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Abstract; In recent years, the role of temporomandibular joint ( TMJ) motion in overall health of the orofacial
system has increasingly captured the attention in the fields of oral medicine and rehabilitation medicine. The
quantitative analysis of TMJ kinematics is crucial for understanding and treating orofacial functional disorders.
This review summarizes the advancements in electronic axiography, optical motion capture, and dual-fluoroscopy
technologies in clinical and research applications over the past decade. Electronic axiography and optical motion
capture technologies, known for their high precision and real-time feedback, have been widely utilized in
analyzing TMJ motion characteristics, evaluating treatment outcomes, and optimizing therapeutic techniques.
dual fluoroscopic imaging system tracking technique demonstrates high accuracy and repeatability in analyzing
complex joint motions. Although these technologies still face challenges regarding operational complexity, data
stability, and safety, ongoing developments in motion analysis techniques and in-depth studies of orofacial
system functions are expected to significantly enhance the precision and personalization of diagnostics and
treatments for orofacial system diseases in the future.

Key words : temporomandibular joint (TMJ) ; kinematics; condylar trajectory; optical motion capture; dual fluoro-
scopic imaging system tracking
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Fig.1 Electronic axiography system (a) Electromechanical axiography device, (b) Mandibu-

lar movement trajectories in software, (c¢) Ultrasonic axiography device
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Fig. 2 Optical motion capture system (a) Portable motion
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Fig. 3 Dual fluoroscopic imaging system

NNKRTEAR KT B3 M iy “ AR E” , Wang
S50 Tsai VT BRITBINESE, 7EH A BEE B 3
NSk PR B T TR I 2 K 2 T A LA B i
PERFIE RIS A0, AT ik — 2042 M i HORB BR TV
B3 E"J*%Em - Henderson /:4'1{[5] . Menegaz /:@[38] 1H
AR A TV SIS0 RE a7 T IR TEl
PEBRIE S A A v 1 e ) i R RN RS B (PR
JZ 0.06 ~ 0.44 mm, JEF KB 0.13 ~0.26 mm)
Henderson %" i i Fims A 19 7 M 7 40
TMJ OA A K57 152 TM) OA FIZ 8 520
RIMZ 6 RIS THUE , SL80 ) TMI 32 e H
WE WD WS — 20U S T OB T i LB ER L
ARAEWEI TV o5 BRAS Ak (4 1 FH AN (. (H AT R
T L B RS P 0 R R A BT 1 55
MIFRENZE TV iz 32 s il . KRR Bl & £
AR A A 5 T A A A R R A
WEFE AR A8

4 RHEERE

A SCIRIER 135 10 4F B HL T8I0 OGS 3l 4 L
LR T2 LB BR AR AE TMY 32 32773 B 75 181 #Y
WFEPERE R RIS L EORAE TMD 85 R
SR T GIUAS X R S8 S5 A Ta] 16508 B8R A o 19
ST, NEE R ) 5% 5 328 2l 2 FRAEAIE 5, 2% 5 1 Ak
BEFAR IE B 36 A5G T B4 S5 IR T B BCR A
TEA A3, T SE A Ay e PR 5 A 049 BT 7 il A3
TZAEMTERL T TI2IP IR, BT Ic Ot
AR ROR B B SEE Stz 3 B A EDI WL 2
Sl k7RI O/ NS S I S P (13 o VT = A S
St PR DI REEARL LU S B2 W S 5w . AR, 3%
LERORIIRTE 5y 3% Z2 R0 IR T, And i HE 2R [ 52

ANFR T 5 A TR AR R G5E ol R
OB N 5 57 TR RS B R A
R 5 B b i s W T T ER M IR, IR 25 WO Ak
3.27 mm'™ EA REEURA AT REXS A 4 i 5
VIATRRY BB AN, OB T 375 038 35 AR 720
T T RS 3 T kS B i is g i ae . (B
H R E 5 H0 5000 b BRAGCR DA K Fe B 8 S T AT T
Bk Bl RS2 R, R8s i H R
WIAELET BB 45 (8], 75 v T R A% 1 45 1 | B4R
AT PR e e Ak | DUE T 7RI PRI R o TM D) fig
HEFT A ROTAL , S R LR 1) I R AL

