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A Study on the Functional Electrical Stimulation
Lim, Jong-Soo ¢ Kim, Soon-Hee ® Song, Young-Wha

Graduate School of Kyonggi University

~ ABSTRACT —

Functional Electrical Stimulation (FES) is used for muscle reeducation, reduction of spasticity, delay
of atrophy, and muscle strengthening. FES stronger stimulation than other forms of electrical stimu-
lation, The efficacy of FES in improving function has been substantiated in the literature,

Treatment programs employing FES - activation of muscular tissue through the intact peripheral
nervous system — can be broken into five major categories, according to the goal of treatment, These
broad areas would include the use of FES to: (1) a direct excitation onto the alpha motoneuron, through
peripheral stimulation of the Ia myotatic sensory system and ascending afferent information, which
will be integrated at conscious and subconscious level of the CNS. (2) The quality of a stimulated mus-
cle contraction is determined by combination of many parameters, including stimulus amplitude, pulse
duration, stimulus frequency, and duty cycle. (3) A unit that has a pulse duration between 200 and 400
psec will be more than adequate for FES applications. (4) The neuromuscular plasticity is critically
important to return of function using muscle re-education and facilitation applications, (5) Prior to
using FES as an electrical orthosis, the patient should build up endurance in the muscles to be stimu-
lated during the gait cycle.
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3) A3 ujjx]
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7153 A7) A=l §ol= Liberson(1961)9]
o8} A28 7|53 A7}4&(functional elec-
trotherapy)2 7|&HAtt7t, 19624 7153 A7)
A+(functional electrical stimulation)2& ¥
s%ict. 22|32 19679 Gracanin F(1967) 5o 9
3o 7153 A7l AFolH o o} £oFHoz 23
& & A 2 I8 A7) AFE ek 2% %
T FEHeRN VA oE 8% FFE wEd

= ABRAEE AU & 7154 A A
< Hop|A Y 4oie] el FollA e Zol

425417 Hlupper motor neuron)®} £H7)52
A= Ao 315417 Y(lower motor neuron)
o] A FAA A3z A=2olzte Hol ot
£ AT A7) Aaas HEEE S30ld,

sHat Aol (paraplegia)83AtoA 7153 A7 2=
& Jgoz AEgt AR Kantrowitz A(1963) &
Ly I g@A2o T3 AL&ARIR YiEAt
523 22 AFdo 252 AT &R A 9}
A shed AFstdoh, 1% A2 Eyol Rancho
Los Amigos H ¥ <F3ld Wilemon W,
K(1970) 52 Reswick J. B(1972)7} 22} 1970d 3
19720 GA] vlE HPHE ARS8t A9 £
AQl #52 FAAN7l=H 4Fsisid. ol 2% #
& ARSI 18A AALE £54717] Yo o
A3 SRR AR71E AFYste] BAZ%a 3
47} 212} 0.3mse} 20-25Hz9 MRS A2y
=) T5 3Pt dxrt 58 4A8 H Y2 4
< & g gk 2 oju] YEFH I&E
3o 12X Ax A7]FH o2 T3k TER T
FE 209 ol AT A 282 £5AE b
e Y2 AZEE 15294 2A7H2 2 5 5
= SR 3 e

A7t dolM 1 delE | A4 A& £ e
A4493% dAd(multichannel) 7153 A7 AT
Brindly(1979) & st AL=HYU} = FA
FA719 AT AR dF3ta Aol st
qEF A5 2 MEAFE ASsd A
7153 A7 AT A2EE A3 F g9 sputAlng
BEAE F 3 P2 358 T A AL 58 F=

< £ UNen, 2 F g2 BET A UL
AT B3 A7HE 5& A= o]t 22jut Cooper
E. B(1973) 5 spitalnpujgiziol A 7154 A7z
2 7oy ¥ 53E A X3 g
et
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3% olgel =L B dloly £4E P2 &
Ao AL A £E, A, 9% 58 mesiA ¢
< Aol A7t AYE A g Rojzhs AMo]
o] A7 EAoA WA & ZE x4 A
&8t AFE B £ gl Ao] ohz} 53] Anrt
A= 7154 A71A=] i3t A3 FA7t Aok 2
oltt, o] Eopo AFE FL=F AHL Kralj
A973) T2 Z7) B, &4 ¢ 3 A
g AJZE A, Aol ohE siutAlubuidiRl 50%-&
ez 7153 A7ASE 7lete 1 F3E 24
3tof T12KTH 9 FRo] £48 U2 ALY i
< Z]9 #Fo] A7t A2 H2of gt A
A F7Vecta G Estgict,

