classification, which has
been correlated to primary implant stability."* Microcom-
puted tomography has recently shown the mandible to have
1.8 times the bone mineral density of the maxilla.® The
resorptive pattern of the edentulous maxilla is superiorly
and medially directed, resulting in limitations in both height
and width of the bony foundation for implants. In contrast,
the progressive atrophy of the mandible often leaves a
significant depth and width of basal bone anteriorly to
accommodate implants.* Biomechanically, the antagonist
jaw of a maxillary implant prosthesis is more frequently
opposed by anterior teeth or implants than mandibular
implant restorations are, leading to higher loading forces.’
In addition, the rigid maxilla does not have the shock-
absorbing effect seen in the cantilevered mandible and
may not tolerate applied forces equally.® Esthetically, a
maxillary implant reconstruction is more demanding due
to the impact on appearance of maxillary lip support, lip
line, and the gingival and tooth display.” The resorptive
pattern of the maxilla, when extensive, may also lead to
dissatisfaction with certain prosthetic designs, since almost
90% have a smile extended to second premolars,8 which
impacts buccal corridor esthetics.’ Given these risk factors, it
is not surprising that the survival rate and patient satisfaction
of maxillary implant prostheses is lower than similar data
reported on the mandible.'®"? Because of these challenges,
there continues to be controversy on the appropriate implant
treatment for the edentulous maxilla.

Our purpose is to review the indications and prosthetic
design recommendations when considering the overdenture
(I0D), fixed complete denture (IFCD), and metal ceramic
(MC) options.'* The faculty at the University of the Pacific
Arthur A. Dugoni School of Dentistry (San Francisco, CA)
has reviewed these guidelines for evidence-based student
clinical decision-making in accordance with the Commission
on Dental Accreditation (CODA) mandates. The level of
evidence varies in each section of the discussion and will be
quantified based on Sackett et al’s'> hierarchy (Table 11.1).
A MEDLINE search was conducted along with a hand search
for articles published over the last 25 years on implant
restorative treatment for the maxillary edentulous patient
and reviewed by each author.

GENERAL CONSIDERATIONS FOR IMPLANT
THERAPY

Complete denture principles are the foundation for determin-
ing the anatomic, functional, and esthetic blueprint for an

TABLE 11.1 Sackett’s Hierarchy of Evidence'®

Level of

Evidence Description

1A Systematic review of randomized controlled
trials (RCTs)

1B RCTs with narrow confidence interval

1C All or none case series

2A Systematic review cohort studies

2B Cohort study/low quality RCT

3A Systematic review of case-controlled studies

3B Case-controlled study

4 Case series, poor cohort case controlled study

5 Expert opinion

implant rehabilitation of an edentulous patient. Systemic,
local, and patient-mediated concerns are the triad of factors
that will influence the suitability and design preference for an
implant restoration of the edentulous maxilla, given the
available evidence. Systemic risks for implant therapy
have been elucidated in a number of publications,m_23
although the level of evidence indicative of absolute and
relative contraindications is low, due to heterogeneity of
studies and lack of standardization of populations.?***
Emerging evidence, although weak, suggests a correlation
between genetic traits and disruption of osseointegration.*>
Local factors influencing implant treatment include bone
quality,® degree of bone resorption,?’ previous implant
failure,”®2° jaw classification,®® lip and facial support
needs,”! intermaxillary space,®” exposure on smile of the
transition line between prosthesis and mucosa,” and discrep-
ancy of the arches.>* Patient-mediated factors impacting
prosthetic design options may include financial estimates,>”
total risk analysis including adjunctive procedures,>®” treat-
ment time,*® aftercare burden,*”*° hygiene access,'* mor-
bidity,4l phonetics,”’32 and esthetics.®** The evidence that
documents systemic risks is predominantly from level 2B
and 3A. The evidence supporting the influence of local
factors ranges from level 2B to 5. Patient-mediated factors
affecting design options are documented mainly with level
2A to 3B evidence.

INDICATIONS FOR IMPLANT RESTORATION
OF THE EDENTULOUS MAXILLA

Quality of life (QoL) outcomes were evaluated in a system-
atic review, including 18 randomized controlled trials, com-
paring complete dentures and IODs for the edentulous
maxilla.*® Although high satisfaction ratings were reported
for maxillary implant prostheses, the overall ratings were not
significantly greater than for a complete denture. In a cross-
over study by de Albuquerque et al,** 13 patients were
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restored first with a new maxillary and mandibular denture
and then with a maxillary IOD (with or without palatal
coverage) opposing an IFCD; however, ratings with the
implant prostheses were not significantly higher than for
new conventional maxillary prostheses. While there have
been conflicting reports comparing patient satisfaction of
IOD and CD,***¢ indications for an implant prosthesis
include anatomic morphological limitations precluding ade-
quate stability and retention for a CD, patient intolerance for
palatal coverage, and treatment of the refractory gagger.*’
Evidence supporting the indications for an implant prosthesis
on the edentulous maxilla range from level 2A to 3B.

SELECTION OF FIXED OR REMOVABLE
IMPLANT PROSTHETIC DESIGN

While there has been ambiguity in the literature regarding
patient preferences for a fixed or removable implant prosthe-
sis,'**® each has advantages. Removable designs allow for
facial scaffolding and dental esthetics for certain jaw and lip
morphologies,'**** improved hygiene access (except with
the MC design),*®>° latitude in positioning of implants,***°
ease in reconciling arch discrepancies,®® and initial cost
savings.'*?” Fixed prostheses offer retention security,*
enhanced chewing of hard foods (compared to implant-
and tissue-borne overdentures),*® and reduced mainte-
nance.*® When MC restorations were compared to IFCD
prostheses, the QoL ratings were higher for the former design
due to esthetic and functional assessments.’’ Given the
relative benefits of these designs, a comprehensive exami-
nation and diagnosis is of utmost importance to guide the
patient in making appropriate treatment decisions. Selection
of fixed or removable designs is documented by level 2B to
3B evidence.

Three assessments are critical to a proper selection of
prosthetic design: esthetic factors, occlusal vertical dimen-
sion (OVD), and radiographic data,'!"!%!4304852.33 pe
preference of a removable design will be influenced by
the need for lip and cheek support, which often can be
predicted by the thickness of a buccal flange of an existing
complete denture.* Duplicating the complete denture and
removing the anterior flange can be diagnostic in determining
if the maxillary anterior teeth are sufficient to provide lip and
facial support (Fig 11.1). If the anterior/posterior resorption
exceeds 10 mm, a removable design is indicated.”> Secondly,
maximum upper lip elevation on smiling will divulge if the
prosthetic-tissue junction will be hidden (Fig 11.2A), or if
there may be potential esthetic problems with this fixed
design.”® Without the denture in place, if the alveolar ridge
is displayed during smiling, the use of a buccal flange in a
removable prosthesis may be advisable (Fig 11.2B).** How-
ever, an [IFCD may be selected if an ostectomy has been well
planned and executed before implant placement to assure that

FIGURE 11.1 (A) Sagittal view of horizontal defect of pre-
maxilla region using an anterior flangeless duplicated denture. If
the teeth are appropriately placed for lip support, a metal ceramic
(MC) restoration is not advised. (B) Frontal view of vertical extent
of residual ridge resorption. (C) Facial profile with no prosthesis in
place. (D) Facial profile with flangeless denture in place demon-
strating excessive lip support. With appropriate anterior set-up, an
MC restoration is feasible.

the bony platform is superior to the most apical position of
the lip on exaggerated smile.”” Bidra’ also reported that class
IT division 2 patients with a terminal maxillary dentition
would benefit from orthodontic intrusion of the anterior
sextant before extraction, availing them of an IFCD option
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FIGURE 11.2 (A) Exaggerated smile of patient with maxillary fixed complete denture (IFCD) hiding the prosthetic-tissue junction.

(B) Display of residual alveolar ridge without any prosthesis in place.

after extraction. A high smile line may also be challenging in
an MC restoration because of the difficulty of achieving
natural-appearing papillae and symmetrical gingival scallop-
ing.® This feature is more commonly found in females
who demonstrate a higher lip line (1.5 mm on average®) than
males. Esthetic factors critical to prosthetic design selection
are supported by level 3B to 5.

The OVD will often have functional and esthetic ramifica-
tions when treatment planning the patient with a maxillary
edentulous arch.®’ While no single method has been estab-
lished to determine OVD, the use of physiologic rest position
(VDR), swallowing, phonetic, esthetic, and facial measure-
ments all may contribute to the analysis.®>®* The appropriate
interocclusal distance (facial vertical space between VDR and
OVD) is about 3 mm for a skeletal class I, but may be less for a
class IIT and more for a class IL®* If the existing maxillary
denture has been constructed at the appropriate OVD, and the
anterior and posterior planes of occlusion are suitable, based
on esthetic,% phonetic,°® and biometric references,®’ a dupli-
cate denture/radiographic and surgical template can be fabri-
cated.®® If the existing denture is not acceptable, an idealized
wax-up is required before duplication. AbuJamra et al®
described a laboratory technique to visualize the interarch
space available for implant prosthetic restoration of an eden-
tulous patient. Silicone putty impression material was used to
form a resilient cast and an external mold from an approved
denture. The denture and resilient cast were mounted on an
articulator at the prescribed OVD, and spatial relationships
visualized in 3 dimensions when removing the denture from
the resilient cast (Fig 11.3). For a Locator-retained 10D
(Zest Anchors, Inc., Escondido, CA; Fig 11.4), 8 to 9mm
of intermaxillary space (from crest of soft tissue to antagonist
occlusal plane) is recommended; for a resilient bar 10D
(Dolder bar; Sterngold, Attleboro, MA; Fig 11.5), 12 mm,;
for a milled bar IOD (Spark-eroded milled bar; Dental Arts
Laboratory, Peoria, IL; Fig 11.6), 11 mm; for an IFCD
(Fig 11.7), 11 to 12 mm, and for the MC design (Fig 11.8),
7mm.”®’" If insufficient space is available to house the
prosthetic components for a desired design, an alveoplasty
using a surgical template will be required, based on these
measurements.”> When there is insufficient space, Fajardo

et al,73 using an in vitro study, demonstrated the effective use
of glass fibers to strengthen thin acrylic areas, but planning for
appropriate acrylic thickness is recommended. The impact of
OVD on pretreatment protocols, anchorage selection, and
maintenance is supported mainly by level 4 and 5 evidence.

Treatment planning the patient with an edentulous maxil-
lary arch benefits from the use of a radiographic template in
conjunction with an orthopantomogram and/or a CBCT scan,
using appropriate selection criteria.”*” This allows a pros-
thetically driven treatment plan and assessment of the avail-
able bony height, width, and possibly density.”®”’ The
Hounsfield scale has been used to evaluate bone density
(with the aid of software programs) along with resonance
frequency analysis and insertion torque measurements to
make a more objective assessment of the bone quality.”®
When the volume of bone is compromised, sinus augmenta-
tion has been commonly used to increase the alveolar bone
height prior to implant placement in the posterior max-
illa.””®' However, the intermaxillary relationship should
always be kept in mind, as sinus grafting may represent
only part of the reconstructive procedure to rectify limited
bone volume.>” Wallace and Froum,82 in a systematic review
on sinus grafting, reported a mean implant survival rate of
91.8%; more favorable outcomes with roughened implants;
particulate versus block grafts; use of a membrane over the
lateral window; but not with the use of platelet-rich plasma.
In a retrospective multicenter review on sinus grafting,
smoking habits of >15 cigarettes/day and residual ridge
height <4 mm were significantly associated with reduced
implant survival.** Given the paucity of evidence evaluating
short implants®® in the restoration of maxillary edentulous
patients, as opposed to the partially edentate or mandibular
edentulous patients,géHSG it is still unclear when sinus lift
procedures are needed. A Cochrane systematic review noted
that, while conclusions are based on small trials with short
follow-up, if the residual native bone height is 3 to 6 mm, a
crestal approach to lift the sinus lining and place 8§ mm
implants may lead to fewer complications than a lateral
window approach to place longer implants.®” No significant
relationship between crown-to-implant ratio and marginal
bone loss has been established, at least when the C:I is
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FIGURE 11.3 (A) Facebow registration using Kois Facial Analyzer (Panadent Corp, Grand Terrace, CA). (B) Mounting of the maxillary
denture with laboratory putty in the intaglio surface with paper clips to retain mounting stone. This will allow a resilient cast. (C) Maxillary and
mandibular dentures on resilient casts, mounted on the articulator at the appropriate occlusal vertical dimension (OVD). (D) Measurement of
space allowance before prosthetic design is selected. If insufficient space, the amount of required alveoloplasty can be visualized.

FIGURE 11.4 (A) Locator abutments evenly distributed for maxillary overdenture. (B) Suprastructure overdenture in place over locator
abutments. Metal reinforcement adds fracture resistance.

FIGURE 11.5 (A) Dolder bar anchorage system. (B) Suprastructure in place over Dolder bar.
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FIGURE 11.6 Implant fixed complete denture.

<3:1.%® However, esthetic consequences of altering normal

anatomic relations may be problematic.%® Assessment of
radiographic data and its influence on treatment planning
of implants in the edentulous maxilla is documented pre-
dominantly by level 2A to 3B.

Consensus statements on surgical techniques to augment
the deficient maxillary edentulous ridge for implants noted that
most studies are retrospective in nature.”® Autogenous onlay
bone grafting procedures supporting implants have survival
rates slightly lower than those placed in native bone.*”*°
Implants placed in augmented sites opposing unilateral occlu-
sal support showed the highest implant failure rate.”® Split-
ridge and expansion techniques are effective for correction of
moderately resorbed edentulous ridges in selective cases, and
survival rate of implants following this technique are similar to
success in native bone.”® The use of a graftless approach with
pterygomaxillary implants,”"? zygomatic implants,”*® and/
or tilted implants,””® has been used with high reported
success when there is inadequate vertical bone for orthodox
implant placement; however, in a 2009 review, Att et al®®
reported that more than half of the 42 studies culled failed to
detail the prosthetic outcomes. It is also important to keep in
mind that successful implant/prosthodontic outcomes are
linked to the level of operator experience.'**'°! Most impor-
tantly, when there is a need for additional surgical or inter-
disciplinary intervention to optimize the site for implants for a
particular prosthetic design, a risk, benefit, cost, alternative

FIGURE 11.7 (A) Milled bar mesostructure for overdenture.
(B) Suprastructure milled bar overdenture with swivel latches
engaged on palatal shelf in first molar region. (C) Gold occlusal
design on posterior teeth to thwart attrition.

FIGURE 11.8 (A) Screw-retained metal ceramic (MC) design. (B) Gingival-cervical crown junction of the MC design.
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analysis is recommended as part of the patient’s informed
consent. Surgical procedures to augment the deficient edentu-
lous maxilla are documented with level 2A to 3A.

THE IMPLANT OVERDENTURE

In a systematic review, the survival of maxillary implant over-
dentures was reported to be 93% after at least a 5-year follow-
up.’ The level of evidence is low because of the heterogeneity of
the prosthetic methodologies in the included studies, which have
varying implant type and number, anchorage systems, and
suprastructure designs. Implant overdentures can be classified
as either implant-mucosa or implant-supported prostheses.
Implant-supported overdentures do not have a mucosal rest
and do not allow movement.*’ The advantage of an implant-
supported prosthesis is a decrease in prosthetic maintenance,
which may compensate over time for initial higher costs.®>1%%1%?
Decisions regarding the optimal number of implants, anchorage
system, suprastructure design, expected maintenance, and
immediate loading protocols remain controversial.

Number of Implants

In a recent systematic review, Roccuzzo et al'® found no
studies on the optimal number of implants for maxillary
implant-supported overdentures. In a recent consensus report,
Gotfredsen et al'® noted that there were no RCTs available to
demonstrate that a particular number of implants for maxillary
IODs offered better biological, technical, or patient-mediated
outcomes. However, Balaguer et al'! in a longitudinal pro-
spective study (36- to 159-month follow-up) of 107 maxillary
overdentures reported a significantly higher implant survival
with six implants compared to four. In a meta-analysis on
maxillary IODs, Slot et al'® also reported a statistical differ-
ence in four- and six-implant designs. Varying conclusions
may be due to heterogeneity in inclusion criteria and over-
denture design as well as the low quality of evidence in
maxillary TOD studies.” Notwithstanding these data, there
appears to be a consensus that a minimum of four implants
is recommended for a maxillary IOD, evenly distributed over
the arch, for a palateless design.***'%” The distribution and
number of implants may have a significant impact on applied
load, as was demonstrated by an in vitro study.'®® When the
patient presents with a heavy smoking habit, previous failure
with implants, or bruxism, more than 4 implants are
advised.'®*” The evidence supporting the number of implants
appropriate for an implant overdenture ranges mainly from 1A
to 2C, with consensus statements from level 5.

Anchorage Design/Maintenance

In a systematic review, an assessment was made on the
influence of maxillary IOD splinted and unsplinted anchorage
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systems on peri-implant indices and patient satisfaction.'®
There were no significant differences between these designs,
except the bar group had reduced maintenance. These data
were replicated by an earlier systematic review, a recent
Cochrane review, and a 5- to 8-year retrospective clinical
study.**>*!1° Despite these conclusions, there is a lack of
standardization of the anchorage design and superstructure,
limiting the strength of the evidence.''! For example, ball and
Locator (Zest anchors) attachments have been shown to have
different rates of prosthodontic complications, but without
reference to number or distribution of implants, palatal cover-
age, or status of opposing arch."'? Rigid overdenture designs,
with a milled bar and a frictional overcasting that prevents
prosthesis rotation, have reduced maintenance in comparison
to resilient anchorage designs.*”"'°>!® Furthermore, with this
system, a number of attachments allow for a biomechanical
behavior similar to a fixed prosthetic implant restoration
including a spark-eroded swivel latch (Fig 11.7B).!'*!1
One overarching problem has been quantification of what
constitutes maintenance. Some have classified it in terms of
number of appointments,'®” others on the basis of severity:
major non-retrievable, major retrievable, and minor retriev-
able."'® In summary, for patients requiring facial scaffolding,
hygiene access, and retention security, a rigid overdenture
design with locking attachments has demonstrated high patient
satisfaction as long as the patient has adequate dexterity.'® In
vitro studies have demonstrated reduced center point deviation
with milled titanium versus heavier cast frameworks,1 17118 bt
there seems to be no significant impact on long-term function
of restorations.'' Solitary anchorage designs, on the other
hand, may be helpful in patients with limited financial
resources, poor oral hygiene, and limited keratinized tissue.'*°
Overall, a bar has been recommended when restoring diver-
gent implants of more than 10°.'%! With the resilient designs, a
17% to 22% loosening or fracture rate has been reported in the
first year.*'%”'?2 Regardless of the anchorage design, the [OD
is prone to denture tooth attrition, and a number of materials
have been recommended to resist wear (Fig 11.7C). 123124
Finally, it is apparent that controlled trials on a larger number
of participants comparing types of attachments, superstructure
designs (including cast metal-'>>'?° or fiber-reinforced'*”-1?®
denture bases for resilient superstructures), status of opposing
arch, palatal contour, and cost and time analyses are lacking for
the maxilla.'*''> The evidence supporting anchorage design
decision making is mainly level 1A to 3A.

Immediate Load Protocols

While there are numerous advantages in immediately loading a
maxillary overdenture, including shortening the provisional
prosthetic period and overall treatment time, few patient-
mediated benefits are documented.'” The shortcomings in
fitting the superstructure to soft tissues that will change weeks
later, need for multiple relines, and contamination of the
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surgical site with impression material or methyl methacrylate
all need to be considered in the clinical decision making. Early
loading (between 7 days and 8 weeks) has been more fre-
quently used with the selection of roughened implant surfaces
and may avoid many of the drawbacks of immediate load-
ing."* Systematic reviews have noted that early and conven-
tional loading protocols are better documented than immediate
loading and seem to result in fewer failures compared to
immediate loading."**~'*! Loading protocols are documented

mainly with level 2A to 3B evidence.

THE IMPLANT FIXED COMPLETE DENTURE

Two groups comprising 76 and 109 patients were treated
with 450 and 670 implants, respectively, for an IFCD, 15
years apart, and followed for 5 years.'**'3* The two cohorts
reflected changes in the implant and prosthetic protocol from
1987 to 2001. Approximately half of the implants in the
second cohort received a roughened implant, and all other
patients received machined implants. For the late group, the
prosthesis was designed more for esthetics by using shorter
abutment cylinders and placing the prosthesis closer to the
tissue. The 5-year cumulative implant/prosthetic survival rate
was 93.4%/97.1% and 97.3%/100.0% for the early and late
group, respectively. Patients in the late group had fewer
complications with diction and veneer fracture. This under-
scores the questionable validity of combining results from
different time periods.'** These data were based on patients
receiving an average of 6 implants. Assessments regarding
the optimal number of implants, framework design, expected
maintenance, and immediate loading protocols will facilitate
decisions regarding the IFCD, given the best available
evidence. The data on IFCDs is supported by level 2A to 2B.

Number of Implants

No comparative trials, let alone RCTs, were available to
assess the optimal number and position of implants for a
maxillary IFCD. Most of the included studies in a systematic
review reported on complication rates for IFCDs supported
by 4 to 6 implants without addressing how many reconstruc-
tions had 4, 5, or 6 implants.'*> A descriptive study review-
ing long-term evidence on implant and prosthodontic
survival rates of fixed rehabilitations and reported prosthetic
protocols with >6 implants showed a higher survival rate
than those with <6 implants.'*® The failure of one of the
implants with <6 implants could jeopardize the prosthodon-
tic survival and may explain why selected articles showed a
lower survival rate with this number.'*® Risk factors such as
compromised quality/quantity of bone and high applied
forces should also be considered when determining the
number of implants.* The number of implants for an
IFCD is documented by level 2A evidence.

Framework Design

Framework fracture continues to be reported during follow-
up periods with IFCDs."*”~"3° The most common reasons for
these findings were insufficient cross-sectional dimension
distal to the terminal implant, poor alloy choice, excessive
cantilever length for the anterior/posterior span, and
inadequately designed frameworks.'*® Stewart and Staab'*!
showed that the “I” and the “L” shaped configurations had
the most fracture resistance for cantilevered frameworks. The
recommendations that cantilevers may extend at most to 1.5%
the anterior/posterior span was empirically established and
should be modified by the estimated applied forces (e.g.,
parafunction, skeletal form, opposing dentition) and number
of implants.'**'*? Given that the population of IFCD patients
may generate as much as 240 N,'** current materials are able
to accommodate these loads without deformation, as long as
the height of the bar is adequate.'** Optimal thickness will
depend on type of metal, number of implants, supporting
bone, and loading forces. A broad range of recommendations
has been published for the dimensional protocol of cast bars
(3—7 mm) and milled bars (2.5 mm). 140 However, a minimum
of 4 x4 mm appears to be a safe dimension for both. Cast
noble alloys (gold, silver, palladium, and platinum) and
titanium alloys have been used widely and have similar yield
strength (825-900 MPa) with similar long-term out-
comes.! %1% Retentive elements (nailhead features, loops,
and undercut areas) for denture base materials should be
incorporated in the framework design, including posts for
anterior teeth, and primed with a silicoater. A framework can
only be fabricated after an idealized wax-up dictates its
appropriate three-dimensional location by the use of a matrix.
Different designs have been investigated. A retrospective
study on all-ceramic crowns cemented onto a CAD/CAM
titanium framework, with pink ceramic, has reported a 92.4%
prosthetic survival rate with a 10-year follow-up, albeit on
only 28 maxillary prostheses.'*> Clinical long-term data are
lacking for the use of extensive implant-borne zirconia
frameworks.'**~'*® Framework design principles for the
IFCD are documented with predominantly level 2B to 3A
evidence.

Maintenance

A systematic review of the biologic and technical compli-
cations with IFCDs reported a prosthesis success rate (free
of complication) of 8.6% after 10 years."* The most
common prosthesis-related complication was chipping or
fracture of the veneering material (33.3% at 5 years and
66.6% at 10 years)."* This has been attributed to material
failure, framework misfit, inadequate prosthetic space,
excessive cantilevers, and laboratory errors. The most
common implant-related complication was peri-implant
bone loss (>2mm) at a rate of 40.3% after 10 years. The



WWW.HIGHDENT.IR
O 35135 5 Olilusluis Hlen

most frequent prosthesis-related biologic complication was
hypertrophy of the tissue around the IFCD (13.0% and
26.0% after 5 and 10 years, respectively).'*® Ten-year
results from two separate studies quantified framework
fracture at 9.8%."''*">° A prospective RCT 10-year study
on cast titanium-resin prostheses on 24 patients reported a
total of 4.7 resin-related complications per prosthesis,
which lingual gold onlays reduced.”' Purcell et al,'>* in
a retrospective chart review with an average recall time of
almost 8 years, found that patients were 50 times more
likely to replace posterior teeth at the 5-year mark than at
the 2-year mark. The use of urethane dimethacrylate teeth
has been suggested to reduce wear (SR Phonares NHC
anterior, SR Phonares NHC posterior; Ivoclar Inc.,
Ambherst, NY).'5* Moffitt et al'** also speculated that tooth
debonding or fracture will continue to be a formidable
challenge with this design. Both antagonist occlusal plane
evaluation and occlusal equilibration, especially in excur-
sions (including lateral protrusive pathways), are critical to
reduce mechanical complications. Maintenance data ranges
mainly between level 1A and 2B.

Immediate Loading Protocol

With assiduous patient selection, use of roughened implant
surfaces, immediate loading (given a 30 N cm insertion torque)
with an IFCD has been shown in a recent meta-analysis to have
the same effect on implant survival (90.4% to 100% from 1 to
10 years of follow-up) and complications as with early or
conventional loading.'*> Nevertheless, most follow-up times
are short, and the investigations demonstrate heterogeneity,
including number of implants, which point to the need for
comparative studies on different loading protocols reporting
complications over a period of greater longevity.

The effective use of tilted implants for terminal abutments
for an All-on-4 IFCD has enabled this design to be more
universally applied. A meta-analysis demonstrated that there
are no more biomechanical or biologic complications with
tilted implants as compared to vertically placed implants.”’
Long tilted implants parallel to the anterior wall of the sinus
allow for high levels of primary stability, a longer occlusal
table, and a shorter cantilever when posterior native bone is
unavailable for vertical implants.'>® Patzelt et al'>’ com-
pleted a systematic review, including 1201 All-on-4 imme-
diately loaded prostheses (within 48 hours), and reported a
99% implant and prosthesis survival rate for 36 months for
the maxilla or mandible. Seventy-four percent of the implant
failures were documented in the first year. The major pros-
thetic complication was fracture of the all-acrylic transitional
prosthesis, similar to Hinze et al’s findings.'*® The conclu-
sions of the systematic review, however, were that the
evidence was limited by the quality of the available studies
and the lack of long-term outcomes. For example, Browaeys
et al'>® reported 30% of the implants in an All-on-4 concept
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had almost 2 mm of marginal bone loss after 3 years, but the
study was marred by a small sample size, and a multivariate
analysis on host factors could not be assessed.

A retrospective analysis of the associated risk factors
when restoring 285 maxillae with an All-on-4 approach
revealed a number of associated risk factors.'®® Opposing
natural dentition (unstable occlusal plane), reduced bone
density, male gender, and parafunction were linked to
implant failure. The author recommended patient profiling
for treatment planning additional implants and/or delayed
loading. The evidence supporting the All-on-4 concept is
Level 2A-2B.

The Metal Ceramic Design

For patients with sufficient resources and limited alveolar
resorption, an MC design can offer a highly esthetic,
biocompatible, functional, and hygienic restoration with
reduced bulk and maintenance as compared to the IOD and
IFCD designs.**'®" However, both surgical and prostho-
dontic acumen is required, since the implants must be
congruent with the crowns, and the creation of a natural
morphology of the tooth/tissue junction is rigorous. Com-
plete fixed, segmented rehabilitations supported by 6 to 8
rough surface implants have been documented in a review
with a 96.4% prosthodontic survival rate at the 10-year
endpoint.'®” No statistical differences have been reported
between segmented and one-piece full-arch maxillary
reconstructions and in the interest of protocol simplifica-
tion, passive fit, laboratory steps, and repair; 1 or 2 anterior
and 2 posterior splinted segments are practical.'*®'%? In an
ovoid dental arch, implants in the canine positions and at
least one additional implant in the central incisor position
will resist forces created by an anterior lever arm, reducing
stress on the abutment screws.'®' Early approaches with
machined implants achieved a 5-year cumulative implant
survival rate of 98.5% with immediate implantation, with-
out immediate loading.'®® Immediate loading of immedi-
ately placed implants suffers from a lack of scientific
validation by clinical data.'*® Following a maximum obser-
vation period of 10 years (median 29 months) on 25
patients, immediate loading of rough-surfaced, screw-
type implants in the healed edentulous maxilla for a MC
restoration demonstrated a 98.2% success rate for implants
and 88% for patients.'®* The time of implantation did not
influence survival or success rates. The authors did express
caution when using more than 10 implants or lengths of
10mm or less.'® The evidence documenting the MC
restoration is level 2A to 3B.

Maintenance

There is a dearth of studies on complications with the MC
design with observation periods of at least 5 years on
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TABLE 11.2 Algorithm for Decision Making in Treatment Planning the Implant Restoration of the Edentulous Maxilla

Limited Alveolar Resorption

Moderate-to-Advanced Alveolar Resorption

Prosthetic Metal ceramic design Fixed complete denture
design

Intermaxillary Ideally 7 mm >11-12mm
space
allowance

Local factors  Sufficient bone for implants
congruent with crowns
positioned for segmented
prostheses, esthetic approval of
smile design

Patient-related Financial acceptance

No display of the prosthetic/tissue
junction, facial esthetic approval
without flange

Preference for fixed, accepting of

Overdenture

Locator (>8-9 mm), bar and clip (>12 mm),
milled bar with overcasting (>11 mm)

Requires anterior flange, discrepant arches easier
to reconcile, severe resorption may need
adjunctive surgical augmentation or tilted/
zygomatic implants

Accepting of a removable design although

factors limited hygiene access possibility of a latching device, hygiene access
priority
Number of 6-8 implants Five to six implants depending on  Five to six implants depending on bone quality/
implants bone quality/quantity, bruxism, quantity, bruxism, heavy smoking, opposing
heavy smoking, opposing natural natural dentition, previous failure with implants
dentition, previous failure with
implants
Anchorage Preferably screw-retained 4 x4 mm framework with retentive  Solitary anchors may be indicated if imitations in
design features and tribochemical financial resources, home care facility, or

preparation

keratinized tissue. A rigid bar system is
recommended if divergence of implants and/or
high retention needs

Ultimately, clinical judgment and emerging evidence of sound scientific rigor will govern decision making.

conventionally, early, or immediately loaded implants in the
completely edentulous patient.'*® Two studies investigating
mainly partially edentulous patients have reported a domi-
nant and costly complication. Bragger et al'® calculated a
threefold increase in ceramic veneer fracture on implant MC
FDPs compared to tooth-supported restorations, after 4 to 5
years of service. Kinsel and Lin'®® found a sevenfold
increase in ceramic fracture when the opposing dentition
was implant-supported or when the patient was a bruxer.
Patients who did not wear an orthotic had twice the odds of
porcelain fracture.'®® The impact of occlusal scheme has not
been established. Other technical problems, such as pros-
thetic/abutment screw loosening, of retention of cemented
prostheses have been less prevalent than veneer fracture.'®’
Biological complications are mostly patient-based and can be
related to heredity, susceptibility to peri-implantitis, and poor
oral hygiene; when operator error is not an overriding
factor.'®® Despite substantial improvements in implant den-
tistry over time, technical, biological, and esthetic complica-
tions are still frequent.'® This places a premium on
retrievability, and if cement-retained units are designed,
radiopaque provisional cements are recommended. Longitu-
dinal studies reporting on adverse clinical outcomes are
necessary to provide practitioners with evidence-based treat-
ment planning and patients with informed consent.'”® Level
2A to 5 evidence supports the discussion on maintenance of
the MC restoration.

SUMMARY

An algorithm has been generated to provide an overview of
the decision-making criteria when considering restoring
the edentulous maxilla with an 10D, IFCD, or MC pros-
thesis (Table 11.2). The implant restoration of the edentu-
lous maxilla continues to be demanding in light of the
density and volume of bone, anatomic limitations, antago-
nist arch presentation, esthetic considerations, and the
frequency of biologic and technical complications. Design
considerations have been described to assist in treatment
planning decision making to improve cost-effectiveness
and patient satisfaction. The hierarchical level of evidence
supporting the discussion in each section has been graded,
and gives credence to the need for more randomized
controlled trials and longitudinal comparative studies on
larger cohorts.
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ABSTRACT

Purpose: The purpose of this review was to highlight
anatomic and biomechanical aspects of atrophic maxillae
for implant possibilities.

Materials and Methods: A MEDLINE electronic search
of the years 1966 to 2009 was conducted with the keywords
“atrophic,” “resorbed,” “edentulous,” and “maxilla.”

Results: Twenty papers presented the following find-
ings: (1) previous use of a removable prosthesis is a risk
factor for resorption, with flabby tissues related to the
severity of resorption; (2) implants in the reconstructed
maxilla (<5 mm) and supporting overdentures had a higher
risk for bone loss based on the worse peri-implant soft-tissue
health observed; (3) bleeding on probing was found with
pocket depths >5 mm in half of the zygomatic implants; (4)
prevalence of bone septa is higher in atrophic maxillae, and
changes on nasopalatine canal can reduce up to 44.4% of the
full length of buccal bone plates; (5) female patients have less
medullar bone quantity and connectivity than male patients;
(6) transectioning of nutrient vessels is easier and accelerates
resorption; (7) stress does not concentrate on maxillary sinus
base cortical bone contiguous to trabecular bone; (8) splinted
implants receive nine times less load than nonsplinted
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implants even under oblique loading; (9) implant stability
quotient (ISQ) values for implants ranged between 60 and 65;
(10) in vivo force transfer to implants is similar between fixed
prostheses and overdentures; (11) inclined implants generate
better biomechanical responses; (12) masticatory efficiency

The term atrophy is defined in the dictionary as “a wasting
away; a diminution in the size of a cell, tissue, organ, or
part.”! According to Wolff’s Law, “the bone remodels
according to applied forces,”* and every time osseous func-
tion is modified, a definitive change on inner architecture and
external configuration is seen.” The lack of stimuli (disuse
atrophy) seen on maxillary arches after tooth extraction is
more intense at the first year and continuous throughout life,*
with many cases showing severe alveolar bone resorption in
height and width. This phenomenon is variable, irreversible,
and unpredictable, even for patients wearing immediate
complete conventional prostheses.” Nowadays, most of the
esthetic and functional deficiencies generated by bone atro-
phy have been supplemented with several implant-supported/
retained modalities, accompanied or not by autogenous bone/
biomaterial grafts.®

In this sense, knowledge of anatomic and biomechanical
problems at the atrophic maxillary arches is fundamental for
adequate treatment planning and success of these reconstruc-
tions. The aim of this review is to provide clinicians with solid
scientific aspects for a thorough decision-making process.

MATERIALS AND METHODS

To verify relevant anatomic and biomechanical studies, a
PubMed/MEDLINE electronic search was conducted within
the years of 1966 to 2009. The keywords “atrophic,”
“resorbed,” “edentulous,” and ‘“maxilla” were combined
and resulted in 472 studies (atrophic AND maxilla), 189
studies (atrophic AND edentulous AND maxilla), and 41
studies (atrophic AND resorbed AND maxilla). The MESH
terms “biomechanics,” “atrophy,” and “maxilla” generated
one study. Citations on anatomic and biomechanical issues
were manually checked throughout the texts by two examiners
(LMNR, WCB). Both in vitro and in vivo data were included;
animal trials were not found. For the first reviewed aspect, not
all articles described the degree of atrophy according to a
standard classification published in the literature. Also, no
randomized controlled clinical trials were identified for the
second reviewed aspect. Finally, only 20 references regarding
anatomy (nine studies: one laboratorial; two case series; two
clinical; three anatomic; one cadaveric sections) and bio-
mechanical characteristics (11 studies: 3 clinical prospective;

LLIY3

and bite forces improve in maxillectomized patients who
receive obturators with milled bar attachments.

Conclusion: Sound implant-supported choices for an
atrophic maxilla must be made with a thorough understand-
ing of its anatomic and biomechanical factors.

1 clinical, short-term; 2 clinical, cross-sectional; 2 clinical,
case series, 1 anatomic, cadaver sections, 2 laboratorial, cross-
sectional) were selected. Details of these data (classification
of atrophic maxillary state, study design, groups, results, and
conclusions) are presented in Tables 12.1 and 12.2.

RESULTS

Anatomic Considerations—Extrinsic Morphology

The atrophic maxilla is composed of a residual alveolar ridge
and a mucous tissue of varied resilience. These two compo-
nents make up its extrinsic morphology. Variations in height
are seen along the ridges and provide clinicians a previous
idea of implant length. Orthopantomographic analysis (mag-
nification rate 1:1.25) of 173 edentulous maxillaec (90 men
and 83 women, mean age: 60 years) showed the following
mean height values: median line=16 mm, first premolar
region = 16.5 mm, and first molar region = 15.5 mm, distance
from the inferior border of maxillary sinus to alveolar crest
=63 mm;7 however, clinicians must remember that, even
with such “enthusiastic” values, the degree of resorption at
the alveolar ridge can also be severe. Another study showed
previous use of a removable prosthesis was a risk factor for
residual resorption (odds ratio = 2.4), as was the presence of a
flabby tissue with the severity of resorption (odds ratio
=2.4); nevertheless, duration of edentulism in these patients
was not a significant risk factor. When these 168 maxillae
were compared to the panoramic radiographs of dentate
patients, reductions in height at the anterior and posterior
regions were of 18% and 11%, respectively.®

One of the first issues during treatment of maxillary atrophic
arches is the achievement of adequate stability at the bone/
implant interface. Fortunately, implant placement at posterior
regions is not influenced by crest width, but related to the height
of the ridges. After examining 47 histological sections, the
authors verified that the height at the second premolar/first molar
(M1) and at second molar (M2) regions ranged from 3.23 to
7.97mm and 5.68 to 7.81 mm, respectively; however, it was
observed that crest widths at 1 mm, 3 mm, 7 mm, and 10 mm
above the top of the ridge (Cawood and Howell class VI) were
for M1 and M2 regions, respectively, 3.31 and 4.42 mm, 6.86
and 6.45mm, 14.07 and 10.2mm, and zero.”
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1 Aspects for I

plant Possibilities in the Atrophic Maxilla

Authors (Year)

Maxillary Atrophic Status

Design and Studied Parameters

Resulis

Conclusions

Giiler et al (1995)"

Ul et al (1995)°

Xie et al (1997)°

Ulm et al (1999)%°

Solar et al (1999)>

Monspecified

Cawood and Howell

Moderate resorption:
<15% in height

Severe resorption: >15%
in height

Lekholm and Zarb

Cawood and Howell

Laboratorial, retrospective

- 173 edentulous patients (90 men, 83
women )

- vertical height measurements at eight
maxillary sites (median line, premolar,
and molars), based on panoramic
radiographs

Retrospective, undecalcified anatomic
sections

- 36 complete and 11 partially edentulous
patients

- alveolar ridge height measurements

- alveolar ridge widths from 1 mm, 7 mm,
and 10mm below alveolar ridge crest

Clinical, retrospective

- 168 edentulous maxillae

- panoramic radiographic analysis

- par : history of edentul
use of previous dentures, use of

plete d 1 bearing soft
tissue lesions, dental status of opposing
jaw, and oral hygiene habits

1 C

Retrospective

- 134 available histological sections (29
women, 23 men) at lateral incisor, first
premolar and molar tooth regions

- parameters: volume, thickness, number,
and trabecular separation; trabecular
bone pattern factor

Retrospective: 18 anatomic sections
(Cawood and Howell's
classes I and IIT)

- topography of posterior superior alveolar
artery (PSAA) and related anastomosis;
location of infraorbital artery (I0A)

- distance between candal main branches
with the alveolar bone, as well as
emergence of these arteries

The most inferior border of maxillary
sinuses are located anterior o the
first molar in 48.9% (men) and
55.4% (women)

For Cawood and Howell's class VI:
height=3.23 10 5.68 mm

widths: (1 mm)=3.31 to 442 mm
(Tmm)= 14.07 to 10.22 mm
(10mm)="

- bone height decreases of 12% and
18% on posterior and anterior
regions, respectively

- resorption not related to duration of
edentulism, but to the quality of
prosthesis

- previous use of removable prostheses
contributes to resorption (odds
ratio=2.4)

- flabby tissue ridges related to severity
of resorption (odds ratio =2.4)

All analyzed parameters present
reduced amounts at the first molar
region

- Eight cases of extransseous arterial
anastomosis

- arterial lumen of PSAA and IOA are
the same (1.6 mm)

Results can aid clinicians on
treat planning for imf
location

Bone widths in atrophic maxillae
are efficient for implant
placement

Influence of local resorption
factors was more pronounced

in the maxillary arches

Women showed less bone
quantity and trabecular
connectivity than men

Transectioning of important
arterial communications
accelerates resorption

(continued )
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Authors (Year)

Maxillary Atrophic Status

Design and Studied Parameters

Results

Conclusions

Kaptein et al (1999)'°

Al-Nawas et al (2004)""

Kim et al (2006)'*

Mardinger et al (2008)""

Original bone height
below maxillary sinus
floor:

<5 mm (severe atrophy)

=5 mm or more

Nonspecified (severe
maxillary atrophy)

Nonspecified

Lekholm and Zarb:

Class A: control group

Classes B to E: study
group

Clinical, prospective

- Group I: sinus floor <3 mm (77 patients,
433 implants)

- Group II: sinus floor =5 mm (11 patients,
37 implants)

- maxillary sinus grafting with iliac crest
bone and hydroxyapatite particles
(3:1 ratio)

- restorations: overdentures or fixed
prostheses

- parameters: probing depth, plague,
gingival, and bleeding indexes;
keratinized mucosa

Case series, retrospective

- 20 patients, 20 implants; 13 zygomatic
fixtures (severe maxillary atrophy); and
seven for tumor resection

- microbiological analyses, DNA probes

Case series, prospective

= 100 patients: 22% completely edentulous

- 85 atrophic maxillary sinuses (42%)

- septa height >2.5 mm

- reformatted CTs: (field of view = 15cm,
200mA, 120kV, sections 1 mm thick,
scanning time =1s)

Case series, retrospective

- 207 Korean patients

- mapping of shape, length, diameter (the
nasopalatine canal)

- mapping of residual alveolar ridge,
buccal to the canal opening

- reconstructed CTs

- probing depths and bl 2 on

Impl on reconstructed

probing frequently observed on
Group [

- significant increasing on peri-implant
probing depth and gingival index of
overdentures compared to fixed
prostheses

- pathogens (4/20 implants)

- bleeding on probing (9/20 implanis);
four positive microbiological findings

- pockets =5 mun resulting in a 55%
implant success rate

- sepla prevalence (27 of 85)

- lower septa height on atrophic
maxillae

- no differences on septa location

- more frequency of primary septa on
nonatrophic maxillae

- funnel-shaped canal (56.6%) on type
E ridges

- canal lengths: from 10.7 mm (class A)
to 9mm (class E)

- buccal bone plate: 44.4% less than its
original length

- regions anterior to the canal: 60% less
than their original thicknesses

maxillae with overdentures
had more risk of bone loss
based on the worst soft tissue
peri-implant observed
condition

Soft tissue problems must be
considered when zyg ic
implants are an alternative for

maxillary arches

- wide anatomic variations for all
investigated parameters
regardless of atrophic state

- invaluable data to avoid
complications on sinus
augmentation procedures

- the nasopalatine canal increase
in all directions and after
aging

- the palatal opening is 32%
enlarged and can occupy up to
58% of the alveolar width at
potential sites for two central
incisors implant placement

* According to Ulm et al, “In class 6 (extremely resorbed ridges), the measurements of width of the alveolar ridge at 10 mm below the ridge crest could not be made, as the alveolar ridges grouped in this class
were markedly lower than 10 mm.”
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TABLE 12.2 Relevant Studies on Biomechanical Aspects for Implant Possibilities on the Atrophic Maxilla

Authors (Year)

Maxillary Atrophic Status

Design and Studied Parameters

Results

Conclusions

Mericske-Stern et al
(20005

Duyck et al (2000)*°

Meyer et al (2001)*°

Fortin et al (2002)*7

Olsson et al (2003)*

Fukuda et al (2004)*

Nonspecified (the patient
had a maxillary
implant-supported
overdenture)

Monspecified (patients
wearing their prostl

Clinical, cross-sectional

- one patient (49 years old)

- five implants (3 years of use)

- piezoelectric transducers

- maximuimn bite force: centric occlusion
and bite plane studies on overdenture
(two bar designs) and fixed prostheses

- selected chewing foods: bread, apples

Clinical, cross-sectional

- four p (maxillary arch}

with success for 0 to 12
years)

- atrophic maxilla (8-mm
height)

- mean maxilla (12-mm
height)

Bone height: 10 mm at
posterior region

Monspecified. Lekholm
and Zarb's
classification for bone
density

Nonspecified

- extensometers (20 registrations)

- 50N load

- forces measured first on three to four
implants and five to six implants later

Laboratorial, cross-sectional

- FEM mesh with 10,000 elements

- bicortical fixation, two cortical bone
maodalities (2 mm and (.5 mm)

- 150N axial loading

Clinical, prospective

- immediate loading

- 45 patients; 245 implants

- 5-year follow-up

- Marius bridge concept

Clinical, case series
- ten patients; 61 oxidized implants
- RFA (resonance frequency analysis)

Clinical, case series

- seven maxillectomized patients (bone and
sometimes muscle grafts); (some at
HBO therapy)

- parameters: masticatory function
(questionnaire), biting capacity (pressure
detector), speech (Hirose's score: 0 to
8 points); marginal bone loss
(radiographs)

- similar forces on both implant-
supported prostheses

- greater forces on posterior implants

and along the long axis
- vertical similar forces on food
chewing

- greater forces with reduced implant

numbers

- compressive forces on implants near

application point

- stresses three times lower in the

buccolingual direction

- microstrains around implant neck:
thick cortical (4000}, lack of cortical
(5000), reduced bone height (6000)

- implant success rate: 97%
- prosthesis success rate: 100%
- few prosthetic failures without

compromising overall patient well-

being and prosthesis wear

- bone loss (1.3 mm/year)

- I5Q values: 60.1 and 62.8 after 4

months

- improvements on masticatory function

(77.1 points), biting capacity

(317.9N) and speech (mean of five

points)
- hone loss: 0.42 mm (first year),
0.61 mm (follow-up)

- similar force patterns for
overdenture and fixed
prostheses

- overdenture’s bar design did
not influence force patterns

Higher bending moments with
only three implants activated;
more clinical research is
necessary

Supraphysiological bone
deformations can be expected
for implants in the atrophic
maxillae

Treatment type is effective and
predictable; removable
prosthesis can be considered a
fixed type still providing lip
support and adequate
phonetics

Predictable immediate loading
over six to eight implants in
the atrophic maxilla; however,
more longitudinal studies are
necessary

Obturator prostheses on milled
bars are useful on oral
rehabilitation of tumor
resected, edentulous maxillary
patients

(continued )
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Authors (Year)

Maxillary Atrophic Status

Design and Studied Parameters

Results

Conclusions

Hallman et al (2005)™

Nomoto et al (2006)°%

Sjostrom et al (2007)*°

Ujigawa et al (2007)*"

Veltri et al (2008

Cawood and Howell
classes IV and V
(posterior region);
classes Il and IV
(anterior region)

Nonspecified. Three-
dimensional (3D) bone
morphometric analysis

Cawood and Howell

Nonspecified (severely
resorbed maxilla)

Cawood and Howell

Clinical, prospective follow-up

- 20 patients, 108 implants

- bovine and autogenous bone graft (80:20
ratio); implants placed 6 months after

- RFA, CTs, and marginal bone loss

Laboratorial, cadaver model

- 10 Japanese patients

- micro-CT-based FEA

- loads on first molar, corresponding
alveolar region, and with implant placed

Clinical, prospective

- 29 patients, iliac crest bone grafis

- 192 implants inserted 6 to 8 months later

- RFA (four times)

Laboratorial

- CTs from a 68-year-old patient

- mesh with 112,000 nodes for FEA

- zygomatic implant splinted to the
remaining infrastructure or not

- applied loads: axial (150 N), lateral
(SON)

Clinical, short-term

- 12 patients: eight women, four men

- 73 implants with surface treatment
(B =3.5mm)

- prostheses inserted 6 months later

- RFA measurements

- radiographic marginal bone loss

- implant survival rate: 86%

- [80Q 66 for residual and grafted bones
(after 3 years)

- bone loss: 1.3 mm after 3 years

- 71% of healthy maxillary sinuses
according to CTs

- stress around cortical bone only in the
edentulous maxilla

- stresses around implant similar to that
found around first molar

- premature failure (20 implants)

- [50s: 60 (abutment connection), 62.5
(after 6 months), and 61.8 (3 years of
use with definitive prosthesis)

- marginal bone loss (0.3 mm)

- nonsplinted implant: stress on the
zygoma bone, median implant
region, and implant

- abutment junction

- no stress on the alveolar bone of the
splinted implant

- implant success rate: 100% (1 year of
function)

- [5Qs: 63 (implant placement), 60
(abutment connection), 61 (1 year
later); bone loss: 0.3 mm (after 1 year
of loading)

Maxillary sinus grafting with a
mixture of autogenous and
bovine bone is a reliable
procedure

A model simulating trabecular
bone allows more precise
evaluation on stress
distribution

SO values serve as risk
indicators for implant loading
on atrophic maxillae

The stress is supported by
zygomatic bone, distributed
along the infrazygomatic crest,
and divided between the
frontal and temporal processes
of zygomatic bone

Narrow implants can be used to
restore class [V atrophic
maxillae as alternative to
complex grafting techniques
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Compared to the nongrafted ridges, the transplanted bone
and the overlying soft tissues of atrophic maxillae show
different quality, quantity, and topographic characteristics.
During analysis of 470 implants placed in 88 patients with
severe atrophy (maxillary sinus thickness less than 5 mm),
bleeding was observed in 46.2% in the overdenture group
and 38.6% in cases with fixed prostheses. Also, bleeding and
greater pocket depths were observed in groups with less than
5 mm of the initial maxillary sinus floor height. The thickness
of keratinized mucosa was similar in both groups.'® Implants
in the reconstructed maxilla and supporting overdentures had
a higher risk for bone loss based on the worse peri-implant
soft-tissue health observed.

In the same way, soft-tissue health assumes a particularly
important role on zygomatic fixtures and their associated
prostheses with transmucosal abutments. When 20 implants
were inserted in 14 patients, colonization by periodontal
pathogens was observed at four implants. Further, nine
implants demonstrated bleeding on probing, four of these
with positive microbiological findings; sites without bleeding
present negative results (p < 0.026). At sites with bleeding,
pocket probing depths >5mm were found, indicating soft
tissue problems and a success rate of only 55%."'

Over the years, some authors have categorized edentulous
ridges (Atwood,12 FaHSChﬁSSGIB); however, two classifica-
tions are the most used: Cawood and Howell’s classifica-
tion,"* which divides atrophic maxillae into four groups
(class IIl=adequate height and width; class IV =knife-
edge ridges, with adequate height, and inadequate width;
class V =inadequate height and width; and class VI=
depression found at ridges), and the Lekholm and Zarb
classification,'> which implies a quantitative and qualitative
analysis of residual alveolar bones (type 1 =large homoge-
nous cortical bone; type 2 = thick cortical layer surrounding a
dense medullar bone; type 3 = thin cortical layer surrounding
a dense medullar bone; type 4 = thin cortical layer surround-
ing a sparse medullar bone). Both classifications, however,
are bi-dimensional representations and do not show the three-
dimensionality of atrophic ridges and associated defects, now
evidenced by modern cone-beam computerized tomography
(CT) techniques.16 Even so, most of the decision-making
processes available in the literature were initially based on
these classifications, and they still have their value for
treatment planning.

Anatomic Considerations—Intrinsic Morphology

After tooth extraction, increased osteoclastic activity and
bone resorption lead to coronal maxillary sinus floor expan-
sion."” One study with reformatted CTs comparing the
prevalence, height, location, and morphology of maxillary
septa in 100 Korean patients (200 maxillary sinus in 41
women and 59 men), considered 85% of these sites atrophic
(42.5% of patients). The prevalence of septa was significantly
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higher in atrophic than nonatrophic maxillae (31.76% and
22.61%, respectively); however, no differences among dis-
tribution of septa (anterior, middle, and posterior maxillary
sinuses) were found, regardless of degree of atrophy. Also,
differences of septa height between atrophic (2.84 mm) and
nonatrophic (4.19 mm) maxillae were statistically significant
(p <0.05).'8

Progressive bone loss can also result in approximation of
alveolar ridges and important anatomic structures (nasopa-
latine canal), preventing implant placement.'” One study
with 207 individuals verified these changes based on
Lekholm and Zarb’s classification (classes A to E). The
canal length decreased from 10.7mm (class A) to 9 mm
(class E). The canal diameter increased as the resorption
proceeded. The mean increase in diameter (classes B to E)
was 1.8 mm (32%) at the palatal area and 0.7 mm at the nasal
canal region. For the severely resorbed maxillae (classes C,
D, and E) and when the canal was positioned over the ridge,
35.6% of the proposed site for the central incisor was
occupied. The buccal bone plate lost almost 44.4% of its
full length, reducing from 17.22mm (class A) to 9.57 mm
(class E) (p<0.01). The buccal bony plate anterior to the
canal lost 60% of its mean width and reduced from 6.4 mm
(class A) to 2.6 mm (class E) (p <0.01).

By means of histomorphometric studies, the trabecular
pattern of atrophic edentulous maxillae was analyzed in 62
cadavers (29 women and 23 men) resulting in 156 sections
with 5 mm of thickness, at the lateral incisor (I12), premolar
(P1), and molar (M1) sites. When these sections were
grouped according to Lekholm and Zarb’s classification,
types 1 and 2 were not found; for types 3 and 4, the following
incidence values were seen (for men and women):
(12=82.61% and 82.76%; 17.39% and 17.24%),
(P1=77.78% and 72.41%; 22.22% and 27.59%), and
(M1 =38.46% and 31.82%; 61.54% and 68.18%). Still,
using 134 undecalcified sections of the same regions, the
authors quantified the bone trabecular volume (12 =20.2 to
27.9%; P1=20.5 to 26.7%; M1=17.1 to 23.4%), mean
trabecular thickness (I2=112 to 133pm; P1=121 to
138 pm; M1=95 to 118 pm), mean trabecular number
(12=1.81 to 2.07mm™"; P1=1.68 to 1.91mm™"; 1.76 to
1.95 mm™"), mean trabecular separation (I2 = 363 to 480 pm;
P1=412 to 507 pm; M1=424 to 535 um), as well as the
trabecular bone pattern factor (TBPF) (I2=-1.106 to
0.171 mm_l; P1=-0.562 to 0.450 mm_l; M1 =-0.078 to
0.123 mm_l). In most cases, the buccal and alveolar com-
partments were reduced, compared to the palatal ones.
Women showed less medullar bone quantity and connectiv-
ity than men.”®

One important aspect also observed in atrophic maxillae is
that pneumatization at the sinus floor and continuous medul-
lar bone loss result in a thin ridge at posterior regions; thus,
nutrient vessels (arteries) to the alveolar process present a
small-sized lumen, from a centromedullar to an exclusive
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mucoperiosteal origin. Thus, minimally invasive techniques
avoiding too much bone exposition would prevent consider-
able resorption at host bone areas on healing.>" Also, clini-
cians must observe two important communications: one
between the infraorbital artery and the capillaries overlying
the alveolar process, and the other between the infraorbital
artery and the posterior superior alveolar artery inside the
bony wall of the maxillary sinus.*>** For example, severing
of these vessels that keep the regional blood flow during
sinus lift or grafting procedures can lead to unexpected bone
resorption and poor healing of the grafts.*

Biomechanics in the Atrophic Maxilla

Available studies on biomechanics were represented by finite
element analysis (FEA), resonance frequency analysis
(RFA), or strain-gauge/force transducer measurements.
Even thus, the information is still scarce, with most studies
represented by prospective or retrospective case series.

