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Two-Implant-Supported Single Molar
Replacement: Interdental Space
Requirements and Comparison to
Alternative Options

Thomas J. Balshi, DDS, FACP*
Glenn J. Wolfinger, DMD, FACP**

Posterior single-tooth implant restorations are subjected to an increased risk of
bending overload. A high incidence of implant fracture has been reported when using
a single standard 3.75-mm-diameter implant to support a molar restoration. The
purpose of this article is to demonstrate the clinical feasibility of placing two implants
to support a molar restoration and to compare this treatment option to the use of a
single standard implant or a wide-diameter implant. Two osseointegrated dental
implants used to support a molar restoration in interdental spaces as small as 10 mm
is shown to be effective and predictable in 60 restorations over the past 7 years. The
use of two implants provides more surface area for osseointegration and spreads the
occlusal loading forces out over a wider area, reducing the potential bending forces
that would otherwise exist in a single-implant molar restoration. (Int J Periodont
Rest Dent 1997; 17:427-435.)

* Diplomate, American Board of Prosthodontics; and Private Practice, Fort
Washington, Pennsylvania.

** Staff Prosthodontist, Veteran's Administration Medical Center, Philadelphia,
Pennsylvania; and Private Practice, Fort Washington, Pennsylvania.

In the past, options for
replacement of a single missing
footh involved either aremovable
or a fixed partial denture. A fixed
partial denture has been a well-
accepted treatment modality.’
However, because of the
potential for marginal
deterioration and periodontal
disease, it may be
confraindicated today to
prepare healthy teeth proximal 1o
an edentulous space for crowns,’
and resin-bonded retainers have
a high incidence (31%) of
prosthesis debonding.’

The discovery of osseointegration
and its introduction into dentistry**
has enabled the predictable
restoration of fully’ and partially’
edentulous patients with fixed
prostheses. Single-tooth implant
replacement is also an effective
tfreatrent modality.*’

However, the predictability of
implant osseointegration in the
posterior is not as great as in the
anterior’® because of increased
occlusal forces, limited bone
quantity, and poor bone quality in
thatregion.
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Fig la

years.

Studies on bite force
measurement indicate that there is
considerably greater force
generated in the posterior
compared fo the anterior part of
the same jaw'' Occlusal forces
can be three to four times as great
in the molar region compared to
the incisor region.”"® The quantity
of available bone for implant
placement in the posterior is
limited by the lingual concavity
and the inferior alveolar nerve in
the mandible, and by the sinusesin
the maxilla. There is also generally
an inferior quality of bone in the
posterior region compared to the
anterior region of the same arch'™
These conditions create a need to
freatment plan posterior single-
footh replacement using
osseointegrated dental implants
differently.

Molar restorations on a single
standard 3.75-mm-diameter

Marginal bone loss occurring around a single 3.75-mm
implant supporting a molar restoration at follow-up after several

Fig 1b
concentrated the occlusal forces at the weakest area of the implant.
(Slides courtesy of Dr. Leonard Shulman, Waltham, MA)

implant may present esthetic
functional, and biomechanical
problems. Although esthetics in the
molar region are usually of minor
concernn, it is difficult o provide
appropriate emergence profiles
with a single implant. Functional
complications include abutment
screw loosening or fracture.
Marginal bone loss and thread
exposure are the principal
biomechanical problems.

The most common problems
reported with the early single-tooth
implant restorations were loose
screws. Jemt" reported a 26%
incidence of screw loosening in the
first year. The Brédnemark System
(Nobel Biocare) made
improvements to their single-tooth
abutment system, resulting in the
CeraOne abutment system using a
gold screw forqued to 32 Ncm to
prevent loosening.'*"” Although this
appears to have solved the

Subsequent fractured implant resulting from bone loss that

problem for anterior single-
implant restorations, the authors
have still experienced screw
loosening in some posterior
CeraOne implant restorations.
Becker and Becker'® reported a
38% incidence of screw
loosening over a 2-year period
on single-implant molar
restorations restored on single-
tooth non-rotating abutments
with gold cylinders. This occurred
despite the exclusion of known
bruxers and clenchers, careful
occlusal adjustments, and
reduction of occlusal tables.

