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(collateral sprouting) (Laurence & Stein, 1978; Easter, Purves, Rakie, &
Spitzer, 1989), 18] FAF =2 &4 s} (unmasking)(Bach-y-Rita, 1981; Jacobs
& Donoghue, 1991) 59 71H 22 A A (regeneration)™ = Ao] oYz} A4 o]
Aottt

A AT Aol wI o]BEo] ¢HAWA YT FES FXIA7]7] 9
gF g A7t o] FolA A Utk AP EFAA FE OH
U s Rs S3M7le sANHe R A4 seads 239 A4
(Craik, 1982; Kater, 1989; Sisson, 1990; 944", 1992; Sosnowski & Ustik, 1994,
Fv&) 1997, L&, 2001), A 7]A=(Chae, Kilgore, Triolo, Creasey, 2000; Lee,
Y. H, Lee, S. S, Kim, I, S., Lee, M. A, Kim, T. H,, 2002), 217 A&|gt#] 3%
H(Basmajian, et al, 1987), A& 5 A -&(Merzenich, et al, 1983;
Johansson, 2000), 28] AA|FH o] 7] (Simmons, Smith, & Erez, 1998) &
ol St} o]FollA 53], AAAFE ool Adtd T HEG Ao o474
= FATI= FAE NS o] g5 oA gtk Adams®t Victor(198D)ell <] &t
AAA=E S AAIY ARE Mo HdEgom o st AP P Y
G 3A717] wizol Aol 7 e #Ake] S EA &5k (Kater, 1989), &

FHE AT Ge H5E 2FE ARH AnA AFHE AFvon:
=
h

o

Huo] oyt AAl Yol HEY SAE 9 Qg Ariek el AaiA
= oH3] =9 Fo ATH(Jacobs & Donoghue, 1991). 1 o]fF =2 A&, = #H
ATE AL dFEe] FdA ddTHor FAo ZHE ATTeE
o AIRIA ofym FAjol o3k AAJNAE Ee3] A A st
A E3tA s Aol tH(Craik, 1982; Kwakkel, Kollen, & Wagnaar, 1999). &4, |
& 8 A 7] g FFe] ALt ke A 2 o Fe AT wiHo)
Eosta s e HFEE A PusdAY AUAA A4 Z
A7l e AT o Qe Axte] B dnkstol] AV A A Ea 9l

o} AlA, Kater(1989)¢t Mackay, Bernstein, Chapman, Morgan®} Milazzo(1992)
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HEY e Ve RS EIAVEAE ASE] fd
ol 2A A9 Fgue ans AL >
FA2E ez TAE AFdAFH FA
7F FE% ol = T/ Y (intracranial pressure) 459 7FeA Wl 3o
th. Parson?t Wilson(1984) % &4 278 Ao| Al= olw gt TAlets T2 st
dees 22U Aojgte HAF FFo] AujAolgta Awg vk vk v T
MW tsd 5o AAE T dadFdd ¢35t Valsalva maneuvers
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AovEs 82k Aeel we dists FOIRUSHS e A71A R Mitchell &
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Mauss, 1978; Mitchell, 1986; +#47, 1986) ol&= YA Aol x|&H o]z ¢k}
(Rising, 1993). T3t AYMAS X33t 54 44 A HELES dor

st ete Tl de] 156mmHg ©l3kl Aol & 9] A5 34 (autoregulation)
717l o8 94 A=o] HAd A FFES mAA ¥ Ao E(Parson &
Wilson, 1983) €& # <Jt}h. Brimioulle, Moraine, Norrenberg®} Kahn(1997)%
o] FsEHo At stegtE FeA BHEEES FAGWSG S FA Fo
), drls 5200009 ATl R FARS AdE Halstdh 1 9 FEkRpA ol A
o] g 22 AR &4 FAWGelY HAFdAE o

© ™ (Schinner, et al., 1995) 2x}oAl A Fsles HFolu TN = FAA
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4. €14 <]

AR ATe H74, @7, A5, A4 @ LBan £8AT BYANA

2) H7%s 3&

H7ls IHS S Ao x4 F2 7] H WHIE H7F ATFAELL o=
daf 7IsA  FEol dojus S Yu e ok(Craik, 1991;  Giles &
Clark-Wilson, 1993).

A A7) 5 gAFER AV s, 2eal ARG R F

gl FaHolte Ae wi

JHFES TTAA H7lee Ul F= Aoz & AlX= Glasgow
Coma Scale(Teasdale & Jennett, 1974, ©]&} GCS)= =43l U2 H4E @3t
o}

A=A 7] 52

lo

TS By dHoz yYepge A E2(Wood, Winkowski,
Miller, Tierney, & Goldman, 1992) £ G| = oA o] AstHE &3 3-x}9
AHbA el A7) %S F YElF+=(Mackay, Bernstein, Chapman, Morgan, &
Milazzo, 1992) Rancho Los Amigos Scale of Cognitive Functioning(e]3} RLA)
2 FA43t U dEs e

AR e gL BN A5E AR ¥ 4 492 Fasa g



= AN ARV AAFHoE 7%t AU E(Judson, Cant, & Shaw,
1990) ® Ao e Azt AR B4 gy ude A 2 ey F

1= A A E2A(Allison, Wood, McCarthy, & Spencer, 1991; Peterson,
Schroeder, & Arezzo, 1995) AAAZAFEAYE A5t U2 ddd5-ES &3
. SEASE NicoletAhd] Viking IV 285 71712 2450 et 227)

