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Abstract

Objective: To investigate the relationship between the echo intensity (EI) of the quadriceps femoris
(QF) muscle and clinical severity in patients with knee osteoarthritis (KOA). Methods: Fifty-five uni-
lateral KOA patients were recruited, and the EI of the QF muscle was assessed using musculoskeletal
ultrasound, incorporating both the direct measurement of El and the subcutaneous fat-corrected EI.
The Knee Injury and Osteoarthritis Outcome Score (KOOS) was used to evaluate knee joint function
and symptoms, while the 5-times sit-to-stand test (5CST), timed up and go test (TUG), and 5-meter
walk test (SMWT) were employed to assess motor function. Results: The EI of the affected quadri-
ceps femoris in KOA patients was significantly higher than that of the unaffected side (p < 0.05).
Specifically, the vastus medialis (VM) showed a strong correlation with motor function as well as
with KOOS domains covering symptoms, pain, and activities of daily living (ADL). Multiple regres-
sion analysis revealed that the corrected EI of the VM was significantly associated with KOOS symp-
toms [B =-0.157; 95% CI, —0.247 to -0.066; p = 0.001], pain [B = -0.200; 95% CI, -0.349 to -0.051;
p = 0.009], ADL [B = -0.214; 95% CI, -0.327 to —0.100; p < 0.001], 5CST [B = -0.028; 95% CI, 0.012
to 0.044; p = 0.001], and 5MWT [B = 0.013; 95% CI, 0.001 to 0.025; p = 0.032]. Furthermore, the
corrected EI of the rectus intermedius (RI) was significantly associated with KOOS symptoms [B =
-0.122;95% CI, -0.229 to -0.015; p = 0.026] and TUG [B = 0.019; 95% CI, 0.002 to 0.035; p = 0.029].
Similarly, the corrected EI of the rectus femoris (RF) was significantly correlated with the SMWT [B
=0.017; 95% CI, 0.002 to 0.033; p = 0.029]. Conclusion: In patients with knee osteoarthritis (KOA),
increased echo intensity in the quadriceps femoris, particularly within the vastus medialis, is sig-
nificantly associated with knee pain, symptom progression, and impairments in daily functional ac-
tivities.
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1. 53|

JAR I 1 55T 48 (Knee osteoarthritis, KOA) & 5 i LK KT 48, RIGHRIE 75 & UL ANBEPEL
80% [1]-[3]. KOA & —Fh A G BT s, HEEMMARFE R AR IO BEAROSTHG. 1R
KT F1%E[4]. DU Sk L(Quadriceps Femoris, QF) M <15 B (IR IILEE, QF & /12 BUW el K &
Z—, W2 T KOA B8 ThREFR A AURE IR T Ak (1 S B SRR, 5 25 3 o8 5 (1 500 I O 2 N8 B ThRE R B 2
VI R[5] [6].

JULPAT AR J 53 1 i e SOULI 0 R B ) S SR R [ 7] [8] A WP Fe4R IV KL P9 s i i i
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HHEKNAT SN [901% V1A I [8] . bk, miaK-F H LA AR 7 12 i 3 5 T 5 1 e R B 1T R 11
R YIFOC[10] [11]. WUE B & —Fpioka st 1% B R e TR, v LUs I a7 58 52 (Echo intensity,
ENEACHLA P 7 5L EL SR, TR) 3 e UL B 5[ 12] [13], 1EIZH1 A KOA 3 Hi db (1) B P A
TH. AR5 B EE W R KOA S I DU S U 7 M 1 N 5 3L R ™ 2 A2 3 T e
RIMK R, DU KOA B2l PR ™ A2 B A 3 D B R I 0 G R PP Al S g (5 2% 50

2. MREFHE
2.1. BEFMRIR

BT 2023 4 10 H £ 2024 4F 05 H ETE &K I 5 Be A7 55 145 6 5 [ XG0 27 2 AR Bt R K B
il 7E () KOA bt 1) 58 . AW IEIE 7 F B R I B R B R AR BE R R 2 I F A% Al . KOA 27
PR AR 5% [ X 7 2 2 RGP R B 2 1) KOA 2 Wibsifk[14]: @ 3 1 AMH W RE BB
TS @ X (U SLE S EAL) ARG MIBRAR A . RGBT BE M (E) A O
Hl > 48 % @ RME <30 min; © IESINHEEES: SGEEFRKER KL X LHEFRE, W
EREWHRHEID + @, @, @, OF LR 2 2%, BIFTiZHA KOA. IAIRE: © #F& LidiZibs
AR KOA 3 @ MR mMmAEET 3 MAMEMAREH: ® i 1 A NREZBE R R
MIKIGTT; @ BERATAR VAS ¥F9 > 548; & KOA BRI EM, 50, Hesbrie:
@© 7 A FEREZOR (U H AR S L L DR AE): @ HABSRB R RAT R, SRR R @ Bk
FERKATFARE; @ GBS ERE RS, NRERA TS,

