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Effects of Aquatic Exercise on Hind-Limb Muscle and Recovery of
Motor Function in the Ischemic Stroke Model of Rats
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University; A Physical Therapy Master, Graduate School of Health and Welfare, Dongshin University: *Department
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Purpose: This study is intended to examine the aquatic exercise on the improvement of muscle atrophy
and motor function in an ischemic stroke model induced by middle cerebral artery occlusion, Methods:
We used 60 Sprague-Dawely rats which were divided into 4 groups; the subjects were divided into group of
5 tats. Group I was a group of high dose aquatic exercise after inducing ischemic stroke; Group II was a
group of low dose aquatic exercise after inducing ischemic stroke; Group III was a control group, Group IV
was a sham group without ischemic stroke. Results: Muscle weight of gastrocnemius muscle was significantly
difference in Group II compared to Group Il on 8 weeks(p<0.05). For the changes in relative muscle
weight of gastrocnemius muscle, there was significant increase in Group II compared to Group Hon 8
weeks(p<0.05). For neurologic exercise behavior test, Group II generally had the highest score, compared
to other groups. The results of behavior test that Group II improved in degeneration and inflammation of
muscle fiber and decreased in destruction of nerve cells and cerebral infarction, indicating a similar state of
muscle fibet and brain to Group TH. Conclusion: Based on these results, aquatic exercise may improve muscle
atrophy and contribute to the improvement of motor function, {J Kor So¢ Phys Ther 2006;18(3):59-70)

Key Words : Ischemic stroke, Aguatic exercise, Motor function
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A7NE 9] 49 : £5EFo] HYA HEF F2 WM FATH R FVNFIHEA vAe 3%

A7 Aol He ¥4 HEFTLE EFIHY
(12l =, 1999), HToe AAFRLE 4
Ao 73 2 =9 A9 VIR A%
g HEFol F/tetn Ae FAoltHEA 4,
1985).

EF AAAA degde T4 1 Y
B wel g2u dukzd ez W e u
NS AAFHY HopHlZ Qg HyPHo] o
TR, FAEET FAFN, TH7FT A
2 A% 9G4 A8 37 T T2 AAFH EA
o} AelF 24, AHEF AHE A 5 BHs
A =Hol &z} @l old NEAAT oI &
ZAA EoH(== 3|, 2002).

53] #rpnig QA% &F Fle EFolud &
9 A3, @Y FF9 #AA, ¥ AHAY 2L,
ZTEEY A% AF9 A, AF AFY FHL,
ZAZ ARE zYv{(McCance 9} Heuther,
1994), o] Fohe} Fa WepAde sy Wsst 29
Z(muscle atrophy)e]t}. Z$%e ZAH X9 =]
7t AIEHI 259 Z94F AT 743
ZAFo] AHAE g wet AF FFHLE LR
5o} YehdthFaulkner S, 1980). ¥&Z 24
¥ Hupuirt e d FAelA &F A 27}
A& H o 72438 (Chokrovery %, 1976), €&
B AR ARl ForAFE BE8HH(Hachi-
suka 5, 1997) HEF LA ¥ HeluE Q3 2
Aol YRS BRAFYAY = FA¥FTE X
48 o8¢ AFAMr "4l7F(denervation)o]
fEE 329 Typell TYA& 270t %
A5 (Haddad F, 1997), HEF 2 74 F
o 9 Z& FAVE A3 ZHFo] frE
S $AE & JAHRNFAEF F, 2000). ojY =%
f9 a4do] FAL ALHAE gF-EY 2HFE
gA3] gaEHo] 2/ vrtdHez & %S
FAdstA @ ¥k of2H(Kasper, 1993), & #F
o2 Q3 HIF FE FAY IAFHY #F
FlE F1, & AIZHE AFAIIEE AEFH
Aol P& oAGA de ade] IY(IEF,

-

gz ol e A8 7HA &FFA THPE0l
A7HANZ Yot AFE FxE, 7T, NEdd
93 5 FAZ vY, 28 F7L A 59
9 F7F 2 AFYy FAE dody, ATY
Fd) Ui FHgoz FAHZY AskeYo] AX
O3 BIHAGEME, 2000). HEF F /1€
ol Zrg 2 UREAA EHEY EFE I
47+ AAZ 43 £Z7dSZ(hamstrings)e] T o]
TAHNGE 947 d3E B3 cHSmith F,
1997).

