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Abstract

Objective: To explore the relationship between the clinical severity and motor function of patients
with knee osteoarthritis (KOA) and the degree of medial meniscus extrusion (MME), the thickness
of the suprapatellar cartilage, and the ultrasound structural parameters of the superior medial ge-
nicular nerve (SMGN) and inferior medial genicular nerve (IMGN). Methods: This study included 50
knees from 50 patients who visited the outpatient clinic or were hospitalized at The Affiliated Hos-
pital of Qingdao University due to medial knee pain caused by KOA. The visual analog scale (VAS)
and the pain subscale of the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) were used to assess the degree of knee pain. The stiffness and function subscales of
WOMAC were used to evaluate daily living abilities. The timed up-and-go test (TUG) and the 5-meter
walk test (5SMWT) were employed to assess motor function. During the ultrasound examination,
cartilage thickness, the degree of medial meniscus extrusion, and the echogenicity of the perineural
tissues of the SMGN and IMGN were evaluated. Correlation and regression analyses were performed
to explore their relationships with the clinical severity and motor function of KOA. Results: In KOA
patients, the degree of medial meniscus extrusion and the echogenicity (EI) values of the SMGN and
IMGN were significantly correlated with clinical severity and motor function. Conclusion: Increased
medial meniscus extrusion and higher perineural tissue echogenicity of the SMGN and IMGN in KOA
patients are associated with worsening knee pain, symptoms, and limitations in daily activities. Ul-
trasound, as a simple, portable, and cost-effective examination method, can be used to evaluate the
relationship between changes in periarticular knee structures and the clinical severity and motor
function of KOA.
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1. 5]

B T R (KOA) A& — P AR i R B IR AT M OG5, L 32 BRE i O 3 BUR A A DG Th R P,
PEE R H AT AR SIRE 1. IEGIE, A2ER 65 % DL A KOA B Eik 20%~30%, H 2otk &
RGBT BN 37.4%, BYE8.7%)[1]. T 60 & LI i AEE KOA BRIk 35.8%[1], HH4E
BIBEST P2 8600 76, H A RIEAR (U5 1 R RE) R A 42% [2]. NIRRT, BT 70%0)
RIVAERTTAMZ R[2], FMIEN KOA EZMBERFFR[1], MHEE AT DLSEk R E SRR,
1M 3% B 4 T KOA BT 3CHEB 1850 123670, RIMERZ ST EH AR, RIGUIZ 15% B FH KR AS
BRG], R T ZBWRISIT AT & 3P 4].
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TCRRNENPENR Foz Bhbag, T — L R e R IR ) B R A T B T RESZ IR [S], X R X Z8°F 5w LA
PENVEAL KOA IR™ HALE iz Zh hRe M aT SEFa bR . DRI SR REE A 1 200 s e 28 25 11 PR & Sz 30y
DIRe I B 248 b B B X[ 7] [8].

EFEAE A —FIEE] PR 4 B CAR RBHR, B BAICRE. n 3 M1 451284k,
FIPEF[9], FEXT KOA 11 Ji] BBl 40 45 44 7 (R VP AS o] S CAS BUESE[9] [10], B CIEHT N KOA 21
589751 SEEFR., @ REIEW RN EEE . L ARE IR A B E A S 45
B, X LS5 S EUS T RE S KOA (IR = A2 S22 ThRE T BB UIAH G . F iR P AR & 33k
KA AT AR, 5 KOA HIRE MR VIAHIC[11] [12]0 I AFERAT T A5G 705 ) A 22 BEL i L2 23 43
TH B A FE A B, FEH R AR R P T P AR A SCRC IR G T Y B PR A% O B S [ 13] [14]
B CAB RS A 5 T R X IX AR A B NVRTT R R F[4] [15] [16], {HIGTHHE ] 4 2R 4544
R E E 2SS KOA B In RREIR F iz 3l D e 2 8] (R AH SSHERE Fe AT e /b L o