22. MIRF*

221 BFEALA EI ME

MR DY S EL B, AR EN A AR b, SRR 58 4 AP AT Se b, WLPORS o B Tl L
AR VLI Ay A T B T S i s v R) o BRI T R AR A BB R A R Ak
FE R R 4 E R 18] BR 55 30% 40 M & i A U ULAH OC 225 [15] . 8T B ALHE 5 BUfR (Midray, H [E) A1
LRV T HR Sk (8~12 MHz) IR ) i 75 MR . G 69 43 DL, 3250k 58 J3 Ulo F TR Bl UL IR J2 52 50y
AW, SEMARRY, BT RGIRER El B 8% 2 7 [16]. B 36 a5 tM2 R R e A B . AR
RSB R . WRIRA LW SRR, BT ARG, R BT 3 2 i) UL A i AN
HpreA Az,

5] 75 5 JiZ (echo intensity, E1)Fi (142 88 P I B8 1S BEE M 0 S ot %6, ml o 75 MR I B M5 5
PRI 55 25 B o T SR Ak o {3 Imaged B2 (A : 1.54F) I & 3OS X I ) EN B o SR O R XI5 (ROI)
210 E, AR TTREZ VL JERET AR ZH 2L, i % A0 8 B I . s UK B 3R 7R 0 (A £0)
1 255 (F ) 2 [ AR, A58 AR A B B PR ek B30 e ~F32) B [17]. B RIER 7R H T Bl BLiGEH SCFT
X [ I = ) 52 M [ 13]

2.2.2. KOA BEThEETEIRHR

KOA ™ HE 4% : © Pt L E 2> (Visual analogue scale, VAS): & — G 2 () 3E il KOA
PEIR ATV 735, TR 0 73 (B Y& 9R) B 10 43 (M DAL 52 IR d ™ B ) 1EAT 1P 4 @ SR T i AN
B 4 25 B> (Knee Injury and Osteoarthritis Outcome Score, KOOS): =B ALHE FLAN 7Tl FE9 (9 Ti),
FER(7 T, HEIEsh(L7 T), BRI R IhAE(S T0) A AH O I A VG i & (4 1) . &:I04°8 100 47,
A%, PR BEBOCT ARG ZE . IZ3NThREVE 2 EHE: © i 7ATE R %8 (Timed Up and Go Test, TUG)
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1B FALLE 45 oK E k7 b, Wr 3R & S RSL IR 3 3 oK, ARG S Bk b, DLETIE 1) FR
ALTR[18]. A AP (0.01 #2)ic 3 58 BN FH I 1] . @ Tk A5G iR 58 (5 chair stand test, 5CST)3Z il &
ATERG T L (BEALE FE 45 JEOK), XU A8 SUBE T (i 32 58 2 AMER B &), MU 5)F R 6
BE AR, RERPAETS, EEHR, NSRS, v OSkE &, FHSREmEE. &
Bea — IR GE A SLHE IR TR . A FP2(0.01 Fb)ic 3w se e A A IEI[19]. ® 5 KB 4T A (5-m
maximal walking test, SMWT)7EFE B2 M1 28(0 >K) 1K) 1. 6 A1 7 K (& Sgk) b BG4 4748, fE523R
H UABRCOR IS S DGR M 2878 1 28 05 28, 1E3E7E 1 KN 6 K2k 2 a7 E IR aI[20], K31 0.01 s.

2.3. G ESRAE

KA SPSS26.0 Fiit AT AT HAE Gt b SRR Gu it B0 5% A N DV GEiHRAE
X RRAT IE A AR T R RS, A B A B 255 i BP0k R 3 + (X £s)
PR, AR O t A5, A ISR Wilcoxon £ 5 #kAui. KM Pearson #HIK 73 # F T-#i5€ QF [nl 7 5
JE 5515 K7™ B R I8 B Th RE S AR B2 (R AAH DG PE . ARAEAHDC AT 4 SR, SR IENE ST, DL A
KME(r>0.3) M VUSLIL EI AR, MR KEshhie AR, MRl edAaRELR. HLlp
<0.05 fERZERHA G 25 L

