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Abstract

Background: The structure and dynamic biomechanics of temporomandibular joint are complex.
Three-dimensional reconstruction and finite element analysis can help us understand its dyna-
micstructure and stress distribution, hence providing a new idea for clinical diagnosis and treat-
ment of TMD. Objective: To summarize the research status and progress of three-dimensional re-
construction and finite element analysis for TM] imaging. Methods: The words “temporomandibu-
lar joint, 3D reconstruction, finite element” in Chinese and the words “TM], 3D reconstruction, fi-
nite element” in English were used as keywords to search relevant literatures from CNKI, Wanfang
database, PubMed and Web of Science. 56 articles were obtained in the preliminary examination,
and 28 of them were adopted to be analyzed and studied after screening. Results and Conclusion:
Under normally and differently dynamic or variously pathological conditions, once different con-
centrations of stress are shown in the condyle, articular disk or articular fossa of TM] in the imag-
ing model, it would indicate potential lesions as TMD. The development of TM] 3d reconstruction
model is becoming more and more accurate and true based on the combination of CT and MR], fa-
cilitating a complete illustration for the anatomy and dynamic functional structure of TM] and re-
lated maxillary and mandibular regions.
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1. 5|8

W /195 5 (temporomandibular joint, TMJ)A& AR AR B 5 A4 06T 2 —,  JLAARH 45 0 G048 S| G 19 T
(FRATERITEET) . RO, RN KRR . TMI A4 BE), ATEHE. FH. 55,
RAEEE IR MEEIIRE1].

BN AT Z Bl (temporomandibular disorders, TMD) 2 &3 i< MEOMHIBALR S, F7 K AHH
e llfe AR ) UL AN . 3 . T A2 PR EE) [2]. TMD E A BE 1) B R 418 20%~93% [3]. H AT &I R
R ARsEaE i, AR SFARER. ORI ER. SGRE. A8 RERE. @R RS K[4]. TMD
A4y R R . PEBVLERELR . SR RAEME . A ST IU 2[5, Horh AT S R AL
SUFRIEHT N 25 EL B A 4 ELE (internal derangement, ID), & TMD FH R EE B s il —2, 4105 69% [6] [7].
W 5 2 S8 M BN AR AR W R, AT TMI (M RIS )40 A T S — B 1990R, y TMD
M2 FEEE T H R B, . SRR TMI =488 280 5 0 AN FRIRES T TMI IS 77504

2. #REFE
2.1. HRHER

PL“BRNAIOCT, =4EEd, ARG “TMI, 3D reconstruction, finite element” IS8R, H U
MG GBI N AILOCTT) AND (—4EH i OR AR IG), 98 3R 2 5 B% : (TMJ) AND (3D reconstruction OR finite
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element), 52 2000 %= 2018 4F[A] CNKI. J3 /7 54 . PubMed %04 22 DL f Web of Science £4f 22 [ #H 2%
SRR o
2.2. PAEHIBRIRE

IR HRAE SO R AT R, S SRR S AZ 5 S SR S SO B A S I AR
LR RRE

HERbrvE: WF90 B A B 5 7R TE 52/ SCik; R MERFTT .
2.3. XEkRE T

HRAE SCRk i BB AT I i, MRS B STk 56 s, T BRI AE M HERR S AT W00 . HERR 5 ik
AF 50 BTG o S BRI AL Sk, GINIIE A I SCHR B FE I IR 7T . ZEREIFAE . 25085 . SCHREE R IAE L
1o BeZEFR 28 IR CHRIANZRE .

BENEEERR (n=56) |——| JIREEXEEHE (n=52)

Ei A RAERE
HRBRSCRRECR (n=18) MHBENXAEE (n=34)

B RRE AR
FERSCREE (n=6)

EXNRRFEMEE (n=28)

Figure 1. Literature search process
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3.1. TMJ ZH G BRTEE

IR AR EAE 2 PR ST 2 W B B EANME8]. IRAESR, BB X i iE M
AWk, BARER 558 2%(CT MRI ) 1IRGE K fE, TMI IS 4R & N A 15 2] TR [9]. 1
BT AR EUGEATI TM) =B, Refig R BHIRATE A ] TMI, BRI SMAEY 71%, IR
TMD 2 iaHe KA 10].

