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Exploring the prevention and treatment of knee osteoarthritis through ''the
meridian—guided knee exercise' of Yi Jin Jing grounded in the '"muscle—

sinew—bone'' theory
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(Abstract] Knee osteoarthritis (KOA) is a progressive osteoarticular disorder, whose pathogenesis is closely associated with
biomechanical imbalance, musculoskeletal metabolic abnormalities, and chronic inflammatory microenvironment. Based on the "muscle—
sinew—bone" theory of TCM, this paper systematically elucidates the TCM pathogenic connotations of "sinew laxity—muscle atrophy—
bone weakness" resulting from dysfunction of the liver, spleen, and kidney. It also conducts a correlative analysis linking these
concepts to multidimensional mechanisms in modern medicine, including muscle wasting, bone metabolic disorders, and gut
microbiota dysbiosis. On this basis, the paper further proposed an exercise intervention program represented by "the meridian—
guided knee exercise" of Yi Jin Jing. From the perspective of the "muscle-sinew-bone" theory, this paper comprehensively explores
the action of mechanism and clinical value of "meridian—guided knee exercise" of Yi Jin Jing in KOA prevention and treatment,
providing novel insights for optimizing integrated Chinese-Western medical strategies and exercise rehabilitation programs for KOA.

(Keywords]) knee osteoarthritis; "the meridian—guided knee exercise" of Yi Jin Jing; muscle—sinew-bone theory; daoyin;

osteoarticular diseases

(75 B #812025-09-04

(E&WA ) L2 EE P EERFAAREBAURI B (FEPEAAHK(2022)76 5 ) ;T REWNE A P EAR TAEE g H (8 Edp
(20177170 ).

(BEMEE ) BrEE, B i+ FAEEN, §-L0F55 4 500, E-mail : chenguohua0811@126.com,,



2170 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

B %15 R (knee osteoarthritis, KOA )& A&
TP ik DhReRERT R E R AR T T
PSR . AT i, 40 2 DL B AFERB R Y 17%,
HE R AR S SR M T, R 248 T PR Bk T
ik 53% et m TR, 2 2R ALEIT A
Wy )2 R A WL ARG S 5 R N P 5 i 5
ZAN 7 H PR R WU S A AR 38 T B o 4t
R, BT, (B T R IEE 2
ST HE P YPHERE 1) KOA VYT EEAFE T AR 259 I
ik, Hrh PARIGYT BOWZRI KOA B3
P 0T B, (EAEAE o A R e AR 5 25)
BT BT R G2 R RN ARE N {H K B A
A RED S B A | SR AN RN
I R — TP 4 A RUNARZ) T TR S B oY
A

TEZE 5T, S ais sh I B R ESS |
SV AR e TR YIS DL 1E KOA Bt h e Bl
SRR A, ASHTFSE A BA AL B BRI N4 T, TR
HBONBES | 8 R G UG &, A 1 2l Ak
KRN =R A 5 i s 3 5 58 %07 28l i
VAT AR W 0 S - RO R By
BT, BUB I RS AR

1 s BEEIEM AT IAIR KOA

1.1 A EEEWESIANE

WU B BRI AECR ) - B AR ) gk,
SER A7 N R S S O = e o= o LT
W = E RS 5 Re LRI ROCER At T R
ARG SIS RIE R . (R -2k )
MERAE, BOE T, BT, SRR n 1)
MR M3 5% 5 M S By Ae A= Theg , R 2=
T ) o MV DU e LIRS, R WY L
BRI ZE S BRI 2E—20 BRI S il =
iR Z A RS REDRIE] DG 28 o (RAK - kB2t iy
R BN PR WA R KA ) 2 S
A, 5538 2k o R AR DG T AR M L )
WSO B R S
YRR EE , = F B IR A ARG 1) sh AT

BAREE W5 it — P47 B s WL LT
I (muscle derived stem cells, MDSCs) E.A £ |f]

