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{Abstract)

The purpose of this study was to analyse the gait patterns of two female children with hemiplegic cerebral
palsy by using the three-dimensional video motion ahal'y’sis';eqhhique."Case: 1 has mild spastic hemiplegia on
the right side while Case 2 has moderate spastic hemiplegia on the left'side. A group of 10. normal female
children of the same age(7-8 years old) were selected as the control group for comparison. Timé and distance
variables as well as the Center of Mass .displacement, and ‘the pelvxc and -joint motions in three anatomical
planes were analysed for this purpose. The follwmg obaervations were ‘made through the analysis |

Case’'1 revealed an asymmetrical gait pattem in whnch the step length of the unaffected side was shorter
than that of the affected side, which was a result of the effort to minimize loading on the ‘affected leg by
shortening the swing phase of the unaffected leg Case 1 scored similar phase ratios, cadence and walking
velocity to the normal group. A slight posterior tilf of the pelvis was observed throughout the gait cycle. Less
hip and knee flexion than the normal group was observed, and demonstrated hyperextensaon of the knee in
the terminal stance phase. The main pmblem in case 1 orlgmated from the insufficient dorsxﬂexnon of the
affected foot during the swing phase. Therefore, Case 1 has’ difficulty with foot clearance in the swing phase.
Usually, ‘this is compensated for by using}exessivé hip abduction and medial rotation in conjuctibn with trunk
elevation as well as increased vertical displacemént of the center of mass. Case 1 revealed a foot-flat initial
contact pattern.

Case 2 was characterized by a consistent retraction of the affected side of the body througout the gait cycle.
As a result, an asymmetrical gait patﬁern with increased stance phase ratios of the unaffected side was observed.
In spite of this the step lengths of both sieds were similar. Case 2 scored lower cadence and walking speed
than the normal group with lower gait stability. The main problem in Case 2 originated from an excessive
plantaflexion of the affected foot which, in turn, resulted in-high hip and knee flexion. Hyperextension of the
knee was observed at mid-stance, and execessive anterior tilt of the pelvis throughout the gait cycle was noticed.
A gait pattern with high hip abduction and medial circumduction was maintained for the stability in the stance
phase and foot clearance in the swing phase. Case 2 revealed a forefoot-contact initial contact pattern.
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1. g2 242

BYE Bt HMRE 24 7|ef WA Lojube
ARA2EA, 4RGN 220 $F 7FA @y
o BAoz oFoW A3 HYY £5 4 39
3ol ol (Beck, Andriacchi, Kuo.and Fermier, 1081),
M, 2, Aol N2 B4AY L kA }EFY
4% AR £5& et AL 2AAEY
9o APAE Yoz 2, RAHoE BYY 9
e 2% U8, WY 254 43 AN wg
H9AQ 28} }44 WA $cH(Wilson, 1987).
2ol HAE FlRdor NFHE TRy ¢
B4 FYE FARL, Ha A, BF P2 A
B4 € AT ANE Aoz FIAANL o5
ga% 718y &5 % M FUH(Galley and Foster,
1987).

2o Yoo BRME 28H M2 59 o8
(muscle strength and limb dynamics), T8¢l ¥ 7%
o] & (higher cerebral functioning : cognition and mo-
tivation) % N4+ 7] M (supraspinal system)§ E
89 A Andy o) & (neural remoiii_elling)-‘i’} 7
$13t 94244 2 (transcortical pa;hwayf-)i"’l% ¥ %
W& ol@&o] AL I Uck(Leonard, Hitschield
and Forssberg, 1991). ]2} § H 8 *é:% °l~§§- 7
zeted 28 45 til sMe) ol e, Had
7lAE BYMEe 43 ¥cH(Menkveld, Knipstein
and Quinn, 1988). 4 Ato}e] itgﬂ@é nyg&eol
Aol @8, AFe APl B Frhdn, 2
Az negserh ustea gl Qe Y4ty
g AN pAANNE 98, 4%, 2
&xo) Xolg ne ol h(Beck ¥ 1981).

S4chule Bl g4 g9 Baelt FAz A,
Hohdl Ee 4% A 29 oo} ok MAYY
Fohg woto}, $EF} ANZREE 44 SH(Wie

nter, Gage and Hicks, 1987). 1 '%3}-_2 olg e} ol §

7ld A AY 4AE FE VIR Nas) &4 44
whabel 2R g ZASE YA 1A 4S9 Ao
289 98y 24 W) 1 YU FAL Yok
W doiujols] B4 HEME GREA W) @

oA FAHY ¢ME HE 4 YRS
FHHAE g2, 2 4Ye Y 2 AW v
toishe 2454 R £422 Brh(Leonard
5, 1991.) | :

@opy) A yotujole ASHANM A9 GFe)
Ao AU B4 /A W, GE B3] £4¥

Ha&Y EEPHE VUTHGage, 1991). Molar

(1985)€ A4 Wrlvlole) g yie 240 2o &
Az, 340 257 uge @un sgdg 2
it olge) BHe &4 3% 9 &4F 279
WA @ olsh Eolztel wal wAA B

W& WAL (Wilson, 1987, AAZ YN 79

FHol Ay o) b DAL 2 U £4E
AA9 #4701 F2 ARV 43E v
2.0 e EH(Norlin and Odenrick, 1986).

