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Abstract; Objective To analyze and assess the postoperative motor function in children with spastic cerebral
palsy (SCP) by surface electromyography (SEMG) and joint angle. Methods Sixteen children with SCP were
involved in this study. The sEMG of rectus femoris, biceps femoris, semitendinosus, tibialis anterior, lateral
gastrocnemius and medial gastrocnemius muscles and joint angles of the hip, knee and ankle during straight
walking were collected preoperatively and postoperatively. In every gait phase, the mean values of joint angles,
root mean square and integrated electromyography of SEMG were calculated, to evaluate muscle strength and
muscular tension quantitatively. Results The muscle tension of lower limbs was significantly decreased
(P<0.05). The muscle strength of rectus femoris and biceps femoris was decreased in the swing phase. At the
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midswing and terminal swing phase, the strength of tibialis anterior increased significantly ( P<0.05). The flexion

angle of hip and knee decreased significantly ( P<0.05). The dorsiflexion angle of ankle increased significantly

(P<0.05), and the varus angle decreased significantly ( P<0.05). Conclusions After operation, the crouching

gait and clubfoot were improved positively. Therefore, the motor function of children was improved. Combining

sEMG and joint angle can evaluate the muscle function of patients quantitatively, and it also can provide

references for clinical diagnosis.

Key words: spastic cerebral palsy (SCP); surface electromyography ( SEMG) signal; joint angle; kinematic

analysis; gait biomechanics
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using NORAXON
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electromyography signals of thigh muscles before and after operation

Comparison of root mean square and integrated electromyogram for surface

(a) Rectus

femoris, (b) Biceps femoris, (c) Semitendinosus

FARTGE /MR FZNLA RMS FlHEMG ¥ {H A8
fLaniEl 4 pros . b BB ET LR RMS F1EMG 7E
YR B E DN (P <0. 05, Pyye <0.05) , BLET
& LA FHE SR IRES 2R WLk i s e 48 h

* 04

o o
TS
Y

*

rR I R B K ) K (PRMS <0.05, Py <
0.05) , BEIH A& 5 AT ALAL F 300G R 2, BOL 7 386 K,
Ak LA P90 FHE B LA RMS R IEMG 7E 3¢
A S R I R B T Y S K (Prys <
a RAET, WLPIHE
e RJGE, WIREE

= R, WUAHERGE
o KRG, WLATESTE

. . = 03 < g 03 it
go.z 202 H W 02 W ﬂ
2 z
0.1 0.1 0.1
0 0 0
A s P BRI R R DB B DB B
SRR AR AR K G WRE DR K SRR DA R K
%@'&yﬁ )é? %jé‘ %@ ,ﬁé’%\%@ %@' ,éf»?' ,éf»? %4}\ %«'}\ %«'}\ %«'}\ ,%@/)%?f )%f?' %4’5\ %/é\ ’%}\ %é\
04 * 04 L 0.4 oo
o3 F‘ FF @ 03 F F F * ., mo03 F FP -
g g W B o2 '_‘
LYEJ0.2 g 02 r‘ ¢ r|
=01 H oo o1
0 0 0
PR DD P DD DRI IR DB BB DD B
LR D RN R K GRS R K AR FLD RT A
%@4’& 4@ %é\ )%}é\ %@%@ %_/@, ,é?f ,‘(}? %é\ %é\ %@ %6\ ,%’@/)%:? )%f»? %«’5‘ %fé\ %4’%\ %&\
(a) BAERTNL (b) SMUHERAL (c) PN FHERZ AL

B 4 FAFIE/MEAAEIERSES RMS 1 iEMG % ( "P<0.05)
Fig. 4 Comparison of root mean square and integrated electromyogram for surface
electromyography signals of calf muscles before and after operation (a) Tibialis

anterior, (b) Lateral gastrocnemius muscle, (c¢) Medial gastrocnemius muscle



EREMhE $£37% F4H 20224£8A

730

Journal of Medical Biomechanics, Vol. 37 No.4, Aug. 2022

0. 05, P <0. 05) , LB HER: ILAL T340 RS AL
FIH R A F AR DR 1 452 3 v 30 A48 ) oK N
SMIUHE 7 LB RMS FliEMG 2 58 35 00/ ( Prys <
0. 05, P,y <0. 05) , REULEK 7 8 2 s )
2.2 ETXTRENFARUIGRRITEM
HATFARIBITHG B E BB AN & T
FATEIAR W 25 5o 8RR DG J it B 24 W
/N (P<0.05)  BRICT 7 T AN A R34 0 35 1S R
(P<0.05), L% 1,

