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<Abstract>

This study is the quasi-experimental study on the gait training rehabilitation. The purpose of this study is to
prepare the baseline data for most suitable of gait while we were scrutinizing how the walking characters,
functional walking ability, gait quality of stroke patients were affected by the gait on BWSTT (Body Weight
Supported Treadmill Training) through the change of treadmill velocity and body weight support.

To accomplish this purpose, this study used thirty subjects, more than 3 months post stroke, for
rehabilitation who were divided between two gait training groups they received the neurophysiological
pHysical therapy. For 6 weeks, 5 times a week for 15 minutes per session, the BWSTT group participated in
30 sessions structured speed-dependent treadmill training with 30% body weight supported, and the ratio of
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body weight support was gradually decreased as the patients advanced the capability of more self-support.
The OGT(Over Ground Training) group received the same quantity of equal sessions like BWSTT.

Firstly, we measured the absolute improvement of walking velocity (m/s), capacity(min/m) and
cadence(steps/min} among walking characters. Secondly, we measured the functional walking ability such as
Functional Ambulatory Category(FAC, score out of 5), Modified Motor Assesment Scale(MMAS, score out
of 6) and Gait Quality Chart(score out of 41). Data analysis was performed with using SPSS 10.0 win
program. The descriptive analysis was used to obtain average and standard deviation. The independent t-test
and the paired t-test were used to compare both the groups about pre and post training test.

Treatment effects were established by pre and post assessment. Subjects tolerated the training well without
side-effects. Therefore, the results of this study were as follows;

1. There was a more significant difference from the improvement of walking velocity(0.09m/s),
endurance(4.53min/m), cadence(4.20steps/min), FAC(0.26score), MMAS(0.33 score) and hip joint and pelvic
of gait quality(0.39 score) ever before in the BWSTT group(p<.05).

2. There was a more significant increase from the walking velocity(0.01m/s) in the OGT group(p<.05).

3. There was a more statistical significant increase from comparing the average of walking velocity in both
groups ever before(0.42m/s in BWSTT group and 0.31m/s in OGT group)(p<.05). There was a statistical
significant difference from the average of cadence in both groups(61.87step/min in BWSTT group and
3.60steps/min in OGT group)(p<.05).

As we can see from above, the findings suggest that BWSTT may be more effective than the OGT for
improving some gait parameters such as gait velocity and cadency.

This conclusion also suggest that BWSTT is more effective for the improvement of gait of stroke patients.

Key words: Body weight supported treadmill training, Gait, Stroke

2003). WA B3 539 3EL HEF #A9 QY
ol 3o F8% BRI} dri(Werner 5, 2002).

I.M &

HEF L 715N AHH A EoloE orlEn, 1
o] FA# B2 HEF At A2l Ao e B
£ A FAX o] Bol(Eich §, 2004). &3 819
EAZQ RN E = Bl HEssy g2
A3 4F BN ERA Ao, &9 HE 4V
S AR R A /F47] Fol ey, B3-S 1 A
2oz FPrH(Mauritz 2002). ©|F APFoz B
o] 3B x AT B FAEL -3 By &
=t &3 AFEo| ZAHE AojE ¢ glen|, Ho]
U A4 58U o84S A T Uk (Chen,

HEF 8xte] 13 FARE M| 3 7129
A5 P oldfel g el Al=sa jlen], 2 F
el M FAA Ef =T FA(Body Weight
Supported Treadmill Training, BWSTT)e] Al2¢&
A8d F2Yor ol4sm JYH(Hassid &, 1997:
Hesse 5. 1999: Miller &, 2002). 4334 & 713
#REe] BHY FAL A o] ¥HL Finchs
Barbeau(1986)°] A1Zsl 3, A 83 FARA AFA
7 o] o] g4 Edl AL A4 aen AN A
£ 1%l EFcd By WY F 3R AREHUA
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REejolth(Leon 5, 1999).

