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Abstract

The Change of a-motor neuron excitability
in Spastic Stroke Patients by Pre-tibia
Muscle Isometric Contraction

Jong-Soon Kim, Hyun-Ok Lee, So-Youn Ahn
Dept. of Physical Therapy, College of Health Science, Catholic University of Pusan

Spasticity has been defined as "a motor disorder characterized by a velocity-dependent increased in tonic stretch
reflexes with exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex, as one components of
the upper motorneuron syndrome". Spasticity is one of the common symptoms of stroke patients and frequently
interferes with the motor functions such as gait, posture and activities of daily living. Therefore, its management is
becoming a major issue in physical therapy. The purpose of this study was to determined the effects of reciprocal
inhibition by isometric contraction of pre-tibia muscle on spasticity in hemiplegic patients through Hoffmann
reflex. The subjects were consisted 45 patients who had hemiplegia due to stroke. All subjects randomly assigned to
3 group: manual reciprocal inhibition program group(manual group), neuromuscular electrical stimulation
group(NMES group) and control group. The manual group received voluntary isometric contraction of pre-tibia
muscle. The NMES group received neuromuscular electrical stimulation on tibialis anterior. The control group was
not received any therapeutic intervention. Before and after experiments, Hoffmann reflex, M-wave and Modified
Ashworth scale was measure in all patients. The data of 30 patients who complete experimental course were
statistically analysed. Modified Ashworth scale were significantly decreased after experiment in manual
group(p<.01). The Hmax/Mmax ratios were significantly decreased after experiment in manual group(p<.01).
There were no statistical difference between pre-test and post-test with modified Ashworth scale in NMES
group(p>.01). There were no statistical difference between pre-test and post-test with Hmax/Mmax ratios in NMES
group(p>.01). There were no statistical difference between pre-test and post-test with modified Ashworth scale in
control group(p>.01). There were no statistical difference between pre-test and post-test with Hmax/Mmax ratios
in control group(p>.01). The present results revealed that reciprocal inhibition which produced by voluntary

isometric contraction of pre-tibia muscle can be reduce spasticity of gastrocnemius. Therefore, reciprocal inhibition
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is useful to improve functional activities in hemiplegic patient. Further study should be done to analyse the effects

of intervention duration of reciprocal inhibition, appropriate muscle contraction, optimal time to apply the

reciprocal inhibition in more long period.
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1 A7 d3A9] 54

1) A7 dgdAe] dvry 54

A7 Fedd AA didzte 30"o|nen
AE FAo] 18H O Z 60.0%0]Y o] 1290z
40.0%°1Act. B dHL 61004 01U x, HF A%
2 161.86cm, FF & 59.10kgo] At

F71HE o83 A3JAIYE HEI 713
A5 AEL FAo] 11goz 91.7%, Ao 1HL
2 83%°IUuk. g AHL 543340103, HF Al
22 167.50cm, #F-L 68.08kgo) XA Th.

AR M7 AFE o8 F3dAZES A&
3 AAS A7) AFEL g4 5P oZ 50.0%, 4
Aol 5o 50.0%013th HF AL 6260401
31, B AAL 158.30cm, A FL 54.40kgo] At

WEFL JAo] 29 oz 250%, o] 6Hoz
75.0%°19th. Bd AHL 69.004 0193, BF N
& 157.29cm, H &L 51.50kgo] THE 1).

E 1 97 oA 9w 54

Group Age(years) Height(cm) Weight(kg)
Manual 54.33+1049 167.50+547 68.08+9.45
NMES 62.60+9.96 158.30+4.99 54.40+6.52
Control  69.00+7.48 157.29+535 51.50+5.50

2) A7 WA WYy 54

Aol FoAd ddxte WYy 542 dA oA

BE 384 HES AU 5oz 167%, HF
A H&ER gae 25 o2 833%0|UTh

#HAejulzl S BEe Q8% Hululy} 1652
2 533%, 9% Tolh] $A7F 4HOE 46.7%°] Y
ozt 25d 3y 54 #7173 B3Rl &
A A& 847 3802 250%, J¥A H&
271 9502 75.0%0|ow ezl dAg 7
Ae &% Huju7l 6822 50.0%, VF vt
7} 6H 22 50.0%0°] T

