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Three dimensional finite element analysis of the
stress distribution around the mandibular
posterior implant during non-working movement
according to the amount of cantilever
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PURPOSE. In case of large horizontal discrepancy of alveolar ridge due to severe resorption, cantilevered crown
is usually an unavoidable treatment modality. The purpose of this study was to evaluate the clinical criteria for
the placement of the aforementioned implant crown. MATERIALS AND METHODS. The mandible model with 2
mm thick cortical bone and cancellous bone was fabricated from CT cross-section image. An external

connection type implant was installed and cantilevered crowns with increasing offset of 3, 4, 5, 6, and 7 mm
were connected. Vertical load and 30° oblique load of 300 N was applied and stress around bone and implant
component was analyzed. A total of 14 cases were modeled and finite element analysis was performed using
COSMOS Works (Solid works Inc, USA). RESULTS. As for the location of the vertical load, the maximum stress
generated on the lingual side of the implant became larger according to the increase of offset distance. When the
oblique load was applied at 30°, the maximum stress was generated on the buccal side and its magnitude
gradually decreased as the distance of the offset load increased to 5 mm. After that point, the magnitude of
implant component’s stress increased gradually. CONCLUSION. The results of this study suggest that for the
patient with atrophied alveolar ridge following the loss of molar teeth, von-Mises stress on implant components
was the lowest under the 30° oblique load at the 5 mm offset point. Further studies for the various crown height

and numbers of occusal points are needed to generalize the conclusion of present study. [J Adv Prosthodont

2014;6:361-71]
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INTRODUCTION

Since the osseointegration of titanium has been introduced
for the first time by Branemark,' the implant has become
one of the reliable dental surgical methods that can replace
the traditional fixed dental prosthesis as a method of recov-
ering a missing tooth, and subsequently has been used suc-
cessfully for fully or partially edentulous patients.? In order
for the implant prosthesis to perform a long term function
within the mouth, the implant material must be biocompat-
ible. In addition, it is important in terms of the biomechan-
ics to design prosthesis that can adequately distribute stress
generated upon the occlusion load within the limit of the
load support capability of the supporting bones around the
implant and the prosthesis.’
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In the cases of fully or partially edentulous patients,
prosthetic recovery using implants supplements and replac-
es partial and full dentures, and improves masticatory and
retention forces, leading to the increase in patients’ satisfac-
tion. Accordingly, the demand of the implant has been
increasing even among patients with poor bone quality and
quantity that restricts the installation of the implant.
However, since an alveolar bone frequently shrinks due to
the long term full edentulism or the periodontal disease and
generally in such cases, maxilla and mandible tend to be
resorbed medially and laterally, respectively, the discrepancy
in the positions of alveolar bone between maxilla and man-
dible results, and subsequently it is often difficult to make
normal occlusion.

Stress generated on the implant and nearby supporting
tissues by occlusion force has a significant impact on suc-
cessful osseointegration.®® Since the occlusion force is
transmitted through the implant to bones upon masticating,
the distribution of stress of the occlusion load and the bio-
logical response of the body such as the regeneration of
the bone can be important factors after implantation. Also,
as the osseointegrated implant contacts the alveolar bone
and does not allow even minute movement, most of stress
concentrates on the alveolar crest. Subsequently, such con-
centration of excessive stress will result in the osteoclasis
(bone resorption) and may further lead to the failure of the
implant prosthesis.® Therefore, to increase the success rate
of the implant, the resorption of surrounding bone needs
to be taken into consideration, and for this purpose, it is
important to consider stress generated on the surrounding
supporting tissues. It has been shown that the excessive
load on the implant could bring about the marginal bone
resorption of the already osseointegrated implant or the
loss of its osseointegration.”® Accordingly, when planning a
treatment, there must be a careful consideration in order to
distribute the load generated in the mouth adequately
through the implant to the supporting bones.’

The implant may fail due to the poor hygiene in the
mouth, biomechanical elements, bone quality and quantity,
and the clinical status of patients. The bone quality and
quantity of the implant site are significantly important fac-
tors that affect the outcomes of the treatment, and the dis-
tribution of stress generated on bones supporting the
implant depends on the biomechanical properties of the
surrounding bones."""" If a top down treatment plan is
applied, which installs the implant at the location and angle
that can complete the most ideal prosthesis according to
the prosthetic-driven implant dentistry, the location of the
implant may not be the center of the residual alveolar bone.
Although various bone graft techniques must be used in
order to produce the prosthesis with the ideal shape, it is
not easy to use such surgical methods in clinical settings.

