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Abstract. Objective To investigate stress distributions on temporomandibular joint (TMJ) with different disc dis-
placements through numerical simulation. Methods A three-dimensional finite element model of normal TMJ in-
cluding the mandible, teeth, discs and articular cartilage was established according to CT images of a volunteer
with asymptomatic joints. Based on the model, four corresponding models with the anterior, posterior, lateral and
medial displacement of the disc were developed. Contact elements were considered to simulate the interaction
between the discs and articular cartilages of the condyle and the temporal bone. Cable elements were used to
simulate the ligaments and attachments of the disc. The muscle forces and boundary conditions corresponding to
the centric occlusions were applied on the models. Results The maximum compressive stress occurred at the
intermediate zone due to the anterior displacement of the disc, which was as high as 3.23 MPa. The model with
the posterior, lateral and medial displacements of the disc had higher stresses than the model with the anterior
displacement of the disc and healthy TMJ model. The stresses at the back of the articular eminences in four mod-
els with disc displacements were much higher than those in healthy TMJ model. However, the effects of disc dis-
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placements on the stresses of the condyles were not obvious. Conclusions

Disc displacements could cause

higher stresses in the discs and at the back of the articular eminences, especially in the model with the posterior,
lateral and medial displacements of the disc, which was likely to cause damage to TMJ structure and function.
Key words: Temporomandibular joint (TMJ) ; Finite element analysis; Stress distribution; Disc displacement;
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Fig.1 Three-dimensional model of the mandible
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Fig.2 von Mises stress distributions on healthy TMJ model and model with different displacements (a) Normal disc, (b) Anterior displace-

ment of the disc, (c) Posterior displacement of the disc, (d) Lateral displacement of the disc, (e) Medial displacement of the disc
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Fig.3 The maximum stresses on healthy TMJ model and model

with different displacements

J& RIS AL I 55 B A B I T K F- B
o TR R AR AL (LB 2) o e B e A0
FSNEALRAS T, 1 SR 1 o0 A I 230
e o7 g DX BT vy RS , Pl BB AR A2 3R
PN TT, e RAB 43 513k %) 1. 91 Fl1.56 MPa (W, &
3) s FHP IR /7 1.53 MPa"" R 0] fig 1 ik
AT R o T BERTHT BB 1N TR J7, T
ST BRI BT IL B ) B, R A RS T R EK
LN T, A WA RN T A3 AR RS A 0T BT
AR 5 FLIS RS 57 B &1 5% iy 10 i R r 1y
F13kF) 1. 47 MPa, 4335 H @5 ¥R 47 1. 85 MPa''7
PIRS AN XF ST 2455 1) 52 W BB 44, A 1) Tl
JE s, B 04 7 7K P B I 5 1 OGS S A Ty ) #%
PR BL (UL 2) |, e RPN J) 2. 23 MPa, = F 3
WERRE 77 1. 85 MPa; X5 8 )5 4 EZERZHi N J7,
ANTFE AT A 58 52 45 i 0 i S AR A1, HE g5 K 1
7 2.13 MPa, 3655 TH: 1.35 MPa [ ER N /1, 255
5 IEIZIRA ZEAL AL

TEIE H 1 00 RN 45 Fp AL A5 Bif, BB 28 BB 40| )2

(AT AT A2 e L T X BRI, 2% A OCT R o IR
T, O £ SRR R Z 8] ) il R AE AR AS K
IR B SRR Z IR b B R AR B 3, 5 R
K EAR . TR A NG B o B, #5840 2 1
Y] Von Mises N 1A B I # 4% LB — 2, RS L il
HPREOLINT 5 IE RGO (WL 2) o A MRS #04s
SHEREER Von Mises W 15 5 T 1IEH1E 0L,
R AL N AL, 23038 B IEH M 19 59
F46 5, AT LT 8545 A AL A7 X R 58 5 49 T 1Y 5%
W) AN DR, TS DG 1545 74 F AR IE 1) 1z g R s 3 o,
RETE U2 X 7 o 25 RIS L IS SC T 45719 J R
R A Bk, DU AL B, o R
FTIFHLR 743553k 3. 98 F15.08 MPa, & F HAth
P FIIE B B 00, 2 i T HAT A B2 2. 15 MPa,
AT LT 335 A nT BE 850061 45719 )5 R E A2 15
PR E AL, R BRI

x2 ERENMEMBUANBRRRENBERENSENRRETY
Von Mises JZ /1

Tab.2 High stress regions in cartilages of the condyle and tempo-

ral bone and the average Von Mises stresses in these regions

MR W R
ERE FEH Von Mises i P Von Mises
HIX i 1/kPa HIX i 77/kPa
EH HrHB 9.42 T 1.57
HITFE 4.39
IEZADA - 3 06 T 32.59
SRR AR 4.52 il 92.74
‘ BT 8.16 HITH 72.55
B kil 8.02 g 20.01
B 5.06
HME AL P 4.84 Gl 32.32
S 10. 81

