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The Effect of Acupuncture on the Surface Electromyographic Characteristics and
Muscle Properties of Lower Limb Muscle Groups after High Tibial Osteotomy

LIU Yongkou', QIN Lina? LV Taotao’
(1. Department of Traditional Chinese Medicine, Beijing Zhongguancun Hospital, Beijing 100190, China;
2. Rehabilitation Department, Third Affiliated Hospital of Beijing University of Chinese Medicine, Beijing 100029, China)

ABSTRACT: Objective Observation of the effect of acupuncture on the surface electromyographic characteristics and
muscle properties of lower limb muscle groups after high tibial osteotomy (HTO). Methods 80 patients who received
unilateral HTO were randomly divided into a treatment group and a control group. The control group received routine
postoperative rehabilitation, while the treatment group received acupuncture treatment on the fourth day after surgery, with 7
days as one course of treatment. Two consecutive courses of treatment were conducted to compare the electromyographic
signals (integrated electromyographic value, median frequency) and muscle characteristics (oscillation frequency, logarithmic
attenuation of amplitude, dynamic hardness) of each tested muscle before and after treatment in the two groups. Results
Before treatment, there were no significant differences (P >0.05) in the integrated electromyographic values, median
frequency, oscillation frequency, logarithmic attenuation of amplitude, and dynamic hardness between the two groups of
tested muscles. After treatment, the integrated electromyographic values and median frequencies of each tested muscle in
the treatment group were higher than those in the control group (P<0.05), while the oscillation frequency, logarithmic
attenuation of amplitude, and dynamic hardness were lower than those in the control group (P<0.05). Conclusion Acupuncture
can relieve the internal pressure of lower limb muscle groups, regulate muscle elasticity and hardness, improve muscle
recruitment and exercise—induced fatigue, thereby exerting the effect of "soft muscle pain relief". This may be the effective
pathway for acupuncture therapy to promote knee joint rehabilitation after HTO surgery.
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B &5 & (knee osteoarthritis, KOA ) 32 2 ) llfs
PRI N I 19 e ik R S sl AN R Bk
ARG N R AR BT T T E R, g
e L A FRTAYT AR 2 KOA A3 el
TR Z —, B R N2, B IR G 1)
Belrreg xof o, AT 2 A B0 0K ) VRTRE IR B DR O G
KA T MR E RS E PR, TR LA L
ik K B0 A B K R T T R YE G, HTO i 5
TR ) ) R A, SR TR IR RS E TR A
TR, S BOR G LBUE T B AR IR,
DA 5 BRESE AY E A T i R ™ AR 77
FAEST T HTO A5 5671 o] FAR AL BUAE T o 8 5ok
ARZS WU R A A T AR AE Ak, 33X mT B2 5 e i
i IR DG T Bl 32 BR K T T B A O RIE 1 G B
PR M IACHIETE R B, B ) 2 T ol B R R Js
SRR ER , A R A3 JSORY 322 , 15 8 5G9 3% 3 2, AT i
PEREOCTINRERE S o BE T L b Al AR50 R HI 3R T
MU E (surface electromyography,sEMG) FI Myoton
PRO LA PEAG 5 4%, 38 2o FF 5 — 0 I DR 18 00 WL 45
RETFETGE T BVURE WU TS Sh AL R 22 1, D
S 3 272800 £ BE TR R BT A2 10 HTO AR5 R
BRI PR 7S
1 ARER
L1 —fFH WG 2023 48 1 % 2024 4 1 H
TACHT R BR 25 25 = I R B R PO 3RS 80
B2 AR 2 KOA Jf-4252 5 HTO HY & . %
IREHALE R0 2 41, 4% 40 ], 2 ZHAFHE |
BMI PG AR i e S B2k DOk 22 S e ge i 8
(P>0.05), ARATF M. BRI 1.

AT N AT HEPEBEHLAT BRI , B R ST LA T
AL SRS TR | L 2T N o T (R
R B B A IFEAT T AR (R B . BZYSY -
2023YJSKTPJ-08 ),

x1 —RELZER

RITA X HE 2 Zly* P1i

k1% 61.23+5.41 62.53£5.62  1.055 0.295
26.51 26.74

BMI/(kg/m?*) 0.511 0.610

(22.94,28.74) (24.41,28.34)

M (B ) 11/29 14/26 0.524 0.469

AR CFE147) 22/18 16/24 1.805 0.179

SRR (AF) 4.94+1.16 5.15+1.49 0.707 0.482

12 FWiick

1.2.1 KOA % #iirE S IEEESSRI AL
THMRREEAL 2018 AR IZWTARAES: (1) 1 M A WRE
PO 5 (2)X 2o T [l BRAS 45 B B il
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B G IR B AR KA, (DT, (2)~(5) 5 PP AT
B2 SREITi2

