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Characteristics of changes of electromyogram in the process of tibial anterior muscle figure
caused by voluntary motion and induced by electric stimulation
WANG Guo-xiang, YUE Chun-lin
(College of Physical Education Soochow University, Suzhou 215021, China)

Abstract: In order to gain an insight into the pattern of changes of excitability of the neuro-muscular system, the
authors based their object on 10 healthy males and applied two types of motion forms, namely, muscular contraction
with maximum voluntary degree (group V) and muscular contraction induced by electric stimulation (group I), to
observes the superficial electromyogram (SEMG) and induced electromyogram (iIEMQG) of tibial anterior muscle and
soleus muscle when tibial anterior muscle fatigued as a result of ankle joint dorsal flexion, and revealed the follow-
ing findings: 1) a decreasing trend occurred to the integral quantity and mean frequency of SEMG of testees in
groups V and I, and such changes of testees in group I were more obvious; 2) with respect to testees in group I, the
Max and ratio H/M,,, of tibial anterior muscle (agonist) were significantly lowered, and there was no significant
change to the M,,,x and ratio H/M,,,, of soleus muscle (antagonist) after tibial anterior muscle fatigued; 3) with re-
spect to testees in group V, ratio H/M,,, of tibial anterior muscle and soleus muscle was significantly lowered after
the occurrence of muscle fatigue, but there was no significant change to the M,,,, of both muscles. Conclusions:
When the muscle fatigued, not only the spinal motor neurons of the agonist were restrained, but also the spinal mo-
tor neurons of the antagonist were affected similarly, but the said changes were not completely the same due to the
difference between muscular contraction modes.
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2y 11 2OE A5 42 K FR) 52 10 B JUL A 982 57 T s sl i
JENAT PRI AR, A SCHERT IS 50 I A, SR A s
KWUAWC A 5 B RO S AR S5 A 7, XL 7 A e e
WL ST Bis sh 2 0N A PR AT T LE AR
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1 MR57RZ®
L1 SRR

SRR ARG WA ISR F R R 2B 10 44
RS R, PR (21.241.8) %, ZIAHE XA
SEI H AN B AR B R S e 7800 FRAR o A28 2400 il kAT
BRI sy (BEisshdl, @R v 4l Firf)
WA R B TTWcEs R, fRIFR E 4D PR,
PR S8 (B BE IR T 1 J o
1.2 ZHAR

JILPA g 5 e 26 K H Biodex system-3. 32 iR JEAL,
B DU I PRI OGHT 2 1500, BRSCTTT 120042 [, 4R S5
SEHIBFHT LR I K )7 (MVC, Maximal Vol-
untary Contraction ). V 21K FH A A 01 15 R 12 30 (1 7
5, RIEEE)RE 1 min BHAT— IR 20 s (RO HERRSEE R T
JRIZZ), HEAS SR R ST 10 K. E 4R A M
/NSRRI HE AR ZE A AT RO VDY, SR R R i
WL CTAY Wei. 9 TAERA S B ORFF—3, E 41tk
FIAERIRE 1 min DEAT— 7K 20 s ) ALAE RUBIR B TE 1 ms.
AR 20 Hz, JGRIE M 5K M 3% (compound muscle action
potential) #RAEM 1.5 f%. E A& B MVC BJllE(E, 3
TERER 20 s (A FRISESE 15, TREEAT 3 s IR R G 1S
JRIZBIRAE . N T HRER ARG, vV 41 MVC
WIRFELE 20 s BERGEE) G, THEET 3 s B3 RfiE .
1.3 AEENE