(latency) ¢} 9] % (amplitude) &2 o] Fo} % 318 (wave form) H+5 ¢|v| g},



THFALA X F vHeue s RS E4NES AAAEY Aol oft
Ao A2 Yetye @23l v (Jenkins, et al., 1990).
HEY B A, e oA AR Sastd Ve do witel
s

EARSSL A7), EPAE Fol B dFo] YL WAL AL Aot A
ol ool AHHL aa ohists wye] AEHL dn gtk odE A
2o de %A FARe el o8 $E3 gAv) Tl o|FoimE 54

ANBETH Thadeld Ho x4 3 14 Wtz H7F AFAHEIL o=
ol 7]% 3| Eo] dojy= 7ML AHsE o2 o 2(Giles & Clark-Wilson,
1993) AAzA A dojup= dF9 482 dAdolt(Bishop, 1982a, b, ¢, d;
Weiller & Rijntjes, 1999). 4174384 7baA o] &2 1940t Fykell Hebb(1946)
of ol FFAEA ] NG E Aol Aol o8 AFAHE F dsol B
| oz FES sEAAS T e oA ek B sfishA T
(plasticity) & FHst= A77F A so] ghvy agste] FF3204419] 35 3 B
d71e] vz Ao tigk S EdE =HE WAl ¥ AL (Stephenson, 1993), 744
A A AT okl A 7S Hol A7H e FA4 9 3 o] HATh

AR T d@del dojue ZIdel i dA 3 VHA VHEE

22

ot
rlo
N

Ay gt of7)oE A7) 5 (vicarious function)¥} =X27 E7)A4A



A o] tH(Goldberger, 1980). ©] 7}%

L

dojup AR7F I Hyets

3r
Bo
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ol

23!

} 1 (Schieber, 1995)(19 1),

O]

of ol A= ol

jre e =

o]

R

3

oA %

il
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X

il
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B
g
_EO
o)
=
Y

w

%

Current View

AlB]|C

DD e DBO

Cord
139

52

R

1. Schieber, 1995, p. 66

=

<y 1> 7]

Prior Yiew

A B; (jlr M1 Cortex )‘( 0:0 gg

Al B]C

(Golaszewski, et al., 1998).
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S
2
o
rlo
rN
—_>‘4—1‘4
o

o= A I FR RS AAAA ABAMEY Kol AAYT] A Ao
45919 715s I BestA "ok 7 o] (Colman, Nieto-Sampedro, &
Harris, 1981; Easter, Purves, Rakie, & Spitzer, 1989), Goldberger(1974)= % 0]

oM HeEd F SA4Y #AEI7F AdEE Ae BEssth Barbeaust

Rossignol(1987) %= #EAH S Toto] &4E 4ol M2 AAE7I7F A=
Ae #EEI o, AFA Agtd AHE7A gt ARAE S T A5
A=l jESsta V£ A9 AAGGS WA It Rt Esk FH o H

TE A FH O BES npe] ot &4 wdlE FAAETI THAAA
(branching)& 2-3F %o 7}3 Ekar(Johns & Schallert, 1992), ¥t 5314

S
Z9o] FAEV)e e 18Y o, 1ga FE T AYPao FE 309 T §

stAl 5748k =S (Johns, et al., 1996) X 113}t

A, AbgRe] M Eoll= oF 10097 AL AW 23Eo] o diFEe
APEE Al BT E4S Whol V&Y AAMEEC] TeEs AAEH MR A4
BEZE AAGGE spde] Sl olzle]l FrAld®e]  &/dsh(unmasking  of

latent synapses)’ ©] t}(Bach-y-Rita, 1981; Jacobs & Donoghue, 1991). ##]74 & 2]
st Aeve AAEE T FdEHE ATl oo N2 AP = &350t
7= 7%= spal oFs) % SFh(Stephenson, 1993). o]¢jdl® EAl4 ZIwlA

(denervation supersensitivity)@ A} A8 (regeneration) &% AW 3}i= 7]do] A=,

;

<l

i)
N

S 2 OlF AABAE EEoR A AEE FodA AAAdGEAS
Taete 71de] AW AlY2 IS (synapse clef)Wl AVAA @& A A
dEAo] ZHEHEA ATl 3t S-S oA It 7Hd (Wainberg, 1988) 9]
o A Aol e e AEAAI 2y FAE/E AAEE nae e
ZRAAL dval BE fow AE AQAE Fahe 7Y ARvde d¥ow ¥
AR A gk ddolfol Hx M E(target cel)ol] =3l AlYs AAS o] Foju=
Ao drgstal dvh(Bishop, 1982¢).

E4E2 HE AT He A7l wEd B4 5 AR ool Al AHE o

2~47F) 7H¢ @ol dojua 1 & A 6/ E7HA A LEE FoRE B

_10_



T o] Adr}(Kass, Merzenich, & Killackey, 1983; Wade, Mood, & Hewer, 1985;
Chamber, et al, 1987, #HZl=, 3sh8743 W5, 1992; Duncan, Goldstein,
Matchar, Divine, & Feussner, 1992).