3.1.1. TMD 1 CT 5 MRI #EHNBEER A

JNHERY) CT TG T TMI AR 2, AlIESCTT S WA TR TEas . AL B Sl s i g,
MRREFFILA . W%, HESMANESEESE, JF#ITRATEIB . BRRIK M. B WA A AN ST
JEAREERIE11]. AHFF R, TMI 1) CT AR MNE BA AU AU & — AR AEma e, B 5% R0 & 45
EIEMR[12] [13]. WEFEHR A (magnetic resonance imaging, MRIB{ A& H A7 TMD W) ik & ke —,
WM TS hrE[14], BAE L. TR X TMI S5 250 BoRiE Wiss e s . CT Fl MRI %
T TMI B LA AR & A, F I 456 0] DU HbIE I TMT B FLSE TS FEE 14

3.1.2. ZHRERBERTENRE

AL HFEAS, A E IS T TMI =B8R HEE(15]. B e A 8 el BRI H =484
PR 7T % (finite element method, FEM)XT TMJ #EAT A 77 5 Ft o A PR ITIE A2 80 1 28 1) L 1R A 4031 1A PR
MNETG, DS SR B SNEA, JRE MR B on i T, DRI B SV AR K 22 2 i 7
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E[16], TEE IR EET Z N A . Maure 2517110 A BRICIEE FH T 806 B 42U 22 AL
PRSI o8, BETZUBSIA], XA RATEE. A RO @ R B DU R ML — BRAIAE: .
=4ENEE; =, CT 5k MRI B§ALEEV:; DU, DICOM ¥ @ik, Fi. B b el i @ m 7 i 18]

CT 5 MRI B AL 3VE RO AR AT B B0 700 Rk AT CT 80 MRI F34, 345 46 1) — 4E 8005
FLUCH CT 3L MRI g Frdid 594 . B EIERATTENL, 8 4 EUE: SRIET7E BB i s 3R
BIG 0 R 5K AT AR =46 FRC o A P AT A3, B 2R = BR e, -
MR, B NEEETFGR T TMI =48 5E @ 1070 BT 7L 2 8T CT 8 MRI 5 —id%,
TMI 55 S5 8 7 FEN R EAT AN, AT SEm AR R L SEPE[15] [19] [20] [21]. 2008 4, #RA #i5%
I NEERTEAR S IECHE, FIF CT A MRI B2 BUE ARG AR, BT TAFETR . e FalE
NAFIENR TMI =4 s g, P m iR Bog R U AR M . Ih)E O 223557 7 TMT =4
BRI TTL, A AR S IS, HEBBCRE. . A3, RESHEAN
KRE[22] [23], BEAH, 3T CT 1 MRI AL TMI =45 8 @A ok Mo . B SL, Aems e it
FRIL TMI JAHOG B R aR X3 fi i) 45 44 24] [25]

3.2. TMJ Z#RRTRIBNE N R B

TEURSERS [, A2 IR R &2 RS oL 1) TMI BT TR0, NIRIK TMD R4, &
Wiy JRITERAE T T LR .

TEFRT AT TMI B0 b, XU [26 ]38 5 7 S 53R . o B AL X B Kk
PLIIECT RS, SRR IRGIET R 150, AR RIS TMI SAMRI S5 M1 70 % 0 A
AR, RIS R AT AL IR 5 O A b Ay M AT A, L5 5 AT A AR X AR I e A
INRETH S50, TR MR, IR R X, NRATRF LI R AL Bk EEE[27] (2818
ey g B AN o] MRS AT RS AL 8 1 TMI ANk = 4R 50 A5 R R B 1E 5 2 35 4 (1) B 7 8 R 78 oty A
SRS, MR RTINS R IE, 55 R O AR B g AL IR
RPN FEAGIERTRE, TR ATBAN, MRZAMK, HRABITHEE;, HXATERILS S
FEATEEE R BN R, T BEEE R B A A HE TMD MR & . XIR 201U B /T 5 . 4hP
FRREALRIIE DL, L T X LA DY MRS, R I PR A #0055 B AN OGS 5571 S R = AR i i B 7
HJG. W SRR

TERHR AT E TMI BRI 72T, {52 30 o B S5 5 R 6 58 0 3 B 37 (s e DU 4 A4
WP, ARARHI AT AL B JTE R A2 —Fh A i 7 2, RN — o3 Bl 2 AR i 5 5 i A
DRS485 P REAGL ] T ) SRS AL, Al ARE X0 515 48w R A ) - ) YN EE AL, EBCZE 31 g T™MI IE
WA )1 SRR FERI RN T - WG R 0 1 B OC 2R = HEASTBH e P et LT, 43 T ARABL I 5
©o

BEANEA AN/ 235 38 i = o 8 AN PR ITVE6 REK [1[32] [33] B [34] RA[35] [36]5% 2 Fifk
HLT TMI (52 IR B IE LT T 34T, 8 TMD [ R A RS IR SR A8 1 AR 3 .