SR 2 I AR 2 Bk, il R T~ TA RILL H A4
UL CSOLD LI HE . R ke B R H A HLA 77 3F-46

R, WA R 3 ) T e/ Sk TR 5 AR RS IE
B, AR E R TA I SOL (iE AL (evoked
EMG). ‘2 HWLHAE 5 &L HBOR A (Bio Amp ML132)
Walg)E, M A/D #28 (MacLab/8s A/D Instruments) #F
1705 5 e 4, P Chart-V4.2 3 R R AL FE R G055 3t
THEB T, TP evoked EMG 5K H 9 (Hpax)
M B (Mpna) ALZ Hinax 15 Mipax FIEEAE (H/Mpay )0 0 PIAH
JIESBUR I 57 AT R A E , AWFFCIR I 0% T P20
ZisF I FE TA FHULE (SEMG) HFR/EGEMG)FI
RisFiZR (MF) 254k,
14 HiELE

T2 % 2 (8 1 MVC 4853 {51 EMG f£AEE M
Z5t, AT MAEIZENHT MVC Al My Hpax BAJ
H/M o 5 53 10 BB ST 100%, TREFIE B 5 551 A5
{10 S e B P 1 40 RO AR AR o s Ak 3R F e vt 3k 1
Stat View-J5.0, Ji 8l I Bbrit 2 EoR, Stk
T A5, P<0.05 24 3512 7K

2 EREHWN
2.1 Ez1EIEH MVC #1sEMG B9 iEMG F1 MF B9ZE{k
F1RW, VA MVC N 3 B3 JTIE I T
R, TE5 10 Y6285 T ERIZENTIN 30.2%; B AR 5
USRI R il Ze Do R B, 1 5 TP AR5 10 IKH
PG B EIZBIET 24.8%. E 4L iEMG M55 4 VU H ]
WA RNARS S, S8l this i B R (P<0.05); Vv
HNE 8 iz gy o W 0 T, Sig gl b R AR B =
5t (P <0.01); PALMLE:, B4 NN SIRT v, ma
AR 4 GOTEEPIA I S I R 2 % (P <0.05). E4LMV
YL MF 205 NS 2 IRANER 3 YGE B i T %, iz st
BHRBEEZER (P<0.05); E 41 MF R R 580 BT
VA, JENE 5 PSS G TR, 2R LA R B e
ZS5t.

*1 FAHEAREHER MVC FIRBHIALIEMG. MF (x+s) B2 (n=10)

MVC/% iEMG/% MF/Hz

\ E A E A E

100 100 100 100 72.3+10.7 714492
1 99.2+8.4 102.649.4 103.1x13.4 101.9+12.1 71.2£105 68.811.9
2 87.749.1 106.7+10.3 101.5+13.8 92.1+13.5 69.7+13.6 57.8+12.8"
3 64.7+7.2 91.1.49.7 104.8+12.8 93.7+14.2 60.7+14.5" 46.0£14.32%
4 54.0+9.0 76.7+10.3 106.3+14.2 87.3+12.3" 56.7+15.1" 44.6+13.9°%
5 41.4+8.1 51.1%11.0 105.1+14.5 80.9+11.72% 57.4+14.29 42.3£14.12%
6 42.7+9 4 37.0£12.4 104.4+13 .4 78.5+12.39% 53.2+13.4” 40.4+11.2%Y
7 43.547.9 32.1+11.9 93.1+14.5 77.2+12.399 53.7+14.9? 39.3+13.22%
8 37.3+9.4 27.3+12.4 83.4+14.3% 65.5+14.1%% 53.3+15.4” 37.1+12.1%%
9 34.3£10.1 37.6+13.1 84.1+14.1% 62.1£14.299 48.3+14.17 35.9+11.89%
10 30.2+10.8 24.8+10.4 82.7+14.4% 58.7+14.07% 49.4+13.8? 35.7+11.59%

1 P<0.05,2 P<0.01; V

3 P<0.05,4 P<0.01
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22 EFNHEIRE TA 5 SOL & evoked EMG B M, F H/M,p0y

BT AK

(D TAMAV 5 EALWE: VAU M, 28115 T
W, T E 2 My, 5 HURIST LU SRR (P<0.01),
WAL IR LL iR 22 e R R BE PE (P<0.01); E 4R V411
H/M o FI250 TR, BB EEG (P<0.01), {HPZ I %=
e RTE 2

