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Candidates and Requirements for
Single Tooth Implant Prostheses

Thomas J. Balshi, DDS, FACP*

Successful prosthodontic freatment begins with on accurate diagnosis
and thorough and comprehensive freafment planning. Csseointegration is
an integral part of prosthodontic treatment planning. When use of the sin-
gle tooth implant is anticipated, there are several procedure objectives
that should be considered: elimination of pathosis; attainment of ideal fix-
ture alignment and stability; protection of the adjacent teeth; preservation
or augrnentation of the alveolar ridge: attainment of primary closure; and
avoidance of muceosal pressure. Esthetic and biclogic complications are
discussed. (Int J Periodont Rest Dent 1994:14:317-331.)

*Institute for Focial Esthetics, 467 Pennsylvania Avenue, Fort
Washington, PA 19034,

The single tooth implant pros-
thesis may be one of the most
challenging prosthetic restora-
tions. Treatment planning con-
cepts, clinical reguirements,
and applications must be dis-
cussed when candidates and
requirements for the single
tooth implant prosthesis are
considered.

The replacement of a sin-
gle tooth using an osseointe-
grated implant stems from an
evolution in concepts, technol-
ogy. and clinical application
following years of basic re-
search and fundamental stud-
ies. The methods of ossecinte-
gration developed by Brane-
mark et al' are well document-
ed, including first-stage surgery
followed by unloaded healing
for either 3 o 4 months in the
mandible or 5 to 6 months in
the maxilla.

Over a decade ago, Adell
et al? described the successful
use of multiple ossecintegrated
fixtures supporting fixed partial
prostheses in both the maxillary
and mandibular arches. These
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Fig 1 The distiibuiion of fixtures lo sup-
port prostheses shows the mosf com-
mon partially edenfulous restorations
are supported by fwo fixtures foliowed
by three fixture-supported prosthesas.

results were confirmed by
numercus centers worldwide.
The use of osseocintegrafed
implants became a highly
accepted method of restora-
tion for the fully edentulous
patient.

Extrapolation from the origi-
nal clinical methodelogy soon
led to the successful treatment
of partially edentulous patients.
In 1989, Jemt et al® reported
high success rates with 876
consecutively placed implants
in partially edentulous patients.
At the same time, Balshi’ re-
ported the results of a 4-year
study of partially edentulous
patients using ossecintegrated
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implants. The results of this
study indicated a 99.5% suc-
cess rate for individual fixtures
placed in the maxilla and
a 98% success rate for those
placed in the mandible. Of the
214 fixtures placed in 60 par-
tially edentulous patients, the
most common type of restora-
tion used was the two fixture-
supported prosthesis, followed
by the prosthesis supported by
three fixtures (Fig 1). This study
also included the analysis of
five single tooth replacements
with one complication related
to a single premolar implant
prosthesis.

Single tooth implants

Clinical success in treating both
fully and partially edentulous
patients with ossecinfegrated
implants ad modem Brdne-
mark led to their use for the
replacement of single missing
teeth. The original hardware
design had mechanical com-
plications that required an
antfirotational component to
prevent the prosthetic restora-
tion from rotating on the abut-
ment cylinder or on the fixture
itself. This clinical application
began in the 1980s and was
introduced to the literature by
Jemt in 1986.5 The new compo-
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nents were designed to main-
tain titanium contact with the
mucosal tissue via a nonrotat-
ing abutment designed to sup-
port the veneer material with
an esthetic subgingival margin.

Lekholm and Jemt® de-
scribed the initial concept of
single tooth treatment for
patients who needed prosthetic
replacement predominately to
improve esthetics where a
space or diastema existed, or fo
replace a missing tooth where
the adjocent testh were intact.
Two forms of antirotational
mechanisms were designed.
Both provide nonrotating stabili-
ty of the final restoration and
permit the component to be
securely fastened to the im-
plant while maintaining a coun-
terotational antitorque force fo
minimize injury to the fresh
osseointfegrafed interface af
the initial delivery of the cbut-
ment.