SrARTERE , R AT 55 A WA FH VR B A L
17T UL PR AL 7™ A B LR ) 38 38 DR 3P 2R (osteo-
protegerin, OPG)/#% %% 5% K -«B Z 141G 1L IH i
& (receptor activator of nuclear factor—kB ligand,
RANKL) {5 *5-38 #% 52 ) B A P Al ——i5 B 132 )
fugeg [ $2 T OPG ik, N RME B 40 i o1k, 458
%5 FE T WL IR) 25 45 5 SOVLARUR B8 55 , OPG/RANKL
FOAE T R, BB A0 B T 2l o5 AR5, 5 B T s A il
IR BB U - B R R B, 3 — i i 5 (I
B e - M BT ) KRN 55 - - - BB D) T 3
e, L va K WIE = TC T, 2 A E i T I AR ) AR
AR G IO, WA S IRER R ILAE
it IUBE RN T, ISR i B AN A LN 77
AT FILAF, 40 404 2 (interleukin, 11)-6
BRES, S5 NUEAERT A a1 6E S5
&5, NI IR “ Al " (O S R S e e 5 D 2= kg Sk
IR, A 1E b 1 A% S 454 , LRI 5 3R B
i 249 LR AR B T T RE M e e 1 s 7R 4
B 5 A= W 00 R DY B 2 ) D RERRER | AT — 2R
T RE AR 2 AT eS| A % T R R P,

25 LR, DU B S AN T
J B = E S A UL AT REOCIR  TEAE AW 15
Gy F F A5 5l B S AR R R RS T
EPUE, X —3e SEE =R ERLG 2 KOA 1Y
YRS S PIABE 1 ES AL
1.2 KOA A ELR R ERE

KOA H IR AL IE R B B il
PR BT Z I L =R, G o DG 3 - e ) e
BN ZIE - R IO AN R R R
WIERSRZEZ, "I R JGHSR , B = FE B
SSHEN, ML s LN 2= 45 . AR 5 XTE R A
22 PG HEIFIARSE A ORI )7 - B =+ ) g
“REERIEE 72X TE & 2w, K.
AN 044 F A PR R AL 38R T IEAAR 2
R ANABIRE 2646 A 2R RN BRAR i, IR IR Z R
WANRARG , I BB R EE i R 0 ) 2 A
R

BACEE 2 N2 e 78 KOA 1Y &m bl A=
WAk TINS5 SRR = YaEkia oy 8 Ul 1N = SIS T
L B PR AL S LR SR Ry sh A Tr ,
LA B S WL ZESE K58 T S



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 2171

MEETT, R B PI IRAS | S I 38 3 e A
PK1/@— 3% PR E 138 175 S R A B R oA e 4
AN (extracellular matrix, ECM)FA# , R 11—
8 IL-15 SFAAE A1 B TORs i — 2D WO T FEE A
B A, LR 2240 P RE 0 LN AR 7 20 20 2
HIl 55 LGS P RE , JE B U — B 40— S e 7 T
PRI R b RO Sk LA ZE 4 T ) R A T AR s
FHVINETRIE S KOA g 1 IR EESE i e
AR AT B R ) e B TR ROy S
e OG5 Y T R A, fiE i KOA i & A, AR
-t E T, W Fas A KR, I RE S il B ZH 2
WA ARA , 51 & 55 B BRI, ML £ 1 TR
gh by AL, HE 22 PGB B 4 Y i 22 B (Lipop-
olysaccharide, LPS)ill i #{{iE Toll FE3Z{A 4(toll like
receptor 4, TLR4)/#% X+ -«B (nuclear factor—kB,
NF-«B) il i, 51 1L-18 I IR 5L F —a (tumor
necrosis factor—o, TNF-a) 8¢ 98 5E K 7 B R, in ik
KOA EJRIS20 gl S e — AR Ss | SRR BT
) i A R TR 2 TR AT S 3 L RIS SR 16 B 4
JBE 1 13 (matrix metalloproteinase—13, MMP—-13)
SR R RAHCRAE N3R35 P INE S T B E
IS AR M-l TE KOA i h i SC B
FHE2A BRI Z AN ) N ER KCE 19286 5 KOA
19 A i JR B VAR G, VRS 3R i 5 A RS2 A
o B A5E  TELERHE 5 CE TR T R E ™,
WS 2K RS, RANKL %35 F i, 50 8 40 i
FTWEIE R T «B ZAKEALE T (receptor activa-
tor of nuclear factor—xB, RANK)Z5E4 , 75 S B 40
534k 5 i Ak s R RE B R
HIRGABIR  H B R CE N A A e s |
— IR DS 72 IR AR 5 LRI, eV 3R ik
Z ISR AMTE 1 182> OPG 1A A, O PG/
RANKL HABREAR , 225 Il s 5 88 iz )
) R A