R3S A7) AFELE 284 A& #2791 29
o2 200% EA H&gd B 8502 80.0%0]
Reon Azt BPF B LEF HATL 6
PO g 60.0% 9% Huinlzl 4@ o Z 40.0%°] ATt

N2 YA HES A7 8522 100.0%0]
310'11 234 A& g A} ArkHg 24

HoE= 2% HAulu|yl 4o 500%, 9% #H

u]—B]7]- 422 50.0%°| ATHFE 2).
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F 2 47 WA By 54

Intracerebral Intracerebral . . . .
Group . Rt. hemiplegia Lt. hemiplegia
hemorrhage Ischemic
Manual 3(25.0%) 9(75.0%) 6(50.0%) 6(50.0%)
NMES 2(20.0%) 8(80.0%) 6(60.0%) 4(40.0%)
Control 0(0.0%) 8(100.0%) 4(50.0%) 4(50.0%)

3) A7 WA AP A=

F3E 2F7TAE AEE ol&3ly A o
T AR BHF By Fxe 37709t ol E
Z 2gEE AYEYE 713 J3AdATL By A
=7t 3674, ABZ A7) AFTEL 4104, hETE
350 oI e Z+ 2§32 BARAH o3 Ao
= UUTHp>.01).

¥ Ashworth HEE o]&3ld ZH A+
qdzte] BE 44 Fxe 270¥0|Uh ol Z
JFHEE HAHEY F73 A5dAEe 34 =
7} 3333, AAZ A7l AFFL 2204, iz
2.38% o]t}

7138 BEAATY BZHo] 3333eE F£HE
Ashworth =4 G2~G3o} sF= o] 713 Ad A
o=z yggtey 7zt a3t AT FA% &
ol UATHpPp>.01)(E 3).

3. A7 ddAY FA A=
NMES Control

.Group  Manual p-value

Spasticity 3.33+0.78 2.20+0.92 2.38+1.30 0.030

2. A3 F ¥ dZF 9] Hoffmann ¥HA} H

1) Hoffmann WHA} ZE A} "]
(1) ¥13Z Hoffmann WAle] A3 A - F FEA] H
nl

H#Z9 4% H Hoffmann YA} FBA|= Fd
29.83mseco]R o} AF T FHTF 29.78mseco| Y Th
ol Z 2FEE A -F Hlw #A I} FFHEe &
I 2

F713 FsdATEe 49 A 3043msec, A4Y F
30.66msecE R FASHHA {4 Zo|7t AU
(p>.01).

ARZ A7 AF5TL 48 A 29.70msec, Y F
29.26msecE Eo FATFAJA o3 Fol7t A
(p>.01).

NzEe 4% A 29.10msec, A F 29.11msecE

Ho] FARAYL K48 Aol JAATHp>.01)(E 4).

H 4. W2 Hoffmann %HAle] A% A.3x F
EA] w3l
Group Manual NMES Control

Pre-test(msec) 30.43+1.33 29.70+1.80 29.10+2.06
Post-test(msec) 30.66+1.44 29.26+2.26 29.11+2.08
p-value 0.774 0.504 1.000

(2) 8% Hoffmann ¥ALe] 243 A - F FEA] vlw

=9 A3 H Hoffmann ¥} ZAEA|E H
29.84msece] o} AY FT= HT 29.89msece] 3t
ol Zt 2FEE A -F vluw HF ¥ Adfe oS
% 2.

F718 A3 AT 43 A 3025msec, 4 F
30.76msecE B FATAHA FoA% Aol7t gk
(p>.01).

AZAZ A7) AFEL A A 298Imsec, AP F
29.36msecE Ko FATHLL Fod zelrt YA
(p>.01).

fZFe A3 A 29.26msec, AF & 29.25msecE

Ho| AT o4& zol7t YATHp>.01)(E 5).