Teixeira-Salmela 5(1999)2 &% %y ¥ 9
NE ole] ZAFdE HEF FAEE WAL=
& 5718 olgstd &I LE #H9
£3TE AABY A Fa |9 HY ¢
2 (peak torque)o| 423% F7IE ATt Hi3H
on, &5 FHL FHE 4wt AAY &
Y] a3 PE HH}A E & A=F AFE
Oz HudEct. =3 Sharp ¢ Brouwer(1997)
o] dFdME HEF F 6/l BHF A
153 A €3d 5455 ANINY dEHAT
23 £AZY 2y K&zt FUHEHAGR
o).

=H3¥E AF AR &4 FdE 7Y
258 A3 A A (neurogenesis)e] FL&F A=F W
Hoz &A UthRa T, 2002). 53], +FLF
(aquatic exercise)2 7}g AuWHEHQ FAIARY
T F ddeln, Yz 8goly 4uae §X
o 2i7lEt " AFFHY EFoIE 3,
18} FHAAM B ug g Folgtal Euy
Ao} (Sturek 5, 1984). Burns$} Lauder(2001)<
FEEEFL S AMe ErEg &4" 23
I FHo] AFH-3 2EH2E FHA 9T
Busglon, 53 295 §F 242 AX9 §
P vATE HIE Az, weE JEE T
oy, ¥ 75 AoME TG HEE of
Z1gg . ¢ A JrhEAAY, 2001).

gt & dFdMe sEAL HEF AL ¥
FF3EFol THF 2 57F HEC HA=
NS dotry] fdte AFA FHoE ZFA
A =g HuENsL, EF571% IHEYILE

ol on
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3 7153E Axg B HEF F 4T
59 94F 2&4E Hrtsted F8F As
2 Az o

. o744

1. 8N R &=
E AYoxE Sprangue-Dawleyd] F7 WA

g AU ARARTYNN 8FFL & 7
% 5ol2)y YPste] 200telE AU A%

E1 482el YuEel 237

283X A18F A3Z 20063 6¥

Aol £exE 25+ 1 C, FE 55 + 10%E /A
FPon, 3¢S 1242 F7|2 Hh. nAL
29 B2 AFEA 9=F g

APFEL A HEFT 2 F AZE %
TEE AAR 1E 38N HEF FE F 13
T F$FEFL AN 07, d¥3ez 3EH
HEFE 2% M7, 8K HAEFS s
A & Vo2 UrAt 384 HAEF #2
F AANALAALE B3 ABEHA S0l vE
U AATE A n A8E AAsAY. 25
A &AL 34, 1, 85 FAF}HALY, £F71%F
JEPE HEFT /L F 14, 1, 4, 85 &F
SFATHE 1).

Group Treatment

I (n=5) MCAO with unweight loading aquatic exercise
O (n=5) MCAO with weight loading(10%) aquatic exercise
M (n=5) Middle cerebral artery occlusion(MCAO)
IV(n=5) Sham operation

MCAO: middle cerebral artery occlusion.

