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Abstract

Objective: To investigate the bilateral effects of unilateral electromyostimulation (EMS) training on muscle strength
and surface myoelectric signal by surface electro myogram(sEMG) technique.

Method: Thirty healthy male volunteers, aged 18—30 years, were randomly assigned into three groups (n=10
each): EMS group, voluntary isometric contraction (VIM) group, and control (CON) group. The patients of EMS
and VIM groups were trained the right legs, 3 sessions per week for 6 weeks. All groups were tested for muscle
strength and sEMG pre— and post—training period.

Result: Repeated measures ANOVA with Bonferroni adjustment revealed significant increase (P <0.05) in dorsiflex—
ion maximal voluntary contraction(MVC) of both legs in hoth EMS group(33.6% on the right leg, 27.8% on the
left) and VIM group(37.4%, 28.5%), while CON group showed no significant increase (1.3%, 0.8%, respectively).
The average amplitude of electromyogram (AEMG) improved significantly in both limbhs of EMS group (P < 0.05;
right 68.1%, left 57.7%) and in VIM group(100.4%, 59.4%), CON group(5.04%, —4.07%) (P >0.05), respectively.
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There was non-linear relationship between muscle strength and amplitude of surface myoelectric signal during iso—

metric contraction, y=43.762(9.584)".

Conclusion:The results indicated that unilateral EMS and voluntary isometric training could significantly improve

muscular strength not only in the exercised legs,but also in the contralateral limbs. The results also indicated that

the increased AEMG was responsible for much of the improved strength.A non-linear relationship between muscle

strength and sEMG amplitude, could probably use to assess subjects' exertion test for clinical rehabilitation.

Author's address Shaanxi Institute of Sport Science, Xi'an, Shanxi Province, 710065

Key word eletromyostimulation; surface electromyogram; voluntary isometric contraction

JULPAY P SR i 25 AL D R S T UL A
JrE R BE RS B A RO IE T AR IR R A T
Z AN RB BT IEE | REBCB5 RE PR B B ke
P RRAS R A AN RE LR R I 2R , TR
Sl U PR A A UL PA R st el o 7 28 R e )1 2, S
TXf SRR A AR, ke Z I RSB UERT . I HL,
UnAer A7 28 RE 1R T RCR AR W I e . [
I e RS R, X3 LA 7 R AG LT 7 4
25 7505 B A A G A8 R B A 25
ME LUKS i i 55 T i, i 2 0 ULA P (surface
electromyogram,sEMG ) SEAZE LR RGEAEIEA TREE N
AR BETE LTS S AR Wy AR 22 SRR T
KRR FNC P ARAS 1 —4E i T [P 5 51
AR R IR T sEMG 15 516 8l 1 AR fL 2R
KA BE ERERS E i S WL TG Sl A LA 13 7K
22 JUURRE DM 2 LA R v A 8 i 5 i S5 8 A LA™
X BRI 27 i R At A 5 45 AT Hi S

eI RIS A, b T (e s A i 1) 83, 1
A BRI R B AR DU 22 , AR AN RERE S0 3
DA R KR 0, MELL S S & 0 s I R
D, enT LU T sSEMG 7652645 50 I3 8 IR L
TR F1 o RIS R P ) e S A 7 R i i
MR , LA N7 R I 3 W IN ZRACR AT J5 12 .
AEERIRRE XL . ATz ] sSEMG £
S PN R A HRL RS R Fi  S5 RA ZR0 U JE A
JIHEA SEMG I RZI , Sy i S S0 R A5 17 , SR AR
JE S5 R NLZE 46 1 R SR T LA ST % LAY DT E
IR T B BRI .

1 LEXNRKEFE
L1 54
L 30 B T 4E T PE R 2m A A X 4, 4R

210  www.rehabi.com.cn

(20.96 + 1.65) % , RELTIAF I, i EHBA L
WARF IR, B AR, JOM 2 R GE B L
P OO B0 o SEIR X R X A S50 Y H Y
AR BE T /3 BAR , A IS S NS5 bl 58 145
BTG REA . SLRX R BEPL > 3 20 LA
H 84 4H (electromyostimulation, EMS 2H), i 2 25 K 1
45 2H (voluntary isometric contraction, VIM Z), %] f&
L (CONA), B 10 A,
12 ERITR

SEE I 6 J IR A3 A I 25 3 Ik, B IR 3—5
A H AT, A HRE . X IR H 8 A= T A1 e
HAE LR RIS IR ZUAF G S . YIZRHTS
BTN 1 B SEMG RO,