E 5. 3= Hoffmann ¥HAle] A3 A .3 FEA
H] 3

NMES Control

Pre-test(msec) 30.25+1.73 29.81+2.04 29.26+2.19

Post-test(msec) 30.76+1.54 29.36+2.28 29.25+2.13
p-value 0.456 0.443 0.653

Group Manual

(3) Hl@#Z=7} = Hoffmann ¥HA}e] ¥ A - %
ZE A vl

HEE3 8359 4% A - ¥ Hoffmann ¥kA} 3
BAE vz AR 29 SA%HA /A xole
U THp>.01)(E 6).
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E 6. H#23 $= Hoffmann WA}e] A¥ A -
F A8 ¥l

Examination ) H-reflex
. Side . p-value
period latencies(msec)

Non-involved  29.83+1.73

Pre-test 0.995
Involved 29.84+1.93
Non-involved  29.78+1.99

Post-test 0.781
Involved 29.89+2.03

2) Hoffmann WA} A X n)w
(1) ¥18= Hoffmann ¥kAle] A8 A - ¥ AE v|w

H§Ze] 43 A Hoffmann %A} WEF L HF
143mVolgloyt A3 F= HF 1.69mVoldtt. o]
E 4 25E=2 - F ¥w 23 ¥ 24E geH
2.

F718 A3dATe 49 A 177mV, Ay F
227mVE B BAAHQAL fFo4F Aozt iAo
(p>.01).

ARAZ A7 AFEL 48 A 106mV, 4y F
13ImVE Ho FATHJA {8 Aol7t At
(p>.01).

2Te A8 A 138mV, 48 3 1.30mVE H
o FAEHA o o)t AHp>.01)(FE 7).

E 7. ¥]#= Hoffmann ¥HA}e] 43 A -F I
H] @

Group Manual NMES Control

Pre-testmV) 177140 1.06:071 1.38+1.18
Post-test(mV) 227:181 131+044 1.30:0.84

p-value 0.469 0.399 1.000

(2) W13 Hoffmann ¥HAle] A W38 vlw

A3 A3 48 F vg= Hoffmann WHALS] AE
HelFE HEgE A% A7 P 50.25%<] A3
&% Bt o8 &4 2§EE 4HEY dgn 2
o}

F718 A3 AATL HE 3213%, AR
AFFEL HFE 111.95%, I3 gRFEe
032%9] WIHEE B AB2 A7) AFEY
Z Hoffmann ¥} 2% wsglgfo] 743 & Aoz
el ou o]E Al 2§7He] Wtgol Ui HAd
AMe FATAL Fo40] AAHPp>.01) (R 8).

Z o8
oo N

¥ 8. H]8= Hoffmann WhALS] ZE H3l-& vlw

Group Manual NMES Control p-valus
Percentage of
ereentage ot 3213+64.04 111.95+214.39 03241436 0.484

change(%)

(3) $= Hoffmann ¥Ale] 2% A - % 2Z wa

=9 A¥ A Hoffmann ¥A} AEL HF
3.08mVolA oy A3 F= B 26ImVolAtt. o]
g 7 288z A3 un A @ dBE OGP
Fig=y

718 BEdATe AF A 446mV, Ay F
316mVE RBo FALHA {43 Holrt A
(p<.01).

ARZZ A7) AFEL 47 A 242mV, 439 ¥
235mVE Ho FATFAHA FF AZol7t At
(p>.01).

YIS A3 A 185mV, 43 F 210mVE »B
o BATAHL {2 AFol7t YR THp>.01)(2E 1).

ot

(4) % Hoffmann ¥HALe] AZ Wstg ¥l
49 AP 4¥ ¥ #5 Hoffmann WHAbe] AF

Ll RESE BT A HT 429%9 ®s}
€8 HAM. ol 4 2§EE AuEY U3 2
o}

F71H A5 AL Ho -27.78%, ABZE A
AFFEL B 1224%, 23 tRFEe A
1028% 9] WH3&E Ho F713 Fs AT 33
Hoffmann A} R1Z wigteo] 7bg aA Fad
o2 yehgern ol& A 2§zt WsEd U
ARANE  EARHL /B Aot AT
(p< 01 (2 R. 2).