197990 B2 7178 AN g 7154 A
Z|AFe] ATt oW A7t 52t ZIHAAE A
3h= Wio] Kralj A(1973)50 98 4358 AFH
20 198090 HAl 2 a7l geted w4l
ohe|3A7 SR e HAE oF Ut o] ff Ae
o2 =98 Wio] f47loA 2ZurAR - (flexor
reflex)& o|§3t= Zolgltt. 28} o) &3t A=
APA $E& HojuA] Rtz 19874 ol28
Ao} Petrofsky J. S(1984) 5ol 9J3te] HEHYH
EAHTE 58 7164 A7AFo] ¢ 7039 H$
SRR UYRE o] 8H7| AFE YT, o]E
A+Ee Bio] ot 709 7h&d 1052 490
Nz 533 7153 A7|A5E o183t Ry &
F 9%er & o 109 EYPEZ7|(walker)9}
7163 A7) ASE ol 8o AjolH HPL &
AT Yok, 2% A& A79] A2 19860
= 28 2 Z¥(posture switching)olZi 3
FE M2 o] AEEY o] AL i 2%
& ALH o8 AFste g4l o 282 g2
A=k H i of WS ARE of APt A
U= Alzto] o Aojzictx 3tgidt,

7153 A7|A=0] 84 7163 B 71 2AH
< 7HAIL Qe AL AMO|AIT A3 7HA 4T 2 o
g A7 ZHEC] g3t Ar&dE gL spkAlnt
v A dA FEAA E5E FAY Hopu#R
oM HYE Addste 5 AHE HAE 4+ AS A
ojzhz 22 9AY A7} k. FYoME ol
FTAAYS g3t ojn] 753 A7jAS0] HYow
F9HL Yot 23y A= ofF 7154 A7)
Aol g A7t 2EdAC HET Yo 25
ojutul £3-& F3A & G- AASHA =AUk

L&

L 7153 A7) A39 434884 /A

713 A7) A= FE A3 1A
£ 7Y Al (volition)t F-2 ¥HAF A5 02 QI3
TEAE YO GO ZH PO, 289 A
I % 223 7153 A7|AS o i8]
HkAL7| A (proprioceptive reflex mechanism)o|th
254 wA7] A (musculocutaneous reflex
mechanism)g°] &43td ARAZ Yoju= 252
A £5& 25 235t gt

T4 7153 A7AFAA dehts £33 94
3= la ARS8 fYsHe 44 A5
P LAA L 25 A (motor activity)S ZHA]7)
T AgZoAe dAAIG dhs AMLE WTAS
Lloyd®] 433 o]5-/4utA 7 2]l (double recipro-
cal innervation)& ©|-83] &%2<l alternating
stepping movementE ¥t Sherrington?] ¢
TF2A 498 + . 53] 45 2 7154 27
A}(bilateral alternating FES)A] B]Z3A41739 A
7|22 2 G alternating stepping move-
mentst Sherrington?] o|FA u7} o] &5 o
EHQ ZALoltt, olfd AEL 7153 A7A=F
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o] RYA Yehhe AT IKE Aoy 4734
33 gL AA3 2AFLEH, SE= 2532
AR, QY T 259 FErjAE 233}
#9 By &L & F o= 7HeAE A8A
3= Aojt},

H 75 Arjd=o] 359 52 Y =4
3h= Aoy )3 H(clonus)Tt 2 ¥HALY 258
%(reflex motor activity)o]l ¥FL n|X= AL
Lioyd T(1986) 59 Aol o3 ¥ & YA,
S AT oz ALEHEs Anbe ¢ddd
A7ATS 24473 AFA7] A (mono-and
oligosynaptic reflex mechanisms), £+ T2Al
Zolyd 45 AA|e] E4d Ao RE A3 ¢
gt Q9A R 2HH FA4ATO] FFAFAR
T Qo] ¥HE fUEo 2N A= SHEe 1L
84 7139 gA%E tAen o4 239
Mz 2y, a2n A gd 2479
(engrams)S FAA7jct] s ol % AMS
B3le] 92l 7153 Az A2 AAH %
A FAZ A Yehvte A3 SEAS 4
924 (suprasegmental) Atolof Qi HAYAAY
(interneuron networks)? 71532l Q22 &4
He 144 A3E 58 YS A (reticular forma-
tion)9] A9 Aty 3 5= YUk

