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Fig. 1. Solid model.

Table I. The number of elements & nodes

Model Number of elements ~ Number of nodes
1 100,024 19,234
2 98,424 19,737
3 96,122 18,723
4 91,209 17,912
5 89,819 17,666
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Fig. 2. Finite Element Model.
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Fig. 4. Vertical and oblique force.

Table II. Material properties

Young s modulus Poisson's
(MPa) ratio
Cortical bone 13,700 0.30
Cancellous bone 1,370 0.30
=7 dEdE Titanium 102,195 0.35
SFATE. Composite resin 12,500 0.35
Gold screw 99,300 0.35
Gold crown 100,000 0.35
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Table III. The maximum von mises stress of models
Model 1 Model 2 Model 3 Model 4 Model 5
Vertical Oblique Vertical Oblique Vertical Oblique Vertical Oblique Vertical Oblique
Bone 165 3496 1485 299 2064 435 141.7 3227 1656 3035
Fixture 2168 430 2296 455 4077  849.1 1745 3875 2648 4556
Superstructure 2129 3941 237 3794 3272 5573 3209 4279 3149 4037
Abutment screw 1556 3321 2296 3214 157 304 141 2922 1445 2615
Total body 216.8 430 237 455 407.7 849.1 3209 4279 3149 4556
500 900
40 600
,\m 700
B %0 3
2w v % 600
§1so §300
100 ? 200
50 100
0 0
1 ? Mojels ) ° ! 2 Moze‘s 4 5

Fig. 5. The maximum von mises stress of bone.
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Fig. 6. The maximum von mises stress of fixture.
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Explanations of Figures

The bone area of non-inclined & straight implantation model 1 that the vertical force was applied
on the buccal cusps

The fixtures of non-inclined & straight implantation model 1 that the vertical force was applied
on the buccal cusps

The superstructure of non-inclined & straight implantation model 1 that the vertical force was
applied on the buccal cusps

The abutment screws of non-inclined & straight implantation model 1 that the vertical force
was applied on the buccal cusps

The total area of non-inclined & straight implantation model 1 that the vertical force was applied
on the buccal cusps

The total area of non-inclined & straight implantation model 1 that the oblique force was applied
on the buccal cusps

The total area of 5 -inclined & straight implantation model 2 that the vertical force was applied
on the buccal cusps

The total area of 5 -inclined & straight implantation model 2 that the oblique force was applied
on the buccal cusps

The total area of 10°-inclined & straight implantation model 3 that the vertical force was applied
on the buccal cusps

The total area of 10°~inclined & straight implantation model 3 that the oblique force was applied
on the buccal cusps

The total area of 10°-inclined & straight implantation model 3 that the oblique force was applied
on the buccal cusps

The total area of non-inclined & lingual offset implantation model 4 that the vertical force was
applied on the buccal cusps

The total area of non-inclined & lingual offset implantation model 4 that the oblique force was
applied on the buccal cusps

The total area of non-inclined & buccal offset implantation model 5 that the vertical force was
applied on the buccal cusps

The total area of non-inclined & buccal offset implantation model 5 that the oblique force was
applied on the buccal cusps
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ABSTRACT

THREE DIMENSIONAL FINITE ELEMENT STRESS ANALYSIS OF
IMPLANT PROSTHESIS ACCORDING TO THE DIFFERENT
FIXTURE LOCATIONS AND ANGULATIONS

Won-Hee Park, D.D.S., M.S., Ph.D., Young-Soo Lee, D.D.S., M.S;, Ph.D.

Department of Dentistry, College of Medicine, Hanyang University

Statement of problem. The implant prosthesis has been utilized in various clinical cases thanks
to its increase in scientific effective application. The relevant implant therapy should have the high
success rate in osseocintegration, and the implant prosthesis should last for a long period of time
without failure. Resorption of the peri-implant alveolar bone is the most frequent and serious prob-
lem in implant, prosthesis. Excessive concentration of stress from the occlusal force and biopressure
around the implant has been known to be the main cause of the bone destruction. Therefore, to
decide the location and angulation of the implant is one of the major considering factors for the
stress around the implant fixture to be dispersed in the limit of bio-capacity of load support for
the successful and long-lasting clinical result. Yet, the detailed mechanism of this phenomenon
is not well understood. To some extent, this is related to the paucity of basic science research.

Purpose. The purpose of this study is to perform the stress analysis of the implant prosthe-
sis in the partially edentulous mandible according to the different fixture locations and angula-
tions using three dimensional finite element method.

Material and methods. Three 3.75mm standard implants were placed in the area of first and
second bicuspids, and first molar in the mandible. Thereafter, implant prostheses were fabricated
using UCLA abutments.

Five experimental groups were designed as follows: 1) straight placement of three implants, 2)
5 buccal and lingual angulation of straightly aligned three implants, 3) 10° buccal and lingual
angulation of straightly aligned three implants, 4) lingual offset placement of three implants, and
5) buccal offset placement of three implants. Average occlusal force with a variation of perpen-
dicular and 30° angulation was applied on the buccal cusp of each implant prosthesis, followed
by the measurement of alteration and amount of stress on each configurational implant part and
peri-implant bio-structures.
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The results of this study are extracted from the comparison between the distribution of Von mis-
es stress and the maximum Von mises stress using three dimensional finite element stress analy-
sis for each experimental group.

Conclusion. The conclusions were as follows:

1. Providing angulations of the fixture did not help in stress dispersion in the restoration of par-

tially edentulous mandible.

2. It is beneficial to place the fixture in a straight vertical direction, since bio-pressure in the
peri-implant bone increases when the fixture is implanted in an angle.

3. It is important to select an appropriate prosthodontic material that prevents fractures, since
the bio-pressure is concentrated on the prosthodontic structures when the fixture is
implanted in an angle.

4. Offset placement of the fixtures is effective in stress dispersion in the restoration of partially
edentulous mandible.

Key words : Three dimensional finite element stress analysis, Implant prosthesis, Alveolar bone,
Von mises stress, Offset placement



