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Abstract; Cartilage degeneration stands as the main pathological hallmark of joint diseases such as osteoarthritis
(OA), characterized by the degradation of cartilage matrix, abnormal cell function, and disruption of structural
integrity. This series of changes poses a severe threat to patients’ quality of life. The significant impact of
mechanical stimuli on cartilage health and function has long been widely acknowledged, and research on its
underlying mechanisms has become relatively systematic and in-depth. However, the specific pathways in which
mechanical stimuli affect cartilage, as well as the hidden laws and intrinsic mechanisms behind them, are still in
the process of continuous exploration, gradual revelation, and ongoing refinement. This article reviews the
research progress in the field of mechanical stimuli and articular cartilage in 2024, indicating that it demonstrated
characteristics of greater diversity in research subjects, broader perspectives, and more innovative techniques,
further expanding our understanding of the role of mechanical factors in cartilage degeneration. The mechanical
regulation-based therapeutic strategies are also explored, such as exercise therapy, biomechanical correction,
chemical drug therapy, acupotomy therapy, and tissue engineering, providing theoretical foundations and
practical directions for the prevention and treatment of degenerative joint diseases. Future research should
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concentrate on the integration of multi-scale and multi-perspective mechanisms as well as clinical translation to

promote the application of precision medicine in the field of cartilage degeneration.

Key words: cartilage degeneration; mechanical stimulation; signal transduction; chondrocytes; mechanical

intervention

BOg R NRE BN S 4 2, T2 o0 A6 T
T B R S OGRS g b R
NAEFREE M SE B R SCHE T RE . 0l R d Bl
ZH B RN 21 B A B B (extracellular matrix, ECM ) #4)
A B IO L R 22 A, o IR R O R
HIBE LTy B, X —FrtE B A K
SLRETINSS W5 B o BT R A . B A
EAPRR AR T 2 e P | TR 7 22 i i s N 22
11 S M 1 2 200 T 25 A5 4 LA SR A I 0
PESIIRE , TS M B IR AR o 7 27 iR i
HIRA R W N S 2k 0 W B O3 1 R A AL
JE T ANEE B A PR AR A I AT A, AR R
58 2024 AR R B SCHER, DGR IZAETE J1 22 I R AE
Bem iR AR T E I S LRI I | B4 )%
FAC MR LG, 1 RO iR KRR AE B Y
BRI, AR HET 2 R G T R H R

1 NEEEYMEBNRETR

BB IR AR 5 H I A BV O, AT
() T3 2 N B AR | 0 R 1 A BHUBR 285 R0 s 2 i AR
A, AR O o AT iz AN (A (H 52 e ) B AR R
A TR — RS, 5 — 5, s K
FEIZH 2 P U5 ) B 5 A Ak 2 O | R R BB 6% ek
AR IR SR ACE IR AR TG R
P& Y T T VRS F ST S N e s R T A e
HZE 5B 5, RIEENLEILEH
Bt o ASCNIEIRBFSE | 5250 i 5% FEE AL 53 B
3ANANIR)JZ A 44 g 2 PRU2R 52 e 0B 4R A2 1 T Ik
P Horpr B SOE R 75 A W) )2 T A 5 P oA LR
AHE.ERIE
1.1 I&RFRIER

T B IR A 5 i AR AL B A G T AN ()
R BT AL T 2 A B 45 S, 3 T o J 1
XECE IR AR 52 W, 5 B OG T R (osteoarthritis,
OA) PRI HHE 124 PEREAR (L S B BH S A BB 007 4
Sk TR B AMUFN P DL K ZE AL, TE H 4

() AR | R I AR 5 N B S AR B i T OA 44
TEJBCEHMUFD A, 30] OA ()~ 1SS i | I Ao A6 o
M EA/NTIER AL, 5B g et
o, P OA Y IR BRI 42 30CR 19 P-4 BRI A 8l 2
BRI, X ELZE RGN IR FOTE 42 1 e A
JIE LU R R TR R R I R B 1 4y
Mgz, B S ST - 15 S e e oG
1) % ) B B4 0 2 IR AP A S 2 R DG, BB DG I
Wi T2 2 B DG JE AN [ ) 28 N A 32 0 0 A i BRS
A S AU T E IS | R EETT 0A