2. B
2.1. Rnts

ARFFILGIN 50 44 2025 4F 1 A% 2025 £ 6 A2 TH S KM IBEERE, 77632 E XU 22 FRK
INPURGRIER B 2 (1) KOA 2 WibaEl) KOA B . 5 5 RS M B EEb e B it 7 AR, Frfy i
BIES M ANTIIAE T AERE . PSRRI ICTRIB IR T 3 N A VAS P4 > 548, i 1
H W ARESZIRE AT RAHDIGTT « 8 <80 % MR o HEBRAT b LA E 70 KR PR i BRI 51 i 1 4k K
PR R R IR TR L RS PRRRAG f ™ B LR (1 R 2

OISR B N D GEiE 2 BB ANIG R B S . R VAS Il WOMAC [0 I & R Pl OG5 9%
I8, KH WOMAC (B REAI DI AE &R IPAl H & 2EVG R 77, & A E MR L & 5 KB AT R T4l &
HIZB)Y)RE .

22. BEEERAR
e FE R A 38 B AR S AR RGU(VINNO, H ), R PERESIHR Sk (8~12 MHz) 5E BUR £ TAF .

2.2.1. $AWELTEE . SMGN, IMGN FEHLE EI KiNE

R ANEME, BRI 0 0 o AR S TR AE IR S P T Bt R A = B [17] FEiE 75
T, 2 HREIANE AT i AR A (L & Bl S = A TR E5H9[9] [18]. Bl SRRk 1) i o V7% 48 A
WOULES 51, LIS 7] 35 R PR S R N e —— 2 AT T A SOVLEE W THACRT T 1 em ALEO R R BT
I, HSBA ESBKEEATI4] [19] [20]. THEW EMPE A DI EJ77KF, 58 Rla] 7 5 B il e #4E .
PR Sk AT A 5, JORGLE TR A BB, R A E I o K s R oz v BT R A B
BRR J7 A0 RN IR B 1 SRS, FERR R A R T A5 e A O N 0 S AR 1 4 2 TR] P s Ak T A
RN THZ, SIEATEIIKEATI4] [19]. f&Ja, TERRN TRE B D) e) By K, 56 Rnl A om E iAs
W TAE.

5] 75 52 J (echo intensity, EDFIE A H A A 2 H AR R [X (region of interest, ROI)ZHZ{ 4544
J& s SRR SR SR S e R, 1% 2 B nT i P PR AR 3 K P % T 1) S 7 A S BIUAS HE 5
FAIE AR B 5 R 2T 2 Dy = R oy, AR R AR R Iy i e P A R o Bl 7 s L) Rl 46
LA A7 55 3 2H 23 I 2 WA AR [0 75 [ I DX AR ARHAIE o ASHI 72K Imaged BMGARER AR (WA 1.540) 58 1%
R X BLA AN TAE . #RAE R, SR 23008 TR 2) 8 56 Bl EOGER X, RIIE bR A i KR
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255 (DI AERCIE] A, ARFEEAE A B A ARHE A L BT B 70 AT, B2 115345 12 DX SR~ 2oy ] 75 i
JEAE-

22.2. WENE

BFAVEML, BRCTIRFER A, HB AR E TR E LS T E . BER g
TEWE R — R R R R A5, RIS T B 44, EIEH ST, ZCE M E LS 28N
BRBR EATES: H SR [ 5 4

Bl B E R BARM ST 20 e iR RS R S A g e el R 2, AR S AR Tt
T D e T 2, R G % o T 7 2 2 [ (B LR B9 [21] [22] Bt A rh 7 8 7 RS B LE B 3 NS [
BE A EATRI, 0L 3 AT RS 10 E AT YA E NGRS RS IR e 2845 3291 [23].

2.3. KOA BEINEEITEIRFR

2.3.1. &3 TEMIR(Timed Up and Go Test, TUG)

AR — LA VS B E B ENRe ). P ThRe S P AR e M IR IR I . Ty v B Al T
PrREEE R, SARFELERTY, WFBIESTF L. BEZEAENE, DARSEITE 3 KIERE, HHiRE
FFRALTR . IEF B E Y SRS B AL N ERRE R, W3 K, BCPSME, Bl R
BB, VPR S] —ik, MBRZAER LS EATE. PERF . MEARE. IEHBE N TR
[ <10 F0; FERNFRER 2 W T NIENUA R P D e R hG 500 195 3) 52 BRI 82 .

