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Recovery effect of postural control by electrical stimulation acupoint
massage after local muscle fatigue

JI Zhong-qiu, LI Xu-long ( College of Physical Education and Sports, Beijjing Normal University, Beijing
100875, China)

Abstract; Objective To evaluate the recovery effect of postural control by electrical stimulation acupoint mas-
sage after local muscle fatigue by investigating joint torque, surface electromyography (EMG) signal, balance a-
bility and foot pressure distributions. Methods Six subjects (12 person-times) accepted isokinetic, SEMG and
foot pressure test under the condition of normal rest or electrical stimulation acupoint massage after ankle fatigue.
Results  After electrical stimulation acupoint massage, (Dthe forward and backward displacement of COF ( cen-
ter of force) was significantly reduced and the contact area of T1, T2 and T4,5 was increased to (11.64 +2.12),
(6.57+0.97), (3.72 £1.33) cm*, respectively. (@ In ankle isokinetic test (90°/s) , the total work of ankle plan-
tar flexion and dorsiflexion was significantly increased to (56.71 +13.26) and (19.75 +3.79) J. @ In right leg
stance, RMS (root mean square) of the tibialis anterior and lateral gastrocnemius was decreased significantly;
the ankle isokinetic test (90°/s) showed that the RMS of the medial and lateral gastrocnemius was increased
from (48.95 +13.50) and (33.67 £6.41) uyV to (59.87 +11.46) and (43.73 +4.65) uV, respectively. Conclu-
sions  Electrical stimulation acupoint massage can optimize the force strategy and improve the stability of the an-
kle, further improve the postural control ability, promote the recovery of sports ability and avoid sports injuries.
Key words: Electrical stimulation; Acupoint massage; Local fatigue; Postural control; Electromyography (EMG)
signal
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Tab.2 Contact area of foot and toe for right leg stance
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Tab.3 Isokinetic test results of ankle plantar flexion
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Tab.4 Isokinetic test results of ankle dorsiflexion

TG R s R A EL AR A
30°/s 60°/s 90°/s 30°/s 60°/s 90°/s
R NH/N - m 19.67 £ 3.17 14.87 + 3.11 10.87 £ 1.12 24.86 + 3.87 17.89 + 3.18 14.88 £1.65
AR e K156/ % 31.12+ 5.21 22.12 % 3.25 17.85 £2.21 36.87 + 5.23 26.86 = 2.13 21.75+ 1.52*
B/ 25.38 +9.21 20.76 +10.46 14.65 + 2.84 46.83 £24.31 28.98 + 8.16 19.75 £3.79"
FHXT T/ % 12.65 + 4.68 13.82 + 5.34 7.15 + 1.46 17.52 + 9.85 13.98 + 3.80 10.31+ 1.52°

T R R JE A B AR EEATT L, P <0. 05



EREMAE $28% HE3H 2013F£6HR
288 Journal of Medical Biomechanics, Vol. 28 No.3, Jun. 2013

FEL IR 3 A7 4% JEE I AT 2 AR R . AR BR DG
90°/s AU Y, AHX e K7 A L ST DL SR X 1)
X 3 TG AR A H R O R EE AT R
2.5 EBRIHINALIREERT IR ER I 55 a3k E AL EE 9 TR
SHR

6 JIr 7 A A 0P B st <7 e /)N 2 B IURESS O
R (root mean square, RMS) JJLHL Y AEfLAE N, 7E
B MR P, 228 3 F R O 4 B | T8 B i JULARHE
J LM RMS {8 T R ELAT i 25 1 5 72 S0 P AR )
TR, 2852 F IR S 4 B i v LRTHE Rz LA
(1) RMS {H L ERA kA, (B AR fE A L i 254k

35 FIER N% 57 Ja AT BRSO o e 1 i 2 S
IS RMS IS s . 2 W R i # R R ), 3
LA ) RMS {i 88 5 A H 33k 7 A 42 JBE isf # A Jr

R5 BEVEFEIEE BMS MK &R (B 4L.uV)
Tab.5 Ankle isokinetic test RMS result

RMS/uV
(=]