1 BIILFRTEEXHRELLE(P<0.05)

Tab.1 Comparison of preoperative and postoperative joint angles
for patients A7 (°)
WrBc wemihs o Bmi s BRI/ HUE BRI S
ARHEF  8.68+13.51 20.05+17.43 -5.15+13.38 -0.76+13.81
ARJF 5.28%15.70% 18.69+16.66° 1.00£8.55" 2.28+10.33"
40
30
£ 200\
& 10
&# 0
i -10
K -20
230 —RE OF —
40 -10
B HTATATG G B R
(a) HEJE ith e (OF 3 i
B 5 THERXWFARAGEINMHE

Fig.5 Kinematic curves of lower limbs before and after operation

dorsiflexion/plantarflexion, (d) Ankle inversion/eversion

. P<0. 05, Bk MAr 22,

L7

3 e

5]
sEMG 7E—E B I Rl T WILEF i 24 v 15 510
O, PR 2NN R G Redt g, H
i RMS S — B st [a] 9 1% s JUIL A, ke e S 8 ) S
R PRI T LIRS 1 A R0 IEMG 2 AL PR A 4
PR SR bR, SO T — BERHA] Py LA 32 3h T
TR i, R T AR IEEH SCP 1Y I R IG 9T
BOR . SCP LIz 8l 2 43 B AT i s A2 1R 1 28 3
S AR ST A BE A X SCP (91l PR 12 W A
KR INGEA TG Z LY ARI0K SEMG B
WUFIE RMS T EMG A4 25 8 30 o LA 306 R 35
S5A NP ke L ZE A S L ALK i 2B 1,
L BB o2 g T ik — A %) SCP L2 B Yy hE it

RATHBEN®)

Kl 5 Fos i i BROCT s shth 2, Horh, e
il AN A B R O IE . RJE T R
it A7 BEAE S P R I 4 2 b 0T B B 3 A S e
(P<0.05) . FEBA LA HC 1w ith /A
JE 8. 68°FEAIRE] 5.28°, M i iy £f JE AF 7K R
SR AR Sl A A (] 1) & 25980/ (P<0. 05) , 7R3
LA TR RO S8 Ja ot R BE A 20. 05° B AR )
18. 69° BRI OC Y et i A BERRAIG . 7E SR T, A SE
FErP UG B 2D A RIS 0, BROC T 15 A BE
RN (P<0.05) o BRI B KT A R A A
A JE I R 2. 11048 2y 9. 24° | Fe KB JE £f1 B2 M\
15. 09°F#AIR 22 9. 82°, FEFLIR AT , BRI #E 7K 8 [ I
B DA JELAR %) P9 B AR SR AN B (P<0.05) , FEFE B A
(SR R ) I RO SR A D
K(P<0.05) .

30 40
20 * ok x k% 30 * ® k%
10 //,_r/,'//’,,_.; NN f‘kz(\/ 20 »'\\\_ 7
0 — T NS 0L A __\;:
107 ,’,‘,\\\/\ ?E Oe———=== =
ol TN K 0 T
-30 N4 -20 ~
-30
PR IIIIR DRSS DS
W R R R R WG RTA ETSTRT A
G I PP ST BB BB
(c) BRTS /30 JE (d) BRAEN/ S

(a) Hip flexion/extension, (b) Knee flexion/extension, (c¢) Ankle

177 sl S5RERM 25 T AR BILILK A
e FPLA AN A 8 ) A T S o3 | E— 20 | X J
A B2 2500 B A 0 A 0 W A Py R A
PR AL 285 DAABE 5 5 AN BE ¢ 4= 11 Ji MR 5 19 T
i AR S8 TR A e PR LA WL WLk e v LA
B AR UL A ik B ATE T, AR
Je ORI O Jeth ot A S A AT LA, A8 O 7 i
AR AR B s . W B L ZEAE T O JiE 18 R e
i, SCIREE IR W  FEER S AT AR Sh oY, i ELL
JIL sk ), 898 5 7 T sty A9 2 0/ ), B2 i by e T2 45 3]
U, B S WURI B LY A e 808 A0 et R 1, 7
T iyt 3 SO N L D R O,
KAV RERE 1A B o, WSS (B AR LIRS E . T8
RSP, B S LIS ARG e 519 e ol B i