In a multicenter study, Jemt
et al’ reported on 107 osseoin-
tegrated Branemark fixtures
placed in 92 patients for single

tooth replacement. Only three
implants were lost affer the first
year of function. Most of the
remaining restorations were
esthetically successful using
modified components. The gin-
gival condition was healthy
around the single crowns and its
appearance was similar to that
around the permanent teeth.

The problem most frequent-
ly experienced during the first
year was related to loose abut-
ment screws; 26% of 107 im-
plants inserted required retight-
ening of the retaining screws
during the observation period.
However, the occurrence of
loosened screws was less fre-
quent as the study progressed.
It is the author's opinion that
the autoburnishing of the titani-
umn interfaces at the screw joint
connections resulting from the
micromovements created dur-
ing function, or the interproxi-
mal contact pressures with
orthodontic autoequilibration
and the adjacent dentition led
to the screw loosening.
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Prosthetic rationale

Prosthetic maintenance of per-
manently cemented fixed pros-
theses has always been prob-
lematic. These restorations
offen reguired destruction and
subseguent refabrication of the
prosthesis itself to preserve the
underlying abutment teeth.
From a prosthetic stand-
point, an easily retrievable sin-
gle tooth implant is desirable.
With csseocintegrated implants
and a retrievable prosthesis,
repair of a fractured veneer
can easily be accomplished.
Maodification of the crown at
any fime, or its replacement
after years of function because
of color change in the adja-
cent, natural teeth, are distinct
advantages. Additionally, with
the screw-retained single tooth
prosthesis, the potential for
cement dissolution is avoided.

Among the advantages of
the single tooth ossecintegrated
implant replacement over tradi-
fional fixed prosthodontics are
its highly predictable prognosis
and longevity.'? The prognosis
of osseointegration is depen-
dent on two major factors: the
surgical aspect of fixture place-
ment with meticulous hard and
soft tissue manipulation’- 1112
and meticulous prosthodontic
treatment.

With the knowledge that
the potential for ossecintegra-
tion of a well-placed fixture is
excellent, one should consider
the procedure objectives, pos-
sible complications, and the
clinical condition of potential
candidates for this form of
restorative treatment.

Treatment planning and
procedure objectives

The success of quality prostho-
dontic treatment always begins
with an accurate diagnosis and
comprehensive freatment plan-
ning.'® For the single tooth
implant prosthesis, ossecintegra-
tion is an integral pdrt of
prosthodontic treatment plan-
ning. There are several proce-
dure objectives that should be
considered: the elimination of
pathosis, the attainment of
ideal fixture alignment and sta-
bility, the protection of the adja-
cent teeth, the preservation or
augmentation of the alveclar
ridge, the attainment of primary
closure of the mucosal tissue
immediately following root
extraction and fixture place-
ment, and the avoidance of
pressure on the mucosa creat-
ed by atemporary prosthesis.
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Fig2 Rodiograph 5 months after fis- Fig 3 Three-year postoperative radicgraph shows bone loss stabilized at the first
ture plocement in an immediofe threads on the conical implant, similar to the stabllized bone position of the adia-
extraction site. reveals the osseocinte- cent sfandard fixture.

grated conical-necked Brdnemark

implant.

Fig4 Retaining screw access is on the
cinguium area of anterior teeth when
fixtures are ideally ploced.
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The conical neck implant

Standard Brénemark fixtures
were used in most of the
reported studies. However, in
1988 a modified surgical and
prosthodontic approach for
single footh rehabillitation using
osseointegration was de-
scribed by Ohrnell et al.® This
method prescribed the use of
a special conical implant
adapted for single tooth
replacement immediately fol-
lowing footh extraction (Fig 2).
The alveoclar socket was care-
fully cleansed of any granula-
tion or fibrous tissue prior to
insertion of the implant.

Use of this implant dimin-
ished after continued observa-
tion of bone loss around the
conical portion of the implant.
It has been observed that
bone loss around the fixtures
usually stops atf the beginning
of the threads, similar to that
with the standard Brénemark
implant.? Figure 3 shows the
receded but stabilized bone
level around the conical fixture
3 years after prosthesis deliv-
ary.10

With the option of the sin-
gle tooth implant prosthesis,
alternative prosthetic replace-
ment possibilities should be
considered. In addition to the
traditional fixed prosthesis and
the resin-bonded pontic there
are numerous removable pros-
thetic appliances available for
tooth replacement. However,
biologic as well as sociologic
conditions indicate that, in
almost all circumstances, the
fixed prosthesis is the freatment
of choice (Fig 4).