M

(o 3

(5) MEZ3} = Hoffmann WHAle] Ay A - F
AEZ vlm

@S @39 49 M7 49 ¥ Hoffmann %k
Ate] AEG vl AR 2% AP A-F R F
AgHLZ Fo4F AFol7t AATHp<O1)(2 7 3).
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EZE Pre-test
ey Post-test

Manual NMES |

Con

29 1. 3= Hoffmann ®HALS] 4y A - F AF
B al

3. A¥¥ =3 M-5e] vjm

1) M-59] ZEA] vl

(1) ¥igE M-gto] Ag A - F JEA vjn
g2 43 H M-1t¢] FEAI= HT 3.49msec

ojlloy Ay T Hd 3.35mseco|Unt. olE 7

IFEE A ¥ va Z2Y 9 2= g9 2o

Pre-test

Post-test

29 3. B2 $3 Hoffmann ¥HALe] A3
A5 AE wm

#7138 ZEadATe 48 A 37Imsec, A ¥
34lmsecE R FATAHL FoF Aozt A
(p>.01). A7 A7) AFEL 4P A 3.23msec, A
d ¥ 320msecE R FAEFH {FoF Ao)n}
N[ (p>.01). di=FL AP A 3.50msec, AF F
346msecE R FATAH F3 Aol7t AN

Control

NMES

2
b

-30 -20 =10 0 10

39 2. &% Hoffmann YHALe] W wishs Bl

(p>.01)(X 9).

¥ 9. W@ Mvje] 4% W - F ARA wm
NMES

Group Manual Control

Pre-test(msec) 3.71+0.60 3.23+0.36 3.50+0.36
Post-test(msec) 3.41:0.44 3.20:+0.46 3.46:0.52

p-value 0.065 0.963 1.000

2 &3 M-39] 48 A -F ZEA "u

F329 43 A M-719] FEBA= ¢ 3.4mseco]
Aoy A F= HT 3.35msecol). o]F 4 1
$9z A% un P4 @ 2¥e gL 2o

F713 AsgATEe A4Y A 3.64msec, AP F
350msecE R FAEAHA R o7t Aok
(p>.01).

ABZ A7) AFEL A% A 320msec, AY F
316msecE Ho FAEHL {4 o7t AU
(p>.01).

fzZe AF A 343msec, 48 F 3.36msecE
Ho BASGAY FgF ozt AATHp>.01)(E
10).

(3) MBS B2 M-5he) AF - F BEA )
R

NEE $39 4% A AY F M- F2A
g M2 AR A% EARAA 49 ok o
ATHp>01)(E 11).
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¥ 10. $2 M-she] 4% A - F 2EA #w

NMES Control
3.6410.48 3.20+0.39 3.43+0.55
Post-test(msec) 3.50+0.46 3.16+046 3.36+0.58
0.215 0.941

Group Manual

Pre-test(msec)

p-value 0.328

£ 1L n@3 85 Mate] 49 A F 3%

(p>.01).

e B7) AFEe 49 A 8%5mV, 4F F
11.38mVE 2o FATHA {FoAd ozt i
(p>.01). HETS AF A 482mV, 4 F 482mV
§ 2o BATHA KT ozt AR THp>.01)(E
13).

%13 8% Mo 49 A -F AE

B Group Manual NMES Control
Examination .\ Mwave  alue Pre-test(mV) 8284316 8951276 4.82+245
period latencies(msec)
- .0513. I813. 8212,
Nondinvolved  3.49+0.50 Post-testtmV) 9.05+3.77 11.38+3.98 4.82+2.26
Pre-test 0.545
Involved 3.44+0.49 p-value 0.829 0.143 0.939
Non-involved  3.35+0.47
Post-test 0.919 () BlgZT F= M-go] AY A .- F JZ vu
Involved 3.35+0.50

2) M-y}9] X nlm

(1) MEZ M-mte] A H-F JAF v

HEZo 4y A M-3 JEL HF 9.8ImVo|g]
ou Ay F& HE 1129mVelddt. °|& & aF
H2 A-F va @44 3 dge oS 2o

F714 AT 48 H 970mv, 43 F
1211mVE EBd FAHLA {4 Aozt gt
(p>01). AR A7) AFFL A4 A 11.25mV, A
2 F 1B2mVE B4 FATFAHI {43 Holst
AAHp>.01). xFL 43P A 818mV, 4y ¥*
763mVE Ho FAFHA {3 2oyt Ao
(p>.01)(E 12).