AFAA EF=T By @x] Arlee o3 X80t
ofie} 29 73}, 23 1eln B3 e &% 2FE
A4 A7 (Dobkin, 2004), A& A|Q< 59 Bo]
7Fedt AAEL AFAA] EF =Y Hijo] B3 s
o &35} Atk 8 tHAnne 5, 2003). AFAA| E
g =9 B3 AMEEE AFAA A2 B3 5t A
FRA] v)&o 57 B3] A AA 9 R Y &
AT, £ A BAR FAF BPE she B A
A ARAE & FA golx H3, FAlo| By Hrle F
2 HE 5 e 718 E APt AF5E AA}A F=
H & FAF o2 Fojof staL, §x 222 {A3he
AA AR st FH-2 F7isolof dck. wheby #FAA
Ef=doAe By FAL AAY 49, Heol gt
nej7t Besiy, FAA FAH 80 a7EH
(Karen %, 1993). AFAA EH=Y 2y 3t Aw
Abe §21e] AF olFT wel A7} vi2A Fo|=EF
& Jon, AFE AAFA FE e B Yol
g wet AR H o Zdof Fit} AFAA] E=
9 23 F AF AAE B8l R Y23 25 =&
< 3t QA AAE 88, AFAA 9&9] Fae
By & QNS Foln Had Yag 2§ AHLS F
22 3 A3 *FXRH EEE shesiA @
(Miller &, 2002).

HZ AFAA EF=d 23 FH Py w=A &
AEWEA 3 VA, 2004 $4%F, 2001:
Filho &, 2001: Werner 5, 2002), 23 ¥4 o7
4(Hesse %, 1997: Pohl &, 2002: Sullivan %,
2002: Visintin %, 1998), A@ R3]z} v]w (Hesse
%. 1995. Hesse &, 1999: Cunha &, 2002: Eich
5. 2004) ¢ 22 A A7t o] RolAjn Ylon B3
Ao &77t vt Ex Ha ok o 7A] o
2% A9 B9 X5 vhges YA Faln ot
oj9} L ol fr= TUF A7 WY HE AE B
T AFEhs AW Byl de vt T By F
g /iE4E F AEAR wiliRg vim A7) ol F
AR WEolct. ety B FA o/iuisEe £
AR LS B9 Uik Jde] AFE E3ld dA Al
Patn gle A By FRFe vlg A7t g
g A ejct.

2 d7e] Bae £ whEsd AN W
EH=d &% H3lE 53l AFAR] sd=2 B

HEF $A9 B3 54, 7154 2y 5, R A
o vlXE FYS Foln, A By A8 A 7]
Z A2 wignA sk Aoy,

I
1. o7 A

£ d7e AFAA EH=Y Ryo] HEF A
B)d] vX= 9L AR ke A 48 dF(Quasi-
experimental study)°|t}.

AFAA Edzd 27 1799 AW 2P 159
o2 HAHUR, AFAA EH =Y BAPF F AAFHY
APz 2%o] AF SN B} AF AFAA
£ % 309%0] A7) AUt

2. AF J12 A AT o

2 d7= 20049 12958 20054 3974 2%
A 424 Boledd DYRYUAAN HEFOR Q]
Hopd] AgE w2 3099 22X g A8 W22 6
F &< F 53] AAlsit :

A7 e e ¥ A st G A
Ao Foj FAE AY/1EL d33% 2ok

1) HEF2o2 13t Hapujyt @ uy 713te] 3¢
o]l Bz}

2) EYHA A7) AAE 302 o4 AL & = e
&z A

3) & A9 AFAA FEolv FolR QA B
Pl A7} gle &4

4) 2 19 ol 47 3o 437 #¥d
FEE A e g2

5) Modified Ashworth Scale®] 33 FE7} 294
o] 3}¢l gzt

6) ¥4E &5 W/l I= 5 By JES Yrsk] ¢
Fol 1 o]Akel Bz}

3. M|

AZAA EH= BYTF AW Bage] ) FA
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£ B A8 A 2AE £ v ¥ 4
Zt 1684 AFAA Ede=d Bt A3 g AA
Epi=g

2y ¥4 A3 ¥ @A) 23, 558 $4dAY
Hago] Hgl sFol, A Wzt T& HolH FA] B
g FdE FANAS.

AFAA Ed=Y BYFL By FH 2 AFAA
Hl & 30%°l4 A1FE § v Z spRld AF ol FH
Ak apA)e] sl gl wet AAH ez AFA
2 H&-E Fagen, 4. 35 gL A
93t Adel| Raslo] gle &elE A g E
HE=oXd B3] S &5 oE B FAL AN
o Hd 43 =2 fANNL, A2 EY=d S
Ad By 28 235 A8 H APH ez Ey=
9 £52 0.1km/hr¥ F7HAZ o] W 103 B33
71 B¢ vh& vlY] Q177 B AFAAE RE A
Fu dele] B, At E A A o4 Fol et
W ojd £28 fAlstA.