First, one must understand masticatory load distribution in
totally dentate individuals: mandibular molars transmit load
to the upper molars, where the lingual and the two buccal
roots decompose the overall force vector to the cranial base.
When FEA was performed based on CT models, the maxil-
lary sinus showed the highest stress and deformation rates;
also, similar findings were seen at the hard palate region and
at the posterior bony portion of the nasal septa (vomer and
perpendicular plate of ethmoid bone). In this way, bones
lateral to the maxillary sinus underwent stress coming from
buccal roots, as forces from the lingual roots are spread on the
palatal septa complex (bones medial to the maxillary
sinus).25

Under mechanical loading, FEA of implants inserted on
normal and atrophic maxillae show supraphysiological bone
strain at the implant surface on the latter. Stresses are more
homogenous when more spongy bone is found. An atrophic
ridge combined with inadequate bone quality generates up to
6000 microstrains at surface level. Here, less importance is
given to the bone crest on the quality of dissipation stress and
strains under mechanical cycling.*®

Axial loading (150 N) on zygomatic implants splinted to
conventional fixtures or not and lateral loading (50 N) at the
palatal surface of suprastructures were conducted. The
stresses concentrated around the alveolar bone in the splinted
mode. On the other hand, the stresses are generated on the
zygomatic bone, middle part of the fixture, and at the implant/
abutment interface. First, the zygoma withstands the stresses
from occlusal forces, which transfer them to the infrazygo-
matic crest, being divided at the frontal and temporal process
of zygomatic bone in several directions.?’”

Micro-CT techniques were added to the FEA studies on
atrophic alveolar maxillary ridges of ten adult cadavers (five
dentate). Occlusal loads applied to the first molar region in
the dentate model and at the corresponding alveolar ridge

showed that in the former, the stress concentrated at the
cortical bone and around the maxillary sinus floor adjacent to
the trabecular bone of dental roots. In the latter, stress was
found at the cortical bone of the alveolar ridge, but also on the
inner trabecular bone; however, no stresses were observed at
the cortical bone of the maxillary sinus floor adjacent to the
trabecular bone. This cortical bone of the edentulous model
only showed stresses when a cylindrical body 4 mm in
diameter and 10 mm in length was modeled at this region.?®

The bone/implant interface in the edentulous region can
be protected by splinting of implants with a fixed prosthesis
after surgery. This treatment modality is used most often and
only recently confirmed by FEA. As expected, stresses
around splinted implants are nine times lower than in non-
splinted models, even when a simulated acrylic fixed pros-
thesis received 10° oblique loading of 300 N.**

On the other hand, Frequency Resonance Analysis is
helpful to determine the moment of loading and to verify
implant stability, mainly on treatment of atrophied maxilla
with simultaneous bone grafts. These demonstrated good
stability quotients after 3 years of implant loading. Twenty-
five patients received 222 implants distributed according to
Cawood and Howell’s classification in the following way:
class Il =17, class IV =67, class V=111, class VI=25, no
classification = 2. Implant Stability Quotient values showed
statistically significant differences between abutment con-
nection (60.2) and 6 months after loading (62.5), but these
were not confirmed between 6 months and 3 years after
loading (61.8). A multivariate logistic regression analysis
indicated that factors such as gender (women) and implants at
class VI before reconstruction significantly increased the risk
of failure.*® Preliminary results show that reduced diameter
implants (3.5mm) can be used with success on atrophic
maxillae (Cawood and Howell’s class IV) to avoid grafting
procedures.®’ When implant-supported fixed prostheses were
delivered after 6 months of healing, the implant survival rate
was 100%, and bone loss registered around 0.3 mm; mean
ISQ values were 63 (baseline), 60 (abutment connection),
and 61 (1 year after loading). Also, the use of deproteinized
bovine bone (autogenous bone + Bio-Oss, 20:80 ratio) after
sinus lifting and implant loading (12 months) in atrophic
maxillae generated ISQ values (65.6) very similar to non-
grafted sites (67.4).>> Finally, the use of surface-oxidized
implants and definitive implant-supported prostheses gener-
ated values similar to those described above.*?

Even in the resorbed maxilla, the bearing support area is
two times greater than in the mandibular arch.>* The use of
piezoelectric force transducers revealed no differences on
force transferring, regardless of prosthesis type (fixed or
overdenture); however, magnitude of forces was higher in
posterior implants, whereas on anterior implants, transversal
forces reached up to 100% or more of axial forces during
mastication. Although only one atrophic maxilla was used in
this study, these values were confirmed 2 years later.”> A
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reduced number of conventionally placed implants in the
atrophic maxilla is not recommended, and force distribution
only resolves when five to six implants are used;’® however,
the use of inclined implants along with a removable over-
denture (Marius bridge) showed a 97% survival rate (five
failures of 245) after 5 years, with ten related mechanical
complications (one fracture of mesostructure, nine problems
with attachments).37

One of the greatest difficulties is improving the bio-
mechanical response in patients with tumor resections. One
study showed that peri-implant resorption rate depends on
implant location.*® Conversely, when obturators are con-
structed with bar milled attachments, either masticatory effi-
ciency (16 to 77 points) or bite force (317 N) is improved.39
Another important situation is the edentulous state with cleft
lip and palate defects, where experience and creativity are
needed to achieve the desired prosthetic rehabilitation.*’

DISCUSSION

In this review, important anatomic (morphological intrinsic
and extrinsic) and biomechanical aspects on the atrophic
maxilla were highlighted. The centripetal resorption pattern
described in the maxillary arch makes bone the most precious
source for facial and dental esthetics. In this way, every
attempt to alleviate this condition is mandatory.

The use of a complete conventional maxillary prosthesis
and a Kennedy class I removable denture in the mandibular
arch is a common clinical finding, as is the presence of flabby
tissues in the maxillary anterior and posterior regions, attrib-
uted to the mechanics of “combination syndrome.”*!
Because both are considered risk factors influencing the
severity of bone resorption, and not all patients can afford
implant therapy, the clinician’s role is to guarantee periodic
denture base relining and to identify lack of adequate per-
formance on prosthetic devices.

Factors related to the height of bone septa and changes on
the nasopalatine canal reveal that these features can only be
viewed in detail with modern CT techniques; thus, compre-
hensive interaction between clinicians and nuclear radiolo-
gists for a thorough bone evaluation is important, because
presence and location of septa compromise maxillary sinus
lifting procedures. The inclusion of considerable enlarge-
ment at the nasopalatine canal as a consequence of disuse
atrophy is relevant. Also, these two anatomic changes mean a
need for screening different populations to identify other
possible characteristics related to the atrophic maxillae.

Although zygomatic implants have been considered an
interesting resolution for atrophic maxillae, and the use of
long transmucosal abutments is inevitable, the likelihood of
bleeding on probing is increased. Further improvements on
prosthesis design are necessary to reduce biological
complications.
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In the atrophic maxillae, stress does not concentrate on
cortical bone at the maxillary sinus base continuous to
trabecular bone. This constitutes an attempt for generating
more accurate models with FEA studies based on bone
micro-CT analysis. One possible indirect assumption here
is that sinus floor pneumatization really has no opposing
occlusal forces. Also, densitometric bone parameters used in
this article were very similar to findings reported almost 10
years ago in another study?° cited in this review.

ISQ values for implants placed in severely atrophic
maxillae ranged from 60 to 65, which confirms the effect
of splinting tested with finite element models to avoid bone
damage evolution; however, these values did not diminish
the risk of failures in Cawood and Howell’s class VI. Even
thus, successful application of narrow-diameter implants is
possible in class IV cases. In addition, the use of inclined
implants has been popularized in the atrophic maxilla, with
good clinical survival rates already published.**** Finally,
the observation that prosthesis type (fixed or overdenture)
does not influence in vivo force transfer can help clinicians
decide for a more esthetic alternative when considerable lip
support must be addressed. Surprisingly, biomechanics on
the result of acquired maxillary atrophic deficiencies (tumor
resection, cleft patients) remains an exciting but not totally
explored area, given its implications on social behavior and
quality of life; however, technological improvements on
implant surfaces and macro/microdesigns will have a con-
siderable impact here in the near future.

CONCLUSION

Clinicians must understand the possible anatomic and bio-
mechanical implications of atrophic maxillary arches to
prevent or avoid failures, as well as to meet patients’ expect-
ations based on sound choices of available biomaterials and
technologies for implant-supported prostheses.
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ABSTRACT

Purpose: The purpose of this study was to retrospectively
evaluate implant survival rates in patients treated with the
All-on-Four™ protocol according to edentulous jaws, gen-
der, and implant orientation (tilted vs. axial).

Materials and Methods: All Branemark System
implants placed in patients following the All-on-Four™
protocol in a single private practice were separated into
multiple classifications (maxilla vs. mandible; male vs.
female; tilted vs. axial) by retrospective patient chart review.
Inclusion criteria consisted of any Branemark System
implant placed with the All-on-Four™ protocol from the
clinical inception (May 2005) until December 2011. Life
tables were constructed to determine cumulative implant
survival rates (CSR). The arches, genders, and implant
orientations were statistically compared with ANOVA.

Results: One hundred fifty-two patients, comprising 200
arches (800 implants) from May 2005 until December 2011,
were included in the study. Overall implant CSR was 97.3%
(778 of 800). Two hundred eighty-nine of 300 maxillary

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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implants and 489 of 500 mandibular implants survived, for
CSRs 0f 96.3% and 97.8%, respectively. In male patients, 251
of 256 implants (98.1%) remain in function while 527 of 544
implants (96.9%) in female patients survived. Regarding
implant orientation, 389 of 400 tilted implants and 389 of
400 axial implants osseointegrated, for identical CSRs of
97.3%. All comparisons were found to be statistically
insignificant. The prosthesis survival rate was 99.0%.

Immediate loading of all-acrylic, implant-supported prosthe-
ses for maxillary and mandibular arches has been shown to
provide numerous clinical advantages to patients and den-
tists.'~® Patients are able to receive fixed, full-arch restora-
tions the same day as implant placement, providing esthetics,
comfort, and limited function during the 3- to 6-month healing
phase, all while achieving high implant survival rates.

Traditional treatment plans typically called for a large
number of implants placed in fairly vertical positions
throughout the entire arch.” However, the posterior maxilla
and mandible may have several limitations associated with
this approach. In the mandible, the inferior alveolar nerve and
associated structures may provide minimal bone for implant
anchorage or prevent the placement of implants distal to the
mental foramina altogether. In the maxilla, it is not
uncommon to see resorption in the posterior regions or
enlargement of the sinuses.®

In the event that posterior implants could not be placed
and to compensate for these biologic limitations, a lengthy
cantilever distal to the terminal implant was typically needed
to provide patients with adequate posterior dentitions; how-
ever, extensive posterior cantilevers are biomechanically
unfavorable due to increased occlusal forces.”™'! Alternative
methods for the maxilla, such as sinus augmentations12 or
pterygomaxillary implants'>'* have been used to establish
adequate stability for posterior implants and decreased can-
tilevers. Sinus lifts often prolong treatment time in order for
graft maturation to occur.

The introduction of tilted implants®'> has provided a
significant alternative for restoration of maxillary and man-
dibular posterior segments without bone grafting. According
to Krekmanov et al,® posterior tilting of distal implants will
reduce cantilever lengths, broaden the prosthetic base, and
improve implant-to-bone surface areas because longer
implants can be used. In their study, tilted implants increased
prosthesis length by an average of 6.6 mm in the mandible
and 9.3mm in the maxilla® This resulted in better
biomechanics.

The All-on-Four™ concept uses the simplicity of poste-
rior tilted implants to create a full-arch restoration that can be
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Conclusions: The results from this study suggest that
edentulous jaws, gender, and implant orientation are not
significant parameters when formulating an All-on-Four™
treatment plan. The high CSRs for each variable analyzed
demonstrate the All-on-Four™ treatment as a viable alter-
native to more extensive protocols for rehabilitating the
edentulous maxilla or mandible.

less clinically invasive for patients. The concept was initially
proposed in a 2003 study'® as a treatment plan for mandibles,
since immediate function had become widely accepted in that
region. The design consisted of a fixed prosthesis supported
by four endosseous implants: two axial implants in the
anterior segment and one distal implant on each posterior
segment tilted posteriorly. All implant apices are to engage
cortical bone anterior to the mental foramina. The increased
anterior/posterior spread'! from the tilted implants generally
provides first molar occlusion for patients with short canti-
levered segments.

Edentulous maxillary jaws were initially thought to pro-
vide a significant challenge to the protocol, as maxillary bone
is known to have decreased bone density, especially relative
to mandibular bone.'° However, Mal6 et al'” demonstrated in
2005 that maxillary All-on-Four™ rehabilitations had a
cumulative survival rate (CSR) of 97.6%, approximately
1% higher than their 2003 study in the mandible (96.7%
CSR).16 More recent studies'®!® have further reinforced the
viability of the All-on-Four™ protocol as a treatment alter-
native for both dental arches.

The purpose of this study was to retrospectively determine
if there was a significant difference in implant survival rates
relative to edentulous jaws, patient gender, and implant
orientation following the All-on-Four protocol in a single
private practice. Implant failures based on bone quality*® and
smoking habits were also measured. The null hypothesis for
this study was there would be no significant differences
relative to implant CSRs (outcome variable) in edentulous
jaws, gender, and implant orientation.

MATERIALS AND METHODS

A retrospective chart review was performed for all patients
who received Branemark System implants (Nobel Biocare,
Yorba Linda, CA) following the All-on-Four™ protocol in
a single private practice (PI Dental Center, Fort Washing-
ton, PA). Data compilation was performed using an implant
tracking database system (Implant Tracker; Hartford, CT).
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As this research involved the study of existing records, and the
records were made anonymous to the investigators, IRB
approval was not sought. Inclusion criteria consisted of any
implant placed in the practice in an All-on-Four™ treatment
from May 2005 (the clinical inception of All-on-Four™) until
December 2011. On the day of surgery, implants were placed
and immediately loaded with all-acrylic resin, screw-retained
interim prostheses (Teeth in a Day®). Approximately 3 months
postsurgery, patients presented for definitive impressions,
enabling the construction of highly accurate master casts
used for the fabrication of the definitive prostheses. The
definitive prostheses were delivered 4 to 8§ weeks later.

Regarding failed implants, replacement implants were
excluded from the study. A surviving (or osseointegrated)
implant was defined as an implant that remained in function
and had no clinical mobility or adverse symptoms at the
time of definitive impressions. In contrast, an implant
failure was defined as an implant that did not achieve
osseointegration, as demonstrated by patients reporting
pain or discomfort or by clinical mobility determined by
the clinician. This resulted in eventual removal of the failed
implant from the patient.

Allimplants were classified into three groups: maxillary vs.
mandibular; male vs. female patients; and tilted (posterior)
vs. axial (anterior). Separation into each group was conducted
by reviewing postoperation radiographs and clinical notes.
Life tables were constructed to determine the CSRs. MAN-
OVA was performed in Microsoft Excel (Microsoft Inc.,
Redmond, WA) to compare the significance in the CSRs
between the edentulous jaws, gender, and implant orientation
groupings.

The number of failures based on implant type, bone
quality, and smoking habits were also calculated. Bone
quality was determined subjectively by the prosthodontist
placing the implants, based on resistance to drilling and
clinical experience. Bone quality was quantified by types
1 to 4 according to the Lekholm and Zarb® criteria. Smoking
habits were recorded from the initial patient work-up.

RESULTS

One hundred fifty-two patients with 200 dental arches (800
implants) were included in this study. Of the Branemark
System implants placed following the All-on-Four™ proto-
col during the study period, 778 of the 800 implants suc-
cessfully osseointegrated, resulting in a CSR of 97.3%
(Table 13.1). Relative to edentulous jaw locations, 289 of
the 300 (96.3%) maxillary implants placed remained in
function (Table 13.2); mandibular implants had a survival
rate of 97.8% (489 of 500, Table 13.3). Regarding gender,
male patients had 251 of the 256 (98.1%) implants success-
fully osseointegrate (Table 13.4), and female patients had
527 of the 544 implants integrate (96.9%, Table 13.5). In the

TABLE 13.1 Master Life Table of Implants

Cumulative
# of # of Survival  Survival Rate
Period Implants Failures Rate (%) (%)
0 to 3 months 800 12 98.5 98.5
3 to 6 months 776 4 99.6 98.0
6 to 9 months 737 1 99.9 97.9
9 to 12 months 660 5 99.3 97.3
1 year 588 0 100.0 97.3
2 years 375 0 100.0 97.3
3 years 168 0 100.0 97.3
4 years 93 0 100.0 97.3
5+ years 40 0 100.0 97.3

TABLE 13.2 Life Table for Implants in the Maxillary Arch

Cumulative
# of # of Survival Survival Rate
Period Implants Failures Rate (%) (%)
0 to 3 months 300 6 98.0 98.0
3 to 6 months 290 1 99.7 97.7
6 to 9 months 281 1 99.6 97.3
9 to 12 months 248 3 98.9 96.3
1 year 222 0 100.0 96.3
2 years 130 0 100.0 96.3
3 years 39 0 100.0 96.3
4 years 19 0 100.0 96.3
5+ years 8 0 100.0 96.3

TABLE 13.3 Life Table for Implants in the Mandibular
Arch

Cumulative
# of # of Survival  Survival Rate
Period Implants Failures Rate (%) (%)
0 to 3 months 500 6 98.8 98.8
3 to 6 months 486 3 99.4 98.2
6 to 9 months 456 0 100.0 98.2
9 to 12 months 412 2 99.5 97.8
1 year 366 0 100.0 97.8
2 years 245 0 100.0 97.8
3 years 129 0 100.0 97.8
4 years 74 0 100.0 97.8
5+ years 32 0 100.0 97.8

implant orientation groups, the tilted and axial implants had
equal sample sizes (n=400); CSRs both equaled 97.3%
(Tables 13.6 and 13.7). The Mark II 4.0 X 15 mm implant
had the highest failure rate (23.7%) of all specific implants
used in the study (Table 13.8). Type 2 bone had the highest
failure rate (4.1%) of all bone qualities (Table 13.9). Relative
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TABLE 13.4 Life Table for Implants in Male Patients TABLE 13.7 Life Table for Axial Implants
Cumulative Cumulative
# of # of Survival  Survival Rate # of # of Survival  Survival Rate
Period Implants Failures Rate (%) (%) Period Implants Failures Rate (%) (%)
0 to 3 months 256 3 98.8 98.8 0 to 3 months 400 6 98.5 98.5
3 to 6 months 241 2 99.2 98.1 3 to 6 months 388 1 99.7 98.3
6 to 9 months 223 0 100.0 98.1 6 to 9 months 369 0 100.0 98.3
9 to 12 months 203 0 100.0 98.1 9 to 12 months 331 4 98.9 97.3
1 year 178 0 100.0 98.1 1 year 294 0 100.0 97.3
2 years 100 0 100.0 98.1 2 years 187 0 100.0 97.3
3 years 40 0 100.0 98.1 3 years 83 0 100.0 97.3
4 years 16 0 100.0 98.1 4 years 46 0 100.0 97.3
5+ years 8 0 100.0 98.1 5+ years 20 0 100.0 97.3
TABLE 13.5 Life Table for Implants in Female Patients TABLE 13.8 Number of Failures Based on Implant
) Dimension
Cumulative
# of # of Survival  Survival Rate Number of Failure Rate for Specific
Period Implants Failures Rate (%) (%) Implant Dimension Failures Implant Dimension (%)
0 to 3 months 544 9 98.3 98.3 Mk III 3.75 X 13 mm 2 6.3
3 to 6 months 535 2 99.6 98.0 Mk IIT 3.75 X 15 mm 1 1.6
6 to 9 months 514 1 99.8 97.8 Mk IIT 4.0 X 13 mm 1 4.5
9 to 12 months 457 5 99.0 96.9 Mk III 4.0 X 15 mm 3 23.7
1 year 410 0 100.0 96.9 Mk IV 4.0 x 10 mm 2 2.8
2 years 275 0 100.0 96.9 Mk IV 4.0 X 13 mm 2 2.0
3 years 128 0 100.0 96.9 MKk IV 4.0 X 15 mm 6 1.6
4 years 71 0 100.0 96.9 Mk IV 4.0 X 18 mm 5 32
5+ years 32 0 100.0 96.9
TABLE 13.6 Life Table for Tilted Implants TABLE 13.9 Number of Failures Based on Bone Quality
Cumulative Bone Number of Implants in ~ Number of Failure
#of #of  Survival  Survival Rate Quality Bone Type Failures Percentage (%)
Period Implants Failures Rate (%) (%) Type 1 25 ) 40
0 to 3 months 400 6 98.5 98.5 Type 2 239 10 4.1
3 to 6 months 388 3 99.2 97.8 Type 3 479 11 2.3
6 to 9 months 368 1 99.7 97.5 Type 4 57 0 0.0
9 to 12 months 329 1 99.7 97.3
1 year 294 0 100.0 97.3
2 years 188 0 100.0 97.3
3 years 85 0 100.0 97.3
4 years 47 0 100.0 97.3 TABLE 13.10 Number of Failures Based on Smoking Status
S+ years 20 0 1000 73 Smoking Number of Number of Failure
Status Implants Failures Percentage (%)
Nonsmoker 668 14 2.1
Smoker 132 8 6.1

to smoking, eight implants failed in two patients who were
documented as smokers (Table 13.10). The prosthesis sur-
vival rate was 99.0%. The CSR comparisons between dental
arch, gender, and implant orientation were found to be Figures 13.1 and 13.2. Figure 13.3 illustrates a radiograph
statistically insignificant (MANOVA; p > 0.05). Examples following delivery of the definitive prostheses in the same
of preoperation and postoperation radiographs are depicted in patient.
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FIGURE 13.1 Preoperative panoramic radiograph of the patient
elected for maxillary and mandibular All-on-Four™ implant
rehabilitation.

FIGURE 13.2 Postoperative panoramic radiograph following
All-on-Four™ implant rehabilitation in the maxilla and mandible.
The implants were immediately loaded with all-acrylic resin interim
prostheses.

FIGURE 13.3 Panoramic radiograph following delivery of defin-
itive prostheses for the maxilla and mandible. The maxillary CM
prosthesis consists of a milled titanium framework with individual
lithium disilicate crowns. The mandibular prosthesis is a milled
titanium framework veneered with acrylic resin and denture teeth.

DISCUSSION

Immediate occlusal loading of edentulous jaws following the
All-on-Four™ protocol has been demonstrated to provide
patients with functional and esthetic screw-retained interim
prostheses the same day of surgery.® Alternative protocols
such as sinus augmentations are available to patients and may
obtain the same definite treatment outcomes as the All-on-
Four™ treatment protocols; however, these protocols require
longer healing periods, and it may not be possible to employ
an immediate loading protocol. The use of tilted implant
placement protocols has allowed dental practitioners to use

the All-on-Four™ concept, which provides a viable alterna-
tive to restore dentitions in edentulous maxillae and mandi-
bles. Due to the increased frequency of this protocol, as
reported in multiple publications,'®™'*%° it is important to
determine if specific variables such as dental arch, gender, or
implant orientation produce any significant differences in the
success of the procedure.

Regarding dental arches reconstructed with this specific
protocol, this study found that the mandible produced a CSR
1.5% higher than (Table 13.3), but not statistically different
relative to the maxilla (Table 13.2). The authors of this report
suggest if cortical bone is present, implants may osseointe-
grate despite the arch rehabilitated. With gender, similar
CSRs were obtained in male patients (98.1%) and female
patients (96.9%); these results were also statistically
insignificant.

Tilted and axial implants had identical CSRs (Tables 13.6
and 13.7). In a 2000 study,® axial implants had a lower CSR
in the maxilla (90.2%) than tilted implants did (95.7%);
however, the implants were not immediately loaded. The
authors of this article mentioned that the increased contact
between cortical bone and tilted implants may be the reason
for the percentage difference. The same reason could account
for the high CSR reported in the current study.

In a 2011 report by Butura et al,'® tilted implants had a
CSR of 99.8% and axial implants a CSR of 99.5% in the
mandible. A study by Graves et al'® in 2011 reported a CSR
of 97.5% in the maxilla. In both studies, the surgical proce-
dures for implant placement were similar, and all implants
were immediately loaded with fixed all-acrylic resin screw-
retained prostheses. The higher CSRs shown from these 2011
reports'®!? and this current study, when compared to the
original research conducted on tilted implants,® could be due
to inception of the TiUnite*'** surface implant. Other possi-
ble explanations for the higher CSRs are related to immediate
loading protocols and biomechanics: the splinting effect and
cross-arch stabilization. The authors of the current study
believe it is imperative that all implants be splinted together
in the immediate loading protocol to distribute the forces
throughout the entire arch. Cross-arch stabilization of imme-
diately loaded implants limits micromotion to the individual
implants. With optimal load distribution through splinting,
single implants avoid overload that can lead to micromotion
and prevent osseointegration. Relative to edentulous jaws,
gender, and implant orientation results, it is suggested there
are no biological or mechanical disadvantages regarding these
variables when formulating an All-on-Four™ treatment plan
when the aforementioned splinting condition exists.

At 3 months postsurgery, patients were scheduled for
definitive impressions to enable fabrication of the definitive
prostheses. Delivery of the definitive prosthesis typically
occurred 1 to 2 months later (4 to 5 months postoperative).
In this study, five implants (in two patients) failed in the 9- to
12-month timeframe after the definitive prostheses were
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already delivered; however, in both cases, all-acrylic resin
definitive prostheses were used. The all-acrylic resin pros-
thesis was a cost-effective alternative to a metal framework
for a definitive prosthesis as demonstrated by Malo et al.*®
Thus, a simple manipulation was achieved by removing the
old abutment cylinders corresponding to the failed implant
sites and adding additional acrylic resin to reposition the new
implant orientations on the original prostheses. If this
occurred with the definitive prosthesis containing a metal
framework, the framework must be stripped, sectioned, and
repositioned. The prosthesis survival rate for this study was
99.0%. Only two patients required a reversion back to a
removable denture, due to all four implants failing to main-
tain osseointegration. In one of these, the patient (female, 41
years) presented herself with a periodontally compromised
maxillary dentition. An All-on-Four™ fixed immediate
prosthesis was the treatment plan presented and accepted
by the patient to restore the maxillary dentition. Type 3
bone®® was observed at the time of implant placement. Ten
months after surgery, none of the four implants maintained
osseointegration, suggesting there may be a systemic issue in
the bone remodeling process. It was at this time that clinical
mobility was noted for all implants. The patient was a heavy
smoker and refused to quit, and continued to display poor
oral hygiene, which may also have been possible mecha-
nisms of implant failure.

In the other specific case, the patient (female, 45 years)
presented with a chief complaint of a loose mandibular
denture. The patient displayed unusual jaw and muscular
movements that were considered a maladaptive response to
the loose mandibular denture. After the implants were
placed and the mandibular prosthesis was secured, the
unusual jaw and muscular movements continued. The
extreme occlusal and lateral forces caused micromotion
to the immediately loaded prosthesis and prohibited
osseointegration from occurring, leading to fibrous encap-
sulation. The patient was referred to a neurologist for
evaluation and was later diagnosed with oromandibular
dystonia. The patient never returned for replacement of
the lost implants and prosthesis.

When implants fail in the All-on-Four™ protocol, tilted
(posterior) implants are often more difficult to replace than
axial (anterior) implants. For example, a mandibular receptor
site more distal to the original site is likely to be anatomically
challenging due to the location of the mental foramina; a
receptor site more mesial will decrease the anterior/posterior
spread. An implant site buccal or lingual to the original site
may be acceptable if there is sufficient alveolar ridge width
for implant placement. In the maxilla, similar challenges exist
for the tilted (posterior) implants relative to the anterior wall
of the maxillary sinus. In both dental arches, axial implants
placed in the anterior segments have more freedom for
clinicians to move the new implant sites mesial or distal
when compared to previous sites.
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Prior research®? 2> has shown protocols that use pter-
ygomaxillary implants or a large number of implants have
success rates well into the 90% range; however, factors such
as the amount of occlusal surface areas differ when compar-
ing the All-on-Four™ concept to previous concepts. Due to
their ability to provide posterior maxillary support, pterygo-
maxillary implants typically provide patients with second
molar occlusion with no distal cantilevers being needed. The
All-on-Four™ method typically provides first molar occlu-
sion, often with the use of a distal cantilever.

The high overall CSR for the All-on-Four™ concept
(97.3%, Table 13.1) in this study demonstrates similar
success rates when compared with these alternative proto-
cols. The data in this study suggest that the All-on-Four™
protocol as described is a treatment plan that produces
similar, if not higher, success rates and allows clinicians
to achieve the satisfactory immediate functional and esthetic
outcomes. There are also great advantages afforded to
patients in terms of postoperative comfort and decrease in
overall treatment time.

CONCLUSION

The All-on-Four™ concept provides a predictable method to
restore edentulous jaws. The high implant survival rates
relative to edentulous jaws, patient gender, and implant
orientation when following the All-on-Four™ protocol sug-
gests that the procedure is a viable alternative to restore
dentitions for edentulous patients.
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ABSTRACT

Purpose: The aim of this retrospective study was to sum-
marize practice-based evidence associated with long-term
outcomes (>20 years) in the management of edentulous
patients. The patient population was managed with implant-
supported prostheses, following the original osseointegra-
tion protocol, provided over the period from 1983 to 1991
in the group prosthodontics practice at the Mayo Clinic.
The data are an example of practice quality assurance
monitoring and are used to refine care delivery when
needed and to provide information regarding expected
outcomes in a shared decision-making interaction with
prospective patients.

Materials and Methods: Two hundred and sixty four
patients with at least one edentulous jaw were identified. Of
these, 255 completed their care and follow-up at the Mayo
Clinic (209 mandible only, 35 maxilla only, 11 mandible and
maxilla). Prosthodontic outcomes categorized as anticipated
or unanticipated prosthetic and biologic events and the
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respective interventions required for each were recorded to
assess follow-up event dynamics for this care modality.

Results: The mean duration of follow-up for 190 of the
255 patients (65 died at a mean follow-up of 12.6 years) was
13.0 years (median 13.6; range 0.3 to 28). At least one
prosthetic event was experienced by 148 patients (58%),
and 81 (32%) experienced at least one biologic event.
Overall, patients experienced 3.8 times more prosthetic
events than biologic events. Twenty-four (9%) patients
experienced 35 implant failures. Overall survival rates at
20 years were 86% for prostheses, 15% survived free of any
event, and 92% experienced survival free of implant failure
(95% confidence interval).

Management of tooth loss over the past three decades has
grown in scope due to the demonstrated predictability of
dental implants. The original introduction of dental implants
to North America demonstrated a predictable application for
the edentulous jaw,' and similar clinical application began
across the United States and Canada as a result.”* Consci-
entious clinicians, using a shared decision-making* approach
in consultation (i.e., informing patients as to the difference
between and results of options available to them), have
provided edentulous patients evidence as to benefit and
harm based on published reports that now reach three
decades.’

Meaningful decision making with patients seeking pros-
thodontic care involves sharing clinical outcome evidence
that reflects the patient perspective of the care provided and is
associated with a period of time that has significance relative
to the care expectations of patients. For the permanent
condition “tooth loss,” the expectation of replacements pro-
viding adequate performance for an extended period of time
is understandable. In this long-term health-care context, tooth
loss is similar to other chronic conditions in medicine and
requires long-term management’ of time-dependent events,
which are often unique to the selected prosthetic management
option.® This perspective suggests that outcome measures
discussed with patients should reflect meaning from a patient
perspective over a period of time that captures time-depen-
dent differences of value to shared decision-making needs.’

Much research has been reported from clinical trials
related to implant outcomes.'®~'? The applicability of clinical
trial-based evidence to practice has been the subject of many
reports.'*'* Expressed concerns over trials in general and
those involving “procedural specialties”'” include issues of
generalizability, the use of surrogate outcomes, and short-
term outcome applicability or meaningfulness.'® Evidence
obtained from practice settings that provide care outcomes of

Conclusion: Anticipated and unanticipated prosthetic
events occur throughout the life of the hybrid prosthesis.
Prosthetic events significantly surpass (four times more)
biologic events and occur significantly later in the follow-
up. For this patient group, 8.6% (22/255) had implant-
supported prostheses remade during follow-up in this patient
population. These findings support the recommendation that
prosthodontic care for missing teeth be thought of in a
“chronic condition” context, recognizing that long-term out-
come monitoring to provide realistic care expectations is
important for demonstrating care value in oral health
promotion.

importance to patients can add valuable insight to providers
interested in monitoring quality and patients interested in
hearing about care expectations. Care outcomes from prac-
tice, termed practice-based evidence (PBE '°) is complemen-
tary to trial-based evidence (complementary in that trial
evidence demonstrates which treatment is effective; practice
evidence demonstrates what results are observed when an
effective treatment is provided), as it addresses evidence
needs when trials are not performed or when care outcomes
are needed for long-term chronic conditions.

This report provides practice evidence for the manage-
ment of edentulism using cantilevered fixed implant prosthe-
ses for patients presenting to the Mayo Clinic from 1983 to
1991. The report provides outcome data for prosthesis
survival and biological and technical outcomes for original
osseointegrated surgical and prosthetic protocols, and repre-
sents PBE over a period of care of up to 29 years.

MATERIALS AND METHODS

A retrospective cohort was identified of all patients receiving
edentulous implant care from 1983 to 1991. Appropriate
institutional review board approval was obtained. The cohort
comprised 308 patients with at least one edentulous jaw
receiving an implant-supported prosthesis following the
original Bréanemark protocol.'”'® Complete records review
(electronic and paper) resulted in 28 patients being excluded
due to incomplete or missing documentation, and 15 patients
excluded due to written patient requests on file for their
records not to be used for research.

The remaining 265 patient records were reviewed, and
data were sought from diagnostic, treatment, and follow-up
phases. Data were abstracted by two clinicians familiar with
the record environment and the data “exposures” sought.
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TABLE 14.1 Characteristics of Data Collected

Patient characteristics Age

Gender

Geographical identity
Living status

Smoking history

Medical comorbidities
Implant dates by stage
Prosthesis type
Prosthesis placement date
Opposing dentition
Event type/date

Event interventions/number/date
Visits to last appointment

Clinical characteristics

Event(s) characteristics

Initial abstraction efforts were formally reviewed by dupli-
cating abstraction for 12 charts to assure completeness and
accuracy. All data were collected on a secure Microsoft Excel
2010 file.

Data abstracted included both patient and clinical char-
acteristics and event-related data (Table 14.1), following
event reporting designations used in clinical-trial monitoring
for human protection.'® Prosthetic and biological outcome
events are categorized as anticipated (when prosthetically
functional; biologically reversible) or unanticipated (when
prosthetically harmful with continued function; biologically
irreversible and requiring care) (Table 14.2).

Overall survival, survival free of event, and survival free
of implant failure were estimated using the Kaplan-Meier
method. Overall survival was designated by prosthesis pres-
ence in the mouth with or without anticipated events. Sur-
vival “free of event” was defined as prosthesis present and
with no record of any event(s). The duration of follow-up for
overall survival was calculated from the date of implant
placement to the date of patient death or last check-up.
The duration of survival free of event was calculated from
the date of implant to the date of the first event or last check-
up. The duration of survival free of implant failure was
calculated from the date of implant to the date of first implant
failure or last follow-up. All statistical analyses were
performed using the SAS software package (SAS Institute,
Cary, NC).

RESULTS

The mean duration of follow-up for 190 of the 255 patients
(65 died at a mean follow-up of 12.6 years) was 13.0 years
(median 13.6; range 0.3 to 28). The majority of the 255
patients (97%) underwent surgery and prosthesis placement
at Mayo Clinic, while 9 (3%) had their prosthesis fabricated
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TABLE 14.2 Description of Anticipated and Unanticipated
Prosthetic and Biologic Events

Prosthetic Events

Anticipated

Lip biting

Change of opposing dentition
Loose opposing denture

Lost composite filling

Unanticipated

Fractured gold screw

Loose abutment

Fractured abutment screw

Fractured multiple abutment
screws

Difficulty cleaning under Prosthesis fracture
prosthesis

Loose opposing overdenture

Loose O rings

Tooth broken opposing partial
denture

Lost gold matrix

Prosthesis tooth fracture

Prosthesis tooth wear

Tooth broken on opposing
denture

Loose gold screw

Broken opposing denture
Fractured acrylic base
Distorted implant platform

Removal of failed implant

Biologic Events

Anticipated Unanticipated
Plaque/calculus Periapical radiolucency
Hyperplasia Infection

Tingling when flossing Mobile implant
Paresthesia Benign/malignant process

All events types were collected and categorized. Anticipated/unanticipated
designations were chosen to assist clarification of recall dynamics. An event
associated with continued functional performance and reversible return to
biological health is considered as less disruptive to follow-up, which is
anticipated. An event that leads to harm with function and is irreversible
biologically would be more demanding at follow-up, both an unanticipated
and undesirable outcome.

elsewhere. Relative to age, gender, and arch restored, there
were no differences between patient groups. Regarding
residence, 78% (7 of 9) of the patients restored elsewhere
were National residents, compared to 44% National residents
in the Mayo-treated cohort (Table 14.3). Single-arch prosthe-
ses were provided the majority of the time (209 mandibular,
35 maxillary), and 11 patients received both mandibular and
maxillary prostheses. The 255 patients received 1325
implants, 1089 in the mandible and 236 in the maxilla.
The average age of cohort patients was 56.4 years [68
(27%) less than 50 years of age, 83 (33%) between 50 and
60 years of age, 104 (41%) over 60 years of age] at the time of
implant placement. In this group of implant patients, these
patients were largely existing denture wearers with a history
of maladaptation to removable prostheses. Patients were
followed an average of 11.8 years from the time of implant
placement to last check-up [140 (53%) followed over
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TABLE 14.3 Summary of Patient Specific Features

Feature (n =255 Completed Rehabilitations)

Mean (Range)

Age at first implant in years
Years from first implant to last check-up
Overall number of visits
Number of visits per year
Sex
Female
Male

Residence
National
Local
Regional
International

Arch restored
Mandible
Maxilla
Both mandible and maxilla

Prosthetic design
Metal acrylic
Spark erosion
Bar with RPD
Metal ceramic
Bar milled/OD
Metal acrylic—switch to spark erosion
Metal acrylic—switch to bar with RPD
Metal acrylic—switch to metal ceramic
Smoker
Cardiovascular disease
Osteoporosis
GERD
Hypertension
Hyperlipidemia
Carcinoma

56.4 (9-82)
11.8 (0.0-27.9)
23.8 (0-113)
4.3 (0-69)

N (%)

190 (75)

65 (25)

111 (44)
84 (33)
53 (21)
703)

209 (82)
35 (14)
11 (4)

229 (90)
8 (3)
703)
3(1)
1(<1)
4(2)
2(1)
1(<1)
82 (32)
136 (53)
59 (23)
28 (11)
185 (73)
164 (64)
34 (13)

Feature (n =9 Prostheses Placed
Elsewhere)

Mean (Median;
Range)

Age at first implant in years
Years from first implant to last check-up
Sex

Female

Male

Residence
National
Regional

Arch restored
Mandible
Maxilla
Both mandible and maxilla

Prosthetic design
Metal acrylic
Spark erosion
Unknown

60.6 (61; 43-81)
0.5 (0.5; 0.0-1.1)
N (%)
6 (67)
3(33)

7(78)
2(22)

7(78)
1(11)
1(11)

2(22)
1(11)
6 (67)

Local: State of Minnesota.

Regional: North Dakota, South Dakota, Nebraska, Wisconsin, Iowa.
National: United States of America excluding local and regional.
International: Outside the United States of America.

10 years, 96 (36%) followed over 15 years, and 58 (23%)
followed over 20 years]. Patients returned for an average of
five visits per year after prosthesis placement.

Overview of Prosthesis Survival

Overall prosthesis survival rates at 5, 10, 15, and 20 years
following the date of implant reveal a 20-year survival rate of
86% (Fig 14.1). Survival free of prosthetic or biologic events
for the same time intervals reveals 51% at 5 years and 11% at
20 years (Fig 14.2). Prosthesis survival free of any prosthetic
events is shown in Figure 14.3. Survival free of implant
failure rates for the same time intervals reveals that at
20 years, 12% of the prostheses had experienced implant
failure (Fig 14.4). Of the prostheses, 15% survived free of
any event, and 92% experienced survival free of implant
failure (95% confidence interval).

Twenty two of the cohort patients (8.6%) had a prosthesis
remake. The timing of the remakes ranged from 1.2 to
25.6 years following the date of implant insertion (mean
9.6 years). The most common reason for a prosthesis remake
was due to prosthetic events, and was often related to repeated
events suggesting the need for improved prosthesis-implant
fit.

Overview of Events

A summary of prosthetic and biologic events, both those
anticipated and unanticipated, is shown in Table 14.4. There
were over three times as many prosthetic events as biologic
events in this patient group. Regarding the prosthetic events,
unanticipated events occurred more commonly, they required
fewer than two visits on average to resolve, and were seen
from year 1 through year 26 of follow-up (mean 7.6 years
from implant placement). Regarding biologic events, antici-
pated events occurred more than twice as frequently as
unanticipated events, both types were resolved in two or
fewer visits, and each type was seen sooner, on average, than
prosthetic events.

The mean number of prosthetic events observed per
patient was two times more than the mean number of biologic
events observed per patient (4.3 and 2.1, respectively). The
mean number of unanticipated prosthetic events observed per
patient was 4, while the mean number of unanticipated
biologic events observed per patient was 1.5.

On average, the first anticipated prosthetic events
occurred 10.5 years after implant placement and significantly
later than the first anticipated biologic event, which occurred
4.1 years after implant placement (Table 14.4). The mean
number of visits to address anticipated prosthetic events were
2.8 (range 1 to 8) with 43% of them addressed in one visit.
The mean number of visits to address anticipated biologic
events was 1.4 (range 1 to 9) with 72% of them addressed in
one visit (Table 14.4).
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FIGURE 14.1 Overall prosthesis survival.

Table 14.5 summarizes events at the patient level. Over
one-third of the patients experienced no prosthetic or biologic
events over the period of follow-up. Nearly one-fourth of the
patients experienced both types of events, one-third experi-
enced only prosthetic events, and less than one-tenth expe-
rienced only biologic events. Well over half (58%)
experienced at least one prosthetic event, and for the patients
with at least one event (i.e., at least one prosthetic or biologic
event) the mean time to their first event was approximately
5 years.

Most Common Prosthetic and Biologic Events

Table 14.6 shows fractured screws and abutments were the
top two prosthetic events observed; occurring at the 6- to
7-year mean time period and requiring a single visit to
address more than 85% of the time. The third most common
prosthetic event observed, wear, occurred at a much later
mean time period (14 years) and, as would be expected,
required more visits to address. The most frequent pros-
thetic event was fracture of a single gold screw, which on
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FIGURE 14.2 Prosthesis survival free of any events.
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FIGURE 14.3 Prosthesis survival free of any prosthetic events.
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FIGURE 14.4 Prosthesis survival free of implant failure.

TABLE 14.4 Summary of Anticipated and Unanticipated Events and Visits to Address Events

Visits to Resolve Visits to Resolve Event N (%)
Years from Implant Placement Event
N Mean (Range)* N 1 2 >2

Prosthetic 643

Anticipated 251 10.5 (0.4-25.3) 2.8 (1-8) 107 (43) 40 (16) 104 (41)

Unanticipated 392 7.6 (0.3-26.0) 1.7 (1-12) 312 (80) 27 (7) 53 (14)
Biologic 169

Anticipated 117 4.1 (0.3-21.3) 1.4 (1-9) 85 (72) 27 (23) 5@

Unanticipated 52 5.0 (0.1-19.5) 2.1 (1-8) 18 (35) 23 (44) 11 21)

*All values are listed for sample sizes <3.
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TABLE 14.5 Summary of Patient Experiences with Events

Years from Implant
Patients Placement to the
N (%) First Event
Niota =255 Mean (Range)

At least one 148 (58) 4.9 (2.6; 17 days to 26.0
prosthetic years)

Event Type

At least one biologic 81 (32)

Only prosthetic 86 (34)

Only biologic 19 (7)

Prosthetic and 62 (24)
biologic

None 88 (35)

average occurred 7.4 years after prosthesis insertion. The
most frequent biologic event was peri-implant soft tissue
hyperplasia, which on average occurred 3.3 years after
implant placement.

Implant Failures

Fewer than 10% of the patients experienced 35 implant
failures over the course of the observation period. Ten
failures occurred less than 1 year after implant placement,
with the remaining 25 implant failures occurring in patients a
mean of 4.7 years (range 1 to 13.1) after implant placement.
Nineteen of the implant failures occurred in the mandible and
16 in the maxilla.

This failure cohort also experienced mostly unanticipated
prosthetic events. Of particular note for this edentulous
population is the finding that opposing dentition type did
not have a statistically significant impact on implant failure or
time of failure. For the group, 60% had an opposing complete
denture, and 31% had natural opposing dentition.

DISCUSSION 127
DISCUSSION

The evidence-based history in prosthodontics is longstand-
ing. It began with a formal scholarly exposure to the princi-
ples involved at McMaster University in the early 1990s,
followed by educational workshops targeting dissemination
of these principles to residency directors and educators, and
included publication of prosthodontic-specific evidence-
based learning and practice aids modeled after those origi-
nally published in medicine.?

Since that time, progress has been made in the under-
standing of clinical evidence and its application to the clinical
encounter of patient care. Yet clinical trial reports consistently
fall short of providing outcomes that delineate long-term
expectations that patients and providers use to understand
complex care decisions in prosthodontics.”' This does not
mean that evidence-based efforts are not worthwhile, but does
suggest the need to consider defining best practice using
evidence complementary to trial-based evidence and doing
so with careful understanding as to how much confidence we
can infer from evidence sources to our unique situations.'
This article suggests that evidence from practice, systemati-
cally collected and studied by conscientious practitioners,
should be considered.

Long-Term Practice Outcome Data

The data in this report represent outcomes from a time frame
of care beginning 29 years ago; it serves as an example of a
database maintenance report used as part of practice mon-
itoring, and its specific use will be to (1) guide decisions
regarding scheduling of maintenance visits, and (2) inform
shared decision-making discussions with patients in a group
prosthodontic practice. The practice scope requires database
use to systematically monitor care quality, and for the chronic
condition of missing teeth, doing so allows identification of
time-dependent influences on the clinical course, categorized
as clinical outcomes. Such a systematic monitoring,

TABLE 14.6 The Three Most Common Prosthetic and Biologic Events and How They Were Addressed

Years from Implant Visits to
Placement to the First Event Address N Visits to Address N (%)

Event Top 3 N (%) Mean (Range) 1 Visit 2 Visits  >2 Visits
Prosthetic N=643  Fractured screw 113(18) 7.4 (0.6-25.5) 1.4 (1-9) 100 (89) 44 9(8)

Fractured abutment 73 (11) 6.4 (0.9-25.5) 1.3 (1-5) 64 (88) 34) 6 (8)

Wear 63 (8) 13.9(2.3-23.2) 4.6 (1-8) 5(8) 4 (6) 56 (86)
Biologic N=169 Hyperplasia 97 (57) 3.3(0.3-154) 1.4 (1-9) 68 (70) 25 (26) 4 4)

Mobile implant 23 (14) 3.4 (0.1-13.4) 1.7 1-4) 11 (48) 10 (43) 29

Infection 15 (9) 6.3 (0.2-19.5) 2.2 (1-5) 3 (20) 8 (53) 4 (27)
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analyzing, and responding to outcomes of care with a quality
target in mind is a longstanding goal of outcomes research.?>

Outcomes Research

Outcomes research has meant various things to different
groups over the past few decades. Lee et al share a historical
perspective of this confusing field and summarize current
understanding of outcomes research as being concerned
with improving clinical practice as applied to patients
treated outside clinical trials.”> Specific to the field of
prosthodontics, outcomes are the consequences of manage-
ment decisions for missing and defective teeth, made at the
individual patient level, involving multiple factors of
importance to the patient and, based on the clinical findings,
the clinician. A fundamental principle involved in the
patient-provider interaction is that the patient elects to
pursue care for self-defined reasons.>* Therefore, in shared
decision-making discussions, all factors important to a
management decision must have value to the individual
electing the intervention.” Consequently, pertinent out-
comes should be identified as consistent with patient
expectations, helpful to providers in quality assurance
(QA) monitoring relative to meeting treatment targets,
and providing data for summary and sharing with patients
considering care. When outcomes directly address common
patient concerns regarding expectations, options, benefit
and risk, and self-care they directly inform best practices
(Table 14.7).

Outcome Comparison

It is important to view the evidence in this report against
previous reports. Favorable long-term outcomes have been
shown for edentulous patients treated using a two-stage

TABLE 14.7 Summary of Patient-Centered Questions for
Informed Healthcare Decisions as Suggested by the Patient-
Centered Outcomes Research Institute. Available Online at
http://www.pcori.org/research-we-support/pcor/ *

Patient Centered Questions to Ask

1 “Given my personal characteristics, conditions and preferences,
what should I expect will happen to me?”

2 “What are my options and what are the potential benefits and
harms of those options?”

3 “What can I do to improve the outcomes that are most
important to me?”

4 “How can clinicians and the care delivery systems they work in
help me make the best decisions about my health and
healthcare?”

“Last accessed on February 9, 2013.

surgical protocol, machined titanium implants, and
implant-supported cantilevered prostheses at the abutment
level.'""'*'® Several articles have also reported implant and
prosthetic component performance events such as loose and
fractured screws, prosthesis superstructure wear and fracture,
alteration of opposing dentition, and even the need for
prosthesis replacement.'®*3-2® Reports of prosthesis mainte-
nance needs and the impact of implant failures on long-term
care are important, yet when reports are limited in patient
sample size and length of follow-up,'*'® and when concern
exists as to how applicable the outcomes are to an individual
practice, it is difficult to know with surety if practice change
isrequired. This overall prosthesis survival of 86% at 20 years
is similar to the lower limit of previous reports in the
literature, which ranged from 84% to 34%'* to 100%.""
Material fatigue of superstructure and first-generation
implant components contributed to the events observed.
Unlike other studies that showed minimal prosthetic
events,'”!" this study reveals significantly more prosthetic
events than biologic events. Furthermore, prosthetic events
occurred significantly later than biologic events. The antici-
pated prosthetic events occurred on average more than
10 years after initial treatment, while unanticipated prosthetic
events occurred on average almost 8 years after initial
treatment. As suggested in the literature,'®"'*!7 time-depen-
dent outcomes are critical to understand from a prosthetic
maintenance perspective. The comparative difference
between event types (four times more prosthetic events
than biologic events) is not in agreement with previous
reports, which described minimal screw fractures, screw
loosening, wear, and loss of access fillings. Prosthesis tooth
wear was the third most common event with 65 (10%)
patients, consistent with previous literature'> when differ-
ences in the size of the patient population were taken into
account (308 patients in this study vs. 45 to 58 patients). An
early study'® showed that, on average, a patient received 2.27
implant-retained prostheses (range 1 to 4), more than
reported in this study.

Population Characteristics

The population in this report represents approximately six
times more patients than similar patient populations
reviewed in the literature. Regarding the comparability
of patients, the patients in this cohort included all patients
from implant care inception through 1991. No selection
bias is expected, and all data are part of the current clinical
outcome database used prospectively. The inclusion of a
large portion of patients who travel some distance for care
(44% National patients) is unique, yet follow-up remains
robust, as 140 (53%) patients have been followed for
10 years, 96 (36%) for more than 15 years, and 58
(23%) for more than 20 years.
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Events

With 75% of this patient population still living after 30 years
of initial treatment, the data reveal that time-dependent
events become more frequent. Also, biologic events reflect
a remarkable biological tolerance over time.”” Although the
majority of the prosthetic events could be addressed in one or
two visits, visits ranged from 1 to 9. This information is
valuable for describing potential long-term care needs, and
financial and maintenance expectations associated with such
treatment. One in three patients experienced no events during
follow-up; one of four experienced both a biological and
prosthetic event; 58% had at least one prosthetic event.

Prosthetic events were felt to be related to cantilever
constructions and are not unexpected, given previous
reports.**! Screw loosening related to the prosthetic screw
is known to have a design safety feature of this original
system, placing the most “at-risk” component in a retrievable
location. The data support the finding that prosthetic events
were managed in timely manner on average.

Biologic events can be characterized as low in severity,
resolved in a timely manner, and when involving a failure of
an implant, this did not always detract from prosthesis
function. Regarding implant failure, approximately one out
of three (10/35) failed in the first year, and failure was not
associated with opposing dentition type. This implant sur-
vival finding of 88% (83 to 93, 95% CI) at 20 years is
consistent with other studies of a similar patient
population.'*!?

Prosthesis-Specific Survival

The findings of this report suggest that patients considering
similar care have a very good chance (86%) that at 20 years
they will have a functioning prosthesis. When we found the
need to remake a prosthesis, it occurred infrequently (22 of
255 patients) and at varying times after the original prosthesis
(from 1.2 to 25.6 years). This outcome compares very
favorably with conventional fixed prostheses, where one
systematic review describes an 89% 10-year survival
estimate.*

Practice Application

As this practice evolves, we are faced with considering what
key findings from this time period can best inform current
and future care. The patient population in this report is more
homogeneous than edentulous patients seen in the last 5 to 10
years. In 1983 when this treatment approach was imple-
mented, presenting patients had been edentulous for several
years and were considered for care based on presentation
with significant residual alveolar ridge resorption and attend-
ant maladaptation to conventional prostheses. This type of
patient with such significant residual ridge resorption
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resulted in a significantly large restorative space to accom-
modate implant and prosthetic components for resin to metal
prostheses. On the contrary, current populations being man-
aged with implant-supported prostheses also include patients
who received elective extractions, creating situations with
potentially limited restorative space. This situation more
often requires consideration of strategically prescribed ter-
minal implants, which reduces or eliminates cantilever
influences.

CONCLUSION

This report of practice-based outcome evidence from a
29-year follow-up period of implant prostheses provides
long-term data useful for practice QA and shared deci-
sion-making patient discussions.

The clinical events associated with patient follow-up visits
revealed the following:

1. Overall prosthesis survival at 20 years was 86%.

2. Prosthetic events occur significantly later and more
frequently than biologic events.

3. The most common prosthetic event was fractured gold
screws, and the most common biologic event was
hyperplasia.

These findings support the suggestion that prosthodontic
care for edentulism be managed within a “chronic condition”
context for a more realistic understanding of maintenance
expectations for patients and providers.
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ABSTRACT

Purpose: To report the 5-year outcome of the All-on-4
treatment concept comparing double full-arch (G1) and
single-arch (G2) groups.

Materials and Methods: This retrospective cohort
study included 110 patients (68 women and 42 men, average
age of 55.5 years) with 440 NobelSpeedy groovy implants.
One hundred sixty-five full-arch, fixed, immediately loaded
prostheses in both jaws were followed for 5 years. G1 con-
sisted of 55 patients with double-arch rehabilitations occluded
with implant-supported fixed prostheses, and G2 consisted of
55 patients with maxillary single-arch rehabilitations or man-
dibular single-arch rehabilitations occluded with natural teeth
or removable prostheses. The groups were matched for age
(6 years) and gender. Primary outcome measures were
cumulative prosthetic (both interim and definitive) and implant
survival (Kaplan-Meier product limit estimator). Secondary
outcome measures were marginal bone levels at 5 years
(through periapical radiographs and using the patient as unit
of analysis) and the incidence of mechanical and biological
complications. Differences in survival curves (log-rank test),
marginal bone level (Mann-Whitney U test), and complica-
tions (chi-square test) were compared inferentially between the
two groups using the patient as unit of analysis with signifi-
cance level set at p <0.05.
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© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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Results: No dropouts occurred. Prosthetic survival was
100%. Five patients lost 5 implants (G1: n=3; G2: n=2)
before 1 year, rendering an estimated cumulative survival
rate of 95.5% (Gl: 94.5%; G2: 96.4%; Kaplan-Meier,
p=0.645, nonsignificant). The average (SD) marginal
bone level was 1.56mm (0.89) at 5 years [G1: 1.45 mm
(0.77); G2: 1.67 mm (0.99); p = 0.414]. The incidence rate of
mechanical complications (in both interim and definitive
prostheses) was 0.16 and 0.13 for G1 and G2, respectively

T'he success of an edentulous rehabilitation is dependent on
the development of shared goals for both the patient and the
clinical team. New and improved treatment procedures, such
as the continuous development of dental implant therapies,
the evaluation of issues concerning prosthetic function, and
prosthesis quality, are necessary to successfully rehabilitate
the edentulous patient.' The use of removable prosthetics
frequently leads to mucosal irritation, under-extension of the
denture bases, incorrect jaw relationships, incorrect occlusal
vertical dimension, and inadequate posterior palatal seal.”
Some pathological manifestations of denture use include
stomatitis, traumatic ulcers, irritation-induced hyperplasia,
altered taste perception, burning mouth syndrome, and gag-
ging. Some rehabilitation therapies do not replace dimen-
sional changes of the lower third of the face caused by
continued resorption of the mandibular alveolar bone, which
causes greater difficulties for denture construction: overall,
removable dentures do not obtain the physiological, psycho-
logical, and social complete satisfaction of the individual
who needs full-arch rehabilitation.® Oral implant placement
may prevent the continued resorption of bone and has been
associated with increased mandibular bone height distal to
the implant location.*> High success rates have been reported
when rehabilitating completely edentulous patients using
four or more implants, and in the late 1990s, various authors
published clinical reports regarding the possibility of early or
immediate loading of implants with fixed provisional full-
arch restorations.®™

In 2003, Malé6 et al’ introduced the All-on-4 treatment
concept. This protocol requires the placement of four inter-
foraminal implants in the mandible, with the distal implants
tilted distally by 30° to achieve a more favorable distribution
of implants, thereby minimizing cantilever extensions that
could jeopardize osseointegration of the distal implants.'”