12 R R O A A, Xu A5 EE
Xof B 5 T TEAN [R) o ity £ B8 i 7K 32 1Y) o 28k £ e
TEVEA 25 5 e B, 6 ki g >R FH 080K 1) R OC 71 B Tl
I RE | BERS A 50l A0 4 5G4 i 7K A2 1 v il 67, X
Xof T BRAR IR O 4 A3 KU | & 4 — o W PR AP A R
AEEE L, SR BRI & 30
0 8 BT 03X 2 R 5 B 0 B 2 R T B T A i
AN R, P ECRCE PP TR, R TR AR
SR s YT TR (S UK SR 0 R 8 W e N CIES
R BN A R D R BRI R
JBC B SN R DL BRI OGS 3R 4 2 A R
DI J52 32 I 25 1, 36 3% R G35 2B it K 40
TN, TIREE N RS 2 T gl o Hutcherson e le)
BT a7 BN N AT 18 5 E Fl K
BN S G S AL, AR 4 R o, 5
FELEAR LY 76 F- B RN A8 SR AP L FATE IS
JIri 4E ) B A< i, COMP | IL-1B , TNF-a | IL-10 I
TGF-B %5 (W B2 1 BT &1, 3 g B 1R] H 1 i
- COMP KF-THim , SR PR I 116
PERY S B VTR G, Rl b 255 | R BEJS 5 265
LS R ARG T I

RTEZ ST ARIG, oF J1# 5 k
A5 R R AR R B EE N LU SCT  , HiAg
S A7) (anterior cruciate ligament, ACL) & WrZdJf:
BB TR, BT LB EY I F R,
OA & WU Bt =2 T i, T Lok i e 78 S AR D o



EEN,E. WFRHERBRE 2024 FEATERE
LI Zhuoxin, et al. Research Progress of Mechanical Stimuli and Cartilage Degeneration in 2024 1081

ARIEAKP- 13X 3 A3z 2 P4 Rt — 0
BT BAE TERWI I BoR  ACL AR J5 , JE 77K &
Bf 2 5] & W02 A B %5 K ( medial meniscal
extrusion, MME) | #F 1T 3 52 H M g9 4h™ ™ i
AWAMNLEPIETEH L OA WEEHRNRZ —, I
RS K 30, 18 AN 300 T i A e 3 1Y A
L E AL S PR B A AR SR A B
MME 238Ul At gt — 2%k, BT 32
FLATIZ ST A BB S G I B a2
RAEZMEREAZI, I H, MME /9% 58 ™ & 7
BUME B far VE T, 5001 09 201k 28 T A% B0 o 3t i
BEN
1.2 SKIGFRRIESRE

BTl PRAE I Jre i o, AL 3 AE T4 &
B BE B IR, BB SR SE PR Ilm IR 5, 4K
1M, T RE ARG A 2 a0 A el 2 T
B IXTCRENG N T AE 5T 4 R A 5 0 ME RS, R AR
I R sh i, A2 N L= 5 T3
FNABEA AL ST , RE A% DURE S FA B S8 5 T 1l IR
MEVRAE 2 R R, AT E EAA R R R Sy
WY RS HERYTIESE . a0, 15 Bh 41 215 528, w] DAV
ATRTE OA TEAIA] K i Wi B AN [a) fige 1) 750 o 1 B
KAWL, AHOCHIFSE K B, B G 2 g 2 Pk g
oI VE AR OA BRI A W dr it L BeAh,
TR DG 0B SRS B 1 BTG [R) R 5y ZH 2L L
K EIRAR A BRVRRAET ) OGRS R B A AN ]
(M EAETERE . Ristaniemi 451 1R B OCT AN IR A7
KB MR AR 4 A EE S PR RE R AT T RAE S T
B ARR I Se M BE 22 S T RE 5 O IB B AP TE G
W, ST 2RI, R B RO 2 5 i
MR 7 DR g o34, Bt A 8 mm I R Hi £
TR AZ SR 2 TH e G R Z B4
P J5 AN TR) B IS 1] A5, PR R 2 B 4B A L BE T
P HE Y ACL PIBRG R B G TTR R, & OA 1Y
HERERZ —, WI5ERY, ACL AW R BB 47, 78
K IR AR L 2 7 AR A ) B R0 3% ik — 2P IR S )
SEPRBE X ST R AR A E R

BOg RS ) R AE B I LT OA, J1# N R TR
Horp g S AR, BE AT RE S | S 4 1R 48 | B TE
—ERE R E B, MR T ME R
(BHA IR DU T IR ) 235 R R AR

