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Stress Distributions in the TMJ during Clenching
Eiji Tanaka

Department of Orthodontics
Osaka University Faculty of Dentistry
1-8 Yamadaoka, Suita, Osaka 565, Japan

Excessive stress in the temporomandibular joint (TMJ)
associated with various malocclusions was speculated as a cause of
temporomandibular disorders (TMDs), although TMDs are multifactorial
in nature. The purpose of this study was to investigate the stress
distributions in the TMJ during clenching associated with such
malocclusions as open bite and deep bite manifesting skeletal
discrepancies in the vertical direction.

In order to analyze stress distributions in the TMJ during
clenching, a three-dimensional finite element model of the mandible
including the TMJ was developed from a young human dry skull. The
model consisted of 2088 nodes and 1105 solid elements. Further,
skeletal and occlusal characteristics of open bite and deep bite were
included in fhe model by varying the mandibular plane angle (FMA)from
18.5° to 42.5° at intervals of 6 degrees, gonial angle from 110.1° to
134.1° at intervals of 6 degrees and occlusal position. For loading
conditions, resultant force of the masticatory muscles was established as

500 N. Three principal stresses were evaluated for the surfaces of the
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glenoid fossa. For the articular disk and condylar cartilage layer,
octahedral normal and shear stresses were evaluated. These analyses
were executed by use of an analyzing program ANSYS (Swanson
Analysis Systems Corp., Houston).

The following results were obtained.

1. Stress distributions in the TMJ during clenching associated with
normal skeletal and occlusal characteristics

1) Compressive stresses were induced in the anterior, lateral and middle
areas of the TMJ, whereas tensile stresses were observed in the posterior
and medial areas. The mean stress values on the surface of the condyle
were -1.642, -0.543, 0.664, -1.017, 0.521MPa in the anterior, middle,
posterior, lateral and medial areas, respectively.

2) The mean stress values on the surface of glenoid fossa were 1/5 to 4/5
those on the surface of condyle, although the patterns of stress
distributions were almost similar.

3) Stress distributions in the articular disk were almost similar to those in
the articular cartilage layer, however, the stress values were smaller than
those on the surfaces of condyle and glenoid fossa.

2. Compressive and tensile stresses in the anterior and posterior areas of
the TMJ were substantially increased by larger gonial angles. Similar
changes were observed for the normal stress in the articular disk,

whereas the shear stresses exhibited increases in all areas of the TMJ.
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3. Compressive and tensile stresses in the anterior and posterior areas of
the TMJ increased associated with more diverse mandibular plane as was
observed for gonial angle, however, the changes were more significant.
4. Molar occlusion produced substantial increases in the mean stress in
all regions of the TMJ, whereas restriction of anterior guidance changed
the stress from tensile to compressive in the posterior area of the
condyle.

5. In open bite, stresses in all areas of the TMJ became significantly
greater than those with normal occlusion, although the patterns of stress
distributions were not varied substantially. In deep bite, tensile stresses
in the posterior area of the condyle were varied to compressive, although
the magnitude of stresses was slightly affected in the remaining areas of
the TMJ.

It was concluded that 1) stress distributions during clenching
varied in different areas of the TMJ, and 2) the nature of stress
distributions was changed substantially in both qualitative and
quantitative aspects by different skeletal and occlusal conditions resulted

from malocclusions such as open bite and deep bite.
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WREX YV 7 E (MPa) K7V VK

EEEY  137x10° 0.30
wamE>  793x10° 030
SR AR 441X 10 (EHE 150 MPa BLF)

0.40
924 x 10 (&% 1.50 MPa Ll L)

wARE®  490x10™ 0.49
TEHEHKE 1790 x 10> 0.49




FHAITEE EN BN A BRUEE TV
AEMIEE (B)
MP-SN 45.7 36.9 37.1
Go.A 13_1.7 120.3 122.1
RP-SN 93.9 96.6 04.8
HMAVEE (mm)
Ar-Go 46.5 - 48.9 47.3
Go-Me 71.5 71.0 71.4
L1-MP 47.0 48.3 44.2
L6-MP 34.1 32.9

35.9




% 3

DR g 28 &R A1 181 &R N {8 5B
THEBEE e -0.543 0.664 -1.017 0.521
Ecd 1]
THEET -0.440 -0.410 0.445 -0.351 0.103

(ELAL : MPa)



BT 5 &R P g R %5 5B SLEIEE AR
B -0.403 -0.200 0.258 -0.342 0.041
¥ ARTISH 0.204 0.096 0.100 0.138 0.076

(B4 : MPa)