ERS, % EERMEIEFRAERANERESXT A ETRE
TANG Yuanmin, ef al. Assessment of Postoperative Surface Electromyography and Joint Angle in Children
with Spastic Cerebral Palsy 731

N ST i AR 3 ek

LD 5 PN R AR AR A A B 2R L B
P, IR I E LA LR R4y A 22 4 AR
AR R ORI R A BEAS R N R R 4
N, TS, R MUK T3 9800 | 22 ik 2 B
224y, HLBR G B A RE B /), R T B
RE A BT, FESCHEAH B B, BR OG99 35 i #f) B 4
T Bl 84 hn 2 s AL & R B4R e R B
PRV S R S A, R L, R S 2
BRI 3E K, AT By T 45 0 /0N R e i AR
J3—J7 I, e N BT RE 2 S BURNR To A 20 fil b
1, H B O I IE A R AT A 3l A5 807
B Ei=1 8 e ST = a1 L1 A R A N - S A o
228 HoRER OV I, A2 H PN AR BLABE A5 A IE
HOLAS AL, RIEE R SCT 76 &2 B AE bk o B 20~ 3,
JEERE M S 37 20 T iR P A B OT AE 2 3] S
Hib

MB B A=) I 2 0 BEOR R, TE AR RV,
JBe = S WURIE B LES 0o 3% . A S 25 R s, F
VNEENIDAE: N 5 SR R N S = S ]
ZHN TR e P58, S A A TR B K A R
I, et e LB O WS4, DR Fe i e e fE i |, 2
SCHE TSI HERA U 4 381 o e 4 LARS B Ry )5 Bia
SRAE A ELNME Ty BERT, B RS HER L ) 3
KA BT 7= R B3l A I i iz 2l 1 2 7, DT fn
AT, 7615 Sl AT 0, B B L 1) i
g 06T 3 e i, AR5 LI E WUV 7 380N F)
T ek O o B i, DA AT IE H ) HR R
By, TR R OG5 Ak Tk 3l IR A RS I =3k
JULRTF i UL JUL 5K 7 1638 A0 AT i e R R O 4 e R 1)
T, FEIESIB B, LA THE R UL SK 7 fR 9]
AT BROCTT DB o U BT e ol BB i 2R
45 A JEAS R IR, HOHER WUILK 7 980N Tl A Jii 35
ARG R RR A M, AR R B T LR B
AL 3G I, A By T4 = BR TS i e ), Bt A it
s IFp7 kR T e, TEIES B e B, Il
SKUILT sk /0N, 458 5 775 T 1 32 2l %) 38R BTG, DT
JA S AT R

FSPR TR AT A 85 1k WL PRI ] ] Je it ot 26 A 5k
JEXAT PRI A S S = LR 3 ) #23E 1E
BV G IR = 28 R AT A A R0 i e iR

LR R SR R w7, (B e R IR K & iz
ShUIREHE AL R S SE R, MR 52 FSPR FR
BITE  ARILA 3k 77 75 200 W AR, B T
LRSS ] b T 2R A, © & A A TR F2 B i 28 4
TSR | SCIE WL W 45 32 sh A ik &2 Je ;R B AT
FERYRTHE ', MSMTA i i ZE K sl 7 7% JUAe F 1 £
AT RN 7 IE AR | st LA ) o A,
S B ISR IE R S v R H R AR TR OB AR
J1. H FIRGEHEAT L FSPR FI MSMTA 454897 5
BEMB YIRS 2T, BT SCP iRIT 2 —1
ZRE AR R AR SO F ARG I B LT
B, BAA—E R RYE, Aok 2y
J5 AR VIR e TR ST, DA Ji& 22 07 1T (438 3
A .

4 #ie

A SCIE 1 4 B SEMG (1) B 8 45 AE RMS A
IEMG, 456 T B LA A 25 W 2 A R O35 1 43
B, 48 4 FARIGIFH SCP LB shaifig kT &
WP, BER AR B T O B R R A AR
P, ) B 3 A R TR R R R LR EE )
UikiE

SE Lk

[ 1] #ER, SE, 2o, 5%, EHTET R PRt &
JEMRPIWT ARG T R A M iR R R [ U], hEE 2 2R,
2015,12(24) : 158-161.