LA IZRAR 2 DN ZRILIA A e B i L. I
SRR E R SR,
1.2 JLADIZ )Tk - EMS 41 - 7638 shilll 2T 4R i,
Z AR SEHEATZY Tmin PR SETT 8 E S 1 a4
T2l UM EMSL, AR SCTT 8 T A HIEROC L
MR B 2 T 1050 R T it 350 2 7 i i
150, figp i) A0 A JHE 1R A 5 A2 IR A 90° AR ) , 18
HE A s i B R T8 K, AR Sk gy
JE , F3—HE RS AN EC T — M. SRS TR
WK 3—5s W fie KL iz gl , #1423 0, 4 I [A) B
Imin AP EBTTE], IF45 7 H Sk @il . e s R R
Fﬁiﬁ?%{i e 45 77 18 (maximal voluntary contraction,
MVC) o ZJ5 8 — X A B Rk =S v 1 25 1
OB AR 30 B T2 A RIS B AT IUIUIE B B
BT iagm Al , IR S BT 2emo IIZRAT, 2R
Y[ DIGITIMER  DS7AH ) i {3 , Sl 384 Fr) 4t
)9 50Hz, ik 58 200us , LGSR 3 1 B W15 R AR
T 60%—70% MVCHI i GEA I . IR
A 25t Medlab 2218 £ Y55 RE R G (I 5 36



FHEAE S 4L 200340 508 %530

Gy RHEAT BR S W) A7) ik & 26 F S 4 UL PR WA 4
FFLk 58, ARG RS 108, B2 8 Uk, AL R B, 1min, Y|
S BB — R UEAT 34, L 24 U B T R R 4 4,
329k ;55 = R 3] 5 20, 40 v LUR AR Y
AN R YR 5 4, LR T 40 YR EMS SR i , BRI
Y Z5EFR] 2 15—20min.,

VIM A : 781z S G H, T E MVC Y25 58
HEMSZAAR . Ik, 55— 734, 3241k
S22 Jlb IR 44, 232 0 5 = R B s 4, 3
409K ; UGS I ST R RS A, R 8 Ik, 3
40 YK 1 Bl 7 S5 IR 4 N ke, 5 B A2 R 60%—T70%
MVC GE AL 383G ) AE B A I 25 2R 223 (R
Frik ) Jy 5t AKF, IR 445 5s, K E 10s, 411K B
Imin. FFUINZE 2K 15—20min.

Phb 21 32 0B R 255 YA T Tmin (9 )
BRIz 3l
122 LAy &t R 26 B NORM 23 W) 4 7™
Cybex 83 71 R G0 LA 758 K LA I £ ik
FIFFEARE RS Z AT 48h N, V8 2 iR & AN REVEAT )
U IE B, LARE S 57 152

R IME BS540 ) B — S5 B AR T
{EL, Cybex fEAHXT 3 A7 B 15° (907 &, B
BROCHT i i e KA T, R4 T 3 YR K 7
2, B AR 3—5s, WKL Tmin, BOH R R — IR
FIHAE M REER THEMVC) o 45580 1
{8 (Nm) REES 2 100Hz, T8 — 2R 5 1 5
IR, T A FEAS ], A N [ S A B
(1 2 BB 1 R — 30
1.2.3  sEMG it : R 58 E NORAXON 23 m) A2
1) TeleMyo2400T 71 5 17 L HA, [ 328 0 22 48, 40 510 o
S IS PRI B i LA [ B S T B A N 11
WUHLAT 5 A28 4k, M8 45 i WL F- 28R I (average
amplitude of EMG, AEMG). FJIFEE 7 5% E N
10% . 20% . 40% . 60% . 80% F1 100% Ft K AH (max) .
SeiFAT KR IR, IF W] 20 SR 4 B K i L
24K (100% max) o SR 5 e RS I E AR
& IR, ZAREAE Cybex 55 40 7 22 458 1) L ik
Bt BT LLRZE A 2R AR (R 1 ) it i IR
W SRR 1A o AR B3R I {E R AL
BG5S o MR R — KO 1 - 55E 3—5s,