(2) SOL 1 V45 E ALb#: V 4181 E 411 My i3
MR ENEZER, V 4 H My, 5830007 R
(P<0.05); E 4 H/Myy SIZ8NHT LA A PTG, HZE
FRBEIEFNE (P=0.172),

*2 AREEHEXZHERE AT S

SOL B9 My F1 H/Mpax ( X£5 ) %
n/ Mmax H/ Mmmx
\Y4 10 99.4+11.7 102.129.4  82.3+94%  91.2+10.2”

10 8374847  998+9.6  88.8+10.6° 94.8+11.3

1) 100.0+0.0 2)P<0.05 3 P<0.05 4
P<0.01
3 itig

AWV AR E A0S MVC £E 550 St f iR
RFEAK, iIEMG 1 MF I HILT BB PRI, Ui B ARAT
FUR FH 1A IR W e KA DG 1 e A 2l R LRI R TA WA
Jyiks AR H VLA 55 AR R BT 1 o

FERIUAL I M PRI — T LA filph 22 L 1A 2 3 3
BN HA B S A S A A MR, T d K MR
AEL DN RT LA FH S VA Ao 20 L DA 0 Sk 0 4o 28 3k ik A7 FLRE T8
J1o HATABERIZ BN LA 57 I Mipax 22 A0 IR S LR
WE, EERIERE B W Bellemar il Rralik i K
T BN T RS IS Mpe SRR U] RATR ;A
AR I, RS 50%MVC 35505 VLS 5,
Minax M8 A & B AR AR, AHIE SR ] Wi TA W4 7
SRR, V AU HTT Mpe L 22, A E
I Mypay 75 FLBIBEIT U B, BIEEWLA I AR R ST
BRI T BRAREL S . B 4 Mo AR FLGEIR, AR T
P A2 1) P T 8 Sk o 2 L VA 2 Sk o 28 38 R S B0 7
AESEIR, NS RS T JULIAL % fiy — WA RB BT i AN 417 21
TA W4 )1 T . SOL AE R HEHNIFR S SIAHTES), Mia
WA R AR

H 7% (Hoffmann reflex) J&4h &1 £0 4T 4k 52 251 4,
TN h 1 a BN AL NETYEAl T 8E 9 I8 o
BB PILE TOR A DEAT I A7 B K SR ek S S LA o El T
M AR 2 T H B HRIE /N = A5, AR TE 212

HINK, Hipax 59 Mgy OB (H/M) HI254L, S BEELHE X
WABE o IEEIMZ e AR D O ABFURIL, TA
P57 5 V AR E A1) H/M oy W AR R, X U0 HBE LU
AT 4 T b, SRS R UL PR SO T O R AN [ 2 3y 1 2K 3001
W95 )5, FREIZ BN TR A TR 2 B T 0, i HAEAL
98 55 R AR R R T TR B AR R B 2 e AR 5 [
RIS B Te A B IR - 5 2, R —
DR 36 T 850, AR AR R A N AR EL IR I 1] i 3 8O B 2 i
JeNA PR BRI E N U