When a tooth is lost, the width and height of the alveo-
lar ridge are reduced, which has been reported for long.
Tallgren'” has shown through a long term radiological study
on patients with a full denture that the mandibular alveolar
ridge displayed 4-fold higher resorption compated to that
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of the maxilla, and suggested that since the maxillary and
mandibular alveolar ridges were resorbed medially and lat-
erally, respectively, the aspect of class 111 crossbite has been
frequently obsetrved. Also, Atwood and Coy" have teported
the resorption rate of the alveolar ridge through radiologi-
cal cephalomettic analysis, and the result was similar to that
of Tallgren."

If the alveolar bone shrinks due to the prolonged peri-
od of edentulism or periodontal problem and subsequently
the resorption of the alveolar bone is severe, there are
many cases that the implant needs to be installed on the
location deviated from the ideal position. In such cases, the
implant prosthesis involving cantilevers extending more to
the buccal or lingual side is made and due to the bending
moment generated by the presence of the cantilever that
supportts the load, the higher stress than that resulting from
the actual load on the implant may be generated." Stegaroiu
et al.”® has reported that the mesiodistal cantilever model
needed to be avoided since it displayed substantially large
increase in stress in every case, and Rangert ¢ a/.'® has
shown that the bending moment in the mesiodistal cantile-
ver model was generated more than two fold compared to
the stiffened model. Biomechanical ovetload may lead to
the failure of the implant treatment. To avoid the biome-
chanical overload, there is a tendency that the cantilever
shorter than the theoretical length required for the struc-
ture, aesthetics, and function is used.'

Finite element analysis (FEA) is a method of an engi-
neering analysis using the finite element method (FEM), a
type of a numerical analysis. Thus, the numerical analysis
of various engineering problems is performed using com-
puter operating software (FEM program) developed on the
basis of the theoretical system of the finite element meth-
od. The finite element analysis is a method of analyzing
parts or assembly to confirm the performance of a product
in the engineering field. The FEA process includes making
a solid model, calculating the response of the structure
(deformation, stress) by generating finite element models in
relation to the solid model and the defining the use envi-
ronment (boundary condition, load condition), and finally
showing these by a diagram. As the pre-process, a solid
model is prepared, followed by the generation of a FEM
model. As the solver process, finite element equations are
established and solved, and in the post-process, the analysis
result is processed and illustrated in the form easy to under-
stand. Since Weinstein ¢ a/'" used the finite element analy-
sis in the implant dentistry for the first time in the dental
field in 1976, it has been frequently used to analyze stress
on surroundings of the implant, and the accurate applica-
tion of the FEA has been possible owing to the continuing
research. However, such FEA is the qualitative analysis that
does not give the level of stress that may lead to the bone
resorption and reformation, and therefore has significant
limitations in terms of quantitative evaluation.

In this study, the stress distribution generated on the
cortical bone, the cancellous bone, and the implant fixture,
abutment and screw was observed using the 3-dimensional
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finite element method for the 2 cases that the vertical loads
were applied to the central fossa and the oblique loads were
applied to the lingual cusp at 30° with a crown that had the
increased lingual side during the non-working movement,
and discussed the implication.

MATERIALS AND METHODS

In this study, the modeling was based on the missing seg-
ment of the right posterior mandible. A mandible block
model was fabricated to have a regular shape with the
height of 23 mm, mesiodistal width of 20 mm, the maxi-
mum buccolingual width of 15 mm and the uniform thick-
ness of the cortical bone by scanning bones in the area of
right molar teeth using a CT and extending this shape in
the direction of the cross-section. The mandible model
consisted of the cortical bone and the cancellous bone,
modeled in a simple shape to set a uniform thickness of the
cortical bone at 2 mm. Crown was modeled to have a
dimension of the height of 10.5 mm, the mesiodistal width
of 10 mm, and the buccolingual width of 13 mm, which
was extended in the lingual direction by 4 mm to ensure the
application of offset loads of 2, 3, 4, 5, 6, and 7 mm on the
lingual side. The top occlusal plane was modeled to a shape
of a simple cusp. The implant was modeled by measuring
the US II system (Osstem Implant, Pusan, Korea) that is an
external type implant with the dimension of the 5.0 mm
diameter and the 11 mm length. All models used in this
study were generated using SolidWorks (DS SolidWorks
Corp., Waltham, MA, USA), a commercial 3-dimensional
CAD.