1.2.2 HTO #E fifE  SHRIC BT R2EE A AL A 14
R R LR AT BT AR 22 ) HTO 3@ BEAED: (1)KOA 5]
TR AT RE B A%, PR SFIRIT AN MR, X H
AR A TG R 5 (2) R S0 R X R UL R AE S
BRI P[] =, A AE — 2 1 N RHIREE 5 (3O AR AR
HRENS A FHPIAL K BhAT RS, LA SR B 5 G 19 0% 2h i ik
2 58 B Yk bR

1.3 ZAnirkE (1) fF4 ik KOA 2 Wibnif K
HTO FAERAE ; (2)FA Hh 7] — 4 = 4E % B R i
SERL, K FARR A B FIAR S (3) B E B B k432
M HTO 697 5 (4) AR5 25 BHA BAVTEAR | 53 A ik
AR H OGS | R 55 ™ F I R E ; (5) AR5 Reg 2
TTH8 5 28U, O A AH N R A2 IR YT T REHR M 5 (6) A%
50~70 % ;(7) HIBZE SR Z 4.

1.4 Herkarof  (1)ARMESCHT R B kA7 7 461495 5%
TR 5 (2) AR T il 55 A 28 845 5% i O T T RE R A
) FEAT ™ FE G o0 il 55 B 2 IR 8 550 5 (4) 7746 Bl
WAMI L (5) AR B IR BB IRYT

2 BITAHES
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JHEIBE & FT A 1 MO AL, C BB AL T i e A 4R 2
J& , THRHSE Y 28 B IR B 5 ZZ R P .
FIREIMUERE 1 em AT, FE BB 26, 17118
B, BT SR RS IT W RS AR S
BMP2 =8, e dh i X G, C S T
S e s i V) 26 5 HE- OVl A 91°, T4k IE 1l
UL 1), 18 B 30 ity i P A0S i 5 T B R 3
SR A (T AR 1 MO, FRES T O i, 4%
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3.2 WLAHFE R Myoton PRO B4 LA PEAl
U RF VM VL. TA J PL PRI 452 (oscil -
P 1 Xk 505 9 (logarithmic
decrement, LD ) X #8254 & (dynamic stiffness, DS ).

(DRI (F )« JH TR LR A &8 )
R, SR NERE T 2 BRI BOR TR
(2) 4 M 0 Hi o D8 AR (D D) < H 46 34 LY 610 58

lation frequency,OF) .

AR B v DB UL A B P B 22 5 (3) Bl R B (S
B« FH T 3R UL PR (0 B8 2 3k v 1 s B2 25 S BN I
PERE T

IR U 52 3 B ML 00 4¢3k 3
TR LA B B SR T, ALY Sk A 2k iR 2 AR e A
srbric iy h i s, BB e g, 2RI A 5 U R
FIE . (MR ULE 3).

M A W AE
3.3 FEMELE O RITETORESE 4 K) RIGIFE (2 4
JPFEEE R ) .
4 FiItFEFIE

fii 1 SPSS 25.0 AP AT ST 73 B IR RER
HR R 756 B A i, TH i PR 8L« b
W2 (xs) R, AMFGIESDME, HPAE M
(P25,P75) 3R ; ] LL#E, 776 IE 28 0 A i B 37
FEA ¢ K95, 5 TG IEAS /0 A, BE$F Wilcoxon BRI
&%,ZEV\]H:& FFEIERDAR BRI ¢ ka5, 47
PG IER AR WERRAT 5 B AR 5
5 _n%
52 2L 4E 5tk
52.1 iEMG 18 4IN A, 2 AiGI7 4 IR LA
1 iEMG BRI AT, 22 5 BA gt L (P<
0.05) s HIA LA IR YT IS L iR TT 445 AL A EKJ iEMG
Breg T iedl, 22 R EA G 2EE X (P<0.05),
W32,
522 MF {1 AW, 2 AR RS ILA
1 MF B BGaITHIH S, 2R BEA%iE L (P<
0.05); 18] L4 WG Y7 Ja 1697 A A& KWL 1Y MF
¥y TR, 22 R EA Gt 22 B X (P<0.05),
W2 3,
5.3 2 ANLA SRS
531 wFMEFMHE) HANEEK,24HAI7)E FE
WESRIT AR, 22 5% BA geit 24 38 X (P<0.05) ;41