140

120 I WACYAEEN I}
w AL I

80

e U0 i Dt i

0

2 D v-e= G 177 N 7 N 7.1 N 22777
Fifla  BOULL 4AMUa  SMUb  Aflla  Afb

B 6 LREEIEI/NERALA RMS 4k
Fig.6 Calf muscle RMS for right leg stance a {tF IR ;b
RIS 5+ s W TC R AR EE M L, P <0.05

S, Hor 30 °/s i HER LA (90°/s i BERZ LD
MNP Y RMS {EAR AL A 2204, B 22 ad it )
WAL 42 PE TS, 3 LA 143z gl B (o B4 F VK 215
DUE T AT RO AR EE

T H R A A

A EL AR A

30°/s 60°/s 30°/s 60°/s 90°/s
JIZ B Hi L 168.98 +22.51 168.13 +19.87 178.43 £21.16 183.29 +24.14 189.65 +31.76 187.78 +30. 18
JHE Rz L4 o) 41.89 £21.44 50.12 +21.10 48.95 +13.50 53.26 +12.42 60.89 +16. 18 59.87 +11.46"
JHE Rz L P Aol 30.89 + 3.16 33.76 +£8.15 33.67 £6.41 40.87 + 4.21" 39.86 + 4.32 43.73 £4.65"

TE s+ RoR R JCH R R BEALE , P < 0. 05

3 i

BT S B, 22 3k B O SR JEE R COF
AR5 R AE 35 WA, e S DX o T R S 2 1
PRI N 42 B T DR g R IR SR R 2 T 1
Ry, HoaT US4 Pk 52 LD #6215 sl B
(VANEZS 46

MR R 1 B2 23, R AR A L A T T A A
PR BE FLAE R il S T 22, 975k i A, ek
IMRAEER A G o) R P A HE o i fiE
Y L L RE AT Z WL, SR R 2 %A LA
Wi, 7 A As SO0, AT LAZR AR 55 FINR YT T il 22
515 e

ABETERW, BROCAT I8 3 57 2 S B S
ATAE R S RS, S AT L Y R
AN FE BE X iy 7 1) P R AR B ORI A A
JrRE N o IR AT Lkl S, A

LI S B F BTN AERT IS 7 1) b A, FEA e
BB B E B A A A R

TR LA 98 55 2 K A 0 S8 30 M B O T e
BRI RIGE S1 o 0 T G X 26 58 3, pl il B A1k
ORI AR R e o SRR 20
AT R PR i L b X 3 g T AR I, RS 4R
SR A 5 BB U0 A R I RS L I
35, RE R SC T Fa i BERG I, BE TR 25 T RS 1)
AR i

I % 455 55 T LA % B, e S35 A4 R o T B
g IR A2 O B T i SR
AR 7552 B S s B L, IS 3h 5L ; o s
SRINAR I , 53 BUBIL, J5 3 B L™ ek 4y
SE T8 S R, Paillard 25" BF5E & B, 16 1
ISk UL 1 =5 M40 6 s ] 4t ek, 4 L Bl 1
0 4 R T AR ALK 3 0 5 7 A 4 UL 7 ek
LSBT T R



LMELE. BRI EN BBENES EEBEN RN REN M

JI Zhong-qiu, et al. Recovery effect of postural control by electrical stimulation

acupoint massage after local muscle fatigue 289

WUAIBLEE I T B 222 3R B R 57 I ILIA) v
HYREAR , LA Bz s F i S5 R A IR . RMS Jseie 1
— 7 IR [R] AL ILPAL T B, B8 297K B O 5z Bl A
{37 SEAE I B RV 4 B 1 TR AT 5

ABEFERW, A RE SRS T AR 30 B2
ANTR] 2 AT ] A S, T A
BORWSE AT S5, LA HE T AR 4 AL B R
it SR B 0] LLAERF 12 Bl 5 J8E i s 69 B 0 iz gl R
BB 5UdE ™ . SR KL, g N A 5
Jei o JE R AT AIURIHE B LM F) RMIS 247 8 25 IR, 15
HATE 5 IR REAT: 55 10, JULPA ) ARS8 A B 5 v o