Immediate loading in the edentulous maxilla is perceived
as a greater challenge than in the mandible, mostly due to the
lower bone density in this jaw. Furthermore, implant anchor-
age in the totally edentulous maxilla is often restricted
because of bone resorption, a frequent condition in the
posterior regions of the jaws where bone grafting is often

(p =0.032). The incidence rate of biological complications
was 0.06 and 0.05 for G1 and G2, respectively (p = 0.669).

Conclusions: Based on the results, rehabilitating
double- or single-arch edentulous patients did not yield
significant differences on survival curves. The incidence
of mechanical complications was significantly higher for
double-arch rehabilitated patients but nevertheless, these
mechanical complications did not affect the long-term sur-
vival of either the prostheses or the implants.

indicated. Implant tilting has been shown to be a good
alternative to bone grafting in the maxilla, as indicated in
the clinical results of several studies.''™'? By tilting the
posterior implant, a more posterior implant position can be
reached, reducing the cantilever compared to axially placed
implants. Cantilever extensions seem to be associated with a
decreased prosthetic survival rate.'*'® Tilting the posterior
implant can also provide improved implant anchorage by
engaging the apex of the implants with the cortical bone of
the anterior wall of the sinus and the nasal fossae.'”

The use of four implants in the maxilla is supported by
results from short- and long-term clinical studies.'*'*!7~1°
Good clinical outcomes from studies using protocols in
which four implants were placed to support a full-arch
prosthesis indicate that the placement of additional implants
may not be necessary for successful implant treatment of
edentulous jaws.'*°

More recently, several authors have noted that the use of
the All-on-4 treatment concept with a 30° inclination of the
distal implants reduced the maximum stress in the distal
crestal bone,?'** with no difference in marginal bone resorp-
tion between tilted and straight implants.>® Furthermore,
other authors* reported no significant differences in loading
parameters when comparing the use of more implants,
demonstrating the importance of conceding enough space
between implants.

The implant surgical protocol may influence the outcome of
full-arch rehabilitation in the long-term, as can the size of
cantilever, bar material, and type of bone.”> A recent system-
atic review?® stated that biologic and technical complications
occur continuously over time as a result of fatigue and stress.

Fazi et al'” reported that when comparing several implant
numbers and positions, the use of the All-on-4 treatment
concept not only reduced load bearing from bone, but also
from implants and frameworks. Rehabilitating the com-
pletely edentulous patient is still a challenge. The rate for
absence of complications in prosthetic full-arch rehabilita-
tions is less than 30% at 5 years and 8% at 10 years,*®
with the most common complications being peri-implant
bone loss, screw fracture, hypertrophy or hyperplasia of
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the soft tissue around the rehabilitation, and chipping or
fracture of the veneering material, which requires repair,
maintenance, time, and cost to both the clinician and patient.

The biomechanics of double full-arch edentulism and the
effect of an implant-supported fixed prosthesis as opposing
dentition is not known to a great extent, with few clinical
studies addressing this issue.®®?”® It may be that an implant
rehabilitation as opposing dentition constitutes a risk factor
for late implant loss.”” Studies addressing this finding in
immediate function implants are nonexistent.

The aim of this retrospective cohort study was to compare
the outcome of double full-arch versus single full-arch
rehabilitations in long-term outcome. This study aimed to
determine the influence of opposing dentition on the treat-
ment outcome of immediate implant-supported fixed
prostheses for rehabilitation of completely edentulous
jaws. The null hypothesis was that there is no difference
in the long-term outcome of implant-supported fixed reha-
bilitations, regardless of the opposing dentition.

MATERIALS AND METHODS

This article was written following Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
guidelines.?® This retrospective cohort study was performed
at a private rehabilitation center (Malo Clinic, Lisbon,
Portugal). This study was approved by an independent
ethical committee (Ethical Committee for Health; Authori-
zation no. 014/2010). The inclusion criterion was edentulous
arches, or arches with hopeless teeth, in need of fixed implant
restorations as requested by the patient. As exclusion criteria,
patients presenting with emotional instability, and patients
who were not followed at the rehabilitation center were
excluded from the study. From January 2004 to December
2006, a total of 149 patients were rehabilitated with full-arch
rehabilitations according to the All-on-4 treatment concept
(Nobel Biocare, Goteborg, Sweden) in both jaws on the same
day, and 311 patients were rehabilitated with one full-arch
rehabilitation according to the All-on-4 treatment concept
(maxilla: 153; mandible: 158). Fifty-five patients were ran-
domly selected from the double full-arch rehabilitations

FIGURE 15.1 Orthopantomography of a double full-arch All-on-
4 rehabilitation.

MATERIALS AND METHODS 133

FIGURE 15.2 Orthopantomography of a maxillary single full-
arch All-on-4 rehabilitation.

(Group 1 [G1]; Fig 15.1) using a random sequence generator.
The patients with single full-arch were selected based on the
absence of an opposing dentition containing implant-
supported fixed prostheses, and matching for age (6 years
of a double full-arch patient) and gender with patients from
G1. Of the 169 patients with single full-arch rehabilitation
who qualified in the matching procedure, 55 were randomly
selected (group 2 [G2], 26 maxillae and 29 mandibles;
Figs 15.2 and 15.3), resulting in a total of 110 patients
(68 women and 42 men; average age=>55.5 years old
[standard deviation: 8.9 years]; range: 38 to 80 years old)
having received a total of 660 NobelSpeedy implants (Nobel
Biocare AB, Gothenburg, Sweden). As opposing dentition,
patients from G1 presented an implant-supported fixed pros-
thesis (n=155), while in G2 there were 35 patients with
natural teeth, and 20 had a removable prosthesis.

Sample Size Calculation

The sample size calculation was performed using a software
program (Power and Sample Size Calculations, version
3.0.34, Dupont WD and Plummer WD Jr, Department of
Biostatistics, Vanderbilt University, Nashville, TN). The
authors planned a study with one control per experimental
subject, an accrual interval of 6 time units (1 year=1 time
unit), and additional follow-up after the accrual interval of
3 time units. Prior data indicated that the median survival
time on the control treatment was 6 time units.'>° If the true
median survival times on the control and experimental
treatments are 6 and 3 time units, respectively, it was deemed

FIGURE 15.3 Orthopantomography of a mandibular single full-
arch All-on-4 rehabilitation.
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necessary to include 55 experimental subjects and 55 control
subjects to be able to reject the null hypothesis that the
experimental and control survival curves are equal with
probability (power) 0.8. The type I error probability associ-
ated with this test of this null hypothesis was 0.05.

Surgical Protocol

The patients’ medical histories were reviewed, together with
clinical observation (treatment planning) and complementary
radiographic exams with an orthopantomography (for bone
height evaluation) and computerized tomography scan (for
bone volume and evaluation of anatomical structures eval-
uation such as the dental nerve). The surgical procedures
were described in previous reports following the All-on-4
treatment concept. 1330

Immediate Provisional Prosthetic Protocol

Implant-supported fixed prostheses of high-density acrylic
resin (PalaXpress Ultra; Heraeus Kulzer GmbH, Hanau,
Germany) with titanium cylinders (Nobel Biocare AB)
were manufactured at the dental laboratory and inserted on
the same day (G1: 110; G2: 55). Anterior occlusal contacts
and canine guidance during lateral movements were preferred
in the interim prosthesis. No cantilevers were used in the
interim prostheses. The emergence positions of the screw-
access holes at the posterior implants of the prostheses were
normally at the level of the second premolar, and the prosthe-
ses were designed to hold a minimum of 10 teeth due to the
favorable position achieved by the posterior tilting of the distal
implants.

Final Prosthetic Protocol

Considering patient desires, a metal ceramic implant-
supported fixed prosthesis with a titanium framework and
all-ceramic crowns (Procera Ti framework, Procera crowns,
NobelRondo ceramics; Nobel Biocare AB), or a metal-
acrylic resin implant-supported fixed prosthesis with a Ti
framework (Procera Ti framework) and acrylic resin pros-
thetic teeth (Heraeus Kulzer GmbH) was used to replace the
interim prosthesis. In this definitive prosthesis, the occlusion
mimicked natural dentition. The definitive prosthesis was
typically delivered 6 months postsurgically.

Outcome Measures

Primary outcome measure was prosthetic survival and
implant survival. Prosthetic survival (both interim and
definitive) was based on function, with the necessity of
removing the prostheses classified as failure. Implant
survival was based on the Malo Clinic survival criteria:'?
(1) implant fulfilled its purported function as support for

reconstruction; (2) it was stable when individually and
manually tested; (3) no signs of persistent infection
observed; (4) no radiolucent areas around the implants;
(5) demonstrated a good esthetic outcome in the rehabilita-
tion; and (6) allowed the construction of an implant-
supported fixed prosthesis that provided patient comfort
and good hygienic maintenance. The implants removed
were classified as failures. Secondary outcome measures
were marginal bone level, biological complications (peri-
implant pathology; fistulae formation, abscess formation),
and mechanical complications (loosening or fracture of any
prosthetic component).

Marginal Bone Level

Periapical radiographs were made using the parallel tech-
nique with a film holder (Super-bite; Hawe-Neos, Bioggio,
Switzerland). The holder’s position was adjusted manually
for an estimated orthogonal film position. A blinded operator
examined all radiographs of the implants for marginal bone
level. Each periapical radiograph was scanned at 300 dpi with
a scanner (HP Scanjet 4890; HP Portugal, Paco de Arcos,
Portugal), and the marginal bone level was assessed with
image analysis software (Image J version 1.40g for Win-
dows; National Institutes of Health, Bethesda, MD). The
reference point for the reading was the implant platform (the
horizontal interface between the implant and the abutment), and
marginal bone level was measured to the first contact between
implant and bone. The radiographs were accepted or rejected for
evaluation based on the clarity of the implant threads: a clear
thread guarantees both sharpness and an orthogonal direction of
the radiographic beam toward the implant axis. Calibration of
the radiographs was performed using the implants’ platform
diameter. The marginal bone levels, evaluated on periapical
radiographs, were registered at 5 years of follow-up. The bone
levels were averaged per patient and presented using the
rehabilitation as unit of analysis.

Statistical Analysis

Patient-related survival (using the patient as unit of analysis
and considering the first incidence of implant failure) was
computed using the Kaplan-Meier product limit estimator
(SPSS 17.0; SPSS Inc., Chicago, IL) with comparison of
survival curves between groups through the log-rank test.
The incidence of mechanical and biological complications,
systemic compromises, smoking habits, and bruxism
between both groups was analyzed by the chi-square
test. The marginal bone levels were compared between
the two groups using the Mann-Whitney test after testing
the variable for normality through the Kolmogorov-
Smirnov test. The level of significance was 0.05. Statistics
were computed using the Statistical Package for Social
Science (SPSS 17.0).
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TABLE 15.1 Implant Survival of the Completely Edentulous Rehabilitations Using the Rehabilitation as Unit of Analysis

(Kaplan-Meier Product Limit Estimator)

Cumulative Proportion
Surviving at the Time

Status (0 = Nonfailure;

No. of Cumulative No. of Patients

Time (Months) 1 = Failure®) Estimate Std. Error Events at Risk
Overall Rehabilitations
0 0 - - 0 110
3 2 0.982 0.013 2 108
6 1 0.973 0.016 3 107
7 1 0.964 0.010 4 106
10 1 0.955 0.020 5 105
12 0 - - 5 105
24 0 - - 5 105
36 0 - - 5 105
48 0 - - 5 105
60 0 - - 5 105

“Failure was defined as the first implant to fail in one patient.

RESULTS

A total of 26 patients presented at least one systemic
condition (G1: 11 patients; G2: 15 patients, p=0.369);
33 patients were smokers (G1: 19 patients; G2: 14 patients,
p=0.298), and 37 patients were suspected to be heavy
bruxers (G1: 22 patients; G2: 15 patients, p=0.158). No
dropouts occurred in this study, and the patients were
followed for 5 years. Five patients lost five implants
(G1: 3 patients; G2: 2 patients), rendering an estimated
survival rate of 95.5% (Kaplan-Meier; Table 15.1). All
implant failures occurred during the first year of follow-up
and were counted as early failures. No failures of the
prostheses occurred, rendering a 100% survival rate. The
estimated patient-related cumulative survival rates (CSRs)
after 5 years of follow-up were 94.5% for G1 and 96.4% for
G2 (Kaplan-Meier; Table 15.2 and Fig 15.4). Survival
curves did not differ significantly between the two groups
(p =0.645, log-rank test). At 5 years of follow-up, 94 of the
110 patients had readable radiographs (86%). The bone
level was on average —1.56 mm (SD =0.89 mm) overall;
—1.45mm (SD=0.77mm) for Gl (maxilla: —1.44 mm
[SD=0.88mm], mandible: 1.42mm [SD=0.82mm])
and —1.67 mm (SD =0.99 mm) for G2 (Table 15.3; max-
illa: 1.72mm [SD =1.03 mm], mandible: 1.63 mm [SD =
1.01 mm)]). The difference in marginal bone level between
the two groups was nonsignificant (p =0.414).

The incidence rate of mechanical complications (consid-
ering both interim and definitive prostheses) over the 5 years
of follow-up was significant between the two groups with
0.16 [(45/55)/5] for Gl and 0.13 [(35/55)/5] for G2
(»p=0.032). For Gl, the type of mechanical complications
were fracture of the prosthesis (41 patients), abutment screw

loosening (21 patients), and prosthetic screw loosening
(6 patients), with 21 patients presenting more than one
complication. While for G2 there were fractures of the
prosthesis in 31 patients (23 patients with natural teeth as
opposing dentition and 8 patients with removable prosthesis
as opposing dentition), abutment screw loosening in
12 patients (11 patients with natural teeth as opposing
dentition and 1 patient with removable prosthesis as oppos-
ing dentition) and prosthetic screw loosening in 2 patients
(both with natural teeth as opposing dentition), with 9 patients
presenting more than one complication (all with natural
teeth as opposing dentition). For G1, the majority of com-
plications occurred in the interim prosthesis (n =29 patients;
fractured prostheses = 28 patients) compared to the definitive
prosthesis (n=16 patients; fractured prostheses=13
patients), and 15 patients with complications in both prosthe-
ses; while for G2, the majority of complications occurred in
the definitive prosthesis (n=19 patients; fractured
prostheses = 15 patients) compared to the interim prosthesis
(n=16 patients; fractured prostheses=16 patients), and
2 patients with complications in both prostheses. Thirty
patients (37.5%) suspected of being heavy bruxers experi-
enced mechanical complications (18 patients in Gl1, 12
patients in G2). The prosthetic planning for patients who
presented mechanical complications was adjusted in an
attempt to resolve the complications. The loosening of
prosthetic components was addressed by re-tightening the
prosthetic components; the prosthesis fracture was addressed
by mending the prosthesis (acrylic resin) or repairing the
ceramic (metal ceramic prosthesis). The common strategy
addressing both complications (prosthetic components 100s-
ening and fractures) was the adjustment of the occlusion and
manufacture of a night-guard.
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TABLE 15.2 Implant Survival of the Completely Edentulous Rehabilitations Using the Rehabilitation as Unit of Analysis
(Kaplan-Meier Product Limit Estimator); Survival Distribution Between the 2 Study Groups

Cumulative Proportion
Surviving at the Time

Status (0 = Nonfailure; No. of Cumulative No. of Patients
Time (Months) 1 = Failure®) Estimate Std. Error Events at Risk

Group 1 (Double Full-Arch Rehabilitations)

0 0 - - 0 55
3 1 0.982 0.018 1 54
6 1 0.964 0.025 2 53
7 1 0.945 0.031 3 52
12 0 - - 3 52
24 0 - - 3 52
36 0 - - 3 52
48 0 - - 3 52
60 0 - - 3 52
Group 2 (Single Full-Arch Rehabilitations)
0 0 - - 0 55
3 1 0.982 0.018 1 54
10 1 0.964 0.025 2 53
12 0 - - 2 53
24 0 - - 2 53
36 0 - - 2 53
48 0 - - 2 53
60 0 - - 2 53
Difference between groups in survival was not significant (p =0.645, log-rank test).
“Failure was defined as the first implant to fail in one patient.
Survival functions for the 2 groups
(Double full arch and single full arch)
1.004

[ 0 - q ~ 1 - Group

©0.95

5 =IF1Double full arch

$ 0.90- ~I1Single full arch

g 4 Double full arch-
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FIGURE 15.4 Survival estimation for both groups using the patient as unit of analysis and
calculated through the Kaplan-Meier product limit estimator. No significant difference was registered
between the two survival curves (p =0.645, log-rank test).
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TABLE 15.3 Marginal Bone Level, Situated Apically to the Implant Platform, After 5 Years of Follow-up with the Patient as Unit

of Analysis in Groups 1 and 2

Group 1: Group 2:

All-on-4 Double Full-Arch All-on-4 Single Full-Arch
Average (mm)“ 1.45° 1.67°
Standard deviation (mm) 0.77 0.99
Number 46 48
Frequencies N % N %
0mm 0 0.0% 1 2.1%
0.1-1.0 mm 15 32.6% 15 31.3%
1.1-2.0 mm 24 52.2% 17 35.4%
2.1-3.0mm 4 8.7% 9 18.8%
>3.0mm 3 6.5% 6 12.5%

“Overall marginal bone level was 1.56 mm (0.89 mm).

bDifference between groups in marginal bone level was not significant (p =0.414).

The patient-related incidence rate of biological complica-
tions over the 5 years of follow-up for the two groups was
0.06 [(16/55)/5] for G1 and 0.05 [(14/55)/5] for G2, with no
significant differences between the groups (p =0.669). For
G1, there were 15 incidences of peri-implant pathology and
one fistulae formation (n = 16 implants, 7.2%); while for G2
there were 12 incidences of peri-implant pathology, one of
suppuration and one abscess formation (n=14 implants,
6.4%). Thirteen of the patients (G1: 7 patients; G2: 6 patients)
with biological complications were smokers. Eighty-one
percent of the patients (13/16) in G1 and 86% (12/14) of
the patients in G2 presenting biological complications also
presented mechanical complications.

DISCUSSION

The difference in survival rate between the two groups (G1:
94.5%; G2: 96.4%) was not significant; however, a signifi-
cant difference was registered between both groups concern-
ing mechanical complications. Therefore, the null hypothesis
stating that there is no difference in the experimental and
control group survival curves could be partially rejected. The
overall 95.5% (patient-related) CSRs at 5 years for the
immediate loading protocol in double full-arch rehabilita-
tions and the overall marginal bone level of 1.56 mm apical to
the implant platform after 5 years (group 1: 1.45 mm; group
2: 1.67 mm) was within the limits of previous reports on the
rehabilitation of edentulous jaws using the same protocol in
single full-arch rehabilitations.'*'**° In a longitudinal study
on the survival of implants in the rehabilitation of the
edentulous mandible using the All-on-4 treatment concept,
a CSR of 94.8% at 5 years using the patient as unit of analysis
was reported.’® Another study evaluating the 5-year outcome
of the same concept in the maxilla reported a 93% CSR using
the patient as unit of analysis together with —1.95 mm of

marginal bone level."”® An additional study evaluating the
S-year outcome of immediate function implants in com-
pletely edentulous maxillary rehabilitations with different
degrees of bone resorption (low-to-high bone resorption)
reported an 88.6% CSR using the patient as unit of analysis."
There were also no significant differences in marginal bone
level or the incidence of biological complications between
the two groups.

There was a significantly higher incidence of mechanical
complications in double full-arch rehabilitations (occluding
with implant-supported fixed prostheses) compared to single
full-arch rehabilitations (occluding with natural teeth and
removable dentures). A previous study reporting the long-
term outcome of up to 10 years of a retrievable metal ceramic
implant-supported fixed prostheses with milled titanium
frameworks and all-ceramic crowns registered a twofold
increase in the probability of crown fracture in the presence
of a metal ceramic implant-supported fixed prosthesis oppos-
ing dentition." A retrospective analysis of porcelain failures
of implant-supported metal ceramic crowns and fixed partial
dentures (FPDs) investigating patient- and implant-specific
predictors of ceramic failure reported that metal ceramic
prostheses (single crown or FPDs) had approximately 7 times
higher odds of porcelain fracture and 13 times greater odds of
a fracture requiring either repair or replacement when in
occlusion with another implant-supported restoration, as
compared to opposing a natural tooth.*? Nevertheless, the
explanation for this result cannot rule out other variables
including not only a lack of proprioception by the patient
and/or the lack of shock-absorbing capacity by the prosthesis,
but also relating to technical failure in the manufacturing
process, occlusion failure in controlling the occlusion fol-
lowing predetermined guidelines, or parafunctional move-
ments by the patient, all these variables acting independently
or in association.’'* In our study, 84% of the patients with
mechanical complications were either suspect of being heavy
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bruxers or presented an implant-supported fixed prosthesis as
opposing dentition. This implies that these patients may
benefit from a prosthetic protocol including periodic clinical
maintenance appointments in short intervals for occlusion
evaluation and the use of a night-guard prescribed from the
initial stage of implant rehabilitation to decrease the proba-
bility of mechanical complications. Nevertheless, these
mechanical complications did not affect the long-term sur-
vival of the prostheses or the implants, demonstrating that
those procedures are safe and effective.

The biological complication incidence rate, mainly peri-
implant pathology, affected patients at a similar rate in both
groups. These biological complications seemed to cluster in a
determined number of patients, as 13 of the 16 patients in G1
(81%) and 12 of the 14 patients in G2 (86%) also presented
mechanical complications, suggesting a synergetic effect
between mechanical and biological complications, a situation
that has been previously described in a systematic review
investigating the effect of occlusal overload on peri-implant
tissue health in the animal model.** Furthermore, biological
complications occurred in 44% (7/16 patients) and 43%
(6/14 patients) from G1 and G2, respectively, who were
smokers. These results find parallels in the literature, where a
recent systematic review reported smoking, together with
history of periodontitis and poor oral hygiene as risk indi-
cators for peri-implant pathology.*

The limitations of this study include: the retrospective
design; being performed in a single center, which implies
further validation in different social and cultural back-
grounds; the different subgroups in G2 (single full-arch
patients occluding with removable prostheses or natural
teeth) as the amount of forces that can be generated by
denture patients versus dentate patients is different; and
the possible differences on the occlusal concept followed
for the different subgroups, as these were chosen according to
the specific conditions and treatment plan performed for the
patient and not according to a specific inclusion criteria as a
prospective study would imply. The strengths of this study
include the long-term follow-up of 5 years and the use of a
control group in the study design. Randomized controlled
trials should be performed to confirm these results and
investigate the effectiveness of using a controlled prosthetic
protocol on the long-term outcome of double full-arch
rehabilitated patients.

CONCLUSIONS

Rehabilitating double full-arch or single full-arch patients did
not yield significant differences on implant survival and
marginal bone level in the long-term follow-up; however,
the incidence of mechanical complications registered was
significantly higher for double full-arch patients than for
single full-arch patients.
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ABSTRACT

Purpose: To investigate the influence of rehabilitation char-
acteristics in the incidence of peri-implant pathology (P-iP).
Materials and Methods: A total of 1350 patients (270
with P-iP matched for age, gender, and time of follow-up
with 1080 controls without P-iP) rehabilitated with dental
implants were included. The effect of the independent
variables [Implant length in millimeters (IL); implant diam-
eter in millimeters; implant surface (IS); presence of cantile-
vers; implant:crown ratio (ICR), type of abutment (TA);
abutment height; fracture of prosthetic components
(FPCs); type of prosthetic reconstruction (TPR); type of
material used in the prosthesis (TMUP); loosening of pros-
thetic components (LPCs); and passive misfit (PM) diag-
nosed within the previous year] was evaluated through
bivariate analysis (chi-square), with level of significance
of 5%. Crude odds ratios (OR) with 95% confidence intervals
and the attributable fraction (AF) were calculated for the
independent variables individually identified as factors asso-
ciated with the incidence of peri-implant pathology.
Results: The following variables were identified as risk
factors: machined IS (p=0.015; OR=1.46), 17° TA
(p=0.000; OR=3.06), completely edentulous TPR
(p=0.000; OR =2.49), TMUP (p =0.000; metal-acrylic OR
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=2.29; acrylic OR =4.90; metal-ceramic OR =8.43), 1:1
ICR (p=0.002; OR=1.54), FPC (p=0.000; OR =3.01),
LPC (p=0.000; OR=4.15), and PM (p=0.002; OR
=20.36). The attributable fraction rendered the following
theoretical potential reductions in the cases if the exposure to
the variables was removed: IS (31.5%), TA (67.3%), TMUP
(5.4% to 73.3%), ICR (35%), FPC (66.8%), LPC (73.8%),
and PM (95.1%).

Peri-implant pathology is defined as “the term for inflam-
matory reactions with loss of supporting bone tissue sur-
rounding the implant in function.”' In a recent review, the
prevalence of this pathology was reported with a wide range
(12% to 43% of implant sites),” placing a question mark on
the sensitivity of the epidemiological reports of this
pathology.

The pathogenesis of peri-implant pathology can be
described by two types:

1. classical (soft tissue apical to the bone) with dental
plaque causing mucositis (reversible condition), which
when left untreated, can lead to progressive destruction
of the peri-implant tissue (peri-implant pathology)
with}zesulting bone loss, and ultimately to implant
loss,™

2. retrograde (bone to soft tissues), with bone loss occur-
ring at the bone crest due to microfractures of the bone
caused by overloading, loading too early, or occlusal
lateral forces.’

Another problem is the low number of clinical studies
found in the literature addressing the issue of risk factors for
peri-implant pathology,®'® with the large majority focusing
on implant outcome success/failure. The follow-up time
represents a variable with influence in the incidence of
peri-implant pathology. Tonetti'” suggested the density func-
tion for implant loss decreases over time, while emerging
data indicated an increase in the incidence of peri-implant
pathology with follow-up time. Kourtis et al'® pointed to
peri-implant pathology as the main cause for late implant
loss, and Maximo et al’ registered a positive correlation
between implant time of loading and incidence of peri-
implant pathology.

An implant, as the functional unit of a rehabilitation,
possesses different characteristics in the design that vary
across different implant systems. Using Branemark system
implants (Nobel Biocare, Zurich, Switzerland) as reference,
its length may vary between 7 and 18 mm in a standard
implant, its diameter between 3.3 and 6 mm, and the surface
between machined and porous (anodically oxidized)."

Conclusions: Within the limitations of this study,
machined implant surfaces, 17° abutments, completely eden-
tulous reconstructions, the type of metal used in the prosthe-
sis, 1:1 implant:crown ratio, fracture of prosthetic
components, loosening of prosthetic components, and pas-
sive misfit emerged as risk factors for the incidence of P-iP.
Eliminating the exposure to these variables would, in theory,
result in a significant reduction in the incidence of P-iP.

In generic terms, the longer the implant length, the longer
the surface area for osseointegration and prosthetic support.
Several studies reported lower survival rates for shorter
implants.>>~>* This observation may be interpreted in two
ways. First, shorter implants have a shorter bone-implant
area, placing the implant more at risk for occlusal overload.
Second, an infection in the coronal-apical direction may need
less time to cause marginal bone resorption in a critical
portion of the implant with established osseointegration,
leading to an implant failure.

With regard to the implant surface, according to a meta-
analysis by Esposito et al*® in Branemark implants with 3
years of follow-up, there were more cases of peri-implant
disease in rough surface implants than with machined surface
implants. The same finding was reported by Rosenberg et al'>
for implants with hydroxyapatite surface enhanced by
patients’ conditions (periodontally compromised). This
may be due to ease of microbial adhesion to rough compared
to the machined surface. Teughels et al** conducted a
systematic review of the literature on the effect of material
characteristics and/or surface topography of the implant in
the development of the biofilm (plaque), concluding that
implant surfaces with a higher degree of roughness (R=0.2
pm) facilitate biofilm formation. In a retrospective evalua-
tion of predisposing conditions for the occurrence of retro-
grade peri-implant pathology in Branemark system implants,
Quirynen et al'* observed a higher incidence of retrograde
peri-implant pathology in TiUnite (rough) (Nobel Biocare)
implants.

The components of an implant-prosthetic rehabilitation
(abutment, abutment screw, and crown/prosthesis) may relate
to the occurrence of peri-implant pathology, to the extent that
they are part of the equation when the disease occurs by
occlusal overload.”> Regarding the abutments, there is no
evidence that the different surface topography influences the
accumulation of plaque either in the animal model®® or in a
human model as evidenced by Van Assche et al*’ through a
randomized clinical trial comparing the accumulation of
plaque on different surfaces.

Regarding the type of prosthetic reconstruction, a higher
incidence of implant failures and prosthetic complications
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have been observed in partially edentulous patients rehabili-
tated with a fixed partial prosthesis supported by two
implants compared to a prosthesis supported by three or
more implants.?*° This may occur due to a biomechanically
unfavorable situation with respect to the number of implants
supporting the structure.®!

The type of restorative material used in the prosthesis
ranges from acrylic, metal-acrylic, metal-ceramic, and to
ceramic. The academic hypothesis of using acrylic as a
means of reducing the concentration of occlusal stress on
the bone/implant interface®> acting as a shock absorbing
agent has been postulated; this assumption is supported by
finite element analysis studies and mathematical models.**>*
However, there were no significant differences in marginal
bone loss between implants restored with ceramic or acrylic
in clinical studies.*®

The presence of cantilevers in a fixed prosthesis has been
considered a risk factor due to the considerable increase of
occlusal load on the implants, especially the most distal
implant.*> These results have been supported by in vitro
studies,*®® suggesting a maximum limit of a 15-mm-long
cantilever in the mandible.*® A recent meta-analysis from
retrospective cohort studies concluded that there were no
differences in bone loss in implants supporting a cantilever
because of this factor per se.’® However, Bragger et al**
noted an increased incidence of prosthetic complications
with a fixed implant-supported prosthesis supporting a
cantilever.

The implant:crown ratio (ICR) has been theoretically
considered a risk factor for the occurrence of pro-
sthetic complications in implants. When the height of the
pillar-crown complex is substantially increased, the leverage
on the implant head increases, which in the presence of an
increase of lateral forces may cause loosening of the pros-
thetic screws or fractured components.41 However, this
theory was not supported, and no evidence was found in
clinical trials,** cohort studies,*> ™ or meta-analyses.46

Nevertheless, a recent prospective cohort study revealed a
significant correlation between a less favorable ICR and
marginal bone resorption.*’

Mechanical complications include fracture of prosthetic
components, loosening of prosthetic components, or lack of
passive fit. The causes for fractures of prosthetic components
can be varied: from clinical cases with functional and ana-
tomical peculiarities, to parafunctional habits, to improper
design of the prosthesis, or factors related to the character-
istics of the materials.*® For parafunctional habits, there is
little clinical evidence that bruxism, in particular, has a causal
relationship with the increase of implant failures.**® How-
ever, there seems to be a broad consensus that excessive or
improper occlusal stress can cause bone loss, if secondarily
associated with bone characteristics.”!

Implant-supported prostheses may be screwed or
cemented. The advantages of a screwed prosthesis relate

to the possibility of easily removing the prosthesis; however,
problems with the screws are one of the most common
mechanical complications. One retrospective study reported
a 38% incidence of prosthetic screw loosening,”” further
supported by several clinical studies.>'>>>° The screw is the
weakest link in any implant system. In a theoretical analysis
of metal fatigue in gold screws, the authors pointed out the
importance of manufacturing a prosthesis with precision
using sufficient implants to minimize fatigue.’*~>® However,
Kallus and Bessing® reported that screw loosening is due to
lack of passive fit of the prosthesis, the responsibility of the
operator.

The significance of loosening has been discussed in the
literature, in view of the possible bacterial colonization
of those spaces as a possible role in the etiology of
peri-implantitis.®® This theory has evolved from observations
in vitro® and in vivo.®"*? It may cause leakage of bacteria
into the peri-implant sulcus, inducing cellular infiltration
localized at the implant/abutment interface, as shown in
animals®® and possibly in humans.®**> However, no epide-
miological findings substantiate this hypothesis.

The aim of this study was to determine the influence of
rehabilitation characteristics as possible factors associated
with increased risk for the incidence of peri-implant pathol-
ogy and consequent failure of the implant.

MATERIALS AND METHODS

This article was written following the STROBE (Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy) guidelines.®® This study was approved by the National
Commission of Data Protection (Portugal) and the Faculty of
Medicine-University of Lisbon Ethical Board.

The study population consisted of patients over 18 years,
of both genders, rehabilitated with dental implants at the
Center for Implantology and Fixed Oral Rehabilitation-
Lisbon, Portugal. Cases were defined as the patients rehabil-
itated with dental implants at the Center for Implantology and
Fixed Oral Rehabilitation-Lisbon diagnosed with peri-
implant pathology. Controls were defined as patients reha-
bilitated with dental implants at the same center without
diagnosis of peri-implant pathology.

Peri-implant pathology was diagnosed through: peri-
implant pockets >5mm diagnosed through probing of the
peri-implant sulcus/pocket using a probe calibrated to 0.25 N
(Click-Probe;  Kerrhawe S.A., Bioggio  Svizzera,
Switzerland);®’ bleeding on probing;®’ bone loss visible to
x-ray;%® and attachment loss equal to or greater than 2 mm.*
Inclusion criteria were: patients who underwent surgery to
insert dental implants and followed at the clinical center;
patients rehabilitated with implant-supported prostheses with
a minimum follow-up of 1 year after surgery; patients who
gave their informed consent to have their charts reviewed in
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this retrospective study. Exclusion criteria were: patients
who had undergone surgery for placement of dental implants
less than 1 year prior; patients who refused or were unable to
give informed consent; prevalent cases of peri-implant
pathology; patients whose medical records were incomplete
or missing; patients who underwent immunosuppressive
therapy; patients under 18 years of age.

This study was conducted between January and July 2009.
The matching between cases and controls was carried for the
demographic variables: age (2 years <case age <2 years)
and gender, due to high probability of association of these
variables with implant failure: more prevalent in men,'* and
ages over 40 years’® and follow-up time of implantation
(2 months < case follow-up <2 months), due to a possible
correlation between the increase in follow-up time (exposure
time) and the occurrence of peri-implant pathology.'” A 1:4
relation between cases and controls was settled to optimize
the number of cases needed.

The sample was obtained from a list of patients submitted
to implant surgery. There were initially 1763 eligible patients
(346 cases; 1417 controls); from these, 383 patients (66 cases
and 317 controls) were excluded from the study; 181 patients
had incomplete diagnosis (12 cases and 169 controls); 202
patients refused to participate (54 cases and 148 controls).
From the 1380 patients (280 cases and 1100 controls), 30
patients (10 cases and 20 controls) were randomly selected to
be included in the pilot study and consequently excluded
from the study, reaching the final 1350 patients (270 cases
and 1080 controls).

The sample consisted of 1350 individuals of both genders,
divided by two groups: cases and controls. The average age
of our sample was 55.8 years (standard deviation=10.2
years), with a minimum of 28 years and a maximum of
88 years. The majority of participants were female (62.7%).
The implants were inserted between February 1998 and
November 2006. Peri-implant pathology was diagnosed,
on average, 3 years after implant insertion.

Data collection consisted of indirect documentation, filling
in the data on a digital form, and through consulting the
patient’s clinical file (record sheets, radiographs, medical
questionnaire, and clinical diary). The independent variables
were: implant length in millimeters (IL) (7 mm, 8.5 mm,
10mm, 11.5mm, 13 mm, 15 mm, 18 mm); implant diameter
in millimeters (3 to 3.5mm, 3.75 to 4.3mm, 5 to 6 mm);
implant surface (IS) (machined, oxidized); presence of canti-
levers (0, >1); ICR (2:1, 1:1), type of abutment (TA)
(straight: 0°; 17° angulated, 30° angulated); abutment height
(Imm, 2mm, 3mm, 4 mm, 5mm); fracture of prosthetic
components (FPCs) (absent, present); type of prosthetic
reconstruction (TPR) (single teeth, partial rehabilitation,
complete rehabilitation); type of material used in the prosthe-
sis (TMUP) (ceramic, metal-ceramic, acrylic); loosening of
prosthetic components (LPCs) (absent, present); passive mis-
fit (PM) diagnosed within the previous year (absent, present).
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Statistical Analysis

Univariate analysis for characterization of cases and controls
in relation to the independent variables was performed.
Bivariate analysis was conducted to evaluate the difference
between the groups of cases and controls in relation to the
independent variables. In nominal independent variables,
the comparison between cases and controls was performed
using the Chi-square test (upon presence of applicability
conditions, otherwise the Fisher exact test was applied, with
supplemental measures of Cramer’s V or the contingency
coefficient). Crude odds ratios (OR) with 95% confidence
intervals were calculated for the variables significantly dif-
ferent in the bivariate analysis. Estimation of attributable
fraction (AF) of peri-implant pathology for the cases exposed
to the risk factors identified in the bivariate analysis was
calculated through an equation’" according to the odds ratio
of exposure.

_Al+OR-1
~ Ml+ OR

where AF =attributable fraction; Al+ =prevalence of the
disease in the exposed; M1+ = prevalence of the disease; and
OR = odds ratio.

RESULTS

The univariate analysis is described in Tables 16.1 to 16.5.
Considering the implants, the sample revealed a majority of
implants with 15 mm or more in length, 3.75 to 4.3 mm in
diameter, and an oxidized surface. A majority of reconstruc-
tions were single teeth, without cantilevers, with metal-
ceramic material used in the prosthesis, with a 1:1 ICR,
and using straight abutments of 2 mm. Forty-three patients
fractured a prosthetic component, 25 patients had loosening
of prosthetic components, and 6 patients had passive misfit
diagnosed within the previous year of the reference date.
The bivariate analysis resulted in significant differences
between cases and controls for the variables IL, IS, TA, TPR,
TMUP, ICR, FPC, LPC, and PM (Table 16.6) (abbreviations
listed in Table 16.6). Crude OR with 95% CI are described in
Table 16.7. Patients with biomechanical complications had a
higher probability for incidence of peri-implant pathology,
with PM, LPC, and FPC revealing a 20-fold, 4-fold, and
3-fold increase, respectively. Patients with complete edentu-
lous rehabilitations (OR =2.5), with TMUP of metal-
ceramic, metal-acrylic, or acrylic, using 17° angulated
abutments (OR=3.1), with an ICR of 1:1 or more, or
with machined surface implants also were more at risk for
the incidence of the disease. The attributable risk fraction
determined that the patients’ suppression exposure to PM,
LCP, FCP, metal-ceramic or acrylic TMUP, 17° abutments,
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TABLE 16.1 Freq ies and Perc of the Variables Related to the Characteristics of the Reconstruction
Follow-up Time (Months) Implant Length
[Tw3] [3t]5] [5 10 10 +10 Total Tmm 8.5 mm 10 mm 11.5mm 13 mm 15 mm 18 mm Total
Cases Number 164 71 34 1 270 4 18 20 16 43 153 16 270
% wigroup 60.7% 26.3% 12.6% 0.4%  100.0% 1.5% 6.7% T7.4% 5.9% 15.9% 56.7% 59%  100.0%
% wivariahle 19.6% 20.5% 20.6% 25.0% 20.0% 30.8% 25.7% 13.2% 15.2% 16.9% 229% 18.4% 20.0%
% witotal 12.1% 53% 2.5% 0.1% 20.0% 0.3% 1.3% 1.5% 1.2% 3.2% 11.3% 1.2% 20.0%
Controls ~ Number 671 275 131 3 1080 9 52 132 89 211 516 71 1080
G wigroup 62.1% 25.5% 12.1% 0.3%  100.0% 0.8% 4.8% 12.2% 8.2% 19.5% 47.8% 6.6%  100.0%
% wivariable 80.4% 79.5% 79.4% 75.0% 80.0% 69.2% 74.3% 86.8% 84.8% 83.1% 77.1% 81.6% 80.0%
% witotal 49.7% 20.4% 9.7% 0.2% 80.0% 0.7% 3.9% 9.8% 6.6% 15.6% 38.2% 53% 80.0%
Total Number 835 346 165 4 1350 13 70 152 105 254 669 87 1350
%o wigroup 61.9% 25.6% 12.2% 0.3%  100.0% 1.0% 5.2% 11.3% 7.8% 18.8% 49.6% 64%  100.0%
% wivariable  100.0% 100.0% 100,05 100.0%  100.0%  100.0%  100.0%  100.0% 100.0% 100.0%  1000%  1000%  100.0%
% witotal 61.9% 25.6% 12.2% 0.3%  100.0% 1.0% 5.2% 11.3% 7.8% 18.8% 49.6% 6.4%  100.0%

TABLE 16.2 Frequencies and Percentages of the Variables Related to the Characteristics of the Reconstruction

Implant Diameter (mm)

Implant Surface

Presence of Cantilevers

Implant:Crown Ratio

[3to35] [375w043] [St06] Total Machined  Oxidized Total 0 21 Total 2:1 1:1 Total

Cases Number 16 254 0 270 74 196 270 231 39 270 109 161 270
o wigroup 5.9% 94.1% 0% 100.0% 274% 72.6%  100.0% 85.6% 14.4%  100.0% 40.4% 59.6%  100.0%
% wivariable 15.0% 20.5% 0% 20.0% 25.0% 18.6% 20.0% 19.5% 23.4% 20.0% 24 8% 17.7% 20.0%
% witotal 1.2% 18.8% 0% 20.0% 5.5% 14.5% 20.0% 17.1% 2.9% 20.0% 8.1% 11.9% 20.0%

Controls ~ Number 91 987 2 1080 222 858 1080 952 128 1080 330 750 1080
% wigroup B.4% 91.4% 0.2%  100.0% 20.6% 794%  100.0% 88.1% 11.9%  100.0% 30.6% 69.4%  100.0%
% wivariable 85.0% 79.5% 100.0% 80.0% 75.0% 81.4% 80.0% 80.5% 76.6% 80.0% 75.2% 82.3% 80.0%
%o witotal 6.7% 73.1% 0.1% 80.0% 16.4% 63.6% 80.0% 70.5% 9.5% 80.0% 24.4% 35.6% 80.0%

Total Number 107 1241 2 1350 296 1054 1350 1183 167 1350 439 911 1350
% wigroup 7.9% 91.9% 01%  100.0% 21.9% 78.1%  100.0% 87.6% 124%  100.0% 32.5% 67.5%  100.0%
% wivariable  100.0% 100.0% 100.0%  100.0% 100.0% 100,0%  100.0%  100.0%  100.0% 100.0% 100.0% 100.0%  100.0%
o witotal 7.9% 91.9% 0.1%  100.0% 21.9% 78.1%  100.0% 87.6% 124%  100.0% 32.5% 67.5%  100.0%
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TABLE 16.3 Freguencies and Percentages of the Variables Related to the Characteristics of the Reconstruction

Fracture of Prosthetic

Type of Abutment Abutment Height Components (Previous Year)

Straight (0°) 17" Angle  30° Angle Total 1 mm 2mm 3mm 4mm 5 mm Total No Yes Total

Cases MNumber 195 32 43 270 104 125 27 13 1 270 252 18 270
% wigroup 72.2% 11.9% 15.9% 100.0% 38.5% 46.3% 10.0% 4.8% 4%  100.0% 93.3% 6.7%  100.0%
% wivariable 18.2% 40.5% 21.4% 20.0% 20.1% 22.0% 16.7% 13.0% 25.0% 20.0% 19.3% 41.9% 20.0%
o witotal 14.4% 2.4% 3.2% 20.0% 7.7% 9.3% 2.0% 1.0% 0.1% 20.0% 18.7% 1.3% 20.0%

Controls ~ Number 875 47 158 1080 413 442 135 87 3 1080 1055 25 1080
% wigroup 81.0% 4.4% 14.6% 100.0% 38.2% 40.9% 12.5% 8.1% 0L.3%  100.0% 97.7% 23%  100.0%
% wivariable 81.8% 59.5% T8.6% 80.0% 79.9% T8.0% 83.3% 87.0% 75.0% 80.0% 80.7% 58.1% 80.0%
% witotal 64.8% 35% 11.7% 80.0% 30.6% 32.7% 10.0% 6.4% 0.2% 80.0% 78.1% 1.9% 80.0%

Total Number 1070 79 201 1350 517 567 162 100 4 1350 1307 43 1350
o wigroup 79.3% 5.9% 14.9% 100.0% 38.3% 42.0% 12.0% 7.4% L3%  100.0% 96.8% 3.2%  100.0%
% wivariable 100.0% 100.0% 100.0% 100.0%  100.0%  100.0% 100.0% 100.0% 100.0% 100.0% 1000% 100.0%  100.0%
% witotal 79.3% 5.9% 14.9% 100.0% 38.3% 42.0% 12.0% 7. 4% 0.3%  100.0% 96.8% 3.2%  100.0%

TABLE 16.4  Frequencies and Perc of the Variables Related to the Characteristics of the Reconstruction
Loosening of Prosthetic
Type of Prosthetic Reconstruction Type of Material Used in the Prosthesis Components

Single Teeth  Partial  Complete  Total  Ceramic  Metal-Ceramic  Metal-Acrylic  Acrylic  Total No Yes Total

Cases Number 91 32 147 270 81 87 17 85 270 258 12 270
% wigroup 33.7% 11.9% 54.4% 100.0% 30.0% 322% 6.3% 3L5%  100.0% 95.6% 44%  100.0%
o wivariable 14.0% 16.5% 28.9% 20.0% 12.8% 35.4% 13.4% 24.9% 20.0% 19.5% 48.0% 20.0%
o witotal 6.7% 2.4% 10.9% 20.0% 6.0% 6.4% 1.3% 6.3% 20.0% 19.1% 0.9% 20.0%

Controls ~ Number 557 162 361 1080 554 159 110 257 1080 1067 13 1080
% wigroup 51.6% 15.0% 33.4% 100.0% 51.3% 14.7% 10.2% 23.8%  100.0% 98.8% 1.2%  100.0%
% wivariable 86.0% 83.5% 71.1% 80.0% 87.2% 64.6% 86.6% 75.1% 80.0% 80.5% 52.0% 80.0%
%o witotal 41.3% 12.0% 26.7% 80.0% 41.0% 11.8% 8.1% 19.0% 80.0% 79.0% 1.0% 80.0%

Total Number 648 194 508 1350 635 246 127 342 1350 1325 25 1350
b wigroup 48.0% 14.4% 37.6% 100.0% 47.0% 18.2% 9.4% 25.3%  100.0% 98.1% 1.9%  100.0%
% wivariable 100.0% 100.0% 100.0% 100.0%  100.0% 100.0% 100.0% 100.0%  100.0%  100.0% 100.0%  100.0%
o witotal 7.9% 91.9% 0.1% 100.0% 47.0% 18.2% 9.4% 25.3%  100.0% 98.1% 1.9%  100.0%
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TABLE 16.5 Frequencies and Percentages of the Variables
Related to the Characteristics of the Reconstruction

Passive Misfit Diagnosed Within
Previous Year

No Yes Total

Cases Number 265 5 270
% wlgroup 98.1% 1.9% 100.0%
% w/variable 19.7% 83.3% 20.0%
% witotal 19.6% 0.4% 20.0%

Controls Number 1079 1 1080
% wlgroup 99.9% 0.1% 100.0%
% w/variable 80.3% 16.7% 80.0%
% witotal 79.9% 0.1% 80.0%

Total Number 1344 6 1350
% wlgroup 99.6% 0.4% 100.0%
% wivariable 100.0% 100.0% 100.0%
% witotal 99.6% 0.4% 100.0%

ICR of 1:1, or machined surface implants would have
resulted in a drastic decrease in the incidence of peri-implant
pathology (Table 16.7).

DISCUSSION

In this study, the presence of mechanical complications
(fracture of prosthetic components, loosening of prosthetic
components, or passive misfit) and some characteristics
related to the reconstruction (implant length, implant surface,
type of abutment, type of prosthetic reconstruction, type of
material used in the prosthesis, and implant:crown ratio) led
to a higher risk for the incidence of peri-implant pathology. In
the presence of mechanical complications, although few
studies in the literature focus on this topic, the importance
of biomechanical problems is noted. These problems include
passive misfit, which may be related to both mechanisms of
developing disease, the retrograde (by increasing the burden
shifted to the bone and possible bone loss), and the classical
(by establishing the conditions for colonization of microflora
between the remaining spaces of prosthetic components).”>
On the one hand, fracture of prosthetic components and
loosening of prosthetic components can be regarded as
“proxy” variables for the assessment of excessive or
improper occlusal stress, factors that can cause bone loss
around implants, if secondarily associated with bone char-
acteristics.”’ On the other hand, loosening of prosthetic
components may also play a facilitating role for the incidence
of peri-implant pathology by allowing bacteria to colonize
the space between the prosthetic components %6267
The loosening of prosthetic components, however, may be
improved with the current TorqTite (Nobel Biocare AB)
screws. In a study measuring the critical bending moment

(CBM) of abutments, Lee et al’* reported that TorqTite
screws result in higher CBM when tested, decreasing the
probability of screw loosening.

Machined surfaces constituted a risk factor when com-
pared to oxidized surfaces. This may be due to the osseo-
conductive properties of the oxidized surfaces,””~"’ resulting
in an increased area of contact between bone and
implant,”®”® allowing a higher capacity of support and better
resistance to occlusal loads, acting as a protective factor in
the biomechanical component of the disease.

Regarding the type of abutment, our results are sup-
ported in the literature, as angulated abutments are associ-
ated with a greater amount of stress on prostheses and
surrounding bone than that associated with straight abut-
ments.®® In the case of the type of prosthetic reconstruction,
the majority of studies either did not differentiate between
different types of rehabilitations or performed the study on
only one type of rehabilitation. There is therefore the
probability that the association of the type of prosthetic
reconstruction with peri-implant pathology occurs in asso-
ciation with other variables. In a study with 15 years of
follow-up in edentulous patients, Carlsson et al®' found that
in completely edentulous patients, although bone loss was
limited, it was found to be associated with several factors,
including tobacco use and oral hygiene habits as most
important.

The type of material used in the prosthesis influenced the
risk status of a patient developing peri-implant pathology,
with metal-ceramic, metal-acrylic, and acrylic materials as
risk factors when using ceramic material as reference. This
potential effect of biological risk may be explained by the
fact that the ceramic material can offer a lower retention on
the accumulation of dental plaque due to its lower surface
roughness compared with acrylic,®? a basic condition for the
development of classical peri-implant pathology. In a litera-
ture review, Bollen et al®* designated a threshold roughness
of dental materials of 0.2 pm, above which there is a simul-
taneous increase in the accumulation of dental plaque. In this
context, Chan and Weber,83 in a comparative study on the
retention of plaque in various materials, observed that full
ceramic crowns had a retention of soft matter by 32%, while
the metal-ceramic and acrylic resin materials had a retention
90% and 152%, respectively.

An implant:crown ratio of 1:1 was a risk factor for the
incidence of peri-implant pathology. A possible explanation
is that the increased height of the abutment-crown complex
could represent an increase of leverage over the head of the
implant, which in the presence of lateral forces in the
occlusion may, in turn, lead to loosening or fracture of
prosthetic components.®* In a recent prospective cohort
study, Malchiodi et al*’ studied the influence of implant:
crown ratio on implant success rates and crestal bone levels,
reporting a statistically significant correlation between
implant success rate and implant:crown ratio, and between
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TABLE 16.6 Results from Bivariate Analysis for the Variables in the Group Implant with Significant Differences Between Cases
and Controls. Relative Frequencies for Cases and Controls and Absolute Frequencies with 95% CI and p Value Relative to the

Statistical Test

Cases Relative Frequency (CI

Controls Relative Frequency

Absolute Frequency (CI 95%

95% Proportion) (CI 95% Proportion) Proportion) )4
Implant length (mm) (IL)
7 4/270=0.01 (0.00; 0.03) 9/1080=0.01 (0.00; 0.01) 13/1350=0.01 (0.00; 0.01) 0.037
8.5 18/270=0.07 (0.04; 0.10) 52/1080=0.05 (0.04; 0.06) 70/1350=0.05 (0.04; 0.06)
10 20/270=0.07 (0.04; 0.11) 132/1080=0.12 (0.10; 0.14) 152/1350=0.11 (0.10; 0.13)
11.5 16/270 =0.06 (0.03; 0.09) 89/1080=0.08 (0.07; 0.10) 105/1350 =0.08 (0.06; 0.09)
13 43/270=0.16 (0.12; 0.20) 211/1080=0.20 (0.17; 0.22) 254/1350=0.19 (0.17; 0.21)
15 153/270=0.57 (0.51; 0.63) 516/1080=0.48 (0.45; 0.51) 669/1350=10.50 (0.47; 0.52)
18 16/270=0.06 (0.03; 0.09) 71/1080=0.07 (0.05; 0.08) 87/1350=0.06 (0.05; 0.08)
Implant surface (IS)
Mac 74/270=0.27 (0.22; 0.33) 222/1080=0.21 (0.18; 0.23) 296/1350=0.22 (0.20; 0.24) 0.015
Oxi 196/270=0.73 (0.67; 0.78) 858/1080=0.79 (0.77; 0.82) 1054/1350=10.78 (0.76; 0.80)
Type of abutment (TA)
0° 195/270=0.72 (0.67; 0.78) 875/1080=0.81 (0.79; 0.83) 1070/1350=0.79 (0.77; 0.81) 0.000
17° 32/270=0.12 (0.08; 0.16) 47/1080=0.04 (0.03; 0.06) 79/1350=0.06 (0.05; 0.07)
30° 43/270=0.16 (0.12; 0.20) 158/1080=0.15 (0.13; 0.17) 201/1350=0.15 (0.13; 0.17)
Type of prosthetic reconstruction (TPR)
Sing 91/270=0.34 (0.28; 0.39) 557/1080=0.52 (0.49; 0.55) 648/1350=10.48 (0.45; 0.51) 0.000
Par 32/270=0.12 (0.08; 0.16) 162/1080=0.15 (0.13; 0.17) 194/1350=0.14 (0.12; 0.16)
Tot 147/270 =0.54 (0.49; 0.60) 361/1080=0.33 (0.31; 0.36) 508/1350=10.38 (0.35; 0.40)
Type of material used in the prosthesis (TMUP)
Cer 81/270=0.30 (0.25; 0.35) 554/1080=0.51 (0.48; 0.54) 635/1350=10.47 (0.44; 0.50) 0.000
M-C 87/270=0.32 (0.27; 0.38) 159/1080=0.15 (0.13; 0.17) 246/1350=0.18 (0.16; 0.20)
M-A 17/270=0.06 (0.03; 0.09) 110/1080=0.10 (0.08; 0.12) 127/1350=0.09 (0.08; 0.11)
Acr 85/270=0.31 (0.26; 0.37) 257/1080=0.24 (0.21; 0.26) 342/1350=0.25 (0.23; 0.28)
Implant:crown ratio (ICR)
2:1 109/270=0.40 (0.35; 0.46) 330/1080=0.31 (0.28; 0.33) 439/1350=10.33 (0.30; 0.35) 0.002
1:1 161/270=0.60 (0.54; 0.65) 750/1080=10.69 (0.67; 0.72) 911/1350=0.67 (0.65; 0.70)
Fractures of prosthetic components within previous year (FPC)
Yes 18/270=0.07 (0.04; 0.10) 25/1080=0.02 (0.01; 0.03) 43/1350=10.03 (0.02; 0.04) 0.000
No 252/270=0.93 (0.90; 0.96) 1055/1080=0.98 (0.97; 0.99) 1307/1350=0.97 (0.96; 0.98)
Loosening or decementations of prosthetic components within the previous year (LPC)
Yes 12/270=0.04 (0.02; 0.07) 13/1080=0.01 (0.01; 0.02) 25/1350=0.02 (0.01; 0.03) 0.000
No 258/270=0.96 (0.93; 0.98) 1067/1080=0.99 (0.98; 0.99) 1325/1350=0.98 (0.97; 0.99)
Passive misfit diagnosed within the previous year (PM)
Yes 5/270=0.02 (0.00; 0.03) 1/1080=0.00 (0.00; 0.00) 6/1350=0.00 (0.00; 0.01) 0.002
No 265/270=0.98 (0.97; 1.00) 1079/1080=1.00 (1.00; 1.00) 1344/1350=1.00 (0.99; 1.00)

Mac: Machined; Oxi: Oxidized; Sing: Single; Par: Partial; Tot: Total; Cer: Ceramic; M-C: Metal-ceramic; M-A: Metal-acrylic; Acr: Acrylic.

bone loss and implant:crown ratio, concluding that from the
biomechanical point of view, implant:crown ratio would
appear to be the main parameter capable of influencing
implant success and crestal bone loss.