A — R AR B, R Imin, % EER BRI, F7 98
SR IE HEAT T — IR UL R AR AR 52 LA
R R I ERNR R 5 R4

DA < O AL , BRGSO BELE S 18
B M Tem JILPY R RS I R o S il B JER AR B . )
PRBNGTE Bk, % AR AT T AR 5T )2, SR 5 IR
R ERAZAL, CRUEIN S A7 B IR H B/ N T 5k Qo 1
RIS - LARILPA SE L s A vt i LR R 4 A 7 5 1)
IWETC , PR R R] B 2em 5 TG HEARAE A5 M B RiT L
HMIU Bem A0 Sy T DR UE S 56 AT IS I H AR A
— 20, TRV G I B 7 I AR 1 B wi UL v
W ab 2B a2 bmic , Fric th il A&, 7l
SR M 2 T bRiC 4R, W Al R B DR s AR
LB SRAESEEeH e B BT R, b7 1k &
Yoo SRFEMHE A 3000Hz, 5 2 16 LA 155 A
FH#EAF B W H5 540 (signal processing menu ) H1
Y4 I 3% 3 (full-wave  rectification ) 1 (smooth—
ing) D REMEAT AL 38, ] HTARA 19 485 s v 2 T L Pl 41
& (standard EMG report) 73533647 AEMG 4 i) Ak
PSS ST

3 21 A2 I TE 6 IR AT 5 L st
TR 27 E — I 22 o 19 [] — I [R] BN 64T, LA
P A= 1o R A RE I LAY
13 GiitsAorbr

{1 SPSS 17.0 G 324 140 R A7 $ic s b 38 53
BT, R 2 R 3R 0 25 50 A 1) 22 B ARG 06 Jr A 6 S 3
YIZRAT IS 22 A7 W BR 22 8] | = 20 22 8] 45 TG AR, i
F post—hoc Kz S FIRE IE fie /I i 25 14 23 B HE 351 34
{H, 2 FMEKFE R P<0.05. MVC 5 AEMG 251k
FRIAHDCR ] Pearson A G737

Cybex i ZR GE I A ILIA) g (B S5 0 1
156 (Nm), H ) s K DU A 73 ok EoR , 115
051 (25 e i - S5 i 08 /52 50 1y 1 x
1009% , X SEH A 2206 T 2 N R 5 2 i 2
IR I VR AL B . XSG IS A 2 P LE B i
AN RIS B S T 3 4330 5 AR S JILH Y- B4R i 4 T AR
K5

2 R
21 LA &AL

www.rehabi.com.cn 211



Chinese Journal of Rehabilitation Medicine, Mar. 2013, Vol. 28, No.3

2558 6 JE PN 255, EMS 2H A VIM 41 1931 24
JREAAAE S JE I MV C ¥4 B8 4R, 5506w
2R HAT BEVE(P <0.001), T4 HRZH SCH TG 25
SETCHFEP > 0.05); EMS ZHH1 VIM 2H (19 AR 200
IRAESCIS S MV C A B 248 5, 5 S0 A
ERABEMEP<0.000) £ 1, EMSHLHIVIM LAY
WG BAA (33.6% , 37.4% )MV C (AR AEAE (%) 5
XTREAL (1.3% ) Lt 25 5 A o 2 M (P < 0.05) , [ B
EMS 215 VIM 21 F AR I 5 A4 1) (27.8% , 28.5% )
MVC BIAIXFAEAE (%) 5%} HE2H (0.8% ) 22 A FL A 2 57
WA BEPEP < 0.05),

22 SLEHTE AEMG AR

EMS 21 VIM 2 Al 2R A4 AEMG 28 fb 7 52
Ko Hi e 225 HA B ETE(P <0.05) , EMS 4 /1 VIM £
TN R i A AEMG 78 52 56 1) J 22 St A7 g 2 vk
(P<0.05), W3 1. EMSZL A VIM 41 i1 5l i 14
AEMG(68.1%,100.4% ) &A1 43 P AE S50 fe iy
BB EARAL, 53 R4 (5.04% ) HeiE 2 A g
(P <0.05),EMS £ 5 VIM ZH () A I 2l JR 4 (1) AE—
MG (57.7% ,59.4% ) B9 724k 55 X% BT (-4.07% ) 3%
% St A i #PE(P < 0.05), [E] I % MVC Fl AE-
MG 48 &4 B 48 1Y < Pearson  Correlation #H 56 22 %1
40.294(P < 0.05) , J1 R HE K 5 AEMG 19284k 2% 1)
FHG

F1 RMEBEALMVCHEKITY (x=s , Nm)
NGt VN VIENE
YIgeml (& m)
EMS 30.5 +4.55 40.7 £ 6.98"
VIM 26.9 £5.65 37.0 + 8.69"
CON 32.3+545 32.4 £ 6.00
S A 1 R (A=)
EMS 34.0 +4.50 433 +585"
VIM 27.9 £4.77 35.8+7.70"
CON 33.6 +4.20 33.6 £5.40