(A1, o 22 S RC AE g o b g f il 5 F A
i i 12 s 2 SE AR BE 1 B e T LASh B S 2 iE 8h
B T AR SRR JILIA o ASBIRSE H R R
JAALEE R PRid iz 3 (90°/s ) "1 JHE Rz L P 40 A1 fza
HILZMIM AL RMS PR S 355 R B A S, [ 5 7 25
I DA AR — 2

4 5iE

FRL AR B R B, RE AR O 1 R
B, S 1R 5 ) AR RE T . BRI
TR FERS TP S IR RO 2 T8 i,
HEATPRIEAZ BI F o s 4 JEE T LR e LAY 9
A PEANIZ B A IR SR A, DT 7 R I [] Py 7 A
SERAGHILPA 48 o T BEAT 4 A 8] f) 7 3 1 o Bl
PRI 42 B U T DA v LI ) TR DL e
DB S A SRR B GE B . X RE T RAE T
HEAT I AN 22 JE BE B 2 B JRy Bz s 55 i 48 H
PRI RE S AWK, X T 12 B RE T RS Kbt iz 3l
BB X

SE 3k

(L] HEUK, Bk $REETEE S o5 Y b % B R E [ J ]
TR 2424, 2005, 23(2) : 344435,

(2] ThEsR, 2R, Wik, 5. SR AR S A7 o 1 5
THERE B AT 42 3 B I o 97 TH BRI LR e[ J ]
i EE Bk, 2011, 30(3) : 224-229.

[3] BAARG TS, TN R A SO e bk 4 e T AEAE 5
PURESTREI[J]. hESTIREE Y, 2010, 19(3) : 249-250.

[4]

[5]

(6]

[10]

[12]

[16]

HRRZE, . RS SR DR BE I BRI B MR OF I ST £ i
[J]. ILTEFERHE, 2009, 31(1) . 37-38.

A, AR, JrEE, . ST /N B G R A
MAESREREAITI]. ERAY I1%:, 2010, 25(6) : 439-
443.

Lv J, Cao JF, Fang L, et al. Energy analysis of rolling
manipulation force signal based on wavelet transform [ J].
J Med Biomech, 2010, 25(6) ; 439-443.

RBE, G, HEIC, B oA R RIS B SR
JIRR SRR ST (], BIAE B, 2000, 24(4)
55-57.

I, =B SALRIBIE BRI 2 ST RO [J]. b
TR 2B 2E4R, 1999, 23(4) . 38-41.

Horak FB. Clinical measurement of postural control in
adults [J]. Phys Ther, 1987, 67(12) : 1881-1884.

Urs G, Markus G. Effects of ankle fatigue on functional re-
flex activity during gait perturbations in young and elderly
men [J]. Gait Posture, 2010, 32(1): 107-102.

Reimer RC 3rd, Wikstrom EA. Functional fatigue of the hip
and ankle musculature cause similar alterations in single leg
stance postural control [ J]. J Sci Med Sport, 2010, 13
(1): 161-166.

Bisson EJ, McEwen D, Lajoie Y, et al. Effects of ankle
and hip muscle fatigue on postural sway and attentional
demands during unipedal stance [J]. Gait Posture, 2011,
33(1). 83-87.

Singha NB, Nussbaumb MA, Madiganc MA. Evaluation of
circumferential pressure as an intervention to mitigate pos-
tural instability induced by localized muscle fatigue at the
ankle [J]. Int J Ind Ergonomic, 2009, 39(5) : 821-827.
Tl , SRBE. AL S L5 G A RO R LA 2
FIRCRMILAL[J]. IR E B, 2005, 29(2) : 52-
54.

WU, FFHE. EfHEEESARIM]. bt B
BRAL, 2000 2-7.

Vuillerme N, Burdet C, Isableu B, et al. The magnitude of
the effect of calf muscles fatigue on postural control during
bipedal quiet standing with vision depends on the eye-visual
target distance [ J]. Gait Posture, 2006, 24(2) : 169-172.
Lamoth CJ, van Heuvelen MJ. Sports activities are reflec-
ted in the local stability and regularity of body sway. Older
ice-skaters have better postural control than inactive elderly
[J]. Gait Posture, 2012, 35(3) ; 489-493.