ZA[RES| K OA WA FER 7 d BB R
TR AR 2 AT B A S kAT
AR o e B ) OA RSy B3 LY
XTI HIE OA (518 E S W5 — M) 78
PRIZ J1 22 N5, 3K e 5 15 8 — & F2 B )
A BRI R B AR R R R H AL K A
) ML B71 47 2 4 4R R IR OG5 BB AR R s &
TR IO ) AR A5 PR 3 ik o 7 R
T 37 25 A ) 0 L R R AR R L i R R
A R AN AR AN [ AR 5 R 28 R 1 A
PRAGIR 28 20 far A OK R T, 0l AR5 5 5% S 10
H A3 LCSAE I, I LA A SRR A 77 2 o AR B
A AT, N7 40 5 B B )RR R AR 2
AT 2 BN BN A R 4 2 AT B R AN R AR R AR
TR S AT T BN SR, X i — 2 38
SR A HLAR 77 75 5 0 e B B FE 25 7Y L i
H., B2 A B 10722 Y ] 23 0 35 52 ) 0| 1Y B LS
SRR Avino A5OVRIFSY i i JUI R 97 far £
XA EN . SR 8 A T, B
R ASE 7R T 25 5 5 OME ) % A AR AT AR AR
{HJ2 | Ziemian %5128 g o — 3o 3R A ek R N,
B — g B ST G B H, Damerau S5 ] H
fl A= L 2R e s R Jee) B A B BT D) R ) e A R R 5T
BRI 2R, 38 1 A I A S 56 R A S AL
PERE, X 2L 48 bR AT LAAE 9 5401 OA 19 2B W hm ik
Pt Ak R R0 TN UL A S 4 1 25
SCIRE E | & IiE S 2 i s R IR R
INGRIELFERS IR XN T AETE OA KU 1Y) £8. 55 7T e 2L
AR ERD

AR LR B R ) A 1) L R 4y,
SETROAER 5 LR A B AR A8 AH B S 38 3k 7 B
OB AR AR T AT A ) SR AR Y AR &
MR A TT A3 0 45 B 2R RN B A% 1 2 FL % 07, BEAIG
T SR I A R At g 2E e Y
I RT A ] 3 5 5 46 Ja AR P i 7 A | 4 B 1Y
TR AN A A fhad AR X A e 5 fr BB
SE R PO IR A AL, BF5E R, FELkad R A
SR YEIR A AR, B E R A Yao V41
AL AR S 7 175 T %) T A T 25 1R AR B i B A
FIEE RS2 SR WY ME TR 385 P 30 % PR e
B T B S M e SR R R R Y R



EREYMAE £40E E£5H 20255104
1082 Journal of Medical Biomechanics, Vol. 40 No. 5, Oct. 2025

TR T A ) B8 A5 0 S A 4 ) e B2 L £
IR TR BEAX R B A AR S MU SR KR
SR ] AR AR T
1.3 HEHELLERE

BT R IT 20t 08 BB HPL B 5% EL AT AU RE AR
B RBNE S HLSE S B I 9E 0 A SE IR B A 3 Ak
P, IS FRICA TR AR, £ XA TR ) B OA A5
AU RTIR AR G I OG5 I N 1Y N g 43 A A% B, 32 T
LA AT ] T Py S ff i 22 5% Adouni 41
DIRTRIAEEAR BE i AT A IF9E X 4 | d2 A FR o643
ML A FE T LR 05 RV I 1 T, e BT R
SHRTHLN T, HiX — 4 5 0A it
SRV, 2 HRINYREE L OA IWHEHNZZ
— o ABRICHIE RN, 2 A RSN AL i ] — OG5
BRI ERLL LS 22 R RE Y AR AL T A5 3 57 2%
BT B 2 BN o e, 4 A FZR)H (ACL,
Ja A& A | PN R AT A M R ) A2
Gl AT WA BRI/ & B, 8 57 N2
AT LS M A () 2538 AR | L R i) 5 0 R A O, L
W R AR 57 N 2R AR5 T B R B 3T s i aan
S LUE SR is  BUB A 73 B & B, 055 28 it
) AEH I 15 AEF I A8 R | 1 2 52 ik )
BB TR TR B DL S AN S R BB R AR 2
S ME MR 2R TE 25 45 44 1 A8 Ak 2 Ta) #2252 i LA
F14% SRR R 3 BB AR R TE R AR Y R 2 A
BT BE WA BRI /AT 2 B, AT Wk TH P g
MEB AR5 BRI 00 S5 5, A ] 25 18 AR i g T ™
., HARAR 92 22 AL v /e i A 1 B, 52 W HILAR N )
AREE FEOXFHE A EE N ZE 2 —) ) Kosonen
VT L T A BRICHTHESS , FF AL 1) ek
B o S50 (R R AR AR S5 ) | dE R
5B ) AL I JEORE DG ) 4 5 43 %% DI AF G