The importance of controlling risk factors for the inci-
dence of peri-implant pathology was illustrated through the
estimation of the AF for peri-implant pathology of the cases
exposed. In this exercise, the suppression of exposure to the

majority of variables would produce a drastic reduction in the
percentage of cases. Taking passive misfit as reference, the
suppression of exposure to this risk factor could result in a
reduction of 95% of the cases exposed. In these situations,
this would mean a consequent reduction in the population at
risk, another assumption of the common interpretation of AF
in public health (as potentially reducing the number of
cases).71
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TABLE 16.7 Crude Odds Ratio (OR) with Corresponding
95% Confidence Intervals (CI) and Attributable Risk Fraction
Calculations for the Variables Significantly Associated with
the Incidence of Peri-implant Pathology

Odds 95% CI of the OR Attributable Risk

Ratio Upper and Lower Fraction AF =
(OR) Bounds %%

Implant length

18 mm 1.0

15 mm 1.97 [0.54;7.21]

13 mm 1.54 [0.72; 3.29]

11.5mm 0.67 [0.33;1.38]

10 mm 0.80 [0.37;1.71]

8.5mm 0.90 [0.48;1.70]

7 mm 1.32 [0.74; 2.33]
Implant surface

Oxidized 1.0

Machined  1.46 [1.08;1.98] 31.47

Straight 1.00

(0°)
Type of abutment

17° 3.06 [1.90;4.91] 67.27

angulated

30° 1.22  [0.84; 1.77]

angulated
Type of prosthetic reconstruction

Single 1.0

teeth

Partial 1.21 [0.78; 1.88]

Complete  2.49 [1.86; 3.34] 57.88
Type of material used in the prosthesis

Ceramic 1.0

Metal- 8.43 [5.56; 12.77] 73.28

ceramic

Metal- 229 [1.23;4.27] 5.39

acrylic

Acrylic 4.90 [3.17;7.56] 55.80
Implant:crown ratio

2:1 1.0

1:1 1.54 [1.17;2.03] 35.01

Fractures of prosthetic components within/previous year
No 1.0

Yes 3.01 [1.62;5.61] 66.83

Loosening/decementations of prosthetic components within/
previous year

No 1.0

Yes 4.15 [1.90; 9.06] 73.81
Passive misfit diagnosed within/previous year

No 1.0

Yes 20.36  [2.37; 174.99] 95.09

While framing the significance of controlling risk factors
in the general background of implant rehabilitation success, it
is important to point out that despite all variables identified in
this study as risk factors, the patient’s healing and response
may also play an important role in success, reflected in the
recently proposed notions of osseosufficiency (“the state
where host and implant interface reflects the combined
capacity to promote and perpetuate successful osseointegra-
tion”) and osseoseparation (“‘depleted marginal bone levels
that occur with or without an accompanying gingivitis™).®>
The limitations of this study are the retrospective design and
the lack of control for the possible confounders. The effect of
these variables should be tested using prospective study
designs, controlling for the presence of other variables of
interest in the etiopathogenesis of the peri-implant pathology
through multivariable analysis.

CONCLUSIONS

Passive misfit of the prosthesis, loosening of prosthetic
components, fracture of components, with complete edentu-
lous rehabilitations, with metal-ceramic, metal-acrylic, or
acrylic resin prostheses, using 17° angulated abutments,
with an implant:crown ratio of 1:1 or more, or implants
with a machined surface were significantly associated with an
increased risk in the incidence of peri-implant pathology. The
hypothetical removal of exposure of the majority of these
variables could result in a drastic decrease in disease inci-
dence. More studies with stronger designs should be per-
formed to attest the causal relationship between these
variables with peri-implant pathology.
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ABSTRACT

Edentulous patients have reported difficulties in managing
complete dentures; they have also reported functional con-
cerns and higher expectations regarding complete dentures
than the dentists who have treated them. Some of the
objectives of definitive fixed implant prosthodontic care
include predictable, long-term prostheses, improved func-
tion, and maintenance of alveolar bone. One of the keys
to long-term clinical success is the design and fabrication
of metal frameworks that support implant prostheses. Multi-
ple, diverse methods have been reported regarding frame-
work design in implant prosthodontics. Original designs
were developed empirically, without the benefit of laboratory
testing. Prosthetic complications reported after occlusal load-
ing included screw loosening, screw fracture, prosthesis
fracture, crestal bone loss around implants, and implant
loss. Numerous authors promoted accurately fitting frame-
works; however, it has been noted that metal frameworks do
not fit accurately. Passively fitting metal implant frameworks
and implants have not been realized. Biologic consequences
of ill-fitting frameworks were not well understood. Basic
engineering principles were then incorporated into implant
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framework designs; however, laboratory testing was lacking.
It has been reported that I- and L-beam designs were the best
clinical option. With the advent of CAD/CAM protocols,
milled titanium frameworks became quite popular in implant
prosthodontics. The purpose of this article is to discuss
current and past literature regarding implant-retained frame-
works for full-arch, hybrid restorations. Benefits, limitations,
and complications associated with this type of prosthesis will

Edentulous patients have reported difficulties in managing
complete dentures. Marachlioglou et al reported that patients
had higher expectations regarding their complete dentures
than did the dentists who treated them. Dentists reported that
dentures would bring fewer benefits to patients than did the
patients.' Patients with complete dentures have also reported
decreased masticatory function in that they avoided certain
food types because they were simply unable to chew them.?
Lin et al reported the results of a clinical study investigating
the relationship between chewing ability and diet among
elderly edentulous patients. Approximately 58% of the sub-
jects reported dissatisfaction with their dentures; 51%
reported discomfort on chewing. Patient satisfaction or dis-
satisfaction with their dentures during mastication signifi-
cantly impacted the diet of these elderly edentulous patients.’

Clinical denture issues may be related to loss of alveolar
bone after tooth extraction. Dental implants, in addition to
providing increased retention and support for prostheses, also
have been reported to maintain alveolar bone volume.*
Endosseous implants are thought to maintain bone width
and height as long as implants remain anchored in bone with
healthy, biologic attachments.’

HISTORICAL PERSPECTIVE

Two of the objectives regarding definitive implant prostho-
dontic treatments were the design and fabrication of accurately
fitting, strong metal frameworks to splint multiple implants.
Frameworks also served as the foundation for retaining fixed-
implant prostheses on a long-term basis. Over the years,
multiple, diverse methods have been used for implant
framework design and fabrication; different materials have
also been used, including, but not limited to, noble/base
metal alloys and various ceramic materials (Figs 17.1-17.3).

Original Framework Designs for Fixed Hybrid
Prostheses

Zarb and Jansson® stated that frameworks (fixed prostheses)
could be designed in one of the two ways: (1) where metal
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be reviewed. This discussion will include the relative
inaccuracy of casting/implant fit and improved accuracy
noted with CAD/CAM framework/implant fit; cantilever ex
tensions relative to the A/P implant spread; and mechanical
properties associated with implant frameworks including
I- and L-beam designs. Guidelines will be proposed for
use by clinicians and laboratory technicians in designing
implant-retained frameworks.

FIGURE 17.1 Clinical image of a mandibular fixed hybrid
prosthesis approximately 13 years post insertion. Note the extreme
wear/abrasion of the artificial teeth; the implant framework on the
patient’s right side was exposed secondary to occlusal abrasion.

FIGURE 17.2 Clinical image of a mandibular implant CAD/
CAM framework for a fixed hybrid implant prosthesis. This frame-
work was made using an L-beam design. Facial and lingual finish
lines were machined for finishing the processed acrylic resin.

FIGURE 17.3 CAD image of a mandibular implant-retained
framework designed as an I-bar. The facial and lingual finish lines
were machined similar to the L-beam design in Figure 17.2.
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FIGURE 17.4 Clinical image of an acrylic resin wraparound
mandibular fixed implant hybrid prosthesis. The cast metal frame-
work was completely enveloped within the hybrid prosthesis.

frameworks comprised the bulk of the prostheses, and artifi-
cial teeth and minimal denture bases were the only non-
metallic components. (2) Implant fixed prostheses consisting
mostly of acrylic resin denture bases (wraparound design)
and artificial teeth, with minimally sized metal frameworks
(Fig 17.4).° Implant treatment was based on basic prostho-
dontic principles that included preliminary and definitive
impressions, jaw relation records, wax try-in, metal frame-
work try-in (with and without the artificial teeth), and inser-
tion of definitive prostheses. Frameworks were fabricated
according to the following criteria: bulk for strength, ade-
quate access for oral hygiene procedures, minimal display of
metal on the facial and occlusal surfaces, and strategic
thinning of implant frameworks to allow for retention of
acrylic resin denture teeth and denture bases. In removable
partial denture (RPD) design, it was noted that retentive
portions of RPD frameworks should allow for 1.5 mm thick-
ness of resin. Thickness was also necessary to minimize the
potential fracture of the acrylic resin base material surround-
ing metal frameworks.” These principles have been extrapo-
lated to fixed implant framework design. It is interesting to
note that in an early implant textbook, no mention was made
of the lengths of the cantilevered segments.®

Numerous authors have reported on prosthetic mainte-
nance issues with fixed implant prostheses. Zarb and Jansson
noted that implant frameworks were vulnerable to fracture,
especially at the junctions between distal abutments and
cantilevered segments.® Zarb and Schmitt reported clinical
problems that included: abutment screw fracture, gold alloy
retaining screw fracture, and framework fractures (12/13
occurred in the cantilevered portions of the frameworks).®
Relative to framework fracture, Zarb and Schmitt suggested
design changes including cantilevered segments not exceed-
ing 20 mm, increased cross-sectional surface areas, and using
casting alloys with higher yield and tensile strengths com-
pared to the alloys used in original osseointegrated prosthe-
ses. They also stated that prosthodontic treatment included a
series of clinical steps that were mostly empirical, and that
treatment invariably was accompanied by varying degrees of
problems (Figs 17.5 and 17.6).

FIGURE 17.5 Laboratory image of a fractured fixed, implant-
retained mandibular prosthesis. This prosthesis fractured through
the distal cylinder on the patient’s right side. The fracture also
included the occlusal portion of the implant. The exact cause of this
failure was unknown, although the vertical height of the framework
appeared to be approximately 34+ mm.

FIGURE 17.6 Laboratory image of a fixed, implant-retained
mandibular prosthesis where a relatively long distal cantilevered
prosthetic segment separated from the metal framework. The
implants were placed in a relatively straight line, with minimal
A/P spread. Note also the limited vertical thickness of the acrylic
resin denture base; this indicated minimal interarch clearance.

Oral/facial symmetries and lip contours may be signifi-
cantly influenced by appropriate/inappropriate maxillary
tooth positions, vertical dimension, and/or the need for
flanges of varying thicknesses for lip support.”'® Upper
lip peri-oral activity may be far more revealing of maxillary
gingival tissues than the corresponding activity of the lower
lip.

Esthetic demands tend to be more dramatic with maxillary
prostheses than mandibular prostheses. As per Zarb and
Schmitt,® unlike mandibular implant prostheses where
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FIGURE 17.7 Laboratory palatal image of a maxillary fixed,
implant-retained prosthesis. Note the junction between the prosthe-
sis and the replica soft tissues in the anterior segment. This type of
design is thought to facilitate phonetics.

hygienic type designs have proven to be functionally and
esthetically acceptable, maxillary implant prostheses demand
different sized and shaped labial/buccal flanges that may or
may not compensate for optimal esthetics (including lip
support), phonetics, and masticatory function (food impac-
tion between intaglio surfaces and edentulous areas). If
flanges are fabricated for upper lip support and phonetics,
they may not be readily reduced for access for adequate peri-
implant oral hygiene procedures (Fig 17.7). Maxillary
prostheses impact speech significantly more than do man-
dibular prostheses. Patients have also identified speech as a
major factor in perceived satisfaction of their prostheses.'' ™'

Maxillary functional issues are different from those
encountered in edentulous mandibles. Maxillary complete
dentures tend to predictably restore original soft tissue
contours, tooth positions, and arch forms. Maxillary com-
plete dentures, relative to tongue movements, are generally
negligible; speech is not usually impaired. Functional
demands for maxillary hybrid implant prostheses are com-
plicated in that phonetics may be affected by hybrid designs
and contours. Additionally, prosthetic gingival tissues are
often required due to resorptive patterns of edentulous
maxillae. Resorptive patterns in maxillae are dissimilar to
mandibular resorption patterns: maxillae resorb superiorly,
posteriorly, and medially; mandibles resorb inferiorly, ante-
riorly, and laterally.'®'” Differences in maxillary and man-
dibular resorption patterns often lead to unfavorable implant
and prosthetic relationships between opposing jaws.

Frameworks for the original fixed hybrid prostheses were
waxed with gold alloy cylinders, cast with silver palladium
alloys, and screwed into place with small retaining screws.®
Fixed hybrid prostheses splinted implants together via a
strong, rigid metallic unit that fulfilled the objectives of
strength, support, non-tissue impingement, and non-interfer-
ence to obtain the desired cosmetic results. It is interesting to
note that in chapter 15 of Tissue Integrated Prostheses:
Osseointegration in Clinical Dentistry (Prosthodontic Com-
plications), there was no mention of optimal framework
design.>'8-20
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In an early textbook, Glantz>' stated that fixed implant
prostheses were almost invariably extended distal to the most
distal implants to create optimal functional balance between
mandibular and maxillary prostheses. He stated that at the
time (1985), there was no precise equation for describing
functional deformation patterns of fixed prostheses with
cantilevered pontics. He offered a complex equation where
deformation of implant-retained, fixed prostheses was
inversely related to the modulus of elasticity, width, and
height (H) of frameworks and positively correlated with the
amount of force and length (L) of frameworks. Therefore, for
a given alloy with a known modulus of elasticity, taller
(height) and thicker (width) frameworks resisted deformation
better than thinner or more narrow frameworks. Therefore,
the greater the force generated on a given framework, with
increased framework lengths (cantilever), frameworks would
be more likely to undergo deformation when compared to
lesser forces and frameworks with decreased cantilever
lengths.

Passively Fitting Implant Frameworks

Traditionally, implant frameworks were fabricated using the
lost-wax technique and casting noble alloys. It has been well
established that casting errors may be corrected using various
soldering techniques.”*>* It has been consistent from early
reports regarding implant frameworks that passive, accurate
fits should be obtained between implant frameworks and
implant restorative components.”> It has also been well
established that implant frameworks cannot be made to fit
passively.”® Zarb and Jansson identified this in an early
textbook by stating that if a clinical passive fit was not
obtained, frameworks should be sectioned, an intraoral index
made, and then the segments should be soldered.”” Zervas
et al reported in a laboratory study that soldering did not
improve the casting misfit of three-unit fixed partial dentures
(FPDs).?® Rubenstein and Lowry reported in another labora-
tory study that assessed the accuracy of segmental indexing/
soldering for full-arch frameworks, using two types of resin,
that there were no significant differences noted between
alloy/index combinations, except for angular changes around
the Y-axis.*’

Laser-welding of implant frameworks has also been stud-
ied. In a study undertaken to describe the effect of laser-
welding conditions on material properties of welded frame-
works, Uysal et al reported that, within the constraints of
their finite element analysis, mechanical failure of welded
joints should not be expected under simulated intraoral
conditions.*® Silva et al reported that implant frameworks
may show a more precise adaptation between frameworks
and implant restorative platforms when segments were
sectioned and laser welded.>' Hjalmarsson et al measured
and compared the precision of fit of laser-welded (Cresco)
and computer-numeric-controlled (CNC)-milled metal



WWW.HIGHDENT.IR
O 35135 5 Olilusluis Hlen

156 CONCEPTS FOR DESIGNING AND FABRICATING METAL IMPLANT FRAMEWORKS FOR HYBRID IMPLANT PROSTHESES

frameworks for implant-supported fixed complete prosthe-
ses.”® Overall, the maximum 3D range of center point
distortion was 279 pm. None of the frameworks presented
a perfect, completely “passive” fit to any master cast; how-
ever, CNC frameworks had statistically significantly less
vertical distortion than the Cresco groups. Other reports
have resulted in similar findings.***

CAD/CAM frameworks have been found to fit more
accurately than frameworks cast with gold alloys.***> Implant
framework fit and its effect on associated peri-implant bone
levels has also been researched. Some authors have concluded
that a perfect passive framework is impossible to achieve and
arguably, unnecessary.’®>® Although research regarding
framework misfit as a cause of peri-implant bone loss is
difficult to prove, others have described the value of excellent
framework fit for optimal screw mechanics.>**°

Prosthetic Complications Associated with Fixed Implant
Frameworks

Prosthetic complications have been defined as treatments,
adjustments, or repairs of implant prostheses that became
necessary secondary to unexpected events.*'*** Zarb and
Schmitt® identified three types of prosthetic complications:
structural, cosmetic, and functional. Zarb and Schmitt® fol-
lowed 46 patients treated with 274 implants (49 frameworks)
for 4 to 9 years and reported a high incidence of prostho-
dontic complications associated with fixed implant prosthe-
ses: 9 abutment screw fractures (3.3%); 53 gold alloy screw
fractures (19.3%); and 13 framework fractures (26.5%). It is
important to note that Zarb and Schmitt’s report included
patients treated with early prosthetic protocols that included
cast alloy frameworks, and minimal understanding of screw
mechanics, torque, preload, and A/P spread. Contrast the
above results with more recent reports. In a 5-year clinical

TABLE 17.1 Roles of Alloying Elements in Dental Noble Alloys

study, Hjalmarsson et al reported on the clinical outcomes
associated with screw-retained fixed implant prostheses made
with laser welding versus frameworks made with milled
commercially pure titanium. They noted significantly more
complications in the laser-welded framework group than in
the milled framework group.*® Ortorp and Jemt reported the
results of a 10-year clinical study, and noted the frequency of
prosthetic complications was low, with similar clinical and
radiographic results for CAD/CAM milled and cast gold alloy
frameworks.** One prosthesis was lost in each group due to
loss of implants; one prosthesis fractured in the CAD/CAM
milled group. They noted more maintenance appointments
were needed for maxillary prostheses.

Physical Properties of Metals Used in Fixed Implant
Frameworks

Cast Noble Alloys Noble metals have been defined on the
basis of their chemical and physical properties; noble alloys
resist oxidation and corrosion by acids. Four noble metals are
used in dental alloys: gold, palladium, silver, and platinum.
These metals give noble metal alloys their inert intraoral
properties. Alloys that contain more than 6% palladium are
usually white/silver colored (Tables 17.1 and 17.2).%

There has been increased use of palladium/silver alloys in
implant prosthodontics. These alloys provide mechanical
properties similar to type III gold alloys, but at reduced
cost. Increased amounts of silver increase ductility and lower
hardness; silver also decreases tarnish resistance. Alloys with
high palladium contents generally contain limited amounts of
other noble metals.

Physical properties such as yield strength, Vickers Hard-
ness, and ductility (% elongation) are properties clinicians
and dental laboratory technicians consider when deciding
which alloy should be used for dental frameworks.*

Property Gold Platinum Palladium Copper Silver Zinc Iridium
Melting point 1063 (1945) 1769 (3224) 1552 (2829) 1083 (1981) 961 (1761) 420 (787) 2443 (4429)
oC (OF)
Chemical Inert Inert Mild Very active Active Very active Active
activity
Approximate 50-95 0-20 0-12 0-17 0-20 0-2 0.005-0.1
content
(%)
Melting Raises Raises Raises melting ~ Lowers melting Slight effect; Lowers melting point No effect
melting melting point rapidly point even below may raise or readily; in most
point point its own sometimes solders
mildly rapidly lower mildly
Tarnish Essential Contributes Increases tarnish Contributes to Tarnishes in Will tarnish, but in Increased
resistance resistance but tarnish in flame, presence of low percentages

less than Au

or with sulfurous sulfur
and Pt food

has little effect
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Composition Vickers Hardness Yield Strength, psi (MPa)
Type Au Pt Pd Ag As Cast Hardened Quenched Hardened Ductility % Elongation
I 74 0 4 12 130 157 38000 (262) 48000 (331) 39.4
v 68.5 3 35 10.5 181 280 56400 (389) 101900 (703) 17
PFM 48.5 0 39.5 0 224 283 70500 (486) 87400 (603) 11

III Firmilay (Jelenko Co, New Rochelle, NY).
IV No.7 (Jelenko Co, New Rochelle, NY).
PFM Olympia (Jelenko Co, New Rochelle, NY).

Reproducible procedures resulting in consistent, accurate,
strong castings with high yield strengths are critical for long-
term successful metal frameworks. Stress resistance of alloys
has an impact on the minimum dimensions in critical areas
such as connector areas and cantilevers. Elastic modulus is
also important because it determines the flexibility of metal
frameworks. Flexibility is inversely proportionate to the
elastic modulus—an alloy with a high elastic modulus will
flex less under load than an alloy with a low elastic modulus.
Casting accuracy is also important for fabrication of clini-
cally acceptable frameworks.

Palladium/silver alloys usually contain about 50% to
60% palladium; most of the balance is silver. They gener-
ally exhibit satisfactory tarnish and corrosion resistance.
The elastic modulus for this group of alloys is the most
favorable of all the noble metal alloys and results in the
least flexible castings.*’ One disadvantage with this group
of alloys does not factor into frameworks for implant hybrid
prostheses—the tendency to change to a green color with
porcelain applications.

Cast Base Metal Alloys Non-precious or base metal alloys
are composed of non-noble metals, except for beryllium, a
precious but non-noble metal. Most base metal alloys are
based on combinations of nickel and chromium, although
cobalt/chromium and iron-based alloys are also used. Cor-
rosion resistance for base metal alloys depends on other
chemical properties. After casting, a thin chromium oxide
layer provides an impervious film that passivates the alloy
surface. The layer is so thin that it does not dull the alloy
surface. These alloys differ significantly from noble alloys,
as they possess significant hardness, high yield strengths,
and high elastic moduli. Elongation is equivalent to the
gold alloys, but is countered by the high yield strength.
Base metal alloys are significantly less expensive than
noble alloys, but this may be negated by higher labor
costs associated with finishing and polishing procedures.
Allergies associated with nickel and nickel-containing
alloys have been documented.*® Inhaling dust from grind-
ing nickel- and beryllium-containing alloys should be
avoided.

Milled Titanium Frameworks Ti and Ti alloys are well
suited for use in clinical dentistry because they have excellent
corrosion resistance, low specific gravity, and excellent
biocompatibility, are inexpensive, and possess mechanical
properties similar to cast gold alloys. Ti and its alloys are
difficult to cast due to their high melting points, low density,
and reactivity with elements in casting investments.*’

Milled Zirconium Frameworks Zirconia has been availa-
ble for use in restorative dentistry as a dental ceramic
replacement for metal frameworks in fixed and implant
prosthodontics. The type of zirconia used in dentistry is
yttria tetragonal zirconia polycrystal (Y-TZP). Y-TZP is a
monophase ceramic material formed by directly sintering
crystals together without any type of intervening matrix to
form a dense, polycrystalline structure. Yttria is added to
zirconia to stabilize and maintain the material’s physical
properties at lower temperatures than would otherwise occur
without yttria.

The flexural strength of zirconia oxide materials has been
reported to be 900 to 1100 MPa.*® There are three main types
of zirconia used in clinical dentistry: fully sintered or Hot
Isostatic Pressing (HIP); partially sintered zirconia; and non-
sintered or “green state” zirconia. The latter two types are
softer than HIP zirconia and more cost efficient to mill. After
milling, zirconia frameworks are sintered in furnaces at 1350
to 1500°C where the final shapes, strengths, and physical
properties are achieved. Partially sintered zirconia frame-
works are milled 20% to 25% larger than the actual frame-
works to allow for shrinkage during the sintering process.*’

Larsson and Vult von Steyern reported the results of a
clinical study that compared clinical performances of 2- to
5-unit implant-supported, all-ceramic restorations fabricated
with two zirconia systems.® They concluded that all-
ceramic, implant-supported fixed dental prostheses of two
to five units were reasonable treatment alternatives. One
system in their study exhibited an unacceptable amount of
porcelain veneer fractures and was not recommended for the
type of treatment evaluated in their trial.

Guess et al performed a literature review for citations
published from 1990 through 2010 regarding zirconia in
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clinical dentistry.”" They reported high biocompatibility, low
bacterial surface adhesion, and favorable chemical properties
of zirconia ceramics. Zirconia, stabilized with yttrium oxide,
exhibited high flexural strength and fracture toughness.
Preliminary clinical data confirmed high stability of zirconia
abutments and also as framework material for implant
crowns and fixed dental prostheses. Zirconia abutment or
framework damage was rarely reported; however, as also
noted by Larsson and Vult von Steyern, porcelain veneer
fractures were common technical complications in implant-
supported zirconia restorations. Porcelain veneer failures
were thought to be related to differences in coefficients of
thermal expansion between core and veneering porcelains,
and their respective processing techniques. Guess et al’'
concluded that since clinical long-term data were missing,
clinicians should proceed with caution relative to designing
extensive implant-borne zirconia frameworks.

Accuracy of framework/implant fit has long been a topic
of discussion. Guichet et al, in a laboratory study, reported an
average marginal opening of 46.7 pm for screw- and cement-
retained fixed dental prostheses.”® Upon screw tightening,
marginal openings for the screw-retained group decreased an
average of 65% to an average of 16.5 pm. The prostheses in
both groups were made after master casts had been verified;
however, it should be noted that there were no significant
differences in marginal adaptation between the groups prior
to screw tightening or cementation. Screw tightening did
result in a statistically significant difference. Guichet et al
noted that their results compared favorably with the results of
other studies.’>>* They further noted that the fit of one-piece
castings continues to be controversial when passive fit is a
criterion for clinical acceptability. The effects of soldering, as
compared to one-piece castings, according to the authors,
merits continued study.

One-piece casting procedures have produced stable and
relatively homogeneous frameworks.”> Cast metal frame-
works are subject to expansion and contraction that may
result in porosity and/or distortion of individual castings.
Wichmann and Tschernitschek reported the results of a
clinical study where almost one third of the evaluated cast-
ings exhibited casting defects.’® Multiple studies have
reported that CAD/CAM Ti frameworks achieve implant/
framework fits superior to those obtained with cast metal
frameworks.””*° In a laboratory study, Al-Fadda et al
reported that CAD/CAM milled frameworks demonstrated
significantly less error when compared to cast frameworks
(33.7 pm vs. 49.2 ym) in the vertical axis; differences in the
horizontal plane were 56 um and 85 pm, respectively.””

In general, most clinical studies regarding implant pros-
thodontics have reported on implant and prosthesis cumula-
tive survival rates (CSRs). Framework design has not been
extensively discussed or reviewed. Interest in CAD/CAM
technology for implant restorations has been increasing for
multiple reasons, including that frameworks and abutments

FIGURE 17.8 Titanium alloy blank prior to placement into mill-
ing machine for milling a CAD/CAM implant framework (Biomet 31,
Palm Beach Gardens, FL).

may be machined from solid blanks of material (Fig 17.8).
Blanks are more homogeneous than conventional castings;
physical properties are generally better. CAD/CAM technol-
ogies have eliminated conventional waxing, casting, and
finishing procedures, along with the inaccuracies associated
with these procedures. CAD/CAM frameworks produced
commercially are generally less expensive for clinicians
than cast metal frameworks, as they do not contain noble
metals. CAD/CAM frameworks may be designed completely
with computer software programs (Fig 17.9), or they may be
waxed to certain specifications by dental technicians, scan-
ned, and then milled in a procedure called “copy milling.”
The latter frameworks generally will not result in the
decreased costs associated with CAD frameworks designed
in CAD, as significant labor costs will be incurred in
developing the wax/resin framework patterns (Figs 17.10
and 17.11).

FIGURE 17.9 Representative set of JPEG images of a proposed
design for a CAD/CAM mandibular implant framework/hybrid
prosthesis. Note the “ghosted” images of the teeth. These types
of images are sent to clinicians and laboratory technicians for input
prior to milling.
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FIGURE 17.10 Laboratory occlusal image of a resin pattern,
fabricated by a dental laboratory technician with specific contours,
in preparation for a copy-milled CAD/CAM framework (North
Shore Dental Laboratories, Lynn, MA).

FIGURE 17.11 Laboratory occlusal image of the milled titanium
alloy framework consistent with the resin pattern in Figure 17.10
(North Shore Dental Laboratories).

Based on the above studies, differences in accuracy of fit
(CAD/CAM vs. cast frameworks) have been statistically
significant; however, clinical significance has not been
established. Some clinicians may not wish to use soldered
frameworks as opposed to one-piece castings or milled
frameworks. Specific clinical guidelines relative to frame-
work fabrication have not been established. Among the
factors clinicians may consider in fabricating fixed implant
frameworks are: biocompatibility/type of alloy/type of
ceramic, CAD/CAM (digital/copy mill), lost-wax technique,
and expense. The authors of this article prefer to use CAD/
CAM milled frameworks due to the accuracy of fit, bio-
compatibility/homogeneity of milled Ti alloy blanks, and
decreased costs.

Design Considerations

Implant frameworks must be rigid to support fixed prosthe-
ses. Frameworks with cantilevered, freestanding segments

FIGURE 17.12 CAD implant framework with a modified I-bar
design. The apical buccal and lingual portions of the framework
were designed for use as finish lines for the denture base portion of
the hybrid prosthesis.

have areas of high stress at or distal to the posterior abut-
ments, and may compromise the structural integrity of
inadequately designed frameworks.” Framework fracture
may be avoided with optimal, mechanically designed frame-
works. I-beam designs have been proposed to strengthen
cantilevered portions of frameworks.®! Taylor stated that cast
alloy frameworks must have at least 3 mm of vertical bulk to
provide sufficient rigidity to frameworks.°> Rasmussen
stated that I-beam-designed frameworks maximized resist-
ance to occlusal loading and minimized permanent deforma-
tion under stress.®® I-beams also provide rigidity and strength
to frameworks with minimal increased bulk and weight
(Fig 17.12). Rasmussen published his results in a clinical
report where he incorporated I-beam framework designs into
35 prostheses, followed those patients for 3 years, and
reported zero prosthetic failures.

Staab and Stewart evaluated two parameters regarding
implant framework design (L, I, elliptical, and oval): beam
deflection and maximum normal stress.** They noted that
each of the tested designs could be viable clinically. They
also reported that the I-beam design deflected less and
experienced the smallest maximum normal stress of the
tested designs. Elliptical designs deflected the most. The L
design experienced the largest normal stress. Staab and
Stewart noted the effectiveness of any framework design
clinically could not be easily identified from a simple, static
analysis; they also noted that the numerical differences they
observed among the different designs were based on condi-
tions that they decided upon for their experimental evalua-
tion. Staab and Stewart®® basically concurred with Cox
and Zarb®' and Rasmussen,®® but did not propose that
only I-beam configurations strengthened framework canti-
levered segments.

Von Gonten et al stated that relative to framework design,
consideration should be given to limit the amount of acrylic
resin to retain artificial denture teeth.®> Assuming rigid
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fixation to implants, areas of high stress concentrations in
implant frameworks were focused at or just distal to the most
posterior abutments in an arch, and would likely compromise
the structural integrity of incorrectly designed frameworks.®®
Stress concentrations in these areas can be considerably
greater than the mean applied force. Effective distribution
of applied forces during mastication and clenching may be
diminished by cantilevered segments deforming under stress.
The worst-case scenario would be metal fatigue and fracture.
Framework fractures may be minimized with proper design
considerations.

Von Gonten et al described the fabrication of a mandibular
fixed implant-supported framework with a more extensive
cast alloy framework than was found in frameworks designed
prior to 1995.%° Their design consisted of an L-beam with
extended vertical wall height lingually. The authors specu-
lated that this provided increased resistance to cantilever
stress and would resist fracture better than frameworks
designed as I-beams (Fig 17.13). Von Gonten et al stated
that this design was consistent with desirable physical prop-
erties, was readily maintainable by patients, and could be
produced with available methods and materials. Von Gonten
et al acknowledged that the L-beam design required signifi-
cantly more alloy (12-14 pennyweights) and would be
significantly more expensive than frameworks fabricated
with I-beam designs. Unfortunately, the authors did not
provide scientific evidence that the L-beam design resulted
in more successful implant frameworks.

It is interesting to note that framework design
characteristics have not been extensively reviewed or
described. Sadowsky, in a 1997 comprehensive review
article, described numerous characteristics of frameworks
relative to adaptation to soft tissues, cleansibility, anterior/
posterior (A/P) spread, and cantilever length, but was
unable to cite definitive laboratory studies where variables
were evaluated and conclusions drawn that would be
helpful to clinicians designing implant frameworks.®®

FIGURE 17.13 Example of a CAD/CAM milled framework with
the L-beam design. Teeth are supported apically by the horizontal
component of the L-beam design. The framework is designed to
provide adequate support for the artificial teeth and denture base to
minimize the risks of denture tooth/base fracture.

A/P spread has been discussed by several authors.®”%® Tt

was defined by English as the distance between the line
connecting the two most distal implants and the center of the
implant most distant to that line.®” The A/P spread provides a
macroscopic measure of the geometric distribution of the
implants. Cantilever length and A/P spread are essential
factors regarding distribution of occlusal loads. Some authors
have suggested that cantilever lengths of 1.5 and A/P spreads
of 2 be guides for maximum allowable cantilever
lengths.®”®® A cantilever length/A/P spread ratio of 2 was
determined to be optimal by choosing implant forces equal to
twice the applied loads as the failure criteria.®” Cantilever
lengths of 1.5 times the A/P spread were determined empiri-
cally for prostheses supported by five implants after consid-
ering clinical conditions that might biomechanically
compromise the biologic and/or prosthetic outcomes of
clinical cases.®® Beumer et al recommended a minimum of
six implants with an A/P spread of at least 20 mm and
sufficient bone in the second premolar areas to support
10 mm implants.”®

English recommended cantilever lengths be 1.5 times the
A/P spread, but shorter in poor quality bone.®” Due to
bending moments, the presence of load-bearing cantilevers
increase forces distributed to implants, possibly up to two
or three times the applied loads on a single implant.”'
McAlarney and Stavropoulos observed that cantilever
lengths seen clinically were often lower than those deemed
optimal by clinicians for restoration of structure, function,
and esthetics.®

The Rationale for Cantilever Length McAlarney and
Stavropoulos investigated possible relationships between
calculated clinical cantilever length variables that included
number and distribution of implants, arch placement, and
clinically optimal cantilevers. For a set number of implants,
the relationship between calculated cantilever length and A/P
spread was linear.”” The sum of the lengths on both sides
versus prosthesis length between the most distal implants was
linear, regardless of the number of implants. Predicted
clinical success was defined as calculated length greater
than the clinicians’ optimal length. Satisfaction rates were
100%, 56%, 33%, 8%, and 0% for cases supported by 8 and
7,6, 5,4, and 3 implants (44% overall), respectively. Ninety-
eight percent of cases with A/P spreads greater than 11.1 mm
were satisfactory. McAlarney and Stavropoulos concluded
that in 98% of all clinical cases studied with an A/P spread
greater than 11.1 mm, the maximum cantilever length calcu-
lated through the mathematical model was greater than the
cantilever length desired by the clinicians restoring the cases;
the calculated maximum permissible cantilever lengths as
calculated varied linearly with the A/P spread.

McAlarney and Stavropoulos also investigated the ratio
that existed between cantilever length (CL) and the A/P
spread, as this ratio is often used as an indication of CL
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in implant-supported prostheses.” They reported that
although there was a trend of increasing CL with increasing
AP spread, indiscriminate use of a single CL:AP ratio as an
indication for cantilevers may not be prudent, because CL is
also a function of the number of implants and the distribution
of implants between the most anterior and posterior implants.
Also, previously reported CL:AP ratios may be too high for
different clinical situations. They reported that a CL:AP
spread ratio of 2 was too great for all the cases studied,
and that a ratio of 1.5 was too great for all cases except for six
implant cases. It was interesting to note that the ratios varied
by a factor greater than 3.

A/P Spread and the “All-on-Four” Protocol Implant
treatment in edentulous maxillae may be quite challenging
and more difficult compared to mandibular implant treatment
as atrophic, edentulous maxillae generally consist of less-
dense bone; several anatomic areas also preclude implant
placement (nasal cavity, maxillary sinus).”>”* Malo et al
introduced a concept they termed “All on Four.” This
protocol called for placement of four maxillary implants:
two vertical and two distally tilted implants, placed parallel to
the anterior walls of the maxillary sinus (Fig 17.14).”* One of
the tenets of this treatment concept was that patients who
were edentulous for many years usually warranted bone
grafting in the maxillary sinus to compensate for minimal
alveolar bone volumes posteriorly. For these patients to be
treated with dental implants, sinus grafting would be war-
ranted, and introduced additional surgical procedures, mor-
bidity, and costs. Malo et al proposed reconstructing
edentulous maxillary patients with a total of four implants:
two anterior implants vertically placed and two posterior
tilted implants where the tilted implants were placed anterior
and parallel to the anterior sinus walls. The posterior implants
required angled abutments for the prosthetic procedures
(Fig 17.15). This specific implant arrangement provided
for consistently large A/P spreads.

A recent (2010) publication detailing the “All-on-4”
protocol reported the CSR for maxillary implants was
98.36%; mandibular implants was 99.73%.”> Patients were

FIGURE 17.14 Panoramic radiograph of a patient treated with the
“All-on-4” protocol. The two distal implants were placed parallel to
the anterior wall of the maxillary sinus.
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FIGURE 17.15 Clinical occlusal view of the prosthesis in
Figure 17.14. The tilts of the distal implants were corrected with
angled abutments. The A/P spread was significantly increased if
compared to the A/P spread of four vertically placed implants.

followed for 4 to 59 months. Sixty-one maxillary prostheses
and 93 mandibular prostheses were placed and followed; at
the time the study results were published, the prosthetic CSR
was 86%. The authors reported no differences in marginal
bone loss between axial and tilted implants.

Guidelines for Implant-Retained Hybrid Frameworks

1. Frameworks must be fabricated from materials and
protocols that allow passive and accurate fit between
frameworks and implants and/or abutments. CAD/
CAM fabricated frameworks generally provide better,
more accurate fit than do cast frameworks.””~%° Milled
frameworks from solid blanks of Ti or Ti alloys are
homogeneous; defects within CAD/CAM frameworks
are minimal when compared to defects noted within
cast frameworks.””~®

2. Frameworks must be designed to resist tensile and
compressive forces associated with mastication and
parafunctional habits. Frameworks need to be of
adequate thickness buccally/lingually, and vertically.
Thickness will depend on the type of metal and
fabrication process used for each specific framework,
the number and length of implants, the type of sup-
porting bone, and the opposing occlusion. Carr and
Stewart recommended cast bars be approximately
7mm tall and 6 mm wide; one-piece castings were
imprecise and inaccurate when evaluated for passive
fit.” CAD/CAM milled frameworks may have slightly
smaller dimensions. One manufacturer (Biomet 3i,
Palm Beach Gardens, FL) only specifies that the
minimum vertical height for milled bars is 2.5 mm.
Two other manufacturers’ websites (Nobel Biocare;
Cagenix) did not contain any information relative to
thickness for their bars. I-beam designs may be the best
designs for implant-retained hybrid prostheses.®'6%¢*
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3. Framework design has evolved into a series of clinical

and laboratory procedures that incorporate principles
of fixed and removable prosthodontics; prostheses are
more successful if frameworks are designed consistent
with predetermined tooth positions. Frameworks must
be designed with adequate space (1.5 to 2mm) for
prosthetic materials: acrylic resin/composite resin/
reinforced polymeric materials.”’ Retentive elements
for denture base materials should be designed as
integral parts of implant frameworks. Adequate thick-
ness is necessary to minimize the potential for denture
base fracture. Acrylic resin retention may be accom-
plished with nailhead retentive elements, retentive
loops, or undercut areas randomly placed throughout
frameworks. Retentive elements should be placed such
that they will not interfere with tooth placement.
Junctions of acrylic resin and metal finish lines should
have retentive undercuts.”’ Resins are mechanically
attached to metal frameworks; well-developed and
distinct finish lines minimize stain and seepage of
intraoral fluids into and around the resin/metal junc-
tion. Malodors may be caused by deposits at the resin/
metal interface; separation between resin and metal
may eventually lead to deterioration of denture bases.

There has been considerable research relative to
acrylic resin retention in removable partial prostho-
dontics. In a laboratory study (80 chrome/cobalt
frameworks), Lee et al concluded that significantly
increased force was required to separate ‘“primed”
acrylic resin from RPD metal frameworks when com-
pared to unprimed specimens.”® Forces required to
dislodge acrylic resin from RPD frameworks
decreased in the following order: primed metal with
beads (highest) > primed mesh > primed lattice >
smooth metal plate (lowest). Primed latticework
acrylic resin retention was significantly less retentive
than the other three primed designs. In a similar study,
Bulbul and Kesim reported that shear bond strengths
(SBS) varied according to metal type, metal primer,
and acrylic resin.”® The SBS was highest between base
metal and heat-polymerized resin with metal primer.
SBS between noble metal and acrylic resin, for all
control groups, was the lowest (0.4 +0.07 MPa)
(p<0.001). For Ti, the highest SBS was observed
for Meta Fast primed specimens; the lowest for the
control group. For base metal, the highest SBS was for
Metal Primer; the lowest for the control group. For the
noble metal group, the highest SBS was for Alloy
Primer; the lowest for the control group (p <0.001).
Bulbul and Kesim concluded that metal primers were
associated with increased adhesive bonding between
acrylic resins and the metal alloys tested. Bonding
values were higher for resin to base metal alloy RPDs
when compared to noble and Ti alloys.

Clinicians must determine the appropriate location
of the artificial teeth prior to designing frameworks. In
edentulous patients, waxed denture prostheses must be
constructed so that they may be imaged/scanned prior
to proceeding with framework design. Matrices or
facial cores are not needed for scanning CAD/CAM
frameworks; however, they are helpful for technicians
setting artificial teeth onto the frameworks prior to the
framework/wax try-in.

4. Cantilever extensions are dependent on: type of metal
used in the frameworks, number and location of
implants. Base metal alloys flex less than noble alloy
frameworks. Frameworks supported by three implants,
with an A/P spread equivalent in millimeters to frame-
works supported by six implants with the same A/P
spread, should be designed with smaller cantilevers
when compared to the six-implant-supported frame-
work. Cantilever extensions may extend up to 1.5 of
the A/P spread. Cantilevers may also be shortened
depending on the above factors.

CONCLUSIONS

This article presented a review of current and past literature
regarding implant-retained frameworks for full-arch, hybrid
restorations. Benefits, limitations, and complications associ-
ated with fixed implant prostheses were discussed including
the relative inaccuracy of casting/implant fit and improved
accuracies noted with CAD/CAM framework/implant fit;
cantilever extensions that were initially designed arbitrarily
versus frameworks designed relative to the A/P implant
spread; and the mechanical properties associated with
implant frameworks including I- and L-beam designs. Guide-
lines were proposed for use by clinicians and laboratory
technicians in designing implant-retained frameworks. Fur-
ther clinical and laboratory research continues to be war-
ranted to test the efficacy of the proposed guidelines.
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ABSTRACT

Purpose: To characterize the number and type of complica-
tions that occur with a monolithic zirconia fixed dental
prosthesis (MZ-FDP) supported by four endosseous implants
in the edentulous mandible over time and to quantify the
impact of treatment on oral health quality of life (OHQoL).

Methods: Seventeen edentulous participants were
enrolled. New conventional dentures were fabricated for
each participant. Four Astra Tech Osseospeed TX implants
(Dentsply) were then placed in the parasymphyseal mandi-
ble, and after a period of healing, a full-arch monolithic
zirconia prosthesis (Zirkonzahn) was inserted. Complication
data were recorded and OHQoL was evaluated using the Oral
Health Impact Profile (OHIP-49), administered on four
occasions: enrollment; implant surgery; and 6- and 12-month
recalls.

Results: Sixty-eight implants were placed in 17 eden-
tulous individuals aged 30 to 78 (mean 57.9 years). Implant
survival was 94% from the subject perspective and 99% from

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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the implant perspective. Prosthesis survival was 88%.
Twelve complications occurred in ten participants, whereas
seven participants remained complication free. Both OHIP-
49 severity and extent scores decreased significantly between
enrollment and 12-month recall (p <0.001). The mean
OHIP-49 severity score at baseline was 94.8 (95% confi-
dence interval [CI]: 73.9, 115.8) and declined an average of
76.8 (95% CI: —91.3, —62.3) units per participant. The mean
OHIP-49 extent score at baseline was 17.2 (95% CI: 10.8,
23.6) and declined 16.3 (95% CI: —20.2, —12.4) units per
participant on average.

The prevalence of edentulism in the United States is declin-
ing. Yet continued population growth, current dental practice
trends, and an increased proportion of older individuals
within the population generate a continued need for edentu-
lous therapy.' Edentulism results in reduced oral and social
function.> It is associated with poorer health status across a
wide range of measures, including physical health, nutrition,
disability, and self-esteem.” Conventional dentures address
the problems associated with edentulism, but do so incom-
pletely and introduce their own set of related problems.’ The
rapid rate of bone resorption observed in the edentulous
mandible is of particular concern due to the accompanying
instability of a mandibular denture, often the most trouble-
some complaint of denture patients.*

Dental implant therapy offers advantages over conven-
tional denture therapy in the treatment of mandibular edentu-
lism by providing significant improvements in prosthesis
function and comfort, as well as by aiding alveolar bone
preservation.®™'” The current literature shows a high level of
biologic success when using four to six implants with a fixed
prosthesis in the edentulous parasymphyseal mandible.''~"”
However, the degree of prosthetic success and the magnitude
of improvement in patient-centered outcomes for the wide
variety of possible prosthesis designs are either debated or
unknown.'®

The most commonly used and most commonly studied
implant-supported fixed dental prosthesis (FDP) is the metal-
acrylic hybrid prosthesis, which comes with a particular set
of technical problems.*"** Common complications for the
metal-acrylic hybrid include fracture of the acrylic veneer,
wear or debonding of the resin denture teeth, and screw/
abutment loosening or fracture.”'*? Different prosthesis
designs and materials may have entirely different prosthetic
outcomes, but little data are available. Zirconia-based mate-
rials have generated considerable interest for dental applica-
tions and have the potential to address some of the problems
previously encountered in the metal-acrylic hybrid.** In

Conclusions: Implant survival was high, and few com-
plications related to the MZ-FDP were observed. The most
common prosthetic complication was tooth chipping in the
opposing maxillary denture, which accounted for 50% of all
complication events. Substantial and clinically important
improvements in OHQoL were achieved with both conven-
tional dentures and the implant-supported MZ-FDP. The data
of this short-term study indicate that the implant-supported
MZ-FDP is a therapeutic option with particular advantages in
the edentulous mandible that warrants further long-term
study.

addition to favorable physical and biologic properties, zirco-
nia can be manipulated using computer aided design/com-
puter aided manufacturing (CAD/CAM) technology.”® The
ability to precisely design a full-arch prosthesis in the virtual
world, to store those design files indefinitely, and to predict-
ably fabricate such a device in a highly automated fashion
may fundamentally change access to care for the edentulous
population. Zirconia is currently used in endodontic dowels,
dental implants, dental implant abutments, single crowns,
and multiunit FDPs with varying degrees of success.>* The
use of zirconia, specifically monolithic zirconia, has not been
rigorously investigated in the fabrication of a full-arch fixed
prosthesis. Aside from clinical reports, few longitudinal
clinical studies on full-arch zirconia (layered or monolithic)
exist.?>2°

In addition to biologic and prosthetic outcomes, patient-
centered outcomes are becoming more important in evaluat-
ing the overall success of a prosthetic therapy.'®*%**® Oral
health quality of life (OHQoL) is the most used measure of
patient perception, and is considered a more complete valu-
ation of oral disease and its treatment than general measures
of “satisfaction.”?’ Further, the Oral Health Impact Profile
(OHIP) has emerged as one of the most powerful and widely
accepted tools for the assessment of OHQoL.?* The 49-item
OHIP (OHIP-49)*® was developed on the basis of the 1980
World Health Organization’s International Classification of
Impairments, Disabilities, and Handicaps (ICIDH). In
accordance with the ICIDH, the OHIP-49 comprises seven
subscales to evaluate impairment (functional limitation,
physical pain, psychological discomfort), disability (physi-
cal, psychological, and social disability), and handicap
resulting from dental conditions. Assessment of OHQoL
in conjunction with biologic and prosthetic outcomes pro-
vides additional insights regarding the impact that possible
complications have on the perception of dental therapy.

The purpose of this study was to investigate the biologic
and technical complications of a full-arch monolithic zirconia
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FDP (MZ-FDP) supported by four implants in the edentulous
mandible over a period of 1 year and to quantify the change in
OHQoL.

MATERIALS AND METHODS

This was an Institutional Review Board (IRB)-approved,
prospective clinical study using a single-arm design. A
consecutive sample of 17 participants was screened and
enrolled according to the inclusion and exclusion criteria.

Inclusion and Exclusion Criteria

Patients aged 18 to 80 at time of enrollment, American
Society of Anesthesiologists (ASA) Class I or II, and who
were completely edentulous in both the maxilla and mandible
or those possessing a terminal dentition requiring extraction
were eligible for inclusion. Patients were excluded if they
met any of the following criteria: history of radiotherapy in
the head and neck region, uncontrolled diabetes, known
alcohol and/or drug abuse, taking medication that might
significantly interfere with coagulation and/or patients
with bleeding disorders, smoking greater than ten cigarettes
per day, vertical bone height less than 10 mm, unrealistic
esthetic expectations, and/or psychological problems that
prevent acceptance of a removable prosthesis. Pregnant
women and ASA Class III or IV patients were also excluded.

Assessment and Conventional Denture Fabrication

A panoramic radiograph and diagnostic casts were used for
initial diagnosis and planning. New conventional dentures
were fabricated to establish functional and esthetic parame-
ters. A traditional approach that included custom trays, a
semi-adjustable articulator, a facebow transfer, and bilater-
ally balanced occlusion with shallow anterior guidance was
employed. Phonares I denture teeth (Ivoclar Vivadent,
Schaan, Liechtenstein) were used in the denture tooth setup,
and a clinical remount was performed at the time of denture
insertion. A radiographic guide was created by duplicating
the mandibular denture in radiopaque acrylic. A cone beam
computed tomography scan was acquired with the Galileos
imaging system (Sirona Dental Company, Long Island City,
NY), and the data used for evaluation of implant sites.

Surgical Procedures

Four Astra Tech Osseospeed TX implants (Dentsply, Moln-
dal, Sweden) were surgically placed in the parasymphyseal
mandible using a clear acrylic duplicate of the mandibular
denture as a surgical guide.>> The implants were tilted such
that screw access holes exited anteriorly through the man-
dibular lateral incisors and posteriorly through the second

FIGURE 18.1 Planned position of mandibular implants in rela-
tion to mandibular prosthesis.

premolars (Fig 18.1). A resonance frequency analysis device
(Osstell, Gothenburg, Sweden) was used to assess primary
stability for immediate loading. Twenty degree UniAbut-
ments were inserted, and an overdenture or a fixed interim
prosthesis was provided following surgery. A postoperative
panoramic radiograph was taken, and the participant was
seen for follow-up.

Zirconia Prosthesis Fabrication

An abutment level impression was made, and a master cast
produced (Fig 18.2). Maxillomandibular relationships were
obtained, and the master cast was mounted against a cast of
the upper denture. A polymethylmethacrylate mock-up of the
future prosthesis was then fabricated and evaluated intra-
orally to confirm fit, esthetics, phonetics, and occlusion
(Fig 18.3). The mock-up was then scanned, milled out of
monolithic zirconia, stained, and sintered by a dental

FIGURE 18.2 Master cast.
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FIGURE 18.3 Mock-up of mandibular prosthesis.

laboratory (Zirkonzahn, Gais, Italy) (Figs 18.4-18.7). The
definitive mandibular prosthesis was inserted approximately
16 weeks post-implant surgery. Participants were seen 6 and
12 months after prosthesis insertion for radiographic and
clinical evaluation. They were educated on potential post-
insertion complications of a biologic or technical nature and
instructed to contact the clinic if any arose during the
treatment or recall periods.

Biologic and Prosthetic Qutcomes

Implant survival was defined as the implant being present and
functional at the time of assessment. Prosthesis survival was
defined as the prosthesis being present and functional at the

FO01-08-14_ V00475811 - Tirkerarab Ui detier 1 087 [Fragins Susld 4120]

MATERIALS AND METHODS

FIGURE 18.5 Milled green-state zirconia prosthesis.

FIGURE 18.4 Scan and digital design of mandibular prosthesis.
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FIGURE 18.7 Sintered and polished definitive zirconia
prosthesis.

time of assessment. Complications were broadly defined as
any event that required additional treatment. The exact
nature, frequency, and timing of each complication were
recorded. Complications were classified as either biologic or
technical.

OHIP

The OHIP-49 questionnaire was first administered at the time
of enrollment to obtain baseline values. It was next admin-
istered immediately prior to implant surgery to assess the
effect of conventional denture therapy, and at 6- and 12-
month recall appointments to assess the effect of MZ-FDP
therapy. Responses to each of the 49 OHIP items are made on
a five-point ordinal scale.

Analytic Methods

Two OHIP-49 summary scores were computed as dependent
variables. The severity score is the cumulative sum of ordinal
responses across all items with a possible range of 0 to 196.
For both scores, higher values denote worse OHQoL. The
extent score is a count of the number of items a participant
reports having experienced “very often” or “fairly often.” In
addition to these two summary scores, the seven OHIP-49
subscales were individually examined to identify factors
associated with change in OHIP-49 scores. To account for
multiple tests, Bonferroni correction reduced the critical
significance threshold to p <0.0035 (p=0.05/14). These
baseline associations were tested for statistical significance
using one-way ANOVA. To correctly account for the hier-
archical structure of the data set, serial measurements on the
same individual at multiple time points, the statistical
approach estimated covariance parameters using two-level
fixed slope, random intercept variance components models.
These were fitted using the xtmixed command in STATA
version 12.0 SE statistical software (Stata Corporation, Col-
lege Station, TX). The OHIP extent and severity scores were

the dependent variables, and time of OHIP-49 administration
was the exposure of interest. Beta coefficients from the model
are directly interpretable as within-subject change in mean
OHIP-49 extent and severity scores.

RESULTS

Results are presented for 17 participants, 11 men and 6
women, who ranged in age from 30 to 78 years (mean
57.9 years) at enrollment. Eight were edentulous, and nine
had a terminal dentition prior to enrollment.

