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Abstract

BACKGROUND: Temporomandibular joint disorders are closely related to high stress in temporomandibular joint. With the change of molar position after tooth
reduction extraction, the establishment of new occlusal relationship often leads to the change of internal stress environment of the temporomandibular joint.
OBJECTIVE: To analyze the stress distribution of temporomandibular joint in patients undergoing orthodontic reduction tooth extraction with different degrees
of molar forward movement using the three-dimensional finite element model of the maxillary complex and temporomandibular joint.

METHODS: A case of individual normal occlusal patient was selected from the Orthodontics Department of Qingdao Municipal Hospital, Shandong Province,
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and the finite element models of 1/3 anterior molar space (extraction of four second premolar teeth) before and after reduction and 2/3 anterior molar space
(extraction of 4 second premolar teeth) after reduction were established based on the cone-beam CT and MRI data. ABAQUS software was used to analyze the

stress distribution of various parts of the temporomandibular joint during the interposition of tooth tips.

RESULTS AND CONCLUSION: The stress distribution of the condyle, articular disc, and osteoarticular fossa in the model before and after the reduction was
basically the same. The stress of the condyle was mainly distributed in the anterior and apical part of the condyle, the stress of the articular disc was mainly
distributed in the middle band and lateral part of the articular disc, and the stress of the articular fossa was mainly concentrated in the anterior and apical
part of the articular fossa. However, the equivalent stress value of the condyle, articular disc and articular fossa decreased after reduction. After orthodontic
reduction extraction, the equivalent stress values of condyle and articular disc in the 1/3 anterior molar space model were smaller than those in the 2/3
anterior molar space model. From the perspective of biomechanics, orthodontic reduction extraction can reduce the stress of the temporomandibular joint

and provide a good biomechanical environment.
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Figure 1 | Establishing a temporomandibular joint model
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Table 1 | Material parameters of each part of the temporomandibular
joint

M VLA (MPa) THRA L
FA T 13 700.00 0.30
B RE 7930.00 0.30
PutE 44.10 0.40
KT A 0.79 0.49
PE 1.10 0.49
Fiki 19 600.00 0.30
F JE 0.69 0.25
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Table 2 | Cross-sectional area and maximum muscle strength of the
masticatory muscles

AELIER AL BRI (cm?) RS (N)
L 7.99 295.63

S 10.62 392.94
H 434 160.58
HAMIL 2.33 86.21
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2 Z5R Results
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Figure 2 | Von Mises stresses of the condyle in each model
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Figure 3 | Von Mises stresses in the lower layer of the articular disc
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Figure 4 | Von Mises stresses of the upper layer of the articular disc
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Figure 5 | Von Mises stresses of the temporal bone fossa
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Table 3 | Comparison of equivalent stress (MPa) in each part of the three-
dimensional finite element model of the temporomandibular joint

fo LS S

M A AR A A A

VR ET ARG A 9.517 8.847 5.166 5.071 6.351 5.231
BEF e RS ) 1/3 A B R ARG T A5 8.778 8.003 4.448 4.087 5.537 4.121
JE P e RS ) 2/3 A B ARG TS 9.093 8.278 5.071 4.672 6.022 4.304
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