2. HEF 7

Yo7 Fe AxA6 FLHoZ HYEL
AT E F43E 2do] 25 T AA o
AZ43 FABIEZ($EYE, 1999) B AT 3
23 Ae =g Atz 5 o] Longa 5(1989)2] ol
get 2R HdY e Adsth 70%
N;O¢} 285% O, 7}29] 1.5% enflurane-g &3
@ shAZtaz AARAE A F A ABY
FHAe we fRre AN 5 FE3Y
(common carotid artery)S x& Al7|Z, 5
W -3y #7138E& Zob W75 (internal
carotid artery)& R F vAELE 2ES
o] g3t WAEHY FHFHe YL A3

Aasigde. WASHE E1 AAEFTY A9
ZYRE AFF F uAEA HAE 3t 18
cn Z0)9 40 JIE BFAMY 4 E(Xanto-
pren, Bayer Dental, Sd)eg2 FIH3IY THE
probeE A FHANTEH AUstd FZFTHAY
WZsde EX2 Eo/t=E Qs oF
AARY IRE BY, 2EHT vHAA A9
@ ¥ ARFA 232lA stdth

39 FEFL 70% N0¢t 285% Oy 7j29
1.5% enfluranegd &3 3712z AulHE
A & Ao ARR FHAE gt HRE A
o 2 FAFUE =F A7, 5 W -9
359 E7HE Fol WASHE YT F o
YHFE AGSA ¥ AR E ¥ &5

o
—_
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A% 9] 49) : £F8F0] HEAY HEF L UMY FAZE R BV viAe %

AA Aol F AHEA FHolA AT
3. TERS

$%85e 7ol 50 m? EZ2EH U5F
zold ANSET $3¢F 3 A9 mv
vhetel ol AE Yol UES s7] Fal F4e
50 emZ 3}1, L& 30~35 TE FAI}EH

+EZe HEF AE WLR 55 2%
g AFAY API+(HE3 T, 2000; Kim F,
2000)8 7]ZE VO:max® 50~65% ZEE Hu
g 723 JH AFRdU AT FFETH
AZF 10% F3 Feie A/HFEY THE TF
EFoE Uy 8F Tt AAEAUL, FAIZT
& Kawanaka %(1997)% Hayesst Williams
(1997)¢] "ol uwie} 13] 30%0.2 AP
$FNEE F 53 AAEHA

4 MW

1) A% 247 A4S 74 =3

7 79 AF 2R 4% Az 4Y 3=
F  AARALMettler instrument AG CH-8606,
Zurich, 29 2)& o] &3t AF & F3%tq & ¢
W2 Was nwsg. =% 2 29 A2 FA
Z3L AN Z, FHE 9 HEZE HA S
AEHgeR AFAZ F APz Z2AZF
< ZFa ARAALEE o83t FAE S8t
Aok A 2 FA= HoldFHFol =52 FA
o ulXe g WA}y A3 25 A HAA
AZFo] A A2 AAFA HE(ng/g)=
2+&3} g h(Kobayashi &, 1997).

o

2) AA%A $EHF AAHNeurological motor

behavioral test)

H8d g o)F AFEH EFFNE e
t AEE 98 71X 5 ZAE Bl SN
o AAe HEF 2 14, 1, 4, 8F F 7 33
w233 oS JaEs 7SI

(1) ApAMEEA} A AH(Postural reflex test)

Bederson $(1986)2) AALE 3% RALE Z
Apdbg e nigtoljA 50 cn o WA e mEE F
I 7igksl Ed BAAA BME 9F e
8§22 g3 WolF uid, &S B WA
Ae S48 i NiE ohdte] EXHe A
< 2 4 Ao B5HA Hxe ¥F gIs A
AN 34, vHlE e FF HAAT BE
M AAAHY HHgE Holx oW 23, AFEA
SHol=E FAL wol wHEHE 3 €& 2
¥ 13S FA

(2) AAEx] AAHLimb placement test)

De Ryck 5(1989)9] ZAAIE 38 2= 2
AP golBoA o 10 ecm ol AR} F
=gA HAME F3 Uort HolES F WY
Fod AAAQA WNE FF s AP
gold fd Wasew FFAA IAxe F
Hoz A¥EA L wAAIE 33, 43
A 220l AGE o) F v 24, @
Z g UEEed 13, M3 JeA @#e
¥ 08 g F3ick