Aw7hA ezl AR tAads dodle F8 =4E%E Glutamate$t
cfos7b del &#A vt 53] Glutamate= FT521747 922 horizontal
connections®ll 9= 3] & A E(cortical map)E A=Y Fog ATS FIe)
 (Hess & Donoghue, 1994; Das & Gilbert, 1995), c—fos= 42 dwld=z &%

8t<5 (motor learning) ¥ &% 3] & (motor recovery)dl] #ojdt= Ao w 4 A ¢
(Hunt, et al., 1987, Sagar, Sharp, & Curran, 1988; ). E3F Vernadakis(1996)=

Fo AAFnA Ax AHWAREZ AFH7FA (synaptic plasticity) ZH Aol A=

MYeotr F3As9 2™, Johansson (200002 =A< ANAII}AH 5
(neurotrophin actions), M7 A G &2 #4], 283 Al YWz gdwldAd 28 5
o] Al AP} FEA ey U G ol HIE FE Aoz A
Hala Q)

A7) ATFAE AN A E EFzT ASHola vk Al
Tx%e FA7F F R vH(Stephenson, 1993; Kwakkel, Wagenaar, Loelman,
Lankhorst, & Koetser, 1997; Indredavik, Bakke, Slordadal, Rokseth, Hahein,
1999; Kwakkel, Kolen, Wagenaar, 1999; Weiller?} Rijntjes, 1999). 12l A]7] <}
W F ol Zlo] HER A B4 o JFS vA=Ad deidE o
Az FA FAH WEoly =R FAe] AZA7ZIZE ¥ a3 AR B
15 o] 2t} (Ottenbach & Jannell, 1993; Cifu & Stewart, 1999; Indredavik, et al.,
1999).



o] &7h= A

=N
o

(Weiller, et al., 1992; Taub, et al., 1993; Kunkel, et al., 1999)

el
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=
)

w
g

il

7158 E =] ¥ a(Black, et al.,

P~
T

1975; Craik, 1982; Stephenson, 1993) ¢

]

X

¥ t}(Stephenson, 1993; Hess

1+

3

=N
o =

5!

7}A 2 W (Elizabeth, 1966; Kaas, 1991) =

£

o], 12

&S

SEEEED

i

o
¢+

|

R

A
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il
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o
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5

=y

o Ae

27t

& Donoghue, 1994).

274 51417

o

A

xow

e

R

1
.

ol
N

il

(Johansson, 2000).

EE FERR

W3k

oj A H

Z] ©
T

d

7]

7} ol A (Finger & Stein, 1982; Jenkins,

th=

0]
%

A= Wkl 5

of &3
et al., 1990; Kaas, 1991; Schieber, 1995; Xerri, Merzenich, Peterson, & Jenkins,

Sl
, ot

A9

1998; Hallett, 1999) &3k},

Sk A

L
L

Ao oz

kol Al

&

3
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#H (training) A Z 4 AtH(Finger & Stein, 1982; Snyder, 1983; DeYoung &
Grass, 1987).

47t A& FAR @ APAF 2 Bach-y-Rita(198D) = EFAEN9] Fxbo) A
71 AFEHE FAAFS HIp DS FXIATAL, I EVIRE GEHA v
B u3l¢ch =3 Ralston, Miller®t Kasahara(1960)e] ¢]&t# 7}H & E3] ulAlA|
(light superficial massage)+= XA 4174745 (superficial cutaneous fibers)<
A A7) a1, A FES mEARA (deep muscular massage)™= EAA Bwlk oly g}
Al E A7 5 (deep cutaneous fibers), @58 A (muscle receptors), 7 T-(tendon

grooves)tb wa, <l Fu, #Ad F9 AFzH T 2L BEATEA

(innervated  articular ~ connective  tissues)® gA3A 71ty Cheron¥}
Borenstein(191) %= &2 AAHAAE T3 494 9 HAEeAA 7 A543
TAGeR fdHE #AASE FUMAIIE AE AT vl Yk Ingliset

Fibiger(1995)= # & utldo= st Agoal Az H2zh 37 9 HFA(tactile

stimulation) & & %

i
1o
:IOL_“
)

id
do
o,
rN
—n
2
&
X,
K
>
©
>
i}
iy
'
1o,
ok
e
o
o|\
N

Attt Hansson® Brismar(1999)2 <£7lgte] HE9 HZEzXF(natural tactile

stimulation)S F%& W W& dHmd FAF EAHANA o 259 (multifocal)

(functional MRD) 7|9 =93 g&Eo] FHIol&= o
AR v S ge g ds 2L B oy

A7) Aol gQlH e 59 S WS 15-22%° 2= Ao
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Videen®} Raichle(1993), Maldjian 5(1999)% AlghollAl A1A] 3 &5 ==3d o

Hulde] 22k Agad ol FHow FAsE = As FAT v vk 2 9ol =

o

o9} FAFSE AMYAFTEC] v HuFHo oW (Noachtar, Luders, Diner, &
Klem, 1997; Schnitzler, Salmelin, Salenius, Jousmaki, & Hari, 1995) Kass(1991)
= ogsde] FAsE 2 A9 ATAL ot 59

8o oJste] 12417l F=948 AAxzA] FAfo] 9%k o]z A Eiago] &

Hale Aoz ddA AvH(Griffith, Burns, Grawford, 1978). ©]& 22 o|x}3

MNAENE &8 4 3do] JAHAEES drEFHstE %39 Free radicals,
[e)

Phospholipases, Proteinases, Lipid peroxides, Vasoactive eicosanoids®} #2 =4

42 PHaAG o, K 59 MsE zestel oo A AFxA WA

Lo
i)

o
[
i
2
A
it
1o
E
o
[o
2
ol
et
4>
¥
K
w
—t
=
Q
o
—t
=
Q
=
@
@]
=
~
(o]
=
@]
g,
=)
w0
@]
=)
—
do]
O
=
=