25 1 KOA BYAS BT “ IR R — A= 9 7 7 2R AR
PE- SRR EE L 1 2 )2 R GR E , Hh BE 4
b A B R R B BN R T R
B85, = E L SO A R AR AR 4R L
MDSCs HJGENIE . OPG/RANKL 15558 718 14 #f
EAL MR Bz F 2 N R FEEN, R4 25
KOA &4,

1.3 ETAAHEEIRH KOA IGKRFA R

FF BRI, KOA B I R IR I 1 38 496 P 14
JUERR AMA B SR, AR I8 = S A R e
SRR A SEI PR 5 IE T R A PSS
G o FERETHU, R E F oAb 25 AP E KR
OPG/RANKL V-1l {45 “ gy — &5 % s S0 0 o AR
T T B L A IE 2, A g HUi " sl
AT, SR, AL £R Bk w] o R OPG/
RANK/RANKL {55 518 % LS 5B — 105 40 i 5%
P | B E O EE2 H JET BHE B B B R M
TRYT AT R AE KOA B IR IR BA 0% il
PIRMRRE , 8 G 1TG s UIRe , I BEAR 20 3=
ik, EES 3B A TE KOA YAYT 48 S (1)
AN I A BT KOA RECET#cEBE, =7t
IR E TR D A A kY A VAR U EE Al
Ji2 R I B i ot R R o g O e A T R i
IR B AR U A AR A B A R Tk e
T H 1L-6 TNF-a 55 98 5E R 7K, itk — 25l 5%
BB, Z 7 T BE T A4 B 3R AR ] NF-B
S5 JRAE (7 538 B SR B R TR P X T g R R
FEVE R 2 19, fF 5834 7 | FL A 2 pEaE L
BT AN H] 1L-6 TNF-« (9335, A RAR
AR A0S 17 A D A P AL
AIUREE , AT R ARR 2001 A o 1 TR Lequesne P47, N
BT I AR ) T IR A,

2 NG BEERERZIML—""BRIER"S
HEZS

2.1 “RRERSHENTRMNMESTREE

“PELIE" 5 {464 KOA B ia h LA iR
P T INERG SRS A B i SR 5 R )
PEYIZRI SR OC AR P, UGS Trp g AR ™,
SR R DU S AR IE gl s IR R REA kA
P SRAEA B, e B 2B Ris 3T b R
BAE O, BRI IR A&, shEAHEL, LUE =
R EBEEE AT B0, st x5k 26
% oy THAR AN RS R 5T A iU |
T B 1 S s s D RESE 5 T B AR I, 1%
Dk aIAED KOA iz sl A h— Il 47 LA R 5
(AWE s

RAE DTS, PREEG X KOA BA



2172 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

B BB VE (B H R KOA 83518 3R A7 Y ik
PSR, I RE R DPTR G 1581 1 | O
HARMIA T AR BMRES , &) S BN 2248 5 T (B
MMM 16 R, bt A T U
LS, B/ \B LB S INA A ARG
T IIRESIE, @4 14 & o e S Rba 3 Ak
(DA IEEESEE) P e S VY E STiFuE A LN AT
REPEN P A=) Jr 22 b, 2HIE R IR 28 SE 2%
W2 4, () st S 005 SR R R, S B PN 3 e
I SMEHE B RGeS A
RS EFE
22 “REERSHEEXPEREEDR