Overload-induced bone
resorption appeared to precede
implant fracture in a significant
number of single molar, single-
implant restoration” (Figs 1a and
1b).  Consequently, bone has
been a weak link in these
situations.”® A correlation
between overload and bone
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Fig 2 A single 3.75-mm standard implant to
replace a missing molar does not restore the
crown-to-root ratio, a wide-diameter implant
offers an improvement, but two 3.75-mm standard
implants most closely mimic the crown-to-root

ratio that previously existed.

resorption was demonstrated in a
refrospective analysis of bone loss
around implants®® and in an
experimental loading study in the
long bones of dogs.” Marginal
bone resorption increases the
load on the remaining bone-to-
implant intferface by reducing the
surface area for osseointegration
and increasing the bending
moment resulting from fthe
increased lever arm.”*

Sullivan®® reported a 14%
incidence of implant fracture on
molar restorations supported by a
single standard 3.75-mm implant,
which he considers
unacceptable.  When using a
commercially pure titanium
implant, the most effective way of
increasing implant strength is to

increase its diameter. The 4-mm
Brdnemark implant is
recommended for posterior

restoration.”® It has a fatigue

strength approximately 30% higher
than the 3.75-mm Br&dnemark
implant,”® and establishes a more
favorable screw joint and implant
strength relatfionship. If overload
OCCuUrs, screw loosening and screw
fracture would be evident prior to
the risk of implant fracture. The
suggested method of restoring a
single implant-supported molar is
to control the occlusion by
reducing the force level and
centering its action relative to the
implant axis.

However, a single implant for a
molar does not replace the crown-
to-root ratio that previously existed,
and may subject the implant to
overload. Dental implants are
intended to replace the missing
roots of the teeth. Therefore, a
logical solution to implant overload
is the use of two implants to replace
the roots of a missing molar (Fig 2).*
The purpose of this arficle is to

evaluate the clinical feasibility
and advantages of using two
implants to support a molar
restoration.

Method and materials

A retrospective study evaluating
the interdental space of 60 two-
implant molar restorations
restored over a 7-year period was
conducted at Prosthodontics
Infermedica, Fort Washington,
Pennsylvania. The spaces were
measured on periapical
radiographs by a single
investigator at three different
levels. The ranges and means of
these spaces were noted.

Twenty-five of the 60 sites
presented with the tooth missing
with no replacement. Nineteen
of the 25 sites required
orthodontics to restore the space
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Fig 3 Standard abutments required modification to
provide space for restorative treatment and hygiene
maintenance.

Fig 4 Estheticone abutments provided adequate
space for esthetic restorative procedures and
hygiene maintenance. Bone level has been
maintained for over 2 years of functional loading.

Fig5 Range and mean of
interdental space measurements at
three levels. A = Range of 10to 17
mm and mean of 12 mm; B = range
of 12 to 20 mm and mean of 15 mmy;
C =range of 12.5 to 24.5 mm and
mean of 18 mm.

necessary for ideal implant
replacement.

Long shank burs and long fixtures
mounts were used to surgically
place the implants close to the
proximal teeth. Using long shank
burs in the posterior region requires
a minimum of approximately 35
mm of inter-occlusal space for
access.  Implants were placed
with their apical portions slightly
divergent.

Standard abutments were
routinely used at stage-two surgery
in the early cases. Abutments

were modified on one occasion
to avoid contact when the
implants were too convergent (Fig
3). UCLA abutments (Implant
Innovations) were used when
vertical space was limited.
Estheticone abutments (Nobel
Biocare) were used when they
became available to provide
increased inter-abutment space
for easier hygiene access and an
improved esthetic result (Fig 4).
Screw-retained impression
copings were modified for the
impression procedure and the
fabrication of a conversion
prosthesis, a fixed provisional

acrylic restoration.?”** The
conversion prosthesis enabled
immediate implant loading
following stage-two surgery.

Results

Sixty sites had teeth located
mesial and distal to the site,
enabling periapical radiographic
analysis of the intferdental space
at three levels: (A) between the
proximal contact points; (B) at the
crestal bone; and (C) at the mid-
rootlength (Fig 5).
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Fig 6 Periapical radiograph of a 4-year follow-
up on a mandibular two-implant-supported molar
with interdental space measurements of 10 mm
between proximal contacts and 12 mm at the level

of the crest of the bone.

While wide-diameter implants
may have advantages over single
standard-diameter implants, the
use of two implants to replace a
single molar provides more
surface area for osseointegration
(Table 1) and distributes the
occlusal forces over a larger area
within the bone compared to one
wide-diameter implant of the
same strength.

Discussion

According to Becker and Becker, "
“ldeally, two implants should be
used to replace a single molar;
however, a molar edentulous
space is often bound by natural
teeth, which results in insufficient
mesiodistal bone width for
placement of more than one
(3.75-mm-wide) implant.”
According to Saadoun et al,” a

positions.

minimum interdental space of
12.5 to 14 mm is necessary to
successfully place and restore
two 3.25-mm-diameter implants
for a missing molar. The present
study indicates that two standard-
diameterimplants (3.75 mm) can
successfully be placed in sites with
as little as 10 mm of interproximal
space. The more important
measurement, however, is at the
level of the crestal bone, where
two implants were placed in as
little as 12.0 mm of interdental
space (Figs6and 7).