AN
(Stump & Robinson, 1983). =3 HA7|x=& ARG YA FH 71EY AW
S @4 3tstai(Mendell, 1984; Snow & Wilson, 1990) 41742 E o] ok &
Ag zdgdozN A 7154 7taAds 4ot (Stump & Robinson, 1983).
Hunt 5(1987), Sagar, Sharp®} Curran(1988), o] A4 5(1997)8] A-fFolM = 317

AA HeEds 7I F AVIASS FAS W 4std APAE FAAR]
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c-fos7b S7HE = AS #Fe e o5 APVt FXHE Vdow A

e

3t Th. Golaszewski, Kremser, Wagner, Felber, Aichner®} Dimitrijevic(1999)2

A71Men A5 & § IMRIE 53 id9d wel2e d/7F Srtete

Y
o

wFsiglon olgg Ao w Qi NAPAEY FFHdo] FHE Aor H

=3

stk FH o= ol9t ZE U E nygoew 7|e4 H7IAS(FES: functional
electrical stimulation)S A A wlH]7} Q= Ao Al A 82 HHo2 A831a
o Lee 5(2002)2 ¥4 & 3/ME ol 754 W §le g% HAwpy

gztol Al EMG-triggered electrical stimulation A|&3 Z3¥ 3329 Ax]7]5 0]

¢

FoA FyEASS st

734 =3 AEE JdAAT9 d & Finger?t Stein(1982)&

T
a ¥HEF F AAA - AAH V)Tl AdEHE e AT V8 B

7} 9 =ktH(Johansson & Ohlsson, 1996). %7] ¥H&%F A& o=z
Indredavik, Bakke, Slodale, Rokseth®} Haheim(1999)2] <dtofl oJ3td 4 A
BE FH3I} A4S AFe o] 1¥EA Fe FHY 65 F HYLo =2 AL

2 vehg,

Ao W oA EMG Htelem=w 2grt A/ e, o3

= F AAS A7, 283 ROMS S/ 2R AA 9 V)5S 7t
A7E AeR2 dHAa AtHWolf, et al, 1979, 1980). X3t &4 & A5 29
7155 AT Z M (constrain-induced) FA Aoz EA4FEE ALESHAl s AY
(Miltner, Bauder, & Sommer, 1999; x| #1Fqk s8] 2001) Z2¥ o=z 3

Fote TS 8 Ak 783 Aer HuHa Jk(Craik, 1982).
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H71 S A=

225 ZA AT Kater(1989)% 30

pu
o
Ho

o] RLA RIAHS7F 2w ne ot

YAl GCS 64 o]

A4

= ARl

371 o] =

bol

S

+91 ). Sisson(1990)&

S

AThaL

=
5

I

A 15 &<k 83]

A

ke Wstel A5E& AFste wt

ojn

1(1992)¢] > ZH(brain stem)

L

?:]1}?5“:'

ATE FWelM =

ki3

oI5} Ak

Aol 7} 93 GCS HE7F 6~108 Alol9]

4

A
fite)

4r

(stuporous) <=0l

?l.

]

=

o)
-

gae] o+

s

]

=

%

.Zﬂ I
o
olo
T

7o
N
<
o)

o)

el

N

<
o)

el

x
B

1A GCS 37¢l 199 184 o= ¥

o]l o
il

R
i

Sosnowski®} Ustik(1994)

A3y 10704

3

[

Th5Hd 02 §o9

9]

LA 13 M (GCS 33l

Z(RLA)o] ¢

=
T

917

o

=
o

1

N
K
@

np

i

X
B

o

o

foich 1

Tl H 1T

oI5

2 e R

=
fLE

71zl k7l o

g, 2 o= A7
ol

GCS 3~107 Afole] &

TAE 4574 23] AA A

o] =
AN

Apol 7F R4

oA ol A

B

5

2R el

——
o

M

—

O

v
o
‘.mo

o

,AO

1
.

(2001)

%

hin

0

+ ATt

S

| 9 S A&FEva B

o

HA A

=
-

Hhs
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=]
=

ol A vheped H

=
fLE

F7HA

o] A

[ ==
AN

2~
T

o}
=

BA AT ol BgHon

a8

A A}t

T

G Al Al 3E

ﬁo

1, AgATENA A

-
1l

s

—_
o

A
=

2 JEEe] GCS 33l 108 74A o] i

!

0]
%

1 71& 5 o

o] Aol M AAE

R

3 o]dom HAH

oy

o
N
o
Hlo
BIK
n

el
Bd

AFol 7k AR em (Frl <, 1997) 257 A

o 4 5 79)

A AE 25 HA =

5
ik

L
L

37} e

5

K-

Aol AAE ¢

o
#

X

L
L

}5ol 917} mhul 7t

o] A3

SRR R

=

ol

HSA Tt

S

Fsas

A

o gyE

o

M

i
o

pzel

7A
e

o))

)
o
Ho

i

sl
N

e

N
5

o]J

b1 9

S

A
=

5 A

I

Z

rad. ARa 8

S

&3}

#E st

A

)
Aol 4] o] wad

l—z}

' (DeYong

33

ST
X

Zholi} mhAbA, RS E S

J

=

HA =

9]

o]}

7}

=
=

& Grass, 1977; Sosnowski & Ustik, 1994; $v]<, 1997, 24, 2001)

s

!
=3

B
1o
oo

"

o

e
o

B

o

o

o]
w
o
ol
i

w
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Age 2

o] ®iixo} gt}

3l
ZS|

71eF o=t

)
B

)

<0

o

=

o
AN

—_—

X

o
00

Bo

5] %0]

plo
Njo

ToR

K

-
!
o

o o

=N

o

g A %ol

)
=

AX - AA]

Jo

Yol 7] A

7] &, 1985). 1 ¥

ol

g7}l

A, 1994;

d, =9

A, 1988 Giles &
u}

I,

[e)

=] 7

Q1= 7]

GRS (G

Tatemichi, et al., 1994; ZAl&, o}, 1998;

2002).