A B3P FAloA X gAle] B2E wor ¥
FAE ANBIA, 7 28 8A9] AL fEt B
A 8A} ol 9jof] AT Hz2g g Ho] BEE T

d+4AE 444 43 2AZA, du2
(harness)2 FAI=lO] gla A9 HFL AU 4
s} Y ©)54 Ax A 2" Aol sAE F
£3tn AR AR E o) 43t AJASUA HZL slze
F o, AFe ANAERE FFYY. oo
AWM E AHg 7H58i0], 13 Fd $<¢ =T 9
o 23T A AHES .

2) Edl=d

Ed=g(Sky life 5100, gl goidl, =)L 34}
o] By FYd wet B2} 222 £ 8 2L F Y=
Z A71go] Ao Fatslof gltt £+ A 0.1km
/hr?8 3 16km/hrold, $= 282 0.1km/hr¥
7Feditt. &% S Aol A &3l FEs o
Aol B3 FA 3 AP 4 AF £ AL 3
ol B3 £ Fdoe 7HestH £ A g A
oA o] EEHS X stk AV1RE Bol B

Y FE AR F BY A, g% o] F
At

& INE +

5. 588 &7

1) 10m A7) ‘

XA 10mE e 5¢9) B3 &5 23 whgo
2 HEF 9 o|FA e FxE ALY 5 Ye
ZAA} ubg otk (Mark$} Gillian, 1999).

2) 24 A7)

AWl 28 et A uyoe 78 @ B&aLg
233819t} o] Arle 128 F7]9] WEd AL uhe
2 HES B B AreA 2 AFAe) o
(Kosak$} Smith, 2005).

3) 713 B3 ¥ (Functional Ambulatory
Category)

7153 2y 97} WPed 15m B L |FeR &
A AE F UL F AR o) =] 8% F4E 0
A, SYAHA HYo] 715 A48 5= 3 F 62
Az A& =9 dckFiona 5, 1990).

4) =AY 2% Byl 3 x(Modified Motor
Assessment Scale, MMAS)
FHE &5 37 Az 89 FEQ B3PS AlE3lo
B3 58S Hrlelda ¥e 040AM 63oltHCarr
9} Sheperd, 1985).

5) B.3J 9] FA(Gait Quality Chart)

nhl &) W 28 n@Ez) gute] $XU% 2y
Z Aol AU B TEY v1& S Pdae] v
<l Bejo AL Hrlshe Aot} zt FEL 27] F&
(initial foot contact) #E(0-23)& A &stx 0 (A
013 elA 3 (3% AE) ez Hol Sit) £ 1370
FEow ¥ T 0-14%, FETE 0-94, @
29 0-127, A0 AU o] FEY 0672
TR $3e 0-41%°|tH(Eich ¥, 2004).

6. Xtg 2|

SAEXL SPSS for 10.0 win program$- ©]-23}%1
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t} AFAA E=Y BPF 1597 AW BHPF 159
o g HAA HAL Independent t-testE A3
th 7t 2o I 548, A, A% ) 2 9
g B4 (Ru, vl 2 9 J)7he gF V)T B
ZHUA(SD)E A& B3 FH A - F BY &
%, By ATFY, £&5 7|53 By 5, Ko e
Paired t-test® AH&3llen, T & 49 Aol & Hla
317] 91849 Independent t-test® AAHAT. o)
ZF2 95%(P{.05)Z 3t

I. A7Zz
1. 937 Chatxtel S

2 a7 FAE AA A= 30geieH, ad

2t & 3ol 21902 70%°1U01, Aol 9oz
30%°19ct. BT AL 57.234019 %, HF AFL
165.3cm, M5 62.3kgol}. AFAA] EF=T &
P2 dAol 9822 60%, Al 612 40%°1
2, AE 2YPFL FAo] 12902 80%, Aol 39
2.2 20%°]t

ofgtd 5L 284 &8 Bt 134, HEA o
£ A= 179043, Hepjst A% Ree= o8
Z Hop|7} 149, 9% Hop|7} 16922 o|Qict. &
B 71 RN 64 EolNen, AFAA EFH=
9 Bajie] g Wy 713 15.4708ei0 5, AE B
9 HF 3 713 21.67/Y el

AFAA EY=d FEEH A 2P guty
£ o8A EAL AR (o3t Aolrl glo] B
Ao} A A Table 1).