SRR B By a6 SR AL, B
T H RS S I Al R ] KOA B, Hih 26
— Rl 7 A 5 PR S SRR XL, AR EL
Ho sl hr S BT AR A LR 5 B BA 22 A A e P
fifts 25 ZSXLABARR LRI T R BESS & XUE SMIE Sk I
Jr , TR 20 e AR b I et il 5 AR e T, M REE IR
LR B MR B 28 A3 5 5% = =A% 0 Sl g ) B 4R
HFEF T, E 5 RO v Y 90° ZE U A 56k
TEIBATE SRS T R A BRZ, FE IR Sk AL
A0 5 T oS 2 5 265 DU SR S B 1 4
PRBk S EERE I, 15 A5 AR LS I Sk LA 0
M5 3, e e e ] 3 2 s A T LA B I s A
LEE N0/ Rl e 11 YR S el S e Sy o
H A SR, B E T EZE UL/ NER O L
2 S PSR AL ; S /S UL B 2D i B 25 5 e 4 b
SR e AT ks S, EE R UGB N L5 1
LA P RIS , DA B , A R h 2 S AT
o BEIDERNE -0 = — T 5,
TEBAS F B A BT i T B E AR

A PRA BRI B i 2R 6 A sh i 1370
SIFEAMELL S8 T 2h 2 BRI KOA s, I 24—
A I [ IR BRAR B 22 R ) 08 P4 | TE 5 HE R
L, AR PR, A BE R R L [l 5 5 — 00U
JE A SN IRE PAASL 245 5 KU JGE B JA R , 146 2l e 56 15 -
SR 5 5 = AR O 5 X 0 Ji A g e
SERURBRITUR | S BRI 22 47, 315 2 FH A 22
13 5 S U O N BRI X LA 51, 25 5 EERR IR, [A)
AR L BT R R B2 A, 995 1 18 OHL 5 2 s
T R SRR OGSO EE AT LA, fie 22 <

L IG5 55 7S 2 F /D BRI AL
il SRl R e IR MO N2 8 B
FEM RN BEE ARG, BB ZERIEIY EAH
B AR, A FOR AT S B A - 38 2% -
JUE” (e B ) T

R e H R B izl 6 MRS RN S 1E
PR, FEE T A KOA B3 & KOA R
o S — AR EMY T 78 R AR A5 A TR
TR SEROCHT e 15 3, B 7E3 5 B LA R R
HOMAIURE LTS, s DG R o 5 56 —=Ga s Moy
RO R A R T HE R | X 1 1 20 e LS
WEANENUEE, B 2 = PR 28 = SR A EM
T o 58 e A — e A o 485 1 55 R S A | B A
5 URE , g R IR A2k A i X TR MO R
135N S8 R BRZE 5|, A B Sk LA R T
LTI 8531915 SR E DA WA Y % s v d o U Vi ) 3
AT KT IIE B B I A R, 536 e FE 61 i
S S MM ; 55 7S 0 o A EMY RIS & T &
FEFTE AL, [R5 42 T e 00 e 348 s A O 42 3
e T B NVELEAE R A N ENRICENL ) O
TSN S 2 IIRE ,  KOA HE A2 2 3n fib
PR AR

gi L “PELIRNE 5 i 2 shVE T 5 % [l 4%
WU B L, B FEat R Gk T 1R G 19 3
BIEVA 3 ARSI RIS BT — > DA 57 3 38
I 2 o R TR Wl E R N 1 T o
E RN N IASEN N
23 “BRER SHIANDEELESERE

“PELHLE 2 i A VR E B " 5 < LR
AR, 7E KOA Biif B 2280 5 7
PR3, HAB O FE Tl i TG - bl P[] | 35 %
JUE R T RE5 515 12 L] 819 R T DL IR 48 B
e Gy i e sr AR 7S 2 AR R IO 2 RS
1], 53500 B A LA LA

tEr G iz, IOt g
Gioh M4 S WG RS, B D R 140° K
TR 20°245 & FEFME B 5 iz sh 0, T 57
R BRI L2, B ALK AU FE SN, Wil 4 S
B, A B TGt et EAS 05 S 80 i ik
2etl IRIIFTE R B, PEEZ SN BEAE 52 B L AN
JBEAMIAIL, T P A A0 JIL-5 13 &0 AL %) P A L 3] 2 33