The modeling was performed such that there was no
choice but to add lingual offset to the mandibular implant
crown where the resorption of the maxillary buccal and
mandibular lingual alveolar bone was severe. Firstly, Model
v0 was assigned to the case that the vertical load of 300 N
was applied on the center of the implant, followed by
Models v2 to v7 corresponding to the vertical loads offset
to the lingual side at 2, 3, 4, 5, 6, and 7 mm, respectively.
Secondly, Model 00 was assigned to the case that the
oblique load of 300 N at 30° which can be intermittently
applied during non-working movement was applied on the
center of the implant, and likewise, Models 02 to o7 were
assigned to the oblique loads offset to the lingual side at 2,
3,4, 5, 6, and 7 mm, respectively. Together, a total of 14
cases were modeled (Table 1).

The finite element analysis was carried out using
COSMOSWorks (DS SolidWorks Corp., Waltham, MA,
USA) and finite elements applied here were generated by
the 10-node tetrahedral quadratic solid element. In the
result of the finite element analysis, since the maximum
stress might be varied depending on the size of finite ele-
ments, the size of basic elements was set to be 1 mm con-
sidering the convergence according to the size of elements,
and fine elements with the size of 0.3 mm were used for
the implant structure, and its surrounding cortical and can-
cellous bones to increase the analytical accuracy. The finite

Table 1. Experimental design in this study

Model Load Location of load
vO vertical load 300 N 0mm
v2 vertical load 300 N 2 mm
v3 vertical load 300 N 3 mm
v4 vertical load 300 N 4 mm
v5 vertical load 300 N 5mm
V6 vertical load 300 N 6 mm
V7 vertical load 300 N 7 mm
o0 oblique load 300 N 0mm
02 oblique load 300 N 2 mm
o3 oblique load 300 N 3 mm
o4 oblique load 300 N 4 mm
o5 oblique load 300 N 5 mm
06 oblique load 300 N 6 mm
o7 oblique load 300 N 7 mm

Table 2. Number of elements and nodes used in this
study

Model Nodes Element
cortical bone 37,971 26,409
cancellous bone 78,800 54,972
fixture 96,955 54,972
abutment 12,727 8,943
screw 23,376 16,896
crown 12,5183 9,233
Total model 262,243 189,850

elements of bone formed detailed mesh of the implant
connection area where stress was concentrated. Here, the
shape of the screw at the fixture was transformed in con-
sideration of the axis symmetry without losing its screw-
like form, and integrated into the mesh. Also, the symmetry
was taken into consideration by removing the cutting edge
of the fixture and the alignhment surface of the abutment
(Fig. 1, Table 2).

Main material properties of the cortical bone, cancel-
lous bone, fixture, abutment, screw, and crown used for the
finite element analysis in this study such as the elastic mod-
ulus and Poisson’s ratio were obtained on the basis of the
previous researches'®?! and shown in Table 3.
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Fig. 1. 3D models used in this study. (A) Implant prosthesis with various level of lingual cantilever, (B) FE mesh of
external connection type implant system, (C) isometric and sectional view of 3D model.

Although actual bone displays different properties in
the direction of x-, y-, and z- axes, respectively, and the
bone quality (D1 - D4) is also different depending on the
location, the isotrope was assumed such that physical prop-
erties of the material were assumed to be identical in 3
directions to simplify the analytical model. Furthermore,
the plasticity of the implant material was not considered
but the linear elasticity was taken into consideration. Bone
and the thread of the screw of the implant were presumed
to be bonded to each other on the basis of the premise of
the complete osseointegration.

Two load conditions were employed for the analysis: 1)
the vertical load was applied to the center of the implant,
which considered the case that the vertical occlusal force
was applied. 2) The oblique load at 30° from the lingual to
buccal side was applied to the lingual cusp, which consid-
ered the non-working movement of the mandible or the

Table 3. Material properties in this study

lateral elements of the force exerted by the slope of the
cusp. Therein, the magnitude of the loads was 100 N
respectively, and a total of 300 N. In addition, if the load
was applied to a particular point, a singular point where
extraordinarily large stress is generated might emerge and
subsequently it was designed that the distributed load
would be exerted on the circular area with the diameter of
0.5 mm.

As for the boundary condition, since the principal aim
of this study is to observe the distribution of stress accord-
ing to the distance of the load from the center of the
installed implant, the degrees of freedom of the bottom
part of bone in the Ux, Uy and Uz directions were restrict-
ed (Fig. 2).