AAAZ AR o2 HEF 0] 9L = 55}
F(subcortical)®] 323 AA7IA 121 5715
o] A& AT diHe} 2N7|HAE FFE YFol
Ak, 7154 AZAFY Ao oA HEEE=
57159 A A=E B4-&5F5H(sensory-
motor integration)®] £&3} WAL &£49) YA,
&40 A% ¥ $%57]%(cerebral motor func-
tions)dd ZAAY, 121 A% (minor hemi-
sphere)d 5379 Y (equipotential empty
areas)®] AMg- 7HeA Toll 28 ke A2 949

o} 7|7} Qlek,
2 7153 A7l AF A8/ F4

1) H7IX=SE47i

7163 A7) AFo| AgE7 AZEE 27]o=
0.3 - 0.6 ms9] A=AJZH} 20 — 1008z9) Fub4 O
2|1 1.8 sec o149 E7]7Htrain duration)S A
Tk ALE,AA Fe 9 gygoly Zus EA
A71e HA 7180l Bol AALEAY 13y 25
A= - ohoFst A A7 Fubge e B3-S
2= HA7180] AEET Qi) 28ER AsAkes
AGEA ] wet AAS GY7E Ao} gt of
REY 7153 AR £ 2o A
(amplitude)o] A A13] Z7HE] L 9] EPA A=
AZo| A 3] ZaHE Yel9 2E HZ(amplitude
modulation)& Alech FupE WAFE F
4 ¥ Z(frequency modulation)d] Z$= 34 2
Jlols Fukrt Z7tElm o oA oA A
g Alad o2 Ho gt LA o]F HA] 59
EZoju} giate] Wy Gof uet gt AYE F 4
Ak, 715A AZAS7IE dA% &9 AYE AF
£ A&H o2 FA™” = Sl Rolojof dit},

2) M3 Hel

AZL & go|Z A3 {(silver tape electrode)o|A]
B 93 X:artificial foam electrode) 72| of$-
ggsitt, 2719 A5 A=Y 342 B &
314 3 2ZX(sponge)tt WEH E(felt pad)E
% gy 2 gEo itk Nelson HE(1980) 52 o]
2 AT A2 p et AT Aol HA = A
BH(skin—electrode impedance)d& ZAAA7|E 23
= & SNl v, 3R B9 £ ASE 93
717} ol 2, S3ol= F BUHAT o] Ut
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3t ol 9 A3zl $4ste] Carbon-
impregnated silicon-rubber electrodes?} 74 E]
A o] A= 2R 2718 dgetA v A
T ujL {A37] giEo] A4S of| HAJME F
2 A8 4 A Aol Aok sA o] A2 A=
o258 A PRI AFE o|lFA7I7] HalMe
A=A H&9(conductive interface)o] PAH},
Az A ZA(conductive gel)o|L} karaya =, 17
I synthetic copolymer gel HE 5o] 2549 AL
=3 e AxA AFHY ook, §AE copoly-
merst B§ A=A F&go] gl7] dio 84
9] Ulol F £ gt AFE 2 F Aok
T Afode 459 A5E #47) o) =g At
d4=(saline solution)®ths £43%t E(plain

water)& AMS-3H= o] o Ftt,

3) M=9| tfXi(Electrode Placement)

o A
25E g dojd o] wjz|ste] A=t HHS
@34 A=(monopolar stimulation)o]&} 31, §
Bol g BASH Al717] YT E8ou 287
st A3t WL 0|54 A= (bipolar
stimulation)o|2tx 3t}

Griffin JE, Karselis TC(1978)& o154 4]
(bipolar placements)= AFE A=4]717] Hgt &
o B =GAE 4 Q7] el AAD H7)A=
A 7t wol o] &HI gittn T oA
McNeal DR, Baker LL(1988)2 Z17yo] A= dojA
Y= AR} @] g 2] AFA] Hbg 7 v
ZtZHcutaneous sensation)& =77] djZojch,

HE 2 A (scar tissue)oly o] E7]H Y (bony
prominences)= Aol A4 mBu KA
Bt $7157] o BAHTY wjzl= mah= o]
Fot. A=A (Conductivity)> 23 4o £ U&=