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 2173

Bl KOA S5 R BAIRAS T, X P ER 4 LA Y
PR R 11, 25 T R UURE 53 A0 el At vl g
SEOCTT I FEEEB 1 BT A R B RO S PR
ARk FETTG | 2 T PR RN sl Az BRE1 3 2o HBf
ZEE, PO N A AL JBE 5100 L B ] iz 4 1) L
1), BEAR A BOCTT F J7 o e Ah ik v i P s fif
R (T il 90° B 52 R |3 s INSEIL),
REUZIGTR ~y 18 Bl pP 2 Te 24t ik, AT 4R THIE G 3
BREE, FRUl S5 R R I RS EAR
Ko hzerh o o BT BT AE 51 (56 1
Hi1 24 45° BT 8 2 100) A L FHE L K BH
25, 45 A BENE P (6~8 Y /min ) P8 35 9L B AL, 1A
PR JRACHIOS 8 Ak i Diges>=, IR —20
7 T HAEFABUR, PR e (R TSR 5 s, TlK 3
s) FIKAE Wolff & F A =4, @it $2 7+ OPG/
RANKL HCAE , A3 S50 45 M 0 M=, [ B i & F
A 1) JEE T P 1 B 0 0 e R ke 3l , ek -
AR I TE LPS ZK-F, M 4 ] TLR4/NF-B i
PEA T 00 BB SEAE , BELIT L K — R 5L — 0 AE "
PEPEIRSS | FERN S 2, 55 ORI EMO7
KK HIIEIZ 8 (B8 10 s), R4 B T AL
FE 531 LB S A A BE T R 3% | s Rl 507 =58
b7 A SR B ) 7 T R T 2 A, B
OB R AR H MMP-13 3k, ik B80S T8
TR, I A (FM A 30°~45°) Bl T
Je22 7 , M TE iy H R LR A -0l

3 AL R TR - - A  =AA—R F |
B, 7RI T, 8 i P EE I Sl LB E R 1
B BHLE 5 R O IR E SR M AR
Ty T A IE TR o AL AL, 38 RO T 2
TG, B TLR4/NF -kB 18 #6415 B 48 5 N 17K
-, IR I T AT AR PR RS BORS |, is ok
WA DI RE ; 76 AT 38 AR R
TR RN R A RIS 538 KT, B2 R
VLN , SMA A B R G MR BT,

3 HiE

ARSCEET AU B HIS , RGBT KOA“fii5t—
RIZE -1 557 1 i B HL I IR, O 45 & B AE Y )
2 AR RE 2 5 LA BHIETE |, Q1 e B S DL
I S 4 R MNIE B T IR, 8 i A

“WERR T AR - Ty Z 2 A IRALAESE Bt ar =X
A SRR AR IR D7 58, I TE - =11
— A B A BREHAE IR L) P4, OPG/RANKL
{5 %5 38 4% | TLR4/NF-«B R AE S v K By - 55 il
T RESSJ7 T B Z 8 SR HLH] . AFRAGEIE T
ZIIEAE KOA Biif b i Z 4 e, o h Rz 3h
ST AE AR TP PR AL T AR 5 S B
7, RIS Ry % 2 AT S TR AT P O B 1
BETRIATRY R PR R SS Sff T

SR, H B RAAAAENLR B TE ARG ERA I IR
PEUEBS AR 3 AN 5853 SRR AL IR R B SRRy
PR, AdeNiE— 525 BB sh B 12 b 2 42
ARG Y550, A R Dk A L G 5 pp
25 A 5 VAT T g ELAE 5 T R bl CRAEAC B
BUXT GRS | 57 ST A W) 14 S80S R WS 25
JR AR A 2R 5 TRAKAT 1S0/TC249 251 & 1
T EBRELEAL, 45 G T i A i R
FOARARETE R FRE et RIS | AR 2 AR 24 5 03
Az BRIV  URAR TR S DR R LB 5T, AT
AR e N R ¥ S (TR R 2 L S R L
4 KOA BBz,

S 3k

[1] RER, PREWE. B XKW RPIF OIS REE] PRI,
2025, 16(1): 5-12.

[2] SHARMA L. Osteoarthritis of the knee[]]. New England Journal of
Medicine, 2021, 384(1): 51-59.