With the advancement of
ossecintegration, a new era of
prosthetic tooth replacement
has begun. The rationale for an
easily retrievable single tooth
prosthesis is quite apparent.

Biologic rationale

The biclogic rationale for using
an osseointegrated implant
rather than a traditional fixed
prosthesis includes:

1. Preservation of the
enamel and dentin of adja-
cent teeth. Tooth preparation
for an esthetically acceptable
and functionally durable fixed
prosthesis requires the removal
of at least 1.5 mm or more of
enamel to provide sufficient
space for a physiologically
confoured esthetic prosthesis.

2. Avoidance of pulpal
insult. With every tooth prepa-
ration, there is always the risk of
pulpal insult, ranging from
acute pulpitis fo pulpal necrosis
requiring endodontic treat-
ment.

3. Minimization of periodon-
tal probiems. The placement of
subgingival margins affects the
natural condition of the sulcus
and may lead to increased
insult of the periodontal tissues.

4. Maintenance of normal
periodontal ligament function.
By requiring a natural abut-
ment tooth to take on the
added responsibility of pontic
support, normal periodontal lig-
ament functions are increased,
and in cases of previous dimin-
ished petiodental support, may
be injurious.

5. Avoidance of added
potential for marginal deterio-
ration. The traditionally fixed
prosthesis, no matter how fine
its marginal integrity, always
has a potential for marginal
deterioration as a result of cari-
ous lesions, cement leakage, or
a periodontal insult leading to
gingival recession.

The International Jownal of Periodontics & Restorative Dentistry



323

Fig5 Following extraction of the first molar, long-standing
apical pathosis will require long-term healing.

Elimination of pathosis.
One of the most important pro-
cedure objectives is the elimi-
nation of pathosis. Large.
chronic periapical abscess
conditions require thorough
debridement following molar
extraction (Fig 5). The alveolar
ridge may require osseous
hedling prior to implant place-
ment. After 1 year of hedling, a
fixture is placed that engages
the cortical plate of the sinus
floor, or at least contacts that
areqa for better fixture stability.
Six months postinstallation. the
fixture is uncovered and the
first molar replacement is fabri-
cated (Fig 6).

Ideal alignmeni. In the
determination of ideal implant
placement, the long axis angu-
lation should permit the retain-
ing screw to emerge in the
area of the cingulum of anterior
teeth (see Fig 4). This can be
easily accomplished using surgi-
cal guidepins or guide-stents.'
Although guidestints are help-
ful, the adjacent teeth can
function as an excellent guide
for fixture angulation and posi-
tion.

Protection of adfjacent
teeth. Optimal fixture place-
ment should always account
for the root position of adja-
cent teeth. At least 1.5 mm of

Figé The fixture engoged the cortical plate af the sinus
flzor. Six months later, the fixture was uncovered ond a molar
crown was fabricated using the fitanium singie footh abut-
meant system.

bone should be maintained
between the fixture threads
and the periodontal ligament
of the adjacent teeth. An inter-
coronal distance of 8 mm is
ideal. Where minimal intercoro-
nal space exists, surgical
preparation may require long.
shanked burs. When insufficient
space exists, orthodontics
should be considered.
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Preserving or augmenting the
ridge

Labial plate resorption. Anterior
tooth loss frequently leads to
resorption of the labial plate of
bone. This factor must always
be considered with single tooth
replacement. The fixture should
be placed palatally to ac-
count for labial bone loss when
surgical augmentation is not
considered. Crown construc-
tion for this clinical condition
will require an anteriorly can-
tilevered cervical extension of
the prosthesis (Fig 7a); optimal
esthetics can be obtained
using this prosthetic technigue
(Fig 7b).

