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ABSTRACT

This study analyzed changes in action potential of supraspinal neuron and motor unit
depending on maximum tolerance isometric contraction(MTIC) by electrical stimulation and
examined influence of functional electrical stimulation (FES) on spinal neuron adaptation. It
selected 40 university students in their twenties and divided into experimental groups of 25%
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MTIC(1), 50% MTIC (I), 75% MTIC(I) and 100% MTIC(IV) depending on MTIC by
electrical stimulation, and performed isometric contraction of plantar flexor muscle to each
experimental group with given contraction for 20 times. It measured V/Mmax and MDF pre

and post exercise, compared volume of contraction.

1. V/Mmax ratio showed no significant difference in comparison among experimental

groups.

2. There was significant difference in median frequency of gastrocnemius and soleus in
action potential motor unit according to comparison among experimental groups(p<.001).

When contraction by electrical stimulation was maximum, change was greatest.

This results suggest that muscle contraction by electrical stimulation was influence to
action potential of spinal motor neuron system which appear optimal level though aspect
and difference degree were not in accordance.

Consequently, optimal stimulation level of MTIC(50%) by FES would be lead to central
nerve adaptation. muscle contraction by electrical stimulation was influence highly to MDF
which should be consider to fatigue of motor unit for muscle contraction by electrical
stimulation.

Kye Words: Maximum tolerance isometric contraction (MTIC), Functional electrical
stimulation (FES), Median frequency(MDF)
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F it 287 K9 A7), Yee HY 2
F%8& A3 Fad 840t 19
I {8y 4 JFE T3 EFAA
99 $4& FHIcHAagaard F, 2002). &
#HY & FHL AFFEY FYHE iAp
S FFERY 473 £8& A=HH
EAd 28 84-E 7}A 2 t}(Scaglion, 2002).

Oron 3(2000)2 H&d 829 digAt
F29 7153 A 7)|A(functional  electrical
stimulation; FES)& #&3l1 & +£% FHL
AA 25 U JddFd og Ho 29
7t AAEgd g3 fFxEHe Aol §
Q. Norbert S(2005)& A7)z2] nja =
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ek 2 473715 HeE goprr) 9
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g 3tz Ao

David(1996)= <93 &HY Aldl J+&
T WA AAY A7 Jdehdey,
old ¥hg2 Y FAY A= 3§
AH A A 3 IF dFS vedx
39t Aagaard $(2002)& =2 2¥%
3}FHo] V  wave(volitional wave)9t H
waved] BFHYE AeAAdn s
Pensini®} Martin(2004)2 2 F&&% 93l
371 V wavertg-9] 32718 &A3sn, 4
T3 F5 A FLE V wavest F4 A
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7} oA 255 Al FYse A HYAL A
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E Yol 2A4= ojue] dolde A
- FAZ LY 43947 Yeivde RE 9
u] 3+cH(Pensini®} Martin, 2004).

V  waves 71 A} A1 74 Y (interneuron) {}
Renshaw A X Ao|n], o3 FZoz
o}d 4 lon)(Hopkins 5, 1993), A7)a}2
£ HY FEE Z7M1AAH H waverl AEY
© ARAA Ho 2 £5& AAEE Ug
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7t M¥E #5879 2Yd TEFVE =2
A& &= Ao|tH(Nina, 1997). &, V waves
g3 A JAd YN dFE vu, 255
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- o]t A7AFH 4% #5 A-F
9l V wave$} 59 &5 A9 (motor unit
action potential) W& FXdo F5¢d

0E gFANY Zolg Hladd 7)5HA
ARNZEES)) 48 2 $5E5] FFN
AREeEEe wstd mAe ¥ got
Bz &ych

I, 970y 2 BE

1. Antd

B A¥S F3AH F£5Yd "OE 93
g A7AF g 2 +Fo| TS
FFAZLY &8 vAe FFE YotE
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Table 1. General characteristic of subjects

Group N Age(years) Height(cm) Weight(kg)
MTIC 25% + +
! C ; 10 2364250 1742278 67.846.64
q MTICS0% 23.8+3.04 17314268 69.1+10.69
MTIC 75%
11| MTIC 10 229131 173.96.69 66.3+8.78
N o0% 10 22.1454 1756663 666£7.02