[3] WPAEREZ 2. AT R I RS 52T 1R RS (2023 4R RR)(J].
rPEIEE, 2023, 35(6): 1-10.

[4] BHALA N, EMBERSON J, MERHI A, et al. Vascular and up-
per gastrointestinal effects of non-steroidal anti-inflammatory drugs:
Meta —analyses of individual participant data from randomised
trials[J]. Lancet, 2013, 382(9894): 769-779.

[5]1 ZHU Q G, ZHOU X, ZHANG S P, et al. Joint angles and joint
moments of the lower limbs in four typical Tai Chi movements:
Consideration for management of knee osteoarthritis[J]. Research
in Sports Medicine, 2021, 29(6): 586-592.

[6] SCALA P, REHAK L, GIUDICE V, et al. Stem cell and macrophage
roles in skeletal muscle regenerative medicine[J]. International
Journal of Molecular Sciences, 2021, 22(19): 10867.

(7] A0, XM, 2 B, % @ a e, e
BRGA A SR 24, 2023, 16(6): 632-638.

[8] KIRK B, LOMBARDI G, DUQUE G. Bone and muscle crosstalk

in ageing and disease[J]. Nature Reviews Endocrinology, 2025,



2174

TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn

2025 455 45 4%

21(6): 375-390.

(9] BREFE, B %, RAEEW, & WO E T EIS T B W Ot
EHNEIEETII]. PEEIER, 2020, 32(8): 52-56.

[10] EHE, Moy Wi “FHihZ 70 fES R ES, 2022,
13(11): 33-35.

[11] %% R, BREESE, MO, &5 PSR i NI E " IRYTY
W T R AT WIRE T4, 2021, 10(4): 25-27.

[12] s&Tehl, SBINE, 2= 0, 45 SEFIREE A i s 5 H
S AR T RBA T RN, TR EE 2R, 2021, 20
(1): 27-31.

[13] £ 3%, B, e, % i 40 % UL E AR R

KA R4 HROUIR ). PAEE 5 e MR AR, 2019,

12(7): 528-532.

JA b, ak M BB, A TIT RIS R R

HALR L 5 AU AE Y 1247 R RS T]. Jb et h BE 2R

224, 2018, 41(8): 675-680.

MOHAJER B, DOLATSHAHI M, MORADI K, et al. Role of thigh

[14

=

[15

—_

muscle changes in knee osteoarthritis outcomes: Osteoarthritis
initiative data[J]. Radiology, 2022, 305(1): 169-178.
[16

—

LEE D K, KIM H S, KO K R, et al. Why muscle strengthen-
ing exercises should target the quadriceps and gluteus Max-
imus in patients with knee osteoarthritis?: Effects of knee pain
on muscle volume and fatty degeneration based on Al-assisted
cross —sectional analysis[J]. Journal of Orthopaedic Translation,

2025, 53: 221-230.

[17] B30k, MEHA, =B, . W mE R e e &b
SRR, PR SRR, 2021, 33(3): 369-372, dt 3.

[18] LIN Z, YE W, ZU X P, et al. Integrative metabolic and mi-
crobial profiling on patients with Spleen—Yang-deficiency syn-
dromel[]J]. Scientific Reports, 2018, 8: 6619.

[19] JIANG T, LIU K, LI J T, et al. Gut—joint axis in knee syn-
ovitis: Gut fungal dysbiosis and altered fungi—bacteria correla-
tion network identified in a community-based study[J]. RMD
Open, 2023, 9(4): €003529.

[20] CHISARI E, WOUTHUYZEN-BAKKER M, FRIEDRICH A W,
et al. The relation between the gut microbiome and osteoarthri-
tis: A systematic review of literature[J]. PLoS One, 2021, 16(12):
€0261353.

[21] XIONG L, DIWAKARLA S, CHATZIS R, et al. Acute exposure
to high—fat diet impairs ILC3 functions and gut homeostasis[J].
Immunity, 2025, 58(5): 1185-1200.€8.

[22] HUANG Z Y, CHEN J, LI B L, et al. Faecal microbiota
transplantation from metabolically compromised human donors
accelerates osteoarthritis in micelJ]. Annals of the Rheumatic Dis-
eases, 2020, 79(5): 646-656.

