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Table 1. Young’s modulus of elasticity and Poisson’s ratio for orthotropic material

roperties E (N/m") v G (N/m)
Material X Y Z YZ Xz XY YZ XZ
Cortical bone _

Symphyseal 23E+10|15E+10|1.0E+10 0.3 0.3 |62E+09{3.6E+09[48E+09
and mental
regions®
Gonial angle |20E+10/12E+10|1.1E+10 0.3 03 |60E+09;53E+09(4.8E+09
region®
Rest of the 17E+10(82E+09{69E+09 0315 0325 031 {46E+09|29E+09{2.8E+09
mandible®*?
Cancellous 9.6E+08{39E+08|3.2E+08 0.3 03 |1L7E+08{1.3E+08|0.9E+08
bone®

E : Young's modulus of elasticity, v . Poisson’s ratio, G : Shear modulus
X . Long axis of mandible, Y ! Perpendicular to mandibular long axis and tangential to
cortical cross section, Z :.Perpendicular to XY plane
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Table 2. Young’s modulus of elasticity and
Poisson’s ratio for isotropic mate-

rial 539 Fe

Properties [Xni - K] - EMG.=M:Z FA=HAE,
Material E (N/m) v Xt 259 993, K & 439 34N
Fibrocartilage™ 6.00E+06 047 fei), EMGw £ Hul W0 g 28439

E : Young’s modulus of elasticity, v . Poisson’ scaled values,*®* M, & 2839 %ol
3]

s ratio G714 X - /K & %ol W8t weighting fac-

Table 3. Muscle load sets for a unilateral molar clenching task

Muscle Scaling Unit vector coordinates-R{ Node
Muscle group group Factors number
weight(N) X Y Z -R
R/WS | L/BS
Superficial masseter 19040 | 0.72 | 0.60 | —0.207|+0.885| +0419| 20
Deep masseter 8160 | 0.72 | 0.60 | —0.546 | +0.758 | —0.358 6

17480 | 0.84 | 0.60
1568.00 | 0.73 | 0.58

+0.486 | +0.791 | +0.372 12
—0149| +0988 | +0.044| 20

Medial pterygoid
Anterior temporalis

Middle temporalis 9560 | 066 | 067 | —0.221|+0.837 | —0.500 3
Posterior temporalis 7560 | 0.59 | 0.39 | —0.208{+0474| —0.855 3
Inferior lateral pterygoid 6690 | 030 | 065 | +0630}—0.174 | +0.757 4

DR Right, L : Left, WS : Working Side, BS : Balancing Side

@ The x,y,z coordinates are the three dimensional coordinates of unit vectors representing
muscle direction. all coordinates are referenced to a global Carthesian coordinates system,
where the xy plane is the frontal plane in which the mandible was originally imaged,
Xz represent the orientation of the occlusal plane, and yz plane lies orthogonally to
both xy and xz.
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Fig. 1. Occlusal load directions(A : vertical
load on canine, B : Vertical load on
1st molar, C . vertical load on 2nd mo-
lar, D : forward 20" load on 1st molar,
E : Buccal 20" load on 1st molar).
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Table IV. Principal stresses in the working condyles (Pa)

Position Canine 1st molar 2nd molar 1st molar 1st molar
Stress (vertical) (vertical) (vertical) |(forward 207 | (buccal 20’)
Max. principal 0.50246E+09 | 0.48291E+09 | 0.44841E+09 | 056615E+10 | 0.56488E+10
stress '
Min. principal —0.80962E+09 | —0.71365+09 | —0.70187E+09 | —0.94553E+10 | —0.94572E + 10
stress

1st Molar i
{Buc.)

1ot Molar _:» s

(For.)

2nd Molar |.::]0.443
1st Molar {:%7] 0.

Canine [(3:]0.

GPa 0 1

Fig. 2. Maximum principal stress (working

condyle).

-GPa 0

Fig. 3. Minimum principal stress (working
condyle).
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Table V. Princi

pal stresses in the balancing condyles (Pa)

Position Canine 1st molar 2nd molar 1st molar Ist molar
Stress (vertical) (vertical) (vertical) |(forward 20") | (buccal 20°)
Max. principal 0.10930E+10 | 012907E+10 | 0.13619E+10 | 0.54822E+10 (| 0.54980E+10
stress
Min. principal —0.15728E+10 | —0.19200E+10 | —0.20736E+10 | —0.91607E+10 | —0.91735E+10
stress

18t Molar e

(Buc.)

15t Molar ity retmmon

{For)
2nd Molar RGN

1st Molar [JFFRIES

Canine R

GPa

6

Fig. 4. Maximum principal stress(balancing

condyle).

1st Molar baacemeris

(Buc.)
st Molar o
(For) [™®

2nd Molar K

1at Molar [EERESENNN .

Canino EHRAIIRE 115

GPa

6 8

10

Fig. 5 Minimum principal stress (balancing
condyle).

Table VI. Balancing/Working condyles stress ratio (minimum principal stress)

Fig. 6 Balancing/Working condyle stress ratio.

