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Construction of a 3D finite element model of temporomandibular
Joints including the musculoskeletal system

LIU Meng-chao'*, WU Xin-lei’, LIN Chong-xiang®, PAN Lu-lu’, CHEN Long’,
ZHU Xing-hao®, FANG Yi-ming®, WU Li-jun’(1. Department of Stomatology, Tianjin Hospital, Tian-
fin 300211, China; 2. Department of Oral and Maxillofacial Surgery, the First Affiliated Hospital, Wenzhou
Medical University, Wenzhou 325000, Zhejiang, China; 3. Institute of Digitized Medicine, Wenzhou Medical
University, Wenzhou 325035, Zhejiang, China)

Abstract; Objective To discuss the feasibility of constructing a 3D finite element model of the temporomandibular
joint (TMJ) including the musculoskeletal system based on imaging and anatomy, and to provide new ideas of
modeling for TMJ biomechanical researches. Methods CT images of the skull, MRI images of masticatory mus-
cles and bilateral TMJ from No. 23 Chinese virtual human in the second generation were collected and imported in
batches into Mimics in format of DICOM for 3D reconstruction. Then the model was integrated and optimized by
Geomagic Studio, and the TMJ capsule and articular cartilage were also constructed. After the material properties
of TMJ tissues were defined, a 3D finite element model of TMJ including the musculoskeletal system was finally
constructed by ANSYS. Results The 3D finite element model of TMJ with the musculoskeletal system was con-
structed, including TMJ disc, articular cartilage, TMJ capsule, maxilla (including zygoma and nasal) , mandible,
sphenoid, temporal bones (including part of parietal) , maxillary teeth, mandibular teeth, temporalis muscles,
masseter muscles, medial/lateral pterygoid muscles, temporomandibular ligaments, sphenomandibular liga-
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ments and sylomandibular ligaments. Conclusions Based on CT and MRI images and anatomy, the 3D finite el-
ement model of TMJ including the musculoskeletal system can be precisely and feasibly constructed by Mimics,
Geomagic Studio and ANSYS. This model can restore the biomechanical environment of the TMJ, provide new i-
deas of modeling for biomechanical researches on the TMJ, and offer the simulation platform for visualization

treatment of TMJ disease in clinic.

Key words: Temporomandibular joint (TMJ) ; Musculoskeletal system; Finite element analysis; Biomechanics
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Tab.3 Material properties of TMJ components
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Fig.3 3D finite element model of the TMJ including the musculo-

(b) JE W

skeletal system (a) Anterior view, (b) Posterior view

TMJ B8 LA R 4o = 2 BROGAE AL, DL
R 2 Ry [ 78 i 2 R4, 78 RE R UL SR R U
TN MBSk IER T, TH R AR 2 BT #
5345 Al Von Mises I J1 534 = I (WLET4) |, DAL
RGEAAEY 5 B LA HRRW], TM) Gy
FEER N HIAE AT, O 0.36 MPa, JHiE ¢
TGS JE AR B S I AIMI S, K, R AR
RIS AR BRI TR LRI ke ZFLIX K
i1 S R VA B N

(a) if%
4 EEWSEN TM] BEABIRASHAE

Fig.4 Overall displacement and stress distributions on TMJ
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