[23] YOU Y H, XIANG T W, YANG C, et al. Interactions between

the gut microbiota and immune cell dynamics: Novel insights

into the gut—bone axis[J]. Gut Microbes, 2025, 17(1): 2545417.

[24] ZHAO C, KONG K Y, LIU P C, et al. Regulating obesity—in-
duced osteoarthritis by targeting pS3-FOXO03, osteoclast ferrop-
tosis, and mesenchymal stem cell adipogenesis[J]. Nature Com-
munications, 2025, 16: 4532,

[25] PENG X Y, QIAO Z G, WANG Y, et al. Estrogen reverses
nicotine—induced inflammation in chondrocytes via reducing the
degradation of ECM[J]. International Journal of Rheumatic Dis-
eases, 2019, 22(4): 666-676.

[26] GILMER G, IIJIMA H, HETTINGER Z R, et al. Menopause—
induced 17B —estradiol and progesterone loss increases senes-
cence markers, matrix disassembly and degeneration in mouse
cartilage[J]. Nature Aging, 2025, 5(1): 65-86.

[27] Z2RIR, SR3CEE, REF, 5. A4S kiR A O R
YIRS PR AT BT AR PR F ARG MERR ZE ). P 4
BHEE:, 2022, 25(29): 3652-3657.

(28] B4 Fe, BHoT, BIMENS. JE A MR BB RAAE P S 24 B A SR
S5 P E P EZEBAGE, 2018, 25(1): 5-9.

[29] AR, VEMER, TETTH, GF. JRAME BBARE TP E R R
%7 #E 5 RANK/RANKL/OPG {5 S A A S HE[T]. P 4e4g Bt
BRI EhpmiZes, 2018, 11(3): 305-309.

[30] EBEH. o 1 B s B AP B 56T S R R R M
(). KHZG2E, 2024, 36(5): 59-62.

[31] JH 25, BRATHL. FNEIE i 5 % B 58T R K BURS T H R iy
PR VEFIBFSE(T]. BE25RITY, 2024(36): 1-4, 9.

[32] £ W, Ak, Rk, S A E RO R R R
SRR R AR R S R[] T M BR 2R 2244, 2020, 37
(10): 1978-1983.

[33] ThBRA:, MM, RAK, . AR AN E 25 TR R 56
A5 SN BRARCE AN AR TR [ g R A T AR e B VR T AL BT ST
rREEIEH, 2025, 37(1): 30-37.

[34] XW/NE, B, Bkade, S ANETE DT PR NF-kB {55
BEXT R ST 4/ IN B AR B AR PR T sl ). P
22, 2024, 22(7): 1725-1731.

[35] ZEvkid, Wils, b 4R, . AW REE A M A EFIRYT
JRTE IR M 27 S MG R ZR [T, T 0 o B 2 R 24
2020, 37(7): 1316-1320.

[36] TakZE, 2R, B S MOE -4 MENIATT R O R
B 45 2 BRAARL ] M LB IAIEL]. ) M P BE 2 R AR, 2023,
40(3): 713-720.

[37] Z= 71, Sk, I B, S R EREE I NF-«B J# K
A% IL-18 V55 WECE A LB A5 0], P EE G, 2022, 35(7):
661-668.

[38] HEMESC, W 4kse, BRIEME, % BT LMEISHITE IR AR
R X IR P DY SR B A ML T R[] e R, 2024,
39(9): 1760-1763.

[39] GUO G X, WANG Y H, XU X R, et al. Effectiveness of Yijin-
jing exercise in the treatment of early-stage knee osteoarthritis:

A randomized controlled trial protocol[J]. BMJ Open, 2024, 14



2025 455 45 %

TR B 25 K222 4L hitp://hnzyydxxb.hnuem.edu.cn 2175

(3): e074508.

[40] LI Z R, ZHUANG J, ZHANG S W, et al. Therapeutic effects
of traditional Chinese exercises on musculoskeletal pain: A sys-
tematic review and meta—analysis[J]. Pain Research and Man-
agement, 2021, 2021(1): 5584997.