(3) 22 7] FAHBeam walking test)

Goldstein®#} Davis (1990)9] AALE 3 A
o2 $F9 ¥ S AAE f3 4
Astger. Ay e uigelA 450 m Fol9)
ola FAHE 1600 mn HolY FHE FI vHFR
A ¥3 1810 mm Zol, 30 m Z9o L& HA
e gg 9gd 98 A 3o PFHA FH=
E LEEAviA vigez "oy 03, 4l E
AYzZ Fe QAT 1 Yol gel U™ 13,
Aty 9ojxa 2%, i E AVAT AR
g oielE gElg AY AHEER @ew 3%,
50% ol wlmAHA AUH 43, 2% vl
HAEN AUY 53, HF vy AR FowA
AV 64E FAUH

(4) A3 71 A AHHorizontal wire test)
Balduini(2000) ¢ d7& AT AL, 3
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AP F 1 oom HAS] HASAAM mEE R
I shEe oflE T3 W FAE BA dAFx
Arre e F AR meE Eol&dd P54
AL ke FF g AE O FI ASHL
2 A% 33, Agde FE&E o Zdst
HnYE B71W &AFH wHiE g Yol
Fex FAE FA HW 23, ASde ¥F ¢
B2 FAorl melg 97 A = &4
TR BdZE hie A HW 13, HSEH
E4FRY HE 2 FE 5 oW 03

3) =3 HA

ARE APFEE2FH HEZS 2 F
g8 0]83 Y4 (dehydration)# A7 LAl
(xylene)& ©] &% % (cleaning)?FE A 3}
2t¥ ¥ uj(paraffin embedding)E& A A|3IH ). A
zg ety BE(paraffin block)e A A
(Sakura 2004, 4E)E o] &3l 4 mm FHAZ A
&3t Fo] H & E(hematoxylin & eosin) ¢ &
ANG Eehol=g ARSAAT. 259 W
] @&2 25dn 7 (Olympus Bx 50, 4&)&
o|§3te] @vlHel BHP CCD 7hvleh(Toshiba,
dE)E YT F Z4FY AR, 24FY
arigs, 244 AFRE, FAREIY @
3 FHE BE3AT

1) SAEH

2 dF9 RE BAE SPSS 120 verg AMg-
Ack 48 23 gL HEd BEUXE v
wew, 8 48T 85 2 dF 2577

e X533 A A18W A3E 20063 6¥

7re] B|RE paired ttestE HAslPged, 4 A
HATLEDY AF L & FA ¥ste AolE dot
B33} one-way ANOVAE 4lAl3le Turkeyw
Hoz A%AF ATk B4 A #95EL a
<0052 dAste AASFA

1) 853 139 < FA ¥

AY 8F F 7} AP T HIEZ FS(affected)
7 A Z(unaffected)®] FAE MTe &Fo] A
Zo B3] 1580 + 523 AL FL Ao E Yg
$ot 123 039 &3 139 FAAle
Ztzh 1#0] 9.00 + 245 mg, OFo] 480 + 245
g2 EFo] A& HYg FAV Fken mMT
o Has) B o [2% IF9 8§33 339
Aot Aade AFL ¢ 4 ANen, 12%
Mo #5374 239 FAV BAXHeE {9
¥ zolg RA

AY 13 ¥ 7 AYTY vEZ $23 AF
o) FAE M §Fo] dFo w8} 7.00
433 A= 2 Aoz vEyt. 1¢d O3
o #&7 AEFe RARClE A7 170l 600
+ 523 mg, MF°] 600 + 461 ngo 2 $¥Zo] A
& RO FA7 FAken FAAHSE #AT A
ol HHth A 3¢ F # ALY wET
B2 29 AL & Ao)g HolA git
(% 2).

