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Cantilever and Implant Biomechanics:
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In Part 2 of this literature review, a summary of the literature regarding the determination of
acceptable cantilever lengths for fixed implant prostheses is presented. Studies examining the
possible effects of biomechanical stress on both the implant prosthesis and the supporting bone are

also discussed.
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ROSTHODONTIC complications reported by

the Brinemark rcscarch group primarily in-
volved fracture of the framework, gold screw, or
abutment screw.® The biomechanical forces gener-
ated during cantilever loading of the fixed implant
prosthesis most likely contributed to these complica-
tions. Published discussions of acceptable cantilever
length have been few, Implant cantilever recommen-
dations have been based primarily on empiricism.”?
Discussion of the effects of biomechanical stress on
the fixed implant prosthesis and supporting bonc are
central to the development of implant prosthesis
design. This article summarizes currcnt literature
regarding the above topics.

Implant Cantilever
Recommendations

Although cantilevers have been used to varving
extents in dentistry for years, their use has been
discouraged because of the potentially destructive
torque and rotational forces that they may impart to
the abutment teeth.'%!! However, implant prosthe-
ses routinely rely on cantilever designs. The classic
Brinemark design involved four to six implants
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placed between the mandibular mental foramina or
maxillary sinuses with cantilevered segments distally
to replace the posterior occlusion.'? Specific cantile-
ver lengths were not stated, although Brinemark
recommended a length ol two to three premolars.'?
Zarb and Schmitt" worked within the 20-mm limita-
tion of cantilever extension. Taylor and Bergman'*
stated that cantilever extension should not exceed 20
mm if five or six abutments were used and should not
exceed 15 mm if four abutments were used. Rangert
et al® recommended 15 to 20 mm in the mandible,
while the softer, more porous bone in the maxilla
should not support cantilevers exceeding 10 mm.

Rangert et al® as well as English’ have theorized
that the anterior-posterior span of fixtures may be
more important than the actual number of fixtures
in determining cantilever length. English defined the
“A-P spread” as the distance between two parallel
lines: one connecting the most distal fixtures and the
second, parallel to the first, through the most ante-
rior fixturc. Rangert et al® recommended an A-P
spread of at least 10 mm. English recommended
limiting cantilever extension to one and one-half
times the A-P spread when five fixtures were present.
However, English recommended shorter cantilevers
(6 to 8 mm) for the maxilla because of poorer bone
quality.

Skalak® theorized that during cantilever loading,
the best force distribution could be achieved by
spreading out the maximum number of abutments
as much as possible. According to his theoretical
construct, he belicved that this would decreasc the
load per implant as much as possible.

English’ also emphasized that the occlusal plane—
to-implant height ratio, or the distance between the
top of the implant fixture and the occlusal plane,
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should play a role in determining cantilever length.
For example, heights of 20 to 28 mm from implant to
prosthesis would produce crown-to-root ratios of 2:1
to 3:1 with 8 to 10 mm fixtures. These vertical levers,
coupled with long cantilever lengths, could lead to
mechanical or osscous failure.” Thercfore, English
recommended shorter cantilever lengths for situa-
tions with poor crown-to-root ratios.

Framework and prosthetic modifications aimed at
decreasing stress specifically caused by cantilever
loading have been suggested by many authors.?16
Worthington et al'® and Sones!” recommended an
adequate bulk of metal distal to the posterior abut-
ment as well as around each cylinder for support.
Taylor and Bergman!* recommended a minimum
occlusogingival thickness of 5.4 mm and faciolingual
thickness of 4.2 mm for the arca of the framework
immediately distal to the last fixture. Jemt!® recom-
mended an occlusogingival thickness of 4 to 6 mm.
Rasmussen'® proposed making the cantilever frame-
work pattern into an I-beam design with a metal
framework modulus roughly equal to but slightly less
than titanium,