[ 2] FITOUSSI F, BACHY M. Tendon lengthening and transfer
[J]. Orthop Traumatol Surg Res, 2015, 101 (1) S149-
S157.

[ 3] AGATWAL A, JANDIAL G, GUPTA N. Comparison of
three different methods of anterior tibial tendon transfer for
relapsed clubfoot; A pilot study [ J]. J Clin Orthop
Trauma, 2020, 11(2); 240-244.

[4] SRR, PR, T, 5. WK KR IS U AR &
SR MESC S B N B . IR BROCTY B R IIRe PN [J].
EHLUT ST, 2015, 19(2) ; 241-245.

[5] v DNIURREZZHDIREREF IR D]. &, P EE
AR, 2017.

[ 6] DINF, STRAZZA A, MENGARELLI A, et al. EMG-based
characterization of walking asymmetry in children with mild
hemiplegic cerebral palsy [ J]. Biosensors, 2019, 9(3):
82-93.

[ 7] Vrindl, HEME, ORISR, FRim AL EI7E MR 8 LTR80T Al



732

EREMANE 378 $£48 202458A
Journal of Medical Biomechanics, Vol. 37 No.4, Aug. 2022

[10]

[11]

[14]

[15]

HE HAFFE[J]. hEBER, 2013, 28(1) : 29-32.
JENTE-ARDE . B RILATIRERRR S 2 IRIM]. AR
TR AL, 2014 660-662.

WANG S, MIAO S, PING Z, et al. Assessment of surface
electromyographic clinical analysis of selective femoral
neurotomy on cerebral palsy with stiff knee [ J]. J.
2011, 199(1) : 98-102.

ONISHI H, YAGI R, AKASAKA K, etal

between EMG signals and force in human vastus lateralis

Neurosci,
Relationship

muscle using multiple bipolar wire electrodes [ J]. J
Electromyogr Kinesiol, 2000, 10(1) ; 59-67.

VAUGHAN CL, DAVIS BL, O’ CONNOR JC. Dynamics of
human gait [ M].
1999 11.

PR, REEL S R
BT AR, 2017, 46(11) : 66-69.
GAGNAT Y, BRANDIL SM, ROELEVELD K. Surface
electromyography normalization affects the interpretation of

Cape town: Human kinetics publishers,

FSRERGEM B[ J].

muscle activity and coactivation in children with cerebral
palsy during walking [ J]. Front. Neurol, 2020, 11 202.
CAPPELLINI G, SYLOS-LABINI F, ASSENZA C, et al.
Clinical relevance of state-of-the-art analysis of surface
electromyography in cerebral palsy [ J].
2020, 11: 583296.

FoRIE, £0H,

Front Neurol,

L. NS5 K -5 0 i

[16]

[17]

[18]

[19]

[20]

[21]

[J]. EHEY J12F, 2016, 31(4) ; 362-368.
CAl ZY, WANG SB, LI GA. Human motion analysis: A

review of its development and applications [J]. J Med
Biomech, 2016, 31(4): 362-368.

EIIR, ERe, AE, & EZERINRE )L D SIS 3R
FELJI]. EFHAEY 12, 2018, 33(5) : 459-464.
WANG XS, YAN SH, ZHENG H, et al. Kinematic

characteristics of gait for children with spastic cerebral
palsy [J]. J Med Biomech, 2018, 33(5) : 459-464.
fafsiBa , BB, FEOCAN, G5, ERZE AL M RERE AR A0 S 1 4y
FroResinyr g B[ J]. PR R 2K, 2020, 35(4):
507-511.

YAPP L, ARNOLD G, NASIR S, etal. Assessment of
treated by Ponseti technique:
Foot, 2012, 2(22) . 90-

talipes equinovarus
Three-year preliminary report [J].
94,

WINTER DA. Energy generation and absorption at the
ankle and knee during fast, natural, and slow cadences
[J]. Clin Orthop Relat Res, 1983, 175 147-154.

WA, Ak, WA, 5. SRR i 2 S5 AR DD BT AR A i
BE BRI KIE IR WL [J]. P EEG, 2019, 32
(9) . 815-818.

WANG KK, MUNGER ME, CHEN BPJ, et al.
dorsal rhizotomy in ambulant children with cerebral palsy
[J]. J Child Orthop, 2018, 12(5) ; 413-427.

Selective