Wil 10 R AR AL AT i R R A is
BN HH N 22 TP A B AR Ry 2 B i A
i)y T.E il id R4 T iz sh S50, O N
TR S TR R A BRI Bh it
B AR R DL A B R AR A T A BT
BRI s H K Ry A5,

BeAh, AR LYE A 1180 2R 4 Hp 0 32 AR 4, 2
TE I PMERL O PRI R A B 43 G Ak (H H
BIRIITSE 2 G T TMD Sk ST Al LA A 5
PRI G 3R 457 T, L3R 10 L HR, 1 JC ik 44 4 31 4b
WL A NIEEZENL, HE, DSl st ™)
iz B 0A BAE R e o B EH AR R A 5 I i —
HEEGEsh i 5L E 3 Jr 2= B, #7 TM)
iz )5 Ha L 2 0 O R B 50K B Tl R B2
&R I b7/ BLINEY Nl [/ 57 N 2 0 Frid WY WO = 71 K
AR, DTl 2 SEIORS HE IR YT I % o

FERMRAER. L,

EEREAAERR . A F 5 v i Ab R B SR
B.RkA HEERTTAELFRAMGK, RFR,
VG R LT A B EGR T LR T &

®A
SENH:

(1] k&, ki, EER. OBEAEY I 2022 FHF5E R
[J]. BEHEY 24, 2023, 38(5) : 854-863.
ZHANG M, ZHANG BS, WANG JJ. Research advances
in dental biomechanics in 2022 [J]. J Med Biomech,
2023, 38(5) : 854-863.

(2] XSS, SRIEM, HRRIR 45, B0 A0 G 75 28 LW 76 A [F) 4R i
R IRARFFE[ J]. P BESAREST, 2015, 31(12) : 1254,

[ 3] SCRIVANI SJ, KEITH DA, KABAN LB. Temporomandibular



1226

EREMAE %398 Fo6H 20245128
Journal of Medical Biomechanics, Vol.39 No. 6, Dec. 2024

[6]

[11]

[12]

[16]

disorders[J]. N Engl J Med, 2008, 359(25) : 2693-2705.
XA, 2 e 1) SR AR RO SR O il 2k R e A
[J]. P O BEaE s, 2017, 35(5) ; 555-560.

HENDERSON SE, DESAI R, TASHMAN S,
Functional analysis of the rabbit temporomandibular joint

et al

using dynamic biplane imaging [ J]. J Biomech, 2014, 47
(6): 1360-1367.

MAPELLI A, MACHADO BCZ, GARCIA DM, et al. Three-
dimensional analysis of jaw kinematic alterations in patients
with chronic TMD-disc displacement with reduction[ J]. J
Oral Rehabil, 2016, 43(11) ; 824-832.

JEIHERE , BRI, TR, SR 8OCTT SR AL R R
BEAPLGEHT[JI]. DEESDIS, 2022, 38(2) : 186-190.

LEI J, HAN J, LIU M, et al
temporomandibular joint changes associated with recent-

Degenerative

onset disc displacement without reduction in adolescents
and young adults[ J]. J Craniomaxillofac Surg, 2017, 45
(3): 408-413.

A, TRFT, XI&TS, & A e ERLRLI
1R (S BFEEHE S PR [ J]. L
FIREBE2E, 2022, 31(4) ; 429-434.

KIM JH, PARK BH, YOO MS, et al. Stability of the
natural joint side in unilateral alloplastic total
temporomandibular joint replacement using a ready-made
system[ J]. Appl Sci, 2021, 11(9) . 3935.