Because a molar is not equally
wide and long, it is impossible to
provide optimal root-form support
with one cylindrical implant (Fig 8).
However, two implants replace
the missing tooth roots more
naturally in position and direction.
This should help to preserve and
maintain crestal

Fig 7 Two-implant-supported maxillary molars
can be restored with minimal interdental space
when implants are placed in buccal and palatal

W ;
Fig 8 Wide-diameter implants
used for single-tooth molar
replacement leave cantilevered
portions that may be susceptible
to biomechanical problems.

Table 1 Comparative surface
areas of screw-type implants
with different diameters

Implant size Surface
(diameter) areq
3.75 mm Baseline
4.0 mm +8%
5.0mm +35%
6.0 mm +61%
3.75mmx 2 +100%
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Figs 9a to 9c Support gained by the three different lmplant—supported molar restoration design. (left) The
largest cantilevering effect is on the single 3.75-mm implant. (center) Wide-diameter implant reduces the
cantilevering effect. (right) Two standard implants reduce, if not eliminate, the cantilevering effect.

bone. It should also provide better
support against bucco-lingual and
mesiodistal bending. In addition,
the use of two implants reduces the
loosening by decreasing the
rotating forces around the implant
axis. Two implants also eliminate
the inherent mesiodistal cantilever
and reduce the potential for
overload (Figs 9ato 9c).

In a comparative study it was
shown that molar restorations
supported by two implants exhibit
fewer complications than those
supported by one implant.*
Prosthesis mobility and screw
loosening were the most frequent
complications associated with
one-implant molar restorations . In
another study, a 38% incidence of
screw loosening on single-implant
molar restorations over a 2-year
period was reported, despite the
fact that bruxers and clenchers
were excluded, and reduced
occlusal tables were fabricated.'

This high incidence of screw
loosening may be a warning sign of
a potentially more serious
complication, implant fixture
fracture, that may arise over time
with these restorations, as noted by
Rangert et al.” The present study
involves 60 restorations followed for
7 years in which bruxers and
clenchers were not excluded from
freatment, and normal size occlusal
tables were fabricated.

Most patients were capable of
performing adequate oral hygiene
and have little or no soft or hard
fissue problems as a result of the
proximity of the two implants.
Patients have been able to
successfully clean between the two
implants using a variety of oral
hygiene methods: superfloss, floss
threaders, proxy brushes, and water
piks, along with normal toothbrush
procedures (Fig 10a to 10d). In
addition, the two-implant screw-

retained molar restoration
maintains prosthesis retrievability.
Orthodontic  repositioning can
be considered in areas with
insufficient inferdental space,
whereas enameloplasty can be
performed 1o dalleviate minor
space difficulties between the
crowns and simultaneously
create broader interproximal
contact areas to resist rotation.

Wide-diameter implants for
molar replacement sfill leave
cantilevered portions of the
restoration that are potential
biomechanical problems.
Some wide-diameter implants
(Implant Innovations) also have
an enlarged implant shoulder
areq, providing more primary
surface area for abutment-to-
implant interface, increasing
prosthesis stability, and enabling
awider emergence profile.”
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Fig 10a Periapical radiograph of a two-implant-
supported molar that has been in function for

over 2 years.

Fig 10b Clinical view of two-implant-supported
molar restoration. Notice broad interproximal

contacts that were designed to resist rotation.

Fig 10c Hygiene between the two implants can
be accomplished with proxy brush or other
hygiene aids.

Wide-diameter implants may be
indicated in molar areas where
inadequate space does not
permit the placement of two
implants, and where excessive
occlusal forces exist. The
disadvantage of starfing with the
wide diameter implant is that if the
implant fails to osseointegate, a

Fig 10d Clinical view of soft tissue response
beneath a two-implant-supported molar after

over 2 years of function.

"backup/rescue implant” or wider
implant for immediate
replacement is not available.
Also, many ridges will not
accommodate a wide-diameter
implant in the buccolingual
dimension without augmentation.
Ideally, a minimum of 1 1o 2 mm of
bone should remain around the

implant for osseointegration to
occur. Thus, a buccolingual
ridge width of 7 to T0 mm must
exist forthe placementofa5to 6
mm wide implant.
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Conclusion

Single 3.75-mm-diameter
implants are incapable of
predictably withstanding molar
masticatory function and
occlusal loading forces. Wide-
diameter implants are a
suitable alternative for
replacing a missing molar in
some cases; however, the use
of two implants has been
successfully demonstrated to
be a more functional and
biomechanically sound
method of molar
replacement. The difference
in cost between placing one or
two implants is minimal, and
the advantages outweigh the
disadvantages. The results of
this study indicate that the
placement of two implants is
possible in sites with as litfle as
10 mm of interproximal space.
Further study on a greater
number of implants loaded
over 5 years, evaluating bone
response, is necessary to
further validate the success of
this treatment option.
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