Biologic and Prosthetic Outcomes

Sixty-eight implants were placed in 17 participants. One
implant failed to integrate, resulting in patient-related and
implant-related survival rates of 94% (16/17) and 99% (67/
68), respectively. During the MZ-FDP observation period, 12
complications occurred in ten participants. In addition to the
one implant failure, six participants chipped maxillary den-
ture teeth, two broke one or more abutments, one had a loose
abutment, one had a component of the MZ-FDP debond, and
one fractured the distal extension of the MZ-FDP (Tables
18.1 and 18.2). Prosthesis survival was 88% (15/17); one
prosthesis was lost due to fracture, and one was removed after
implant failure. Over the MZ-FDP observation period, 41%
(7/17) of the participants were complication-free.

TABLE 18.1 Complications by Participant During MZ-FDP
Observation Period

Participant Number Complication (Number of Occurrences)

1 Chipped denture tooth (1)
2 Chipped denture tooth (1)
Fractured abutment (1)

3 Loose abutment (1)

4

5 Fractured abutment (1)

6 Fractured MZ-FDP (1)
Debonded component (1)

7

8 Implant failure (1)

9

10 Chipped denture tooth (1)

11 Chipped denture tooth (1)

12

13

14 Chipped denture tooth (1)

15

16 Chipped denture tooth (1)

17
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TABLE 18.2 Complications by Type and Timing

Post MZ-FDP Insertion (Number of Occurrences)

Biologic Implant failure (1)
Technical Chipped denture tooth (6)
Fractured abutment (2)
Loose abutment (1)
Debonded component (1)
Fractured MZ-FDP (1)
OHIP Scores

The mean OHIP-49 severity score at enrollment was 94.8
(95% confidence interval [CI]: 73.9, 115.8), and the lowest
and highest severity scores were 45 and 168, respectively.
Lowest and highest extent scores were 4 and 43, respectively,
and the mean extent score was 17.2 (95% CI: 10.8, 23.6).
Differences in mean OHIP-49 severity and extent scores
at baseline were not statistically significant on the basis of
participant characteristics (Table 18.3). Over the entire obser-
vation period, mean OHIP-49 severity scores decreased
significantly by an average of 76.8 (95% CI: —91.3,
—62.3) units per participant from an enrollment high of
94.8 to 18.0 at 12 months after prosthesis insertion (-
Table 18.4, Fig 18.8A). A significant reduction in mean
OHIP-49 severity score was observed at implant surgery, and
a further significant reduction was noted at 6 months after
prosthesis insertion; however, the small reduction seen at the
12-month recall was not statistically significant (Table 18.4,
Fig 18.8A). Mean OHIP-49 extent scores decreased

DISCUSSION 171

significantly by an average of 163 (95% CI. —-20.2,
—12.4) units per participant from enrollment to 12-month
recall (Table 18.5, Fig 18.8B). The mean OHIP-49 extent
score decreased significantly from enrollment to prior to
implant surgery; however, the remaining changes were not
statistically significant (Table 18.5, Fig 18.8B).

Significant (p <0.0035) reductions from enrollment
scores were observed across all seven dimensions between
enrollment and immediately prior to surgery. Further signi-
ficant reductions occurred in the 6 months post-insertion
on dimensions of functional limitation, pain, psychological
discomfort, and physical disability, but not on psychological
disability, social disability, or handicap (Fig 18.9). No
domain exhibited significant change between the 6- and
12-month recall visits.

DISCUSSION

We observed a high degree of implant survival in the
edentulous mandible over the course of 1 year and found
technical complications to be far more common than bio-
logic. The most common technical complication noted was
chipped denture teeth in the opposing removable prosthesis,
which accounted for 50% (6/12) of all complication events
during the observation period. The etiology of maxillary
denture tooth chipping may reflect multiple aspects of this
therapy, including potential limitations of tooth arrangement
and the physical properties of the selected line of denture
teeth. The manufacturer reports a higher inorganic filler
content as compared to other available varieties. The higher

TABLE 18.3 Participant Characteristics and OHIP-49 Severity and Extent Scores at Enrollment [Mean (SD)] (r =17)

Enrollment Mean (SD)

Enrollment Mean (SD)

N (%) OHIP Severity Score” p-Value OHIP Extent Score” p-Value
All participants 17 (100.0) 94.8 (40.8) 17.2 (12.49) oL
Sex
Male 11 (64.7) 84.5 (33.1) 0.162 14.3 (10.4) 0.335
Female 6 (35.3) 113.8 (49.6) 22.5(15.2)
Age (years)
<50 3(17.7) 119.7 (34.9) 0.421 23.7 (9.1) 0.315
50 to 64 6 (35.3) 98.5 (53.2) 19.2 (17.1)
>65 8 (47.1) 82.8 (31.4) 13.3(9.2)
Mandible status, enrollment
Edentulous 7 (41.2) 115.4 (42.6) 0.574 23.1 (15.0) 0.100
Terminal dentition 10 (58.8) 80.4 (34.4) 13.0 (8.9)

“Severity is the sum of OHIP-49 responses (potential range 0 to 196); higher scores denote worse OHQoL.
bExtent is the number of “fairly often” or “very often” responses (potential range 0 to 49); higher scores denote worse OHQoL.

Cec

options on the questionnaire that carry different weight in the calculation.

.. 7 in Tables 18.3-18.5 define how calculation of the OHIP extent score is different than the severity score. “Fairly often” and “very often” are specific
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TABLE 18.4 Mean OHIP-49 Severity” Scores at Enrollment and Changes in This Score During Treatment (n = 17)

Beta Coefficient 95% CI p-Value
Enrollment (mean severity score) 94.8 73.9,115.8 c
Prior to implant surgery (change since enrollment) -47.2 —61.7, =32.7 <0.001
Six months post-implant surgery (change since enrollment) —74.3 —88.8, —59.8 <0.001
Six months post-implant surgery (change since implant surgery) -27.1 —41.6, -12.6 <0.001
12 months post-implant surgery (change since enrollment) -76.8 -91.3, -62.3 <0.001
12 months post-implant surgery (change since implant surgery) -29.6 —-44.1, -15.1 <0.001
12 months post-implant surgery (change since 6 months postsurgery) =25 -17.0, 12.0 0.773
“Severity is the sum of OHIP-49 responses (potential range 0 to 196); higher scores denote worse OHQoL.
TABLE 18.5 Mean OHIP-49 Extent” Scores at Enrollment and Changes in This Score During Treatment (n = 17)

Beta Coefficient 95% CI p-Value
Enrollment (mean extent score) 17.2 10.8, 23.6 A
Prior to implant surgery (change since enrollment) -12.6 —16.6, 8.7 <0.001
Six months post-implant surgery (change since enrollment) -15.9 -19.9, -12.0 <0.001
Six months post-implant surgery (change since implant surgery) -33 -7.2,0.6 0.100
12 months post-implant surgery (change since enrollment) -16.3 -20.2, 124 <0.001
12 months post-implant surgery (change since implant surgery) -3.6 -7.6,0.3 0.068
12 months post-implant surgery (change since 6 months post-surgery) -0.4 —-4.3,3.6 0.860

“Extent is the number of “fairly often” or “very often” responses (potential range 0 to 49); higher scores denote worse OHQoL.
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FIGURE 18.8 Mean (SE) OHIP-49 severity (A, left) and extent (B, right) scores at enrollment,
immediately prior to implant surgery, 6 months post-insertion, and 12 months post-insertion. Scores
prior to surgery and at 6 months postsurgery were significantly lower than at enrollment. The
postsurgery score did not reduce significantly (p =0.685) in the 6 months following surgery.

inorganic filler content adds wear resistance and superb
esthetics, but may also increase the risk of chipping.*
Interestingly, 67% (4/6) of participants who experienced
minor chipping of maxillary incisors actually preferred to
leave the defect unrepaired, as they felt it added uniqueness to
their smile. Two recent systematic reviews on metal-acrylic
prostheses report that denture tooth wear and denture tooth

fracture of either the implant-supported fixed prosthesis or
the opposing complete denture are common issues with this
therapy.*"** In this study, we only found chipping compli-
cations in the opposing complete denture, not with the
zirconia prosthesis.

Few complications related specifically to the MZ-FDP
were observed; however, one MZ-FDP did fracture 6 months
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FIGURE 18.9 OHIP-49 subscale analysis. Significant

(p <0.0035) reductions from enrollment scores were observed
across all seven dimensions between enrollment and immediately
prior to surgery. Further significant reductions occurred in the 6
months post-insertion on dimensions of functional limitation, pain
and discomfort, psychological discomfort, and physical disability,
but not on psychological disability, social disability, or handicap. No
domain exhibited significant change between the 6- and 12-month
recall visits.

after insertion. The fracture occurred vertically through the
entire body of the prosthesis, resulting in the loss of the distal
cantilever segment on the affected side (Fig 18.10). Several
factors may have contributed to this event: cantilever length,
anterior-posterior (A-P) spread,37 restorative dimension, and/
or the material properties of zirconia.

FIGURE 18.10 Fractured distal extension segment of zirconia
prosthesis through screw access hole.
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Each mandibular MZ-FDP possessed bilateral distal can-
tilevers, designed to restore first molar occlusion. Cantilever
length and A-P spread varied with arch form, mental foramen
position, and the accuracy of implant placement. The meas-
ured cantilever length of the fractured segment was approxi-
mately 17mm, and the A-P spread was approximately
10 mm, yielding a ratio of 1.7 to 1. A ratio of approximately
1.5 to 1 is commonly recommended as the target value for
distal extension cantilevers.** ™ An increased ratio of canti-
lever length to A-P spread may have contributed to an
unfavorable mechanical environment that led to the prosthe-
sis fracture, as well as the two abutment fracture events. It is
important to note that for this cohort, the mean cantilever
length to A-P spread ratio was 2.0 (SD 0.82) to 1, with 77%
(13/17) of the participants having a prosthesis with at least
one side exceeding 1.5 to 1.

Vertical height of the prosthesis also varied with each
participant in this study, depending on the amount of restor-
ative space present after alveolectomy. A minimum restorative
dimension, or distance from osseous crest to incisal edge, is
thought necessary to allow adequate space for restorative
materials, and thus adequate fracture resistance.> The vertical
height of the distal segment in the fractured prosthesis was
approximately 9 mm, which is notably smaller than the mean
height of 13.2 mm (SD 3.2) for the other prostheses. Further,
the fracture occurred at the distal screw access, where the
prosthesis was smallest in cross-sectional area.

Finally, the MZ-FDP fracture could have been related to
the material itself. Porosity in the original zirconia blank,
post-sintering damage, and/or low temperature degradation
of the zirconia may all contribute to an increased risk of
material failure.***

One complication unique to the MZ-FDP was debonding
of a single cementable unit observed in one participant
(Fig 18.11). Fifteen of the 17 prostheses were made from
a single block of zirconia; however, two participants required
a prosthesis design variation where one or more single
crowns or teeth could be cemented onto or into the main
prosthesis to account for error in implant angulation. One
limitation of this modification is that it either decreases
retrievability or increases the risk of debonding, depending
on which type of cement is selected. Another concern with
this design modification is the potential reduction in cross-
sectional area of the prosthesis.

The other primary aim of this study was to assess the
within-subject change in OHIP-49 scores as the participant
transitioned from baseline to conventional dentures and from
conventional dentures to a mandibular MZ-FDP. Several
important observations can be made from this OHIP-49
data. First, the construction of well-made, properly fitting
dentures in participants with a terminal dentition or in
participants with an ill-fitting prosthesis led to a significant
change in OHQoL, indicated by the significant reduction of
both OHIP-49 severity and extent scores between enrollment
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FIGURE 18.11 (A and B) Definitive zirconia prosthesis with
cementable single unit missing and in place at lateral incisor site.

and implant surgery. This finding is consistent with that of
several other studies evaluating the effect of complete den-
tures on OHQoL.&“’42 Second, participants with well-made,
properly fitting conventional dentures achieved an additional
significant improvement in OHQoL with a mandibular
implant-supported MZ-FDP, illustrated by the significant
decrease in OHIP-49 severity score from implant surgery
to 6-month recall.

The lack of a statistically significant decrease in the OHIP-
49 extent score for the interval between 6 and 12 months
postinsertion does not undermine the significance of this
treatment effect, but rather highlights several potential
aspects of the study population, as well as the challenges
of a questionnaire-based measure. The “very often” and
“fairly often” responses within the population at baseline
likely reflected social or esthetic variables more frequently,
which were addressed reasonably well by a new set of
conventional dentures, resulting in a large improvement in
OHIP-49 extent scores at the second administration, and thus
allowed little room for further improvement with the man-
dibular prosthesis at the third administration. The placebo
effect may also be of clinical importance here by altering the
extent responses after insertion of new conventional den-
tures, therefore masking further improvement at later
evaluations.

Regardless of the nuances, the magnitude of reduction
observed in both severity and extent scores is profound. A

study by John et al reported on the minimally important
difference in OHIP-49 (severity) scores.>’ They found that a
change of approximately six OHIP-49 units is required for
patients to state that they feel at least “a little better,” and that
a change of about ten units is required for patients to state
they feel “a lot better.” Within the limitations of a question-
naire-based measure, the finding of our study, with a mean
difference of 76.8 OHIP units, may indicate a profound
change in QoL, vastly exceeding mere sense of improve-
ment. Further, the degree of biologic and technical compli-
cations observed during the course of the study did not
prevent these significant improvements in OHQoL.

CONCLUSIONS

A protocol for the treatment of mandibular edentulism using
an implant-supported MZ-FDP was presented. Implant sur-
vival was high, and few complications related specifically to
the MZ-FDP were observed. The most common technical
complications were chipped teeth in the maxillary denture,
possibly related to the particular type of denture teeth used.
Substantial and clinically important improvements in
OHQoL were achieved with the MZ-FDP. Specifically,
well-made, properly fitting conventional dentures provide
significant improvement in OHIP-49 scores among partic-
ipants with a terminal dentition or an ill-fitting prosthesis, and
the MZ-FDP significantly improved OHIP-49 scores for
participants with well-made, properly fitting conventional
dentures. The data of this short-term study indicate that the
MZ-FDP is a viable therapeutic option with particular advan-
tages in the edentulous mandible and warrants long-term
study.
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The oral rehabilitation of a patient with a severely resorbed
edentulous maxilla represents a challenge for restorative
dentistry. In many cases, these patients do not adapt to their
conventional dentures and do not fit the inclusion criteria for

ABSTRACT

This report presents a prosthetic technique for the improve-
ment of surgically positioned, buccally placed zygomatic
implants with the use of custom abutments for improved
retention screw position and an esthetic implant
reconstruction. The patient presented four zygomatic
implants with pronounced buccal inclination. The anterior
implants were inclined toward the location where the anterior
artificial teeth should be placed during rehabilitation. As the
manufacturer does not provide angulated abutments, we
attempted the waxing and overcasting of a prosthetic abut-
ment, repositioning the access holes of the prosthetic screws
to a more palatal position. This clinical report demonstrates
that abutment customization could be an interesting way to
relocate the access holes of the prosthetic screws in cases of
zygomatic implants with pronounced buccal inclination.

receiving implants without a previous bone reconstruction.
Techniques for the treatment of atrophic maxillae include
composite grafts, Le Fort I osteotomy, iliac crest grafts,
maxillary sinus grafts, and distraction osteogenesis.'"
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Although these reconstructive procedures present satisfac-
tory results in increasing bone structure,>* they cause dis-
comfort to the patient, increase the risk of morbidity to donor
and receptor sites, require a greater number of surgical
procedures, and increase the length of treatment.”® The
zygomatic fixation technique is an alternative for the oral
rehabilitation of these patients and differs from traditional
treatment, where long implants are fixed in the zygomatic
bone and in the alveolar process.” When compared to bone
grafts, zygomatic implants can lead to a considerable reduc-
tion in the time of treatment period required (4 to 6 months)
until the grafts can be loaded. Moreover, compared to
grafting with autogenous bone, the placement of zygomatic
implants avoids postoperative pain and reduces morbidity
risk in the donor site.” The reduced number of zygomatic
implants required for supporting fixed prostheses might also
lead to less-expensive treatment.’

Indications for the zygomatic fixation technique are lim-
ited to cases of difficult resolution. Among the indications are
treatment of atrophic maxillae®'? and treatment after tumor
resection surgery in the maxillary bone.'*'> This technique is
also applicable for traumatic bone loss, congenital defects,
unsuccessful bone graft augmentation, and patients who
refuse bone graft augmentation.'®

A modification in the original technique proposes the
anchorage of two zygomatic implants in each hemi-arch,
instead of the one zygomatic implant associated with con-
ventional implants in the premaxillary region. The second
zygomatic implant is placed mesially to the first, emerging in
the canine or lateral incisor region, and these four implants
are sufficient to rehabilitate the edentulous maxilla.>'” Other
modifications, such as changes in the angulation of insertion,
have been proposed to facilitate the surgical technique and
improve predictability.®

The final positioning of implants orients the prosthetic
treatment. The reduced option of abutments for zygomatic
implants requires high precision in insertion, which can be
achieved by auxiliary methods such as surgical guides and
treatment planning with 3D software and prototypes. "'
The absence of reverse planning or reduced bone quantity

may limit or complicate the positioning of the implants and,
consequently, the prosthetic rehabilitation. This article
provides a clinical report of the prosthetic management
of four zygomatic implants with pronounced buccal
inclination.

CLINICAL REPORT

A Caucasian female patient, 51 years old, sought prosthetic
treatment in the Dental Clinics of Piracicaba Dental School.
Upon initial examination, we observed a maxillary edentu-
lous arch with a severely resorbed bone ridge and four
zygomatic implants (External Hexagon, SIN; Sistemas de
Implantes, Sao Paulo, Brazil). The opposite arch presented
remaining teeth associated with a removable partial denture.
The patient had panoramic presurgical radiography that
showed frontal sinus pneumatization and a severe resorption
of the posterior maxillary area. The pre- and postsurgical
panoramic images are presented in Figure 19.1. Since the
initial examination, a pronounced buccal inclination of the
implants has been observed (Fig 19.2).

The impression copings (SIN) were adapted to the
implants, and a functional impression was made with an
open tray and poly(vinyl siloxane) impression material
(Flextime; Heraeus Kulzer, Sdo Paulo, Brazil). For the lower
arch impression, we used a metallic tray and irreversible
hydrocolloid material (Hydrogum; Zhermack, Badia Pole-
sine, Italy). The casts were obtained with type IV dental stone
(Herodent; Vigodent, Rio de Janeiro, Brazil). On the upper
master cast, we created a record base with an occlusion rim,
which was adjusted chairside. The casts were mounted in a
semiadjustable articulator (Dentatus ARL; Dentatus, Sao
Paulo, Brazil) by means of facebow (upper) and centric
relation record (lower), and the teeth were waxed (Trilux;
Vipi, Pirassununga, Brazil). Later, we performed a clinical
evaluation of the occlusal relationship, lip support, and
esthetics. A buccal index was made with the waxed prosthe-
sis on the master cast to record the position of the artificial
teeth using laboratory c-silicon material (Zetalabor;

FIGURE 19.1 (A) Initial panoramic radiography showing the maxillary sinus pneumatization and
(B) panoramic radiography after placement of the zygomatic implants.
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FIGURE 19.2 View of the implant inclinations in the (A) right and (B) left side.

FIGURE 19.3 (A) Cast prosthetic abutments and (B) prosthetic framework.

Zhermack). This index was used to assist in the choice of the
abutments and the construction of the framework.

Using the silicon index, we observed that the implants
presented a pronounced buccal inclination in the direction
of the anterior teeth; however, the implants’ manufacturer
did not offer angulated abutments for this type of implant.
To overcome this limitation, we used straight mini-
abutments on the implants. To correct the excessive
inclination, we attempted the personalization of overcast
prosthetic components with a palatine extension on the
anterior mini-abutments, aiming to relocate the screws’
access holes without affecting the esthetics. The prosthetic
components were waxed and cast in cobalt-chromium alloy
(Biosil F; DeguDent GmbH, Hanau, Germany) (Fig 19.3A).
Then the prosthetic framework was also waxed and cast in
Co-Cr alloy (Biosil F) (Fig 19.3B). During the course of
treatment, the patient wore a provisional complete denture
that injured the soft tissue in a localized region (Fig 19.3A).
The complete denture was adjusted, and the lesion
regressed normally.

The adaptation and passivity of the framework was
examined in the mouth, followed by tooth waxing on the
bar framework. After the esthetic and functional examina-
tion, the prosthesis was polymerized. On the day of

installation, the anterior individualized components were
screwed onto the mini-abutments with the prosthesis over
them. The occlusal adjustments were realized, and the final
aspect of the rehabilitation was recorded (Figs 19.4 and 19.5).
The treatment has been followed for 18 months without any
prosthetic complication.

FIGURE 19.4 Occlusal view of the prosthesis showing the
repositioning to the access holes of the prosthetic screws to a
more palatal position.
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FIGURE 19.5 Frontal view of the patient after the rehabilitation.

DISCUSSION

Zygomatic fixation is only indicated in cases with difficult
therapeutic resolutions, as in the treatment of an atrophic
maxilla.> " In this context, there are cases in which the
posterior portion of the maxilla is extensively resorbed and/
or has an accentuated pneumatization of the maxillary
sinus, and cases of simultaneously anterior and posterior
severe maxillary bone resorption.”'® In this report, the
patient presented bone resorption and maxillary sinus
pneumatization, common in cases of edentulous maxillae,
that limited the insertion of conventional dental implants
without bone reconstruction. Thus, fixation in distant sites
was well indicated for reducing the presence of
cantilevers.'’

One modification of the initial zygomatic implant tech-
nique proposes the placement of four zygomatic implants
with the anterior ones emerging in the canine or lateral
incisor region.”'” In the patient presented here, the anterior
implants emerged in the lateral incisor region, with a
pronounced buccal inclination, which would compromise
the esthetics of the prosthesis, since the screw access
holes could be projected in the direction of the artificial
teeth. The direction of the screw access holes was corrected
by means of a customized, overcast component waxed with
a palatine extension. Another possible way to correct this
type of complication is to fabricate two metallic structures.
The first (infrastructure) is screwed onto the implants to
correct the problem of the implant inclination. The
second (superstructure) is made to be screwed on to the
infrastructure; however, this technique costs more and
requires more occlusal space, which was not available in
this case.

Cobalt-chromium alloy was used as the framework mate-
rial for this patient. Initially, gold alloy was the material most

often used for framework fabrication, but, due to its high
cost, alternative alloys were introduced in dentistry, among
them Co-Cr, nickel-chromium, and titanium alloys.20 Co-Cr
alloys are harder and stronger among these materials, prop-
erties that have been shown to be important characteristics for
an implant-supported framework.?° Titanium alloys, as with
Co-Cr alloys, present an adequate biocompatibility and
resistance to corrosion; however, the cast procedures for
Ti alloys have been considered to be more difficult and
require more advanced technology.?! Use of nickel-chro-
mium alloys has been discouraged due to the possibility of
allergic reaction and the carcinogenic potential of nickel.*!
Regarding the framework fabrication method, the overca-
stable components used for the present patient have shown to
lead to a more passive framework than the entirely calcinable
ones.?? However, the most passive frameworks can be
obtained from computer aided design/computer aided man-
ufacturing (CAD/CAM) systems, which allow the fabrication
of metallic and ceramic milled frameworks.” Despite these
considerations, a CAD/CAM system was not used in this
clinical report because they are still expensive for framework
fabrication.

A high survival rate has been observed for zygomatic
implants, ranging from 90.3 to 100%.>%10-1113:17-24 Vore-
over, patients with zygomatic implants present high levels
of overall satisfaction, with minimal problems regarding
hygiene and function.’ Pendrrocha et al*> obtained an
overall average satisfaction rate of 90% in a study on
satisfaction of patients rehabilitated with zygomatic
implants (parameters evaluated were esthetics, function,
ease of hygiene, comfort, and stability). Sartori et al?®
evaluated the satisfaction of patients rehabilitated with
zygomatic fixtures and prostheses with regard to hygiene,
esthetics, phonetics, and discomfort during chewing. The
study concluded that treatment with zygomatic fixtures is
predictable and reliable. The patients were satisfied with
both implants and prostheses.”® Thus, this type of rehabili-
tation has proved to be a viable treatment alternative for
patients with severe maxillary resorption or maxillary sinus
pneumatization,®?” increasing the predictability of out-
comes, decreasing morbidity and treatment time, and avoid-
ing bone grafts during treatment.®

Reverse planning is an important condition for
implant placement, aiding in a correct final angulation.
To avoid incorrect placement of the implants, we recom-
mend the creation of surgical guides, which increase the
predictability and safety of the technique and reduce surgi-
cal time.”®* Specialized professional training is also
important for the success of treatment with zygomatic
implants due to their greater technical complexity com-
pared with conventional surgery for implant place-
ment.”'®?® Moreover, the improper positioning of the
implants is commonly observed and difficult to solve.
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The use of an overcast component can relocate the position
of the screw hole, relieving the esthetic region of the
presence of the screw access.

CONCLUSION

The personalization of an overcast abutment was a viable
solution for repositioning the screw access holes to a palatine
region, solving the esthetic limitation caused by the accentu-
ated buccal inclination of the malpositioned zygomatic
implants.
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ABSTRACT

Purpose: The aim of this study was to acquire information on
the types and longevity of implant-retained facial prostheses
and the opinions of patients on several factors related to their
prostheses.

Materials and Methods: A survey of 75 maxillofacial
prosthetic patients currently under treatment and review at
the Maxillofacial Unit, Morriston Regional Hospital was
conducted through a 23-question postal questionnaire. These
patients were selected as representative of a group of indi-
viduals receiving treatment or under review for the fabrica-
tion of maxillofacial prostheses.

Results: Of the prosthetic replacements, 83% were
ear prostheses, 8% nose, 6% eye, and 2% combination

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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prostheses. Of the 47 respondents, 8 (17%) reported that they
were currently wearing their original prostheses. The remain-
ing 39 (83%) respondents had all been provided with at least
1 replacement prosthesis. The mean lifetime of the prostheses
was found to be 14 months (range: 4-36 months). The
majority of replacement prostheses in this study were pro-
vided as a result of color fade or wear of the silicone material
of the previous prosthesis. Individuals with no previous
experience wearing a prosthesis had an unrealistic expect-
ation of their prosthesis longevity, with a mean value of
17.8 months. In comparison, individuals with previous expe-
rience had reduced expectations, with a mean of 14.4 months.
In terms of the patients’ opinions of the overall quality of
their prostheses, the results demonstrated that a large number
of patients were satisfied. Thirty-five patients rated their
prostheses as excellent and 9 as good. At 7-12 months,
4 patients rated their prostheses as excellent and 8 as good. At
13 months, 4 patients rated their prostheses as excellent and 5
as good.

Conclusions: It is important that advice be given to
patients on the expected average longevity of their prosthe-
ses, together with information on factors affecting the lon-
gevity (i.e., environmental staining, cosmetics, and cleaning
regimes). In this study, 26% of the replacement prostheses
were provided due to color fading of the original prosthesis.
This highlights the need for continuing research in the
development of materials used for the construction of facial
prostheses with improved properties, and in particular,
improved color stability.

Maxillofacial prosthetics is concerned with the restoration
and/or replacement of stomatognathic and associated facial
structures by artificial substitutes that may or may not be
removable.' It has been suggested that the area in and around
the mouth is emotionally charged and strongly connected
with self image. As an instrument of speech and eating, as
well as a mirror of emotions, the mouth also has unique social
and psychological implications and symbolic meaning. Dis-
figured individuals, lacking eyes, nose, ears, or facial tissues,
may not be socially acceptable.” Loss of part of the face or
having a congenitally missing ear, nose, or eye can have both
a social and psychological impact on those affected.’
Maxillofacial prostheses aim to improve the esthetics of
patients, and to restore, improve, and maintain the health
of the hard and soft tissues. The effective accomplishment of
these objectives should expedite patients’ return to society.*
Although many facial defects are rehabilitated for cosmetic
and psychological reasons, oral defects also require rehabili-
tation for physiological reasons. There is often a need to
restore separation between the oral/nasal structures that assist

A

FIGURE 20.1 (A) Lateral view demonstrating a nasal defect and
the position of dental implants for the retention of the nasal
prosthesis. (B) Nasal prosthesis that will be attached to the implants
shown in Figure 20.1A. (C) Implant-retained nasal prosthesis in situ.

the individual in speech and swallowing. Maxillofacial
prostheses play an important part in rehabilitation following
ablative surgery, congenital deformity, or trauma
(Figs 20.1A—C and 20.2A-C). The psychological benefits
and lifestyle improvement offered by maxillofacial prosthe-
ses have been well documented.>® The physical and mental
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FIGURE 20.2 (A) Orbital defect with 3 implants in situ.
(B) Orbital prosthesis that will be retained by the implants shown
in Figure 20.2A. (C) Orbital prosthesis in situ.

well-being of these patients demand good organization and
communication among the health professionals involved in
their treatments. This is best achieved by multidisciplinary
teams working in established centers. Maxillofacial pros-
thetic rehabilitation is a team effort involving restorative
dentists, maxillofacial technicians, dieticians, speech and
language therapists, physiotherapists, general medical prac-
titioners, specialist nurses, and social workers.*

The clinical and laboratory production of a maxillofacial
prosthesis is a time-consuming, labor-intensive, costly pro-
cess. At Morriston Regional Hospital, Swansea, United
Kingdom, the costs incurred for the provision of an orbital
or auricular prosthesis have been calculated to be approxi-
mately £1,000-£1,500. This figure does not take into account
additional costs incurred for repairs or remakes of prostheses.
Replacement of prostheses may require patient appointment
times of 4-5 hours. With the clinical, laboratory, and patient
time expended in the construction of a prosthesis, it is
essential that all factors are taken into account to maximize
the longevity of the prosthesis. Prostheses with a short life
span cannot only lead to patient disillusionment with the
treatment, but also to excessive use of healthcare resources.

The longevity of a prosthesis is dependent on several
factors, including the materials from which it is constructed
and the behavioral factors of the wearer. The problems
associated with the materials available for maxillofacial
prostheses such as color fade, cracking, and splitting,
together with the need for the development of improved
materials, have been discussed by several authors.””'! Mate-
rials used for the fabrication of facial prostheses must ideally
accept and retain intrinsic and extrinsic coloration. The
appearance and mechanical strength must not be affected
by sunlight or other environmental factors."' The ideal
properties for materials used for the construction of prosthe-
ses should include compatibility with human tissue, flexibil-
ity, lightness, chemical and physical inertness, moldability,
easy cleansing, durability, and ability to accept colorants.

Over the years, there have been several studies on the
longevity of maxillofacial prostheses. Chen et al'? reported
an average prosthesis life of 10 months. Jani and Schaaf'?
reported that 69.6% of prostheses needed renewal within
1 year, with an additional 17.6% requiring renewal within an
18-month period. Jebreil,'* however, reported renewal times
of 6-9 months. Since publication of these studies, a number
of advancements in the clinical techniques associated with
the provision of maxillofacial prostheses and the materials
from which they are constructed have been made. Significant
advances in the field of material science has led to the
production of new silicones with improved characteristics
and improved methods of prosthesis coloration.'”

A major change has been the increased use of extraoral
endosseous implants, resulting in improved retention and
stability of maxillofacial prostheses.'® The use of dental
implants for the retention and stability of facial prostheses
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has been shown to be effective and has eliminated the need
for the use of adhesive tape. The use of implants has had a
major impact on patients in that they are able to function in
society, confident their defects may be less noticeable. The
accumulation of the positive effects as a result of the use of
implant-retained prostheses has undoubtedly improved the
quality of life of patients.

The demand for maxillofacial prostheses is high, and there
is a need to periodically evaluate the services provided. Many
prostheses are rejected by patients due to patients’ high
expectations and lack of information provided regarding the
prostheses.'> It is through such investigations that factors
related to success and failure of the prostheses may be identi-
fied, and the results used to produce prostheses with increased
longevity and patient acceptability. The purpose of this study
was to acquire information on the types and longevity of
implant-retained facial prostheses and to assess the opinions of
patients on several factors related to their prostheses from a
group of patients currently under the care of the Maxillofacial
Unit, Morriston Regional Hospital, Swansea.

MATERIALS AND METHODS

An initial pilot study was undertaken with questionnaires
sent to 5 randomly selected maxillofacial patients currently
under treatment and review at the Maxillofacial unit, Mor-
riston Hospital. The survey was mailed to patients at their
current addresses.

These patients were asked to complete the questionnaire,
to comment on the design, and to identify any problems
experienced in completing the questionnaires. An accompa-
nying letter was written to explain the nature of this survey
and inform the respondents that their replies would be
anonymous and confidential. A stamped addressed envelope
for reply was included. The results of the pilot study did not
identify any problems with the questionnaire, the question-
naires were completed satisfactorily, and no changes were
recommended. The remaining 70 questionnaires were
posted, for a total of 75 surveys. The questionnaire was
multiple choice, with structured tick-boxes. The number of
free text responses was limited. The questionnaire was
designed to obtain a patient history in terms of the maxillo-
facial prosthesis, i.e., prosthesis type, longevity of the pros-
thesis, possible reasons for prosthesis replacement, period of
wear, and cleaning regimen.

TABLE 20.2 Longevity of Prosthesis

TABLE 20.1 Study Population of Age Distribution

Age Grouping (Years) Frequency Percentage of Total
0-9 0 0
10-19 10 21.3
20-29 2 43
30-39 5 10.6
40-49 9 19.1
50-59 5 10.6
60-69 7 149
70-79 5 10.6
80-89 3 6.4
90-100 1 2.1

RESULTS

Of the 75 questionnaires sent, 47 were returned (32 males and
15 females), for a 63% response rate. The results were
subjected to a statistical analysis using y* and r-test. The
results are presented in Tables 20.1-20.7.

The ages of respondents were grouped in 10-year groups
from a 10-19 years group to a 90-100 years group. The age
distribution of respondents is given in Table 20.1. In terms of
employment status, 16 were recorded as employed, 19
retired, 10 in full-time education, and 2 as other.

The proportion of each type of prosthesis was ear 39 (83%),
nose 4 (8.3%), orbit 3 (6.4%), and nose/orbit 1 (2.1%).

Of the 47 respondents, 8 (17%) reported they were
currently wearing their original prostheses. The remaining
39 (83%) respondents had been provided with at least one
replacement prosthesis. For the 39 patients who had been
provided with replacement prostheses, the mean life span of
their previous prostheses is given in Table 20.2. The mean
lifetime of the prostheses was found to be 14 months (range:
4-36 months). Orbital prostheses had the longest life span
(28 months), followed by ears (13 months), nose (12 months),
and finally combination prostheses (4 months). Reasons for
replacement prostheses included deterioration in color
(12 (26%)), wear and tear (17 (36%)), poor fit (2 (4%)),
prosthesis lost (2 (4%)), replacement at annual review (1
(2%)), and no response (13 (28%)). Respondents provided
more than one answer to the question.

In terms of prosthesis daily wear, 4 (8%) of the respon-
dents reported they wore the prostheses continuously, 30
(63%) during the day, 2 (4%) at school, 8 (17%) for social

Prosthesis Type All Prostheses Nose Ear Orbit Nose/Orbit
Mean lifetime 14 months 12 months 13 months 28 months 4 months
Min. lifetime recorded 4 months 12 months 4 months 12 months 4 months
Max. lifetime recorded 36 months 12 months 24 months 36 months 4 months
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TABLE 20.3 Patients’ Perception of Quality of Fit of the
Prosthesis at the Edges
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TABLE 20.5 Patients’ Perception of the Realism of Color
Match

Quality of Edge 1 (Excellent) 2 3 4 5 (Poor) Color Match 1 (Excellent) 2 3 4 5 (Poor)
New (n=45) 31 12 2 0 0 New (n=45) 34 9 2 0 0
0—6 months (n=14) 4 6 3 1 0 0—6 months (n=14) 5 4 5 0 0
7—-12 months (n=19) 5 5 4 4 1 7-12 months (n=19) 9 1 5 4 0
13+ months (n=12) 3 1 5 2 1 134+ months (n=12) 3 1 3 4 1

Applying the ;(2 test between results for: new and 0-6 months, p=0.014;
0-6 months and 7-12 months, p =0.655; 7-12 months and 13+ months,
p=0.646.

TABLE 20.4 Patients’ Perception of the Degree of Comfort
of Prosthesis

Comfort 1 (Excellent) 2 3 4 5 (Poor)
New (n=45) 33 9 1 1 1
0—6 months (n=14) 9 4 0 O 1
7-12 months (n=19) 11 4 2 2 0
13+ months (n=12) 8 1 3 0 0

Applying the y” test between results for: new and 13+ months, p=0.08.

outings, 2 (4%) on other occasions, and 1 (2%) did not
provide a response. The number of hours per day that
prostheses were worn was 0-3 (3 (6%)), 47 (4 (9%)),
8-11 (13 (28%)), 12-15 (19 (40%)), 16-19 (6 (13%)),
20-24 hours (1 (2%)), and no response (1 (2%)).

The results for difficulty associated with cleaning the
implants were presented as a 5-point Likert Scale with a
score of 1 for easy and 5 for difficult. Eighteen respondents
reported a score of 1 (38%), 9 (19%) a score of 2, 12 (26%) a
score of 3, 4 (9%) a score of 4, and 2 (4%) a score of 5. Two
respondents did not provide a response.

The degree of difficulty experienced when inserting or
removing the prosthesis was recorded using the Likert scale.
Forty-one (87%) respondents reported no difficulty with a
score of 1,4 (9%) ascore of 2, 1 (2%) a score of 4, and 1 (2%)
a score of 5.

Patients’ perceptions of the quality of fit of the prostheses
at the edges are presented in Table 20.3. Patients’ perceptions
of degree of comfort are presented in Table 20.4. In terms of
realism of color match of the prosthesis, the results are
presented in Table 20.5. Patients’ opinions of shape and
fine detail of their prostheses when new are provided in
Table 20.6. Patients were asked to give their prostheses
overall scores for quality when new and at the present
time. Scores were gathered as excellent, good, adequate, or
poor. Each category was given a numerical value to enable a
mean score to be calculated. The results are presented in
Table 20.7.

Applying the y test between results for: new and 06 months, p =0.003;
0-6 months and 7-12 months, p=0.097; 7-12 months and 13+ months,
p=0.545.

TABLE 20.6 Patients’ Perception of Realism of Prosthesis
Shape and Reproduction of Fine Detail

1 (Excellent) 2 3 4 5 (Poor)

Realism of shape (n=45) 34 8§ 2 1 0
Realism of fine detail (n =45) 34 9 2 0 0

TABLE 20.7 Patients’ Overall Opinion of Prosthesis

Overall Opinion Excellent Good  Adequate  Poor
New (n=45) 35 9 0 0
0-6 months (n=14) 5 7 1 1
7-12 months (n=19) 4 8 6 1
13+ months (n=12) 4 5 2 1

Applying the y” test between results for: new and 0-6 months, p =0.196;
0-6 months and 7-12 months, p =0.288; 7-12 months and 13+ months,
p=0.178.

DISCUSSION

In many instances our results were similar to previous
studies, with a few exceptions. The distribution by patient
gender (68% male, 32% female) demonstrated similar pro-
portions of the sexes as reported in previous studies.'®'!
Previous studies reported a higher number of nose prostheses
than the 8% here.'®!!

The mean prosthesis life span in this survey, 14 months,
was slightly longer than the values reported in previous
studies.'”™'* A possible reason for this could be the intro-
duction and use of improved materials for maxillofacial
prostheses. Despite this improvement, the life spans of the
prostheses were relatively short. The majority of replace-
ment prostheses in this study were provided as a result of
color fade or wear of the silicone material of the previous
prostheses. No significant differences were attributed to sex
or age of the respondents. One might expect an increase in
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longevity for ear prostheses provided for females with long
hair, due to a possible reduction in environmental exposure
as aresult of protection by the hair. The limited longevity of
facial prostheses can often be attributed to deterioration of
the material from which they are constructed, and, in
particular, due to color instability. Studies have reported
that color fading is a common reason for patients disliking
their prostheses. The discoloration of facial prostheses may
be the result of intrinsic or extrinsic colorations secondary
to environmental factors. It is a complex multifactorial
phenomenon and may include several factors such as the
intrinsic characteristics of the material, pigments, personal
habits (cleaning regimes and use of cosmetics), and envi-
ronmental staining (climate, fungal, and body oil accumu-
lation).'® It is important that research continues in this field.

Patient expectation of the longevity of their current
prostheses did not significantly vary from the longevity of
previous prostheses. Males had a mean prosthesis longevity
of 11.4 months with an expectation of longevity of
14.3 months. Therefore, men tended to have an overesti-
mated expectation of the longevity of their prostheses.
Females had lower expectation of prosthesis longevity
(15.8 months) than the life spans of previous prostheses
worn (17.8 months).

A significant difference was observed in expected prosthe-
sis life span among patients who had worn prostheses previ-
ously and those who were wearing their first prosthesis. The
results demonstrated that those individuals with no previous
experience had unrealistic expectations of prosthesis longev-
ity, with a mean value of 17.8 months. In comparison,
individuals with previous experience had reduced expect-
ations with a mean of 14.4 months. This was an important
finding, as unrealistic expectations of prosthesis longevity
could be a potential cause of patient dissatisfaction with
treatment. Average prosthesis longevity should be discussed
during the formulation of the treatment plan for the achieve-
ment of realistic goals within the treatment provided.

Another problem identified by first-time wearers of
prostheses was difficulty inserting and removing the prosthe-
ses. First-time wearers found this task significantly more
difficult than patients with previous maxillofacial prostheses.
This finding highlighted the importance of sufficient instruc-
tion in insertion and removal of the prosthesis.

In terms of quality of fit at the prosthesis edges, the results
demonstrated that the patients’ perceptions of the quality of
fit was good upon insertion of the prosthesis and decreased
with time. Regarding the degree of comfort (Table 20.4), the
patient opinions demonstrated a high satisfaction with their
new prostheses and decreased satisfaction as the prostheses
aged. This is in agreement with a previous study.'’

In terms of the patients’ opinions of the overall quality of
their prostheses, the results demonstrated that a large number
of patients were satisfied, giving a score of excellent or good
for their prosthesis.

CONCLUSIONS

Fabrication of maxillofacial prostheses is time-consuming,
labor intensive, and costly. The results of this study demon-
strated that for some patients the expected longevity of their
prosthesis is higher than the actual longevity of the prosthe-
sis. It is important, therefore, that advice is given to patients
on the expected average longevity of their prosthesis,
together with information on factors affecting the longevity
at the first appointment. Many of the replacement prostheses
were provided due to color fading of the original prostheses,
highlighting the need for continuing research in the devel-
opment of materials used for the construction of facial
prostheses with improved properties—particularly improved
color stability.
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Restoration of an edentulous patient with a maxillary defect
poses a challenge to the treating prosthodontist. Without
teeth to provide clasping, the prosthodontist has to rely on
other means for retention and stabilization of the obturator.
Brown advocates extensive use of the lateral walls of the

ABSTRACT

Edentulous patients with maxillary defects face a more
challenging oral rehabilitation process than dentate patients.
With the use of mini dental implants (MDIs), it is now
possible to immediately increase obturator retention and
stability. Implant patients can have a retentive obturator
that enhances the overall efficacy of the prosthesis both in
comfort and function.

defect to stabilize the prosthesis.! Several other authors have
suggested resilient materials to engage key mucosal soft
tissue undercuts to provide stabilization and retention,?®
and additional authors have advocated using conventional
implants to retain and support the prosthesis.””'* This report

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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FIGURE 21.1 Preoperative photograph of maxillary tumor.

describes the use of mini dental implants (MDIs) placed
coincident with a maxillectomy to aid in stabilization of the
edentulous obturator.

CLINICAL REPORT

An 81-year-old, Caucasian male patient presented on referral
from the Otolaryngology Head and Neck service with a
diagnosis of a 3-cm, T,NoM,, poorly differentiated squa-
mous cell carcinoma of the right maxilla and sinus, approxi-
mating the bicuspid region and extending posteriorly to the
hamular notch (Fig 21.1). Prior medical history was non-
contributory; the patient was not taking any medications at
the time of referral and had no known drug allergies. The
patient was completely edentulous in the maxilla and had a
partially edentulous mandible with right and left cuspids
present. The patient wore a complete maxillary denture,
which had been recently relined, and an acceptably fitting
and retentive mandibular removable partial denture (RPD). A
panoramic radiograph was obtained to evaluate the bone
available for implant placement. The patient consented to
placement of MDIs at the time of resection.

Two irreversible hydrocolloid impressions of the maxillary
arch were made and poured in vacuum-mixed type III stone;
the first for a permanent preoperative record and the second for
a working cast. A surgical obturator was then fabricated using
the working cast and the procedures demonstrated by Huryn
and Piro'’ with the following modification to the aforemen-
tioned procedure: a wax rim, 6 mm high and 10 mm wide
measured from the top of the ridge, was attached to the cast at
the site of the proposed implants, and visible light-cured resin
was used to fabricate the prosthesis. This wax rim forms a
relieved trough to fit over the implants and allows for complete
seating of the surgical obturator (Fig 21.2).

At the time of resection, four MDIs (MDI-MAXTM,
IMTEC Corp., Ardmore, OK), 2.4 X 13 mm, were placed

CLINICAL REPORT 193

FIGURE 21.2 Surgical obturator with trough to fit over implants.

in the remaining maxilla. The implants were placed parallel
to one another at a distance of 6 mm from the center of the
adjacent implant. The number of implants will vary relative
to the amount of remaining maxilla and in relationship to the
maxillary sinus. Patients benefit from the placement of as
many implants as possible. The implant sites were prepared
using the 1.1-mm pilot drill to perforate the maxilla. The
depth of the osteotomy sites is less than 3 mm, which
provides maximum engagement of the implant to the
bone. The finger driver was used for the initial seating,
and once significant resistance was met, the winged thumb
wrench was used until the implant would not advance any
further. Finally, the ratchet wrench was used to complete the
seating of the implant. All the threads were subgingival with
only the collar of the implant and the retentive o-ball
protruding. The implants were placed while waiting for
the results of frozen sections, which did not extend the
overall operative time. Once the implants were placed, the
surgical obturator was fixed to the remaining maxillary ridge
with 24-gauge stainless steel ligature wire (Fig 21.3).

FIGURE 21.3 Ligated surgical obturator covering the immediate
implants.
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FIGURE 21.4 Postoperative Panorex demonstrating the mini
implants in the remaining maxilla.

On postoperative day 5, the surgical obturator and packing
was removed. The mouth was gently cleaned, and a post-
operative panoramic radiograph and intraoral photographs
were completed (Figs 21.4 and 21.5). At this point, the
existing denture was modified and converted into the interim
obturator prosthesis. Pressure-indicating paste was placed on
the top of the o-ball, and the obturator was marked for the
approximate implant location. The internal aspect of the
denture was relieved to allow complete seating of the pros-
thesis intraorally with the retentive O-ring housings in place.
The obturator portion was then formed with tissue condi-
tioner (COE Comfort, Dentsply, York, PA) and trimmed to
fit. Once the defect was sufficiently obturated, the retentive
housings were incorporated into the prosthesis using auto-
polymerizing acrylic resin (Fig 21.6). The occlusion was
adjusted using articulating paper and having the patient close.
Over the ensuing weeks, the patient’s range of motion
improved, and the occlusion was further equilibrated with
a clinical remount.

Upon successfully forming the obturator prosthesis and
incorporating the retentive housings, the patient was
instructed on the insertion, removal, and care of the prosthe-
sis and implants. Removal should take place using both
hands bilaterally and pulling straight down off the implants.
Insertion takes some practice, but after a few days in front of
the mirror the patient will be able to insert the prosthesis by
feel. Using the dominant hand, have the patient use the

FIGURE 21.5 Postoperative intraoral photograph of the immedi-
ate implants.

FIGURE 21.6 Completed interim obturator with resilient liner
and incorporated O-ring housings.

prosthesis to move the cheek on the defect side laterally
and direct the obturator portion first, the unaffected side can
then be rotated into place. Once in the mouth, the patient will
feel for the implants and press firmly in a superior direction
using both hands until the prosthesis is fully seated. Dis-
courage the patient from biting the prosthesis into place, as
this could result in damage to the retentive O-rings, necessi-
tating more frequent replacement.

Five weeks following surgery, the patient was treatment-
planned for 33 fractions of external beam radiation therapy.
Three months postradiation therapy, a primary impression of
the maxilla and the surgical defect area was made with
irreversible hydrocolloid for the fabrication of a definitive
obturator. The impression was poured with type II stone, and
the cast was used to construct a custom tray. The implant
areas were marked with an indelible pen on the cast, which
then transferred to the custom tray. Relief was provided in
this area to ensure complete seating of the custom tray. The
tray was then border molded, and a secondary impression
was made with a 1:1 ratio of light and regular viscosity
polysulfide. Once set, the impression material was removed
from around the implants, and the metal retentive housings
were placed on the implants. After roughing the custom tray
with an acrylic bur, the retentive housings were attached
using autopolymerizing acrylic resin as previously described.
Implant analogues were placed into the incorporated hous-
ings, the impression was boxed, and type III stone was
vacuum mixed and poured for the master cast (Fig 21.7).
A base plate with O-ring housings was fabricated with a wax
rim. Following wax rim modification, jaw relation records
were made, and the casts were mounted. A wax trial denture
was fabricated and tried in the patient’s mouth to verify
occlusal records, phonetics, and esthetics. Once the patient
signed the consent for processing, the obturator was com-
pleted using heat-processed acrylic resin (Lucitone 199,
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FIGURE 21.7 Secondary impression with laboratory analogs
incorporated for the master cast.

Dentsply). The patient had experimented with a hollow and
nonhollow designed obturator during the interim phase and
was more comfortable with the nonhollow design. Using
pressure-indicating paste, adjustments were made, and a
remount was accomplished at the delivery appointment
(Fig 21.8). The patient was then scheduled for recall appoint-
ments every 4 months, and after the 36-month follow-up
period all the implants remain integrated without signs of
mobility, radiolucency, or pain. The patient’s oncologic and
restorative prognosis is favorable and he will continue to be
monitored for signs of recurrence or for implant failure.

DISCUSSION

The MDI described is a 2.4-mm diameter, self-advancing,
single piece, threaded, roughened surface, titanium alloy (Ti-
6Al-4V). This more open thread design allows for better
penetration through cancellous bone compared to the smaller
diameter, more-compact thread design used for denser
bone.'®!7 This system differs from “transitional” or “modu-
lar” implants in that the surface treatment allows for osseoin-
tegration compared to transitional implant systems that have
machine-polished titanium surfaces, which allow for counter

FIGURE 21.8 Completed treatment following surgery and radia-
tion therapy.
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torque removal once conventional implants have inte-
grated.'®?® Additionally, Kanie et al compared the mechan-
ical properties of the mini transitional implant (MTI,
Dentatus USA, New York, NY) and the MDI (IMTEC)
and found that the MDI is stronger and more likely to
integrate, making it suitable for long-term use.” Lastly,
few reports are available describing the long-term success
rate for MDIs.*°? These reports describe 32 2.4-mm X 13-
mm—implants (Hi-Tec Implants, Herzlia, Israel) followed
for 5 years; 27 total, 1.8-mm X 13-, 15-, and 17-mm, MDIs
used as transitional implants followed for a median of 18
weeks; and a multi-institutional study of 1029 MDIs fol-
lowed for 5 months to 8 years. The authors have an overall
success rate of >92% but illustrate the disparity in reporting
between short- and long-term survival and the need for
further clinical research.

Once implanted, immediate use is of the utmost impor-
tance for patients needing oral rehabilitation of maxillectomy
defects. Proper nutritional intake and the ability to commu-
nicate without nasality are necessary for physical and psy-
chological healing. This immediate use is accomplished
because the auto advancement thread pattern creates a stable,
compacted bone interface rather than the bone healing toward
the implant from a conventional osteotomy site. When
conventional implants are placed in the maxilla, most practi-
tioners will allow a minimum of 4 months healing time
before second stage surgery is initiated, if the overall bone
quality is favorable.>* Some authors have suggested waiting
6 to 18 months following radiotherapy before placing con-
ventional implants.>* Although the exact timing of implant
placement and restoration has not been established, using
MBDIs to enhance stabilization instantaneously improves the
efficacy of the obturator.

Potential complications with this system are as with any
implant system: bleeding, infection, discomfort, sinus perfo-
ration, nerve damage, lack of integration, mechanical over-
load, and soft tissue edema.

Note: The system described here now includes impression
copings and brass analogs that accurately reproduce the
implants and their positions for the master cast. At the
time of this procedure, however, the impression copings
were in development, so the choices were to register the
implants in the impression material or in the housings.

CONCLUSION

Some practitioners find the use of mini implants controver-
sial, as long-term survival data is sparse; however, immediate
improvement in stabilization and retention of obturators can
be accomplished with their aid. Placing these implants,
preferably at the time of the ablative surgery, will shorten
or hasten the recovery process of the edentulous patient as the
obturator will be more efficacious. If planned in conjunction
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with the surgical team, the implants can be placed with little
to no extension of the overall operative time. The patient can
then begin adapting to the stable interim prosthesis quickly
following packing removal and may be rehabilitated to a near

presurgical leve

1.35
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ABSTRACT

Traditionally, patients with maxillofacial defects have been
challenging to treat. A multitude of challenges associated
with maxillofacial prosthetic treatment are not typically seen
with patients who need conventional prosthodontic treat-
ment. These types of patients generally require replacement
of significant amounts of hard and soft tissues than do
conventional prosthodontic patients. Most maxillofacial
patients also warrant more emotional support than do con-
ventional prosthodontic patients. Successful maxillofacial
prosthetics still need to embrace the traditional goals of
prosthodontic treatment: stability, support, retention, and
esthetics. It is unlikely that a maxillofacial prosthesis will
exactly duplicate the anatomy and function of missing or
damaged structures. Although craniofacial implants (CFI’s)
have lower cumulative survival rates (CSR’s) than intraoral
endosseous implants, osseointegrated CFI’s have proven to
be significant adjuncts to improving retention of maxillo-
facial prostheses. However, CSR’s of CFI's have been
reported to be lower than CSR’s for intraoral endosseous
implants. Lately, computer-assisted design and computer-

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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assisted machining (CAD/CAM) has been used in dentistry
to facilitate fabrication of implant-supported frameworks.
CAD/CAM protocols have numerous advantages over con-
ventional casting techniques, including improved accuracy
and biocompatibility, and decreased costs. The purpose of

Changes in midface and maxillofacial region anatomy due
to acquired or congenital defects generally result in an array
of physical changes and emotional patient responses.' Gillis
et al' reported no significant differences between the Min-
nesota Multiphasic Personality Inventory (MMPI) means of
a group of maxillofacial patients versus the MMPI means of
a Mayo Clinic patient control group. It was also reported that
most of the maxillofacial patients resumed their normal
social habits and that patients in the study seemed to respond
to their new clinical situations according to their existing
personalities. It has been the authors’ experience that optimal
facial and oral rehabilitation allows maxillofacial patients to
resume their normal social habits, which is consistent with
Gillis et al’s findings.

It is unlikely that maxillofacial prostheses will exactly
duplicate the anatomy of missing or damaged structures. One
of the goals associated with maxillofacial treatment is that the
physiologic and functional aspects of maxillofacial prosthetic
reconstructions will be improved. In some instances, such as
replacement of eyes, noses, or ears, the total function of these
organs cannot be replaced. Eckert and Desjardins” suggested
that patients should be provided with prostheses that are
comfortable and do not cause irritation. In the past, maxillo-
facial prosthesis retention has been dependent on frictional
contact between prostheses and anatomic structures (skin,
mucosa), as well as anatomic undercuts. Frictional contact
may result in irritation that cause changes in residual
anatomy and increased patient discomfort. These changes
generally have negative impacts on overall patient satisfac-
tion. Success of a maxillofacial prosthetic rehabilitation is
assessed in terms of prosthesis stability, retention, and sup-
port as well as satisfying the patient’s expectations of the
prostheses approximation of normal contours and anatomy.
These goals are similar to goals for success in conventional
prosthodontics.

Often, patients experience difficulties with maxillofacial
prostheses that use traditional mechanisms of retention. This
is especially true when dealing with prosthesis positioning,
due to maxillofacial prostheses generally having to be placed
in one movement. Otherwise, adhesives, rubber bands, or
other retentive elements may lose their retention. Moisture,
which occurs by condensation on the interior of nasal
prostheses, also reduces retention. Chemical interactions

this paper is to review the literature on cumulative survival
rates (CSR’s) reported for CFI’s and to illustrate the treat-
ment of a maxillofacial patient using CFI's and a CAD/CAM
copy-milled framework for retention and support of a nasal
prosthesis.

of adhesives with external stains within or on maxillofacial
prostheses may cause discoloration. Reactions with pros-
thetic materials can cause corrosion of materials, and inter-
actions with skin can cause irritation and breakouts.’