2.3.2. 5 KHATMK (5-Meter Walk Test, SMWT)

ZIR T T Sk AT E DR SL bRk MR I E 5 KEAATER S, $FDErdad
AT B R AT R e R, ICSRATE I (A T H RO AT I (m/s) o 1248 FR AT EDULAAR I SR T15 40
LT3 IR B3 5 32 BRAT 7E D B RS2 o
2.3.3. Mu4ERIIESY (Visual Analogue Scale, VAS)

VAS J&— Bl F P vrl TR, el — 2% B4 Bl 2ok Fom ZOm iR « B My i 7m0 “ 78
ICI” (0 73)F1 “REAR R B S RIZL PR 7 (10 73), BF AR B S 2mBR AL EAmd R E,
M A IR S
2.3.4. ARAKEMEZ R DEFKES X LI (Western Ontario and McMaster Universities

Osteoarthritis Index, WOMAC)

BE PRIy SRS L BRI OGN D e = K07 R VPG IR T g M M Th e, w3t 24 A iH, B8
TEBAE R RAFEAGDIRALE . &R 5 DMIH BRI A 2 DMIH . 5 IRER)
WA 17 ATH . ZE RS B SR BTSSR0, mEOK SRR LA, D EuiE R
IR D RESZARR ™ B, B R RIGIRHE A ST RO & g3k

24. GIHEDWNHE

BTN SPSS27.0 it AT HEAT B SE it b o SRAT IR MEGE TH AR 1 S B BN VSRR
XF T BRREEAT IEAS A AT Z etk g, FF S 1B 0 A HO7 Z 55T E BRI % + bRl (X £s)
IR o K Pearson AR FI T 58 #8752 B0 5 I R ™ B FEANIS B D) RE 2 1] (R AR G o ARFEAH G 7
Praf R, AATEAST, DRAEBFMRRMECE> 03 ASHOVE A E, WG R ARZEE, e
HHAREXR., HLLp<0.05 1ENEREGGI R L.
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3. &%
3.1. BE—RHER

TEHERREE P BGOSR EE SR B3 IS, 35 50 4 KOA BE AN . Hdh 5k 17 4, @it
33 4, “PIFERR(64.79 £9.73)% . 135 BMI (26.45 + 3.05) kg/m?.

3.2. BESH SR ERENSITRERNEXE S

Pearson MM ITEE R E R, BFEPLARKHFEE. IMGN. SMGN JA Bl R F5EEE VAS P
7y WOMAC ZRlEER . WOMAC BT &R, 5 KBk, & ENRBS R EM e B <
0.05). % 1. % 2 Piw.

3.3. KOA BEEBARZEHIEE. IMGN, SMGN BEFERERES VAS. WOMAC,
TUG. SMWT BE345 4

A Pearson MHIC/MTEE AL, FEFSH] 7R MEAI & BMI Al B, DL AR IHAERE . IMGN,
SMGN J& [l 5 i (] 75 9 N A8 B, VAS. WOMAC. TUG. SMWT {4 A B HEAT 2 Mk [ 3 0 b &5
REIR, FEZRNEFIEEE S, XAMEARREREES TUG (B = 0.027; 95%CI, 0.014 % 0.035; p=
0.001)s SMWT (B=0.019; 95%CI, 0.001 % 0.033; p=0.030). VAS i{F4(B=0.006; 95%CI, —0.015 %
0.026; p=0.049). WOMAC ZJi 8RB =0.015; 95%CI, 0.003 % 0.024; p=0.012)F1 WOMAC {&fif
5O EFB=0.013; 95%CI, —0.001 & 0.027; p=0.033)EEH K. 17 SMGN A IMGN J& [l 5 i 1)
(5] 75 580 AE 22 R 2R [l S A 2R ) R R B Gt 2435 L (p > 0.05), $oRH IR, T2 AR HER R 2
SMRRCI R 2R . FEILER 3. K 4.