E 2. 4 272te] HAZ(unaffected)t gH&(affected)el HiE 22l A (mg)

8 weeks 1 week 3 days
Unaffected Affected Unaffected Affected Unaffected Affected
I  159.60+10.01  150.60+10.01° 140.20+2.26 134.20+2.61" 142.60+6.50 142.20+7.33
O 155.00+9.80 149.20+9.52 143.60+6.28 137.60+6.44" 144.60+5.46 144.60+4.88
M 171.60+4.33 155.80+6.46 "  142.00+6.11 136.00£6.30" 144.60+6.88 144.60+6.50
IV 172.60+4.61 172.60+5.13 145.20+4.85 146.00+4.56 143.80+7.19 144.00+7.24

All value are showed mean+SD.

* statistically significant as compared with unaffected side
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A% 9 49 $5F0] Y HEF F% WA FAZE L EFVISHEA vAe I

2) 823 Ax9 Yo 2 A A3}

AY 8% ¥ 17F D29 %S 83 4
Z FAE 047 + 0.02 ng/g 3 048 + 0.02 mg/g
oz M9 045 + 001 mg/gdl W& Z71ste
A%e ¢ 4 AU SYEE ttest 27 M
o wate Dol #94 e Aole Ui
ot.

AY 13 F H|EZ &5 4d & A &4
T7He ol Hojx ARom, Vo n»isty
[, I, IZAA &F o & A7 FAHL
2 fo% FA2E KYQY

AY 39 F HEZ &F Hd 2 FAe &
7] 2olg Holx FUATHE 3).

3. Zt 22te] HZE(unaffected)t &+ (affected)ofi M HIE 22| Atk 2 FH

8 weeks 1 week 3 days
Unaffected Affected Unaffected Affected Unaffected Affected
1 0.50+0.02 0.47+0.02 0.52+0.02 0.50+0.027 0.51+0.01 0.51+0.01
II 0.50+0.02 0.48+0.02* 0.52+0.02 0.51+0.03T 0.52+0.03 0.52+0.02
m 0.50+0.01 0.45:0.017 0.52+0.01 0.50+0.027 0.51+0.02 0.51+0.01
I\ 0.51+0.01 0.51+0.01 0.53+0.01 0.53+0.01 0.51+0.02 0.51+0.02

All value are showed meantSD.

*statistically significant as compared with MCAO group

Tstatistically significant as compared with sham operation group

71

or

3 52| W3

o

2.

Ho

1) AAjYrAL 2 AH(Postural reflex test)

A8 19 F & 289 € Hole Uk 4
153 F [ OTol 23, MTel 143FE &
Z} Jehliden, A48 453 ¥ 130l 243, T

2ol 269, MFo] 224€ Uehlel Aol 3
Jgel @t DEol A4 ke AAuAE
B4T. 4% 8% ¥ AN 3% 123 DA
£ A4l Fhe AAEAE HYou MEL
25902 <178 MAYHAY AABALE AT
(g 1).

351 [—e— |

3+ |—ml
25 | |—&— Il

2 L

15 |

1t

05 1

0

1day iweek

dweek 8week

a7 1z 2ol RtMIgEAL HAte] BB

4 1% F AW AARR [2o] 124, I
o] 147, mZe] 124¢ 27 vehjgien, A

2) A Aujx AAHLimb placement test)
4% 19 F 7 279 & FolE YUk 2
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9 4% F 1ol 261, MFo] 244, MFo] 22
e dehlo] Azt ATE wF 1T A
Aol ke AAMA WALE BT 4Y 85

3.5 r

3E2 x5 8taA] A18@ A3F 20063 6

F AA A3 123 D2dAE A4 7e
HeE HYoy MFL 25808 oA A
A AAER wALE BRHJTHY 2).

