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[Abstract] Temporomandibular joint (TMJ) is the only synovial joint in the oral and maxillofacial region, with its
disc being a critical fibrocartilaginous structure that distributes stress and maintains the stability of joint movement.
Various factors can lead to TMJ disc destruction, resulting in TMJ dysfunction and facial deformities. In recent years,
research on TM] disc destruction has become a frontier in the field of oral and maxillofacial surgery. Previous research
and literature reviews have mainly focused on diagnosis and treatment, with a lack of reviews on the progress of basic

research related to disc destruction. This review summarizes current progress in the etiology, pathological features, mo-
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lecular mechanisms, and tissue-engineered repair materials of TMJ disc destruction, providing reference for basic re-

search and clinical prevention and treatment. Studies have shown that the causes of TMJ disc destruction include me-

chanical damage (e.g. anterior disc displacement, malocclusion, trauma), chronic inflammation (e.g. TMJ osteoarthritis,

rheumatoid arthritis), and susceptibility factors such as age and sex, as well as psychosocial factors. Its main manifesta-

tions are alterations in the ultrastructure and mechanical properties of collagen fibers. Its molecular mechanisms in-

clude abnormal angiogenesis, imbalanced fibrocartilage cell homeostasis under mechanical or inflammatory stimulation,

and abnormal stem cell differentiation. The present study focuses on the development and optimization of tissue engi-

neered biomaterials through cell sources, scaffold materials, and growth factors. Future studies should focus on the mo-

lecular mechanisms of TMJ disc destruction, regulation of disc development during embryonic and postnatal stages, de-

velopment and translation of novel biomaterials, as well as the application of artificial intelligence in material design,

molecular target screening, and clinical decision-making.

[Key words] temporomandibular joint disc; temporomandibular joint disc degeneration; pathological characteris-

tics; molecular mechanisms; tissue engineering; repair and regeneration; artificial intelligence
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Figure was created with Microsoft Adobe Illustrator 29.5. First, mechanical stimulation directly affects the disc, causing morphological changes

and structural damage. Second, mechanical stimuli or inflammatory factors activate multiple signaling pathways, leading to an imbalance in the

synthesis and degradation of the ECM in fibrocartilage cells. This alters the composition and structure of the ECM, which makes the TMJ disc

more prone to structural damage under stress. Third, angiogenesis is upregulated, leading to inflammatory cell infiltration, which further exacer-

bates the imbalance in ECM synthesis and degradation. Fourth, stem cells differentiate towards fibroblast-like cells. ECM: extracellular matrix;

TRPV4: transient receptor potential vanilloid 4; IL-1B: interleukin-18; IL-6: interleukin-6; TNF-o: tumor necrosis factor-a; NF-kB: nuclear factor

kappa-B; PI3K: phosphatidylinositol 3-kinase; AKT: protein kinase B; ERK: extracellular signal-regulated kinases; JNK: c-Jun N-terminal kinase;

MMP-3: matrix metalloproteinase-3; MMP-9: mairix metalloproteinase-9; VEGEF: vascular endothelial growth factor; TMJ: temporomandibular joint
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Mechanisms of temporomandibular joint disc degeneration
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LM ZT w7 22 RS ] A 9 oK G A 4
FCE AR/ ALAR G, A F) T 40 1 R B Sk T
R 3BT, R P e e 2 22 5 4 A 1) = 4k PCL/R 3L
TR 1t A A A5 680 3 S R AE B G T kA8 5 S s vh A
T RAFRCRT,
33 AKAT

KA FEAH A T AR, AR K7 1B 5E i A
Ao AEHAB LT 48 R H AU TR AR C A58, 5%
14 K A F - B (transforming growth factor- B, TGF-
B) . 5 F #E 4 K I F (insulin-like growth factor,
IGF) . ifiL /M AT AR A4S PR 5 (platelet-derived growth
factor, PDGF ) . i P4 3¢ 2T 4 41 it 4= K [ 7 (basic fi-
broblast growth factor, bFGF) # kUL o 3 264 K
DRl 7 SR 2 R D A O T A R T Y
e & T EEAE

TGF-B 15 7 & JCH DI RE Y B 2L 35 ML, TGF-
BESREHIFBMEKTLEFH . Kb
GE K I, TGF- B3 A2 ik £F 4 £ H 19 FE o & 1. K
TGF- B3 5 4% 4% ¢l 21 4 K K F (connective tissue
growth factor, CTGF)i$ 2% 2| 3D T Ep 1y L e rp | 5
MSC 85 3¢ 5 n] 7 A2 380N 651 0C 1 £k 19 21 4 R Bk
i TGF-B3 U nl g 2 A As s i i T
e HEME ] BB AT VAR B 77 TGF-1 2 A #E 4K
240 L R 1 RO 0 R Y T 3
2 3 W RIE ] 25 5 e SRR 177