Davis et al,?® using strain gauges, studied the
effects of varying the number of abutments from five
to two in a cantilevered framework in vitro. Onc
strain gauge was placed 7 mm distal to the terminal
abutment on the upper surface of the cantilever arm.
A 20-kg load was applied 14 mm distal to the last
abutment. Also, finite element analysis (FEA) was
performed to predict framework stress and deflec-
tion for variations of five, four, three, or two gold
screw fastening sites during a vertical load applica-
tion of 20 kg, 10 mm distal to the last screw. Only the
framework and gold screw were modeled in the FEA,
not the abutments or implant fixtures. Strain gauge
measurements showed a decrease in framework
strain as the number of abutments was decreased
from five (approximately 1,000 strain units after 20
seconds) to two (approximately 350 strain units after
20 seconds) with increasing cantilever beam deflec-
tion. The largest decrease in strain occurred when
the abutment number was decreased from three to
two. The finite element analysis also predicted that
the largest change in cantilever deflection occurred
while decreasing from three to two screws. This
effect was most dramatic for the opposite end of the
framework during cantilever loading. When the num-
ber of screws was reduced from three to two, signifi-
cant deflection occurred not only on the loaded end,
but also on the opposite end. This was not observed
during any of the other combinations.

Jemt et al?! incorporated strain gauges into the
distal abutments of a singlc paticnt who had received
six Br@nemark mandibular implants. They then
constructed both a conventional fixed prosthesis as
well as an overdenture utilizing all implants to
compare differences in the cantilever forces between
the two designs. Higher forces were observed with
the fixed prosthesis (50 to 90 N versus 5 to 65 N),
however, the bending moment was the same or
larger with the overdenture. The investigators con-
cluded that this was probably attributable to the
smaller dimension and decreased stiffness of the
overdenture framcework. Both the overdenture and
the fixed prosthesis incorporated 7-mm cantilever
extensions distal to the terminal implants bilaterally.
When loading on the side opposite the recording
strain gauge, forces measurcd were very low (0 to
[ON).

A similar study by Schwartzman et al? incorpo-
rated Brinemark implant fixtures in photoelastic
resin models of a human mandible. For models
incorporating four or five implant fixtures, an over-
denture and conventional fixed bridge were fabri-
cated. The frameworks were loaded, and the result-
ing stresses were analyzed. Vertical loading of the
distal cantilever caused the highest stresses to de-
velop at the closest implant fixture. Little cross-arch
stress was recorded during loading for fixed prosthe-
ses incorporating four and five implant fixtures. In
general, the highest stresses were generated by the
fixed bridges, whereas the overdenture bar prosthe-
sis showed the best distribution of occlusal loads.

Effects of Biomechanical Stress
on Implant Prostheses

Many authors have emphasized the importance of
achicving a passive fit between the gold cylinders of
the prosthesis framework and the abutments.®1%23
An inaccurate fit may cause increased tension on the
gold screw. In addition, microscopic flexure may
occur, resulting in work hardening and eventual
fracture of the gold screw.’® Rangert et al also
pointed out that an inaccurate fit may permit some
of the anchorage units to take proportionately exces-
sive amounts of load, while others would be virtually
unloaded.

Outlining the specifications for framework de-
sign, Klineberg and Murray® stated that the most
technically difficult phase in prosthetic reconstruc-
tion of osseointegrated implants was the achieve-
ment of an accurate, passive fit of the framework.
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They recommended that castings with discrepancies
exceeding 30 pm extending more than 10% of the
circumference be deemed unacceptable.

Visual and tactile verification of a passive fit may
be misleading. While evaluating different impression
techniques, Iturregui?* found widely varying amounts
of microstrain between numerous pairs of analog
abutments on a test framework. However, visually,
the [ramework appeared to passively fit all analog
pairs.

Jemt et al® compared abutment strain for a
two-abutment overdenture prosthesis to a fixed pros-
thesis supported by six implant fixtures. They re-
ported a significant increase in force on the abut-
ments when the prostheses were secured to the
abutments, even though the fit was visually passive
before screw tightening. They concluded that it was
probably not possible to construct a multi-implant
prosthesis with a completely passive fit. Additional
prosthesis loading would be added to the baseline
strain created by a nonpassive prosthesis. Therefore,
loading a clinically poor-fitting prosthesis could quickly
lead to an overstressed situation within the implant
prosthesis and at the bone interface.?!