¥ 12 03 M-ste] 43 - F A% ww
NMES

Group Manual

Control

Pre-test(mV) 9.70£3.20 11.25+3.18 8.18+4.37
Post-test(mV) 12.11+4.68 13.22+4.83 7.63+3.58

p-value 0.015 0.188 0.509

(2 8= M-gto] Ag A - F JF vjuw

g9 Ay A M-5t AFL HF 758mVoile
U A¥ = FF 870mVolych oS 2z 15
A-F via F3 3% A9 oS 2o

F3 AT A4¥ A 828mV, HF F
9.05mVE Ro FATHA {3 Ho|7l AU

AgZT B2 44 A% A F Moy AZ
2 um AR 2 BARAA FF Aol ¢
AtHp>.01)(E 14).

¥ 14 HB23 32 Mge] 49 W% WE uw

Examination . M-wave
. Side . p-value
period amplitudes(mV)

Non-involved 9.81+3.61

Pre-test 0.015
Involved 7.58+3.25
Non-involved 11.29+4.89

Post-test 0.063
Involved 8.70+4.27

4. A7 =272 HmaxMmax H il

1) H$= Hmaxy/Mmaxo] A48 A - F nu

Hg=e A3 A Hmax/Mmaxel Hle
1494%°1 o AE F& HF 17.04%°]14th o]
Z+ a2g¥z A-F uin 2A 3 dye 4eH 2
o F714 AEAATS A4F W 1683%, AE ¥
17.58% % Ro FAAHLA FoAF FHolrt Y
(p>01). AR A7) AFTL AP A 951%, 43
F 1154%F B SAFAHA F4g o7t AR
(p>01). 2T A3 A 1887%, AP F 2312%
g Bdo FAHA fa3 2olr} AATHp>.01)(%
15).

e
=
=
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¥ 15. ]33 Hmax/Mmax9] 48 A - & vn

Group Manual NMES Control

Pre-test(%) 16.83+8.98 9.51+5.83 18.87+12.47

Post-test(%) 17.5849.95 11.54+5.84 23.12+12.87

s A3 Ay HF 3066%9 WIS
=R 1= ) OI% zZt 2g¥Es AuRd o3y 2o
F713 FEAAFL HT 513%, ABZ A7 A
FEe HF 8280%, 11 RIS BT 3.78%9]
H3ge Ho AAZ #H7] A=Z79 Hmax/Mmax

dstgo] b A 71 ALz Yoy oS
pvalue 0703 0.291 0.038 A 2g2e) Wsteel oE AFeIA EALEY &
93 Aole AATHP>ON(E 16).
2) H]3Z=9] Hmax/Mmax W3-8 vlw
A9 W7 49 F WB2e] Hmax/Mmax 433
X 16. v]8=29] Hmax/Mmax H3}& vl
Group Manual NMES Control p-value
Percentage of change(%) 5.13+37.96 82.80+179.09 3.78+12.32 0.398
3) ¥ HmaxyMmaxe] 43 A - F vlu
=9 A4¥ A Hmax/Mmaxe] Hl= Ho 42.07%
oy AW FE WF 3B6%IATY. oF Z 1 BN Pre-test
B Post-test

FEE A -Fva AA 3 dge g5 2o &
718 AzdAFe AF A 5558%, 4F F 36.18%
€ B9 FATHA #F% Aolrt AUATHp<.01).
AR A7 AFEL AE A 2711%, 48 F
2038%E Ho BATAHJ F% Aozt AT
(p>.01). 2T A% A 4337%, AF F 47.62%
g Ho SATAHA {3 o7t A} THp>.01)(2
2 4).

4) 339 Hmaxy/Mmax H3}-& vl

A48 A3} 4F ¥ #59 Hmax/Mmax 3} ZFS
wRgz a3 An HE -12.64%9 HI}EES K
4t ol 74 a2z Anrd g3 2o
713 A3 AAFL BT -31.62%, NFZ A7 A
S PP -858%, 181 UIRTL HT 841%9]
Hel &S B $713 45 dAT e Hmax/Mmax®
ko] 71F IA ZTAT RAOE YEFoH olE
A 2ERY ¥EE] A HAAME FAFHAY
frol gt Aozt ANTH(p<.01)(ZE 5).

5) B]3=3 $¥= HmaxMmaxe] 23 A-F n|
]
AR A 4F F uiEdEH $#%9 Hmax/Mmax
g v HAY AFH BATHLE {9 zolst
AR THPp<OL)(E 17)(ZH 6).