Table 1. General characteristics and medical characteristics of subjects (N=30)
Variab BWSTT OGT
ariable (N=15) (N=15) ¢ P
Age(years) 59.20+10.83 55.27+12.09 1.164 .254
Height(cm) 163.73+7.94 166.87149.52 -1.052 .302
Weight(kg) 61.13+12.20 63.47+£10.10 -.657 .516
Diagnosis
Infarcti 60.0 8(53.3
arction 9(60.0) (63.3) _ 357 794
Hemorrhage 6(40.0) 7(46.7)
Side of hemiplegia
igh 40. 3.3
Right 6(40.0) 8(53.3) 714 481
Left 9(60.0) 7(46.7)
Mean+ SD
N: %
BWSTT: Body Weight Support Treadmill Training group
OGT: Over Ground Training group
2. HESXX EEY 27 XM 2o AH oz feld o)zt At

28 &3 ™ ol vlu

23 FH A 4 29 B8 597 V1% Y Y,
Hage] Ao i A% date 53 £ri(Table 3).
By £E9 X 7Y, B&5E By FAH F Lol §

71eA 23 i3 Ao £38 ¥ Wt A= dee
2y FA A §F o] BAHLE KT Alol7F YRt

e #ds & 8d, 83 3, 29 A
Aere By 33 F 2o] §AALE {47 Aot
.
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Table 3. A comparison of walking characters, functional walking ability and gait quality between BWSTT

group and OGT group at pre-test (N=30)
Variabl BWSTT OGT
ariable (N=15) (N=15) b P
Gait velocity
(m/s) 0.33+0.11 0.29+0.18 1.024 315
Capacity
(min/m) 20.80+6.28 20.00+9.52 272 788
Cadence
(steps/min) 57.67+10.02 52.47+10.29 1.402 172
FAC 3.00+1.00 293t1.44 147 .884
MMAS 3.73+1.33 3.87+1.60 -.248 .806
Ankle 6.33+2.61 6.00+2.04 .390 .699
Knee 4.67+1.35 413+1.73 .944 .353
Hip/Pelvis 6.00+1.85 5.20+2.04 1.124 27N
Trunk/Arm 2.27+£0.96 2.53+1.06 -.722 476

Mean+SD

BWSTT: Body Weight Support Treadmill Training group

OGT: Over Ground Training group
FAC: Functional Ambulatory Category
MMAS: Modified Motor Assessment Scale

3.HBAX EEY 2YFo 2Y FH
M- & Aof vl

AFAA EH=D EPTo B 547 7|5 B
g 59, B3 Ao Ui A3 Bde oS3 2o
(Table 6).

B3 &xo A7y, BEee FH A vjgld F
T EAH 2 K3 P AH(pC.05).

7% 18 WFe £3589 2% ¥l A% A4 &
A doll vsle] 8 F SANE oA FHEUT
(p€.05).

BT Bute] Aok FA Aol vl FA 5
ARz folstd it HARL(p(.05), B2 A 7
o4, gy A Hse By TE A - F wzoiA
FAHoE 2@ Ho|7} YA},

Table 6. A comparison of walking characters, functional walking ability and gait quality between pre-test and

post-test in BWSTT group (N=15)

Variable Pre-test Post-test t p

Gait velocity _

(m/s) 0.33+0.11 0.42+0.14 5.822 .000 -

Capacity _
(min/m) 20.80+6.28 25.33+7.18 4.900 , .000
Cadence

(steps/min) 57.67+10.02 61.87+£10.28 -5.793 .000
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FAC 3.00£1.00 3.27+0.88 -2.256 .041
MMAS 3.73x1.33 4.07+0.96 -4.583 .019
Ankle 6.33+2.61 6.80+2.62 -2.432 .290

Knee 467+£1.35 4.73+£1.28 -1.000 334

Hip/Pelvis 6.00+1.85 6.40+1.80 -3.055 .009
Trunk/Arm 2.27+£0.96 2.33+0.90 -1.000 .334

Mean+SD

BWSTT: Body Weight Support Treadmill Training group

OGT: Over Ground Training group
FAC: Functional Ambulatory Category
MMAS: Modified Motor Assessment Scale

4. %P BY2e| BY £ W - F Xo| b|Z

Ad Baiel Ba) BT J15FH By Y, 2y
el ¥ 33 2= e & (Table 6).