All value are showed meantSD
MTIC; maximun tolrence isometric contraction

2. A9y

FFAZYE €52 A FHF AR
FFol HFgE HFAFLY] FAHAA V
wavee A¢ ZAHE7|¢] CADWELL I
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Bagnoli 4-EMG system(Desys Inc., USA)&
AHE-st AT
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FRTAA 3 em A9 & v EZ Yo u)

AR, A2L H2 2232 2R
X1 3709 A7 RN gHg B
(Medicotest A/S, Neuro line Disposable
neurology elecrodes 700 10-K, Denmark).2. 2
A VIExAE Fog by 9(filter
setting) 10 Hz~10,000 Hz, 4914 %X(sweep
speed) 15 msec/division, 7+-8-%(gain) 10 W
/divisionZ 3t} A E Y= ¥ A
AN 2EE 42 22 AW F 22 U

BAYE Fo} 298 odHEE @ F B
2o ZYYAol oA a9 WA H

reflexg ¥t YA AIFEE MAM3) =
o H waved] AZo) 2353 M waved)
AFo| Ayt He NHAAM iz &

T 82 AFZI24 a9 Ho 49
Hq F%E A s ATFEY F12 A}
#3 H wave tjdle] Aj2g F7ugql V
waveZ} 28319 o]& 238l cHFigure 1).

_31_



Figure 1. V wave pre and post 100% MTIC by electrical
stimulation.
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Netherlands)E AMg3tgom, AFE 25 K
#AI¢t AF(russian current)2 Fo5E 35
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< 474 122 AR AFAHL 203
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A/S, Neuro line disposable neurology
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JY9e02 EANIAY. V wave FHYE,
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& o&dut. F
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NVZoM % A - F9 Ao|7} 713 3oy
(Table 2), AYF k9] Xol& Folr7] 3

o FRUENE @ AT Z T o7}
GeltA gsteh.

Table 2. Change of V/Mmax ratio between each groups (%)
Group pre post
I 0.20£0.05 0.20+0.07
I 0.20£0.06 0.20+£0.06
m 0.20+0.06 0.19+0.10
v 0.20£0.07 0.15£0.03

All value are showed meaniSD

2. 2FTY WFHAY FYIMS Y

—

) HIB2Y FAFMS HYt
LY gAY FIFAE
o = A-F9 oy} A Fow,

2o
o

v

Al o

3 ggol ME, NTE2E YerhTable
3). APF 79 Aolg golry] 3o F
BAEAE & AFAN T T FAF Aol
7} Jebgten(p<.001), ALEAAANAM 123
Mz, I3 VoA Zojrt AT

Table 3. Change of MDF between groups in the gastrocnemius (Hz)

Group pre post
I 121.60+31.21 128.60+18.13
I 121.81+25.43 109.61+£17.84
m 122.63+33.14 91.63+17.34
I\ 121.03+35.39 82.73+18.33

All value are showed meantSD
Significant differences between I and I, IV

2) JIM0IZe EYFI vt

F99 5AGle FYFRE wBe
9 %% A-F9 Aot A pew,
, D& 2 JeltiTable 4). 48T

v
I

e

TSI

A9 Aolg Fotns] Astel FRAEHEG
& A F T #9% Aol ez
W(p<ool), AFAAAN 123 mF, 12
3} VelA stol7t Agich

_34_



Table 4. Change of MDF between groups in the gastrocnemius (Hz)

Group pre post
I 124.40+16.30 124.10+1758
I 124.29+12.87 111.27+1847
m 124.13+12.90 91.62+15.80
I\ 124.05+10.97 87.78+16.86

All value are showed meantSD
Significant differences between I and I, IV

v. &

715 3 A 7] 23 (functional electrical
stimulation; FES)2 1980dtie] 7jtsle] &
$3 A5eel Y ARshe BRI A
02 AEHALH(Jane F, 1997), FE A
1 ME $AYTG FHE 58 A
AR Aoz B3 tHAlexs} Nataliya,
2002). Morton $(1996) 7153 A7)z2 9]
F8 FH3Fo2 oy, Ag2y 239
Al, BE7LEEAY F7h 793 LERHEY
7 58 AN Ln, dA2 AFZ 5
Z4 U J15FHA7AF &=} A
A Z7t50] 7k FAlo|th(Jane, 1997). 18
U 715 HA7IAF 947 F2AAE9Y &
oy 7taAdd U d7E uf$ v,
53 34 9 A FAFAZFYe g5AY B
HE T8 AAcE U A7 AY B
3 dut it