83 ol 557, ¥ A A T8 FE
A=A g Shriber WJ(1975)& &3] 24471 28
€ Ty Yo ARE FANL AL+ HE F
1 &gt & B, AgolFoly A 45
I ZE A EEESASE | g A2 TR Wl
Z|A7] 1 b Spbs G2Ro e A I

4) AX|(The Switch)

7153 A7|A Tl AMgdhe AHA = ¢ ot
ot 1% 8o 71g &3] AMS-EE Feis UHEA
(heeDY F-F(midfoot), T2 759 ¢HAHinsole)ol
Mz A9 Boldt, A YXE RYF7]9 o=
A o)A ApFo] F£ojx|7]1E Ydle=rtel wet g
th, g 5o HHEA $7171 AlFE o A=Fo] Fol
2718 g3t SHFA S +HAE A3, 447
9] whule B7)(mid-stance)ollA A=o] Fojz]|71E
gt FFof Mg},

3 439 WEE

1) IE(WAVEFORMS)

McNeal DR, Baker LL(1988)& tiAA o]AMA A
Atz etz B 94918 (monophasic waveform)
of v} FL3HA FR ARA=AM 20 - 25% 3
& o & 28 YA & o &tk Baker
LL, Bowman BR, McNeal DR(1988)2 23%¢] of
e dAeR & d7dqA 27Nme 44 &9
(torque output)®] HEANFToA LAY E 3}
et Hitj A ol d AAZEutet YA o3
ANGYHE T35S o HR-E A4 oA A
Atz mtol A £ Hekst Z44E L7ickn B sk
=3

Baker LL, Bowman BR, McNeal DR(1988)2
43759 AL LR F E U2 AFE I &
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444 & sH(monophasic—paired spike)?} ¥z A&
THmodulated sine wave) 22 385 (sine wave)
¢t A¥5F9Hsquare medium—-frequency wave-
forms)E o|-g-3to] HAELS A53t91E d& |
378 ol moll A B Bkt w4& w71 3t
ok 259 A7j9h AE vid AFJME diE
AR o] 2 388 A5 de dIAANE, 1
232 £ FAToI A2 22 A2 28-S
A5 d= B HE FoRitt L stgid, a2
B4 ol By o ARE FuirE 44 24
3to] 29 30, 50, 100ppsZ ZL3}E L = 2
FoE Asshe A3l Yok i

2) ZIZ(Lx) [AMPLITUDE (INTENSITY)]

AF9 Zx(intensity)t A& (amplitude) &
2 502 Hol=d AZol 7EH(THNA,
isoelectric line)22R€ HYH(deviates) HF Y
0|8 '3ttt hREY A EL 100ma9] Hf
Z%(maximum output)Z 7} 3 Y},

ABAZL A8k 2HH-E 4ol £ e ARAE
< ¥R g RAge] g27) g M2 Aolzt
Ack. g o2 wRtekRte] 9 myek 25 Alojof ¢
< HaAgEol UF FAS E5473E A3t
o Z FAY 9o deti= A & gl

3) HY7(Ztat HATIZHPHASE DURATION
and PULSE DURATION)

29 Q742 A71A= BAE2 0.2 - 0.4ms9
14" YAFAI7Hfixed-phase duration)& 7HA|1
ltt. o}AL Gracanin F, Trnkoczy A(1975)] 9
31 Arj3ez 2458 U b 0.3msd S
717to] 0.05ms4t 1.0ms®] $147]7kect Hetst =

< F7] g 2ol 3.

YA7)700] &S de A5S ¥4, 283 ")

o] 4 = AFS WA 23, B27|170& 5000
s o322 F7M7I” 3L o o} FAHA o
=th, IR ARZA7IAF7182 20 - 500
Atole] HAZIZHE 7HA T 9len 200 - 400us Aol
9} "A7|Zbe] 7V AEE YAt dA 9§
o $5& 49714 godA 2452 =R £ 9
= A71AF ] daAE ofd = A7 AgFold,

4) $3=7| [DUTY CYCLE]

39 AR Z2aWE AYstr] A3
At Foedt 55718 Yi=A 84 nesfor &
o}, 1099 27435 4L Q44223 Cole KE(1987)
S dJstd, dENEES A 7] 855712 &
S8t EAFEZY A& (quadriceps torque
output)& YA X|7ko] A} £A314-E o, 30pps
o] Fupet 1 39 $FFIVIR AFYE o
50pps U} 1: 79 8557 Bl 109 5
F712 A339E 99 d(torques)S A EHL
2 & Aol7t 9= AR Yepdth 18BR A8 F
SH 271 vehuhg d=A2he FTA7IAY Fake
ERE22N Y28 P £ Q.

