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Abstract (J. Kor. Oral Maxillofac. Surg. 2008:34:166-179)
THE THREE DIMENSIONAL FINITE ELEMENT ANALYSIS OF STRESS DISTRIBUTION

AND DEFORMATION IN MANDIBLE ACCORDING TO THE POSITION OF PONTIC IN
TWO IMPLANTS SUPPORTED THREE-UNIT FIXED PARTIAL DENTURE

Dong-Su Kim, lI-Kyu Kim, Keum-Soo Jang, Tae-Hwan Park, Kyu-Nam Kim, Choong-Yul Son*
Dept. of Dentistry, College of Medicine, Inha University *Dept. of Naval Achi & Ocean Eng. Inha University

Excessive concentration of stress which is occurred in occlusion around the implant in case of the implant supported fixed partial denture has been
known to be the main cause of the crestal bone destruction. Therefore, it is essential to evauate the stress analysis on supporting tissue to get higher

success rates of implant.

The purpose of this study was to evaluate the effects of stress distribution and deformation in 3 different types of three-unit fixed partial denture sup-
ported by two implants, using a three dimensiona finite element analysis in a three dimensional model of a whole mandible. A mechanical model of
an edentulous mandible was generated from 3D scan, assuming two implants were placed in the left premolars area. According to the position of pon-
tic, the experiments groups were divided into three types. Type | had a pontic in the middle position between two implants, type 1 in the anterior posi-
tion, and type I in the posterior position. A 100-N axial load was applied to sites such as the central fossa of anterior and posterior implant abutment,
central fossa of pontic, the connector of pontic or the connector between two implants, the mandibular boundary conditions were modeled considering

the real geometry of its four-masticatory muscular supporting system.
The results obtained from this study were asfollows;

1. The mandible deformed in away that the condyles converged medialy in al types under muscular actions. In comparison with types, the defor-

mationsin the type Il and type 111 were greater by 2-2.5 timesthan in the type | regardless of the loading location.

2. The values of von Mises stresses in cortical and cancellous bone were relatively stable in al types, but dightly increased as the loading position

was changed more posteriorly.

3. In comparison with type I, the values of von Mises stress in the implant increased by 73% in Type |1 and by 77% in Type 111 when the load was

applied anterior and posterior respectively, but when the load was applied to the middle, the values were similar in all types.

4. When the load was applied to the centric fossa of pontic, the values of von Mises stress were nearly 30~ 35% higher in the type 11 than type | or
I1'in the cortical and cancellous bone. Also, in the implant, the values of von Mises stress of the type |1 or |11 were 160~ 170% higher than in the

typel.

5. When the load was applied to the centric fossa of implant abutment, the values of von Mises stress in the cortical and cancellous bone were rela
tively 20~25% higher in the type I11 than in the other types, but in the implant they were 40-45% higher in thetype or Il thaninthe type II.
According to the results of this study, musculature modeling isimportant to the finite element analysis for stress distribution and deformation as the
muscular action causes stress concentration. And the type | model is the most stable from a view of biomechanics. Type Il isaso aclinicaly accept-
able design when theimplant is stiff sufficiently and mandibular deformation is considered. Considering the high values of von Mises stressin the cor-

tical bone, typelll is not thought as an useful design.

Key words: Three dimensional finite element analysis, Implant supported fixed partial denture, von-Mises stress
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Fig. 1. Three-dimensional finite model of edentulous
cadaver mandible.
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Table 1. The number of nodes and elements used in this FEM

Anatomy Node Element
Cortica 10378 31820
Cancedllous 3919 13255
Implant 127 125
FEM; Finite d ement method
Table 2. Material properties of finite analysis model
Materia Y oung’s modulus (MPe) Poisson’sratio
Corticad bone 13,700 Mpa 0.3
Cancelloushone 1,370 Mpa 0.3
Titanium 110,000 Mpa 0.33
MPa; MegaPascal
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Type I Type II Type III

Fig. 2. Diagram of Type |, I, lll models.

Table 3. Directional cosines of the resultant muscular force

Cos (alpha) Cos (beta) Cos (gamma)
Masseter -0.043 -0.011 0.999
Medial pterygoid 0.587 -0.165 0.792
Laterd pterygoid 0.714 -0.692 0.106
Temporalis -0.325 0.219 0.920

Cos, Cosine cited by Inou (1996)

Table 4. Directional force applied this FEM

Load (N) direction X direction’Y directionZ
Masseter 59.23 -2.54689 -0.65153 59.17077
Medid pterygoid 39.60 23.245 -6.534 31.3632
Lateral pterygoid 34.44 2459016 -23.83248 3.65064
Tempordis 34.09 -11.07925 7.46571 31.3628

FEM:; Finite element method

Muscle Force

alpha

Fig. 3. Model with restraining adopted. point 1. = Fig. 4. An axis of coordinate system.
Translation restrained in directions x.y,z, point 2.
Translation restrained in directions v, z,
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Fig. 5. Direction of the applied muscular forces.
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[N

Typel (3} 100N)

loading a loading b loading ¢
loading d loading e

Fig. 6. Diagram of Type | model and loading point.