RIBEIRO JAM, DE RESENDE CMBM, LOPES ALC,
etal. Association between prosthetic factors and
temporomandibular disorders in complete denture wearers
[J]. Gerodontology, 2014, 31(4) . 308-313.

HUGGER A, BOLONI E, BERNTIEN U, et al. Accuracy
of an ultrasonic measurement system for jaw movement
recording[ J]. J Dent Res, 2001, 80(4): 1226-1226.
SADAT-KHONSARI R, FENSKE C, KAHL-NIEKE B,
et al. Mandibular instantaneous centers of rotation in
patients with and without temporomandibular dysfunction
[J]. J Orofac Orthop, 2003, 64(4): 256-264.

SCHIERZ O, KLINGER N, SCHON G, et al. The
reliability of computerized condylar path angle assessment
[J]. Int J Comput Dent, 2014(17) ;. 35-51.
TALMACEANU D, BOLOG N, LEUCUTA D,
Diagnostic use of computerized axiography in TMJ disc
displacements [J]. Exp Ther Med, 2022, 23(3): 213.
SANTANA-MORA U, LOPEZ-CEDRUN J, SUAREZ-
QUINTANILLA J, et al. Asymmetry of dental or joint
anatomy or impaired chewing function contribute to chronic

Ann Anat, 2021

et al.

temporomandibular joint disorders [ J].
(238): 151793.

FARRAR WB, MCCARTY WL.
arthrography and characteristics of condylar paths in

Inferior joint space

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

internal derangements of the TMJ [ J].
1979, 41(5) ; 548-555.
CHOI BT, HWANG DY, LEE GH, et al. Computerized

ultrasonic axiographic evaluation of condylar movement in

J Prosthet Dent,

patients with internal derangement of the temporomandi-
bular joint [J]. Angle Orthod, 2019, 89(6) : 924-929.
W, Mise, EaA, 0 ORARICIZE T r AT
G ZE AL A S B S AR AL [ U], S BE AR,
2016, 32(11) ; 1836-1839.

B, MRS, TH RS Angle TZEAFATE R A7 56 15 5% (B
FHMEIBHFME M [J]. B O EES, 2016, 25(6)
738-743.

IKEDA M, MIYAMOTO JJ, TAKADA J, et al. Association
between 3-dimensional mandibular morphology and
condylar movement in subjects with mandibular asymmetry
[J]. Am J Orthod Dentofacial Orthop, 2017, 151(2) ; 324-
334.

LEE WJ, PARK KH, KANG YG, et al. Automated real-
time evaluation of condylar movement in relation to three-
craniofacial and

dimensional temporomandibular

morphometry in patients with facial asymmetry [ J].
Sensors, 2021, 21(8): 2591.

TUN OO L, MIYAMOTO JJ, TAKADA JI, et al. Three-
dimensional characteristics of temporomandibular joint
morphology and condylar movement in patients with
mandibular asymmetry[ J]. Prog Orthod, 2022, 23(1) . 50.
BEEL, o, M. ASIRIRR S oA iR I e X m] A2 M i A% Ao
EWUTAOCT N I A [ J]. BRI A 4, 2022,
37(2) . 280-286.

YAN L, WANG W, QIU JX. Effects of
stabilization splint thicknesses on stress distribution in

different

temporomandibular joint for patients with anterior disc
displacement with reduction [ J]. J Med Biomech,2022, 37
(2): 280-286.

HASHIMOTO T, KURODA S, TANIMOTO Y,
Correlation between craniofacial

et al.
and condylar path
asymmetry [J]. J Oral Maxillofac Surg, 2008, 66 (10) :
2020-2027.

OGAWA T, OGAWA M, KOYANO K. Different responses
of masticatory movements after alteration of occlusal
guidance related to individual movement pattern [J]. J
Oral Rehabil, 2001, 28(9) . 830-841.

OTAKE Y, SUZUKI N, HATTORI A, et al.
mandibular

Real-time

movement analysis system using four-

dimensional cranial bone model [ J]. Syst Comp Jpn,
2006, 37(8): 1-12.