2 ¢

191, W73, 1998).

°

3l

Z
-

Clark-Wilson, 1993; Z-&4t,

)

—_—

3] Eof mx

Jo

o] 7]

‘mwo

L
L

") o}

el
0

o9k (Katz, Ford, Chinn, &

Newwill, 1966; Wade, Wood, & Hewer, 1985; 214 <=,

=l

0

|

o

)

e
g+

7], 1988; Ottenbacher & Jennell, 1993;

&, M-t 1999)

g o]

iR

24
yul

-

o

=S

4

s

1997, &

8% gEt ok Adsk A el

Jo
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Ay

~
B

|

&

1992; Duncan,

o=

al

A

o] Ul (Wade,

Victorine, & Hewer, 1985; Az 5.9} St &, 1999) A4l 7|53 &2 thF ol

)
A

()
2
Merzenich,

==
)

Aol 7}

o]l (Kaas,
7 g

Se R

R

=z 7]
1992),

o

o

T
& Feussner,

I DA, 1995) 71E
Divine,

Matchar,

ol s A,

’

(Nakamura, et al., 1991) <& Ut}
Killackey, 1983; Chamber, et al., 1987; #

Goldstein,

B

e

LN

=

X

o] AA 7} BAel 3

=
=

7}

o

i

7}Eo] A AF Al 7] A4(1992)

B
fite)
5]
™

Np
el
00
go

!

HAY A

= A tH(Schwartz,

[e]
Johansson & Ohlsson, 1996). Giles®} Clark-Wilson(1993)2

EAA AL

T

hul

3z 1
ST

orelzl Aol
o 4

3

"
=

1980;

SAp Al Al

Rosenzweig,

1964;

o]
)
O

}

ko)
pil

=1

X
CEE

. 53] 1950358 1998 Alole]

[€)

3] ol Fh

A

o)

-
[€)

271 A&l 7]

L

L

&

T(extent) S FAIZ Bt ol g
o

o~ =
T

o

7% 5 %
NP oR HAANE

fid

=71 =2

7}
3~304 Afolel A

=2
A o5 gel
%

}2)]_

=
-

L

L

| A = (Kalra, 1994; Indredavik, et al., 1999) A &FA 7} 7]

S

9] & E(rapidity) =

HAAA

Stewart(1999)

el
0

‘._Aw_yo

Nfo
~
)

4

BN

|

oy
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A} 3

o o

o)Al o] HluwA YEdt HEF Ao FEAEE VIR fos o
DA dE Ao 2 YEFY(Robinson, Morris, & Raphael, 1992) &% x}9
o)
AR

AR
< #2717 fd g AT A=HAJATF-AE 0], olW 3}, 1999; A
9] b F57] dYol =S5 (200mmHg o/ (7] S, 1985), o

Y ZT 48A 7 Fot o]hy] dsto]l 80mmHg ©]3tE "ol A< =(Indredavik, et al.,

1999) 284 &2 AR 3hFEe] AstEs Aem defA gl
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W

N

M}

39}

AAZA 9]

L
L

bibel 2olg)

S

A EE A= gAY

=
k)

[ =

2| %5 oj o} &

W=

3}e)
she ),

7

Q1zko] Abo}

=

A7 715 A

| =

Z

L

1=
[}

ZA7N2AY 7

—_
o

)

Ae e 7]

o
T

3

o] 3R] ¢

£ Aol 4

w2 7}
!

"
A
Eul

=
1o

50

| Ade] 7

)\01-

¥ o] A o] o] F o] & (Kaas, 1991), ArolE= &

glojt}h, H=Z &9
¥ 2 & (Stephenson, 1993) 5#

Hagel 9
A e Qkel] A
2 BoloE #7AF o

F4]

w

g

=
S

il

o7 2dstsm, A

9]

gl o

]

=

£)
or

"
<0
el

X
M

fuy

2 E oH(Chollet &

d

2 EF X

]

&

Videen, & Raichle, 1993; Noachtar, et al., 1997,

Burton,

1991;
Schnitzler, et al.,, 1997, Hansson & Brismar, 1999; Maldjian, et al., 1999).

Dipiero,

F 5

@4 % At (Donoghue, Suner & Sanes, 1990; Kaas, 1991).