E 3 Myoton PRO £k AEME MK IE

Wt 3 Hr

R2 2887
Tk
A=y

VRITRT 91.47+17.43

RF
RITIE 118.86+£19.43% 110.19+14.59%% 2.256 0.027

iEMG b8 (X £5, 0V s)

il Xf R 2 t  PfE

94.23+19.74 0.665 0.508

YAITET 67.41+11.94
VM
VAYTIG 81.5249.15%

VRITHT 79.24+14.19
VL
VAITIG 88.39£12.154 83.25:10.49%%  2.029 0.046

65.49+14.73 0.641 0.524
75.95+11.04%  2.458 0.016
76.47+17.89 0.767 0.445

JRITHT 18.47+6.24
TA

VITIE 37.22+9.43%2

YAITHT 17.34+5.49

PL
WBITIE 32.369.75%

17.43+5.39 0.791 0.432
30.49+7.214%  3.583 <0.001
17.83+9.27 0.293 0.771
27.94+6.59%*  2.374 0.021

Ve SRR, *P<0.05;

4P<0.05

] HL# VAT JE IR AL BRI IR, 22 R AL

H G5 L (P<0.05), L3k 4.

532 RWEBAHFRMME(DME) HHNHE,2 HiB)T

J& DAEBESRITRIREAL, ZREASIEE L (P<

0.05) s HIH LL# IGIT G IRTT 4L D B IR T X R
S EA G L (P<0.05), W 5,

533 ZHA®EE (S1) MWK, 2 HiRI7E S1H

BIEOQRIT TR, 22 5% BA geit24 2 X (P<0.05); 41

] L3, 1097 IS IR T 24 S (E SR T X IR, 22 S i A

B4 FE L (P<0.05), W6,

HIRITAT AL,
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R3 24HEBTHIE MF LbB (X +5,Hz)

x5 28EBITAIE D EIE (v £s)

HUEVRITE

VRIT Xof HR 21 ! PH
LA W :

HREITE

VAITHT  53.17+7.24 52.65+9.14  0.282 0.779
RF
WWITIE  61.27+5.924  57.49+7.04% 2.604 0.011

JRITTT 41.18+5.97  42.27+7.24  0.735 0.465
VM
VBITIE  49.76+£8.37% 46.27+6.25% 2.105 0.039

AITHT  45.19+4.18 44.73+7.27 0.339 0.735
VL
RITIE 51.92+5.27%  49.17+6.54%*  2.071 0.042

VAITHT  14.68+5.27 13.29+6.49  1.044 0.299
TA
VITIE  19.25£5.83%  16.62+4.19% 2319 0.023

JRITHT 11.4123.45 12.32+¢4.24  1.067 0.289
PL
VWIFIE  17.84+7.674  15.17£3.25%  2.035 0.045

Wi B TRITA X HE 20 t P1H
RITHT 1.53+0.22 1.54+0.19 0.229 0.819
o BITIE 1.39£0.14%  1.46£0.16%"  2.465 0.016
JRITHT 1.37£0.19 1.33£0.11 1.401 0.165
" BIFJE 1.17£0.09%  1.24+0.13%  2.868 0.005
BITHT 1.47+0.24 1.4420.14 0.492 0.624
" WITIE 1.21+0.11° 1.28+0.17%  2.471 0.016
BIFET 1.89+0.31 1.84+0.27 0.618 0.539
" WBITIE 1.54£0.18%  1.67x0.11%*  3.790 <0.001
IBITHT 1.86+0.29 1.91£0.16 0.582 0.562
PL

WY 1.580.174 1.69+£0.12%%  3.525 <0.001

e S SIEIT A L, TP<0.05; S5IRIT T,
2pP<0.05

T4 20BTAEFEER(x£s5,Hz)

e SRE—I SR AL, 'P<0.05; 5IRYT AT A,
4P<0.05

F6 24HBTEIESEER(x+5,N/m)

HIINEVRITE

RIT Y X g P
WU A RIT A OpjiEREl t D

WL L

VAITRT 16.10£5.17 16.45+4.77 0317 0.752
RF
BITIE 13.19+£3.84%  14.69+2.16%% 2.164 0.034

JVAITHT 15.85+4.33 15.13£3.29  0.836 0.406
VM
WITIE  12.17+2.49%  13.67£3.57% 2.178 0.032

JRITTHT 15.45+3.83 16.37+3.46  1.116 0.268
VL
VAITIE 12.34+2.79%4  13.91+2.47%  2.650 0.009

VBITHT 24.2246.31  25.18+5.48  0.726 0.469
TA
WITIE 20.1524.66% 22.31£3.67%  2.303 0.024

VRITHT 26.17+5.08 26.79+6.86  0.465 0.643
PL
VBITIE  21.42+5.13%  23.85+4.374 2281 0.025

Wi A TRIT A X HE 20 t P
JBITHT 293.46+34.14 287.15£37.51  0.787 0.433
o IBITIE 243.58+31.29% 257.35+27.24% 2.099 0.039
JRITHT 232.33+35.47 228.45+30.42  0.521 0.604
VM BITIE 192.56£27.39% 204.51+24.55% 2.051 0.044
IBITHT 249.62+36.25 262.35+31.74  1.671 0.098
h JRIT)R 216.83+28.41% 234.48+34.61% 2.493 0.019
GBIV 487.60+£74.48 494.53+66.66  0.438 0.663
TA