Parel et al* stated that osseointegrated fixtures in the
cranial skeleton for retention of facial prostheses marked a
revolutionary step in the search for improved soft tissue and
maxillofacial replacement. This was later reinforced by
Arcuri and Rubenstein.® Extraoral maxillofacial prosthetics
retained via osseointegrated implants have provided advan-
tages that include improved retention, ease of placement, and
retention that is not sensitive to environmental factors such as
moisture.® Placing implants for predictable osseointegration
depends on both osteoinduction and osteoconduction pro-
cesses for osteosynthesis to be properly stimulated and for
recruiting nearby mesenchymal cells to produce bone around
embedded implants.

The success of an endosseous implant depends on the
level of bone growth around and into the implant. Success is
affected by factors that include implant metal material,
implant surface roughness, and bone type. Titanium, with
a moderately rough surface, is currently the material and
surface quality of choice for implants due to the metal’s
noncorrosive nature and its positive effect on osteosynthe-
sis.” Facial bones are classified according to their hardness
and density, as described by Lekholm and Zarb.*® The
classifications are Types 1, 2, 3, and 4, with bone density
and hardness decreasing in Types 2, 3, and 4. Type 4 bone
consists of fine trabecular bone, and it has been described as
soft and spongy. Bone Types 1, 2, and 3 have been described
as more favorable bone types for implants. When placing
implants in Type 4 bone, more time should be allowed for
proper osseointegration of the implant.*!

Endosseous craniofacial implants (CFI’s) allow existing
elastomer technology to be used to its greatest potential by
protecting surface colorations of maxillofacial prostheses,
eliminating adhesive-induced base material degeneration,
and maintaining long-term fine, thin peripheral margins.
Although not all maxillofacial patients are candidates for
CFT’s, the use of endosseous extraoral implants has proved to
be a valuable replacement for available adhesive systems.
CFI’s and the prosthesis need to withstand the typical
forces experienced by the anatomy being replaced without
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compromising any underlying anatomy. To meet these
expectations and to have success with the CFI’s, special
considerations are necessary for bone depth and type, possi-
bility of future irradiation treatments, and consistent patient
hygiene. It has been reported that successful use of dental
implants improves retention, and provides a positive impact
on patient satisfaction for maxillofacial prosthetics.”®
Implant frameworks for fixed complete dentures were
initially waxed around machined gold alloy cylinders, cast
with high alloys, and screwed into place with small retaining
screws.'® These prostheses splinted implants together via
rigid metallic frameworks that fulfilled the objectives of
strength, support, nontissue impingement, and non-
interference to obtain the desired results.'* It was necessary
to achieve passive and accurate fitting between restorative
components and implants.'>'® The increased use of com-
puter-assisted design and computer-assisted machining
(CAD/CAM) in dentistry has increased the accuracy and
improved the biocompatibility of implant frameworks. CAD/
CAM frameworks fit more accurately when compared to
frameworks cast conventionally with high noble alloys.'”'®
The factors noted above have resulted in challenging
processes, and improved results, for clinical teams dealing
with patients with maxillofacial extraoral defects. This report
describes the presentation of a patient with a nasal defect and
the subsequent fabrication of a nasal prosthesis retained by an
implant-retained, titanium alloy, CAD/CAM milled bar.

CLINICAL REPORT

Patient Presentation

A 71-year-old Caucasian man with well-controlled Type 2
diabetes and a history of smoking presented to the pros-
thodontic clinic at the University of North Carolina—Chapel
Hill. He had been treated surgically with total rhinectomy
and near-total septomy as a result of a squamous cell
carcinoma of the right nasal septum (2005). The medical
history revealed that he was diagnosed 3 years previous to
the initial presentation to the prosthodontic clinic and had a
partial rhinectomy with primary radiation treatment for the
recommended period of time. The amount and fields for this
radiation therapy were not available for the authors; how-
ever, the nasal lesion recurred 5 months later. Due to the
recurrence, the patient underwent a total rhinectomy with a
left neck dissection. The neck dissection revealed three
lymph nodes with involvement and extracapsular extension
in the cervical 1-2 regions—49 lymph nodes were removed.
The patient was treated with concurrent radiation post-
operatively to a total dose of 6300cGy in 180cGy frac-
tions. The tumor bed region and contralateral neck received
similar doses. The left supraclavicular region received
5040 cGy.
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FIGURE 22.1 Preoperative frontal and lateral views of the
patient.

At the time of his presentation to the prosthodontic clinic,
the clinical extraoral examination revealed resected tissue
margins of normal color and shape (Fig 22.1). The nasal
mucosa was slightly inflamed. Intraoral examination demon-
strated a normal dentition with several missing mandibular
molars. A cephalometric radiograph demonstrated adequate
bone volume for three extraoral implants surrounding the
nasal defect.

Treatment Plan

There was adequate bone volume for the placement of three
CFTI’s in the superior anterior maxilla and glabella regions
surrounding the defect. The anterior maxilla was evaluated as
Type 3 bone, while the glabella region consisted of hard,
compact bone classified as Type 1 or Type 2-these bone
types have been described as favorable for successful implant
osseointegration.?' The treatment plan called for implants to
be placed with a two-stage surgical protocol. After osseoin-
tegration, the implants were to be uncovered; impressions
were then to be made to fabricate a titanium alloy framework
using a CAD/CAM protocol. Due to the complexity of the
framework for the nasal prosthesis, instead of designing a
framework with a computer software program, it was thought
that a customized wax pattern would be more beneficial. The
pattern was to be developed first on the master cast. The wax
pattern and master cast (with implant analogs) would then be
sent to a milling center for scanning. The scanned data would
be transferred to a milling machine for milling the titanium
alloy framework. This process is called copy milling,
whereby a wax pattern is fabricated by hand and scanned,
and a framework is milled from the digitized data. In this
instance, magnetic attachments were to be used for retention
of the prosthesis. The attachment housings were waxed into
the wax pattern prior to scanning, and then subsequently be
cemented into the framework for retention of the nasal
prosthesis.
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Implant Placement

A diagnostic impression was made of the defect and sur-
rounding areas for fabrication of a diagnostic cast. The initial
nasal prosthesis was developed in wax, and a clear acrylic
resin duplicate of the nasal prosthesis was fabricated for use
as a surgical guide and scanning template (Fig 22.2). Radi-
opaque markers were placed into the surgical guide/scanning
appliance. Under general anesthesia, two 4-mm-long CFI’s
(Vistafix System, Cochlear Corp, Englewood, CO) were
placed into the anterior maxilla on either side of the nasal
septum and a third implant 3-mm long was placed into the
glabella region (Vistafix System). The implants were placed
with a two-stage surgical protocol. The implants achieved
primary stability. The implants were screwed into position
using the handpiece at a 20:1 ratio. When the collars of the
implants were against the recessed platform on the outer
cortex of the bone, the surgeon discontinued use of the drill
unit and used the hand wrench to slowly tighten the implants
until resistance was felt. Cover screws were inserted into the

FIGURE 22.2 Clear acrylic resin stent (A) and a coronal view of
the patient with the acrylic resin stent in place (B).

implants and the incisions were closed. The area was cov-
ered, and a standard dressing was applied to the area. Six
months later the implants were uncovered; all three implants
were assessed as clinically stable and considered to be
osseointegrated. Three abutments (4 mm cuff height; Vistafix
System) were placed and hand tightened. The patient was
ready to begin the restorative phase of treatment. During the
healing process, the patient decided not to wear any prosthe-
sis. The area was covered with a facial bandage that the
patient changed on a daily basis.

Restorative Treatment

Abutment impression copings (Squared #90379, Vistafix
System) were placed onto the abutments, and an abut-
ment-level impression was made using a low-viscosity vinyl-
polysiloxane (VPS) impression material moulage supported
by a combination of layers of reinforced high-viscosity VPS
impression material.'® Abutment replicas were attached to
the impression copings. The moulage was poured in
improved die stone (Hard Rock; WhipMix Corp., Louisville,
KY) to generate the master cast. The cast was verified as
accurate with a verification index. A nasal prosthesis wax
pattern was developed using photographic records provided
by the patient as a guide. The nasal prosthesis was sculpted in
wax and tried in until the patient was satisfied with the
appearance. A framework fabricated from acrylic resin
(GC Pattern Resin; CG Corporation, Tokyo, Japan) was
designed to fit within the contours of the nasal prosthesis,
consistent with the amount of space needed for the nasal
prosthesis, as well as satisfying the parameters for framework
design relative to strength and attachment locations
(Fig 22.3). The pattern was also designed to house the
attachments for magnetic retentive elements (Factor II
Inc., Lakeside, AZ). The framework and master cast were
sent to a dental milling center (Biomet 3i, Palm Beach
Gardens, FL) for scanning the resin pattern and milling
the CAD/CAM titanium alloy framework using a copy
mill technique.

This milling center requires that the clinicians must state
that the master cast has been verified to be accurate, which

FIGURE 22.3 Lateral, frontal, and left three-fourth views of the
patient with the wax prosthesis.
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FIGURE 22.4 CAD/CAM framework. (A) Framework in place in
the extraoral cast. (B) Various views of the CAD/CAM images of
the wax pattern/framework.

was indicated on the work order. At the milling center, the
replica analogs were evaluated as to their stability in the stone
cast; they were determined to be stable. A tactile scanner was
used to map the exact 3-D locations of the analogs in the cast.
The resin pattern for the framework was placed onto the
analogs with laboratory screws. The tactile scanner
mapped the dimensions and contours of the resin pattern.
A computer program reformatted the data. The titanium alloy
framework was milled, polished, and returned to the authors
(Fig 22.4).

The CAD/CAM framework was received at the prostho-
dontic clinic and evaluated for passive and accurate fit on all
the analogs in the master cast. The Sheffield test was used to
evaluate the fit on the analogs; the framework passed the
laboratory one-screw test. The magnetic attachments were
attached to the framework using autopolymerizing acrylic
resin (Jet Repair Acrylic P&L Clear; Lang Dental Manu-
facturing Company, Wheeling, IL). The actual superstructure
acrylic resin framework was incorporated directly into the
final silicone nasal prosthesis when silicone mass was packed
into the flasks. The nasal prosthesis was processed using a
combination of Silastic MDX4-4210 and Silastic Medical
Adhesive Silicone Type A (Dow Corning, Ayer, MA) with a
conventional manual flasking and packing technique
(Fig 22.5). The silicone material was intrinsically stained
with various artist oils and dry earth pigments prior to
packing the material into the flask.

For insertion of the prosthesis, the titanium alloy CAD/
CAM framework was placed onto the standard abutments
and hand tightened using gold alloy screws (Fig 22.6). The
silicone nasal prosthesis went to place on the metal frame-
work retained by the magnets. The nasal prosthesis was
characterized based on the patient’s skin tone. The patient
was very pleased with the results of treatment (Fig 22.7).
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FIGURE 22.5 (A, B) Magnetic housings for prosthesis.
(C) Posterior view of the silicone prosthesis. Lateral (D) and frontal
(E) views of the finished silicone prosthesis.

Hygiene instructions and demonstrations were given to the
patient relative to the silicone and metallic components of the
nasal prosthesis. This included instructing the patient on a
daily cleaning routine that included cleaning in, under, and
around the framework. These efforts would help keep the soft
tissues reaction-free and reduce the chance of skin irritation
or infection.

FIGURE 22.6 The framework in place on the patient. (A) Close-
up view of the superior abutment screw in the framework.
(B) Frontal view of the framework on the patient.
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FIGURE 22.7 Frontal and lateral views of the patient with the
completed nasal prosthesis in place.

DISCUSSION

In a clinical study published in 1996 with a 6- to 74-month
follow-up, Nishimura et al® reported implant survival for
extraoral endosseous implants used as retention for nasal
prostheses at 71.4%. They also noted that implant survival
was highly dependent on specific anatomic sites. Implant
survival for implants placed into the glabella region was 0%
(0/4); however, implant survival for implants placed into the
anterior nasal floor was 88.1% (15/17).° Nishimura et al” also
reported that severe soft tissue reactions around implants
placed into the anterior nasal floor were rare. In another
clinical study published in 2008, Karakoca et al'® also
concluded that anatomic sites into which implants were
placed had an effect on implant survival rates; some of
the sites also demonstrated peri-implant soft tissue reactions.
Peri-implant soft tissue reactions were most commonly
associated with lapses in hygiene. They reported that nasal
and orbital implants were found to offer promising results in
achieving reliable implant survival rates (83.3% and 77.4%,
respectively). Regardless of the implant site, decreased sur-
vival rates and occasional peri-implant soft tissue reactions
were observed in irradiated sites. In 2012, Curi et al'!
published the results of a study of overall implant and
prosthesis survival rates. Their 2-year report included vari-
ables such as gender, prosthesis location, and radiotherapy.
Patients studied had received extraoral implants between
the years 2003 and 2010. Curi et al analyzed the long-
term (2 years) results of implants used for auricular, nasal,

TABLE 22.1 Prosthesis Cumulative Survival Rates

orbital, and complex midfacial prosthetics. They found that
those patients with nasal defects had an overall implant
survival rate of 90.9%. This same group had an overall
prosthesis survival rate of 90.4%. These survival rates, as
well as the overall implant and prosthesis survival rates of
other facial areas, allowed Curi et al to conclude that
extraoral implants are a safe and reliable method for retention
of maxillofacial prostheses. A consensus may be offered
based on current literature that extraoral implant survival
rates have improved to the point where CFI’s may now be
routinely considered for use in maxillofacial prosthetics.

Regarding clinical survival rates and associated clinical
complications of extraoral prostheses supported by CFI’s,
Karakoca et al'? found that average replacement times for
original prostheses were as follows: 14.1 months (auricular),
13.4 months (orbital), and 17.6 months (nasal). Survival
times for the second replacement prostheses were reported
at 14.4, 15.3, and 14.0 months, respectively. They concluded
that implant-retained extraoral prostheses had decreased
survival rates when compared to the survival rates of intraoral
implant-retained or -supported prostheses. They also identi-
fied the primary reasons for making new prostheses: dis-
coloration, tearing, and mechanical failures of the acrylic
resin substructure or retentive elements. They also reported
that the most common complications observed in their study
were associated with decreased retention and clip activation,
loosening of bar screws and abutments, and loss of attach-
ment between silicone and acrylic resin substructures.
Although they reported that implant-retained/-supported
prosthetic reconstructions of facial defects had surgical
limitations, compromised tissue responses, and lower
implant survival rates when compared to intraoral dental
implants, CFI’s still provided a viable option for improved
retention for maxillofacial prostheses. These studies are
summarized in Table 22.1.

In this report, efforts were taken to ensure that bone type
and depth of the implant sites were sufficient for successful
implant osseointegration. The protocols for implant place-
ment were carefully followed, including achieving primary
stability during placement and allowing adequate time for
implant osseointegration. This was done to minimize many
of the common risk factors associated with implant failure,
especially for implants placed in the glabella, documented to
be an area of high risk for implant failure. The most common
risk factors linked to failure with CFI implants are listed in
Table 22.2. Also, the patient was very clearly instructed

Nishimura et al study (1996)°

Karakoca et al study (2008)"° Curi et al study (2012)"

Cumulative survival rates 71.40%
Type of prosthesis Nasal
Study time period 6—74 month follow-up

83.30% 90.40%
Nasal Nasal
2 years 7 years




WWW.HIGHDENT.IR
O 35135 5 Olilusluis Hlen

TABLE 22.2 Common Risk Factors Associated with
Implant Failure

Common Risk Factors Associated with Craniofacial Implant
Failure

Lack of hygiene

Insufficient bone depth or density
Poor bone type or soft tissue type
Insufficient osseointegration

Soft tissue irritation or inflammation
Radiation therapy

Smoking habits

about the importance of hygiene procedures necessary to
minimize the risk of soft tissue irritation or infection as well
as to report every 6 months to the dental clinic for care and
maintenance of his facial prosthesis and milled bar. Since the
patient expressed satisfaction with the nasal prosthesis, and
the CFI's were appropriately osseointegrated, the nasal
prosthesis with copy-milled CAD/CAM framework was
deemed successful.

SUMMARY

CFI’s have been shown to have lower cumulative survival
rates when compared to intraoral endosseous implants; how-
ever, when CFI’s can be placed and are successful, they can
be a tremendous asset to maxillofacial patients for improved
retention, stability, support, and function of their maxillo-
facial prostheses. This clinical report illustrated the use of
CFI's and a copy-milled CAD/CAM framework in the
successful, short-term treatment of a patient with a nasal
prosthesis, secondary to cancer resection of a nasal tumor.
Further clinical research is required relative to the longevity
of CFI’s in maxillofacial prosthetics. In addition to this,
further implementation of CAD/CAM technology for more
components of the prosthesis, including the prosthesis itself,
needs to be explored for feasibility and utility reasons.
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ABSTRACT

Purpose: The objective of this study was to analyze and
compare the stress distribution in the cortical and trabecular
bone between the internal hexagon and the Morse taper
systems, both with straight abutments.

Materials and Methods: Two implant systems (Morse
taper and internal hexagon connections) were simulated in
maxillary bone. Loads of 100 N (axial) and 50 N (oblique) in
relation to the implant axes were applied. The 3D finite
element method was used to simulate and analyze the present
study. The analyzed parameters were ultimate tensile
strength and Von Mises stress.

Results: Both systems presented stresses below the
bone tissue physiological limit as well as a similar distribu-
tion in quantitative values, with a higher concentration of
tension in the cortical surface near the neck of the implant in
the two conditions of applied loads, with higher values for the
internal hexagon system. When the groups were evaluated
individually, the internal hexagon system showed higher
compressive stresses, while in the Morse taper system, the
highest values were traction.

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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Conclusions: There was a difference in the stress
location on the prosthetic components of the systems studied;

Many studies have shown the long-term survival of dental
implants placed in both the maxilla and in mandible, support-
ing partial or full-arch prosthetic rehabilitations.'~® However,
early and late failures have been reported and clinically
evaluated in a significant proportion of the population.’
These complications can be classified into failures due to
peri-implant tissue infections (such as peri-implantitis)®® and
others due to occlusal overload, which causes the loss of peri-
implant bone and ultimately leads to implant mobility.'®'!

The transmission of occlusal load to peri-implant bone
tissues has widely been studied in vitro and in vivo, recog-
nizing some influencing factors, including patient-dependent
factors such as occlusal bite force, parafunctional activities,
bone characteristics (bone density and quantity), and
implant-prosthesis system-dependent factors such as implant
length and width, implant design, texture characteristics,
shape and dimensions of implant/abutment connection,
materials, and prosthesis characteristics and extension.'*™'®
Depending on the characteristics of occlusal load on the
implant/abutment structure, the compressive or tensile stress
acting at the most coronal portion of crestal bone can cause
bone resorption in cases of excessive strength, in response to
a microtrauma affecting the bone trabeculae.'’

When choosing an adequate implant system, one should
consider the possibility of minimizing the compressive and
tensile forces at the bone-to-implant interface, to lower the
risk of peri-implant bone loss due to occlusal load. Finite
element analysis (FEA) has been demonstrated to be a valid
device to study the distribution of forces in various implant-
abutment and prosthesis configurations'*'>'¥2% and can
lead to a better understanding of the most efficient
implant/abutment system to minimize stress to bone. Several
studies have been published analyzing different implant/
abutment connections when an experimental occlusal load
was applied.?'™* The design of the implant system, its
geometrical characteristics, and the connection type between
abutment and implant are important factors in the stability,
performance, and longevity of the prosthetic rehabilitation,
as long as there is a balance between the force transmission of
the bone/implant interface and the abutment/implant
interface.*"***

This objective of this study was to evaluate and compare,
through FEA, the generated stresses and load transmission of
the abutment/implant connection to the bone tissue in two
types of prosthetic connection, internal hexagon (IH) and
Morse taper (MT), with the application of different loads, in
the posterior region of the maxilla. The hypothesis is that a

however, it did not influence trabecular bone stress
generation.

MT connection can reduce the stresses (both tensile and
compressive) to peri-implant bone.

MATERIALS AND METHODS

This study was conducted in the Centro de Tecnologia da
Informac¢do Renato Archer-Tridimensional Technologies
Division (CTI) in Campinas-Sao Paulo, Brazil. The 3D
meshes used in the study were created from data supplied
by the implant manufacturer (Implacil De Bortoli, Sdo Paulo,
Brazil), through AutoCAD 2008 software (Autodesk, Mill
Valley, CA). Implants were conical, 10 mm long, with a 4-
mm diameter. They had either an IH or MT connection. Both
systems were fabricated with commercially pure titanium.
The intermediate abutments of both systems were straight,
made of two pieces for IH (pillar and screw) and of a single
piece for MT (Fig 23.1).

No prosthetic crowns were used. The area of interest of
this study allowed the abolishment of this component, since
the main objective was to create a critical situation for the
implant and the prosthetic component, simulating a direct
load without the presence of any intermediary between the
applied force and the components, excluding the distribution
of tensions to adjacent elements through the proximal contact
points.

The image from the section of the posterior maxilla
corresponds to the first superior molar. This image was given
by the CTI database, through 3D CAD software (Rhinoceros
4.0 NURBS Modeling for Windows; Robert McNeel &
Associates, Seattle, WA) for the generation of a geometrical

A \ B

FIGURE 23.1 Components used in the study: (A) internal hexa-
gon and (B) Morse taper.
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FIGURE 23.2 Model reconstruction.

model. The model of the maxillary bone from this region
originated from a patient’s CT, with previous approval by the
Ethics Committee, being classified as type II, according to
the classification proposed by Misch?® for bone density.

The implant inclination in the 3D model followed the
bone anatomy, as well as an ideal clinical hypothetical
situation, considering that the IH system was placed at the
bone level, and the MT system 1 mm below the cortical bone,
according to the manufacturer’s instructions. A cortical bone
thickness of 2 mm without bone loss on the region of the
maxillary sinus represented a hypothetical case of a young
patient with recent dental loss in the region of the first molar.
It consists of the creation of a mathematical model of the
object or system in study, a geometrical phase where the
design is made. The solid model is discretized (knots,
elements, and mesh visualization), for the model generation
of finite elements. It also specifies the properties of the
materials involved, loading, and contour conditions.

Two 3D models were transferred to the ANSYS Work-
bench 12.1 finite element software to generate the nodal
points and the mesh (Fig 23.2). These models represent the
mathematical models of the implants, internal structures,
abutments, and bone tissue. The material proprieties used
in this study derived from those presented in the pertinent
scientific literature®’ ' (Table 23.1). The Young’s modulus
of elasticity corresponds to the relation between stress of
traction or compression and the corresponding value of
elastic deformation (reversible) that a material or structure

TABLE 23.1 Mechanical Proprieties of Materials and
Anatomical Structure

Young’s Modulus of Poisson
Material Elasticity (E) (GPa) Ratio (v)
Implant 110.000 0.33
Cortical bone 13.70 0.30
Trabecular bone 1.37 0.30
Abutment screw 110.000 0.28
Abutment 110.000 0.28

RESULTS 209

may present. Anybody under action of external forces (trac-
tion and compression) presents a longitudinal deformation in
the direction these forces are applied, but a deformation in the
transverse direction to an axis of axial traction. The ratio
between the absolute values of longitudinal and transversal
deformation represents the Poisson coefficient.

In this study, a load was applied at the top of the prosthetic
pillar of both systems 100 N in the axial direction, and a S0 N
oblique force in the buccolingual direction in relation to its
long axis at 45°. A static load analysis was performed for both
models. Models were restrained at the base of the maxillary
first molar in a vise-support to avoid the slipping of the entire
model.

The processing step or analysis solution was conducted
with the aid of ANSYS Workbench 12.1. The movement of
the knots to the elements in function of the applied load was
analyzed.* In this study, the Von Mises criterion, or theory
of maximal distortion, was applied, also analyzing the ulti-
mate tensile strength.

The Von Mises criterion is of special relevance when
considering the maximum resistance of a structure when
subject to two states of tension (traction and compression).
This criterion determines the distortion energy of the struc-
ture, that is, the energy related to changes in its shape, as
opposed to energy bound to changes in its volume, and may
be analyzed in any finite element mesh simultaneously or
compared.®®> The Von Mises formula is the most adequate
isotropic criterion to predict the flow of ductile materials (any
material that may be submitted to great deformations before
its rupture), such as metals.

The analyzed parameters were ultimate tensile strength
and Von Mises tension. The ultimate tensile strength analysis
restricts itself to more fragile materials, which possess little or
no flow, such as the bone tissue that suffers compression and
traction, and has different characteristics and material
coefficients.

A qualitative analysis was performed through ANSYS
Workbench 12.1, by means of visual observation of the
graphical images of Von Mises stress, generated and printed
by the computer program. Additionally, a mathematical or
quantitative analysis was conducted through the attributed
values in the color columns that accompany the mathematical
finite element methods (FEMs). The quantitative results
represent the tensions in MPa. The Von Mises values are
always positive, as they do not discriminate if the tensions are
traction or compression. Further statistical analysis could not
be performed because the numerical nature of the experiment
would present the same data over a series of observations.

RESULTS

A joint analysis, both qualitative and quantitative, was
performed. Both systems presented a transition of movement
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FIGURE 23.3 Image analysis of maximum displacement stress of
the HI (A) and MT (B) groups.

with no jumps, with a gradual decrease in the intensity of
tension in the direction of the abutment to the implant and
then to the tissues.

In the maximum tension movement analysis of groups IH
and MT, with a 100-N load, results of 0.0071958 and
0.0066592 mm, respectively, were observed, which in terms
of absolute numbers were of little significance. In the cortical
bone, a deformation of 0.005mm was noted, and this
displacement decreased as it moved away from the implant
(Fig 23.3).

In the maximum tension movement analysis of groups IH
and MT, a 50-N load showed maximum value in the top
region of the abutments in both systems; however, in the MT
system, the maximum value was 0.037712 mm and in the [H
system, it was 0.025065 mm, with a mean difference of
12 um (Fig 23.4). The results showed a difference in the
type of tension on the surface of the cortical bone. Compres-
sive forces could be seen in the IH system with high absolute
values. On the contrary, forces observed in the MT system
were of tensile nature with a lower value. Still, the MT
system presented a compression tension all around the neck
of the implant, as seen in the IH, but a little below the cortical
bone surface due to its positioning (Fig 23.5).

Considering the IH model, tensions of little expression
in the apex of the implant, with a compression tension of
—0.46162 MPa, and around its body, a traction tension of

A

FIGURE 23.4 Maximum displacement stress (A) HI and (B) MT
with a 50-N load.

FIGURE 23.5 Stresses on the cortical bone in groups HI (A) and
MT (B).

FIGURE 23.6 Stresses in trabecular bone implants HI (A) and
MT (B).

0.62349 MPa was observed on both sides in trabecular bone.
In the MT system, the apex region of the implant supported a
compression of —0.54485 MPa and a traction tension close to
the implant body of 0.43573 MPa on both sides (Fig 23.6).

In the region close to the apex of the implants, the results
showed a very small difference in relation to the quantitative
values presenting a very similar tension compression distri-
bution in both systems. In the 50-N nonaxial load of the IH
system, in the buccal side of the cortical bone, traction of
20.436 MPa was observed, and in the lingual side, compres-
sion of —5.0485 MPa was observed. In the MT system, the
maximum stress was 6.4257 MPa in the buccal side and
3.0648 MPa in the lingual side. In this system, only traction
stresses for both sides and of smaller values in relation to the
IH system were found (Fig 23.7).

FIGURE 23.7 Stresses generated in the buccal (B) and lingual (1)
of the HI (A) and MT (B) systems.
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FIGURE 23.8 Stresses in the portion of the buccal and lingual
models HI (A) MT (B).

The results in the trabecular bone of the IH model in the
region of the implant apex presented a compression tension
of —0.12602 MPa, in the buccal side close to the apex a
traction tension of 1.1262 MPa, next to the body of the
implant, a traction tension of 0.48559 MPa, and in the lingual
face —0.078531MPa of compression tension. On the
implant’s apex region, the MT system presented a compres-
sion tension of —0.11821 MPa, the buccal side close to the
implant apex a traction tension of 0.73736 MPa, next to
the body of the implant a tension of 0.41652 MPa, and in
the lingual face —0.011266 MPa of compression tension.

A pattern of tension distribution in the region close to the
implant apex was observed with little difference in the
quantitative values of tensions between the two systems
(Fig 23.8). Results of Von Mises tensions with loads of
100N for the IH system presented a larger concentration of
tension on the neck of the implant distributing the tension
through the body of the abutment and on its interface with the
head of the internal screw of 10.309 MPa. Little tension was
observed on the head of the screw, and the tensions were
evenly distributed through the body of the implant, dimin-
ishing as it directed to the apex. In the MT system, the
maximum tension localized more sharply on the neck of the
abutment with a value of 18.827 MPa, and little tension was
seen on the body of the implant (Fig 23.9). The Von Mises
stress location presented itself differently between both
systems, with higher quantitative values for the MT system.
However, there was little tension transmission to the implant
and the surrounding bone tissue.

FIGURE 23.9 Von Mises stress in the MT (A) and HI (B) groups
with a 100N load.

DISCUSSION 211

FIGURE 23.10 Von Mises stress of the HI (A) and MT (B)
groups, SON load.

The results of Von Mises stress for groups IH and MT
(50N load) have shown that the higher Von Mises stress of
the IH system was located in the neck, and that in the buccal
face, the stress was 49.278 MPa, while in the lingual face, it
was 41.065 MPa. The stresses distributed along the body of
the middle part of the implant were of 16.427 MPa, being the
response of the tension flow coming from the abutment wall.
In the MT system, the higher Von Mises stress was concen-
trated on the region of the abutment neck, with a value of
250.6 MPa on the buccal side and 188.37 MPa on the lingual
side, being distributed almost symmetrically on the abutment
and with very little stress present on the body of the implant
(Fig 23.10).

DISCUSSION

The biomechanical interactions between the implants and the
supported structures supply us with the knowledge of the
load transmission process. The load direction, type of abut-
ment/implant connection, implant length and diameter, and
bone quality and quantity are key factors influencing the
distribution of stresses to the bone tissue.'>'¢ For the study
of these stresses, FEM is a valuable mathematical tool used to
predict the effects of stress after occlusal loading. The
material shape and physical properties are built through
computation, and physical interaction of several components
of the model is calculated in terms of tension and deformation
occurring on the tissues.**

In this study, the bone structure was modeled through a
CT that can provide results closer to a real scenario, because
there is a difference in the behavior of stresses in work
conducted with elliptical models, cobblestones, and CT scan
data.’® Most of the literature***>>°=% has used cylindrical
bone models, blocks, or segments of maxilla with straight
lines; however, we cannot dismiss the obtained results, since
the FEM methodology allowed such simplification.

In the present study, the model properties were considered
homogeneous, isotropic, and linearly elastic. We assumed a
condition of 100% bone/implant contact and the application
of static loads, which may not necessarily be a real situation,
but gives an idea of what occurs clinically, since several
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variables are unable to be reproduced. These simplifications
corroborate previous FEM studies that also used such
methodology.>’~®

Comparing the two models of implant systems, it was
observed that in the ultimate tensile strength analysis, desir-
able biomechanical results were achieved, since the distribu-
tion was harmonious, presenting a higher stress close to the
load application point (abutment), decreasing gradually
toward the bone tissue. It supplies us a global view of the
analysis, showing that the tested models, IH and MT, are
cohesive and follow the same pattern of stress distribution,
which is, higher stress around the neck of the implant,
decreasing distribution toward the distal direction as well
as in the vestibulo-lingual direction. This owes to the fact that
in both models, conical implants of the same length and
diameter were used in the same bone base. Stresses in the
cortical bone surface along the neck of the implant were
found in both implant systems, with a 100 N axial load as
well as with a 50 N oblique load. These findings corroborate
the results found in other works,25 showing that the cortical
bone participates effectively in absorbing loads transmitted
through the abutment. This confirms that stresses distributed
on the most coronal bone can have important clinical impli-
cations, for example, when placing short implants. In fact, it
can be assumed that implant length has a minimal impact on
reducing the overall stresses to the marginal bone, without
affecting clinical outcomes.

In the 100N load in the MT model, more traction than
compression stresses on the cortical surface were observed,
being the same quantitative values lower than the IH system
with a different distribution in a smooth and diffuse fashion.
Similar results have also been found in other works'>*7%~#!
when these authors compared the taper cone system with
internal and external hexagon systems. The conical interface
of the abutment/implant system can resist great axial tensions
transmitting to the internal walls of the implant, providing a
location closer to the apex. Besides, this type of connection
can improve the stress distribution on the alveolar bone crest,
diminishing the marginal reabsorption originating from the
stress accumulation.”>*!

The MT system presented a compression stress located
below the cortical bone surface and had a behavior similar to
the IH system. This can be explained by the fact of the implant
being installed a little bit below the surface of the cortical bone
and because of the design of the abutment geometry. In the
apex region of the implant (in simulated trabecular bone)
observed on two systems, the tensions are distributed evenly
and with low intensity with quantitative differences of little
significance and with values below the physiological values
accepted by cortical and medullary bone."

In the present study, the load direction influenced the
intensity of the generated stresses, in the ultimate tensile
strength as well as in the Von Mises stress analysis, with an
increase of the stresses of both models in the oblique loading

system. Several authors reported the influence on load direc-
tion in their studies with increases in tension values of bone
tissue 244243 Moreover, in the SON oblique load, the stress
distribution occurred differently on the surface of the cortical
bone close to the cervical region of the implant. In the TH
system, the stresses presented in a well-defined and balanced
form on both faces, while in the MT system, it occurred in a
smooth and diffuse fashion; however, the stresses in the MT
system were arranged similarly, but with a lower quantitative
value than the IH system, where they were located a little
below and on the internal face of the cortical bone, demon-
strating the same behavior on stress distribution in this
system. Analyzing the Von Mises stress, the IH system
concentrated the higher stresses on the cervical region of
the implant, and in the MT system, there was a larger
concentration in the cervical region of the abutment, similar
to results found by other authors,2#2-27:36:38.40

In this work, little tension was observed in the internal
screw of the IH system with both types of loading, a positive
factor in terms of fractures or looseness of this prosthetic
component, which is one of the most frequent complica-
tions.** It can be linked to the protection granted by the larger
contact area with the walls of the abutment, working as a
shield protecting the screw and avoiding its loss in this
connection.

Following the findings in this work, the assumption that
the saucerization phenomenon is more related to the stress
field than to other factors should be reviewed, because the
MT system as well as the IH system presented stresses below
the physiological limit of the bone. Weng et al demonstrated
that saucerization can be more related to the location of the
microgap between the abutment/implant than by micro-
biological and micromechanical factors.*’

CONCLUSION

Based on the findings of this study, it can be concluded that
both types of implants presented a similar stress distribution
in the cortical and trabecular bone and below the physiologi-
cal limit allowed by the bone, with an increase in the stress
value when an oblique load was applied. Still, the abutment
geometry of the MT system and the fact that it is more
submerged in the cortical bone favored the decrease in the
stress value on the surface, presenting traction stress on both
types of loading.
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ABSTRACT

Purpose: The purpose of this in vitro study was to compare
the fracture load of one-piece zirconia custom abutments
with different thicknesses and angulations.

Materials and Methods: Forty zirconia custom abut-
ments were divided into four groups. Group A-1 and group
B-1 simulated a clinical situation with an ideal implant
position, which allows for the use of straight zirconia custom
abutments with two thicknesses (0.7 and 1 mm). Groups A-2
and B-2 simulated a situation with a compromised implant
position requiring 15° angulated abutments with different
thicknesses (0.7 and 1 mm). Implant replicas were mounted
in self-cure acrylic jigs to support the abutments in all groups.
The zirconia custom abutments were engaged in the implant
replicas using a manual torque wrench. Each jig was secured
and mounted in a metallic vice 30° relative to a mechanical
indenter. All groups were subjected to shear stress until
failure using a universal testing machine with a 0.5 mm/
min crosshead speed with the force transferred to the lingual
surface of the zirconia custom abutments 2 mm below the
top surface. The universal testing machine was controlled
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via a computer software system that also completed the
stress-strain diagram and recorded the breaking fracture
load. The fracture loads were recorded for comparison
among the groups and subjected to statistical analysis
(two-way ANOVA).

Results: The mean fracture load of zirconia custom
abutments across the groups (A-1 through B-2) ranged from
160 + 60 to 230+ 95 N. The straight zirconia custom abut-
ment exhibited the highest fracture load among the groups
(»p=0.009); however, the thickness of the zirconia custom

The influence of connection type on the long-term stability
of the abutment/implant complex has been analyzed for
metallic abutments in several studies.'> In contrast, to
date, the stability of one-piece internally connected zirconia
abutments has not been specifically investigated. It might be
expected that one-piece zirconia abutments exhibit different
resistance to loading as a result of different thicknesses and
angulations. Following the functional and biological success
of implant-supported restorations, esthetic aspects gain pri-
mary importance. Standardized titanium abutments exhibit
high survival rates because of their excellent physical prop-
erties.> However, their application can impair the esthetic
result. In the case of soft tissue recession, exposure of the
gray titanium abutment can lead to failure of the
reconstruction in highly visible anterior regions.* Further-
more, when titanium abutments are used in patients with a
thin labial mucosa, a grayish discoloration of the mucosa can
occur, owing to the gray metal color showing through.*> The
esthetic shortcomings of titanium led to the development of
ceramic materials as an alternative for esthetically demand-
ing patients.’

In the search for ceramic abutment material with improved
physical properties, yttria-stabilized zirconia was introduced
in 1996.° The bending strength of zirconia is 900 MPa, and
its fractural toughness reaches 9 MPa/m>.’ Zirconia abut-
ments showed resistance to a high load of up to 730 N in one
in vitro study.® In comparison, the naturally occurring mean
inciso-occlusal loads in anterior regions amount to 110 N for
teeth and 370 N for implants.”'® With these data from in vitro
studies, zirconia was expected to reduce the risk of fracture;
however, the type and architecture of the implant/abutment
connection, thickness, and angulations might have a substan-
tial influence on the stability and fixation of brittle ceramic
abutments.

Implants are designed with different types of implant/
abutment connections. The abutments can either be fixed
onto an external connecting part of the implant or internally
into the implant.'" The internal connection of zirconia

abutment had no influence on the strength of any of the
specimens (p =0.827).

Conclusions: There was no statistically significant
difference in fracture strength between the 0.7 and 1.0 mm
groups; however, angulated zirconia custom abutments had
the lowest fracture load.

Clinical Implication: The results of this in vitro study
will help dental practitioners with their decision-making
process in selecting the type of custom abutment to be
used clinically.

abutments can be accomplished either by the abutment itself
(one-piece) or by means of secondary components (two-
piece). One-piece abutments are made entirely of ceramic,
whereas for two-piece abutments the internal connecting part
can be either a secondary titanium abutment or separate
metallic insert mounted on the implant together with the
abutment and fixed by means of one abutment screw.'' The
aim of this in vitro study was to compare the fracture load of
one-piece zirconia custom abutments with different thick-
nesses and angulations.

MATERIALS AND METHODS

Sample Size and Power Calculation

For the sample size calculation, some studies related to this
study were reviewed, and the closest study was chosen to
measure the strength of the relationship between variables
(effect size).l’12 With a sample size of 40 (10 per group) 90%
power was achieved to detect a difference among the groups.
Statistical software (R 2.11.1) was used to calculate the
sample size required to achieve an a=0.05 and a power
of 90%.

Experimental Design

This in vitro study measured and compared the fracture load
of one-piece zirconia custom abutments made in two angu-
lations (0°, 15°) and two thicknesses (0.7 and 1mm;
Fig 24.1). Forty zirconia custom abutments (Cares Bone
level regular cross-fit [RC] 4.1 mm X 12 mm; Straumann
LLC, Andover, MA) were divided into four groups. Groups
A-1 and B-1 simulated a clinical situation with an ideal
implant position from a prosthetic point of view, which
allows for the use of straight zirconia custom abutments
with two thicknesses (0.7 and 1 mm). Groups A-2 and B-2
simulated a situation with a compromised implant position
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FIGURE 24.1 Group distribution.

FIGURE 24.2 Cares regular cross-fit zirconia custom abutments
connected to regular platform lab analog 4.1 mm X 12mm, Al =
straight (0° angle) zirconia custom abutment (0.7-mm thick), A2 =
angulated (15° angle) zirconia custom abutment (0.7-mm thick),
B1 = straight (0° angle) zirconia custom abutment (1-mm thick),
B2 = angulated (15° angle) zirconia custom abutment (1-mm thick).

requiring 15° angulated abutments with different thicknesses
(0.7 and 1 mm; Fig 24.2).

Specimen Preparation

Forty implant replicas (10 for each subgroup) (Straumann
implant replica, 4.1 mm X 12 mm RC octagon restorative plat-
form; Straumann LLC) were placed in cubic self-cure acrylic
jigs (Caulk® Orthodontic Resin; Dentsply Caulk, York, PA).
The acrylic jigs were standardized with 2.5 x 2.5 x 2.5cm’
dimensions. To make sure that the implant replicas were
adjusted to be perpendicular to the jig’s surface (90°), each
replica was attached to a laboratory surveyor (Dentsply Ney-
tech, Yucaipa, CA) by using a guide pin (Impression Post
RC4.1 mm; Straumann LLC). A water scale was used to adjust
the implant replicas with the surveyor’s pen.

The implant replicas placed in cubic acrylic jigs were
scanned to design custom abutments digitally at the manu-
facturer’s facility by a single operator using a surface scanner
(Straumann® Cares® Scan CS2; Straumann LLC). This
scanner uses a laser beam to trace a polymer scan-body
and render a digitized image of the implant analog; it then
designed the custom abutments digitally.'®> The finish line
was set and adjusted as necessary using 3D imaging design
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FIGURE 24.3 (A and B) Direction of load applied to the speci-
mens using Instron machine. Note that, 7= torque vector (implant/
abutment connection), »=length of the lever arm vector=7.1 mm
(the distance between the force being applied on the abutment’s
surface and the implant abutment connection), f= force vector (the
force applied by the Instron machine), 8 = angle between the force
vector and the lever arm vector.

software (Straumann® Cares® Visual 6.0; Straumann LLC).
The scanned information was transferred electronically to the
production facility.

After zirconia custom abutments were made by the man-
ufacturer, they were engaged to the implant replicas into the
cubic acrylic jig, using a manual torque wrench based on
manufacturer’s recommendations (35N cm).'® The acrylic
jigs were mounted and adjusted at 30° relative to the
mechanical indenter for all groups. The indenter was covered
by a resilient material (Durasoft; Scheu Dental GmbH,
Iserlohn, Germany). The indenter contacts the entire mesio-
distal-occluding surface in a contact width of approximately
2 to 4 mm. The resilient material is a coextrusion compound
material consisting of a hard polycarbonate base and soft
polyester urethane, which was used to reduce localized
contact stress intensities and to distribute stress over the
complete testing unit, including screws and abutments. Then,
the shear stress was measured by loading the specimens to
failure with a 0.5 mm/min crosshead speed with the force
transferred to the lingual surface of the zirconia custom
abutments, 2 mm below the top surface using a universal
testing machine (Model 5566; Instron, Canton, MA;
Fig 24.3). The universal testing machine was controlled
via a computer software system (Bluehill®2 Software,
Canton, MA), which also completed the stress-strain diagram
and recorded the breaking loads.

Statistical Analysis

Descriptive statistics were reported for each group (means,
standard deviations, minimum, and maximum values). A
two-way ANOVA was performed to assess the statistical
significance of each factor. A Kolmogorov-Smirnov test was
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also performed to check the normal distribution of residuals
across the groups.

RESULTS

The mean fracture load of one-piece zirconia custom abut-
ments across the groups (A-1 through B-2) ranged from
160 + 60 to 230 +95 N where the numbers were rounded to
the nearest 10. The p-value of the Kolmogorov-Smirnov test
was p=0.301, meaning there was no evidence that the
assumption of normal distribution of the residuals is violated.
On the basis of this, a two-way ANOVA was performed for
this group.

Straight abutments showed a higher fracture load than
angulated abutments. The mean fracture load from a highest
to lowest was 230+95 (B-1), 227+70 (A-1), 168 +59
(B-2), 160+ 60 (A-2). When the test was conducted for
the first time, the interaction was not significant between
the variables (p =0.981), so the test was performed for a
second time without the interaction, and it was found that the
straight zirconia custom abutments exhibited a significantly
higher fracture load than angulated zirconia custom
abutments (p =0.009; Table 24.1). No statistically significant
difference was found between groups with different
thicknesses (group A-1/group A-2; group B-1/group B-2;
p=0.827).

DISCUSSION

Researchers highlighted the importance of whether the eval-
uated specimens are zirconia dioxide abutments with a
metallic insertion or all-ceramic components.m_17 The
majority of published investigations on all-ceramic implant
abutments made from zirconia dioxide examined simulated
single incisor replacements.®'®2° These papers reported
fracture load between 429 and 793 N under load angles
that range from 30° to 60°. It seems that there is a strong
correlation between measured fracture load and the type of

TABLE 24.1 Fracture Load Means, SDs, Minimum, and
Maximum Values (n = 10/Group)

Groups
Al A2 Bl B2

Thickness 0.7 mm 0.7 mm 1 mm 1 mm
Angulations 0° 15° 0° 15°
Mean 227N 160N 230N 168 N
SD 70 60 95 59
Min 141N 104N 111N 109N
Max 360N 314N 406 N 308 N

p=0.827 between Al and A2, B1 and B2.
p=0.009 between Al and B1, A2 and B2.

C1 c2

FIGURE 24.4 The relation between the lever arm vector and the
fracture behavior of zirconia custom abutments. (A) The length of
the lever arm vector=12.6 mm. (B) The length of the implant/
abutment connection = 5.5 mm. (C) The thickness of implant abut-
ment connection (C1 =0.6 mm and C2=0.4 mm).

implant/abutment connection.'’ In this study, the mean
fracture load for 0° and 15° in one-piece zirconia custom
abutments ranged from 160 + 60 to 230 + 95 N. It is difficult
to compare our fracture load values with results from other
studies, due to the various ranges of angles, difference in
force application, and different study designs.

The moment of force (torque moment) played an impor-
tant role in this study and had an important effect on the
fracture load of the zirconia custom abutments. The strength
of the specimens might be affected by three quantities: the
force applied to the specimens, the length of the lever arm
connecting the axis to the point of force application, and the
angle between the force vector and the lever arm>! (Fig 24.3).

For one-piece zirconia custom abutments, the length of
the lever arm vector was 12.6 mm, with 0.4 and 0.6 mm
thicknesses in the area of implant/abutment connection
(Fig 24.4). This thickness is designed by the manufacturer
and is standard and unchangeable. The thinnest part in one-
piece zirconia custom abutments is in the implant/abutment
connection area (0.4 and 0.6 mm). In addition, this area is the
most critical area in the abutments because of the force
concentration that might be one of the reasons for failures
in this area. This finding might mean that the thickness of
zirconia custom abutments in this design had no influence on
the fracture load, since the thickness of implant/abutment
connection is standard; however, the angulation had a nega-
tive influence on the fracture load, because when the force
was applied on angulated abutments, the angle (6) between
the force vector (f) and the lever arm (r) increased, decreasing
the force required to break the specimens. This could have
been one of the reasons for failure in this design.

To estimate the failure risk associated with implant-sup-
ported restorative concepts consistent with their fracture
loads as determined in an in vitro setting, it is important
to separately consider the forces expected in actual clinical
situations. Ferrario et al measured single-tooth occlusion
forces in healthy young adults and reported results of 150
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and 140 N for men in the central and lateral incisors, respec-
tively.”> Higher occlusion forces are to be expected in
individuals with functional disorders such as bruxism.? In
this study, static loading was applied, and the force was
applied slowly with a 0.5 mm/min crosshead speed. This
corresponds to the load in a parafunctional situation rather
than during chewing. In this study, the mean fracture load for
all of the zirconia custom abutments exceeded the above-
mentioned occlusion forces; however, we note continued
uncertainty in predicting the performance of one-piece zir-
conia custom abutments in individuals with functional dis-
orders. Special attention might need to be paid to the occlusal
relationship of the lower and upper jaw whenever possible. It
was recommended that keeping such abutments free from
dynamic occlusion might extend the lifespan of such abut-
ments.>*~2° The straight zirconia custom abutments exhibited
statistically significantly higher mean fracture loads than
angulated abutments did. These findings lead us to reject
our original null hypothesis. It is possible that in one-piece
zirconia custom abutments, loading forces are higher in the
area of the apical hexagon, colocalized with the thinnest
portion of the abutment.**~>’

In this study, artificial dynamic thermal aging was not
applied to the specimens due to the failure to exert a
statistically significant influence on the fracture load of either
straight or angulated abutments in previous studies.”®*’
Static loading was performed at an angle of 30° to the
long axis of the abutments to simulate a parafunctional
situation. In this study, the most typical fracture pattern
(95% of the specimens among the groups) was an oblique
fracture line below the implant shoulder (Fig 24.5). This
finding confirmed Adatia et al’s observations, which indicate

=
1
=
]

FIGURE 24.5 Views of the fracture pattern of the zirconia custom
abutments, appearing as an oblique line below the abutment’s
shoulder.

REFERENCES 219

that certain grinding procedures above the level of the
implant shoulder for the purpose of abutment individualiza-
tion have no impact on fracture load.”®

It is difficult to compare data between studies on the
fractural stability of zirconia custom abutments because of
different study designs. In this study, the implants and
abutments were embedded in orthodontic acrylic resin
jigs, simulating horizontal bone loss, whereas in the other
investigations the implant-supported restorations were
embedded up to the implant shoulder.® As a result, the loads
were applied with different lever arms. Furthermore, varia-
tions in the angle of the applied load, static or dynamic testing
methods, and the size and shape of the abutments and
restoration can have an important influence on the results.
A variation in the fracture pattern was also observed in other
studies reporting on alumina, zirconia, and titanium abut-
ments with internal connections.'>'® In only one of those
studies, however, an implant neck distortion was found in a
specimen bearing a titanium abutment.'® In another investi-
gation testing alumina and zirconia abutments, fracture of the
abutment, and/or fracture of both the abutment and crown
were the main reasons for failure.'> In contrast to these
results, zirconia custom abutment components failed by
fracture in both groups with different thicknesses and angu-
lations, but the fracture was significantly higher in the groups
with 15° angulations.

CONCLUSIONS

Within the limitations of this in vitro study, the following
conclusions can be drawn:

1. Angulated zirconia custom abutments had the lowest
fracture load of the present investigations; however,
there was no statistically significant difference in the
thicknesses between the 0.7 and 1.0 mm group.

2. The thickness of one-piece zirconia custom abutments
had no influence on the fracture load.
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ABSTRACT

Purpose: The aims of this study were to compare surface
properties of four commercial dental implants and to com-
pare those implant systems’ cell adhesion, which may be
affected by the surface properties, and to provide scientific
information on the selection of implants for clinicians.
Materials and Methods: The surface properties of four
commonly used dental implants (3i Nanotite™", Astra Osseo-
SpeedTM, Nobel Biocare TiUnite®, and Straumann
SLActive®) were studied using MicroSpy profiler, scanning
electron microscopy (SEM), energy dispersive X-ray spec-
troscopy, and Raman microspectroscopy. Primary mouse
alveolar bone cells were cultured on the surface of implants
from the four companies. After 48-hour culture, SEM in
combination with a quantitative analysis of SEM images was

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
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used to examine the cell adhesion. Cell adhesion rates (ratios
of cell surface to implant surface) among different systems
were compared.

Results: Distinct differences were found among these
implants. Comparisons of roughness among three locations:
flank, top, and valley within the same implant system, or in
the same location among different implants were made.
Generally Astra and Straumann systems showed the roughest
surface, whereas 3i showed the smoothest surface. Multiple
cracks were found on the surface of the Nobel Biocare
system, which also had a dramatically lower level of tita-
nium. In addition, rutile phase of titanium oxide was found in
3i, Astra, and Straumann systems, and anatase phase of

The concept of osseointegration was first introduced by Per-
Ingvar Brinemark in the 1950s." Since then, dental implants
have evolved tremendously in all aspects: material, design,
surface treatment, abutment connection, restoration options,
and techniques. In North America as well as around the
world, dental implants have become a routine treatment in
dental offices and well known to patients. Theoretically,
dentists now can choose from more than 2000 implants
from close to 100 implant companies for any particular
restoration requirements.” However, there is no guideline
for selection of a specific implant system other than com-
mercial marketing, personal preferences, or anecdotal expe-
riences. Almost all dental implant companies claim some
kind of superiority of their products in their marketing
materials; however, except for the information from market-
ing brochures, it is difficult for clinicians to decide which
system should be used and which system is better than other
systems. Although many implant companies allege the supe-
riority of their products, it seems that those claims are not
based on sound and long-term clinical scientific research.>

Currently no evidence or criteria support the products
from one particular implant company producing more reli-
able clinical results. Eckert et al reviewed the clinical evi-
dence of the performance of six dental implant systems
(Astra, Centerpulse, Dentsply/Friadent, Implant Innovations,
Nobel Biocare, Straumann) certified by the American Dental
Association. A total of 69 references were provided by those
six implant manufacturers, and none directly compared one
implant system with another system.* Esposito et al system-
atically reviewed randomized controlled clinical trials (RCT)
comparing different implant systems with a follow-up of
5 years, and found only four RCTs with sufficient data met
the inclusion criteria. None were conducted in North
America, and all received support from the industry.”> Bha-
tavadekar examined publications from 1970 to 2006 using

titanium oxide was only detected in the Nobel Biocare
system. After 48-hour culture, Astra and Straumann systems
displayed the highest cell adhesion at the areas of flank, top,
and valley of the implant surface. Primary cells also reached
confluence on the valley, but significantly less in the 3i
system. Nobel Biocare showed the least cell adhesion on
the flank and valley.

Conclusion: Implant systems have distinct differences
in surface properties, leading to different cell adhesion
results. Further in vivo study is needed to study the impact
of the surface characteristics and different cell adhesion on
the osseointegration between implant and bone.

implants from Astra Tech, Straumann, 3i, and Nobel Biocare,
and found the studies were extremely heterogeneous, making
comparisons difficult.® Although many studies focused on
the surface of implants, very few compared the surface
properties and osseointegration of current commercially
available dental implants or provided guidance for the clini-
cal selection of dental implants.

Immediately following implant placement, the interaction
between the cells and implant surface will define the cell/
implant interface and may eventually affect the final bone/
implant interface.” From the perspective of the host, the
initial healing phase and subsequent osseointegration depend
on the availability of osteogenic cells and their capability of
adhesion and proliferation onto the implant surface.® From
the implant perspective, surface properties play a more
crucial role in cell-surface interaction, because surface prop-
erties can be modified to promote cell adhesion, proliferation,
and differentiation through a variety of modifications or
improvements, including grit blasting, acid-etching, anod-
ization, calcium phosphate coating, and plasma-spraying.” ">
Consequently, different implants from different companies
present a variety of implant surfaces with different character-
istics of topographic and physicochemical properties,'>™"”
and all implant companies claim their products provide
excellent osseointegration. Currently, there is a lack of
information regarding the direct comparison of cell culture
or in vivo comparison among those dental implant systems.
One recent publication compared the cell adhesion on the
actual implant surface; however, the study only selected
implants from one company, and the products are not
internationally recognized.'®

In this study, we compared the four most popular dental
implants from four major dental implant companies (Biomet
3i, Astra Tech, Nobel Biocare, Straumann), which in total
make up ~85% of the world market of dental implants.'® All
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four systems had positive in vivo data.?*~* Surface propert-
ies of implants from those companies were analyzed with
MicroSpy Profiler, scanning electron microscopy (SEM),
energy dispersive X-ray spectroscopy (EDS), and Raman
microspectroscopy. In addition, we studied the interaction of
implant surface and bone cells in those implants. To the best
of our knowledge, our study is the first to directly compare
cell adhesion on the actual implant surface of different
implant systems. Moreover, instead of using cell lines, we
used the primary osteoblastic cells from mouse alveolar
bone, which may be more similar to the phenotype of
in vivo cells. Interestingly, our preliminary data showed
that different implant systems displayed different cell adhe-
sion capability, which may be connected with their charac-
teristic surface properties.