Manual NMES Control

I 4. 8= Hmax/Mmaxe] 24g A - F vlw

Control

NMES

Manual

T T T

T T
-30 -20 -10 0 10

29 5. 3=9] Hmax/Mmax #¥3}& vm
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E 17. @33} &3 Hmax/Mmaxe] 43 - F
H]_Tﬂ_

Examination ) Hmax/Mmax
. Side . p-value
period ratios(%)

Non-involved  14.94+9.72

Pre-test 0.000
Involved 42.07+23.59
Non-involved 17.04+10.43

Post-test 0.000
Involved 33.96+21.29

5. +44Q Ashworth 35 ¥3}& ¥l

49 A3 49 ¥ 549 Ashworth HE W3
AEE WEge A 23} +3Y Ashworth 3
Tt WF -833%0) WHEL RYT o8 2 1
We AHEd ggy o

2 Non-involved
S Involved

Post-test

Pre-test

a9 6. ¥3&7 = Hmax/Mmaxo] A3

A% v

273 AEAAZL P -1875%, AAZ A7 A
ZEe YE 250%, 23 WRFL FHF 0.00%9
H3lgE HYgoew oE A aERY F3FE
Ashworth HE ¥H3l&o] st AAANA FTATZHA
T8 2ol YN (p=002) 713 FZAAF
o] #349 Ashworth Hx wiz}go] 714 AA Za
g Ao E Yegoi(2d 7).

Iv. 1 &

ddl Age Q1Y HE o] A% wE
HEF Lol HA FrIeta Jlov o] &
gz g3 H&F A2LE =7 Yo o
A HEFAM AER BAEY FAE HA3 A

ABezxe FAE FASHEA q9 @
A= SPAA 3R EAe A8
o F8 #4 Aol 3 o

47
>

2 4y K

Control l
NMES ‘

-20 -15 -10 -5 0

g 7. 3" Ashworth 3 & W38 vlw

£F ¥ &3] BAA w7 dehded 332
gAES 232 TEHX AT &F T F44
TE715d 2AE o¥H. F AFeR di A
ke TFAL Age TAHI 75HA BA A
7h of71dth

AR H 2 AR Al e THELS
e A&HHog 7HAx Yed & 1079 298
o5 24, AR AR, 22AB, a 2 7 &
A7, A5 A ARH TF FFEAY diHH
2, 7178, T 2 A DA, ¥, ARF Fol
Hojsta gk mEbA o Y JHAE o]E9
BAZE Q85 JE Aoz FHHAA L Ut

B A J1de A H FHH A s1dAd
I ARG A 71Ado] oy olF ANAA
233 B 7ddede BHE FH 7-2F AR
(dynamic 7 -motorneuron)?] &FFAjo] FolF dH
g Bztste 7-2F AA 34, S He A
Z+ ME2 a-&F AFLY 71T F A% AL
2 Ee a-&F A4 Y, AFA gAY #
4, A4 A9 FFE Fol Jev(EHLE}
I &, 2000) & JdF= BAY AR TA 2
714 F a-&3 A3 A FE3A 289 F
HAY £F oF HE A AFLY FHEA 9% 2

oft rir

~
%9 a-2%F 439 ol9¢ F B¥oz It A=
M 43 oA Aol mB2Y FAe dAHER
9§58 AWRIA S,

g 978 937 A ATHE AT WAREY

AR FF ZAEE olEy] A8 AHH HARA F
¥ Ashworth HTE o]&3ld A FxE Lo}
Hged A¥7 ¥ URF EF {93 Ao)E R
oA ol FY FE AY A=E /I HEFT @
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AE WgoR B AT £YHRAEE T 5 3
Hoffmann WrAl7h 22€ o), ol ¥@ e

A7 Ba 53 glow O 8o #FIAE UL
A =@o] ojojA 3 glout Hoffmann ¥HAMY] ¢
43 e B, 93 AN NLE 59 A 1 A3
AAZ(S1 root) FFE] AT F@radiculopathy)
o] %7 Hoffmann ¥HA}e] HEF 3 M-uhe] FH
12 ol8e Ad) ABHA Wrldn & + A
Aoj}. 195013 Magladery 2} McDougale ®FAF G
£ SuA BA Jud wee Mojea ¥R
I 2 ool Yehd ¥H3-& H-getn g9t