O5 R INGRTT e 2s A B3P <0.001

23 AR E AT [RIRR B2 45 01 5 A i AL
HL T IR I 22 ) ) 2 R

XoF S 56 T i 5 2L P A i JULAS TR R B 25
F153 3 S H N UL AEMG BSF- Y (B R T AE 207 o
SEIRH, TG SRR s SR ) , A5 AL AR R P =
JETEARDG, & A R B KT 0.9(P<0.01) o Xf45
AOF L AEMG 58 R R BE S5 K R 01 56 Rl T i il

212 www.rehabi.com.cn

AT, & H LA ECRE y=bO(b 1) 3 AT L5 IRl
& WIAE A [) 2 B S5 4 FH 0 F0AH I 12 B i LA LR
AEMG Z [Al & —Fhis B ¢ &, ILE 1—6, X irfy
SIS R RN S0 FS A BCHE A T 810 434, A5 L R [
R AT H8 EC RS y=bOb1) 50 A1 , UL 45
K Iy 5N IR IR Z 8] 7 06 ROE AR e . AR
BpR Bk XN 1 y=43.762(9.584), R’=0.952, F=
671.543,T=11.466, WK 7,

Pl 7 Hh % 20 Hh 28 S SPSS B E A5 A LA i 28
Wk i 2 Sk o B £, R BH G2 UL B0 A7) 22 R (1 s 1
KFR WA FH IR BE N, 12 b 26 1 b 28 3 fin
R R R A R y=43.762 (9.584)

x2 RMESEAAEMG B2 (xts, V)
NG plIER) NS
PERm (Hm)
EMS 370.3 £205.5 519.3 + 184.4"
VIM 359.6 + 110.3 689.2 +299.7"
CON 516.7+172.9 529.1 +214.7
FH A 2 (=)
EMS 356.2 + 130.4 540.4 +207.4"
VIM 356.8 + 158.6 526.9 +216.3"
CON 451.6+126.0 4152+ 151.8

D5 RN AT HE2E A R TEP <0.05

3 tig

AT R I, 23 6 JA B0 B JIL PA) Fi )38
RS 1 BN 2R AT I B AT AR R g
B A e B BT UULPY g A 2R i, OF H A
ZAAFE R MVCI K A7 R, 53R LR 5+
WAFTE M (P < 0.05), Sy AR IR EE 572 %0
FCA U AR TR IE AN SRR, s
Sy L 1 [ U PR A g R I S Bt e i DI 2Rk
AL, FF H XA SR B A i T B K d i T
— 0, DTk — 25 RS SR JR A 9 UL PR e R30I
R A M AR Ty N — ] 7 A S SRS AR
Heo MIALHIA MVC IR, Al 25 LA HC 4 Y 1 22
SCECAT B hnsE A O, R, LAV 22 B ROy T
(BT 2T, R AR 58 A 52 3 52 10 1 i 52
A JEE A0 T LS 1) 52 ) o8 0 9 1 52 1) BR A
MAEA S, IR BN R B N ZRIEL, L
PRI ) BEA DR 5 — 2, I R R B AT Ee

JULPA T3 BEAE BT WUA R BV O HE Al b 3754



FHEAE S 4L 200340 508 %530

E1 EMSEEMARRAAKES E2 EMSAAMARANKES B3 VIMAEMARRAAKES
AEMG Hs#X & AEMG HE#IX & AEMG HHE#IX &
1200 1000 1000 . ¢ pre
+ pre " + pre
1000 © *post 800 ¢ % post 800 =
I~ —e ntial(pre) — '=52.081e"""™ —exponential(pre) — y=49.214¢""™ exmnem}d (pre)
=800  y=41.86e""" | _PXP onenﬁa pre) 2 y=>z.Usle ' xponentaipre) = R=0.7126 +,  —exponential(post)
2 R=0.8453 ¢ exponential(post) 2600f R>=()8338 * *1 ~—exponential(post) 2600 =u. [
£ 600 TSy S| . > N
= ‘ 2 400 = 400 .
<400 R LD A < < ¢
| Y [ ] 0.0381x
u ’“ }':28.0590 0454x 200 40,3057 00 2 }:354849
2001 e "R=0.7374 f o e “ ;{Z:O..671; s W d P R=06426
0 % 10 20 30 40 50 60 1 040 50 6