3. &R
3.1 BE—RIHER

TEFERR T 7 4088 75 USROSl PRECE Bk 1) 52 0% J5 . 55 4 KOA BRI, Hp 12 4, %«
P43 %, “FIFEY(64.53 £8.49)%

3.2. RMIAEM QF B FE5EEE LR

SN ELVL EN (94.28 + 2.55), AL EN (112.48 + 25.22), AL EI (102.20 + 23.73), JEAMIuIAL
El (91.00 + 22.54), {g i EL AL EI (9.84 +26.93), i [AIJL EI (107.10 £ 27.32), ik AL EI (97.96 + 27.02),
JEEAMIL EN (88.67 +32.86), fafil i VU kL& WL EI 283 2/ T &4l (p < 0.05)

33. QF OERESBE IR EEENEX S

Pearson fHCHEM T4 R o, BEIENL. PRV VM 1 BNk S, 5 85 =000 Re KT A
KA, VM [ F5REE 5 5CST (r=0.440). TUG (r = 0.382)F1 SMWT (r = 0.509)3 & 75~ H & 35 [ 1EAH 5%
PE(p $1<0.01). K IEJG 1) ENES BF I3 DIReI R A . ik 1 R,

BE VYKL El 5 83 KOOS SEAR SR H W AR TG Re 1oy IR 2 SO OC, R4 B2 T AR
JE AT [0 P iR B (RS IEJS I RIAH O 38 O 3 (p $4<0.01). W1k 2 fio.

3.4. KOA B QF BEIFREE ST sER =I5 4

R4 Pearson MK/ HTEE IR, DIRIEE I VU SKNLEI A SREE A H AR, B&IE3)IRERE ) M KOOS
PEO> R AR AT R VE RN 00T . 45 R B, VM IR IE S5 1) El 55 5CST (B = 0.028; 95%Cl, 0.012 % 0.044;
p = 0.001). SMWT (B = 0.013; 95%CI, 0.001 % 0.025; p = 0.032). KOOS JiE{Rk(B = —0.157; 95%ClI,
—0.247 £-0.066; p=0.001). FJH(B=-0.200; 95%CI, —0.349 %£-0.051; p=0.009)F1H ¥ L% fE /1(B =
-0.214; 95%Cl, —0.327 22-0.100; p<0.001)&#EAH K. KENKIEER EI 5 5MWT BEHHE, fHiE
WU IEJG ) El 5 KOOS R VE 4 2 A0 5%  ZE B 20 B v, A 5 IAMUIURS IE 5 El S5 ARG AR & .
W 3 MK 4 fios.
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Table 1. Correlation coefficients between El value and corrected El value of quadriceps femoris and CST, TUG, 5SMWT in
patients with KOA (n = 55)
2 1. KOA BERRIULAL El ERAZIE EI 55 CST. TUG. SMWT Z[BIAIHE X F#(n = 55)

5CST TUG 5M
[m] P i
RF 0.228 0.409™ 0.565™
RI 0.188 0.419™ 0.291™
VM 0.440™ 0.382™ 0.509™
VL —-0.167 0.153 0.124
R IE ] 75 g5
RF 0.461™ 0.540™ 0.603™
RI 0.455™ 0.595™ 0.476™
VM 0.612™ 0.487™ 0.594™
VL 0.237 0.423™ 0.384™

vE: El, WIESREE; RF, BREN; RL EHENL; VM, BRI Vo, BSMUML; 5CST, 5 WitAkili; TUG,
EATATAENMR; SMWT, 5 KBA7IK; "p <0.05, ™p <0.01,

Table 2. Correlation coefficients between EI value and corrected El value of quadriceps femoris and KOOS in patients with
KOA (n = 55)
= 2. KOA BHBRIULAL El ERAZIE El 55 KOOS z [BIRIHE X R % (n = 55)

KOOS H#A4#E  KOOS izzlfl

KOOS ik KOOS % 6 ) 5 5 20 KOOS 43 i &
[ 75 58
RF -0.362™ -0.427™ -0.430™ -0.173 -0.107
RI —0.437™ -0.315™ -0.325™ —0.062 0.060
VM —0.601™" —0.578™ —0.674™ -0.213 0.182
VL -0.227 —0.240 -0.339™ -0.030 -0.012
R T[] 75 5 P
RF ~0.486™ -0.476™ -0.602™ -0.260 0.170
RI —0.593™ —0.449™ —0.582™" -0.207 0.152
VM —0.655™ ~0.586™ -0.740™ -0.241 0.201
VL —0.487™" —0.432™ —0.630™ -0.178 0.111

vE: El, [FIEEE; RF, BENL; R BRHENL; VM, BRML VL, BAMINL; KOOS, MEIEHIHifh 55 11 %
SEHESy . "p<0.05, ™p<0.01,
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Table 3. The relationship between quadriceps correction El and CST, TUG, 5SMWT in patients with KOA (n = 55)
7 3. BRIUSLANKRIE El 5 KOA 8 CST. TUG. 5MWT BI% & (n = 55)