L LT, S B A% 7 1] Y R R = O
BERNSENT 5T e AR AT B9 3 BT, AR 5 5 | R ik 2 3
PLERZE , B MR SC AT OSSR I RE . ST BE AR 2%
1007 S A= Sy i o M DA s i K E )
AAE T oK A2 S R T Fof AN TR B 07 5%
Z, NTAE TMI B D EZE AL S ™ QRS
B R OR BN TR i N RE T, K2
BT A 45 1 AR LASEAY L AU B



EREMAE %£28% E5H
532 Journal of Medical Biomechanics, Vol. 28

2013 £10 A
No.5, Oct. 2013

PEDCAE , Ik — A T S SRS B BT R
R AT S T S K A TG B2 AL A, B R 23
BUHE LAY TMD SEAR o I PR b, TV 3 A 2
TMJ 3B ZEFLARIEAAE IR , LI 8 361 73697, LB
Y/ M 777 AR I6 7 N 3 o
3 g

ST BTN S K S BTV R 7 B
J5i PR AN I H 2 A B g 7K S B 8 By
ST SRRSO | 55 S R A N R )
R FAI RS 100 B 4 LR F1rb 7 A 187 g 8
15, PO A5 OG5 B A AR AT I TS X, G 4
I T K AR 5 5 R e A s 5oL,
5 LA RS (8 5 56 1 454 )5 R B Sy 4R
R RIE G SR R AL, T AE S BO% T BE X B 4
L, EE R T, BRI, 90 A R 0 R I
W B S IR TMI B B4 80

SE 3k

[1] Ingawalé S, Goswami T. Temporomandibular joint. Disor-
ders, treatments, and biomechanics [ J|. Ann Biomed
Eng, 2009, 37(5) : 976-96.

[2] Tanaka E, del Pozo R, Tanaka M, et al. Three-dimen-
sional finite element analysis of human temporomandibular
joint with and without disc displacement during jaw opening
[J]. Med Eng Phys, 2004, 26(6) : 503-511.

[3] Tanaka E, Hirose M, Koolstra JH, et al. Modeling of the
effect of friction in the temporomandibular joint on displace-
ment of its disc during prolonged clenching [ J]. J Oral
Maxillofac Surg, 2008, 66(3) : 462-468.

[ 4] Pérez del Palomar A, Doblare M. An accurate simulation
model of anteriorly displaced TMJ discs with and without re-
duction [J]. Med Eng Phys, 2007, 29(2) : 216-226.

[5] Pérez del Palomar A, Doblare M. Influence of unilateral
disc displacement on the stress response of the tem-
poromandibular joint discs during opening and mastication
[J]. J Anat, 2007, 211(4) : 453-463.

[6]

[8]

[9]

[13]

[14]

[15]

[16]

[17]

Ikeda K, Kawamura A. Disc displacement and changes in
condylar position [ J ]. Dentomaxillofac Radiol, 2012,
[ Epub ahead of print].

Okochi K, Ida M, Honda E, et al. MRI and clinical findings
of posterior disk displacement in the temporomandibular
joint [J]. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod, 2008, 105(5) ; 644-648.

Pullinger AG, Baldioceda F, Bibb CA. Relationship of TMJ
articular soft tissue to underlying bone in young adult con-
dyles [J]. J Dent Res, 1990, 69(8) : 1512-1518.

XU, RHEAR, BRIEH, &5 T I-H2 S5HinengE
WEER [ J]. EREW I, 2012, 27(5) : 556-561.

Liu Z, Mu YD, Qian YL, et al. Biomechanical modeling of
dentulous mandible-straight wire appliance [ J]. J Med Bio-
mech, 2012, 27(5) : 556-561.

Liu Z, Fan YB, Qian YL. Comparative evaluation on three-
dimensional finite element models of the temporomandibu-
lar joint [J]. Clin Biomech, 2008, 23(S1) . 53-58.

XU, BRIEHT, BEHTE, AF. BURAOCTY ARG ZUN A =
[J]. PN TARERIERR, 2011, 43(6) : 105-110.
Oberg T, Carlsson GE, Fajers CM. The temporomandibu-
lar joint. A morphologic study on a human autopsy material
[J]. Acta Odontol Scand, 1971, 29(3) : 349-384.

Beek M, Koolstra JH, van Ruijven L J, et al. Three-di-
mensional finite element analysis of the cartilaginous struc-
tures in the human temporomadibular joint [ J]. J Dent
Res, 2001, 80(10): 1913-1918.

R, KRR, BAE, 45 Spee RSN MUCT N
T A = A BT T[] BERAE 9144, 2009, 24
(S1): 110-111.

Zhang Y, Zhu WM, Lv LW, et al. Three-dimensional finite
element ananlysis of the influence of spee curve change on
the stress distribution of TMJ [J]. J Med Biomech, 2009,
24(S1); 110-111.

FRE, KE, EI% LRORTF B BN 5OC N )
W =4 A RTa AT [ J]. AR D EBE A AR, 2004, 39
(3):242-244.

Arnerr GW, Milam B, Gottesman L. Progressive mandibu-
lar retrusion-idiopathic condylar resorption [ J]. Am J Orth-
od Dentofacial Orthop, 1996, 110(2) . 117-127.

B, GrgiAT, WRdair. ARBTG5 C Y S Hr i ) 2 R o
FE[J]. BIAEER, 1998, 18(3) : 253-255.