A -4 o]

B A ek i v A e

‘04

s

A= o] (Finger & Stein, 191982; Deyoung & Grass, 1987) A& o2 H7]%

=
[¢}
CERY

21 A th(Sosnowski & Ustik, 1994).

=
=
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1. d7+4A

= =i

4 wsz A% 494 Hsss%e FA%L v
AR AR dEEe BASE A% S
ujj - o] o}

AR =AY AR Z2AT
A5T3 LAl 1+ 114A 27 37 45
) %10 0 0 0 0 0 S 0 © 0 o o ¢ Ko 0 0 oo o X
AT
Ei/Esep1 E; Esgpz Es E4/Eseps Es
o = C/Csepi Co Csepz Cs Cy/Csgps Cs

* Xn: nHA A2 A (A, 54 BEET)
E-Es A48« 1HA-5W A4 2543 (GCS, RLA)
Esgpi-Eseps: A8 1HA -3 4 2553 (SEP)
C-Cs iz 1HA-5W A 2543 (GCS, RLA)
Csep1~Cseps: 22w 1A -394 2553 (SEP)

<a™ 3> 2 Ao A3AA
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2. dTAE

B oQlge] g St 20029 5UE 129 Afelol WAl S1xshe veh
% 374 FRUQ AT FAAL] JAARF B 1084Q0E) e 4

a3

xEAVY 4E AT Fodes 05 #AEH 80%, TAHEe a3z A5
Z 7] 22 3&}e] Machin, Campbell, Fayers®} Pinol(1997)0] Al A3+ &AA17] #
o AV EFAAN =& 348 MRS 5 Lo FAHgES vlusts AT
A ‘e AVIE AT uf dYA 7= FF RES F8te] U "5 038
ato] AbEE #3E wE Zeojth ey A E AAelA 49 e A Su
=& WY B 7|#HoR olFdomM dEro E AFgqME HEFHORE 8%
o] iR XFE AT A RS Tete AL o 2oH, o F ope
o] FAHIE F#AAFTEA Machine 5(1997)0] Akt B4 M2l 0.6~

{ L+ w- D W’ .
1]

1+ (- Dol )

O

A

S

ih)

7}

i

An oz dFe HNEd F o AAH 3

stal didate] sdAdE gHely] flste] HA7] WyoeR st Axl7]e] 7]
=& AAFAQe s g3 A3 A (Kater, 1989; Wood, et al., 1992)o 4 =
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g
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SRR Ve FRE 1~249 &

& o]
LR =

e

o %

~
ol
~

4
)l
0N

el
tic
o
ol

il

o

o

o

GCS He+E 7HA

el

S

Fiek. 1

I 7oz 4s

93]

beloh AAQ

8=

I
=

7)ol

A O
1=

10 oltie] ApolE Hol= tidA7 g

vpol

= xto=z do] gz #

e R g

= )
HA %

A oA

=

Ny

o]
Ty

o
o)
Ho

o}
o]

o)
X

N

o

Aol Fg

shelut.

s

1.

T

1) GCS 98 olAl 128 Ale]9]

A

0] =
AR -

=

4) vol 7t 204 o7 704 wRkRl A

5) =44 olele] o

<0

p
—_

X
B

GCS 9~12% Afo]e

L
L

1998) & Aol A

128 Alol& =+

]~
“

3~-8HNAE E54H, 9

2 GCS+=

o
T

55 4= S )

J|

SERRE:

dl(Mackay, et al., 1992; %

s

4gRg v

o) o

& A

B, 1999) ¢

SRR, 128 ode 4

?l.

5.9}

2

gme] Aol g ar

=
o

=

=

79} (Kater, 1989) A&

B2

4
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83, <hvl 7, 1998) AAATe] AAE Fmsherh
A FA4S Buay] Astel Med B F AMOE A% e B

Aol e fabs A9fsidtt 1 ol AT d

4 A% Fee AR HE Qurhe JFe] AANH gust Ewe &
FAM 2 ol gethd 944 HMEgd FH(Fe] L A H)

1992; Rapisarda, Bastings, Noordhout, Pennisi, & Delawaide, 1999) <7 % 17§
4 oy uiFiEe] AAHQ V]EFEo] o]FojR 2 (Kaas, Merzenich, &
Killackey, 1983; Wade, Mood, & Hewer, 1985, Chamber, et al., 1987, =, 3}
A W, 1992; Duncan, Goldstein, Matchar, Divine, & Feussner, 1992) <

A 7k rgakE FHelA 758 Bel AEE e Agels] Wioltt w
@ B AFe] FAVIe] 3%E x4 AN e £4 F FALR ¥

Aol IHER o= AAAY 753 Eo] 7P &EsHA| o] FofA = 7kEet

Mol ATH 5Ee FUAAAFE o] Fast: AWATE wEo

ATl DA T BT Al W7k ASE A opdetn wwe
o ol A9l NAT.
wpAute 2 A wdgelut g, g RGP 2ol Puel Qi Ba4E
s, ¥ A% Aol i BAA A HRAPH Aust Az HE
%

4 ARG B (HZEI AAS, 19%), NP P Ze MRl s

w ol 2 Aol A Al 9 Al v
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el
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REIAE=

LA

(Ralston, Miller, & Kasahara, 1960).

oy

7

< 9 tHGandevia & McCloskey, 1976).
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flo
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o

s

’70
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5

(JAMAR®™ Hydraulic Hand Dynamometer, #C5030]J1, USA)E o] &

20~25 9}

0] =
AR -

o

b 38, W3l 1584

=&
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uf @

7}

T
1_

N

A F A7

g 2719 Sl
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S AT

gkl

o

el
olo
T

D

L
=

Ao 7

1 (Namerow, 1987, Baggerly, 1986; Bottcher,
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3. M A<

A7E2y Ap=ro] ¥ EA AL ¥ 7)E 3] &) HX = a3E dolry] 9 &
AFA7E A JHES AFTE fE 2 SAAIEMAY T o Aol&=
Mann-Whitney U AZHOo =2 W33 9] Ao]= Repeated ANOVAZ, 18|11