2 NERHZWMEKER TS EZ T

T2 R R B IR A2 89 E 25N AR AL
il — BRI PR A 22— 2024 4 KT
T2 RO B9 3B A8 5 i ML A 4 BT 58 RS st — 28
RMe, W HIIESRIN TR 1, PoE Ay 5
Wi 87 A% Lo BATT , RE S i B 2 11 21 .55 ) 7 Il 2 2
SN 32, I3E 5 5 A A5 T B X 2 T R
JoR RSP 355 SRR DR 1 AR R T LA 5 i I f I 114

FeIk o SEE SR R R R A0 8 S R
S, PR A A AR, PR R W A i AR
W5 3 200 T o 2, % Ve ] 32 5~ 48 B 4 Ak g T
A FHECE S RN
2.1 NWERBRARERERSHHE

BB LA LS A 1 B Al — BT
68 1 Ry A 2R AR I B I SRR ) e s e UL Y
T, X — i B S H AR B Rl
BCE R RA T Y ) S OA SR R SRR AR o
REAE X 2B 41 M 1) 0 2% 25 0 24 47 R ke 3 8 5 AR
FIM S il ot e &, g an— L) 81,
Sl 25 R 46 347 BE A% 78 [R] — IR 180 %o 50 400 1) 5 e
5o TR SRR RIE RS DL
S AR A AR 5 K B N R B R
TEAEFUKET 552 B HLR 77 B8 im0 240 ffd vh
Sirtuinl PPEFERE , 0 Y Sirtuinl 755 Runx2 38
JRHE, SR AL E MMP-13 i 363k, fe & 3 80 T [
fift S OA FEJE™ | PIEZO1 REWS AT Ca®™/F-actin/
Yap i, Z: 53| ECM WREfifE L T2 DL 2 40 H 40 i
(IRAE Z 00 e SR L 23T 32 S W I 2
K, 25 DMK BE 2 0E BB 25| A OG5 AR 2y R
15, VA RN 28 AR B 20 HL B A7 8 B, FEAS h
COMP . IL-18. TNF-a, IL-10, TGF-B. MMP-1,
MMP-13 [ B2 ML RIS M4, 4w
HEABERR T RENEINE OA r 20 it J) Rl 356 Jo () 40+ 2
A, 38T BERE IR A A HLAR 5 2t F2 DY Zha
A5 S o AR ARSI IIE S B A P A o i A R 3
PRUE ML SUR G 7 Ui R 3Rk 0y, X — i 72
SRR R AR IR R
2.2 NENHENHESES

J12ER S il & — RINVE A= 005 S AL T80,
FERFRCR A 205 5 B AR v 47 8 OCHE M (B, Zhang
SRV AR T MR A KA, X N 2 n 2
J& T JE RNA W TAE , ik th— R 5 A ]38
PR R E R AU AR A ST A R AR
MENH) 5 R TR AR 25 4 A 1 28 Ak, 2= [ 4225 e I
1G-SR B T 3K L6 A A A 1 2 5 BOHE (8] 85 1R A8
O 717 RN S VR &1 T aRii Ry N el 9] 3 A
SRR SR A B 1) 0 A A BRI Y R A
IR J745 5.3 T i miR-143-3p BYFIAKF | i
P miR-143-3p 233006 ERKS/KLF4 {55538 %



F24T,%. WFRHEREFRE 2024 FEHARBIR

LI Zhuoxin, et al. Research Progress of Mechanical Stimuli and Cartilage Degeneration in 2024 1083

R1 2024 FHZRIHRFEEERVH TR

Tab.1 The unveiled mechanisms of mechanical stimulation’s regulation on cartilage in 2024
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Fig.1 Proposed therapeutic strategies based on mechanical considerations in 2024
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