MATERIALS AND METHODS

Implants

Commercially available implants from four implant compa-
nies were purchased directly from the supplier: 3i Nanotite™
(4 x 10 mm, Biomet 3i, Palm Beach Gardens, FL), Astra
OsseoSpeedTM (3.1 x 11 mm, Astra Tech, Molndal, Sweden),
Nobel Biocare TiUnite® (3.5 10mm, Nobel Biocare,
Goteborg, Sweden), and Straumann SLActive® (3.3 x 10 mm,
Straumann, Waldenburg, Switzerland; Table 25.1). The sizes
of implants from different implant companies are not standard,
and for the purpose of comparability implants close to each
other in dimensions were selected.

Optical Profiler

The 3D roughness was measured by an Optical Profilometer
(FRT MicroProf 100, Fries Research & Technology, Ber-
gisch Gladbach, Germany). The optical profilometer quanti-
fies the roughness and scans the surface topography in 3D.
The implants were transferred in their storage boxes as
delivered to FRT of America, LLC (San Jose, CA) to
measure the surface roughness. There were nine measure-
ments on each implant (three for top, three for threaded
valley, and three for flank). Three implants from each
company were used to obtain reliable mean values.”> To

TABLE 25.1 Dental Implants Used in the Study
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calculate the sample number for the roughness measurement,
power analysis was performed and showed that a sample size
of three would generate enough power (>0.9) for the statis-
tical analysis. The roughness is expressed as Sa, which is the
arithmetic average of the 3D roughness. After one-way
ANOVA F-test, to keep nominal type I error rate, Ryan-
Einot-Gabriel-Welsch Multiple Range Test (REGWQ; SAS
9.3, Cary, NC) was used to compare the roughness among
different systems at different locations. A p-value of <0.05
was considered statistically significant.

SEM and EDS

The surface morphology and elemental composition were
analyzed with SEM and EDS, respectively. Three speci-
mens from each type of implant were analyzed by the same
instrumentation protocol. All dental implants were taken
from their original package directly from the supplier. To
avoid scratching the implant surface with instruments,
those implants were handled with a plastic plier and plastic
gloves. Each implant was attached on an aluminum stub
with sticky conductive carbon tape. The surface of each
implant was examined with a field emission environmental
scanning electron microscope (Philips XL30; FEI Co.,
Hillsboro, OR). Pictures were taken in both secondary
and backscattered electrons. For EDS analysis, 7kV accel-
erating voltage was used to improve peak/background ratio
for light elements. Three spectra from different locations on
each implant were acquired and were proved to be similar.
So for further analysis, spectra for each implant were
summarized.

Raman Microspectroscopy

The chemical structure of surface coatings was determined
from the corresponding peaks using a Raman spectrometer
(LabRam HR800, Jobin Yvon Inc., Edison, NJ). An He-Ne
laser (632.8 nm) was used through the 100X objective of an
optical microscope, and the scattered signal was analyzed by
a high resolution spectrometer coupled to an air-cooled CCD
system. The Raman spectra were acquired in the range of
100 to 1000cm™". At least three spots per specimen were
examined.

Company Surface Description Length (mm) Width (mm) Item No.
Biomet 3i NanoTite™ Tapered certain PREVAIL 10.0 4/3 mm(P) NIITP4310
Nobel Biocare TiUnite™ NobelReplace Tapered groovy 10.0 3.5 32,212
Astra Tech Dental OsseoSpeed® Tapered, MicroThread 11.0 3.0 24,882
Straumann SLActive® Straumann bone level implant 10 33 021.2110
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Primary Osteoblastic Cell Isolation

With the modified protocol,®® primary osteoblastic cells from
mouse alveolar bone were collected as follows. Mouse
mandibular bodies from 9- to 11-day-old mouse pups
were dissected to remove teeth, dental follicles, and other
soft tissue, such as muscle, gingiva, and skin. Dissected
mandibles were minced and further digested with digestion
solution (0.2% collagenase/0.05% trypsin in alpha-MEM)
for 15 minutes on a shaker plate at 225 rpm at 37°C. The first
digestion, usually full of fibroblastic cells from the periosteal
layers, was discarded. The next three sequential collagenase/
trypsin digestions for 15 minutes at 37°C were collected
and pooled together. The cell suspension then was
filtered through a 70-pm strainer to break up clumps and
cultivated for further use.

Cell Culture on Implants

All the implants were taken from their original package
directly and handled with plastic pliers and plastic gloves
in a cell culture hood. To calculate the sample number for the
cell attachment, power analysis was performed and showed
that a sample size of four would generate enough power
(>0.8) for the statistical analysis. Implants from each com-
pany were placed in a semi-solid medium containing 0.5%
agar.””*® The primary osteoblastic cell suspension (3 x 10°
cell/ml) was applied to the respective implants.>® Following
48 hours of cell cultivation on the implants in 5% CO,, the
implants were fixed in 2% glutaraldehyde in 0.1 M cacody-
late buffer for 10 minutes. After fixation, implants with

200

) E 100

adherent cells were dehydrated through serial ethanol
(30% to 100%). The samples were then sputter-coated
with gold and platinum, and examined with field emission
environmental SEM (Philips XL30).

Quantitative Analysis of Cell Culture

Cell adhesion on the implant surface was examined under
SEM. Because of different morphologies of flanks and
valleys in different implant systems, the cell adhesion on
flank and valley were combined, and cell adhesion on the top
was examined separately. The cell adhesion rate (%) was
calculated as the ratio of cell adhesion area to total area. The
quantitative analysis was performed blindly using the Image
Analysis System (AnalySIS, Lakewood, CO). At least three
locations in each implant were randomly selected and meas-
ured for statistical analysis. Using GraphPad InStat version
3.01 (La Jolla, CA), the cell adhesion rates in different
systems were analyzed with one-way ANOVA. Then, the
differences between groups were compared with Tukey-
Kramer Multiple Comparison test. A p-value of <0.05
was considered statistically significant.

RESULTS

Roughness was examined by an Optical Profilometer (FRT
MicroProf 100), as shown in Figure 25.1. Nine measure-
ments on each implant (3 for flank, 3 for top, 3 for threaded
valley), three implants from each company, were examined.

44 qm o 200 — 109 xm
B
£ 100-
0 xm 0 xm
Astra
0 -
0 100 200
um
1 90m 200 : 34 ym
€ 100
0 um 0 um
Straumann
0 . -
200 0 100 200
«m

FIGURE 25.1 Roughness measurements from optical profilometer. (A) Threaded flank, top, and
valley were measured and compared separately. (B) Examples of scanning images, filter size

34.286 pm. NB: Nobel Biocare.



WWW.HIGHDENT.IR
O 351058 5 Ol3ludluis Hleo

Sa
0.6
0.5
04
0.3
0.2
0.1
0.0
Sa F T \'

16 c
14

1.2
1.0
0.8

0.6
0.4

0.2
0.0

F T "

RESULTS 225

Sa
2.0 B

1.8
16
14
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Sa

2.0
1.8
16
14
1.2
1.0
0.8
0.6
0.4
0.2
0.0

F T Y

FIGURE 25.2 Comparison of roughness (Sa) among flank (F), top (T), and valley (V) in different
implant systems. Sa is the arithmetic average of the 3D roughness. (A and B) Roughness measurement
bars of the same color indicate no statistical difference; (C and D) the bars with different colors indicate
statistical difference. (A) Roughness in 3i implant system, no statistically significant difference at the
three locations; (B) roughness in Astra system, no significant difference; (C) roughness in Nobel
Biocare system, significant differences were found, flank > valley > top; (D) roughness in Straumann
system, flank > top > valley. Data shown as mean + standard deviation.

REGWQ was used to compare the roughness among
different locations (flank, top, valley) within the same sys-
tems (Fig 25.2) and among different systems at different
locations (Fig 25.3). For the 3i and Astra systems, there were
no significant differences in roughness among flank, top, and
valley (Figs 25.2A and 25.2B). Meanwhile, significant dif-
ferences in roughness were found in Nobel Biocare and
Straumann systems. For the Nobel Biocare system, the order
of roughness from high to low was flank > valley > top
(Fig 25.2C). On the other hand, the order of roughness
from high to low for Straumann was flank > top > valley
(Fig 25.2D). Further comparisons were made on the same
locations among different systems. REGWQ indicated that 3i
had the lowest measurements of roughness on all three
locations; Astra and/or Straumann had the highest roughness
measurements on the different locations (Fig 25.3). For the
flank, the order of roughness from high to low was Strau-
mann > Astra, Nobel Biocare > 3i (Fig 25.3A). For the top,
the order from high to low was Astra, Straumann > Nobel
Biocare, 3i (Fig 25.3B). For the valley, the order of rough-
ness from high to low was Astra> Straumann > Nobel Bio-
care > 3i (Fig 25.3C).

SEM was used to examine the surfaces among different
implant systems. No dramatic differences were found in the

same system among the flank, top, and valley locations.
Therefore, only images from the valley were displayed and
discussed. SEM revealed distinct surface characteristics
among different systems. Consistent with the results of the
roughness measurement, 3i had the smoothest surface with
the least elevations and depressions among the four systems
(Figs 25.4A and 25.4a). Astra showed a two-phase “rock in
the gravel” type of microstructure (Figs 25.4B and 25.4b).
Nobel Biocare demonstrated a relatively regularly organized
elevated “figure 8” microstructure (Figs 25.4C and 25.4c).
Straumann showed an irregular honeycomb structure similar
to the mark made by pulling shoes off a fresh muddy surface
(Figs 254D and 25.4d). One interesting point identified
only in the Nobel Biocare implant but not in the other
three systems was the presence of multiple cracks in the
surface layer (Fig 25.4e). Similar cracks can even be
observed in the picture from Nobel Biocare official website
http://www.nobelbiocare.com/en/about-nobel-biocare/research-
development/tiunite/ (as of 1/27/2013).

The superimposed EDS spectra for four implants revealed
the presence of titanium in all four systems (Fig 25.5).
Straumann showed the highest amount, and Nobel Biocare
showed the sharply lowest titanium content (about half of the
Straumann system). The closest to Straumann in the titanium
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FIGURE 25.3 Comparison of roughness (Sa) among different
implant systems in (A) flank, (B) top, and (C) valley. Same color
roughness measurement bars indicate no statistical difference; the
bars with different colors indicate statistical difference. (A) for the
flank area, Straumann has the roughest, and 3i has the smoothest
flank, no difference between Astra and Nobel Biocare; (B) for
the top area, Astra= Straumann > 3i=Nobel Biocare; (C) for the
valley area, Astra> Straumann > Nobel Biocare > 3i. AS: Astra;
NB: Nobel Biocare; ST: Straumann. Data shown as mean + standard
deviation.

content was 3i. The spectrum for 3i also showed small
amounts of calcium and phosphate, suggesting a thin coating
of calcium phosphate. In addition, the 3i system showed the

A—.
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W..; bbeddeda o
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presence of vanadium and aluminum, indicating the presence
of titanium alloy. Next to 3i in amount of titanium was Astra,
which contained an elevated amount of oxygen, possibly
covered with a thicker titanium oxide layer. A sharply lower
amount of titanium than other implants was observed in
Nobel Biocare, whose spectrum also showed relatively large
amounts of phosphate and oxygen (Fig 25.5).

In addition, surface coating structural information, such as
relative titanium and oxygen bonds, was determined from
the corresponding peaks using Raman microspectroscopy.
Nobel Biocare implant showed the typical spectrum of the
anatase phase of titanium oxide, whereas the other systems
showed that titanium oxide was in rutile phase (Fig 25.6).

For the purpose of comparison, one implant from each
company was used to show implant surfaces without cell
culture (Fig 25.7). Four implants from each company were
used for the cell adhesion study. In comparison with implants
after cell culture or ones without cell culture, dramatic
differences of primary osteoblastic cell adhesion were
revealed with SEM examination (Fig 25.7). After 48-hour
culture, primary osteoblastic cells attached and proliferated
on the surface of different systems; however, the extent of
attachment and proliferation were not the same among
implants systems. In the 3i system, cells mainly attached
and proliferated in the valley of the thread (Fig 25.7a). For
both Astra and Straumann systems, the cellular behavior was
similar, with primary osteoblastic cells reaching confluence
and covering almost all the threads (Figs 25.7b and 25.7d) or
microthreads (Fig 25.7b). On the other hand, cells did not
grow well on the surfaces of Nobel Biocare implant and only
covered a partial surface of threads (Fig 25.7¢).

To better illustrate the cell adhesion patterns in different
implant systems, enlarged lateral view and frontal view
pictures from different systems are shown in Figures 25.8
and 25.9. Although all four systems are screw-thread type
implants with flank, top, and valley, the morphology of the
screw is not the same in those systems. Generally, two types
of screws can be observed from the lateral view pictures.
Nobel Biocare and 3i have flat valleys and tops with steep

N

£ 10,0 UMKC-0B

FIGURE 25.4 Lower (11x) and higher magnification (2000x) SEM images of implants from (A
and a) 3i, (B and b) Astra, (C and c) Nobel Biocare, and (D and d) Straumann. (e) Cracks (white
arrows) on the surface layer of Nobel Biocare implants.
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FIGURE 25.5 EDS analysis of four implant systems.
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FIGURE 25.6 Raman microspectroscopy analysis showed spectra of rutile or anatase phase of
titanium oxide in the four implant systems. Rutile phase of titanium oxide was found in 3i, Astra, and
Straumann systems, whereas the anatase phase, with the characteristic scatterings at 154 cm™', was

present only in Nobel Biocare.

flanks (Figs 25.8A and 25.8C), whereas curved valleys and
tops with shallow flanks are seen in Astra and Straumann
(Figs 25.8B and 25.8D). After 48-hour cell culture, Astra and
Straumann systems display a similar cell adhesion pattern.
Cells grew well to cover most of the flank, top, and valley
(Figs 25.8b and 25.8d). For the 3i system, the cells reached
confluence, but only with a thin layer of cells to cover the
valley area, which is not comparable with the multiple layers
of cells in Astra and Straumann. In addition, many fewer cells

were found at the flank and top areas (Fig 25.8a). For the
Nobel Biocare system, there were even fewer at the valley
area, also not attached to the valley surface; however,
the cells grew more at the top compared with the 3i system
(Fig 25.8¢).

Similar cell adhesion patterns as shown in the lateral view
(Fig 25.8) were confirmed by the frontal view (Fig 25.9),
which is better suited for quantitative analysis. Due the
different screw patterns shown in Figures 25.8A to 25.8D,
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FIGURE 25.7 Low magnification (11X) comparison of different systems, (A and a) 3i, (B and b)
Astra, (C and c) Nobel Biocare, and (D and d) Straumann in the without cell (A, B, C, and D) or after
cell culture (a, b, c, d). After 48 hours of culture, primary osteoblastic cells reached confluence in all
four systems. (a) Cells grew mainly at the valley area in 3i system (a: arrows); (b) cells covered
microthreads, threads, and the notch in Astra (b: arrowheads); (c) cells grew less and only covered part
of the thread in Nobel Biocare (c, stars); (d) similar to Astra, cells covered almost all the threads in
Straumann system (d, arrowheads). Bar =1 mm.

it would be difficult to separate the attached cells between the
flank and valley areas, especially for the Astra and Straumann
systems. Therefore, the cell adhesion for flank and valley was
combined. By using the implant without cell culture as
reference, the flank and valley areas were combined and
calculated together (Fig 25.9, white rectangular boxes).
ANOVA showed the significant difference of cell adhesion
rates among the four implant systems (Fig 25.10). Astra and
Straumann systems displayed the highest cell adhesion rate,
followed by 3i. Nobel Biocare showed the lowest cell
adhesion rate.

Higher magnification (500x) frontal view pictures
(Fig 25.11) had to be used to perform the quantitative
analysis for the top area among Astra, Nobel Biocare, and
Straumann systems. Compared with the other systems, a
rather narrow top can be seen in the 3i system, which may
result in the mixed adhesion data at this area (Figs 25.8a and
25.9A). Therefore, cell adhesion rate on the top of 3i was not
measured or compared with the other systems. Statistical
analysis showed no significant difference on the top between
the Astra and Straumann; however, the cell adhesion rate on
the top of Nobel Biocare was significantly lower than Astra
and Straumann (Fig 25.12).

DISCUSSION

The surface quality of implants determines the tissue reaction
at the implant/tissue interface from the moment an implant is
placed, hence playing a pivotal role in the osseointegration

process. Many methods have been introduced and used to
improve the surface properties of dental implants to optimize
the osseointegration and overall success rate, such as blast-
ing, anodic oxidation, and coating.”'*> As defined by
Albrektsson and Wennerberg, there are three properties
regarding the implant surface quality: mechanical properties,
topographic properties, and physicochemical properties.*®
These surface modifications not only change the topographic
properties, but also the physicochemical properties of the
implant surface.">™!” In this study, four widely used dental
implant systems were examined with Optical Profilometer,
SEM, EDS, and Raman microspectroscopy. Together, the
four implant systems studied cover ~85% of the world
market (Nobel Biocare 30%; Straumann 25%; 3i 15% to
20%; Astra 12%)."° Each one of the four implant systems has
shown positive clinical results. 202 However, there is limited
information regarding the direct comparison among these
implant systems.

Surface topography, especially roughness, affects the
implant-bone response, and there is a positive relationship
between bone-to-implant contact and surface roughness.*!**
Recently 3D evaluation of roughness (Sa) was introduced
and considered as a more important and reliable method than
the 2D roughness measurement, Ra.' In addition, to avoid
confusion, the surface evaluation of screw-type implants
should be based on the flank, top, and valley locations. '
In this study, the 3D surface roughness in flanks, tops, and
valleys were measured and compared separately. For the first
time, significant differences of the surface roughness among
flank, top, and valley in Nobel Biocare and Straumann
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FIGURE 25.8 Lateral view higher magnification (100x) pictures to show the flank, top, and valley
in different systems. (A and a) 3i, (B and b) Astra, (C and c) Nobel Biocare, and (D and d) Straumann
in the conditions of without cell (A, B, C, and D) or after cell culture (a, b, c, d). Flat valley and top with
steep flank in 3i and Nobel Biocare (A and C), whereas curved valley and top with shallow flank in
Astra and Straumann (B and D). Cells reached confluence in part of the valley in 3i (a, #), almost no
cells on the very thin top (a, arrowhead); multiple layers of confluent cells covered most of the valley
and flank in Astra and Straumann (b and d, ##), with cell-covered top (b and d, arrows). Cells did not
grow well on the Nobel Biocare, and did not attach to the valley (c, star); however, the flat top was
covered with many cells (c, arrows). Bar =200 pm.

FIGURE 25.9 Higher magnification (100x) frontal view pictures from different systems after cell
culture: (A) 3i, (B) Astra, (C) Nobel Biocare, and (D) Straumann. Cells reached confluence at the
valley area in 3i (A, #), with mixed cell adhesion pattern on the thin top (A, arrowheads); multiple
layers of confluent cells covered most of the valley and flank in Astra and Straumann (B and D, ##),
with cell-covered top (B and D, arrows). Cells did not attach to the valley in Nobel Biocare (c, star);
however, the flat top was covered with many cells (c, arrows). Bar=200 pm. Using the implants
without cell culture as reference, the flank and valley areas were marked by white rectangular boxes.
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FIGURE 25.10 ANOVA showed significantly different cell adhe-
sion rates: the ratio of cell surface/total surface (Y-axis) among
different systems (AS: Astra; NB: Nobel Biocare; ST: Straumann).
Cell adhesion rates shown in the same color indicate no statistical
difference; the bars with different colors indicate statistical differ-
ence (p <0.05). For the cell adhesion rates at the area of flank and
valley, Astra=Straumann > 3i> Nobel Biocare; data shown as
mean + standard deviation.

implants were shown. When roughness was compared
among different implant systems at the same location, sta-
tistically significant differences were also found. Biomet 3i
has the smoothest surface at all three locations (flank, top,
valley). Generally, Astra and Straumann have the roughest
surfaces, and Nobel Biocare followed. It was suggested that a
roughness value between 1 and 1.5 pm provides optimal
surface for bone integration.”> The roughness in Astra and

Cell adhesion rate D
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FIGURE 25.12 ANOVA showed significantly different cell adhe-
sion rates (Y-axis) on the top among different systems (AS: Astra;
NB: Nobel Biocare; ST: Straumann). Cell adhesion rates shown in
the same color indicate no statistical difference; the bars with
different colors indicate statistical difference (p <0.05). For the
cell adhesion rates at the top area, Astra=Straumann > Nobel
Biocare, data shown as mean + standard deviation.

Straumann on all three locations falls closer to this range than
3i and Nobel Biocare, which may explain our cell adhesion
data, and may further differentiate the performance of the
implants when it comes to osseointegration.

The distinct surface characteristics among these implant
systems have been reported by others. One interesting obser-
vation of Nobel Biocare was the existence of multiple cracks.
The existence of cracks in Nobel Biocare implants was

FIGURE 25.11 Higher magnification (500x) frontal view pictures from the top area in (A) Astra,
(B) Nobel Biocare, and (C) Straumann. 3i was not quantified because of much lower and mixed cell
adhesion on the thin top. Cells reached confluence at the top area of all three systems. Bar =50 pm.
Using the implants without cell culture as reference, the top areas were marked by white rectangular

boxes.
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reported in several recent SEM studies,33_35 but not in
others.***” In our study, those thin and long cracks can be
seen in all three flank, top, and valley locations, and can also
be observed at all different SEM examining modes. There-
fore, we suspect that the cracks are generated by the man-
ufacturing process, rather than by an artifact from our
examination. Another interesting point not reported before
in Nobel Biocare implants is the sharp decrease of titanium,
based on the EDS analysis. Currently there is no report
regarding the effects of those cracks or low titanium level
on the biocompatibility or osseointegration.

Raman microspectroscopy revealed both the typical rutile
phase and anatase phase of titanium oxide in these implant
systems.>**° The rutile phase of titanium oxide dominated in
the 3i, Astra, and Straumann systems, whereas the anatase
phase, the natural form of titanium oxide,*! is found in Nobel
Biocare. Interestingly, the rutile phase has been shown either
to enhance osteoblast response*'** or to be less prone to
initiate an inflammatory response.43 In addition, it has been
suggested that the dissolution of titanium metal ions from
rutile is one order of magnitude lower than that from ana-
tase.** Therefore, the rutile phase in 3i, Astra, and Straumann
may be more biocompatible than the anatase phase in Nobel
Biocare.

The interaction of implant surface and bone cells is critical
for the clinical success of implants. The topographic modifi-
cation of implant surface through specific treatments, such as
sand-blasting, acid-etching, and titanium plasma-spraying,
has been shown to affect the biological response of bone cells
in vitro.>***" However, most of those in vitro cell culture
experiments were performed on specially made titanium
disks, instead of on the dental implants used in clinical
practices. Although the titanium disks tried to mimic the
dental implant surfaces, the topographic characterization of a
flat disk is not the same as that of the implant surface. The
titanium disks have the flat surface, whereas the real screw-
type implants have different locations, such as flank, top, and
valley, and our study has shown that roughness measure-
ments may vary based on different locations.

Currently no cell adhesion study compares implants from
different companies. One study to compare the cell adhesion
on the actual implant surface examined implants from only
one company, which was not internationally recognized.'®
To the best of our knowledge, our study is the first cell
adhesion study to directly compare commonly used implants
from different companies. In addition, we used primary
osteoblastic cells harvested from alveolar bone, which
may present a similar phenotype as the osteogenic cells right
after in vivo implant placement. Cell lines, especially those
from a tumor, should not be used to study the surface
topography.’

Interestingly, our study found different cell adhesion rates
not only among different implant systems, but also at differ-
ent areas (flank, top, and valley) in the same system.

CONCLUSION 231

Generally, primary osteoblastic cells grew and proliferated
well on both Astra and Straumann systems, which exhibited
similar morphology at flank, top, and valley areas. After
Astra and Straumann, cells reached confluence in the 3i
system, but only to form a rather thin layer of cell and to
cover the valley area. The cell adhesion in the flank and top
was much less in the 3i system. For the Nobel Biocare
system, primary osteoblastic cells did not attach as well as
other systems, especially at the valley area, and quantitative
analysis showed the least adhesion rate at the flank and valley
areas.

The cell adhesion data were supported and correlated with
the data from the comparison on the surface characteristics
among those implant systems. Astra and Straumann have the
roughest surfaces and also displayed the highest cell adhe-
sion rate on all three locations (flank, top, valley). Although
Nobel Biocare has a rougher surface than 3i, the multiple
cracks on the surface and anatase phase of titanium dioxide**
may explain the negative cell adhesion results for the Nobel
Biocare system. One interesting point for the Nobel Biocare
system is the improved cell adhesion at the top area, when
compared with flank and valley. Our data currently cannot
render an explanation for this, which needs further
investigation.

Although osteoblastic cells play a more direct role in the
process of osseointegration, which is reflected by more
published studies using osteoblastic cell lines or primary
cells,*>*”*® the in vivo implant-bone interaction may be
affected by other factors, such as blood cell reaction and
platelet activation, because early blood cell reaction and
platelet activation may eventually affect the migration and
differentiation of osteogenic cells in the healing pro-
cess. 5490 In addition, it is not clear whether those differ-
ences from the cell adhesion experiment will have any impact
on the osseointegration between implant and bone in vivo,
because all four implant systems have shown positive clinical
results.?’2* Indeed, to answer the question if those different
surface characteristics will have any impact or correlation on
the osseointegration between implant and bone, further
in vivo animal study or human studies will be necessary.

CONCLUSION

Our preliminary data indicated that the four implant systems
displayed distinct surface characteristics. Astra and Strau-
mann systems showed the roughest surface, whereas 3i
showed the smoothest surface. Multiple cracks were found
on the surface of the Nobel Biocare system. In addition, the
rutile phase of titanium oxide was found in 3i, Astra, and
Straumann. The anatase phase of titanium oxide was detected
in Nobel Biocare. Correspondingly, Astra and Straumann
displayed the highest primary cell adhesion at the flank, top,
and valley areas. Primary cells also reached confluence on the
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valley, but significantly less than in the 3i system. Nobel
Biocare showed the least cell adhesion on the flank and
valley. Further in vivo study is needed to study the impact of

the

surface characteristics and different cell adhesion on the

osseointegration between implant and bone.
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ABSTRACT

Purpose: This article reviews available data on the outcome
of dental implants in osteoporotic patients.

Materials and Methods: A search was performed in
PubMed and completed in July 2007. The keywords “dental
AND implants AND osteoporosis,” “dental AND implants
AND age,” “dental AND implants AND gender,” and
“dental AND implants AND bone AND quality,” with no
limitations for language or year of publication, resulted in 82,
598, 94, and 541 articles, respectively. After abstract scanning
(in case of doubt the article was read), 39 nonreview articles
studying dental implant outcomes in osteoporotic/osteopenic
subjects remained for our review. The bibliographies of the 39
articles were also inspected, but no additional studies were
identified.

Results: Thirteen of 16 animal studies found lower
osseointegration rates in osteoporotic/osteopenic bone than
in normal bone. Six in nine clinical reports mention success.
Eight of 12 studies in humans support the applicability of
dental implants in osteoporotic patients.

Conclusions: There are no data to contraindicate the use
of dental implants in osteoporotic patients; however, a proper
adjustment of the surgical technique and a longer healing
period may be considered in order to achieve osseointegra-
tion. Data on the use of biphosphonates in osteoporotic
patients and implant outcomes are very limited, and no
conclusions can be drawn. In addition, large prospective
studies investigating the long-term success of dental implants
in osteoporotic individuals are required.

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.
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Dental implants constitute a well-documented treatment
modality.' Osteoporosis is the most common human
metabolic bone disease.* The influence of this disease
on the jawbone is still a matter of controversy. The
outcome of dental implants in patients with osteoporosis
in the jaws or in other skeletal sites will be the subject of
this article.

Definition of Osteoporosis

Osteoporosis has been defined as a systemic skeletal disease
characterized by low bone mass and microarchitectural
deterioration of bone tissue, with consequent increase in
bone fragility and susceptibility to fracture.’

According to the World Health Organization (WHO),
subjects with a T-score value 2.5 standard deviations
(SDs) or more below the mean bone mineral density
(BMD) value of the young (20 to 29 years old) sex-matched
reference population at the total hip, femoral neck, or lumbar
spine are classed as osteoporotic.® Osteoporosis is divided
into osteoporosis with pathologic fracture, without patho-
logic fracture, and osteoporosis caused by other diseases
(multiple myelomatosis, endocrine disorders, etc.). When a
fragility fracture is present, the condition is defined as
“established osteoporosis.”’

Subjects with a T-score value 1 to 2.5 SDs below the mean
BMD value of the young sex-matched reference population
in the prementioned skeletal sites are classed as osteopenic.®

Bone mineral content (BMC) is the amount of mineral in
the specific site scanned, and when divided by the area
measured, it can be used to derive a value for BMD® (mg/cmz).
When quantitative computed tomography (QCT) is used,
BMD is not an areal but a volumetric density measurement
(mg/(:m3).9

Epidemiology of Osteoporosis

Osteoporosis occurs in about one-third of the Western female
population above the age of 65 years.'” Currently, it is
estimated that over 200 million people worldwide suffer
from this disease.!' Because the distribution of values for
the BMD in the young healthy population is Gaussian, the
incidence of osteoporosis increases exponentially after the
age of 50 years.'”

According to others, at some point in their lives, 40% of
women'*™"> or 50% of women over the age of 50'° and up to
29% of men'’ may sustain an osteoporotic fracture.

A higher prevalence of fragility fractures has been
described in white populations,'® especially in non-Hispanic
Caucasians;'® lower rates have been found among black
populations.'® In Europe, the Scandinavian countries have
the highest prevalence of fragility fractures.*

Pathophysiology of Osteoporosis

Sex-hormone deficiency seems to be an important causal
factor of primary osteoporosis in both men and women.
Estrogen deficiency in women causes bone loss both through
the loss of the direct action of estrogen on bone cells (that
restrain bone turnover) and through the loss of the action of
estrogen on the intestine and kidney (that maintain extra-
skeletal calcium fluxes).”' It leads to increased numbers of
bone multicellular units and to uncoupling of bone formation
and bone resorption.*?

Men exhibit only a slow phase of bone loss during which
increased levels of sex-hormone-binding globulin (SHBG)
bind sex steroids in an inactive complex.?

Cancellous bone is much more richly vascularized by
osseous vascular complexes that pass between the less
dense trabeculae. This arrangement produces a much
higher surface-to-volume ratio to bone extracellular fluids.
Therefore, cancellous bone responds more quickly to
metabolic alterations and for this reason, skeletal sites
such as vertebral bodies, the forearm, and hip are more
susceptible to processes that increase bone resorption,
such as osteoporosis.>* Similarly, it can be expected
that any osteoporosis influence should be greater in the
maxilla rather than in the mandible, because of the pres-
ence of a higher percentage of trabecular bone in the
former.?>

Osteoporosis risk factors
Table 26.1.

482629 are presented in

Systemic Complications of Osteoporosis

There is no evidence that bone loss itself causes any symp-
toms. Progressive bone loss has therefore been called “the
silent thief.”'® Fractures among the elderly may occur after a
moderate trauma or even spontaneously. The most common
fractures associated with osteoporosis occur at the hip, spine,
and wrist.'®*°

Dental Implants and Osteoporosis

Osteoporosis in other skeletal sites seems to be associated
with a decrease of BMD in the jaw. The authors agree that
the correlation is not strong enough to be used for proper
predictions in the jaw.*' In addition, a majority of relevant
studies suggest that postmenopausal osteoporosis may be
important for the progression of bone loss in periodontitis.**
This may reduce bone quantity at implantation sites. Finally,
a correlation of periodontitis with peri-implantitis has been
suggested,*? and therefore a question arises concerning peri-
implantitis in osteoporotic patients.
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TABLE 26.1 Osteoporosis Risk Factors

m Female sex ° Athletic amenorrhea

m Age ° Hyperprolactinemia

m Asian or white ethnic origin ° Panhypopituitarism

m Genetic disorders ° Premature menopause

m Ist-degree relative with o Gastrointestinal diseases
low trauma fracture e Hematological diseases

m Thin habitus e Idiopathic hypercalciuria

m Deficiency states: o Idiopathic scoliosis

e Calcium
e Magnesium
e Vitamin D

m Diseases:

o Amyloidosis
e Chronic metabolic acidosis
e Chronic obstructive
pulmonary disease
e Cystic fibrosis
e Depression
e Emphysema
e End-stage renal disease
e Endocrine disorders:
° Acromegaly
° Addison’s disease
° Cushing’s syndrome
° Diabetes mellitus

e Multiple sclerosis

e Neuromuscular disorders

e Post-transplant bone
disease

e Rheumatologic diseases

e Sarcoidosis

e Stroke

m Drugs:

e Anticoagulants

e Anticonvulsants

e Antiepileptics

e Cyclosporines

e Cytotoxic drugs

e Excessive thyroxine dose

e Glucocorticoids

e Gonadotropin-releasing
hormone agonists

e Lithium
e Tacrolimus
m Immobilization
m Cigarette smoking

° Hyperparathyroidism
° Thyrotoxicosis

e Hypogonadal states:
° Androgen insensitivity

° Anorexia m Alcoholism
nervosa/bulimia m Parenteral nutrition
MATERIALS AND METHODS

A search was performed in PubMed and completed in July
2007. The main keywords of the search were “dental AND
implants AND osteoporosis.” The search yielded 82 articles.
No limitations were set for language or year of publication.
The inclusion criteria were nonreview articles dealing with
the possible relation between osteoporosis and dental
implants. After scanning abstracts, 38 articles, including 9
clinical reports and 18 animal and 11 human studies,
remained for our review.

To identify additional studies that were not returned in the
first search even though they study the possible relation
between dental implants outcome and osteoporosis, three
more keywords were used:

(1) “dental AND implants AND age” — 598 articles
(2) “dental AND implants AND gender” — 94 articles

(3) “dental AND implants AND bone AND quality”
— 541 articles.

RESULTS 239

Inclusion and exclusion criteria remained the same, and
the studies’ abstracts were scanned (in cases of doubt the
article was read), but only one that had not been included in
our first search directly referred to the osteoporosis condition.
In other words, the use of the last three keywords added one
study directly addressing the question of osteoporosis effect
on dental implants outcome. Finally, 39 articles were
included in the results of the present review; however, the
rest of the second group studies were not totally excluded
from our article. We reconsidered the second group articles,
excluding this time not only reviews but also clinical reports
and animal studies. We are focusing now on the final
conclusions of the already sufficiently studied age, gender,
and bone-quality effect on dental implants outcome. The
reason is that the strong relation of the above three parameters
with osteoporosis offers important indirect information suit-
ing well to our discussion.

The bibliographies of the 39 reviewed articles were also
inspected, but no additional studies were identified.

RESULTS

Thirteen of 16 animal studies found lower osseointegration
rates in osteopenic/osteoporotic bone than in normal
bone.**™ Tt is suggested that there is a biphasic effect
of female gonadal hormone deficiency that may temporarily
interfere in the early implant-tissue integration process, and
which may be associated with a failure to upregulate a
select set of bone extracellular matrix genes.*’ It is also
suggested that osseointegration in osteoporotic animals is
50% slower than that of normal experiment animals.*®*?
Only three**™® out of 16 animal studies found no differ-
ence (Table 26.2).

Three animal studies (two of them are not included in
Table 26.2, because they did not compare healthy to osteo-
porotic animals but only treated to untreated osteoporotic
animals) addressed the question of whether therapies used in
osteoporotic animals affect osseointegration. Two of them
suggested that estrogen replacement therapy may promote
bone healing around titanium implants in osteoporotic
bone.***° The third study supported that local administration
of growth hormone at the point of surgery could enhance
osteoid synthesis and mineralization around titanium sheets
in an osteoporotic animal.”

Six in nine clinical reports mention success,’ 1-56 even
after immediate loading™® of dental implants in osteoporotic
patients. Two of the three >’ clinical reports that mention
failure of dental implants either just hypothesize the presence
of osteoporosis™® or refer to mandible fractures.””

Twelve studies in humans directly address the question of
systemic osteoporosis effect on dental implants outcome®~""
(Table 26.3). Eight of the studies®® 7 reveal a rather opti-
mistic opinion concerning the applicability of dental implants



TABLE 26.2 Animal Studies Reviewed
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Study Animal Model Nr. of Animals Postimplantation Period OP-Like Conditions Results Type of Examination
Keller et al, 2004* Rabbit 4 groups of 10 4 weeks By daily intramuscular Altered and compromised ECM Histologic, mechanical
injections of expression in all animals with property testing
glucocorticoids OP-like conditions, reduced bone-
implant interface when OP-like
conditions were present prior to
the establishment of
ossecintegration, no significant
dif in pull-out strength
Cho et al, 2004 Rats 5 groups of 7 12 weeks OVE Osseointegration achieved, Histologic and
surrounding bone stabilized histomorphometric
analysis
Okamura et al, 2004**  Rats 4 groups of 5 1 month OVE High turnover situation is more Biochemical. histological.
favorable for implantation than and histometrical analysis
low-turnover one
Narai and Nagahata, Rats 25 1 month OVE Reduced removal torque in OF Removal torque, histologic,
2003™ animals compared to healthy or histometric evaluation
alendronate-administered OP
animals
Duarte et al, 2003% Rats 15 OVE, 15 60 days OVE No significant differences in cortical Histometric analysis,
sham-OVE bone but lower bone-implant biochemical serum
contact in cancellous regions of analysis
OP bone
Fini et al, 2002°° Rats, sheep 9 OVE and 9 sham-OVE ~ Rats: 8 weeks OVE Delay of peri-implant bone formation  Histomorphometric
rats, 3 OVE and 3 Sheep: 12 weeks and ion in OP animal ination, bone-implant
sham-OVE sheep interface microhardness
Ozawa et al, 2002 Rats 28 OVE, 28 sham surgery 2 and 4 weeks OVE Delay of osseointegration in OVE Histomorphometric analysis,
rats, differences diminished at 4 biomechanical push-in test,
weeks postimplantation RT-PCR
Jung et al, 2001 Rabbit 14 OVE, 13 sham 12 weeks OVE Lower bone volume but no Histomorphometric analysis,
surgery statistically significant lower bone- removal torque, osteoblast
to-metal contact in OVE versus culturing
sham-operated rabbits
Pan et al, 2000" Rats 18 OVE and 18 28, 84, 168 days OVE Significant decrease in the bone Histologic and
sham-OVE 168 days post-OVE or volume around the implant and histomorphometric
postimplantation post-sham-OVE implant-bone contact in the measurements
cancellous bone area in OVE
compared to sham-operated rats
Lugero et al, 2000°7 Rabbits 8 controls and 12 OF 8 weeks OVE Less bone formation in OP cases, Histomorphometry

improved bone formation with
screw-type implants in cases and
controls
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TABLE 26.3

Human Studies Reviewed
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Sites with BMD Tmplant Nr. of Implants  Nr. of Implants in Bone Quality Experimental  Osseointegration
Study Patients OF Patients Diagnosed OF  Measurement Receiving Jaw  in the OF Group the Centrol Group Assessment Period Assessment Results
Alsaadi et al, 20077 1212 females, Mandible, Maxilla 6946 implants Up to abutment  Intraoral radiography,  Osteoporosis
T92 males totally in connection PTV 25, subjective  significantly
OP + non-OF signs of pain or related 1o early
infection that implant failures
required implant
ramoval
Amorim e al, 30 womend8 1o 1% Lumbar spine,  DXA Mandible 39 43 Panoramic X-rays, 9 months Clinical and X-ray Mo association
2006 70 years old femoral neck Iistomorphometric, examination
bone biopsy
Jeffcoat, 2006%' 25 postmenopausal 50 102 108 3 years Clinical and X-ray Success: 99.2%
women receiving examination without, 10045
B +25 with oral
postmenopausal ‘hiphosphonates
women without B
Smolka et al, 10 fermales + 5 % fermales Gieneralized Bone & mandibles, CT scanning Maximum CT scanning for Generalized
200657 males, 18 to 68 OstEOPOTOsis densitemelry & muaxillas 1 year grafis bone osteoporosis did
years old, mean density not increase the
age 52 yeors, MRS ments Tesorption rate of
patients, only 5 in calvarial
1-year follow-up transplants
Moyet al, 2005 1140 paticnis, 12 io Mandible, maxilla Retrospective  Implant survival Lower success
W4 years, 59.4% cohont stsdy, rate for
females, 161 on 19822003 postmenopansal
PMHRT, 304 on women on HRT
ne PMHRT,
median age= 158
years.
van Steenberghe 3049, 15 10 80, mean 2 Clinical and panoramic  Up 1o the No increased
et al, 2002 age S0, 8D+ 14 examination, CT abutment petceniage
acanning when connection of carly failures
neaded in OF
Friberg et al, 11 fermales+ 2 13 Lumbar spine,  DXA Mandible, maxilla 70 Mo control group  Clinical and Xorays 6 months to 11 Clinical and X-ray Maxilla: 97%,
20015 males, 55 1o hip examination Ears, mean examination mandible: 97.3%
79 years, mean 3.3 years. SUCCESS.
apge 68 years
von Wowem 22 paticnts, 18 7 women with  Forearm, Dual-photon Mandibles 7%2md8%2 Nocontrol group  Clinical and X-rays 5 years Clinical and X-ray  Load-related bone
et al, 2001% postmenopausal OF inthe mandible scanner for examination examination formation
women, 54 1o mandible, § BMC in the minimizing
T8 years, mean with OP in the jaws ‘mandibular
age 65 years forearm BMC loss
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in osteoporotic patients. Hormone replacement therapy
(HRT) may not be related to significantly increased implant
success,’>® although previously mentioned animal studies
implied the opposite. It is suggested that simple visual
assessment of local bone quality has a moderately sized
relationship to implant failure.°" Only four of 12 studies
relate osteoporosis to increased failure rates of dental
implants,®®*~"! especially in the maxilla.®® But one of these
three studies found statistically insignificant results.®®

DISCUSSION

The following parameters have to be discussed in our attempt
to sufficiently analyze the present subject:

(1) WHO definition of osteoporosis,
(2) animal studies deficiencies,
(3) human studies deficiencies,

(4) indirect information from studies on dental implants
and age, gender, and jawbone quality, and

(5) implication of biphosphonate therapy in dental
implants outcomes.

WHO Definition of Osteoporosis

The WHO criteria are aimed at providing a quantitative
definition that would separate individuals having the disease,
even if no osteoporotic fracture had occurred yet, from those
at risk of becoming osteoporotic, and those who are still
normal. Since BMD is continuously distributed in the popu-
lation, and the risk of fracture is also continuous, in the
absence of fracture, there is no absolute criterion that can be
made to delineate an individual with the disease from one
without. For this reason, there is an overlap between BMD in
populations with and without fracture.”” The estimation of
fracture risk by BMD measurements is similar to the assess-
ment of the risk of stroke by blood pressure readings. Despite
the decision of a cutoff threshold value that separates indi-
viduals with recognized high risk for osteoporotic fracture or
stroke from the rest, there is no threshold of BMD/blood
pressure that discriminates absolutely between those who
will or will not have a clinical event.® BMD is one of the
main, but not the only, factor determining the risk of frac-
ture.” It has been shown that the loss of connectivity within
the network of trabecular bone is independent from BMD
risk factor for fractures.”® Additionally, bone geometry
features such as bone size, the distribution of bone mass
around its bending axis (moments of inertia), and some
derivative functions, such as the hip axis length, affect
bone strength and fracture risk.”*

BMD measures at various sites have given discordant
results.”? So, individuals may be deemed osteoporotic at one

specific site and not at another. The WHO criteria for the
diagnosis of osteoporosis were defined for DXA (dual X-ray
absorptiometry) of the forearm, spine, and hip, and selected
at a level that would identify as osteoporotic 30% of the
population of postmenopausal women. The definition did not
originally intend to be applied to other patient groups, or to
BMD measurements made by different methods and at other
skeletal sites.”*”> This is important when considering the
impact of systemic osteoporosis in the jawbone.

The normative data against which BMD comparisons are
most often made have been determined for Caucasian men
and women, and do not necessarily apply to other ethnic
groups.

Although BMD is clearly related to body weight, routine
clinical bone mass assessments are not weight adjusted.”*

Animal Studies Deficiencies

It must be underlined that in 14 of the 16 prementioned
animal studies implants were not placed in the jaws.?> >4
They were inserted in the tibia>* 37424548 (11 studies) or the
femur>*%* (three studies). Only two studies*®*” tested
dental implants in the mandible of experiment animals
and, interestingly enough, they both found no significant
difference of osseointegration rate between osteoporotic/
osteopenic animals and controls. Particularly, Fujimoto
et al*’ found that rabbits’ systemic osteoporosis-like condi-
tion had less effect on osseointegration of titanium implants
in the mandible than in skeletal bone; however, this study
refers to steroid-induced osteoporosis, and its pathogenetic
mechanisms are different from those of postmenopausal
osteoporosis. >

Besides the already mentioned implantation site, there are
several other important factors involved in the final results of
these studies:

(a) Animal  model: The rat was used in
1033-36:40.41.43.45.46.48 (¢ 16 animal studies; however,
it may not provide the best model for the analogous
condition in humans because of the failure to achieve
true skeletal maturity and the normal inhibition of
intracortical remodeling.’® On the contrary, the rabbit,
used in five studies,3 7-39.42.47 achieves skeletal matu-
rity shortly after reaching sexual development at
approximately six months and shows significant intra-
cortical remodeling.”” Regarding dogs, used in one
study,44 data are controversial. Some studies,78 but
not all,”*® have shown insignificant bone loss in
dogs after cessation of ovarian function. Last, the
sheep, used in one study,” is considered a good
animal model, although seasonal fluctuations of
bone mass and biochemical markers must be
addressed as a potential variable when studying
osteoporosis.”®%*
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(b) Method used for the creation of osteoporosis-like
condition: Tn 133341434548 o (he 16 animal studies,
ovariectomy is used for the creation of osteoporosis-
like conditions; however, according to Mori et al,
ovariectomy did not result in adequate reduction of
BMD in rabbits unless it was combined with a low-Ca
diet.*® Two studies were based on corticosteroid-
induced osteoporosis***’ and one in calcium-
deficient diet.*® In addition, there is a variety of
experiment animal ages, diets, and intervening time
between ovariectomy and implant surgery.

(c) Evaluation of the obtained level of osteopenia/osteo-
porosis: As already mentioned, a variety of protocols
have been used for the induction of osteoporosis. In
addition, bone changes in ovariectomized rats are
considered as osteopenia rather than osteoporosis.®*
Despite these two facts, 1077-27-3639417434547 ¢ he
16 studies do not mention any assessment of BMD
prior to implantation so that the level of the provoked
osteopenia/osteoporosis could be clarified.

(d) Osseointegration assessment criteria: There are a
variety of measurements used for the assessment of
osseointegration. Some of them (mechanical test val-
ues) evaluate osseointegration indirectly and may be
affected by other parameters such as implant fixation
mainly in cortical bone,40 implant surface, length,
width, composition, shape, and healing period.*’
Keller et al found a statistically significant decrease
in implant-bone contact in osteoporotic rabbits com-
pared to controls, although interfacial strength was
not affected.*?

(e) Postimplantation observation period: Postimplanta-
tion observation period varies from 7 days to 168 days
in the rat model, from 2 weeks to 3 months in the
rabbit model, 12 weeks for the sheep model, and 2
months for beagle dogs. The relatively short obser-
vation period is one of the shortcomings of these
studies. Additionally, dental implants in clinical prac-
tice are differently loaded from animal models. Thus,
short-term animal studies offer no information con-
cerning the long-term response of the osteoporotic
bone to the presence of functionally loaded dental
implants.

Human Studies Deficiencies

Various study design characteristics perplex the comparison
of the existing human studies and limit their contribution to
the clarification of dental implant outcomes in osteoporotic
patients. A quick presentation of limiting factors follows.

In a total of 12 studies in humans, six retrospec-

. 61,62,65,69-71 . . 4.66—
tive®! 0205971 and six prospective,°*030400=68  control
implants are not

groups are not included in three,%"%%°
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divided according to site of implantation in three of
them,®*>%*¢7 and osteoporosis is not diagnosed in any skeletal
site in four studies.®*%*~"° It is interesting that three of the last
four studies are the ones that mention osteoporosis as a risk
factor for dental implant failure.

None of the studies stratified patients for the number of
postmenopausal years. One study presented relative infor-
mation that controls had nine fewer postmenopausal years
than osteoporotic patients.®

In addition, sample size was usually small. Ten studies
had 0 to 19 osteoporotic patients,’*~°>*7° one study did not
clarify the number,”’ and only one study® included 50
osteoporotic women. Follow-up periods were usually short.
One study followed patients up to stage II uncovering
surgery,®® and two to the abutment connection.®>’' Only
two studies had a mean follow-up period of five or more
years.°®’ As expected, the initially small sample size is
furthermore reduced in the long-term evaluation.

Success criterion of osseointegration is another factor of
major importance. Five of the 12 studies refer to implant
survival as the only success criteria.®!-0%0%:6970

Osteoporosis is a site-specific disease. There is a tendency
to support that jawbone is also affected in osteoporotic
patients.?*>" Still, jawbone is not one of the main skeletal
sites affected by osteoporosis. The fact that some studies
examined osseointegration of dental implants in osteoporotic
patients without clarifying the existence of osteoporosis in
the jaws®0 6236870 and the severity of the existing osteo-
penia/osteoporosis,®® or having already proved that osteo-
porosis has not affected implantation sites of the certain
subjects,***” maintains confusion.

After having discussed the limiting factors of the available
human studies, it is now obvious that the ideal study about
dental implants in osteoporotic patients is not among them.
Two main issues of research existed.

The first one was whether osseointegration may be
obtained in osteoporotic patients. A majority of studies
appear positive. According to Friberg et al, implant place-
ment in patients in whom the average bone density showed
osteoporosis in both lumbar spine and hip as well as poor
local bone texture may be successful over a period of many
years (mean follow-up period 3 years and 4 months, ranging
from 6 months to 11 years).®” The mean healing periods were
extended to 8.5 months in the maxilla and 4.5 months in the
mandible. Extending the healing period by 50% agrees with
prementioned animal study results.*®*

The second issue is the long-term results of dental
implants in osteoporotic patients. In this case, a better study
design may be recognized in the study of von Wowern and
Gotfredsen,66 mainly because of the estimation of mandibu-
lar osteoporosis by mandibular BMC measures at baseline,
just after attachment insertion, and at 2- and 5-year visits. In
addition, this study has the longest follow-up period, long-
term edentulous patients, all implants placed in both
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mandibular canine regions, and clinical and radiographic
assessment of dental implants. Unfortunately, there is no
control group, and only seven women out of 22 patients
showed mandibular osteoporosis at the start of trial. No
implant failures were observed. BMC measures at implanta-
tion sites showed a load-related, positive bone remodeling
that minimizes or in some cases counteracts age-related
changes in bone remodeling processes. Simultaneously, a
significantly larger bone height loss occurred in women with
mandibular osteoporosis and dental implants than in the
remaining women with dental implants after the 5-year
follow-up (not earlier), despite the high level of oral hygiene
and the prementioned positive functional stimulus.
Therefore, further research on the long-term outcomes of
dental implants in patients with osteoporosis in the jawbone
is needed. Larger sample sizes are required to sufficiently
document the relationship between dental implant outcomes
and osteoporosis, especially since the severity of osteo-
porosis may influence the strength of the studied relationship.
Clear evidence that osteoporosis has affected the jawbone of
tested patients is of major importance. Finally, to our knowl-
edge, there are no studies dealing with the previously men-
tioned question of peri-implantitis in osteoporotic patients.

Dental Implants and Age, Gender, and Jawbone Quality

The analysis of existing data about the impact of age and sex on
dental implant success may offer indirect information about
the outcome of dental implants in osteoporotic patients. This is
because age and gender are risk factors for osteoporosis. If
osteoporosis was a risk factor for dental implant osseointegra-
tion, then relevant studies might have found a positive rela-
tionship between aging and gender and implant failure. There
is a general consensus that there is no impact of age or gender
on implant failure 2>00-6468-6985-119 gome  studies' 2’2
found even better results for women than men. Others found
higher bone loss for the first year'® or lower initial stabil-
ity'?*!'?7 in the female population, but these facts were not
followed by increased long-term failure rates.'*® Some articles
more or less clearly support the opposite without sufficient
documentation.®®'?*~133 These results support the opinion that
osteoporosis is not a contraindication to dental implants,
despite the fact that several confounding factors are involved
in these studies. Site-specific factors have a greater impact on
dental implant outcome than age and gender.”® There is a
positive, although rough, estimation of long-term’! dental
implants outcome in osteoporotic patients.

The osteoporotic bone is characterized as type IV accord-
ing to the Lekholm and Zarb classification,'* that is, soft
bone. Soft bone, not necessarily osteoporotic, has been
related to low success rates of dental implants in some
studies, because of its reduced potential to offer initial
implant stability.®>**13571%> On the contrary, other studies
did not find such differences.”®-!00-146-162

Bone quality is a significant factor, but not the only one
determining  result. Implant  design,'3%!4!-144.158.163.174
length, 63165 surface characteristics,138:151-153.155158.159.164-177
surgical technique,'>*'0>103178179 hrosthodontic  rehabilita-
tion,'**16>180 and patient hygiene'**'®* are some of the factors
involved. Smedberg et al'®! reported 100% implant success in
type 3 or 4 quality combined with type A, B, or C bone quantity
in maxillary overdentures followed for two years, in comparison
to 77% for implants in type 3 or 4 bone quality combined with
type D or E bone quantity.

Friberg et al,'®? studying the frequency of early and late
failures of Branemark System implants, related this outcome
to differences in the surgical protocol, as well as to various
patient and implant characteristics. Regarding jawbone qual-
ity, type 4 showed the highest failure rate in maxilla (40.4%)
and type 1 in the mandible (13%). After proper adjustment of
the surgical technique (omitting the threading procedure,
using wide diameter implants in standard diameter bone
sites, and extending the healing period in low-density
bone), type 2 bone showed a failure rate of 4.7%, and
type 4 a failure rate of 2.8%. It can be concluded that proper
adjustment of the surgical preparation is a major factor in the
determination of dental implant outcome.

Biphosphonate Therapy

Biphosphonate drugs are used as an alternative of HRT for
the prevention and treatment of osteoporosis. The long-term
application of these drugs may induce osteonecrosis of the
jaws (ONJ), due to decreased osteoclast numbers and activity
resulting in decreased bone resorption. Although the precipi-
tating event that produces this complication may be
spontaneous, biphosphonate therapy is considered a contra-
indication to implants;lg’%187 however, it is recognized that
oral biphosphonates are a low-risk group versus the high-risk
intravenous biphosphonates®'® used in cancer therapy.
This was confirmed by Jeffcoat’s®® recent randomized, pla-
cebo-controlled study; however, the two- to three-year fol-
low-up period of this study is not sufficient to determine the
long-term effects of long half-life biphosphonates. Data on
the use of biphosphonates in osteoporotic patients and
implant outcomes are very limited. Therefore, no conclusions
can be drawn.

PRACTICAL MEASURES AIMED AT THE
IMPROVEMENT OF DENTAL IMPLANT
OUTCOMES IN OSTEOPOROTIC PATIENTS

In cases of treatment with dental implants, osteoporotic
patients may be candidates for surgical techniques used to
overcome the disadvantages of reduced bone quantity and
deteriorated bone quality 3%!46:153.188-200
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The detailed analysis of such techniques is beyond the
scope of this article, because they are not a special treatment
for osteoporotic patients. Briefly we are mentioning the
following:

Reduced bone quantity may be an indication for:

(1) A reduction of number of implants. According to
Branemark et al,"”® a reduced jawbone volume was
the major reason for limiting the number of implants
to four in mandibles and maxillae of fully edentulous
patients. It is interesting that although a tendency
existed for an increased failure rate in patients with
four implants, the survival rate for both implants
and prostheses at the end of the 10-year observation
period was the same with the six implants-per-jaw-
patients group.

(2) Bone augmentation techniques.'*>™""

(3) Osteotome sinus floor elevation.'