Table 1. The correlation coefficients between the EI values of SMGN and IMGN, meniscus extrusion, cartilage thickness, and

TUG, SMWT (n = 50)
% 1. KOA #£# SMGN, IMGN B EL {8, ¥BHRREMKEEES TUG. SMWT Z[EHIHEX ZH (n = 50)

TUG SMWT
SMGN EI 0.524" 0.379°
IMGN EI 0.426" 0.343"
WE R 0.251 0.188
MME 0.336" 0.451"

7E: SMGN, BN E#E; IMGN, A TMZE; MME, WM AREH; TUG, &IATEMR; SMWT, 5 K547
Wiks *p <0.05,

Table 2. The correlation coefficients between the EI values of SMGN and IMGN, meniscus extrusion, cartilage thickness, and
VAS, WOMAC (n = 50)
gz 2. B#& SMGN. IMGN B EI{E. #ARKREFMKEEES VAS. WOMAC z [E/fIHE% R (n = 50)

VAS WOMAC ¥4 WOMAC i 5 ohag
SMGN EI 0.476* 0.363* 0.468*
IMGN EI 0.565% 0.469* 0.289*
WHEE 0.124 0.227 0.196
MME 0.291% 0.387* 0.273*

7E: SMGN, BN LMZ; IMGN, BN FMZ4; MME, WIEHARRE; *p<0.05.
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Table 3. The relationship between the echogenicity (EI) of SMGN and IMGN, meniscus extrusion, and the TUG and SMWT
scores (n = 50)

%< 3. SMGN. IMGN [EFERE. FAREES TUG, SMWT S HIX FE(n = 50)

B 95%CI s p-value
A STAT AR
SMGN EI —0.004 [-0.031,0.025] —0.067 0.742
IMGN EI 0.004 [-0.014,0.024] 0.09 0.563
MME 0.027* [0.014,0.035] 0.672 0.001
5 KBTI
SMGN EI 0.003 [-0.013,0.024] 0.147 0.503
IMGN EI —0.002 [-0.021,0.013] —0.054 0.754
MME 0.019* [0.001, 0.033] 0.49 0.030

#E: SMGN, BN EAHZ; IMGN, BN THE; MME, WREARRH: *p<0.05

Table 4. The relationship between the echogenicity (ET) of SMGN and IMGN, meniscus extrusion, and the VAS and WOMAC
scores (n = 50)
F% 4. SMGN. IMGN EIFEZREFARRES VAS. WOMAC 5 HI X FR(n = 50)

B 95%CI I3 p-value
VAS
SMGN EI 0.023 [0.016,0.042] 0.38 0.616
IMGN EI -0.005 [0.018,0.009] -0.031 0.389
MME 0.006* [-0.015,0.026] 0.151 0.049
WOMAC ¥4
SMGN EI 0.008 [0.002,0.018] 0.31 0.49
IMGN EI -0.009 [-0.019, 0.025] 0.281 0.071
MME 0.015% [0.003, 0.024] 0.412 0.012
WOMAC 1R 5 Thke
SMGN EI 0.016 [0.004, 0.026] 0.272 0.08
IMGN EI 0.007 [0.001,0.016] 0.037 0.36
MME 0.013* [-0.001,0.027] 0.399 0.033
i SMGN, W EMZ; IMGN, BN TMEZ; MME, WAL *p <0.05.

4. g

ARFFRIT T KOA B G5 M 2505 R AL RE S ST Re A Se . BT FE 4% SR SR
PO AR 5% AR B2 SMGN. IMGN & |4 41 1 7 3R B 5 ]R3 1 I bR P2 AR R B B Sh b B 528
FAXePE, TR R SRR BLAR M R 5%