B 95%ClI s p-value
5CST
RF-EI & IE —0.004 [-0.026, 0.018] -0.076 0.719
RI-El &R IE 0.004 [-0.015, 0.024] 0.08 0.677
VM-EI ¥ 1E 0.028™ [0.012, 0.044] 0.614 0.001
TUG
RF-EI & IE 0.006 [-0.012, 0.025] 0.146 0.505
RI-El & IE 0.019" [0.002, 0.035] 0.450 0.029
VM-EI ¥ 1E 0.003 [-0.011, 0.017] 0.091 0.631
VL-El ¥ 1E —0.002 [-0.017, 0.012] -0.054 0.756
5MWT
RF-EI % 1E 0.017* [0.002, 0.033] 0.47 0.029
RI-El £ 1E —0.002 [-0.016, 0.012] -0.062 0.746
VM-EI ¥ 1E 0.013" [0.001, 0.025] 0.399 0.032
VL-El ¥ 1E —0.007 [-0.019 ,0.006] —-0.178 0.285

vE: El, [MHAESEE; RF, WEWNL; R, BRI VM, AL Vo, BEAMUML; 5CST, 5 wRAeikit; TUG,
AT EMR; SMWT, 5 KPATMK; "p <0.05, “p<0.01.

Table 4. The relationship between quadriceps correction El and KOOS symptoms, pain, and daily living ability in patients
with KOA (n = 55)
4. RIOKALKIE El 5 KOOS MK, &5, HEEERNIIXFR(n = 55)

B 95%ClI s p-value
HEIR-KOOS
RF-EI & IE 0.092 [-0.026, 0.211] 0.307 0.125
RI-El £ 1E -0.122" [-0.229, —0.015] -0.414 0.026
VM-EI ¥ 1E —0.157" [-0.247, -0.066] —0.592 0.001
VL-El ¥ 1E —0.002 [-0.097, 0.093] —0.007 0.964
FIE-KOOS
RF-EI £ 1E -0.010 [-0.205, 0.186] -0.022 0.921
RI-El £ 1E -0.018 [-0.194, 0.158] -0.041 0.841
VM-EI ¥ 1E —0.200™" [-0.349, —0.051] —-0.520 0.009
VL-El ¥ 1E —0.013 [-0.169, 0.144] —0.029 0.869
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H ' A3 5 /7-KOO0S
RF-EI £ IE 0.017 [-0.131, 0.166] 0.042 0.815
RI-El X 1E -0.018 [-0.152, 0.116] -0.044 0.788
VM-EI £z 1E -0.214"* [-0.327, -0.100] —0.586 0
VL-El % 1E -0.094 [-0.214, 0.025] -0.224 0.119

vE: ElL, [FIFERE; RF, KEN R JEFEING; VM, BRAMIL VL, BRAMUAL; KOOS, KT 58 &3 &
i RVP4r; "p<0.05, “p<0.0L.

4. ¥1ig

FATRIBE T2 R B, SEMAHLE, KOA B3 B0 QF DUBILA R [l 75 5 B2 35 S AIG . Li 258 AR 30,
5 KOA BEMAHLE, B BV IR] P 50 2 2 0 vy, i FLA UL P [ 75 i 52 . 2 72 5 [21] - Taniguchi
SGENWTFORIL, SR AAHEL, KL 09 >2 it 8% VM B sR i B8, KL 732 >3 i #
F e A LI A R R N [22] . XIRRIRA], KOA BE 1A QF WL S g I LR ek as, #as nl iR
X L LA RS (R AR A

QF R EEWFIRAL, (EATERMER, & REM IS S AFF 172 B s, M0 o <1 1 B
R J1[6]. UbAh, QF SHEARNIENFEMEH, fE47E e, 3 i R A e R HA AR [ T Y 1) ) |
A, B PIR AT AR E M. Bk, B VUSKIWIERS G OCTTIZ 8l 4EFRpMR DG AR FYak A 75 TH
EHREIEH . KOA I— A0l BeJE R LA J1 & R REsgm 7 o0 g Ag i1, i s i g e,
BB AT VEARAG 1) By S, X R SGTT A e 7 AR TR [23] . WFFTR ], QF JUEISS S KOA K Kk
N K AR . Britt S NIBId RFLHAMER W R, BV 2R 2 F)5, MBI SIS 2tk
ZHE KOA R G n[24] [25]. HALF AL E R, QF M MR KOA FR, fExtkd, JA
JIRI RS KOA ER Ik e Rl & 2E[26]. HHIERT WL, QF 75 KOA B LA Ko ok J ik i v R 4% 2 2
YER