ZF A 7o) A - & HlulE Wilcoxon signed ranks test® H| 1L - 2241319

1) A 1714

Aoy gEze] JYAl GCS Hitre U8 1063x1.26"019lem Azt
A ¥ 25(U=10.000, p=.015), 35(U=1500, p=.001), 435(U=6.500,
p=.004)7F H& AHA Zhz Aol GCS HE7F dxart ¥ AR 4
ERo<®E 2> 3 oA g WEEA Aols HFEr] & AdI GCS
feogk kel E e o] (F=4.136, p=.005) A3
I EFAZE gzt AAA wstFA R o wh
e T<E 3>, ¢k, J O oA WERA HdFAE AEd
(F=53.432, p=.000)3} o) % (F=21.990, p=.000)cllA] ZHA A7+ FFo] BF 2%
e ZoR® YEh Al7Re] A wEt o)A gFoe] IERFHI YFS HAF
<3 2> gAFF HEEFA e Aol A (F=75.802, p=.000)2} 2%
S (F=43.750, p=.000)°] €FF o= velt 4 F 15771 A $HE 3F
of WE IHFAE Ho|thrt 477 HE AHo JhEFE AAo] tha ghutbE)

|



F(F=41.270, p=.000)9] FAlxto] yYelyt JUAAIFE 4F7F == AlA7A ghvka}
Ak A AR gl SRFAE HERATG<E 4><TH 5> o# 7 A¥es <
HE 9>e AAFH dE 7 FAAAL A - F GCS A zold gk FAA
T AAFE HAAAAME e, dddedds ZE A" A - F o]}
ol o 379k 45 AboloAwt folet AolE HolA  FUrh(Z=-1.414,
p=157). WAtz s 359 45 AloldM®E fod o]t vEhY

(Z=-2.236, p=.025) A &A1 oA o] Al o] dojds wo|Folth

webd AR ATE ATwe 49Tel AFwA BE gEEnd 945

= "7t =& Aolg” gt Al 7ML AAHIA L

)

AL A 15 25 35 45

M(SD) M(SD) M(SD) M(SD) M(SD)

AT 10.63 11.88 13.50 14.63 14.88
53.432 0007
(n=8) (1.30) (1.13) (0.93) (0.52) (0.35)
= 10.63 11.50 11.88 13.00 13.75
21.990 000"
(n=8) (1.30) (1.41) (1.25) (0.53) (0.71)
az
32.000 27.500 10.000 1.500 6.500
U
p 1.000 625 015 001 004

p<.05, Tp<0l, Tp<.00l
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<E 3> A AT waAd 4T
n=16
A 163
A= o A & F D
Al 53t
Fekzh 18.050 1 18.050 5.974 028"
A 146.250 4 36.563 69.525 0007
AExGCS 8.700 4 2.175 4.136 .005™
p<.05, Tp<0l, Tp<.00l
<E 4> A A eEe] FAUN 2S5
Al 53
A &= 3t A F p
Al 53
AT A3 101.250 1 101.250 75.802 000"
(n=8) 223 3.571 1 3.571 43.750 0007
oz A8 48.050 1 48.050 41.270 0007
(n=8) 2213 143 1 143 500 502
“p<.001
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2) A 2714

AYA RLA it Aol 325:1.04%, dxatolA 313+064- 02 F
T AolE fFoetA @Yo rHU=30500, p=.865) Az AT FA F 3F
(U=2.000, p=.001)¢} 45F(U=.000, p=.000)7} == A HelA 7z A& ie] RLA A
F7F ETRY S o2 YUK 5> T3 AA V)5 HEFATE Ao
£ A58 98l Ad RLA A543 wegd4S 243 dx F oA 2%
2}o] 2 VR O] (F=14.320 p=.000) A& ol TAZ A3 A 7|5 3|84
7F iz o] A Sl S ESFAEG o e AoR YEgt<iE 6>, ¢, [
Ul A7 WeFEA Aol APT(F=94.313, p=.000)7 dlZw(F=29.145,
p=.000)el A SAHAI AT Fito] BT A FE o2 YEh Alghe] Azbe]
gt ARV Fe] FAEHI Y-S HAFATGKE 5> AA T WEFA P
A3 T (F=143.949, p=.000)3} o (F=79.1
7NE7E AR g2y F oA BE LA QAT IEFAE B
th<ad 7> 2y <BEE 10> AAE A4 SAHARTL A - RLA A Aol
of g FAA Fo8 AIFHAANA AP e AHAA ol 35S
AE Boy vxzwoAs 259 37 AFel(Z=-2.000, p=.046), 379} 45 Ale]d]
Ak Fol3 3 8FAE UER o] (Z=-2.449, p=.014) F&7+ 2ol= H it}

aYEE CARD AFE ATEe AYT AFVA R YRTERT A4

% AET e Aol B Al bR e AA
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o WaFA vl

ZS4AA
A YAl 15 25 3F 45
F p
M(SD) M(SD) M(SD) M(SD) M(SD)
Ad Tt 3.25 3.88 488 6.50 7.13
94.313 000"
(n=8) (1.04) (0.83) (0.83) (0.53) (0.35)
o) =+ 3.13 3.88 4.00 463 5.38
29.145 .000™
(n=8) (0.64) (0.64) (0.76) (0.74) (0.74)
Hezr
30.500 31.500 15.000 2.000 .000
U
P .865 954 .058 001 0007
**p<.017 ***p<.001
<k 6> Ao JAAVTY weAE HF
n=16
A I3
A e ot A F D
A3
Aoy 98.825 4 24.706 114.817 000"
Az 12.325 4 3.081 9.368 .008™
FExRLA 14.333 4 3.833 14.320 0007
“p<.01, “p<.001
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F 7> AERR AT FAUHE AS