5) 71271 Azt 71271 WE[RAMP TIME and
RAMP MODULATION]

71&7le {7t 227) NFsto G AN A
of EEdAY Ex HuHN FHLR HEoH &
i dupy #24 32 %A douderE BoiFe
Roln] o] ff Azl AT 7187] Alztolzta gt
71871 A i Z50] REYA AFEHe =
A g 4 A Pk 32 2Ko] eAHez 5
F3HA sto] @7 2] A3 4 YA=E o
% 71271E & o185k #A3 +57 ui¢ A

@ 2428 5 44 Utk
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o271z A%t 7| o] WA= AT AH
A FUgle] YRAT Fste] Y2E A PLE
ghEo] W3 Qlok: gk, A2 o) ApA
(reorganization)& Bishop B(1981)& A1474A4
(neural plasticity) ojetz s}ch E3H 9
Bishop B(1982)@7o] &3t 229 F3A4A =
FojX Aol gt ¥h3-& F3lod FFdoHcollat-
eral sprouting)®] 13 (processes)T A A HHE A

X(synaptic reclamation)& dogjogA A
3jEo] 7hsd = Uthz sh¢lct. 3tAg o] AL o
g7 s 718 WAl E4dt Ag el Aajolx)
dg A g E(complete spontaneous
recovery)®} F3A73A NN FAH R Yot
AE FYoe AL ot oA HAUE AA7tAA
of tf3t o] 22 AR JusH £3& AL 7]
52 5N oA oS3t}

Craik RL(1982)& $5A174471 &4& dotn o
ZAZA 7L SA B o)A F2AHFE F3lo] 1S

. 50 3

]

g . ’ s

§ | g

3 g

£ s L

= Study N=15 g 2

agn, 30 |- / 3

s / %

s - %

2 20 !~ 7 Controi N-12 £ e

§ 10 £

8

33

9D ol ! ! ol ] 1

PRE 4 Foliow up PRE 4 Follow up
Weeks of treatment Weeks of treatment
(A) (B)
A, Selective Range of Motion
Pre 4 Follow—up
Study 9.7+3.3 34,8479 37.7+5.2 N=15
Control 14,4+5.6 24.3+7.2 47.4+6.8 N=12
B. Torque
Pre 4 Follow~up

Study 1.33+0.42 2.23+0.55 2.89%0.62 N=15
Control 1,01+0.23 138%0.34 2.51+0,49 N=12

Figure 1. The effect of a feedback~stimulation treatment program on selective range of motion (A} and torque (B) at the wrist in
hemiparetic patients, Control subjects were treated with traditional facilitation techniques. Measurement were taken
prior to the initiation of treatment, after 4 weeks of treatment, and 6 months to 1 year after termination of treatment.

Means and standard error of the mean are represented.
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& A7|AFsHe AL AAE 7t 4 (neuromuscu—
lar plasticity)& Z74A1717] figeletz 33t
Salmons S, Henriksson J(1981)¥ ZHZAIZY &
A A7IAEE o] f2H 71449 7)5E Y24
Z ¢ 715t 248 (more fatigue-resistant muscle
fiber) S0 TFHZNA Vet RS TEF22H
98 4 ok ik

ARZA7NAZE 252AE AT ARE =12
We A3 4= 9tk Howson DC(1978)& 7hdl&
HZ(light touch) ol EtA(tapping)d vl&E A
ZH(perception)& o]8o] ¥ 4 A& WE FEH %
2 JRE F3d FHLHE AVNAFTES A-
beta(Group I) 445 Z¥she 42434 RE &
AN st AL £AFE 280 iR A7
o AR #ZY R (sensory threshold)o] %&
t}, ol A= Az (sensation)E AAY £+ e
U 2422 #33 £+ gl AZ(awareness)
ZAoy 7]59] /A& A= 3 - 10pps A=
wke HAgolu} 30 — 100pps?] Bt & 4E WA
£o] 3= 9},

Teng EL(1976)59] A+ 2std 5ol Add
Hopy] FREL g g A3E o]t HAgH A
BZA7|A 20l £oF $RAS F7HAFIE o)
A BAHE A% (electromyographic biofeed—
back)E o183t X 2fM Tt ATl AL Ao
Eigtha sHich. oA AVIAF 2R Y 4 &
Ao} olAjE AFof| A HA}x7] wjEo] obds} Az}
532 9l