0 10 20 30 40 50 60
strength(Nm)

strength(Nm)

00 10 20 30 40 50 6

strength(Nm)

Strength%

Kt B A R 2 G E . Rk, T LA
2 101 LH 5 AR AAIE T X B A A BN 2Rt 32 5
BANTIE SIS , LA 7 BB K ) LR RS K AR AR
R A AT A 5T R BAE X O UL PR g 6 BH S 3
[ R 50 A L HRL T el A FEAR S EMS 41
FTVIM ZH A0 AR AEMG 78 S2 56 I 324 B
B3, 5 xR e 2 5 B EE (P < 0.05), [H]
B EMS 2155 VIM 28 F AR N 2 %o R A A AEMG
(R 28 i1 5 %o BE A 22 ) Fb e 22 St LA i P (P <
0.05), TiESE T H NI 25 5 il 2 AR e 4 I 2R AN

E4 VIMAAMARERAAKES E5 CONAAMAERAAKES E6 CONAAMARAAKES
AEMG HfE#IX & AEMG HE#IX & AEMG HJIEHIX &
1600 s pre 800 re 1000 + pre
. 1 post ) . L] : goét y:65.3956m)ugx. . p();.t
1200 | y=53.348e""" — X onenl{al(p re) 6 Y ?50'6416 o " —exponential(pre) ASOO R*=0.5901 - — exponential(pre)
E R’=0.7623 —exponenllal(posl)z R'=0.7126 ) * *  —exponential(post) 3600' ¢ X *  — exponential (post)
S 800 . < 400 ] Q .
= = b Z 400 ‘ N
= < ¢ L] = - b 4 P
400 200 ‘l 2 y=37.544eu 0429 200 + : .l y:45.557e"’”436‘
- ' R=0.861 b Wy R=07574
%9 10 20 30 40 50 60 % 10 20 30 40 50 60 %10 20 30 40 50 60
strength(Nm) strength(Nm) strength(Nm)
7 SPSSEREHIE ML N = V- Ny =
- kaialaling T L 5 UL A3 sl 8 16 2 6 LA T4
L X ILA E S B . RINZRMT AEMG
P R W T LA — B3 &, LA Kz sh
500 e gy — ™
SRR MBS AN W25 AR A, U LR R &
400 JILIA) 3 i 4 B i o SR B AEMG 386 . 255 3%
w0 g 1, e I 2 5 M 1 5 5 35 L0
20 L IR UILIA 3 LY K 15 0 SEMG 58 31 9
10— AEMG 7S L3 IIAH
% 30 40 6 s 100 120 AWFFER SR AR B 2 WAL 1) A2 1k &

B, INZR B WU IR AE I 505 24 2 30 L ) A Fry

AR AR . [

e ATRA S fEAR R J1 8K, sEMG B IR IR
I, e S5 IR R H iz sh B, 25 ia s B A

i, FE 1K SE TN, iR

TSN o o B DR A 1 K38 T
[l iz g B (Y Bip ) P AN SR A A du i 2 sy
I EARR AR AR AT B AP o AEARIN 2R
JRCA H BB L, i e At [ B 2, S5 0
LA — 2, FWIR YNGR )38 K S h 228 5
MVERTA 2. X AT RESE VIR AR LT 4E 1Y v pf
20 ARG LT 4ER o 12 hh 2ot i v -

www.rehabi.com.cn 213



Chinese Journal of Rehabilitation Medicine, Mar. 2013, Vol. 28, No.3

IR P IR G AT 4 A 5 B 22 5 LS AN 5]
JULPR TG st ik, BTLH AR Ak A D) DT 44 i o
YIGRMEE AT AL Jy i, AR WA A L
PRIJRE 57 I, UL EL % R 2 TR kg 5 4 2T 2 1) 30 388 o
B R A O A A 2 B R 2, 53 H7 7T g
555230 S T RE BN [R) i S EUVL P AR )
B A 2,

AR SZBGIR K B, WILPA) g 5 L H AR Ak O FR A
R IR . AW P IR A R
TESEIR AT NS0 5 AN [RIRE B A5 1 4 s (i 2%
A E 5 e S5 L AEMG YEFTAH G [ )3 500, 45 4H
P RR NSRBI R . LR , X B R
PEAFXT LG e R B g 225, BT, X S i
Je AT EE PEA T I A 43 BT, HL [y Rt SR BN A
I [T DR A, 6 RARARAF A AR BR B 22, I
AR BB L 2 y=bo(ba) 1153 A fie i, i — 25 GRS T WL
P SR O R A F R AR R R W4
Kbt AL (5 55 320 1O 0 A o Ee AR ik
Oy M AR TR y=43.762 (9.584),y Fm ILHLF- 14
PRI, ¢ FoR AR BE & 40 b, X AN A =X ] A
i F 22 TR S M Iy XU AR i