Immediiate extraction sites.
Following fixture placement in
immediate extraction sites, pri-
mary closure of the area is an
objective that can be accom-
plished by obtaining larger flap
release and pulling the mucosal
fissues over the site. This flap usu-
ally extends one tooth beyond
the fixture site on each side.

Avoidance of mucosal
pressure. Many patients who
undergo single footh replace-
ment expect immediate
esthetic temporization. To
avoid mucosal pressure, use of
soft tissue liners under remov-
able applionces is mandatory
(Figs Ba and 8b). Other forms of
provisionalization, such as pon-
tics bonded with resin to the
adjacent dentition or denfure
teeth fastened to an orthodon-
tic arch wire, are also effective.

Anatornic and prosthodon-
tic factors are combined when
the freatment plan calls for the
use of a single tooth implant
replacement. Basic anatomic
factors to be considered with
prosthodontic rehabilitation
include guality and quantity of
bone, anticipated function,
and esthetics. Adequate bone
quantity and quality are essen-
tial for initial implant stability
and subsequent load-carrying
capability. Treatment planning
should alse include anticipated
function because there is an
important relafionship between
bone quality and gquantity and
the anatomic location and
anticipated function of the
replacement tooth.

Single tooth function

Anficipated function for single
tooth replacement can be
divided into four general cate-
gories: incisor or canine guid-
ance in the anterior and pre-
molar or molar function in the
posterior. Weber et al'® stated
that stress loading of the
implant begins with fixation of
the suprastructure or the con-
necfion of the prosthetic
restoration. This applies to the
single tooth implant replace-
ment as well as mulfifixture-sup-
ported prosthases.

Anterior guidance. Ran-
gert!® states that the screw
joint that attaches the pros-
thetic gold cylinder and the
tfransmucosal abutment to the
implant fixture constitutes a
flexible system. This may in
some way partially mimic the
action of the periodontal liga-
ment. For this reason, anterior
guidance on the implant pros-
thesis that is in harmony with
the adjacent natural teeth can
be accomplished.
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Fig 7a  Cervical lobial exlension is Fig 7 Optimal esthetics can be obtained using the single foofh replacement
required when implants are placed technigue.
palatally.

Fig 8a A light-cured, soft relining
material should be used affer the hard
acrylic has been refieved over the fix-
ture site.

Fig 8b Folowing pressure-free confirmation of the soft material to the residual
ridge. light activafion stabiizes the material. Excess moterial con be timmed to pro-
vide the maximum esthetics immediately following surgical fixture plocement,
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Fig 9 Five-month post-fixture place-
ment radiograph shows the maxiiany
anterior implont engoging fthe cortical
plate at the floor of the nose for adal-
tional stabitty,

Incisal guidance is an es-
sential element of the anterior
single tooth implant reconstruc-
tion. Thus, a fixture with maoxi-
mum length, engaging an api-
cal corfical plate, should be
used (Fig 7).

In a clinical example, a sin-
gle fixture replaces the pa-
tient's right lateral incisor. On
the opposite side, a single fix-
ture also replaces both the lat-
eral incisor and the canine (Figs
10a to 10c). In both instances,
incisal and canine guidance
are developed as part of the
restorative treatment plan and
function of the final prosthesis.
This patient continues to func-
tion successfully, with no bio-
logic or mechanical change
cbserved over the 4.5-year fol-
low-up pericd.

Premolar function. In the
premolar region, canine func-
tion in mastication should
always be anticipated in addi-
tion to possible assistance with
guidance in lateral excursions
(Figs 11a and 11b). Group func-
tion, including canine and
pemolar guidance, is frequently
a part of the older patient’s
long-standing occlusal adap-
tation. The premolar replace-
ment functions in mastication
and occlusal guidance and
provides excellent posterior
esthetics (Fig 11c).

Molar function. Molar
replacement with a single
implant can be accomplished
provided the quantity and
quality of bone permit stable
osseointegration (Fig 12). A sin-
gle fixture, 13 mm or longer,

placed in type | or || bone is
more likely to maintain osseoin-
tegration under molar loading
conditions than prostheses sup-
ported by shorter implants or
those placed in more spon-
geous bone.