—— |
3 |-l
—a— |
2.5
2 -
1.5
1 =
0.5
0
1day 1week

4week 8week

a8 2. 2 2o HMX|ujx| HAle| H3E}

3) 9l A7} HAHBeam walking test)

A48 14 ¥ 4 279 & Hole gt 4
4 15 F AAMREAL HAL A [ #o] 404, OF
°] 423, Mol 3.63-& Zz Jedden, 4
3 43 & ] Fo] 584, N Fo] 584, MFo] 54

4E& veide] Alzte]l AR el [ 23
Fo| A AR A¥ 83 T A
[23 DTAAE A 7tk W o
U mIFEe 55302 o3 uASEH e
EAHIH 3)

7.00 r
—— |
6.00 (I
—h— |l
5.00
4.00
3.00 r
2.00 r
1.00
0.00
1day Tweek

dweek 8week

38 3 4 2o Hoidzl HAlel ¥l

4) AAR 7] BAAHHorizontal wire test)

A 1Y 3 FAF7] HAA 1Fo] 083,
ool 103, Mol 1.23E #47 Jvehe I
ol 123 O ¥sj o] 4 Psiss B
Atk A3 15 F HAFZY] AAA 1 F#o] 22
A, OFo] 243, Mol 208¢ Zg Y

o, 43 434 F [ Fo| 283, ITo] 284,
Mol 244 Yvelfo] Ajgte] Z gl we
[#3 070 A4 77k AAN 288 B
o A3 8F F AA An 1¥H OTdAMe
Bl 7H7te ¥ee BPoy mMTEe 253o
2 g3 uAggEA g B2 E 4).
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ANE 9] 49 : £FEFo) HEA HEF KL WA FATH R TFVTIHEA vAe 3%

50

8 —-— |
3.00 |1
—h— Il
2.50 r
2.00 r
1.50
1.00
0.50
0.00 | L L )
1day tweek 4week 8week

a8 4.2 Zo| HAEDT| HAtel #Et

3. =& sty HAL ARen 7 DTdAxes M v 24+

o W43 50 ZAHASE FEE F AN

1) %9 F639 9 ol B3 DFAAs Mo vl8] 2479 dA

HEZo H & E 927 384 HE22 & 3 YZo] ZAS NVEH 843 ZHF FH
% 82 17, 02 MFAN Ve visl 24 & #2% + AAH2 3 5)

#o WA g5, 295 T2 ¥ET

23 5 2 AHTel 8F F u|=3o| mH A ZAHHEE x100)
A SHEN HEF RU% NYE +EREE (1)
B A HEE 9T IUE 5SS (I12)
C: NEN YN HEF FLI (D)
D: SYN =ZFS RYUSK 2 Y F22 (V)
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v. ot &

)5 ¥ (cerebral ischemia)2 Ez0A4 1%
@ol Uehte Helz AZMNEE &3AA A%
3gx ALL st A e, AXFe}, A%
EE dojBd T Az EAE dodle @
o2 Fg UYAsYW FT FdHFY(middle
cerebral artery)e] 7} 71 & Adde] HI
ITHO Dwyer %, 199%). 538 ¥H&F BASL
54He2 WA $99) wrize] AR 2
shulzh UEhie B39 28 9RA s, 24
% 27 B, 2 A% 24 98, A% A%
Bole 9% UettA FrkScelsi T, 1984).

53 2A%e 2AYRY 277t BolEn 2
A44 99d gFE PFad) 249 Aol
Zoj=x Ao Z(Bullock and Henze, 1999), H 73
A & Jehue 299 Azle HEF A7 ¢
AAEEFE Fy3ed A FAA o
(Duncan, 1994). Scelsi $(1984)2 HEF o4
F 1-17490 332 BAES Uy 85
BABTY 2% AAE WA Aol B
o we} = A4 950 YABYGT BIHE
ony, ®3 Dattola F(1993)= HEF ¥ /1Y
o4 AT Wokul B MBS 4AE 5
2AY 2% = 449 A7l FoAm A=
ZAHEGT BT HJAck HEF AN U
Bte olad TUEe ¥EF FEERUAME
EAFor YeEdd. HEFT K¢ HAE i
oz o]Folz ¢AF F(2000)9) ATFNAE H
HY WA 7AF BE AN, P2 o
HEZ ZSEAZ 44 27%, 21.5%, 13.2%7}
Z2sg . HEstgens, =3 Musacchia &
(1983)2 FEAYPANAM BFH3 74F 252
o] 35%, 14dF e 45%7F AHATY T B
st £ AFdMx JHEAH HEF Y F
=3 Az HEZ FASH 2 AFPd=T
9l MT9 = HIEZo] AUZ HIEZ uF 8
9l 15F oA ztzk 1580 + 523 g 3} 7.00 =
433 g AE AL Roz BEHIoH, FF9
A BAEA 47 83F My #F Jd2