As for the stress result, efficient stress was represented
using the stress contour plot.

Elastic modulus

Yield strength Ultimate tensile

Geometry Material (GPa) Poisson's ratio (MPa) strength (MPa)
Fixture CP Ti Grade4 105.00 0.34 590 660
Abutment CP Ti Grade4 104.00 0.34 450 520
Screw Ti Alloy 113.00 0.342 795 860
Cortical bone - 13.70 0.3 - -
Cancellous bone - 1.37 0.3 - -
Gold Crown Gold 100.00 0.35 - -
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Vertical loads

Oblique loads

Fig. 2. Loading condition and boundary condition. Three
points of 100 N each were applied evenly forming the
circular area with the diameter of 0.5 mm.

RESULTS

This study considered a total of 14 models, with 7 models
of the vertical load applied upon the central fossa of the
tooth and 7 models of the oblique load applied upon the
lingual cusp tip according to the load conditions. Since the
created finite element model is symmetrical relative to the
central cross-section in the mesiodistal direction, stress data
were obtained by averaging maximum stress values of 2
implant sites.

As the location of the vertical load was offset by 1 mm
each time in the lingual direction, stress upon the cortical
bone increased linearly in proportion to the distance of the
offset load and that upon the implant increased lineatly as
well. On the other hand, in case that the location of the
oblique load was offset by 1 mm each time in the lingual
direction, stress upon the cortical bone gradually became
smaller, and neatly uniform compressive stress was shown
when it was offset by 7 mm. However, when the location
of the oblique load was offset by up to 4 mm from the cen-
ter of the implant, strong compressive stress appeared on
the buccal side of the implant and its magnitude decreased.
On the contrary, when the offset distances were 6 and 7
mm, strong compressive stress was generated on the lingual
side, and the magnitude of stress became larger as the dis-
tance increased. Therefore, the smallest stress was generat-
ed at the offset distance of 5 mm in the case of the oblique
load (Table 4).

For the stress around the cortical bone under vertical
load, uniform compressive stress was generated at the
upper cortical bone where the implant fixture was installed
in case that the vertical load was applied upon the center of
the implant (Model v1). When the vertical load was offset
by 1 mm each time in the lingual direction from the center
of the implant, the clockwise bending moment was gener-
ated and compressive stress was shown at the upper lingual
side of the cortical bone around the implant. Also, tensile
stress was shown in the opposite direction (Fig. 3 and Fig,
4).

For the stress around the implant system under vertical
load, the distribution of stress was shown to be similat to
the pattern of stress applied upon the cortical bone for
each model and loading condition. Uniform compressive
stress appeared in the longitudinal direction of implant fix-

Table 4. Summary of the maximum von-Mises stress in this study (MPa)

Model Cortical Cancellous Implant Abutment Screw
VO 16.79 1.29 13.95 14.72 12.87
V2 34.73 1.47 38.76 42.86 25.17
v3 44.02 1.57 51.71 57.61 33.44
v4 53.30 1.67 64.77 72.39 41.68
v5 62.57 1.80 78.09 87.19 49.90
v6 71.87 1.96 90.20 102.31 58.08
v7 81.23 2.09 104.94 117.01 66.49
o0 73.51 2.00 63.54 70.68 62.71
02 56.17 1.74 43.23 48.04 47.39
03 48.12 1.61 34.81 37.01 40.02
o4 39.83 1.50 27.07 33.83 36.06
05 31.98 1.39 20.42 34.42 36.53
06 24.80 1.31 25.58 35.09 37.13
o7 15.68 1.25 37.94 37.49 37.84
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ture, abutment, and screw when the vertical load was
applied upon the center of the implant (model v0). When
the vertical load was offset by 1 mm each time in the lingual
direction from the center of the implant, the clockwise
bending moment occurred. Subsequently, strong compres-
sive stress was generated on the lingual side of the connec-
tion area of the implant fixture, abutment, and screw while
tensile stress appeared in the opposite direction. As the
location of the vertical load was offset by 1 mm each time,
stress increased lineatly in proportion to the distance of the
offset load (Fig. 5 and Fig, 06).

For the stress around the cortical bone under oblique
load, strong compressive stress was generated on the buccal
side of the upper cortical bone around the implant when
the oblique load was applied on the center of the implant
(Model 00). Stress was gradually reduced when the oblique
load was offset by 1 mm each time to the lingual direction
from the center of the implant, and the nearly uniform
compressive stress was generated in the case of the offset
load applied at 7 mm from the center (Fig. 7 and Fig. 8).