AT NR AL S TR AR R i i
R38R AR A e 75 AT LA 5k 3% v UL R S e R T LA
B AR S Ko BEE TR AT . 7EXE 454
B A BT, A B AR B T R A [
— 8. SRR B4 4L AEMG BB LIS
KRB A . IR B L S K e T
SR ASIRIRR 7 0 LR 24T, L 1 3k e s o
FHEEA RIS R RREN R T
— I R S5 HP AN REIEA T RN R F 1 32 i L
FIHEATH , LISEAAI TR

4 it

ARG T — 2L UE B L0 A A P S 5 i
GRS ZRALREGS FH 2 142 = DI R B 14 g
i, 1T LR REHE S A SZ YNGR P AILIA g o, ™
A= R 1 28 SGE RS RIOR s 2R e 30y Ty e g R 4l
FHZE T JLHL EL R i AEMG FO 2840 A 56 5 LA )
FUL R PR = [F) e B0 AR LMk 09 5C & 5 v AR FH AL

214 www.rehabi.com.cn

R IS5 A X T R 56 2R y=43.762 (9.584) , {E )1
MR T3R8 AR . ARG RS SR mT LA
SRy PR 52 I 2 r ) BRI PR AR5 405 , SDRF AR )5 S 4
2 WL B RIS B S5 Ir 5 DR I LS AR 23R
7 PR AR SE A D BB AN TFB .

S 3Lk

[1]  Hortobagyi T, Lambert NJ, Hill JP. Greater cross education
following training with muscle lengthening than shortening|J].
Med Sci Sports Exerc, 1997, 29(1):107—112.

[2] Zhou S, Oakman A,Davie A.Effects of unilateral voluntary and
electromyostimulation training on muscular strength on the
contralateral limb[J]. Hong Kong J Sports Med Sports Seci,
2002, XIV: 1—11.

(3] F {4l e A B 20U dak iy AT LG B IR0 R =
2 J475.2006,21(1):6—7.

[4] Farina D,Merletti R,Enoka RM.The extraction of neural strate—
gies from the surface EMG[J].J Appl Physiol,2004,96(4):1486—
1495.

[5] Duchene J, Hogrel JY. A model of EMG generation[J].IEEE
Transactions on biomedical engineering, 2000, 47(2):192—201.

[6] Buchanan TS, Kim AW, Lloyd DG.Selective muscle activation
following rapid varus/ valgus erturbations at the knee[J]. Med
Sei Sports Exerc, 1996, 28(7): 870—876.

[7] Hainaut K, Duchateau J. Neuromuscular electrical stimulation
and voluntary exercise[J]. Sports Med, 1992, 14(2):100—113.

[8] Hortobagyi T.Cross education and the human central nervous
system[J].IEEE Eng Med Biol Mag, 2005, 24(1):22—28.

[9] Zhou S. Chronic neural adaptation to unilateral exercise:
mechanisms of cross education[]J]. Exerc Sport Sei Rev, 2000,
28(4): 177—184.

[10] Cabric M, Appell HJ. Effect of electrical stimulation of high
and low frequency on maximum isometric force and some
morphological characteristics in men[J]. Int J Sports Med,
1987, 8(4): 256—260.

[11]  Delitto A, Snyder—Mackler L. Two theories of muscle
strength augmentation using percutaneous electrical stimulation
[J]. Phys Ther, 1990, 70(3):158—164.

[12]  Moritani T, deVries HA. Neural factors versus hypertrophy
in the time course of muscle strength gain[]J]. Am ] Phys
Med, 1979, 58(3):115—130.

[13] Cannon RJ, Cafarelli E.Neuromuscular adaptation to training
[J]. J Appl Physiol, 1987, 63(6):2396—2402.

[14]  BERERJE L ER, S5 Ao ZRan 5 LA Dt 28 LT AL
RIS MER)). PRzl EAIRA, 2002,21(2):203—205.

[15] Shima N, Ishida K, Katayama K, et al. Cross education of
muscular strength during unilateral resistance training and

detraining[J]. Eur J Appl Physiol, 2002, 86 (4): 287—294.