{figure 1) Bowman BR, Baker LL, Waters
RL(1979)0] AAAY Z27Rg ARG ¥ veid
ZA7E 23 g Ao Hupd] 3Axpo] EEFEA
A3 Y 4857 A E ¢ & AT

AHTA7IAST Fof yepd 5249 Adany
+ McNeal DR(1977), Baker LL(1979), Carnstam

B, Larsson L-E(1977) %, Gracanin F(1978)°] &
sto] AFHAL 1 5 $a% 2 /AE ANEE o
23 e AE0 ok, AAE A7A= Yt A
9] 40| 243 (muscle spindles)tt ZA77]
HGolgi tendon organs)22HE 9 FHA FLE
F3A3A ) ATEL2N FA7 A JYH o
Aof F33ch= 7HAoln] EAE NHEAN 259 &
5o] 25447} (motor engram)S FAsksio] A
2& SEHE A3 + e FFAUEAY S
HjgFiicts Aol

Levin MG, Knott M, Kabat H(1952) 52 A3
HISE oA AYEY FE5S FHAATNY)
3 100pps?] ol AFE o83t Ao %
2% SIS o Hopuu FatAIuhe] 32 oy
AeHs Aol AALY Fadth §A HAMEHY
9] 371 a8l AA] 7159 Aol dojyiri B
ik, o] AEHE 15L& A3 B(activi-
ty)ol Z71Ed A F579 A7 ojdt=
7}4& Al#th. Benton LA(1981), Fulbright
JS(1984), Alfieri V(1982)& dutaoz ZHAAY
A2E 9= 9 10 - 508 A=Y AZIASTE 7t
st o] AL o] AFPEY A2 RE oA
33t

Robinson CJ, Kett NA, Bolam JM(1988)2 12
Ho] A ZUA dEANFZ] 100mAa%] A
F74=9} 20pps?] Fu4, 0.5ms9) 43717 Hphase
duration) 282 ZZ 2,529 FH/9=HA7Hon
and of}& ZE AFE AF815E o A +574=
Z dtx gt BARY Abe 27 89 7
AL Uk BAOA 7 2A FaEHUT 23
ol gt a3te] A&AZHE iR 24417 oY
th, 0|52 270 FAR E 2 AAENA H&T
A 717+e] Sz 23H(long-term stimulation
program: 3o F MY, 15U 69 5L, 4-6
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F B AYE 22 W F3le 7|7t FH4A
2.3)2) FAAo| F7I8k= FFo| UL dAs A
Az} 329 H¥ATE $8319 Robinson CJ,
Kett NA, Bolam JM(1988)& H+:2418ixe] el
A& A7) g8 YAF o2 A7jRFse e
ui32] stxut A7)7ke wEE 42 miks Ao
Foha Arsigict

Liberson WT(1961) 52 19614 &H&x| Sl &
YA 294 (pressure-sensitive switch)& 53
8] 3Z71(swing phase)oll vjZ4179) 23] )
B I8E58 ASEoEN R WIE33L B2
Bt BHE AN L S ARE HSo R A
Ach, FHEFR 29 (heel switch)= E§F7]9] &
71004 HHE A7t w22 e Yol o z2o]
FojA R, HHEA7L vt A& o AutEE §
2 gof 9},

Liberson WT(1961), Carnstam B, Larsson L-
E(1977) %, Gracanin F(1978)= #uolu|$zto] ti3t
BYPZAX Y AAFZA7IAZ L, dRE S0 w2
229 g8(torque output)& Z7HIFIHA AbHA
o2 FAZZAA AAA WAl(spastic reflexes)E
AaA707] f% BH o o]§5of ghon] e 8t
EolA gy ANE FART T B9 &3
Carnstam B, Larsson L-E, Prevec TS(1977)=
F247) B¢ F2A 523 ATt oheo) 92
g dg7IoA &84 A3 B4 push - offA
3E}FEcalf muscles)d] 7)50] M= E A&
B1seict

Baker LL, Parker K(1986) 5-& AzAMd o)
34 5em FE] oFTFE Eo] £ 63F9 CVA
#4E Az (hemislings)oly BAX] E ol
(wheelchair arm supports)S AMS3H 283 A
23 Azhze] 8o v A4 o] kg AMg-8lo
AL ANASE 2522 Uk A28 & 4