TA 5 SOL & % BROC S Ja i ) AR FLRS ST LA,
R TA Wi (TA HHEFRZTCN4AT) I SOL £F7K (SOL &
TCHANED, RZANK . XF LRI LA T S BULE
BN TC R LA (¥ SRS BAR Ky A LA, 1% SRS Bt
183 B ARSI SGTT A FE IR VR B R A B R e,
LT B (1 S A FAI A R A= R AL A2 B LA L
RETHIEMNE), 4 1 a FIBHEAENFYEXNATHHENI [ a
FHE A R TT, IS N HASHUIUAE o iz3hie
JOrEAEAIE L o B0 CIE S, A8 H A HE 3 A7 5
USRS T A Re R, LA Az 3 4 k5 LKL
L7y GERATID) A A SO W S L 2 ba v 2 LN R ERA]
i R AHARBFFURIL, 4V AR TA CEFIID 5951
ABREs) 200G, RSP H DL H/Mp., F3E L/
WAL, RARTIE BT A Btk LB, 3L 97 IR
AN, MEESNVEBHE S Z 032 2 T, 1m0 AU
TN TR FIREZ B T 5800 e r] DLHEN, AR5
V B EHRE SOL GEHUIL) HRE TN A TEATIR I
NIRS AR, N TS A R IS Bl LA R R 3
KT E B 55 )5 5 BV BEE 3 sl 28 0 X vk R BRI
B, AHOCIFIC S T 5 EL T a RSN S LT 41l i
BT, M n] REAZIIT-TV S Ah 28 21 4k (1) & B A1 N 3 502 11
S g AN, A8 H A WP I RS . A
ERI, E4USBISEHRIT, TA 8 FRIIELES v 44
WINSEAKHIA, {2 E 41 SOL [¥) H/Mpy JF A BT 219 05028
SHEMAS VAN SOL (1 H/Mpay A F] (1A FL AL
i, AHEFT ESRIEA G H AR R, B — RN, BEE
B 7)) 55 BT R WL TICAR S B R 2 K S 3 (1 R i A
TEBARR I ZE o BRSO AR O i R
JULE 57 /2 H RTRE ORI E AR P95 55 (AN PR 57 ) A
(A2 0525, ARR A PR B LA T H S, s
Bz 8 ) B3 i B A A T KT 2y, T LAFE AR RS PR 57
T RE b, VA% AN ] R FR PR R

AT 5K P EE I 5 R UL R A 4 R B R S Bl R Rl s
FIE, B TA 955 TA 1 SOL () Myax ~ H/Mpax 2573841,
AT T BT SR AN R4 G, (1D EATAK
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Munax 595 55 10 HLEHRIE I AR R (2) V 4181 E 41 TA 1)
H/Mp BHILTR TS, HEHLHEZER. (30 V 4
SOL 1) H/M 5955 ELECW AR, E MITGHI 2 5
e Ry LAUERH , LPRSCHE Bl 5 o AR LA RSk A 3 AN
42 BATREIZ BN ZE O AT TR, #0 m] LLRA L PRI 9% 57 A
(1 R PR 3%, ) A SR P A/ A S8 10 R ML PR 98 5 f0 32
A, BT RES T ECE B S & oI XA R AR AR,
M B2 2)) 5 RO A UL RTSCAR , o B U 42 PR 35 30 11
MR TR ORI 22 5

SE K-
[1] Kiyaoshi Onari.
H [.
2004 23 1 16-20.
[2] . M H [7].

,2004,24(7):34-36.
[3] Garland B S. Role of small diameter afferents in reflex in-
hibition during human muscle fatigue [J]. J Physiol, 1991,
435:547-558.

[4] Bellemare F,Garzaniti N. Failure of neuromuscular propa-
gation during human maximal voluntary contraction[J].J App
Physiol, 1988,64:1084-1093.

[5] Pensini M, Martin A. Effect of voluntary contraction inten-
sity on the H-reflex and V-wave responses[J].Neurosci Let-
ters,2004,367(3):369-74.

[6] Guette M, Gondin J, Martin A. Morning to evening changes
in the electrical and mechanical properties of human soleus
motor units activated by H reflex and M wave[J]. Eur J Appl
Physiol, 2005, 95(4):377-81.

[7] Kernell D, Monster A. Motoneurone properties and motor
fatigue [J]. Exp Brain Res,1982,46(2):197-204.

[8] . 6 M].

2004 293.

[9] Shindo M, Halayama T, Sagaguti K, et al. Changes in re-
ciprocal [ a inhibition during voluntary contraction in man([J].

Exp Brain Res, 1984,53:400-408.

[4m4E: ]