2 dFddMe A7AFd 94F $2d)
et FFAZLY &3 Fx9Y 3o

€ Hudd 7)SFA7AT] AAEE

olm gt dFE FeA gotiuz Yok
AAE At A FA 200 FFAL @At
07olAeH, A7AF I8 £FTS
%4 g2t 7L FF £8H AZFT
2o g FHAA F A-Fo] V waveE &
A3tyen, L9y FFANE =H39
FTLFHFE BN F£E2Fd ©E Ao
€ vasich

2 d7dA &5 A - F V/MmaxH9] ¥
e AT g3 FHAME JY 3
HAA o= A= W= ey 3A @
Aok mEA HI|RF) F 2 F20] 4
HAFAAL o= Ax 9FE Fd Fy
THYo] ¥ F Ue AEY Fxd o
2o} & Aoz AP,

Y ZHET 254 AHE 59
A9 B4 g3 PEN YAF HEFR
oy, MYy LFXA & BNe
Yoz 713 ®ol ¥4H WK David F,
19%; Simona %, 2004). {2 Riann 5(2004)
3 Antonis F(2005)& 2 ¥FHY WS
SR8 F59 P4 $FFY Y o
FE ARE AN g B A7)
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ME 599 EF3AH47 793 59 A
NAFE ol&F 2% A F5Yd g
ol¥A WIeAE BN FF9 YA
FFY 4Fg e 59 FE9 A
$A3Ss wusnz sged, %
‘¥ EEYY g5d9Y FUFHE
MDF)¢] W3lE E43 AN FdF5
ZATL FF%Fo] Fhel wet @A
Yested, ol A7IATA I 255
Ae FFUHETD & LFUYE UA 54
A717] W& & F9y st wg
yehis, $9Fd4s F2 2 5994
o8 Au=Ele 0¥ 44 DHS AAES
ZHA1 itk B3 $E5HY FdEME F
o £5& I3 RN 08 4dF €22
TEEHE SLHAY, AVAFL vz
08 AfdA 13 HAf €22 FdE9
(Peggie, 1992; Nina, 1997).

ABEEL AR FEA S F
k3¢ gd"EY 42 24 Y AAE
F F 3¢ FHA N 1AHT AL
A @& d AYFH 24Fo] AU A £
o F&ggo| AL OE I d2 HH
sty zA02HY k3= FFA%EA
ol g2 ¥l 9%e Fe 322 yE
gk geA A SFYLZRE gl
AT ARG 289 7|dg FHse RE
¢ & Atk JRL § B A 2
YFg Fo AATS 9L 7.

£ A7 A7AF A7 F5Y o
g FFU7%Y ¢ 599 €549 w3l
£ 4% An A7ATA AT FFA
Ao zpojg} YL tEANt FFARY
2 $FEY $FAY0 FgL viNY, ¥F

o 2 X ooy e

A9 s 30 HY4E £uy
& 93y RaAe Ao v

2 f7e AAFA 4% 2 £F 3=
A e FFUBYS £ Aol Ml
W&o 715 F A 7]A3 (functional  electrical
stimulation; FES)o] A7¢-&ol ou§ 4%
S FeA Yol 200 AA FA A
03¢ gPez 2 FEHF AFY V

A

1
waves} F4F5E BAIYT

1 V/Mmax¥le 93 £%¥g Hu=z
d4e o Wl AR How, A7AZo
I FFAME F£E5EE HUg Y o-
Az 4FE FE AoE UEHROY #9
3 Aole Y-

¥)
Mo

TEH BFANNNA vl B2 shAja
Jzufe A7)AZY o 29
2 HYZ §AL 9 ¥} Mg e, A
FF Y HRAAN {7 Aozt Yl
(p<.001).

Lo !
ofy

o X
T

ZEHOE AJAFA gF 2 FFAAN
AEY o} ¥ g2AT FFUZEA
BEAA 9FE vIAY, £5Yo] FAYF
Tol =23 [rE EFASY dspt §
EAEe Aoz JEyd. FAHez A7)
AFdl A% = F£F0] FFAZY 85344

Hoe $599 23394 o g 9%
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