Al 53
A= 3 A 5 F p
Al 5 g
2T
A8 86.112 1 86.112 143.949 000"
(n=8)
o) =7
A8 22.050 1 22.050 79.154 000"
(n=8)
“p<.001
RIA A4

a9 6> SAAH g AT W
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3) A 3714

A AmE AT Aol AlewA X3 dEaEu AT
A9l sgol Aol 7 Aold” & HIFer] s A A=E Awd A
ot AleskA o k=3
1At A7 S5 A590 2244 FA4sto] 33 25 AdRFor vehd

<

WA 29 ARE AL M- B e <E 8>,

2o gaTel JUA ATAFLAAE APEZAER o

rlo
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o

2 YERHU=6.390 p=017)<x% 8> TAE AT
Tl 9 =2 AL o F Utk T HFH o ®g FHeME AP AE
Aol FAE BYOH(F=37934, p=.001) Zl & Folg Ay FAE o
BRI A @FkTHF=2.974, p=.135)<% 10><28 7>. A, <HEZ 11> A A 5o
A= 4 SAANELT A -F 9F FF AZole] oid TAA Fold AAFHANA
Aol e LA 119 Abol(Z=-2.388, p=.017), 11¥ 3} 229 A}o](Z=-2.041,
p=.04D°] A - F FduueA AJFHF7E BF FoaA Fkske Ao e
Yoy dizwelAe d9re 119 Abel(Z=-1.841, p=.066), 11¥4 7 229 A}o]
(Z=-940, p=347)¢] A - 5 HFdnlao) A BF Fogk Apo]7} glo] ghubgh FAnt
S et 2y AR A2 T BEFATE Aols HAFs] ¢

2
A Awd FPPF WEAES BAG 29 F 2o HRIAE FoF A

{o

o|7F gl= Aoz YEWtH(F=2.193, p=.133)<3k 9>.
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A YAl 22 A

M(SD) M(SD) M(SD)

3.07
(0.87)

457
(1.21)

5.29
(0.95)

25.033 000"

2.50
1.19)

3.14
(1.18)

3.57
1.21)

2638 112

13.000 10.000 6.390

131 062 017

*

p<.05, “p<.001

E&
rﬂ
f

6.254 028"

E&
rﬂ
_.%

2 17.251 000"

A xSEP 113 2 2.193 183

p<.05, "p<.001
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ABSTRACT

The effects of somatosensory stimulation on functional

recovery of patients with brain damage

Kim, Dae-Ran
Dept. of Nursing
The Graduate School

Yonsei University

The purpose of this study was to determine the effect of a 3-week
somatosensory stimulation program on functional recovery in the neuroplasticity
of patients with brain damage.

The sample consisted of two groups of patients with brain damage: 8
patients with a mean age of 54.6 years who were treated with somatosensory
stimulation, and 8 patients with a mean age of 55.0 years matched for
Glasgow Coma Scale (GCS) scores and age, who were not treated with
somatosensory stimulation. A repeated measures matched-control group design
with matched sampling method was used to assess functional recovery of the
brain.

The instruments used in this study were the GCS developed by Teasdale
& Jennett, 1974) for consciousness level, RLA (Rancho Los Amigos Scale of
Cognitive Function) developed by Rancho Los Amigos Medical Center for

cognitive  function, and SEP (somatosensory evoked potentials), a
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neurophysiological parameter, for the integrity of the somatosensory pathway.
Data were collected from May to December, 2002 at a tertiary hospital in
W city. The data collection time points were matched for both groups, at
admission, and during the 3-week somatosensory stimulation program at four
1-week intervals for GCS and RLA, and at two 10-day intervals for SEP. The
data were analysed using descriptive statistics, Mann Whitney U test, repeated

ANOVA, and Wilcoxon signed ranks test with SPSS/WIN 11.0.

The results are summarized as follows:

- Hypothesis 1 that “Patients with brain damage who were treated with the
somatosensory stimulation program will show higher GCS scores than the
non-treatment group.” was supported (2nd week.: U=10.000, p=.015; 3rd week.:
U=1500, p=.001; 4th week.: U=6.500, p=.004). Additional repeated measures
analysis showed that there were significant differences in recovery trends

between the groups (F=4.136, p=.005).

- Hypothesis 2 that “patients with brain damage who were treated with the
somatosensory stimulation program will show higher RLA scores than the
non-treatment group.” was supported (3rd week.: U=2.000, p=.001; 4th week.
U=.000, p=.000). Additional repeated measures analysis showed that there were
significant differences in recovery trends between the groups (F=14.320,

p=.000).

. Hypothesis 3 that "Patients with brain damage who were treated with the
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somatosensory stimulation program will show higher SEP wave form scores
than the non-treatment group.” was supported (3rd week.: U=6.390, p=.017).
Additional repeated measures analysis showed that there were no significant

differences in recovery trends between the groups (F=2.193, p=.133).

In conclusion, this study demonstrates that a somatosensory stimulation
program is very effective in promoting recovery of consciousness level,
cognitive function, and the integrity of the somatosensory pathway of patients

with brain damage.

Key words : patient with brain damage, somatosensory stimulation, functional

recovery
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