4. RE

TMIJ I A S S M E SR, EHE SRS RE44L, CT A MRI )5 — G X DL 58 230 TMT F) =4
SASEEM, KGPIE LA M RER BhERATHE B SE . VERHUA R TMT (IBhAS45H . TMD 78 ANBEA 1R R 5,
o3 R T R 6 A WA, T = EBR A BRI T b AT T MRS RIRAS N T™MI IR S350, % TMD HIR
WAL T — P8R RO TR . ME B B AR = A A B AW R &, AT T™MI 26

DOI: 10.12677/acm.2019.912216 1399 I IR = =23t e


https://doi.org/10.12677/acm.2019.912216

HIEME 5

ERNIA, % TMD B IA th £ S (785
EETH

WL R R 22 B BU ORI yxyb20172030; DitZe28 # L i 4 WKI-ZJ-1623; PitZR A m AT

M ETFE 4 201502018 S E SR HRIE/EBE 2016YFC0902702.

SE

(1]
(2]

(3]

(24]

[25]

[26]

FWr. O AR]85 7 i dbat AR AR ARAE, 2012: 111.

Okeson, J.P. (1996) Orofacial Pain: Guidelines for Assessment, Diagnosis, and Management. Elsevier, Amsterdam,
131-134.

T2, B, B, 5 LR 1006 AN SO AL EBRCIROL I E[T]. BURHEER 4435, 2000, 14Q2):
113-116.

TRERE, BFEE, [T, MU RO EEUR AR M) dbat AR A AR, 2008: 76-102.

e, SRR Bl FROC W ERTLR a4 12 KR RN]. hAR DR 2R &, 2002, 37(4): 241-243.
JkaBIR, D sh R EIM. 58 7 B bR AR AR HRAE, 2012: 384.

T, GZE, BECE. BRSO R EE A R E R E G IRE AE O] RO kESEE, 2001, 15(4):
283-286.

LR, NEaHEEeG e M) 86 k. dbm: NRTAHhH:, 2012: 185.

WS, BRSO RIS AR R AR R (D], DEEE %, 2002, 17(2): 24-26.

WE#, X HE FAH, & CT Al MRI EH{GREE =48 @0 T e BB, B s ES2E, 2008,
26(2): 140-143.

DEM, PR, R, BTN CT AA]. IR OEESAE, 2001, 15(2): 147-148.

L USC, WFRRE, O, & BUNAOCT CT RN SR EARSCHERF FE[I]. D REESREA, 2005, 21(6):
618-621.

YUGE, GEE. BRI CT s 5 g I & AR SR 23 4 [J]. R B4 X R )W, 2016, 32(20): 7+9.

FNEE, AR BN AT MRIERR R AEER[I]. b E O s AR 2R, 2011, 9(1): 79-83.

AR, BAARAR, WL, S BRSO SRR E RS BoR]. MR B EEIR, 1995(4): 256-259.

SRR, TR, RS BRRITEE S R 15 0). IRR D IEEE 3443, 2005, 21(5): 318-319.

Maurer, P., Knoll, W.D. and Schubert, J. (2003) Comparative Evaluation of Two Osteosynthesis Methods on Stability
Following Sagittal Split Ramus Osteotomy. Journal of Cranio-Maxillofacial Surgery, 31, 284-289.
https://doi.org/10.1016/S1010-5182(03)00073-8

REGH, AEL BN AT 4 IRT @A )], DR AR R &, 2011, 21(1): 68-71.

Flg, xR, AGREEL BRSO =4 R TR R L[], ThAR DR EE Ak &, 1999, 34(5): 63.

JAEZE, RGEN, BRI, & A NS BN S4EE RGBS [I]. ST OEE SR, 2000,
16(1): 17-19.