Single short fixtures ploced
in elther the maxillary or
mandibular posterior may be
incapable of withstanding
heavy masticatory function
and high occlusal loading.
Therefore, it is preferable that
two fixtures be placed when-
ever possible for single molar
replacement.’’
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Fig 10a  implants support right iaferal
incisor and left iateral incisor and
canine. Both provide incisal and
caning guidance in excursive funcfion.

Fig 10b  Periapical radiograph shows
the porcelain-fused-fo-gold final pros-
thesis replacing the lateral incisor and
canine. Fixtures have been functioning
for 4.5 years.

Fig 10c  Posttreatment panaramic
radiograph and clinical smiling view
fiusirate the biomechanical and cos-
metic results achieved with osseointe-
grated replacements for congenitally
missing teeth.
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Fig 11a  Six months after fixture placemeant, a pariapical Fig 11b  Occlusal view of the screw-retained porcelain-
radiograph iiusfrates first premolar replacement using an fuseci-to-gold crown with access for placement and removal
osseoinfegrated implant o support a porcelain-fused-to-gold through the occlusal surface.

crown,

Fig 11c  The implant-supported premoiar crown provides
excellent function and mastication, occlusal guidance, and
posterior esthetics.

Fig 12 Four months following fixture placement, a single
moiar replacemeant is supported by two ossecintegrated
impiants in the mandibular arch replacing the mesial and dis-
tol roofts.
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Esthetics

In addition to achieving all the
biomechanical objectives re-
quired for functional stability,
the single tooth implant pros-
thesis must also provide an
esthetic replacement. A pros-
thesis that will be easily retriev-
able in the future will permif
appropriate adjustments in
color and surface texture as
the adjocent natural teeth
change. Teenagers with con-
genitally missing teeth are ideal
candidates for this treatment
process. Precise orthodontic
treatment is generally o pre-
requisite (Figs 13a to13h).

Fig 13¢c Left facial clinical view shows
the congenitally deformed (peg-
shaped) maxiliary left lateral incisor.

Fig 13a  Facial smiling view of con-
genital parfial anodonfia of the maxil-
lary right lateral incisor.

Fig 13b  Farigpical rodiograph shows
ideal root positioning foliowing ortho-
donfic freatment,

Fig 13d Poiatal view Wustrates the cor-
rect spacing crealed by proper ortho-
dontics both for implant placement in
the edentulous area and restorafive
treatmeant of the peg-shaped laferal

Fig 138 A conical-neck Brdnernark fix-
ture is placed between the central
incisor and canine roots.
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Fig 13f  Fixture is ploced palatally fo
accommeodate both the labial under-
cut and underdeveloped alveaoiar
ridge.

Fig 13g Smiling view of implani Fig 13h Focial smifing view of resfora-
replocement for the maxilary right kat- ticr,

eral incisor and porcelain lominate

veneer restoring the congenitally

deformed left ateral incisor.
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Summary

The use of ossecintegrated
implants has evolved clinically
from the success established
with the restoration of fully and
partially edentulous patients
ad modem Brdnemark to the
single implant-supported pros-
thesis. This concept of treat-
ment has many biclogic
advantages over fraditional
prosthodontic methods, includ-
ing preservation of the natural
dentition and the supporting
periodontium.  Additional
prosthodontic advantages
such as repair or replacement
for changing esthetic require-
ments are easily accomplished
with screw-retained crowns.

Treatment planning for sin-
gle tooth implant prosthesis
reqguires an understanding of
osseointegration relative to
bone quality and quantity, the
anatomic position within the
dental arch, the anticipated
function, and the potential for
optimal esthetic results. The
greater the dense bone con-
tact area with the implant sur-
face is, the stronger the func-
tional capacity of the re-
placement footh will be.

In areas where anatomic
restrictions mandate shorter
implant length, other methods
of improving or increasing the
dense bone contact surface
area should be considered.
Molar replacement frequently
occurs in areas of inferior bone
quality and quantity. Molars

are also subjected to the
greatest functional loading. For
these reasons, multiple fixtures
should be used whenever pos-
sible for single molar replace-
ment.
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