(A 2 A 2, M) 8 2 A3 Gy
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FEAESS M ATy e S AHARL, T A ) A R A
M 5 52 b1 L A A 5 T SRR G T S48 B2 A R
TR SEHES 2 gy 00 2 H AR R 32 A 6 A0
i PRI 38 326 7K B 200 L 3B 326 K 85 S | ML 34 ik 7Y
AREERE . BN, 51 A o) 25 00T 5 Y K 5 i 2 AT
ST A AT T R ERAE s A S
KB IS AL A B BT A% AR AR B 24 0 1 3R LR -
I LR IER U B P AR AN T AR .
LR BUAEACI 25 K 0 R B R A L A AR
ki, 22 DA SR b i AR K b B L LA
KBRS, AT AR SEUTRR 2 A B AR SR
HE TR0 B2 4 7K H I TR A8 1 10 22 R 26 D6 Ak Kk Bt
S, IR FE BT 25 —F VAR RN TGF-B 1, R 0 iR 2
T EL A TR RS PR, TOF-B1 {2 BE R 2 R &
B, 22 R AN AR IR L K B I R AR BE [ 2 H
M 47 A0 T 1 8 B 5 L 2 AR )RR R T A oK
S5 b J2 S PR R A AR SRR HL Y Ak . P A A B B
AT 1 22 )RR i AR AL ) (U T 5 80 i 5 465 0 30 ik 1
JKA GG ) et 2 3 5 1 5 B RN & B Re T L Ak
KR T R 235 4, %o 4k R DG AT P B A T
S AL R SR AT AR Y
B HRE SR AN SR T, AN AN I AR M
LR fb B ALY 2k AR 4 ) L 1 3 COLL
A LR YA 12k RAE T WL ET 4 4N
Mz 5MHALUER R, 2 RAEESFISEN
g B Aok R R 0TS A O YT SR A ) £ 4k 1k
ARG 5 ME (] 4 21 A R At 25 B G il 41 2 Ak 2
o, B e A 7 P RE A e SR Rl A

4 B =

H A TMJOA 1) B fili i 98 = 2 R ARy,
M &1 B AE TMJ )27 888 B TMJOA 3 Jié v i) G 5
YE AT ARAR B 38 43 O T, O 717 B M 8 19 JE il iF 52
X EEZ o BeAh, 2 TR M R Jy 2 Dl K
RS e P DL RO R FE AR AP AE e — 2 PRk . Ak
FAF 5T a] LG8 DL JLAS 7 T B T
4.1 EANEER ST A

O AE W27 2 B 55 HLAE 7 A fe] 52 0w 48 i A 7
Sk EH G R R 0 R 1) 28 SUAE R i AL
WAE W) 2 IR 9R 07 4, 43 B ECM 1Y ) 27 BR B8 ) 56
WA A W AT O B SE R 48 R ST SR Y
TEAE T 0 . A S OCT B O RIS
LAy M 20 B 240 R B TR LA R T R 1) 440 i
FET- LA AT B T A VEH . O 4 At g

P A5 T 110 R S A I B AR g AR AR G
RIEER R TE R (SIRNOLIE Y S S Y 7
B R SR BT R S 2 AU R
g NI VIR & e YN B SN - S P IE S TN A
) = HE A s s AR Al R S BB, TR A8 78 5 T B 4
Ui 5B E R THLE . @8 & 24l 8u i
SR SRR B I 23 3 LR SRR
42 AR TAE M A

O XK {H LU TR B R KR E M R
SRR | R AL 05 T IS . @G 2 Fh
INT T NS Rl ARG R IR AN KR
AL KL B it . @F A BRIT o B il A B R T &
L R OGO M R T A RE M. @M
AN R L5 R ffy B O T Y B RE B AR HCPL A L g ok
JE R R SCTT SRR B HE S
43 ANTAFRRER BB T ALK B AR

FURG , A TR RE AR 519 B AR U A W 5 3=
B LR B2 Wr 5 KRS RTINS 5 T . A0 A AR
28 M 2% (convolutional neural networks , CNN) AJ /5
RO M K B AL AL, Bl B2 IR O T A iR B
PR o BT HETE A CT B T BE 2% 2 B0 R A 1510
KT FE AT RS ALy A R R 454 CNN 5
Z RO AW 0 2 BRI, 50/ i AP AR
5 308 3t PR S 5 T A | R AR AR R
HE— 2D TR AT AR R, RO BIE S TT
BB E Qi HLAs 27 T AL g ok bR
Q1 3 AL w27 >IN 22 21 2 v i e OGS B A2 i 6
SR DL T HLAS 7 S AR B 7 S Bk 45 5 5
QB FII R , 52 9 2 BB RS
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