. n e )

Typell (53 100N)

loading a loading b loading ¢
loading d loading e

Fig. 7. Diagram of Type Il model and loading point.

s ks b 3

Typelll (5} 100N)

loading a loading b loading ¢
loading d loading e

Fig. 8. Diagram of Type lll model and loading point.
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Table 5. The von Mises stress(MPa) and deformation(mm) of Type |

Loading point a b G d e
Cortica 17.332 17.338 17.344 17.35 17.356
Cancellous 1.09 112 1.273 1.429 1.585
Implant 29.098 20.98 18.688 20.2 27411
Deformation 0.523 0.523 0.523 0.524 0.525
MPa; MegaPasca
Table 6. The von Mises stress(MPa) and deformation(mm) of Type Il
Loading point a b G d e
Cortica 16.316 16.334 16.352 16.371 16.389
Cancdlous 1.146 1.201 1.258 1.325 1.398
Implant 50.309 32817 20.001 21.78 27.559
Deformation 113 113 113 112 112
MPa; MegaPascal
Table 7. The von Mises stress(MPa) and deformation(mm) of Type IlI
Loading point a b G d €
Cortica 19.476 20.133 20.77 21.375 21.981
Cancellous 1.817 1.876 1.948 2.032 2115
Implant 19.775 18.404 19.664 30.964 48512
Deformation 124 124 124 125 125
MPa; MegaPascal
25 60
" +Type | 50
0 - - Type Ii o Typeld
+ . - = Type Il 40 -=-Type Il
g 15 g - & Type I
= 10 20 |
s wl
0 a b c 0 a b ¢
Loading point Loading Point

Fig. 10. The von Mises stress of implants according
to loading points of each types.

Fig. 9. The von Mises stress of cortical bone
according to loading points of each types.
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Table 8. The von Mises stress(MPa) and deformation(mm) loaded at central fossa of pontic

Typel Typell Typelll
Cortica bone 17.344 16.316 21.981
Cancellous bone 1.273 1.146 2115
Implant 18.688 50.309 48512
Deformation 0.523 113 125

MPa; MegaPascal

Table 9. The von Mises stress(MPa) and deformation(mm) loaded at connection site between abutment of
implant and pontic

Typel Typell Typelll
Cortica bone 17.35 16.371 21.375
Cancellous bone 1429 1.325 1.948
Implant 20.98 32.817 30.964
Deformation 0.524 113 125

MPa; MegaPascal

Table 10. The von Mises stress(MPa) and deformation(mm) loaded at central fossa of abutment of implant

Typel Typell Typelll
Cortical bone 17.356 16.389 20.77
Cancellous bone 1585 1.398 1.948
Implant 29.098 27.559 19.775
Deformation 0.523 113 124
MPa; MegaPasca

2) ¥ 8(Table5, Fg. 11, 14) 2) ¥ & (Table6, Fg. 12, 15)
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D = 119E-05

BIsFLACHENT

e 12 2007
212008

Fig. 11. Deformation of Type | model
loading on the pontic (frontal view).

Fig. 12. Deformation of Type Il model
loading on the pontic (frontal view).

Fig. 13. Deformation of Type Il model
loading on the pontic (frontal view).
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strpe1 ™ 1 2007

pe 1008 TOT e ram

———
T grm e g0t

NODAL SOLUTION

s

0 T gy TIE g
Lz w0 s e pre

Fig. 14. Deformation of Type | model
loadingon the pontic (sagittal view-
color coded).

Fig. 15. Deformation of Type Il model
loading on the pontic (sagittal view-
color coded).

Fig. 16. Deformation of Type Il model
loading on the pontic (sagittal view-
color coded).

YooaL soLuTION

strpe1 m 12 2007

o E.aee 12.932 19398 5368
3.23 9638

16165 22632 29,098

0 62 13.387 18643

E6L z4
2.391 6.993 11685 16.318 20.98

2.076 6.229 10.382

Fig. 17. Stress distribution of Type |
model (loading a).

Fig. 18. Stress distribution of Type |
model (loading b).

Fig. 19. Stress distribution of Type |
model (loading ¢).

13.467

g
1222 15711

17.956
24

24365
15:228 2132 27,412

.07
3046 5,137

Fig. 20. Stress distribution of Type |
model (loading d).
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Fig. 21. Stress distribution of Type |
model (loading e).

Fig. 22. Stress distribution of Type Il
model (loading a).
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]
1.1z 1555 20.001

16.34

Fig. 23. Stress distribution of Type I
model (loading b).

Fig. 24. Stress distribution of Type I
model (loading ¢).

Fig. 25. Stress distribution of Type |l
model (loading d).
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Fig. 26. Stress distribution of Type I
model (loading e).

Fig. 27. Stress distribution of Type Il
model (loading a).

Fig. 28. Stress distribution of Type IlI
model (loading b).
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Fig. 29. Stress distribution of Type Il
model (loading ¢).

Fig. 30. Stress distribution of Type Il
model (loading d).

Fig. 31. Stress distribution of Type IlI
model (loading e).
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3s.128

R
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Fig. 32. Stress distribution of Type |
model (loading at central fossa of
pontic).

Fig. 33. Stress distribution of Type I
model (loading at central fossa of
pontic).

Fig. 34. Stress distribution of Type IlI
model (loading at central fossa of
pontic).
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model (loading at central fossa of
pontic-cross sectional view of implant).

2) ¥l 8 (Teble7, Fig. 13, 16)
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