For the stress around the implant system under oblique
load, it was shown that strong compressive stress was gen-
erated on the buccal side of the implant fixture, abutment
and screw, and its magnitude decreased when the location

of the oblique load was offset by up to 4 mm from the cen-
ter of the implant. When the distance where the offset load
was applied was 6 and 7 mm, on the contrary, compressive
stress was generated on the lingual side, and the magnitude
of the stress became larger with the increasing distance.
The smallest stress was observed when the distance of the

offset load was 5 mm (Fig. 9 and Fig. 10).
DISCUSSION

For successful implant prosthesis, the occlusal force applied
must be distributed effectively by the implant and transmit-
ted to bone. Sertgdz ef al.** and Yokoyama et al* have
reported that when 2 implants were installed and cantilever-
fixed prostheses were placed, increasing stress was applied
on the implant fixture and abutment gradually with the
increase in the extension of the cantilever, and Iplik¢ioglu e
al?* also have shown that when the cantilever prostheses
were installed in the posterior mandible using the short
implant, stress applied upon the implant became larger with
the increase in the length of the cantilever.

The occlusal force (100 N - 565 N) with various magni-
tudes and directions was assumed and applied in previous
studies.”® However, since the occlusal force and stress are in

von-Mises stress (MPa)

T
model vO model v2

mode v3 mode v4

T
mode v5 mode v6 mode v7

T

Fig. 3. Maximum von-Mises stress around cortical bone under vertical load.
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Fig. 4. Distribution of von-Mises stress around cortical bone under vertical load.
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Fig. 5. Maximum von-Mises stress around implant components under vertical load.
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Fig. 6. Distribution of the von-Mises stress around implant components under vertical load. (A) Implant fixture, (B)
abutment, (C) screw.
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Fig. 7. Maximum von-Mises stress around cortical bone under oblique load.
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Fig. 8. Distribution of von-Mises stress around cortical bone under oblique load.
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Fig. 9. Maximum von-Mises stress around implant components under oblique load. In case of model 04, 05, and 06, the
stress decrement at the implant was larger than that at the abutment and screw. And the model with the lingual
cantilever of 5 mm (model 05) was most affected.
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Fig. 10. Distribution of the von-Mises stress around implant components under oblique load. (A) Implant fixture, (B)

abutment, (C) screw.

a linear proportional relationship in which stress becomes
larger with the increase in the occlusal force, and the princi-
pal aim of this study is the relative comparison of stresses
generated on the bone and implant depending on the dis-
tance of offset loads, the direction of loads was set to be
perpendicular to the central axis of the implant and tilted at
30° relative to the lingual cusp, and its magnitude was 300
N.

In the case of the mesiodistal cantilever prosthesis, it
has been shown in previous studies that the increase in
stress became larger with the increase in the length of the
cantilever. As such, this study was conducted with the
assumption that stress applied upon the implant would
increase in proportion to the rate of increase of the length
of the lingual cantilever of prosthesis.

In the case that the vertical load was applied upon the

central axis of the implant (Model v0), since there was no
horizontal component of force and the vertical load was
identical with the central axis of the implant, the moment
was zero and thus, uniform compressive stress was exerted
around bone and the implant. In the case that the location
of load was offset to the lingual side by the increment of 1
mm, although horizontal component of force did not exist,
the clockwise bending moment was generated by the dis-
tance between the vertical load and the central axis of the
implant, and subsequently, compressive stress and tensile
stress were exerted on the lingual and buccal sides, respec-
tively. In addition, as the offset of the location of loads
became larger, the moment and thereby the magnitude of
stress also proportionally increased.

In the case that the oblique load was applied upon the
central axis of the implant (Model 00), while the vertical