(4) Zygomatic implants.'®’

Poor bone quality is considered a relative problem
because of the lack of primary implant stability. The follow-
ing have been proposed:

(1) A longer healing period. This seems to be needed if
osteoporosis is exhibited in the jawbone. There are no
studies to give the exact time needed, but a healing
period 50% longer than normal has proved suffi-
cient.®® There are studies supporting immediate and
early loading in soft bone;'*®!'>® nevertheless, the
conservative approach is at present considered safer.

(2) The relation between the last used drill and the
diameter of the implant chosen may be altered, which
means that a smaller drill or an implant with larger
than normal diameter may be used.®*'20-194

(3) The osteotome technique, which may improve bone
density around the implant, since the implant is placed
without drilling."?’

(4) Root-shaped implants.'*?

(5) Penetration in cortical layers to a higher extent;*’
however, regarding bicortical implant anchorage, the
available data are controversial.>*

CONCLUSION

There are no data to contraindicate the use of dental implants
in osteoporotic patients; however, a proper adjustment of the
surgical technique and a longer healing period may be
considered in order to achieve osseointegration. Data on
the use of biphosphonates in osteoporotic patients and
implant outcomes are very limited, and no conclusions
can be drawn. In addition, large prospective studies
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investigating the long-term success of dental implants in
osteoporotic individuals are required.
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ABSTRACT

An increasing number of reports indicate successful use of
dental implants (DI) during oral rehabilitation for head and
neck cancer patients undergoing tumor surgery and radiation
therapy. Implant-supported dentures are a viable option when
patients cannot use conventional dentures due to adverse
effects of radiation therapy, including oral dryness or fragile
mucosa, in addition to compromised anatomy; however,
negative effects of radiation, including osteoradionecrosis,
are well documented in the literature, and early loss of
implants in irradiated bone has been reported. There is
currently no consensus concerning DI safety or clinical
guidelines for their use in irradiated head and neck cancer
patients. It is important for healthcare professionals to be
aware of the multidimensional risk factors for these patients
when planning oral rehabilitation with DIs, and to provide
optimal treatment options and maximize the overall treatment
outcome. This paper reviews and updates the impact of
radiotherapy on DI survival and discusses clinical consider-
ations for DI therapy in irradiated head and neck cancer
patients.

Journal of Prosthodontics on Dental Implants, First Edition. Edited by Avinash S. Bidra and Stephen M. Parel.
© 2015 American College of Prosthodontists. Published 2015 by John Wiley & Sons, Inc.

254



WWW.HIGHDENT.IR
O 35135 5 Olilusluis Hlen

Cancer of the oral cavity and pharynx, the largest group of
head and neck cancers, is the ninth most common cancer in
males in the United States. Approximately 40,000 people
will be newly diagnosed with oral cancer with a 5-year
survival rate of 57%.? Surgery is a well-established treatment
and may include radiotherapy (RT) and/or chemotherapy.’
Reconstruction of major surgical defects is required for a
majority of the cases, followed by rehabilitation of missing
teeth and restoring orofacial function.

Use of implants for prosthetic reconstruction has dramati-
cally increased due to advancements in materials science and
surgical techniques during the past three decades.* Implant-
supported dentures seem to be a viable option, especially
when RT’s adverse effects, such as oral dryness or fragile
mucosa, along with compromised anatomy, hamper the use
of conventional removable dentures.’

An increased number of reports indicate successful
implant-supported  prostheses in irradiated cancer
patients.G_w However, the negative effects of radiation are
well documented,'! and several studies in both animals and
humans have shown an increased risk of early loss of dental
implants (DI) in irradiated bone.'>'* There is currently no
consensus about the predictability, safety, or clinical guide-
lines for DI therapy in irradiated head and neck cancer
patients. This paper reviews the impact of RT on DI therapy
and discusses updated clinical considerations for DI therapy
in those patients.

RT AND ITS ADVERSE EFFECTS

Cancer cells are in a continuous state of mitosis. Ionizing
radiation produces energy that injures or destroys cells by
damaging nuclear DNA or altering the molecular character-
istics of individual cells.” Most patients with head and neck
cancer receive between 50 and 70 Grays (Gy) as a curative
dose. For concomitant use, 45 Gy are used preoperatively and
55 to 60Gy postoperatively. These doses are typically
fractionated over a period of 5 to 7 weeks, once a day,
5 days a week, with a daily dose of approximately 2 Gy.>
Normally, each daily treatment lasts about 10 to 15 minutes.
Fractionated radiation is used because in general, normal
tissue repairs sub-lethal DNA damage better than tumor
tissue, especially in the low-dose range.

Adverse effects of RT include mucositis, hyposalivation,
loss of taste, radiation caries, trismus, and osteoradionecrosis
(ORN) of the jaw. ORN, ischemic necrosis of bone, is one of
the most serious complications.'' Initial changes in bone
caused by irradiation result from direct injury to the remod-
eling system (osteocytes, osteoblasts, and osteoclasts). In
addition, vascular injury precedes hyperemia, followed by
endarteritis, thrombosis, and a progressive occlusion and
obliteration of small vessels. With time, the bone marrow
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FIGURE 27.1 CT scan showing the fracture of the right mandible
of a patient after tumor surgery, RT, and HBO.

exhibits marked acellularity and avascularity, with marked
fibrosis and fatty degeneration.'* ORN occurs in the mandi-
ble more often than the maxilla. Although 30% of cases may
be asymptomatic, more patients with ORN present pain,
fistula formation, and in more severe cases, spontaneous
bone fracture (Fig 27.1). Recent systematic reviews found
the risk of developing ORN in irradiated head and neck
cancer patients as low as 2%; however, the risk can be higher
after tooth extraction.'>'® While peak time of spontaneous
ORN was in the first 2 to 3 years after RT,"” the risk of
trauma-induced ORN might last indefinitely.'' The risk and
severity of ORN is known to be directly related not only to
radiation dose and the volume of irradiated tissue, but also to
the dental health of the patients.'

RT ON IMPLANT SURVIVAL

Many studies have shown that DI therapy in irradiated
patients is not significantly less favorable than in the non-
irradiated population (Table 27.1). These studies were iden-
tified via a PubMed search using Medical Subject Headings
and keyword phrases for “dental implants,” “dental prosthe-
sis,” “radiotherapy,” “radiation effects,” and other variations.
The papers were limited to human studies, English language
papers, and papers published since 2000. Clinical reports
and studies with a sample size less than 10 were excluded.
The identified studies reported implant survival rates or

ELIT3
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Summary of the Recent Literature on the Effect of RT on DI Survival

Variables No. of Patients No. of DI DI Survival/Success
Authors Follow-up Timing of DI
(Year) Study Type Period Radiation Dosage Placement HBO wRT wioRT wRT wioRT w RT wio RT Remarks
Shaw etal  Retrospective 0.3 to 14 years 40 to 66 Gy Secondary Yes (24/34 34 43 172 192 Failure: 32% of  Failure: 23% of  Native/grafted
(2005)* (median {median 50 Gy) (approximately Pst) patients, 18% patients, 13% bone
1.5 years) 1 year after RT) of DI of DI
Schepers Retrospective  Up to 23 61t 68Gyasa Primary ? 21 27 61 T8 Ol success: 97% Ol success: 100%  Edentulous
etal months boost dose on Prosthetic success:  Prosthetic success: mandible only,
(2006)° the primary T5.4% T5.6% native bone
umor site and
1010 68 Gy on
the symphyseal
area
Yerit et al Retrospective 0.3 10 13.6 S0 Gy as a boost Secondary (4 to No T1 (total) 154 84 SR:93% (2 years) SR:99% (2 years) Native/grafted
(2006)° years (mean  dose on the 8 wks after RT) 90% (3 years) 99% (3 years) bone, only
5.4 years) primary tumor 84% (5 years) 99% (5 years) mandibular-bar
site and 10 o 68 T2% (8 years) 95% (8 years) retained
on the overdenture
symphyseal area used
Nelson etal  Retrospective 5 o 161 Upto 72Gy Secondary (a T 29 64 124 311 SR: 34% SR: 92% The heavy
(200’3")2s months minimum (46 months) (3.5 years) nicoting users
(mean of 6 months 54% (after 84% (8.5 years)  afier RT
10.3 years) after RT) 13.5 years) 69% (13 years) excluded,
antibiotics used
for DI in
irradiated
patients
Schoen et al  Prospective 12 months 60.1£7.7Gy Primary ? 31 19 76 64 SR:97% SR: 97% Edentulous jaws
(2008)* only
Cuesta-Gil  Retrospective 6 monthsto 50 to 60 Gy Primary (56.9%):  Yes (all) 79 42 395 301 Ol failure: 27/395, Ol failure: 2/301,  Native/graft bone
etal 9 years secondary prosthetic prosthetic
(2009)°! (43.1%, a failure 48/395 failure 4/301
minimum of implants implants
12 months
after RT)
Korfage et al Prospective 5 years 46 10 T0Gy, Primary 1 32 18 123 72 SR: 894% (13 DI SR: 98.6% Edentulous jaws
(2010 intraforaminal in 6 patients (1 DI failure) only
dose 12 10 T0Gy failure)
Salinas et al  Retrospective 4 1o 108 =60 Gy Secondary Yes (all) 22 40 90 116 Success rate: Success rate: Mandible only,
(2010)* months 74.4% 93.1% native/grafted
(mean 41.1) (fibula flaps),
adjunct
chemotherapy
(29.7%)
Buddula Retrospective 3 years >50Gy: 50.2 10 Secondary T 48 nfa 271 nfa  SR: 98.9% nfa Native/grafied
etal 67.50 Gy (mean {median (1 years) 89.9% bone
(2011)"* 60.7 Gy) 3.4 years (5 years) 72.3%
after RT) (10 years)

RT =radiation therapy; DI =dental implants; HBO = hyperbaric oxygen therapy; OI = osseointegration;

SR =survival rate; Gy =gray.
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success rates in patients with RT ranging from 74.4% to
98.9% with the majority reporting survival rates above 84%.
Many additional studies also reported high function of
implant-supported dentures in irradiated head and neck
patients, with relatively high implant survival rates.'®2°
However, conflicting results exist. The major concerns for
DI therapy in irradiated head and neck cancer patients are the
potential for delayed healing and the later risk of ORN.?'~
In a recent review of the literature evaluating RT effects on
both dental and craniofacial implants in animal and human
subjects, the relative risk of implant failure in irradiated bone
was found to be 2 to 3 times greater than that of non-
irradiated subjects.”> Animal models have revealed compro-
mised osseointegration of DI due to irradiation, such as
impaired osteogenesis, bone strength reduction, and signifi-
cant fibrosis of the periosteum, to be the common end-stage
of tissue injury.'***?> Some human studies show a lower
survival rate of implants placed in irradiated bone compared
to non-irradiated controls."*'* The differing methodologies
among these studies, the varying definitions of implant
survival and success, the improvements in implant surface
features, and variations in treatment modalities may account
for the controversies regarding DI predictability in these
patients.’*! Many factors influencing treatment outcome
have been suggested (Fig 27.2). In the following section, we
will discuss the impact of RT on DI therapy.

Radiation therapy (RT) - related

*Radiation dosage
*Radiation modality
*Adjunct hyperbaric oxygen therapy

*Conjunctive chemotherapy

*Adverse effects of RT

Patient-related
*Smoking

*Occlusal stability

-Comorbidities affecting bone qualities and healing

+Parafunctional habits (Bruxism /clenching )

+Oral hygiene , Periodontal condition
*Psychological status

*Tumor - magnitude of surgery, prognosis
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Radiation Dose and Implant Location

DI failures were seldom seen at cumulative doses less than
45Gy?? and more commonly seen at doses greater than
65Gy.>* ORN risk has been reported to be highest in the
extraction of mandibular teeth within the radiation field with
doses greater than 60 Gy.” Studies have shown that short
survival of implants in irradiated patients was significant with
total doses >50 to 55 Gy.”*** Many agree that DI survival
in patients treated with cumulative RT doses lower than
50Gy can be comparable to that in non-irradiated
patients.>*°

Implants in the mandible have shown higher survival rates
than those in the maxilla.***” As mirrored by DI practice in
the general population,’ that is most likely due to high bone
density of the mandible providing better initial primary
implant stability. Visch et al, in their study with 130 consec-
utive cancer patients irradiated orally over a period of up to
14 years, found implant location in the maxilla or mandible
(59% and 85%, respectively) as a dominant factor (p =0.001)
among other potential factors influencing implant survival.?*
Nelson et al reported similar results in the maxilla and
mandible (70% and 92%, respectively) in their first 5 years
of follow-up, though long-term survival rates (after 8 years)
were found to be equivocal.”® The region of the mandible

Dental implant (DI) therapy-related

+Timing of implant insertion
*Integration period

*Anatomical sites of insertion

‘Types of the tissue - bed

‘Implant diameter, length

‘Type of restoration, prosthetic design
Loading pattern

FIGURE 27.2 Potential factors impacting dental implant therapy in irradiated head and neck cancer

patients.
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anterior to the mental foramen is usually exposed to a lower
dose than other sites during RT and seems to have better
remodeling capability due to additional vascular supply from
the facial artery.”®* It must be noted that the radiation dose
per implant site ideally should be known to determine the
impact of radiation dose on implant survival.* However, it is
often not available in the literature.”***°

RT Modalities and Adjuvant Chemotherapy

Advancements in RT techniques have been developed to
preserve function of normal tissue and enhance tumor con-
trol. Those include Intensity-Modulated Radiation Therapy
(IMRT) and altered fractionation schedules (hyperfractiona-
tion and accelerated fractionation). IMRT is a computer-
driven technology using rapid radiation beams of varying
intensity to confine the dose to the target tissues.*' IMRT in
the head and neck region aims to preserve the parotid glands
particularly, resulting in prevention of hyposalivation. Hypo-
salivation frequently results in dental caries and necessitates
tooth extraction, which increases the risk of ORN.'® Hyper-
fractionation delivers an increased number of fractions and
total dose with a smaller dose per fraction. Accelerated
fractionation provides radiation at a faster rate of accumula-
tion than that of standard fractionation, and with a similar
total dose to conventional RT.** A recent systematic review
found that risk of ORN after tooth extraction in irradiated
patients was reduced by accelerated fractionation with dose
reduction but elevated by hyperfractionation.'® However,
studies focusing on the impact of RT modality on DI survival
are scarce at this time.

Concomitant chemotherapy is often incorporated in can-
cer therapy to augment the anti-tumor effect of RT. Major
side effects include acute mucositis and altered taste, which
can be multiplied with RT; however, currently there is little
evidence that chemotherapy influences DI therapy.** Nabil
and Samman did not find significantly increased ORN risk in
patients receiving chemoradiotherapy.'®

Adjunctive Use of Hyperbaric Oxygen Therapy (HBO)

HBO has been used for a wide range of medical conditions
such as syphilis, multiple sclerosis, and myocardial infarc-
tion. It raises levels and diffusion of oxygen in local tissue by
inducing angiogenesis, increasing bone metabolism (enhanc-
ing osteoblast repopulation and fibroblast function), and
stimulating collagen synthesis.'' Therefore, it is expected
that HBO increases the capacity to repair tissue damaged
by RT.

The protocol of HBO used after RT in the head and neck
region usually includes 20 to 30 sessions (lasting 90 minutes
each) prior and 10 minutes after tooth extraction or implant
placement, at a compression of 2.4 atmospheres absolute
pressure with 100% oxygen.*> Many support adjunctive use

of HBO to prevent and manage ORN, especially when the
implant site is irradiated with more than 50 Gy and shows
clinical signs of radiation damage.®'>*> Better wound heal-
ing on the implant site of the mandible was noted in irradiated
patients who received HBO therapy during the 3 to 7 year
follow-up period.** Granstrom et al*’ found significantly
lower failure rates of craniofacial implants including DI in
HBO-treated patients than those in the non-HBO-treated
group (8.1% vs. 53.7%, respectively); however, opinions
conflict on the prophylactic effect of HBO in reducing the
risk of RT-induced ORN, and it has not been universally
accepted in dentistry. Studies have shown that HBO could
not enhance implant survival in irradiated mandibular
bone.?*® Limited accessibility and its high costs in time
and money might be concerns.*® HBO requires approxi-
mately 1 month before tooth extraction, which may not
always be practical for symptomatic cases. Potential compli-
cations such as middle ear barotraumas and myopia must also
be taken into consideration, as well as contraindications
including uncontrolled COPD.*®

Timing of Implant Placement Related to RT

Optimal timing of DI insertion-related RT has been debated.
Immediate implant insertion before RT, at the same time as
the ablative tumor surgery, is referred to as primary place-
ment, as opposed to secondary placement after RT. Primary
placement of implants aims at achieving osseointegration
prior to onset of the damaging effects of RT, and early oral
rehabilitation by avoiding additional surgery.>*’ Overall cost
can be reduced; however, indications may be limited to low-
grade tumors. Computer-guided implant placement has
recently been introduced to improve identification of the
ideal implant location during surgery.**~° Secondary place-
ment of implants is probably more common in dental practice
because primary placement is not always available to patients
in the hospital setting. Delayed DI placement enables assess-
ment of the postsurgical status of the patients (both function-
ally and psychologically), and more accurate cancer
prognosis.”’ Patients will be given more time to choose
prosthetic treatment options after their recovery from tumor
therapy and prior to initiation of an extensive dental
procedure.**

Recent publications have demonstrated encouraging
results in primary placement of DI.*>**” A human study shows
better implant survival in primary placement than in second-
ary placement in edentulous mandibles of patients with oral
squamous cell carcinoma.” However, a recent systematic
review by Colella et al found a similar implant failure rate
between the two groups (3.2% vs. 5.4%, respectively).?
Choice of implant insertion timing (before RT vs. after RT)
likely depends on the surgical team’s personal preference.'’
No randomized controlled studies have been conducted
regarding timing of implant therapy and implant success.
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How long should we wait for implant placement after RT?
The answer remains unclear at this time. Several studies
showed that 6 months after RT, DI survival was not affected
by placement timing.”** However, to avoid early complica-
tions of tumor therapy, most clinicians agree to wait a
minimum of 6 to 12 months.>* Others have recommended
waiting a little longer (12 to 18 months typically) to allow
enough time for bone remodeling and muscle healing.”'>
Tumor recurrence or developing a second malignancy in the
adjacent region must be another important consideration.**>>
The first 12 months after tumor therapy is generally consid-
ered to be the high risk period of recurrence. A longitudinal
prospective study showed 44% of cancer patients who under-
went mandibular resection had recurrence within 13 months
of surgery.**

It must be noted that the risk of ORN may persist for years
after RT in head and neck cancer patients.*'* Progressive
loss of capillaries (therefore loss of tissue perfusion) without
evidence of spontaneous revascularization over time was
found in a study by Marx and Johnson, using serial biopsy
specimens from more than 143 irradiated patient mandi-
bles.'* Granstrém et al reported progressive loss of DI due
to failure of osseointegration up to 6 years after the
placement.”*

Oral Health and Psychological Status of Patients
Related to RT

Although the direct impact of oral health status on DI
survival is not clear in the literature, local effects of RT
on periodontal tissue, and attachment loss particularly, have
been reported in several studies.’”>® Epstein et al observed
tooth loss and progressive periodontal attachment loss in
teeth within areas of high-dose radiation.’> A study by
Marques and Dib showed similar results and explained
that inadequate homecare resulting from lack of motivation,
RT-induced hyposalivation, and limited vertical opening
might contribute to such significant periodontal destruction
in irradiated head and neck cancer patients.>® Poor oral health
is known to increase ORN risk.’”3® Katsura et al reported
that oral conditions such as periodontal pocket depth >5 mm,
dental plaque score >40%, and alveolar bone loss >60%, in
the first or second year after RT, as well as smoking history
after RT were significantly associated with ORN risk.’’
Patients undergoing cancer therapies are often weak. RT
can be detrimental to the patients’ quality of life, compro-
mising speech, swallowing, and sensory and masticatory
function, in addition to compromised esthetics caused by
major surgery.'"* After tumor therapies, patients often
become apprehensive about further extensive dental treat-
ment, which results in unloaded implants.*** Compared to
the high success rate of implant osseointegration, a lower
success rate for prostheses has been reported.** In the study
by Smolka et al, prosthetic success was reported as 42.9%,
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while implant success was 92% in 56 cancer patients who
had mandibular free flap reconstruction.’® Schepers et al
found the ultimate rates of functional implant-supported
dentures in the postoperative irradiated group versus sur-
gery-only group were 75.4% versus 75.6%, respectively,
compared to a 97% success rate of implant osseointegration
during the 23-month follow-up.’ In their study, 24.5% of the
primary-placed implants never became functional because of
cancer-related (tumor recurrence or metastasis) or psycho-
logical reasons.

DISCUSSION

Interpretation of published data needs special caution. Nei-
ther a high implant survival rate nor success of osseointegra-
tion assures functional DI or success of DI therapy in cancer
patients; however, with careful case selection, DI therapy in
oral rehabilitation in irradiated head and neck cancer patients
can be successfully achieved. Before initiation of DI therapy,
a patient’s level of tolerance must be assured both physically
and psychologically. Reasonable oncologic prognosis should
be obtained from the physician. The planned implant site of
the anterior mandible and a cumulative radiation dosage
lower than 50 Gy may predict the outcome of DI therapy.
If possible, consultation with the radiation oncologist is
encouraged to obtain radiation dose distribution. A timespan
of 12 months between the last RT and implant insertion
seems reasonable from both the oncologic and dental pro-
spective; however, later complications of RT, including
ORN, are still not clear. In general, placement of a minimal
number of implants is recommended.” It is the authors’
opinion that options for primary placement of implants
should be discussed prior to tumor surgery to avoid potential
damage from RT for implant sites such as ORN. The impacts
of adjunctive HBO, chemotherapy, or RT modality on
implant survival remain uncertain.

Throughout the oral rehabilitation, it is important to
maintain optimal periodontal health with appropriate man-
agement of any adverse effects of RT. General known risk
factors of DI failure should be controlled to maximize the
treatment outcome. Lack of communication and education
among the patient and healthcare professionals have been
raised as concerns.” New guidelines for prophylactic dental
care prior to the head and neck cancer treatment that could
damage the oral tissue in cancer patients are on the
horizon.'"-*°

CONCLUSION

Multidimensional potential risk factors of DI failure must be
considered when planning DI therapy in irradiated head and
neck patients. Factors focusing on RT were discussed, and
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the negative impacts of RT on DI therapy are undeniable. The
benefit of using implant-supported dentures over conven-
tional dentures must outweigh the risks. Meticulous treat-
ment planning along with careful preoperative oral
examination and good coordination with oncologic special-
ists cannot be overemphasized. It is also important for the
dental profession to keep abreast of the latest available RT
technologies. Additional evidence-based clinical guidelines
for implant use in head and neck patients undergoing RT are
expected.
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The identification of different dental implant bodies and
other implant components can be difficult. It is particularly
challenging when patient treatment records are unavailable
or when the records do not include an inventory of the
implants and components used. The lack of information
can be a very frustrating experience for both practitioners
and their patients.

ABSTRACT

The identification of different dental implants and restorative
components is difficult when dental records do not include an
inventory of implant components. An implant record form is
described. The form should be filled out and retained in the
patient’s chart for future use and implant maintenance visits.

The mobility of individuals in today’s society increases
the need for a repository of pertinent information to be
available for future dental care providers. In fact, even the
practitioner who provided the initial implant treatment can
find it difficult to subsequently recall details about the
implants and components. The problem is compounded by
the large number of implant systems currently available,
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IMPLANT TREATMENT RECORD FORM

Patient Name: Phone number:
Treating dentist Phone: Treating surgeon:
Phone:

Implant location

(by tooth #)

Company name

Type

Batch #

Diameter

Length

Bone grafting
date/site

(if used)

Graft type/

Donor site

Placement date

(Surgery)

Restoration date
(Prosthesis placed)

Cement

Screw head type

Screw torque

(Preload)

Access screw
location

Type of abutment

Abutment material

Additional
information

FIGURE 28.1 Implant treatment record.
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some of which have identical or similar designs. The exten-
sive array of abutment types, abutment materials, and the
number of customized parts that may have been used to
restore dental implants makes it imperative to record impor-
tant information for posterity.

There have been publications regarding the radiographic
identification of implants'? and also regarding the use of
implant consultation forms to document presurgical and
surgical information;3 however, there have not been publi-
cations identifying the pertinent dental implant information
that should be recorded in a patient’s treatment record for
future use. A specific form, an exhaustive list, that records
pertinent information would be valuable for any future
treating dentists. A copy of this form (Fig 28.1) can be given
to patients for their records, as well as be retained in the
practitioner’s patient treatment file.

THE RECORD (FIG 28.1)

* “Location” is the tooth number(s) where the implant(s)
was/were placed.

e “Company name” (i.e., Nobel Biocare, Zimmer Dental,
Astra Tech, or Biomet 3i).

* “Type” is specific to the implant system used (i.e.,
Replace Select, Tapered Screw-Vent, MicroThread,
OsseoSpeed, or Osseotite implant systems).

» “Batch #” records the batch number of the implants
used.

» “Diameter” is specific to the size of the implant platform
(i.e., 3.7mm, 4.7 mm, or 5.0 mm).

* “Length” is the cervicoapical length of the implant (i.e.,
8 mm, 10 mm, or 13 mm).

* “Bone grafting” specifies the date and site of the graft.

* “Graft type” is the trade name (i.e., Bio-Oss or Puros
materials) or for autogenous grafts, the donor site (i.e.,
“from the chin”).

* “Placement date” records the date of implant placement.

REFERENCES 265

» “Restoration date” records the date of placement of the
prosthesis.

e “Cement” specifies the type of cement for cemented
restoration.

e “Screw head type” describes the type of screwdriver
required for retrievability (i.e., hexagon head, star grip,
or squared head).

* “Screw torque” specifies the amount of torque to tighten
the screw.

e “Access screw location” specifies the location of the
screw access hole, and is very useful if the abutment
screw loosens with a cement-retained, implant-supported
prosthesis.

¢ “Type of abutment” lists how the abutment was made
(i.e., premade, custom cast, or computer-assisted
design/computer-assisted machining).

* “Abutment material” lists what the implant abutment is
made of (titanium, cast gold, zirconia).

* “Additional information” pertains to any additional
information needed for the specific clinical situation.
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A
Abutment
CAD/CAM designs, 15,17,22
cast prosthetic abutments, 179
collar heights, 15
connection on stress distribution, 207
design and esthetics, 47
design, assessment criteria for, 11
digital one-abutment/one-time concept, 21
with internal connection and different angulations, 215
selection, 19
temporary, 48, 50
titanium, 18
Acrylic resin, 29, 36,37, 118, 119, 154, 194, 200, 202, 219
retention, 162
Adhesive cement, 18, 44
All-on-Four™ concept, 115
cumulative survival rate, 115
panoramic radiograph, 161
Alloying elements, in dental noble alloys, 156
Alumina (Al,05), 18,219
abutments, 17-19
American Dental Association (ADA) system, 5
American Psychiatric Association, 45
Angular cheilitis, 46
Anorexia nervosa (AN), 45
ANSYS Workbench 12.1 finite element software, 209
Antidepressants, 46
Applegate—Kennedy classification system, 4
Appropriate/inappropriate maxillary tooth positions, 154
Artificial teeth
adequate support for, 160
appropriate location, 162
using laboratory c-silicon material, 178

extreme wear/abrasion of, 153
Atrophic maxilla, 103-105, 107, 109-111, 177, 180
treatment of, 178

B
Bicon Dental Implant™ system, 53
Binge-eating disorder (BED), 45
Biological width, 28
Bone grafts, 8, 28,37, 108, 110, 115, 132, 161, 178, 180
Bone preservation, 28, 167
800 Branemark system implants
following All-on-Four™ protocol, 115
life table for
axial implants, 117
implants in female patients, 117
implants in male patients, 117
implants in mandibular arch, 116
implants in maxillary arch, 116
master life table of implants, 116
materials and methods, 115-116
number of failures
based on bone quality, 117
based on implant dimension, 117
based on smoking status, 117
panoramic radiograph
following delivery of definitive prostheses for, 118
postoperative panoramic
radiograph following All-on-Four™ implant
rehabilitation, 118
preoperative panoramic
radiograph of patient elected for, 118
prosthesis survival rate, 119
retrospective analysis, 115
tilted implants, 117
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Buccally positioned zygomatic implants
cast prosthetic abutments, and prosthetic framework, 179
challenge for restorative dentistry, 177
clinical report, 178-180
frameworks
computer aided design/computer aided manufacturing
(CAD/CAM) systems, 180
frontal view of patient after rehabilitation, 180
occlusal view of prosthesis, 179
panoramic radiography showing the maxillary sinus
pneumatization, 178
professional training, 180
prosthesis, occlusal view, 179
rehabilitation, frontal view of, 180
survival rate, 180
use of overcast component, 181
view of the implant inclinations, 179
zygomatic fixation, 180
Bulimia nervosa (BN), 45

C

CAD/CAM implant framework, 153, 158
JPEG images, 158
titanium alloy, 158

CAD implant framework, with a modified I-bar design, 159

Cantilever length (CL), 94, 115, 155, 160, 173
rationale for, 160

Caries, 41, 44, 46, 55, 255, 258

Cast base metal alloys, 157

Cast noble alloys, 94, 156

Cemented restoration, 41

Cemento-enamel junction (CEJ), 16

Cement-retained fixed prosthesis, 41

caries removal and remargination and fabrication crown, 44

cemented FPD separated from screw-retained implant
abutments, 43
clinical presentations, 42,43
Casel, 42,43
CaseIl, 43,44
crown separated from cast dowel-core substructure, 43
retrieved PFM crown with custom cast dowel and core still
cemented, 43
screw access channels, to retrieve prosthesis and
substructures, 42
Ceramo-metal, 59
Cobalt-chromium alloy, 179, 180
prosthetic framework, 179
Cognitive-behavior therapy, 46
Commercial dental implants, 223
ANOVA, cell adhesion rates, 230
cell adhesion, 231, 232
data, 231
similar cell adhesion patterns, 227
cell culture
Astra and Straumann systems, 227, 228
on implants, 224
cell-surface interaction, 223
clinical evidence of performance, 223

distinct surface characteristics, 230
EDS analysis of, 227
evidence/criteria support, 223
higher magnification
cell culture, 229
lateral view, 229
implant surface/bone cells, interaction of, 231
materials and methods, 224
cell culture on implants, 224
implants, 224
optical profiler, 224
primary osteoblastic cell isolation, 224
quantitative analysis of cell culture, 224
Raman microspectroscopy, 224
SEM/EDS, surface morphology and elemental
composition, 224, 226, 228, 229, 230
optical profilometer
3D roughness, 224
roughness measurements from, 224-228
osseointegration, concept of, 223
osteoblastic cells, 231, 232
Raman microspectroscopy analysis, 227,228, 231, 232
randomized controlled clinical trials (RCT), 223
roughness
comparison of, 225,226
measurements, 224
Ryan-Einot-Gabriel-Welsch Multiple Range Test
(REGWQ), 223
SEM images of implants, 226
surface
properties, 223
quality of implants, 229
topography, 228

Computer aided design/computer aided manufacturing (CAD/

CAM) technology, 22,49, 167, 180, 199
abutments, 15,17
fabricated restorations, 24
mandibular implant, 153, 158
milled and cast gold alloy, 156
milled framework, 161, 162
copy-milled, 203
with L-beam design, 160
Ti frameworks achieve implant, 158, 200, 201
titanium framework, 94
vs. cast frameworks, 159
Computer-guided implant treatment software, 46
Cone beam computed tomography (CBCT) files, 46
Conventional two-stage implant protocol, 36
with delayed loading, 36
Copy milling, 158
Core-retained restoration, 41
Craniofacial implants (CFI’s)
copy-milled CAD/CAM framework, 203
extraoral prostheses
survival rates and associated clinical complications,
202
failure, common risk factors associated with, 203
CSRs. See Cumulative survival rates (CSRs)
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Cumulative survival rates (CSRs), 59, 115, 116, 117, 132, 135,
158, 203
prosthesis, 202

D
Dental implants, in osteoporotic patients, 238
animal studies reviewed, 240-241
dental implants and age, gender, and jawbone quality, 246
human studies reviewed, 242-243
materials and methods, 239
practical measures, aimed at improvement of dental implant
outcomes, 246247
Dental implants, in restoration of partially and fully edentulous
patients, 46
clinical report, 46-49
intraoral labial view of interim prostheses, 49
maxillary anterior region, 46
methods and technologies, 46
periapical radiographs, 49
pretreatment dental condition, 47
temporary abutments, 48
two four-unit zirconia FPDs cemented, 49
zirconia abutments fabricated
using CAD/CAM technology seated on implants, 49
Dental implant therapy, 167

CT scan showing fracture of right mandible of a patient after, 255

in irradiated head and neck cancer patients, 254
potential factors impacting
dental implant therapy in irradiated head and neck cancer
patients, 257
radiation dose and implant location, 257-258
radiotherapy (RT)
on DI survival, recent literature on effect of, 256
on implant survival, 255, 257
and its adverse effects, 255
Dental noble alloys
composition and properties, 157
roles of alloying elements, 156
Dental stone type IV, 178
Diamond Crown™, 53
Digitalization, 22
direct, 22,23
indirect, 22
Double full-arch vs. single full-arch, implant-supported
rehabilitations, 131-138
biological complication incidence rate, 138
final prosthetic protocol, 134
immediate provisional prosthetic protocol, 134
implant survival of completely edentulous rehabilitations
using, 135, 136
incidence of mechanical complications, 137
limitations of study, 138
marginal bone level, 134
situated apically to implant platform, 137
materials and methods, 133
orthopantomography
double full-arch All-on- 4 rehabilitation, 133
mandibular single full-arch All-on-4 rehabilitation, 133
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of maxillary single full-arch All-on-4 rehabilitation, 133
outcome measures, 134
retrospective analysis of porcelain failures, 137
sample size calculation, 133
statistical analysis, 134
surgical protocol, 134
survival estimation, 136

E
Eating disorders not otherwise specified (ED-NOS), 45, 46
Edentulism, 78
prevalence of, 167
Edentulous maxillary jaws, 115
Elastomer technology, 198
Elliptical designs, 159
Emergency profile
customization, 16
evaluation, 16-17
Endosseous craniofacial implants (CFI’s), 198
Endosseous extraoral implants, 198
Esthetics, 17, 36, 38, 168, 186, 194, 216
abutment design and, 47
blueprint for, 88
for certain jaw and lip, 89
challenges, 16
comfort, 115
complications, 96
demands with maxillary prostheses, 154, 155
factors critical to prosthetic design selection, 90
impacts buccal corridor, 88
implant abutment, 17-19
implant-supported restorations, 46
by major surgery, 259
outcome, 83
and prosthetic complications, 12
result of RPD improved by, 4
screw-retained interim prostheses, 118
variables, 174
Extraoral implants, for acquired nasal defect
abutment impression copings, 200
acrylic resin, framework fabricated, 200
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associated clinical complications and clinical survival rates, 202

CAD/CAM framework, 201
clinical report, 199
implant placement, 200
patient presentation, 199
restorative treatment, 200-202
treatment plan, 199
common risk factors associated with craniofacial implant
failure, 203
endosseous craniofacial implants (CFI’s), 198
facial bones, 198
failure with CFI implants, 202
frameworks for fixed complete dentures, 199
hygiene instructions and demonstrations, 201
implant failure, common risk factors associated with, 203
implant frameworks, 199, 201
maxillofacial prosthetic rehabilitation, 198
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Extraoral implants, for acquired nasal defect (Continued ) for dental implants, 36
osseointegrated implants, 198 phase, 46, 47,222
milling center, 200 time, 29
Minnesota Multiphasic Personality Inventory (MMPI), 198 tissue gingival collar, 16
nasal and orbital implants, 202 Hormone replacement therapy (HRT), 244
nasal prosthesis, 201 Hybrid implant prostheses, 153
preoperative frontal and lateral views, 199 A/P spread and the “All-on-Four” protocol, 161
prosthesis cumulative survival rates (CSR’s), 202 CAD/CAM framework for fixing, 154
prosthesis, magnetic housings, 201 cantilever
rhinectomy with left neck dissection, 199 extensions, 162
use of computer-assisted design and computer-assisted length, rationale, 160
machining (CAD/CAM), 199 clinical image of an acrylic resin, 154
wax prosthesis, lateral, frontal/left three-fourth views, 200 design considerations, 159-161
fixed hybrid prostheses, original framework designs, 153-155
F complications, 156
Facial prostheses, 187, 188, 190, 198 physical properties of metals, 156—-159
Family-based therapy, 46 framework guidelines, 161-162
Fibrous encapsulation, 36 historical perspective, 153—-162
Finite element analysis (FEA), 81, 110, 155, 208 metal implant frameworks, 153
Finite element methods (FEMs), 209 passively fitting implant frameworks, 155-156
Fixed dental prostheses (FDPs), 22, 157, 158
Fixed partial denture (FPD), 42, 47, 54, 137, 155 I
Fluoride, 46 ICK classification system, 5-8
Fracture load, 215, 218,219 Kennedy Class I situations, 5
Kennedy Class II situations, 6
G Kennedy Class III situations, 7
Galileos imaging system, 168 Kennedy Class IV situations, 7
Gingival for partially edentulous arches, 5
biotypes, 17 IFCD. See Implant, fixed complete denture (IFCD)
cervical crown junction of the MC design, 92 Iliac crest grafts, 177
crest, 15 Image Analysis System (AnalySIS), 224
hyperplasia, 83 Implant
index, 82 abutment, 17
margin, 15, 17,53 esthetics and function, 17
porcelain, 15 angulation
sulcus, 53 evaluation, 17
swelling, 37 issues, 17
tissue thickness, 15 anterior-posterior (A-P) spread, 173
zenith, 28 craniofacial (See Craniofacial implants)
Gold alloy, 154-156, 199 dentistry, 11
screws, 201 fixed complete denture (IFCD), 67, 68, 70, 71, 88-90, 94-96
Graftless approach, 92 frameworks
Grafts, 8,11, 12,15, 28,37, 110, 115, 178 laser-welding of, 155
assessment, 13 hybrid prosthesis, 154
autogenous onlay bone, 92 ideal implant location to access hole, 17
composite, 177 platform location and evaluation, 12—-14
with pterygomaxillary implants, 92 pterygomaxillary, 92, 115,119
sinus, 90, 161, 177 retained overdenture (IROD), 68-71
GraphPad InStat version 3.01, 224 retained prosthesis, 154
laboratory palatal image of, 155
H mandibular, 154
Healing supported
abutments, 15, 25, 28, 31 fixed complete prostheses, 155
around titanium implants in osteoporotic bone, 239 metal ceramic (MC) reconstructions, 68
caps, 23,25 overdenture, 68, 69
delay, 69,71, 110, 118, 247,257 surgery (See Implant surgery)
peri-implant mucosal, 30 titanium, 28

periods, 23, 24, 30, 36, 245 treatment record form, 263-265



WWW.HIGHDENT.IR
O 35135 5 Olilusluis Hlen

INDEX 271
Implant possibilities, on atrophic maxilla suprastructure
anatomic considerations milled bar overdenture with swivel latches engaged on, 92
extrinsic morphology, 104, 109 overdenture in place over Locator abutments, 91
intrinsic morphology, 108-109 in place over Dolder bar, 91
biomechanics in atrophic maxilla, 110-111 Implant-supported facial prostheses, by maxillofacial unit, 185
materials and methods, 104 age distribution, population of, 188
relevant studies degree of comfort, 189
on biomechanical aspects for implant possibilities, 103—-104, discoloration of, 190
107, 108 longevity of prosthesis, 188
on intrinsic and extrinsic anatomical aspects, 105, 106 longevity, patient expectation, 190
Implant restorations, for mandibular edentulous patient materials/methods, 188
differential treatment planning, 67 nasal defect and dental implant position
considerations for implant treatment, 68 lateral view demonstrating, 186
evidence-based criteria for, 67-72 nasal defect, lateral view, 186
immediate loading protocols, 69-71 orbital defect, 187
implant fixed complete denture, 70 overall opinion, 189, 190
implant overdenture, 68—69 patients’ perception of quality, 189
implant restoration of edentulous mandible, 68 prosthesis
rationale for placing implants, 68 life span, 189
metal ceramic fixed dental prosthetic design, 71 longevity of, 187, 188
Implant restorations, for maxillary edentulous patient proportion of, 188-189
differential treatment planning, 87 quality of edge, 189
algorithm for decision making in treatment planning, 96 restorative dentists, 187
display of residual alveolar ridge without any prosthesis, stomatognathic and associated facial structures, 186
90 Implant surgery, 23
Dolder bar anchorage system, 91 antibiotics, 23
evidence-based criteria, 87-96 CAD design, 23
exaggerated smile of patient with maxillary fixed complete control X-ray, 23
denture, 90 implant placement, 23
facebow registration using Kois Facial Analyzer, 91 restoration options, 23
facial profile scan data
with flangeless denture, 89 exported in STL format and, 23
with no prosthesis in place, 89 imported into a CAD-Software, 23
frontal view of vertical extent of residual ridge resorption, 89 scanning, 23
general considerations, for implant therapy, 88 screw-retained crown fabricated in, 24
gingival-cervical crown junction of the MC design, 92 second-stage surgery, 24
gold occlusal design, on posterior teeth to thwart attrition, 92 placement of screw-retained final crown, 24
implant fixed complete denture, 92, 94 raising mucosal flap and undermining buccal soft tissue, 24
framework design, 94 situation during implant placement, 23
immediate loading protocol, 95 wound healing and sutures removal, 23
maintenance, 94-95, 95-96 Implant-surrounding bone, stress distribution
metal ceramic design, 95 abutment/implant interface, 208
number of implants, 94 adequate implant system, 208
implant overdenture, 93 bone/implant contact, 211
anchorage design/maintenance, 93 bone/implant interface, 208
immediate load protocols, 93-94 CTI database, 208
number of implants, 93 3D CAD software, 208
indications for implant restoration, of edentulous maxilla, 88—89 internal hexagon (IH)/Morse taper (MT), 208
Locator abutments, evenly distributed for maxillary buccal and lingual models, 210, 211
overdenture, 91 maximum displacement stress, 210
maxillary and mandibular dentures, on resilient casts, 91 image analysis of, 210
measurement of space allowance, before prosthetic design, 91 stresses in trabecular bone implants, 210
milled bar mesostructure for overdenture, 92 stresses on cortical bone, 210
mounting of maxillary denture, with laboratory putty in, 91 Von Mises stress, 211
Sackett’s hierarchy of evidence, 88 long-term survival of dental implants placed, 208
sagittal view of horizontal defect, of premaxilla region, 89 materials and methods
screw-retained metal ceramic (MC) design, 92 anatomical structure, mechanical proprieties, 209

selection of fixed or removable implant prosthetic design, 89-93 implant manufacturer, 208
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Implant-surrounding bone, stress distribution (Continued )
model reconstruction, 209
Von Mises criterion, 209
peri-implant bone tissues
transmission of occlusal load, 208
tension distribution, 211
vestibulo-lingual direction, 211
Von Mises stress analysis, 212
Incomplete cement, removal, 53
Integrated Abutment Crown™, 53
Internal engaging/nonengaging connection evaluation, 14
Internal hexagon (IH), 208
buccal and lingual models, 210, 211
maximum displacement stress, 210
image analysis of, 210
stresses in trabecular bone implants, 210
stresses on cortical bone, 210
Von Mises stress, 211
Intraoral scanning device, 22
IROD. See Implant, retained overdenture (IROD)
Irreversible hydrocolloid material, 178

K

Kennedy method of classification, 4
guidelines, 4

Keratinized tissues, 16

Kolmogorov-Smirnov test, 217,218

L
Laboratory occlusal image, of a resin pattern, 159
L-beam design, 153, 160
CAD/CAM milled framework, 160
Le Fort I osteotomy, 177
Lesions, 46, 105, 179
nasal, 199
Lithium disilicate, 23-25, 118

M
Mandibular
implant CAD/CAM framework
for a fixed hybrid implant prosthesis, 153
implant-retained framework designed as an I-bar, 153
prosthesis
fixed hybrid, 153, 154
mandibular implants, planned position of, 168
mock-up of, 169
scan and digital design of, 169
Mandibular implant overdenture treatment, 77-84
combination syndrome associated with dental implants, 82
consensus of opinion vs. controversy, 83
areas of controversy, 84
areas of general consensus, 84
conventional denture treatment, 78
dental implants
with bar attachment fixation in anterior mandible, 81
with bar attachment in anterior mandible, 80
located within anterior mandibular alveolar bone, 80
utilization, 78-79

denture base fracture

associated with mandibular implant overdenture treatment, 83

diminished supporting tissue volume, negative influence, 78
edentulism, 78
implant overdenture treatment, 79
independent dental implants with O-ring attachments in anterior
mandible, 80
interconnected vs. independent implants, 8082
natural teeth vs. dental implants, 79
sparse and controversial, 79
number of implants required, 80
patient satisfaction, 83
peri-implant response, 82
preservation of bone, 79-80
totally implant-supported prosthesis in anterior mandible, 79
treatment complications, 82-83
Marginal bone loss (MBL), 28
associated with immediately loaded implants inserted into, 30
delayed loading protocol (two stages), 29
difference in values between mesial and distal surfaces, 32
at different time intervals, 32
digital intraoral radiographs of implants placed into, 31
evaluation in extraction sites, 30
formation and maturation of soft tissue around implants, 32
immediate loading protocol (one stage), 29
materials and methods, 28
measurement technique, 30
nonsignificant error margin, 30
null hypothesis, 28
patient selection criteria, 28-29
prosthetic techniques, around titanium implants, 28
radiological criteria to assess, 28
statistical analysis, 29, 30
surgical and prosthetic factors, influencing, 28
surgical phase, 29
two-phase surgical procedures associated with, 30
vascular ischemia associated with, 31
Maxillary
anterior region, 46
bone, tumor resection surgery
treatment of, 178
complete dentures, 155
sinus grafts, 177
sinus pneumatization
initial panoramic radiography, 178
Maxillary tumor, 193
Maxillomandibular relationships
abutment level impression, 168
MBL. See Marginal bone loss (MBL)
MDIs. See Mini dental implants (MDIs)
Micro-CT techniques, 110
Milled green-state zirconia prosthesis, 169
Milled titanium alloy framework, 159
Milled zirconium frameworks, 157
Mini dental implants (MDIs)
challenge to treating prosthodontist, 192
clinical report, 193-195
finger driver, 193
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heat-processed acrylic resin, 194
immediate implants
postoperative intraoral photograph, 194

interim obturator with resilient linet/incorporated O-ring
housings, 194

ligated surgical obturator, 193

master cast, secondary impression, 195

maxillary tumor, preoperative photograph of, 193

O-ring housings, 194

postoperative panorex, 194

pressure-indicating paste, 195

surgical obturator, 193

transitional/modular implants, 195

Minnesota Multiphasic Personality Inventory (MMPI), 198
Missing teeth, repalcement, 36

cementation of acrylic resin crown, 37
clinical treatment, 37
comparison study of two groups of patients, 38
complications and failures, 37
contours of restoration, 37
immediate provisionalization protocols, treatment option, 39
implant distribution frequency, 38
implant failure rate by type, 39
implant sites, 37
implant survival rates
by location and bone quality, 39
by location and implant length, 38
integrity of acrylic resin margins, 37
materials and methods, 36
Nobel Biocare implants, 37
patients, 36
surgical procedure, 36
teeth in a day prosthetic procedures, 36-37

Monolithic zirconia fixed dental prosthesis (MZ-FDP), 167

analytic methods, 169-170
assessment/conventional denture fabrication, 168
biologic and prosthetic outcomes, 170-171
complications, 170-171
fracture, 173
implant survival in edentulous mandible, 171-174
inclusion/exclusion criteria, 168
master cast, 168
materials and methods, 168-170
mean OHIP-49 extent scores, 171, 172
mean OHIP-49 severity scores, 171,172
milled green-state zirconia prosthesis, 169
mock-up of mandibular prosthesis, 169
observation period, 170
complications by participant, 170
complications by type/timing, 171
OHIP-49 questionnaire, 169—170
severity score, 171
OHIP-49 subscale analysis, 173
participant characteristics
and OHIP-49 severity and extent scores at enrollment, 171
planned position of mandibular implants, 168
scan and digital design of mandibular prosthesis, 169
sintered and polished definitive zirconia prosthesis, 170
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stained, presintered zirconia prosthesis, 169
surgical procedures, 168
zirconia prosthesis fabrication, 168—169
Morse taper (MT), 208
buccal and lingual models, 210, 211
maximum displacement stress, 210
image analysis of, 210
stresses in trabecular bone implants, 210
stresses on cortical bone, 210
Von Mises stress, 211
Mortality rates, 46
MT. See Morse taper (MT)
Mucosal barrier, 28
Muscle
attachments, 69, 78
grafts, 107
healing, 259
movements, 119
MZ-FDP. See Monolithic zirconia fixed dental prosthesis (MZ-
FDP)

N

Nasal defect, 186, 199, 202
lateral view, 186

Nickel-chromium alloys, 180

Nobel Biocare implant, 225,226

Noble metal alloy, 44, 153, 156

(0]
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One-piece casting procedures, for homogeneous frameworks, 158

Oral/facial symmetries, 154
Oral health quality of life (OHQoL), 167
Oral implant, 132

Osseointegrated dental implants. See also various dental implants

characteristics of data collected, 123
description of anticipated and unanticipated prosthetic and
biologic events, 123
events, 129
addressed for, 127

summary of anticipated and unanticipated events and visits to

address, 126
summary of patient experiences with, 127
implant failures, 127
long-term practice outcome data, 127-128
most common prosthetic and biologic events, 125-127
outcomes
comparison, 128
research, 128
overview
of events, 124-125
of prosthesis survival, 124
population characteristics, 128
practice application, 129
practice-based evidence, and management of edentulous jaw
using, 121
materials and methods, 122-123
prosthesis-specific survival, 129
summary
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Osseointegrated dental implants (Continued )
of patient-centered questions, 128
of patient specific features, 124
Osseointegration, 30, 36, 39, 88, 116, 132, 141, 148, 155, 198,
199, 202, 222, 228, 230, 231, 239-241, 244, 245, 247,
257-259
Osteoporosis, 238
animal studies deficiencies, 244-245
biphosphonate therapy, 246
definition of, 238
dental implants and, 238
epidemiology of, 238
human studies deficiencies, 245-246
pathophysiology of, 238
risk factors, 239
steroid-induced, 244
systemic complications of, 238
WHO criteria, 244
defined, 244
diagnosis, 244
Oxidized-titanium-surfaced implants, 36

P
Palladium/silver alloys, 157
Partial edentulism, 4
rationale of classification, 4
Peri-implant mucosa, 22
architecture, 28
Peri-implant pathology
attributable risk fraction, 148
components of an implant-prosthetic rehabilitation, 141
controlling risk factors for the incidence of, 147
crude odds ratio (OR) with confidence intervals, 148
frequencies and percentages of variables related to
characteristics of reconstruction, 144-146
implant:crown ratio (ICR), 142
implant-supported prostheses
screwed/cemented, 142
implants with hydroxyapatite surface, 141
influence of rehabilitation, characteristics in incidence of, 141
machined surfaces constituted risk factor, 146
materials and methods, 142-143
material used, in prosthesis influenced risk status, 146
measuring critical bending moment, 146
mechanical complications, 142
pathogenesis, described as, 141
presence of cantilevers, in a fixed prosthesis, 142
prosthetic screw loosening, 142
restorative material, used in prosthesis, 142
results from bivariate analysis for variables in, 147
statistical analysis, 143
Phonares I denture teeth, 168
Plaster model, 22
Platform switch evaluation, 14-15
Polished definitive zirconia prosthesis, 170
Poly(vinyl siloxane) impression material, 178
Porcelain
fracture, 96, 137

fused-to-gold implant-supported crown, 37
fused-to-metal fixed partial denture, 47
gingival, 15,17

ideal thickness, 11

incisal chipping, 30

to mask the defect, 15

structural integrity and establish unstable occlusal contact, 42
tendency to change to a green color with, 157
veneer fractures, 157, 158

Presintered zirconia prosthesis, 169
Prosthesis

esthetic and functional examination, 179
occlusal view, 179
waxed on master cast, 178

Prosthetic complications, 156

Prosthetic preangulated abutments, 17
Prosthodontic Diagnostic Index (PDI), 8
Provisionalization, 36, 37, 39

Q

Quality of life (QoL), 67,69, 71, 72, 88, 89, 174

R

Randomized controlled clinical trials (RCT), 88, 104, 138, 222, 223

Removable partial denture (RPD), 4, 193

design, 154
metal frameworks, 162

Restorative space

cementable restoration, 11

choice of fixed restoration, 11
classification, 11

evaluation, 11

ideal space for a fixed prosthesis, 11
interocclusal distances exceeding, 12

Rhinoceros 4.0 NURBS Modeling, 208

S

Scanning, 18, 23

CAD/CAM frameworks, 162
images, filter size, 224
intraoral device, 22, 23
template, 200

Screwless and cementless technique, 52-61

clinical and radiographic
view of an IAC on a maxillary right second premolar, 60
complications and failures, 55
loosening of IACs, 61
loosening of nine maxillary anterior IACs, 61
plaque accumulation, 61
postinsertion, 61
data management and statistics, 55
descriptive statistics and univariate analysis for risk factors,
56-58
descriptive statistics for patient questionnaire, 58
insertion of IAC, 53
Kaplan—Meier survival IACs, 58
materials and methods, 54

multivariate marginal cox regression models for risk factors, 59
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patient questionnaire, 55
periapical radiographs, 54, 60
soft tissue parameters, 55
study variables, 54
anatomic-tooth specific variables, 54
health status variables, 54
implant-specific variables, 54
prosthetic-soft tissue variables, 54
reconstructive variables, 54
survival estimate for IACs, 55, 61
Shear bond strengths (SBS), 162
Silver palladium alloys, 155
Single-tooth implants, 25, 36, 37, 39
failure rates in immediate provisionalization of, 39
screwless and cementless technique for restoration of, 52-61
Sintered definitive zirconia prosthesis, 170
Stained zirconia prosthesis, 169
Standard tessellation language (STL) format, 23
Stereolithographic models, 46
Subgingival margins, 53
Substance abuse, 46

T
Tilted implants, 92, 115
Tissue
collar height evaluation, 15-16
diminished supporting tissue volume, 78
evaluation, soft and hard, 12
inflammation, 82
keratinized, 93
mucosal, hyperplasia of, 82
peri-implant, 28, 138
infections, 208
prosthetic-soft tissue variables, 54
prosthetic-tissue junction, 89
soft and hard tissue evaluation, 12,22
Titanium alloy, 53, 94, 158, 161, 162, 180, 195, 199, 200, 226

U
Ultrasonic vibration device, 42

A\

Vickers hardness, 156

Vistafix System, 200

Von Mises criterion, of maximal distortion, 209

w
Wax prosthesis, 200

X
Xerostomia, 46

INDEX

Y
Yttria tetragonal zirconia polycrystal (Y-TZP), 157

V/
Zirconia, 15, 18,23, 25
abutments, 16, 17, 19, 49, 158, 217, 219
fabricated using CAD/CAM technology, 49
ceramics, 158
definitive zirconia prosthesis, 174
fractured distal extension segment of zirconia prosthesis
through screw access hole, 173
frameworks, milled, 157
monolithic, 167, 168
oxide materials, flexural strength, 157
prosthesis
cementable single unit, 174
chipping complication, 172
fractured distal extension segment of, 173
restorations, implant supported, 158
stained, presintered zirconia prosthesis, 169
yttria-stabilized, 18,216
Zirconia custom abutments, with internal connection,
216
artificial dynamic thermal, aging, 218, 219
ceramic abutment material, 216
cubic acrylic jigs, implant replicas placed, 217
failure risk, 218
fracture load, 218
fracture load means, 218
fracture pattern of, 218
group distribution, 217
implant/abutment connection, types, 218
Instron machine, 217
lever arm vector and fracture behavior, 218
materials and methods, 216
experimental design, 216-217
one-piece zirconia custom abutments, mean fracture load
of, 218
sample size/power calculation, 216
specimen preparation, 217
statistical analysis, 217-218
one-piece abutments, 216
one-piece zirconia custom abutments, 218
regular cross-fit zirconia custom abutments, 217
stress-strain diagram, 217
zirconia custom abutments, 217
Zygomatic fixation technique, 178
Zygomatic implants, 92,96, 110, 111, 177, 178
implant inclinations, 179
impression copings, 178
panoramic radiography, 178
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