Hoffmann ¥} A@& ¢ 2a A5 Fx=E
€97 AF3E WA H-57b el Al EsteT)
o)F AEHA AT AERE Fol¥W H-m9 3Fo
F7r8ta A M-gtx yehtr] AJZRgt. Hoffmann
watel EHE 2 olFel Yy A3 Bre
o EolA 59 Haje) 1Ze Fopx AL gloiAw
A Meste] A A7) AZR

H-97} ZAsAY &45e ol2d d4e &%
273 S2Haxon)e] H3PA FZ(antidromic impulse)
I} wkAle] olE] ofy|® AWA  FZF(orthodromic
impulse)®] F&, £& AP FHo| FHF MG Al
¥E giEF AH EB§7(refractory period)o] E o]
747 WEez AT, 1986 HIE, 1983;
Oh, 1992).

Hoffmann WHALOlX &3 7b5d o8 §&55 F
AEAlE T2AZHAL A 1 JAF ABZZ o &
& #de AV €9 ZAEAE d7AE g
oFZte] ZpolE HolEH o] g ztole] AL HA
A8 #dx, 715 wiy) W5 o] Fo] dflesw
AAXH = g2 Yoz v Zold o zt
o7} I HAAHHNZE 5, 1998; Oh, 1992).

£ 459 Hoffmann WA} ZEAl= A8 A-F
H] 3} = 0] 29.10msec ~ 30.43msec, 29.11msec ~
30.66msec 13 FFHEo] AF A - F 29.26msec~
30.25msec, 29.25msec~30.76msecE Ho AP A}
F agla vE2e &7 3ol Qe ole
A3YE 5(1998)0] B3 24msec~32msec, PYAZ
(1983)9} u}F8(1986)¢] 28.5msect} 29.8msec, o]
£ 5(1983)¢] 28.53 msec, o9 7 E(2003)9)
31.42msec~31.63msec, Oh(1992)2} 25msec~35msec,
J8l3 Kimura(1989)7} X.i1§ 29.5msecs} #A}S
A74E Bo APFH oi2F BF A 1 AF A7
= ogolut TxAR BNl gle AE ¢ + Utk

Iy o] F-¢-oF A E(2003)2 sHF AFZ &

& A7 AFF A+ APTeR Wy Avae

)29

Al A7l A= A$ Hoffmann ¥EALS] ZHEA]
7t A7) AF A8 FHFe HE 208 F /A4S F
7te RYoa B3stgen o]y F(1M): B
A4 A1 AF FH98 B AF AS AR
(transcutaneous electrical nerve stimulation; TENS)
9} 7H4s} X 7)(interference current)E o] §-3}o]
A7) ASE A% FRAA KA F7h vk
uTsd A7) AFE PP NMESZl A FEA
o WEE Bolx ¥ ¥ AT Ansh e A
g Btk e Aol T AT BT AUE 4
Ag dpoz ATE FIRAT FRAY AF
AT A7) A2 AP AT 5] 42
2% B4E A7 OHeD dT FRA AF
AT A7) AFE $UY F 2430] AW OE
Ve B AT A D FRA AF 2 A
N Aolg mdl, olejd 2dld] o Aol A=
T F AT BF FRAY AF 3F ¥ 54 22
(follow up)o] ol FoiRA eol Y Aol ¥l
£ e EAV U =3 F AT EF A
A-Z FEAY Ao]y}  0.44msec~0.61msec}
0.41msec~0.84msecE Ho U Az z, &
Z 3R] AE A7} 1.2msec~1.5msec oj4} zpol&
B AT 42AQA duizh Sl HE 3
v E w2 E, 1986; Oh, 1992) 4431 9w &
ZHAE "stge 27 o8 e Ao AgHY AF
ANzt 7o) @& Hoffmann WA} FEAe] Wl F
ojdl #F A7t B8 ¥ Ao AgdTh