ARG, XIUREE, D73, SF. BRIT AR RIOCTT = 4E A IROTH) SHA BT IE]. REEIAE B A&, 2000, 1(1):
26-28.

XUFERK, (FER3E. BT AOCT Z4E ) A SR E MBI )], PE2a D s %4, 2016, 14(3): 171-176.
Li, Q., Shuang, R., Cheng, G., et al. (2014) Effect of Jaw Opening on the Stress Pattern in a Normal Human Articular
Disc: Finite Element Analysis Based on MRI Images. Head & Face Medicine, 10, 1-9.
https://doi.org/10.1186/1746-160X-10-24

THYE, BN, 2R, 2 PR R R E B M B MR AT S0 =480 BRI B B #t 7E ],
AR AR 4% &, 2014, 24(2): 108-112.

Alsaleh, M.A., Punithakumar, K., Lagravere, M., et al. (2017) Three-Dimensional Assessment of Temporomandibular
Joint Using MRI-CBCT Image Registration. PLoS ONE, 12, ¢0169555. https://doi.org/10.1371/journal.pone.0169555

XUGR. R BERTALFE T AT AR )1 W 5 [D]: [l A0 3], T BT RS, 2013.

DOI: 10.12677/acm.2019.912216 1400 I IR = =23t e


https://doi.org/10.12677/acm.2019.912216
https://doi.org/10.1016/S1010-5182(03)00073-8
https://doi.org/10.1186/1746-160X-10-24
https://doi.org/10.1371/journal.pone.0169555

HIEME 5

[27]

(28]

(29]

[30]
(31]

[32]

[33]
[34]

WipkEE, 7Y, RArFE AR IR AL BT SO RaEW 1R L] R E D AR AR AR E,
2013, 11(5): 382-387.

WK, N, AT, AR OO i N BEEE REON BT A OCTT RGN ) R s )], e AR R AR,
2017, 55(32): 19-22.

X, BRILH], T, S SRS AL BT ARG N R T A A e I [T]. BR AR J1 %, 2013, 28(5):
528-532.

v, TEE, X, % B HEmAUEF BRI 0T I]. SEH DR R, 2012, 28(3): 359-363.
FBUE. B CEFE)5MCEE) A T80T il &1 85/ = 4iRi B g 7 R LUBF R [D]: (A2 hnie 3] il Wt
YLK, 2017.

Sun, M., Yang, J., Zhou, R., et al. (2015) Mechanical Analysis on Individualized Finite Element of Tempor-

al-Mandibular Joint under Overlarge Jaw Opening Status. International Journal of Clinical & Experimental Medicine,
8, 9046.

PN, KK FUIRZS R 8K AR 0 220 FORIRAT o 5 [D]: (L2 Arie s, 75 8 75 8K, 2015,
Kazuhiro, M., Kazuhiko, Y., Tsutomu, S., et al. (2013) Effect of Clenching on Biomechanical Response of Human
Mandible and Temporomandibular Joint to Traumatic Force Analyzed by Finite Element Method. Medicina Oral Pa-
tologia Oral y Cirugia Bucal, 18, e473-e478. https://doi.org/10.4317/medoral.18488

WA, X, EAM, & ADJEFICE )R SR 50 i) =466 RIS AL )], e s EE 2
&, 2013, 48(2): 86-90.

FTH, I, AR, S5 WA A SR AT N A R ) = 4E A IR T T [D]. R AR T R R GE,
2015, 50(5): 302-306.

DOI: 10.12677/acm.2019.912216 1401 I IR = =23t e


https://doi.org/10.12677/acm.2019.912216
https://doi.org/10.4317/medoral.18488

	Three-Dimensional Reconstruction and Finite Element Analysis in TMJ Imaging
	Abstract
	Keywords
	TMJ影像学三维重建与有限元应力分析浅述
	摘  要
	关键词
	1. 引言
	2. 资料与方法
	2.1. 资料选取
	2.2. 纳入与排除标准
	2.3. 文献质量评估

	3. 结果
	3.1. TMJ三维影像有限元建模
	3.1.1. TMD中CT与MRI影像的联合应用
	3.1.2. 三维影像有限元应力模型

	3.2. TMJ三维有限元病理性应力模型醡

	4. 展望
	基金项目
	参考文献