The Journal of Advanced Prosthodontics 369



J Adv Prosthodont 2014;6:361-71

component of force is identical with the central axis of the
implant, which did not generate the moment, the counter-
clockwise bending moment was generated due to the hori-
zontal component of force and thus compressive stress and
tensile stress were exerted on the buccal and lingual sides,
respectively, around the bone and the implant. In Model 05
where the location of the oblique load was offset to the lin-
gual side by 5 mm, the counter-clockwise bending moment
due to the horizontal component of force and the clock-
wise bending moment due to the distance between the ver-
tical component of force and the central axis of the
implant occurred simultaneously, canceling each other, and
subsequently, the least stress upon the implant was
observed. Among the implant, abutment and screw, the
effect of stress reduction was largest at the implant. It is
because the implant comes in the ditect contact with alveo-
lar bone having low elastic modulus, and has the advantage
of shock-absorbing against the vertical component of
force. In Model 07 whete the offset of the oblique load
was larger than 5 mm, while the counter-clockwise bending
moment was identical to those with the offset of 5 mm or
less, the clockwise bending moment increased substantially,
leading to the generation of tensile stress upon the buccal
side and compressive stress upon the lingual side around
the implant, which was opposite to Model 00, and the mag-
nitude of stress increased compared to Model 05.
Therefore, the smallest stress was observed with the
oblique load at 5 mm from the center.

When the vertical load was applied, compressive and
tensile stresses appeared upon the cortical bone alternately
in the direction of the implant, and compressive stress was
dominant at the top of the cortical bone where the maxi-
mum stress was generated. Weinberg® suggested that most
of force would be concentrated on the alveolar crest rather
than being distributed through the surface of the implant,
and similatly, Clelland ¢ a/*" indicated that the maximum
stress concentrated on the alveolar ridge of the cortical
bone and stress would be decreasing as the cortical bone
layer is becoming thicker. As the location of the vertical
load was getting offset by 1 mm, stress would increase in
linear proportion to the distance of the offset load since
the bending moment on the bone increased. Just as Rangert
et al® suggested in relation to the implant axis that the off-
set load of the vertical occlusal force in the buccal direction
resulted in the increased bending on the implant, it is pre-
sumed that stress seemed to concentrate on the one side
due to the generation of the bending moment.

Maximum stress was observed on the cortical bone at
the area of implant’s first thread, and stress did not concen-
trate on the cancellous bone, which is consistent with the
results of Lum e 2/*'* Misch® showed that most of stress
concentrated on the cortical bone and the influence of the
cortical bone was predominant in providing the initial sta-
bility. In addition, he suggested that stress appearing on the
cancellous bone was 10 fold less than that on the cortical
bone and subsequently, the magnitude of the former had
neither physical nor clinical significance. The maximum
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stress on the implant appeared around the fixture connect-
ing the abutment or the screw of the abutment.’**

Since the implant model used in this study was a system
of an external connection type, it could be seen that the
maximum stress was generated on the bottom part of the
abutment connected to the fixture. In the external connec-
tion type, the external force exerted on the abutment is
transmitted to the alveolar bone via the fixture connected
to the abutment by a screw. At this moment, the maximum
stress is generated on the connection area between the top
of the fixture and the interior of the abutment. In the
internal connection type, since the external force exerted
on the abutment is transmitted by clamping force of the
screw and the friction of the fixture collar, the maximum
stress is generated in the interior of the fixture collar that is
clamped with the abutment, and also on the screw of the
abutment.

The finite element analysis requires sufficient under-
standing of the simplification and assumption necessary to
make a model, and it has limitations that it is difficult to
reproduce the actual anatomical structure and the irregular-
ly distributed bone quality, and the deep knowledge of
mechanical engineering and extensive experience ate need-
ed for the good result. Recently, various imaging programs
have been introduced that can configure 3D models by lay-
ering image data obtained by CT scanning and use the dis-
tribution of the bone quality accurately for the finite ele-
ment model by utilizing x-ray absorption rates. These
advances are expected to enable more realistic simulations
in the future.

As stated above, when there are difficulties in making
normal occlusion due to the severe resorption of the alveo-
lar bone and subsequently, the buccolingual cantilever can-
not be avoided, the cantilever designed to take the load off-
set by 5 mm from the center of the implant is likely to min-
imize a harmful load, assuming that the cusp angle of the
antagonist teeth is 30°, and prosthesis height is 10.5 mm
with the oblique load at 30° from the intermittent non-
working movement. However, since the difference is
expected to depend on the height of the prosthesis, addi-

tional studies with the various clinical settings are necessary.

CONCLUSION

From the three dimensional finite element analysis of lin-
gual cantilever implant prosthesis with increasing offset, the
following conclusions could be drawn. As for the location
of the vertical load, the maximum stress generated on the
lingual side of the implant became larger as the distance of
the offset load increased. When the oblique load was
applied at 30°, the maximum stress was generated on the
buccal side and its magnitude gradually decreased when the
location of the load moved away until the clockwise and
counter-clockwise bending moment became equal. After
that point, the magnitude of stress increased gradually as
the distance of loading point increased away from the
implant center.
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