Rangert et al® theoretically recommended maxi-
mum gold screw tightness to prevent opening of the
cylinder/abutment joint as mentioned previously.
However, McGlumphy et al®® were unable Lo show in
vitro differences in the ability of Branemark compo-
nents to resist a bending force with varying degrees
of gold screw tightening.

Hobkirk et al®® showed that physiological vari-
ables such as mandibular flexure may influence the
stress transmission to prosthetic components. Five
subjects were tested using intraoral devices attached
to the fixtures and incorporating a miniature trans-
former and foil strain gauges. They showed that
mandibular flexure could result in relative displace-
ments of up to 420 pm between implants, with force
transmission of up to 16 N between linked implants.
These effects were most dramatic for subjects with
decreased symphysis height.

Methods of reducing stress to the prosthetic
components and implant fixture/bone complex have
been discussed with respect to the type of occluding
surface®” and the incorporation of resilient elements
within the abutment/fixture complex. %29

Because plastics are considerably more resilient
than mplant components, their use as occluding
surfaces for implant prostheses has been recom-
mended for shock-absorbing advantages.”?’ Theoreti-
cally, under impact loading the peak magnitude of
force will be reduced while being distributed over an

increased length of time. Davis et al”” proposed that
a porcelain superstructure had a stiffening effect on
the prostheses and more evenly distributed force to
the framework. They concluded that this could be an
advantage during clenching or sustained static load-
ing.

Richter,” using a theoretical mathematical expla-
nation, recommended the incorporation of a soft
cushioning element within the implant/abutment
complex to enable the implant to simulate the
mobility of the natural tooth. He believed this was
especially important when connecting an implant to
a natural tooth.

The intramobile element (IME), introduced in
1974 as part of the Interpore IMZ implant system
(Interpore International, Irvine, CA), is an attempt
to integrate shock-absorbing elements into the im-
plant fixture/framework complex. The acrylic used
is polyoxymethylene. McGlumphy et al* questioned
the effectiveness of the IME by demonstrating equal
deflections of an 18-mm cantilevered two-unit model
with either polyoxymethylene or titanium internal
elements. They hypothesized that the abutment
screw was being flexed against the rigid titanium
internal element, with possible fatigue and eventual
failure of the abutment screw as the end result.
Holmes,* using finite-element analysis, supported
this hypothesis. McGlumphy et al® concluded that
the abutment screw received the greatest stress
regardless of whether the plastic or titanium internal
element was used. With the plastic IME, the screw
probably distorted the acrylic resin, resulting in
frequent clinical failures of the IME.?

An FEA by Hata et al* showed that the propaga-
tion of stress to bone was reduced by the usc of the
IME. A 1.0-kg static compressive load was used in the
simulation.

Lill et al*® showed the IME to be effective in
decreasing stress to the implant fixtures when rigid
metal superstructure elements were incorporated.
However, they also showed that the acrylic surface of
the denture-type hybrid fixed prosthesis probably
achieved the same result.

Effects of Implant Biomechanical
Stress on Bone

The response of the bone-implant interface to biome-
chanical stress is critical for long-term success of the
implant-supported prosthesis.® At the histological
level, Gerard et al®® and Perrott et al** examined the
bone remodeling response surrounding loaded osseo-
integrated fixtures. Perrott et al placed eight Brine-
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mark implant fixtures in maxillary and mandibular
jaws of four mongrel dogs. Three months later, the
implants were loaded for 15, 21, 27, and 36 months,
and one animal was killed at cach time period. The
average bone appositional rate around the implants
was 2.4 pm per day, as compared with 2.0 wm per
day and 1.6 pm per day for natural tooth and
edentulous areas, respectively. Gerard et al®® found

identical bone appositional rates in a similar study
using Yucatan minipigs. These studies indicate that
the percentage of osseointegration around an im-
plant may increase over time and that the loaded
implant may enhance bone apposition. This may be
caused by stimulation via loading or simply by the
presence of the implant itself3® Steflik et al™ also
showed that the formation of a continuously bridg-
ing, osteagenic-like remodeling tissue occurred be-
tween the calcified bone front and the implant
immediately after prosthetic loading.