2 d7odXde B39 ke 3" Ashworth
A%, Hoffmann WAbel Hu) AE3 M-she] Hy
AEuE Prpstdn. % Hoffmann ¥kAMSE M-3}
A% Frhe A4 F71E dualn A
At B4 24E ovsher Hoffmann whalsh
M-ste] Hol AEnz A Wrise o %
We Mtel WE Wael Hoffmann whabe) A%
Wl wet ATt Je BL 5 Yt T
o, Hoffmann wite) AE wWsl7l glolE M-vtol
ZFol FrteA Ha JFule FAEA Hi M-
ste] RZo] ashAl HY AENE F7heA Ao
WR Mtel sl Qe 29, WA 259 21
A1H o2 ekl Hoffmann WAte) 21Zo] Z7}
A Hd R FHe F718AH A Hoffmann §HALe)
Ao asl =W AZwE pasA Ao
(Hardy 3, 2002). o]o] & d7= M-3o AZ3
Hoffmann #hile] 1Eg mz 238 £ A%
o8 ¥43%t9 M-37} Hoffmann WAls} M-3}o
Ay DB 9P MAEAE GolnnA Y

4 v
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=3

B AN M-3te] ZEA= n@Fe AL
3.20msec~3.71msec, &L 3.16msec~3.64msecE
R HEZ #Z9] FEAE zelrt fle AL
2 Yey HEFoR 7 M-mto FEA ¥de
RE 2Ae ¢ F UAAT =)o} uad$(1992)2
Ha Aol 33340 ARF AUe ude=
Hoffmann WALE A7& 23 M-3ho] FEAZL &
A AFE o8I} FAHT BeE 4.07msec~
6.0lmsec, HHFEL o]&3o ZHG +=
4.02msec~5.92msecdxl B33l B A3 Az}
AY FABAoY & @M e Fe ZolE BY
<t o8& Aol HHAY MG Aoj2 AR
%, xZolg vty (1992)9] ATolA HRAAY H
T AFo] 167cmzZ £ Aol FAF A7 dd#
B}y i 6cm7t ok wEbA A9 zelz Q1
t ohE] Zole] xtolo] o] M-mhe] FHEAJAM
ol Holg Aoz oA
£ dFd94 M-mo HFL HEZg A
7.63mV~13.22mV, #Z9] - 482mV~11.38mVE
Yeht Bl#E #3259 o7t gle AR ey

EFH T AT ALY &30 M-utd
AEde ¥ & JFE XA 2L ¢ F Aok
T B A7 A A - F M- AFx
W37t JAREW olF AF}E Hardy F(2002)0)
4 g4d uiE 2329 AF FF32E 2F 94
FELE A7 AT A &F A9 1582
A7l ASE B35 EFA M-mto] AZ wasl QL
Ay Bugh dF Aot Xt wEtA 7
AFE ol &% A3 JA J1EY By A7 AF A
=4 A AZFY Ygxe M- AEdqE EugE
FEgg vX A Eie= AosE dAXY. Leonard F
(1998)& HAZIE 55 A d3 a4 A
5 o &4 7R AR 25

e rot wpn

U 39 % ABde
A M-mte] AE WHsle At B3 gon
Cheng 5(199)% 32 &Folu
A M-mte] ¥isles QIdty Rx
2 ARE BHJEY o F7134
23 A 71HY BeE £5&
SHO)EA T FF ] FFYo|
A M-u¢] AZole HYgg gL v
Aoz Agdd 12z M-g¢
Q13 82ld HHE JEF¥E A
AH3A FAHE ReE ARG
o9} ¥ S5(1992)& M-9te] MEZS HA A
ZF& o83y AP Aee 11.97mV-~15.62mV,

A 5 B5
o B dye 2
WS o83
o] ojw
Aol
1A %3
< 47

L

—.—’fomt"
!

% o

A
o

LT o

oo dn
&y 2 ol
K1

x]

N
2

=& olgstd 53 11.38mV ~
2mVeti B3dte] B A7 R ot MEo] &
2 Yeigtoy} olgg Aol A Al
Zolz AR F, M-3= Hoffmann ¥HAL
71 913 F4F AR S APz A= & 9
ZEE Y22 AF A AFHO et
38 AF29 22 #F 7 Sl(compound
muscle action potentials; CMAP)o| 22 M-ueo] =
F& HEZY &F 999 549 B=E YEHYE
A2 4T £ UAS oo B M-gto JF
ol met A AR AR e B AF
PAAE L =Fol9} g £(1992)e] AT ojdAt
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