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Analysis of finite element stress on the articular disc

of jaw during function

Kang, Dong-Wan, D.D.S., M.S.D.,Ph.D., Lim, Seung-Jin, D.D.S., M.S.D.
Ahn, Kwang-Hyun, D.D.S., M.S.D. Ph.D.

Department of Prosthodontics and TMD clinic, College of Dentistry, Chosun University.

The purpose of this study is to to analyze the mechanical stress on articular disk of the dentated skull with the condition
of unilateral posterior molar missing.

For this study, the three dimensional finite element model of human skull scanned by means of computed tomography.
(G.E. 8800 Quick, USA) was constructed. The finite element model of jaws is composed of 98,394 elements and 38,321
nodes, and it consists of articular disc, maxilla, mandible, teeth, periodontal ligament and cranium. Boundary condition
included rigid restraints at the first molar and endosteal cortical surfaces of the insertion points of temporal bone.
The data derived from Nelson's study were used for the loading conditions of mandible during clenchings and for maxilla,
new loading and constraint conditions were applied.

A clenching task during intercuspal position was modeled to the three dimensional finite element model.

The stress level and displacement of articualr disc on the model with unilateral posterior molar missing under bilateral
clenching task can be analyzed. During bilateral clenchings, the compressive stress level and diplacement of the articular
disk on the side of unilateral posterior molar missing is greater than that on the case with full dentition, whereas a higher
stress was found on the disk on the balancing side of the full dentition. Although this kind of study is not enough to
explain the role of occlusion as an etiologic factor of TMD, there may be a possibiliy that the condition of posterior molar
missings may contribute in part to the TMJ biomechanics.
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Table 1. Muscle weighting factors, scaling factors, unit vector coordinates for bilateral clenchings

Scaling factor

Unit vector coordinates

Muscle group

Muscle group weight(N) Bilateral X 5 .
WS BS
Superficial masseter 190.4 1.00 1.00 -0.207 +0.884 +0.419
Deep masseter 81.6 1.00 1.00 -0.546 +0.758 -0.358
Medial pterygoid 174.8 0.76 0.76 +0.486 +0.791 +0.372
Anterior temporalis 158.0 0.98 0.98 -0.149 +0.988 +0.044
Middle temporalis 95.6 0.96 0.96 -0.221 +0.837 -0.500
Posterior temporalis 75.6 0.94 0.94 -0.208 +0.474 -0.855
Inferior lateral pterygoid 66.9 0.27 0.27 -0.630 -0.174 +0.757
Superior lateral pterygoid 40.7 0.59 0.59 +0.761 +0.074 +0.645

WS : Working side, BS : Balancing side



Fig. 1. Loading condition of mandible during

bilateral clenching

Fig. 2. Loading condition of maxilla during
bilateral clenching
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Fig. 3. Boundary condition of maxilla during
bilateral clenching
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Table 2. Maximum Displacement & Compressive Stress of articular disc in the full dentition model and the model

with unilateral posterior bite collapse

Types of Max. Displacement(mm) Max. Compressive Stress(MPa)
Types of Model .
Clenching Working Balancing Working Balancing
. -2.27 -2.27
. Bilateral 0.052 0.052
Full Dentition (100%) (100%)
(A/M) (A/M)
(most A/O) (most A/O)
. . -2.68 -2.32
Unilateral post. Bilateral 0.061 0.051
) (118%) (102%)
Bite collapse (AT (AT
(most A/O) (most A/O)

A: anterior, M: middle, O: outer, I: inner

Data of the full dentition model derived from Heo's StudyQ).
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Fig. 4. Distribution of displacement in articular disc at bilateral clenching
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Fig. 5. Distribution of minor principal stress in articular disc at bilateral clenching
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