AT I 45 I P ARG AR 5 VAS W48 WOMAC &5 4 JHE5h D A 40 4 2 M6
R 10 3 AR TR IH A A A SRR B 26791 PO AR SR S8 AR 2 T 4 S i A
J1. DN T RO R A, IR T R B, SECCIARRE 1] [24]. RN, AW A
b AR JE BB 4R 22 (i SMGN . IMGN)SZ 2z, JETT 51 AR . i — USSR Fu ], 7 R Rl 2]
(T 024 AR 5% 2 T 2 KOA 75 R SRR S FR AR L1810 ACHIT 50 45 SR B A N 3 A 5% AR 2
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RELECE, WE B S s ThEE . X TR H BRI S RO 1 g R, R T R
FUR U, TR T AT S P R Ja12] [25]

AW FIINHT ZATET 5N T SMGN Al IMGN J& BBl 2 21 [ 75 i FE AR N Al abn . 45 R BoR, fEHRE
i SMGN A IMGN f[8] A5 5 VAS. WOMAC ZIR1E . s ThREEr B 1EMH . EIH
T 7 MG A B B 1 B HR DX P R D AN AR AR L ZA ) 73 AT [26] 0 e 2 Jo [ AL 4352 3801 1 8 B AR 4R AL T
SR S g, RS NRIUCAE RIS, B EL{ETF&[27]. SMGN Fl IMGN 72 3¢ F i 5% 5 2 Y [X.
W) F B P42 [13] [14]. BRAEMT T 3R B8 5 AT filt SMGNL IMGN SREMFIKIE[15] [28]. AT
SERLRI, PR I A R B 2H R ) 45 W e 3 T i 5 B 82 B0 AEMUMUBUL, TR IR BRI VAS
YO Th i B B Z BB g . X1 SMGN K IMGN J& Fl 40203 0] 75 5 1T DAVE R PEAE KOA I R ™ H 2
FERGETR R SR, TERIEHTHINER . M5 K BMIAENIEH &5, SMGN Rl IMGN J& I 211
EI {52 T4t B %45 T RS2 IR BMI T2 30 3 389 08 7 O ) S A s s, 3 v e mn [ 1%
(K 2 FEDNAR, T T4 BT (B M2 [26] . X AT BE R R A 20 o L s B X A 45 20 H AR 5 HH 2 45 )
Pifs A B 2 i, Bl O R A 2 T RE I S TEAR KFRFE 52 A AR R AR B A K

AT B A TR I AR ™ AR RS B D RR AR bR AR R I ARG . X — S5 R IR T I
PR L) “SEIR S AR AR A — 80 LR [2]. BEARECE B2 KOA [ E ZUR B M, (Hl F#cE
KEGFRZMAEI, KA EESEURM6], FIMAAETE Z IR T IOE . E T SUB LR A
WA R JE B2 2V A2 1] [29]. DRI, B0 JE0 R e DL 4 T e B AR 3 (R I PR ™ AR B Rz 3 1)

5. RERARE

AR FEAFAE LR R IR © FEA AN N HORYRE R — AR SN T 50 oKk B 51— 0 KOA
B, X ATRERR ) TR AT SE B s A 2] [5]. @ W ABET BRI 7T . AR T AT
PR S SRR A S, BRI R E R, MEAEXREIRIT . @ A5 E S0E TN
IR FIEE R, AR BRI AMI &5 44 J B ok AP S i 4T A T VP4 [30] [31]. FREE: AW FEXT IR PR v 2
B RIS LU — 4R 1 SMGN 1 IMGN J& il 25 25 () [1] 725 58 B 2 75 1] DA A Tl s o 4
AT RUARTT R RAAG 8 bR 16] [32]. FEHXTFHE R B ESE TS, BT il ae
AR 1T 28]

6. &5t

ARWFFIEIS Image] BXPEXTHIEE JE L BT BT 2 =0T, 3898 TR MM . A A e g2 3]
B EHLANAE, RERTE R H BRI A2 A B A [0 7 S SR R O, IR e AR A S
[ HH IEE(TUG. SMWT)S VA . AR BFHT KOA FEI KT 5 i T £ %HF SMGN. INGM J& [ 777 ik
HLP AL
I

ARG B K F M@ BB PR A S HE(H b5 : QYFY WZLL 30978), & 2 & At [l &
1,

&E 3k
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