Zholy BAA AAXE AEE IFoIAE 8 WSt
7t ey A7|IASE AFHE 25 e otgr Y
o] A vebidrha B skt

Haggmark T, Jansson E, Eriksson E(1981)=
ST Yatee Fo A3tA] 4il(long leg casts)E
3 HAE QAR £ FU4Y A8 E AAR F9)
et mato] disto] A8 of oA 1
& At HaBd oA FHY s£E(isometric
contractions)& AR E=E ASE AFHSE BF
3t A 1 g AR dEAA &) 9SS LA
R, 3 A 1 § HfolMe SDH Agtas
(oxidative enzyme) 18|31 fFAtATALY] A8
(indicative of aerobic metabolism)&°] Z4gL
Bysqch 53] o] a4EY ke IAWA YF
A ofuioll o foJaHA Attt ‘

AR ZA7NIATL FEA4HU59 #A34 508 3
2317] 98] AHg-=o] ittt Spsncer JD, Hayes
KC, Alexander W(1984), Morrissey MC(1985) ¥
2 A7jA2ol %S SASA APsiAls @A
2R QA Yehts £4A anE g ¢
et shgiet,

Could N (1983) 5, Baker LL, Paker K(1986),
Winchester P(1983) 5 ARZA7AZL #37t
54(joint mobility)®] &A% 8-S £A3}7] Hl8)
AP RHol} NATH BofE e BAo)A A
£ & Yo sigich. vhoF AVMEHA7E 24 §
ggko 2ot Atk B Y(single channel)o]
Agsict,

HEHALLY o2FQ TR &M FFEY
FI2 FEo] Yehte 83k 2R AT LA A
1A(full extension)& A4st= Aol 9)
old Z¢ AZIAF A%t 53 HHe

S SEAATT} 2] AAEY 28 281

FTAAZ A3 77k AR Frtion)o] AL )

st ] 99
At 4
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Asto] Ao 2N FAAZ 5 9,

ARZA7I AL A ohu|EAY ot I8E
9 715& 7M7) Y3l o8 ¢ JlemE HX
7)(brace)s} At (orthosis) B4l ARE3 4= Qi

V.2 &

7153 AAARIARE 1948719 WAp7| Aol
2u417 AP, it o) dolt Rje) )
A9l 123o] ) g olel T45E Yo7l M2y
o2 of7h FEHA e T3Sl 97 A
2UTHS Folol TheTt 2L BES AUt

L 7153 A7 1A= g6d A3A8454 71A
o= eizte] 9)A|(volition)t} T WAAIZOR ¢l
3 SFAZE Yol S F 2N dojus T8 B
gt 5 181 7153 AZA= o9 148
A} ¥tA7) A(proprioceptive reflex mechanism)o]
U 294 97} A (musculocutaneous reflex
mechanism)s°] ¥43E AAZ doju= 289
A £5SETF T3 9ot

2. 47E9 7153 A7 A7) £ 27)dd= 2
Z(amplitude)c] A1A3] F71=1 TAH FTA oA
£ AZo| AAM3| FAHE Y9 AXHZ(ampli-
tude modulation)E A B8}, FupE HBHA|7
Fup+# X (frequency modulation)?] Z9+ &
o z7)o= Fup7t 37t = Y DA A
FAEE A|AF O R Fof gl

3. gury ez NAT A71AF715E 20 - 500us
Atole] BA7)ZHE 7HAIAL 925 200 — 400 us Ato]
o YA7|zho] 74} AAG A7 UBA 9
.

4, A8 F Fu 27 Jepdd ghAzhe S7HA)5)
AU FuE HEo 2N 12 HE £ 9ld

i e e

5. FFABA} £48& 3ot S2AZRA7L 4
3 AtolA B2ARE Folo 18-S A7AFdl=
AL A2 7t4A(neuromuscular plasticity)
374A717] Sigtolct,

6. AZHawareness)d] FHolU 7159 AdE 9
#HHE 3 - 10pps AEY }e& HALOY 30 -
100pps?] Bt} & Z5HAE0] FHEHIL 9},

7. Hopuj@Rte] o3t RPTAA Y QAR
3 gRE S8 5229 g8&Y(torque
outputyZ F7HI7|HA PHH o8 EAZIAAH 3
A4 YtaK(spastic reflexes)S ZH4R]7]7] $i5 23
o2 olgHx it
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