BITIE 373.25£66.17% 424.26+52.93%% 3.927 <0.001

JRITHT 478.45£94.21 497.82+80.85 0.987 0.327
PL
VBIT)G 402.45£64.21% 446.38+97.54%* 2.378 0.020

H: SR IRIT A R, *P<0.05; 5IRI7RTHEL,
2p<0.05

6 itig

JUUPA DU K Bt S5 A L A K4 s v B 15 ™ A
W, HTO 5 3 3k 18] B B 4 =2 [ E‘JS’%@L@?UT“%’E”
R BT ARG T H7 B, FBOR 5 H 4
THARTIRE, EE?KEJ%’EE’\JEMTT“%EH
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A, CXRSF R IY IETR ) S “Fi, JE A D
[ER VIR Y T b S VSN B o B SR I R K |
AT A R SR, T AR SR R E R, MASE
BRI £ BE o3, i3 7 — 5 W 2 SR RN 5L, T A
JE 77 507 VS RS G AT AR ] i 4%ty 3 A2 ol
HAbH LT RE o i 2 W2 AR LA IURE B 45
YR L HAT TEH B LR T 2R R R R
2o Kty s Ve DT 2 22 Al B 2 R

ML BB B TR B AN A R R A
I, MU 2 A Sh TR AR LR RSl i | R
R B, SRR BE RGN, DI 5 B0 P R 3
ZRR L PRIHCR I R B R UL T B I L P AR 3
R R, TR R A IS S iR R T B R h A
A7 H B L RS BT R Y Myoton PRO LA
DIRe Al 2 G e 4L 2 LAY U 25, b F (2
TR WL AE B SRR R B 1A R 095 D R ) 2%
7 WL WA 5852 3050 5 2 B R G TR S e 7, HE
B R U A S B SR S (E F T HEAR LA
BT A AT NT L BB RE )T, it s
4 JILPA) B 32 5 30 Sl 808 BT ST R T R
IRER I 5 WL PRIR S B U ARG, LA B RAF 9
PP AT ORI Sl 90 L i B A T G T
)52 BRI W) 5 50 PR AR AT S 8 R P 38 s g 1 i Ay
JRN0211 IR AR R R L L 3 35 LS R LA
B PE AR bR o 1T SEMG T2 H AT AR R ARSI L
HL I S i S A T e —, el R T Ml 2
JULPA 136 Bl ) 6% A LA 5, AT ) 422 Sz e L P 335 3
SHERIE L, sSEMG 1Y WESFE R 32 B AL 45 I Sl A
PR 5 T, U s S e ) 2 E AR LR 3% Bl s iz 3 A
WIS, 5L W4 5 IE ARG, Horp iEMG 2R
WUIA B£ 432 2h B 1 B0 H S i, mT 0 B B A7 Hif
[F] MR i e, A L At B B 5 Tl R A
T AR B D) )2 107 1 WL PR 9 57 RS , S e 1 )
T NLPA) A9 57 A B2 MF SRy L PR WS04 ot R v LT 4
TR S T R, PR 57 B B S ] 1) IR % 4% L 5
I 57 0 R SR R AT B YA DGk o

A B HTO TR U 151 A7 8 R0 i o< i) e 1)
SRR AT A e 8 o AR AR T SR B 3 X
B FIEETIX., B 3 7A2 5 M i K 0 ILEA S JiE
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B T I R R B A A B, DRI B AL
(1P B )R B L0, AR 5 76 /N BE 58 1) 2 A =
AR, Hh =B 58 X R LI A AR N FLR
IR TR, J1 24 8RN 5 R 4R, R AR A
IR E B AL o BB T L,
t PL A T2 02 5006 T 5 R A i LA RO
KA Z— o SR AT R T, T A MR 243
A, T ST/ NBR E  WURE , EEIRIAS 7 CRT LA RS /N R
A WLPA IR, HTA WUIE ABURE X 4 K HLA 1%
J2 B TR R AR IR A AR, 25 b ek
ABFFERESE T RF.VM VL. TA & PL 3t 5 B L 1
A AILIA

HTO AR J5 JR#f Rl 2 A i 53 7% il
KR GRS, SR B2 AT IR 38 I . AR ST 6 UK
o R 0 = BIAE A KRR TR, Hor
R R SHESAE T2 2 mr EHHE %,
PR = LA TR AL . BRI 2 3 B
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