522

Position Canine 1st molar 2nd molar 1st molar 1st molar
Condyle (vertical) (vertical) (vertical) |(forward 20') | (buccal 20°)
Balancing —0.15782E+10 | —0.19200E+10 | —0.20736E+10 | —0.91607E+10 { —0.91735E+10
condyles
Working —0.80962E+09 | —0.71365E+09 | —0.70187E+09 | —0.94553E+10 | —0.94572E+ 10
condyles
B/W ratio 1.9493 2.6903 2.8852 0.9688 0.9700

15t Molar [puaenste
{Buc.)
18t Molar pramerir
{For.) & .
2nd Molar 2§ WY 2,885
1at Molar s 2.69
Canine § XA
B/W ('5 0.5 1 1:5 2 2:5 3
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EXPLANATION OF FIGURES

7. Three dimensional finite element mandibule model (lateral view).

8. Muscular loads were modelled in form of multiple parallel vectors (lateral view).

9—1. Minimum principal stress in the working condyle of the 1st molar (frontal view).

9—2. Minimum principal stress in the working condyle of the 1st molar (sagittal
section view).

9-3. Minimum principal stress in the working condyle of the 1st molar (frontal section
view).

10—1. Minimum principal stress in the balancing condyle of the 1st molar (frontal
view).

10—2. Minimum principal stress in the balancing condyle of the 1st molar (sagittal
section view).

10—3. Minimum principal stress in the balancing condyle of the 1st molar (frontal
section view).

11—-1. Minimum principal stress in the working condyle of 2nd molar (frontal view).

11—2. Minimum principal stress in the working condyle of 2nd molar (sagittal section
view).

12—1. Minimum principal stress in the balancing condyle of 2nd molar (frontal view).

12—2. Minimum principal stress in the balancing condyle of 2nd molar (sagittal section
view).

13—1. Minimum principal stress in the working condyle of canine (frontal view).

13—2. Minimum principal stress in the working condyle of canine (sagittal section
view).

14—1. Minimum principal stress in the balancing condyle of canine (frontal view).

14—2. Minimum principal stress in the balancing condyle of canine (sagittal section
view).

15—1. Minimum principal stress in the working condyle of forward 20’ loaded 1st
molar (frontal view).

15—2. Minimum principal stress in the working condyle of forward 20’ loaded 1st
molar (posterior view).

16 —1. Minimum principal stress in the balancing condyle of forward 20’ loaded 1st
molar (frontal view).
16—2. Minimum principal stress in the balancing condyle of forward 20’ loaded 1st
molar (posterior view). '
17—1. Minimum principal stress in the working condyle of buccal 20’ loaded 1st molar
(frontal view).

17—2. Minimum principal stress in the working condyle of buccal 20’ loaded 1st molar
(posterior view).

18—1. Minimum principal stress in the balancing condyle of buccal 20’ loaded 1st molar
(frontal view).

18 —2. Minimum principal stress in the balancing condyle of buccal 20’ loaded 1st molar
(posterior view). -
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ABSTRACT

THREE DIMENSIONAL FINITE ELEMENT STRESS
ANALYSIS OF THE MANDIBULAR CONDYLE DURING
UNILATERAL CLENCHING

Do-Hyun Nam, Seong-Joo Hoe, Kwang-Nam Kim

Department of Prosthodontics, College of Dentistry, Seoul National University

It has been held that excessive mechanical forces to the osseous and soft tissues of
the TMJ resuit in joint dysfunction. Understanding the stress pattern on TM] is very impor-
tant in TMJ research. But, it is very difficult to measure directly the biomechanical stress
distribution in the TMJ] when the mandible is loaded. Therefore, stress distribution in
the TMJ during functional movement was studied through animal experiment or mathemati-
cal model. It was observed and compared the stress distribution occuring in the working
and balancing condyle when lower right canine, lower right first molar and lower right
second molar were clenched by the three dimensional finite element analysis. Also, stress
distribution in the working and balancing condyles were observed and compared when
20" forward and buccal bite forces were applied to the first molar.

The results were as follows :

1. Stress distribution in the condyles during unilateral clenching of the first molar, second
molar, canine showed no difference. In the working condyle, tensile force was concentra-
ted on the lateral aspect of the condylar articular surface and condylar neck. And compre-

“ssive force was concentrated on the anteromedial and lateral aspect of condyle. In the

balancing condyle, tensile and compressive forces were concentrated on the lateral aspect
of the condylar articular surface and stress transmission to the temporal bone was not
observed.

2. When lateral forces were applied to the first molar, tensile forces were concentrated
on the medial aspect of the condylar neck and condylar posterior surface in working
and balancing condyle. Compressive force was concentrated on the anteromedial and
lateral surface of the condyle and stress transmission to the temporal bone was not
observed. .

3. During unilateral clenching, stress in the working condyle decreased as the occlusal
load moved posteriorly while the stress in the balancing condyle increased. when lateral
force was applied to first molar, the incremental amount of stress was greater than
vertical load. )

4. During unilateral clenching, the average balancing/working condyle stress ratio was 2.52.
There was a greater concentration of stress in the balancing condyle. The ratio increased
as the occlusal load moved posteriorly and decreased considerably when lateral forces
were applied to the first molar.

Key words : Mandibular condyle, unilateral clenching, Three dimensional finite element
analysis and Stress distribution.
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