GALLO LM, BRASI M, ERNST B, et al. Relevance of
mandibular functional and

helical axis analysis in

dysfunctional TMJs [ J]. J Biomech, 2006, 39(9): 1716-



Fhrg, % FTAXTENSTHARER

QIN Jixiong, et al. Research Progress of Temporomandibular Joint Motion Analysis

1227

[29]

[30]

[31]

[32]

[33]

[34]

[35]

1725.
WOODFORD SC. Kinematics of the jaw following total
temporomandibular joint replacement surgery [ J]. J
Biomech, 2023(159) . 111741.

WOJCZYNSKA A, LEIGGENER CS, BREDELL M, et al.
Alloplastic total temporomandibular joint replacements: Do
they perform like natural joints? Prospective cohort study
with a historical control[ J]. Int J Oral Maxillofac Surg,
2016, 45(10) ; 1213-1221.

MERCURI LG, ANSPACH WE. Principles for the revision
of total alloplastic TMJ prostheses[ J]. Int J Oral Maxillofac
Surg, 2003, 32(4) . 353-359.

WOJCZYNSKA A, GALLO LM, BREDELL M, et al.
Alterations of mandibular movement patterns after total joint
replacement. A case series of long-term outcomes in
patients with total alloplastic temporomandibular joint
reconstructions[ J]. Int J Oral Maxillofac Surg, 2019, 48
(2): 225-232.

UGOLINI A, MAPELLI A, SEGU M, et al. Kinematic
analysis of mandibular motion before and after orthognathic
surgery for skeletal Class Il malocclusion: A pilot study
[J]. Cranio, 2017, 35(2) : 94-100.

ISHIHARA Y, KURODA S, SUGAWARA Y, et al. Long-
term stability of implant-anchored orthodontics in an adult
patient with A class Il division 2 malocclusion and a
unilateral molar scissors-bite [ J]. Am J Orthod Dentofacial
Orthop, 2014, 145(4) : S100-S113.

WAGNER A, SEEMANN R, SCHICHO K,
comparative analysis  of

et al. A
optical and conventional

axiography for the analysis of temporomandibular joint

[36]

[37]

[38]

[39]

[40]

[41]

[42]

movements [ J]. J Prosthet Dent, 2003, 90(5) : 503-509.
WANG S, PASSIAS P, LI G, et al
vertebral kinematics using noninvasive image matching

Measurement of

method-validation and application [ J]. Spine, 2008, 33
(11): E355-361.

TSAlI TY, LI JS, WANG S,
fluoroscopic imaging method for determination of THA

et al. A novel dual
kinematics: In-vitro and in-vivo study [ J]. J Biomech,
2013, 46(7) : 1300-1304.

MENEGAZ RA, BAIER DB, METZGER KA,
XROMM analysis of tooth occlusion and temporomandi-

et al

bular joint kinematics during feeding in juvenile miniature
pigs[J]. J Exp Biol, 2015, 218 (16) ; 2573-2584.
HENDERSON SE, TUDARES MA, TASHMAN S, et al.
Decreased temporomandibular joint range of motion in a
model of early osteoarthritis in the rabbit [ J]. J Maxillofac
Oral Surg, 2015, 73(9) : 1695-1705.

TERSI L, BARRE A, FANTOZZI S, et al.
quantification of the performance of model-based mono-

In vitro

planar and bi-planar fluoroscopy for 3D joint kinematics
estimation[ J]. Med Biol Eng Comput, 2013, 51(3): 257-
265.

TIAN S, DAIN, LI L, etal. Three-dimensional mandibular
motion trajectory-tracking system based on BP neural
network[ J]. Math Biosci Eng, 2020, 17(5) : 5709-5726.
CHEN CC, CHEN YJ, CHEN SC, et al
soft-tissue artifacts when using anatomical and technical

Evaluation of

markers to measure mandibular motion [ J]. J Dent Sci,
2011, 6(2): 95-101.