Roberts® stated that a balanced mechanical envi-
ronment was critical for healing, maturation, and
sustained function of bonce surrounding the vssevinte-
grated implant fixture. Both the natural tooth and
the rigid implant were dependent on vascularly
related bone remodeling as a response to biomechani-
cal stress. After histologically examining these remod-
eling effects, Roberts concluded that rigid implants
scemed to function similar to an ankylosed tooth and
maintained rigidity by continually remodcling fa-
tigued bonc at the osseous interface. From the above
studies, it seems that the osseointegrated interface is
a dynamic biological environment.

Finite element analyses of stress locations within
the bone of loaded implant fixtures were carricd out
by Clelland et al*” and Cunningham et al. % Clelland
et al modeled a 3.75 X [0-mm screw from an
endosseous implant and found that in general, stress
was concentrated within the implant collar immedi-
ately below the crest of bone. Maximum stresses in
the bone were immediately lingual to the superior
portion of the collar. Cunningham et al modeled a
3.3-mm diameter IMZ implant (with plastic IME)
and a representative mandibular canine loaded with
an oblique force. Again, stresses were found to be
concentrated in the lingual cortical plate of bone for
both the tooth and implant. Apical stresses for hoth
tooth and implant were minor.

The bending moments described in theoretical
models of implant stress distribution may be the
most dangerous with respect to bone stress levels.t
Rangert et al warn that stress gradients from remote
site loading of lincarly arranged fixtures or localized
nonaxial jmplant loading may build up in the bone

surrounding the implant {ixtures. This may lead to
higher levels of tensile stress at the bone-fixture
interface. In agreement, an FEA by Watanabe et al®
showed that stress concentrations in the cortical
bone surrounding osseointegrated implants -were
much higher during 45° angle loading as compared
with vertical axial loading. Watanabe et al modeled
implant cylinders in the mandibular molar regions
with angulations of 0°, 5°, and 8°.

The use of angled abutments may induce non-
axia)l forces to the implant fixture creating moments
similar to ones described earlier by Rangert et al® A
photoelastic study by Clelland et al* showed that a
vertical abutment distributed stress more evenly
within the bone than angled abutments of 15° or 20°.
Clelland and others used Steri-Oss (Steri-Oss, Inc,
Anaheim, CA) implants embedded in a photoelastic
bone simulant. A photoelastic study by Wylie et al*!
showed that for maxillary anterior implant fixtures,
greater facial angulation resulted in a less favorable
stress distribution at the simulated alveolar crest.
Also, occlusal loads directed close to the long axis of
the implant resulted in more favarable stress distribu-
tion.

Lindquist et al*? studied bone loss around fixtures
supporting fixed implant prostheses. This retrospec-
tive study observed 25 patients for 6 yecars. They
found a greater amount of bone loss around medial
fixtures than the most posterior ones. Mean bone
loss, however, was minimal (<1.0 mm) at all sites.
Also, seven patients with long cantilevers (> 15.0
mm) had a mean loss of 0.95 mm around medial
fixtures, whereas six patients with short cantilevers
(<15.0 mm) had a mcan loss of 0.6] mm around
medial fixtures. The same trend was not seen for the
posterior fixture sites.

Summary

Implant research has progressed from basic informa-
tion pertaining to materials, placement techniques,
and restorations to clinical and theoretical studies
addressing characteristics such as loading, stress,
flexibility and biological responses. A sustained re-
search effort can be expected to broaden our informa-
tion and skills in providing implant care.
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