JeWi SRR ELE, BUWLA AR, o7 IR BCILAI & . LR B P BB AR A — T T v AT 75
AR T, T8I BRSO [F) (0 (RS 5 R TE IR B 1 R g 11 B B8 2 52 i 8 75 U ) A% 9, 0 JEE 1Y)
BT G 197 2 5 508 75 U SR ek, AT S AL PAY 2 B0t TR 9% [ 7 e, sz ol L PAT PN R 7 92 ) 1 7 s 4 BB
N T IR BT RS B Rk AL A [ 7 R P AR BT, Young 25 N ST T BTN B R I T R R AR IE T R, S
BAE T FEJa LR [l 7 i 5 /R H 5 MR FR JUL P AR I 7 2 LG B SR R AR DG PE (R IE AT AR EL AL, r=0.79,
KIEJERENL, r=0.91) [13]. Kk, FAVEH Young 25 N IR IE 7 FEXT B DU SKAIL EN 384T T 43 #7 o

FATHIWT TR I, AT S LA 5T & ) QF [R5 5 5 KOA i3 i)iz 3 D g (a1 5CST. TUG. 5MWT)
B, Rl N El. 53RATHER I —2, — Wik 24 AFER 7RI, QF 1 El 5 5MWT
HK[27]. Karapinar Z AHFFL T 96 4 KOA Lt B3, KIL QF VU4 El 5 B FHIE8)Th g i 3 AH (R
}5 5CST. 20 KD A7 A K TeRERAIR) [28]. Merve Z5 ANWFFCH A B, MEELVL. B AR [a] (LA I P9 AL A
El #8105 KOA B3 1 20 KB AT AR K TERE AR (0] 58 KA 5 [29] . IX BU 45 SR B, QF M [al /5 5 B 7
R KOA 35183 Dhfe )7 T BA EZ IIE IR = L.

UbAh, BATBE TR R, QF MlEl Aok 5 KOA B3 IR PR ™ E A2 B % VA 5% . Taniguchi 25 A f#
I MRI VP4l KOA &35 QF WL I iR, I QF, ¢l VM IR N RE ¥ i 5 KSS (Knee Scoring
System, RICHTVESr RG0) D Re vFor MR V43 2. 3 AH OG[30] . Karapinar 28 NIWFFE R, it KOA &
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HENL VM 5 ML IR 7 5 8 S KOOS H ' AR TG 8 77 S8 sh R R s s 1T 43 24 2 3 41 5K [ 28]
SRTT,  SIRATRFFEAE 2, Chopp S8 NI, I ELULAIEAMIILIE] 75 52 5 KOOS & 73 143 #58
LEMK, XRS5 Z NN KOA BEMEARBDA K. XLERIRME T QF Bl A 5Pl KOA
B AR ™ EREER WIRR S M E .

AT, £E QF FIPYHRLAI A, FHrh VM [Hl 58 1 5 5 KOA B35 35 3 D) e 38 7 K PR ™ i 2
JEE B B 35 s O AR DR, X — IR T e 5 O T VR R IL A ARG DR [3L] o ST VR IR L 4 ) & —
AR 1 5 R I UL O BRGSO IK . JOE SN S R S IR A O . BB R I, K
SUHERICHTY KRG T b BRI 1 B N AN SEEE, REPERET I o BENE T A MHI1EH
[32] [33]o EHT I ZUFD IV BUL NAD T B2 28 B0, IR B K IIN o 1282 70 BA FEAL I 1
FH[34] b5 R K A i 6 B A T, 7R PR BV SR IS LT, S S8 2t 1)
I/ [35] [36], AT AL PR O WS B [31] o AR SGTY PAYONIGEE 5 2 47 A AR A, KR Il e 2
FOL XA I, JOE S B 3 AR T AE L0 B ™ B 1 X3, BRI VM B 22 b e AR DR YR UL 4
XA HER KOA B VM R R 5 B B Fa i I R ™ B B Je 12 3l Ty e St 38 A4 Q4 B (R [13] o AR
FERFE, VM ENZ IS KOA B IR RILZ (M 471 535 etk

5. FERRE

AT WA —LERIRE: © FEAREVD, REER KOA B3 B LM AT 72 AT AL @ ASHt
TR 7T, okt — LUt NN G ZHCS 3 B AR FEIR KA s e I Z AR RR &R O
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