2 X283 A A18A 35 2006 69

o] Wo) ®ls] 0.06 + 001 mg/g A= 2 A
oz FRHJY. E£IF L9 sty #FZ
3 8% F NVFol v& MFENA 2479 HA
3 gFukg, 29F 5ol #F HAY o9 7
2 AFde JFYAY HEFoz AZ AAAHY
A4 L 25 A8 AslE & FFol FAES
gusis H3HY F YA FF vlEI
Zo] FAP L Uehd Rojt. =5AF] A
& 28 Gug] o] AEo o3 SAAATHY
Hns dadgd, HEFE AF 295 A
AAE Y FA L TH ALY AR ZHF0|
g ede AYATF APYx o= A= RiE
tHDattola 5, 1993; Scelsi &, 1984).

2939 Adoy} o & HES 9% E7
A8d FZ WYL 35 ALEE, ANAE, F
2% 59 A4 FAE T o]Fo4Az A
th. Fluckey $(2002)2 4F B #WAe Rtiy
g FAA A2 FE&A4 THFE FEA
e #A T¢ AFLEFTE A A, 29
< 2y AYEETE AT TH AYEEFS
ANEA gz Y& FI4g F AleldA 7t
Ao 2ol ZEAL a¥d FA&ol F 50%9
ol Rtz BHudte $Fo] PHe A4
o AgeFS LTz 2HES AU
iz 3. E3 Radak 5(2001)2 FHE d¥
o2 3 AFAA 1A 3Himmobilization) F U
39 £5&F0] A33E 2 AA B of
Uzt AA715S AAs ARt Budga,
Senturk $(2000)& #A7|7te FFEF %3}
(aging)9t BAE A7z} (somatosensory) o] ®
g ddgda g B 7M. 8§53
A2 vEZ BAZH A 8F9 15 FoA
Mol H8 £35S AAT 1% 039
23 AZY BT A Aoyt ALEE B
T e, 53 8FFN AAE FFT
58 AANE OIFAN BAHSE AT HAL
BHYoh £33 g9 AUI FAZAH A
T 8F & MF v&l 55 & AAE 1
o3 0FY &Z9 i FAZN F71EE #
2% F JYen, 53] nFe] Mzl =g F

M Mo m

X

i}
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2715 9 49)

ARz FoE 718 BIAG <59 A
FH #FAFANE 8F F, MTol W 1T
OEoA 2479 d45 2950 2HgL &
28 4 ATk o9 e FAje IHF JE
o #FEEol ARAHYL vy, ojd A
3] A 3 (Demiryurek and Babul, 2004; DeBow &,
2003)¢} A AFHE BT

X3 go] FLHAUL A 54 5§
H3¥ 997 715 £4E Folx, ALE W
259 Ve FREAH dHIFFES SV
7th3 3G tHEndres 5, 2003). §3], FA2A
5ol ¥ 75 I TFAH WIE @
te AMe oy dFedA EuExn it (Wang
%, 2003; Jeff and Dale, 2001). =3 73sld &
873 & AFI YMEe] Iy 4F4 A
oA A} WS HIHA 7FH BFH
¥ Holutln ®ystm glch(Varty 5, 2000). &
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