Madigan ML, Davidson BS, Nussbaum MA. Postural sway
and joint kinematics during quiet standing are affected by
lumbar extensor fatigue [ J]. Hum Mov Sci, 2006, 25(6) ;



EREYMANFE H28% H3H 2013568

290 Journal of Medical Biomechanics, Vol. 28 No.3, Jun. 2013
788-799. L, 2008 4-5.
(18] Gy, %K¥, B4, AUl s UL o r LA K i [21]  FERI, skA2e, ZE300, 45, BB AT o i b T oe Ty
[J]. Mimg2EBEr4l, 2011, 32(2) : 116-118. M RARBGE L], BRI 1%, 2011, 26(2) : 158-
[19] Paillard T, Margnes E, Maitre J, et al. Electrical stimula- 162.
tion superimposed onto voluntary muscular contraction Tang G, Zhang XA, Ji WT, et al. Joint angles and muscle
reduces deterioration of both postural control and quadri- activations in the lower limb of young women during slope
ceps femoris muscle strength [ J]. Neuroscience, 2010, walking [J]. J Med Biomech, 2011, 26(2) : 158-162.
165(4) : 1471-1475. [22] Hplente, RESF=. RO LEL XT3 48 55 1 e v <k LI 9% 55 PPAN
[20] g B RREIBESSHEIM]. dbat: deEE kR [J]. TEBHIAT =B, 2004, 23(3) ; 384-386.

. B -
WY B e EE T

WIS VERTS EEMATI A 5 H G R0 U BB ARIES A LoD 50aE I U6 B 52 T R 1Y
HARBIE], 5577 20T T (R R, VLR B, 2500 A v TR by s e el ) Somkid 245 . A
B RN P B ESE . AR SHERR ., REWR,IEPAE " E A ANR G HRGE” 55 7R, W
ANAL A BN R B xx ACE” B BN xx 2574 BT E R AT E AR, 183 ORI TS — A 250
5 B eS0T AR NBOSC PR AT S 1

Tk FEA BT R (NS S ), L3508 IR ) HE 8 M L BEAE B0, L KT 58 B R T 84 07 1 K
WEEEDR . B AR “ RS D787 R R STNET BRSO E T 4

i RIS 75 S AR 9 R0 B R SRR e PR v B AIF 5 0 SR A AR D31 R A o SR AR 55, O i
Z 5 FE T AR R IR A58 0 52 1005 3% (REPLIT %) AT R I E ik . SERRprsE
e LEM ST A4 PR R G RO ORI M) AR R R R SR A ROIR DL AE

AN R TTIE BRI Tk ARy, It AT o i p Ik i b el 2 A1, I LAS | ISk Y
TG HREOTER AL . BRECAS AT %, 5 A L SCHR Y 77 2045 Tk R AL JEA T A

2y TR R IAR 7 44 IFTE RS B SR U AR BRI AR IR ) AR B BT B A R
TS FUAS AR BT R R 2 . A T AR TR

GEit2e b BRIV i B e i M 7 1 B R

SERMBGRIN F WAL A T R JZR W TR, AN S THE N EIRE . A SRR
P, U IE SO FE IR A, R i id R 2R alldles . e (SO, WA TR BT &) 24, 10
JO7 A P B R R N, IR — H T ARBORICR o A ELAZON 1E SCHINAT R A 80l , IR B 5t — . 4eit
FOMT R ARG I G HE, U P AEABER B E ) E AR B

PHE N E F ST P L BN 5 Y2598, G046 A 00 5 SO LR BE , LR RS BE— 2B T 5T A IS
No A/ABEFINAEIE, AT LAEA T e SR IIE , S Hh i AR o A R DL s e g Tl A IS 4G
5 HAA RO R PR AP R R E5E S H OGN A B AR AT & AEE R Tk i 4o
GOk, AEE ZH B SCHR . RE G AS A AR o e P — A R PR R

ST i