[41

—

ZHANG S P, GUO G X, LI X, et al. The effectiveness of tradi-
tional Chinese yijinjing Qigong exercise for the patients with
knee osteoarthritis on the pain, dysfunction, and mood disorder:
A pilot randomized controlled trial[J]. Frontiers in Medicine,
2021, 8: 792436.

[42

—

LI R J, CHEN H W, FENG J H, et al. Effectiveness of tradi-
tional Chinese exercise for symptoms of knee osteoarthritis: A
systematic review and meta—analysis of randomized controlled
trials[J]. International Journal of Environmental Research and
Public Health, 2020, 17(21): 7873.
PR, F. VIR DB R B ST S S PR 5 ().
R EE S F MR R, 2022, 36(12): 1549-1557.
[44] £ 4, BHEE. GWSESRONIRE: T A=
AT AEUERL A [Cl/ I B2 R 2 88 LM S SRR K
o REFELCBEWT REBE - —mEARFE SR, I
3T, 2023: 227-230.
[45] EFIE, 50, MERE. WERAWMA RSN S P ERZR
BRA]. LT RE2ER, 2017, 19(8): 119-121.
WOVRY, BRANEE, EliE, S SRR A B 1 T B
TR T EREE BE2RRAE, 2024, 39(3): 369-374.
ZAEleall, W, RN, . FREshis sk A Sk
GRS 28 SOV @ AR B IR DI B EE K aa 3
BERYRZIRT]. IRPRIRIZIRA, 2022, 35(2): 77-81.
(48] = M5, 2 &, ERW, . ITHEIRE S ShiIl xR 3
AR A S B F M) B AR, 2023, 33(6): 542-
548.

[43

—

[46

—

[47

—

[49] CHEON S, LEE J H, JUN H P, et al. Acute effects of open
kinetic chain exercise versus those of closed kinetic chain ex-

ercise on quadriceps muscle thickness in healthy adults[J]. In-

ternational Journal of Environmental Research and Public
Health, 2020, 17(13): 4669.

[50] XIAO C M, ZHUANG Y C, KANG Y. Effects of Wu Qin xi
Qigong exercise on physical functioning in elderly people with
knee osteoarthritis: A randomized controlled trial[J]. Geriatrics &
Gerontology International, 2020, 20(10): 899-903.

[51] @z, F ml, B 9B, A BT R T RIS
()] HhARE 5TAMRRR, 2019, 12(12): 1014-1019.

[52] 2% ¥, YRS, 25, S5 FERME ORI U IR 2 R N
BT[], JEEC R EEZY, 2023, 42(2): 204-207.

[53] Bf &, REE, o W OB ST REMIHHER TS
JE[). REEER, 2022, 34(11): 62-64, 68.

[54] AdieE, & M, sRER, . BRI S HEEY
BRI TE] ] P EHS TS, 2019, 23(34): 5544-5549.

[55] TEICHTAHL A J, WLUKA A E, WIJETHILAKE P, et al.
Wolff’s law in action: A mechanism for early knee osteoarthri-
tis[J]. Arthritis Research & Therapy, 2015, 17(1): 207.

[56] WANG H R, LIU Z F, YU T Y, et al. The effect of Tuina on
ulcerative colitis model mice analyzed by gut microbiota and
proteomics|[J]. Frontiers in Microbiology, 2022, 13: 976239.

[57] AGIRMAN G, YU K B, HSIAO E Y. Signaling inflammation
across the gut-brain axis[J]. Science, 2021, 374(6571): 1087-
1092.

[58] LI H T, WANG W, WANG J. Mechanical signal transduction:
A key role of fluid shear forces in the development of os-
teoarthritigJ]. Journal of Inflammation Research, 2024, 17: 10199-
10207.

[59] DAMERAU A, NGUYEN D H D, LUBAHN C, et al. Microphysi-
ological system—generated physiological shear forces reduce TNF -
o —mediated cartilage damage in a 3D model of arthritis[J].
Advanced Science, 2025, 12(7): 2412010.

[60] TLAER, HEAEN, TPOHE, 4. JET L Be Kuey =Y
I ST R T HE R, WAL EE, 2020, 42(8): 1261

1265.
(ALt B OR)