By Sxe F Fo vjsi FE F HY S201 F
AZ o2 71819 o} (pd.05), AT E&4E B3]
4 A - FHadA AR o7 Aol7} YA

154 B3 WFd 38 &% 9t A= HFe
23y FA A - F uimdA FAHLE {A@ Rol7t
gt

UE @3y 7§ @3, auds 29, 93 79
Aee 29 FA A - FumdA AR fojg A
°l7} gt

Table 6. A comparison of walking characters, functional walking ability and gait quality between pre-test and

post-test in OGT group (N=15)
Variable Pre-test Post-test t p
Gait velocit
ait velodty 0.20+0.18 0.3140.13 -3.101 008
(m/s)
Capacity 20.00+9.52 20.40+9.91 2103 054
{(min/m)
Cadence 52.47+10.29 53.60+10.36 -1.967 .069
(steps/min)
FAC 2.93+1.44 3.00+1.41 -1.000 334
MMAS 3.87+1.60 4.00+1.60 -1.468 164
Ankle 6.00+2.04 5.93+2.15 1.000 334
Knee 4134173 4.20+1.74 - 564 582
Hip/Pelvis 5.20+2.04 5.33+2.06 -1.468 164
Trunk/Arm 2.53+1.06 2.60+1.06 -1.000 334

Mean+SD

BWSTT: Body Weight Support Treadmill Training group

OGT: Over Ground Training group
FAC: Functional Ambulatory Category
MMAS: Modified Motor Assessment Scale
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5. MEXX E=H
2d &H & xo| d

Yo xH EYEe

H

B3 FA F 7 29 2y 547 J1%H By ¥4,
Haje] Ao qig A4 Ao thEst ZoH(Table 7).

By 9 gEae AFAA EY=T BTl A
W By vslq FAHCE folaA FEHAUR

(p€.05), AT L F ¢o] FAR L2 KA Ao)7} 8l
Ak,
7168 28 HF Ao T8d £ Wk i B
Y FA F F To] $AAHLE F% o)} U
UE g3y 2 #d, a3 239 Az
Are By FE F 5 o] FAHE FAF ol7t
At

Table 7. A comparison of walking characters, functional walking ability and gait quality between BWSTT

group and OGT group at post-test (N=30)
, BWSTT 0GT
Variable (N=15) (N=15) t p
Gait velocity 0.42+0.14 0.31+0.13 9.292 030
(m/s)
Capacity
Py 25.33+7.18 20.40+9.91 1.562 131
Cadence 61.87+10.28 53.60+10.36 2.193 037
(steps/min)
FAC 3.27+0.88 3.00+1.41 691 541
MMAS 4.07+0.96 4.00+1.60 138 891
Ankle 6.80+2.62 5.93+2.15 989 331
Knee 4.73+1.28 4.20+1.74 956 347
Hip/Pelvis 6.40+1.80 5.33+2.06 1.509 143
Trunk/Arm 2.33+0.90 2.60+1.06 -.745 463
Meant SD

BWSTT: Body Weight Support Treadmill Training group

OGT: Over Ground Training group
FAC: Functional Ambulatory Category
MMAS: Modified Motor Assessment Scale

V.

]

H&ZF #xe 29 o439 52 T8 N, A
oz izl uiFAAQA B8 Hen e Y 4,
$ide] Feg, B3 F ouA vzt g4 veidt
(Duncan &, 1997). AFAA EH =1 K3Po| 3}A &
o Fd3 AT By LEston Hx] ke BxplA
2o AR B A9 AARIHE AFPoEH B
3 7)Aol &7} tHChen 5, 2003).

£ dFe AFAA EH=Y Byl HEF A

B3] n|A & G Golir] A3l AT HE3 o
AAE AP H 65 U9 AFAA E=d Ry F
A& HAEAT

Ef=d g2 43 FXEAY A A
Hole 45 o& B FAL AAEe] A 47 4=
2 FH3 97 A AFAA Y=Y By Fd
2o By £571 B8 FE F WF 042m/s2E FE A
o "lated 31% Welzn, AR BT 0.31m/sEct
37 iE] F 7 Lol FARLZ {7 Rol7t 8
Ak, ol Ade 4% & By FAE HAI] Pohl
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5(2002)9] A7 Azel dXsiglen, Ed=dY B3
&L E A7t Ay £59 =W By £5 wE By &
E2 Yol ZHF Hesse 5(2001)9) 47 A9} &
AEieh. olsh 2 A7 de Hal] BRA AF
AA BPL ANE AL Y 237 FHE A A=
o] Z7tslo] B &9 $7 gyt vebd Rolgxn
FE% Hassid 5(1997)8 @7 AAE + 3ot £
1y &% Frhe AFAX EH=Y Bo] AW B
PFEo} o HE £xoAM B FAL & F YW A&
oln, AMFAA EH=E BIPdA WE 2 FRY
S A4 23 £zt gt A Aolgn FEE 4+ ¢
t}. Collen $(1991)2 B3 &0 2 33 Fxle]
3E-L uispir gtkn ez, AFAA EH=
d Bio] AW HeFEt 5 Eol WE ol 34
& 4 ot

B&5 grlolA AFAA EY=d BiFo] B3H
57.67+10.02steps/minolA H3 FH F 61.87+
10.28steps/minZ, A BPFo| B3 FH A 5247
+10.29steps/mindl A B3y FA F 53.60=x
10.36steps/min®Et Fg=lo] F & el F4§ Aol
7} UKk ol¢t 2 Aul= Uopy| RS Yo @
Hesse $(1999)2] 474} &= o| &3 =g FAT
7 HAA 2= FAZ, AW 23 FATLH v

AFNM &= 2]&3 Ed =Y FATY B557t ol

Sl Adsidche Pohl 5(2002)9) 47 23s} €4
34}, Burridge 5(1997) 2J3ld &4 S71= A
vhe] @zte] B3y g g AMgHL Yok 3%
o gjepy AFAA EY=T Bafo] B3 &£ B o}
Y B448 2707 555 8ale] 88 AN &}
7} deka At gt

£ A7 A7 AFAA Ed=d BaFo] B
8 Zd ¥ HF 4.53min/m= & A vl 24%
FAFIAR, AW BYFL 0.40min/m= FE Ao ¥
3] 2% 2 Z7MEAY. AFRAA) EH = BaPFo] A
W EPZRY FA 3 A PHJAN F Z 09 F
AR Aol YA} Visintin £(1998) HE35 @
A5 Aoz @ AFoA AFAA EY = B A3}
A w8 278 (p=.018)x ¢ =AUz, ALY
(2004)8 AFANE gty o] $alolA EH=
HEYPg HAAF 83 13 &9 A7 FF Z71
7F itk sie). B A7 ARl A8 47 A+
o} 22 BAHCR faAg Aole UAJUATL, FA Aol

vlaleo] 24% EEYHE A& AFAA Ed=E B
o] A7y FRef ATy} lth= AL &5 5 YUt

By 539 382 2F AGH Y02 1 FE
Faled, &% 89 753 23y 58S o)
gt & dpelMe WA Aol HEF §Ael B
3 BAETE AMEEHY A3 A7 $8E Hib &=
T 7 A9 gF4e] H5E 7158 nY ¥iFs ¢
e &% H7} A=E o83l BP9 J%H §HE
Brialgtt. AFAA EF=d HyYTFe] J5H K
WE dee $498 £% %/t 3= Age By
A - FulmoA BAHLE FA@ FFE HIYAT F
= 7] BlmA e FE Aol gt ol 2o A
Fe 153 B3 5Y& F7 $45(2001)9] A7
o dxj&tH e, Hesse 5(1995)F Filho $(2001),
Laufer 5(2001), Phol 5(2002), Werner $5(2002),
Eich §(2004), Huitema $(2004)2] 97 239 &
Wiy

T B dFeAe By FrldA F2 Al
Beasld FrHpa okl A9 By e i B
o) A& M3 Hrletder. ASAA EH =T By
29 A - F umlAd A IV §2o4 FAH
2 folsiA el ol9) 2 Ao 942 B¢
AXE I e Tl & Ed =Y Edo] H2 S
FEHo2 VAL HAAFH 282 2] 9
Folgin 33 & 4 otk

F4 o7 ¥ 3 Ed=d SEe) HFAA] v)EE
B A3el fAEHA AA g wloldel ZwF(2004) &
Ef=d $28 Hd 44 £=22 £ & H, AFAA
H&2 40%14 AT JH= FAAUY, A7 23
B3 £%7} 0.4520.19m/s°14 0.60£0.17m/s2
2% Z717F AR, E&FoA s Aolrt it
Eich $(2004)9] Bulx 223 0-15%4 AFAA
Aejolx Hx EH=E £22 FAT AFAA EdE
d B8Tae] AP 65 Ferel ¥4 Ao AFAA
Efcyl B3] Butx BaFEt) 3 STl A7
HellA Ao, BIPe) AdA F F e Folrt
ARk, e n F497] g8 B 30% AFAA
el AU e EYedS THY 73 guty
9l B2 8 T3] Hla 7N AFAR) FdTol g
A 82 vl 7153 23 Y 5 3¢
B3 &57} Sk ou B4l e alolst itk
2 AHEAE, 2001). ol 7 AF Ae B A7
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