WrhH] s geiulolel vl FAY Reye AP

&40z AW WS [A WY olAH NEHY
se} BFA W] BUA BYP A o8 F2F
A e AAY 4+ go22(Perry, 1992 ; Gage and
Koop, 1995), 144 M8 & B &3 Yohyn A&
ARE AHPsed olfHE RYE4e AR

olgoi Aok Bk, MAivhuls e NFTSA A
oM, HYgae NEY RYE PB B

B A8 e Yotsed o853 (Gage and
Koop, 1995), M) YAH FAlsh o] wya
42 3244 ARERY FARAYNAE A3t
b4 3880 2£49% 4 3AtHRose, Ounpuu and
Deluca, 1991).

BYEA AAE BRH RPN FEBY
3R E 4ol ol=7I7MA tho¥ 3}t (Harris and We-
rtsch, 1994). BAd RYRAL uAFAN 73
T8 Aol A Y- vigelth. Bgs) AHa
BAbE 4, HAsh At AP 7Y, 29 =
29, Y4 LEAEE VRPN R0l
o ol N BAY AN HgFAAR Y
AL YR § AF G 2 BEH RYEY
9 eABHe VAR BL B4 2o BAE

4§ o] ojgrHe HolHRose F, 1991). £
Jlel RYENE MY £ AR, 2% Yo}

%o} AP Hrtol Ao Ao, W A7}

AgP B WAE ZE P} 8A& BAR

A8 AAgsiol AT Ack(Perry, 1992). 8o ™ W
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AAL Sz FFEE4E AA 2L FE4 98
AR, v (multiplier method) ol 49 &F &
ol#%121}, AZ& DLT(direct linear transforma-
tion)'$2 g ol §3E 3y o] &l ALEHY
AR AHALGY, 1996). TFY e 43 4
MFS Foke H8Y ARE B30 AdY¢ Y
EQE MU 2HE tesA . & %3
B -83z s Arieds, $F59%Y £4
-4y, 2dEs AJE, A} EY 4, 2
BT RFR YA 28AEF EAE )G (Harris
and Wertsch, 1994). 1990 o] EoltME, YA
59 339 FAol B Yoz AFHAEW, A8
EAE 98 24 il gL siviel, BEAAR
AMA7 ALg = ok Ladin, 1995). @A S A
uH RYRNg A8 dusl Rungo YA g
@3 gYrlol F2 & Ych 2o Folo
A& ol ME BAEY A7/ AR @
Aggiolx 7tn e v ‘%}’9%@%*‘)9‘]'%3}
Y Hoe A olRoixa) g3 o, 53] 3
A FFEES ol HYEY =Ee Ad
e Ao ¥ AFE o BHP N By
A3A A48 R JigsE sALEAR Y&
o] g2t ®win] HAgvinjobs} MR FRYE B}
=d A7 ool FA

2. o7 88

2 A7 B3 7-84Y T Anp¥] Q4
vlujole) ReME S ¥4 FARYHe Aol
et Aol 7IEARE AH vy A" A
Aol 109§ t2Fez YN, ciie] HAE
& &

1) 28] A3 AHe ddE

2) FAFA ol EY

3) A $EHANN ¢ A9 FFHRY

4) ANAdEAdeld Bae] 38 ojiEY VHAEE
H 8

3. 172l xgHy

1) AGAs) BYEER FARA YT ARRY
$52 UUE o) & Aol BE RAAAES
AE DaARA YR

2) Fgote) HEY A, & ATl F9 1090

Aot AEHE de BA7 A

3 E IAFE EEUH FHINT 3HE Fol,
AE ENol 93 #UE #599Y £4 A7
BE MPY $F UYL At ¥ £E A

4. 80| ¥

D ¥2¢ 4 (motion analysis) - ¥3td d4ee
R 2o gl S £5M9) £5 44 B
ARG 22He pAYYE BYT
- 2) ¥ Z(synchronization) : 2t ©]’39 7ivietE
AHg A AR BE FA A Y AS 42
soiet #AT APy Pust A AAANA7}
958 RRE WP THT
" 3) DLTH 4 (direct linear transformation) . ©} %
& Abdel-Aziz9} Karara(1971)o} 3] A8 4
S FRTE L e MY FAVES
daz 3o, BAYS daAEs Aol d #AE
7] AN R svle BNZXADLTASF) S 78
¥, DLTAS S Q74 dsdge) 249 $8 &
ol g8t ATUAA AMBAY 339 WY F
B de ol _

4) tiAletol Y (digitizing) : # Y iAol I3
Fue) BEANA IRA AT JYertE ol

£ A% @Ag 2o}

5) ®.Z(interpolation) : #A3 A9 cjAERY
HAN ABOH DALRTAU(p Y AT
7} 3% APYFANN A& T Ho] HEE e B
We ged _

6) WEH(filtering) : 3898 FEZE AU
Qrhxl DAAYA ol Z(noise)7t WA BHeT
ol2igh: xolzoll e 22t AA e PP& B
Sck. A F 3 YE (low pass filter) HHo] o] A
294,

u. o3 wy

1. o4 CcHef

Hgol AFAAL o7 AN YFYe) A
Rolm olAR e HFAY R WPPo] Y& 7-8
Al A8 & 718)9 343l 108§ ez
Sz, Yobe} HAvhajol AP AL B} EALS}
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2otUR VRSN BAY WYl AEH, BEYo)

Ey3xrYgol sFe3ta AN AA 71&& 7y 7
—8Me) o) s Avilol 294 LS AT
WAg A2RHIAN YU ootz FYHET
(Table 1).

£ Q7o) FoiP Yol Myuiujop BYe]
ol M, At 1& 7849 L E% Wrlulan, 344
Y AT FAAEE AE(midoidh &
4N MFE 3202 WIRLHEL, 24 K
F5E AAFS vent 149 LES Wruiwe
Agegch 1% F#YNEG AYNSE Wy,
$FURALE 2ol SyRge 24 2@
HUL, £Eo B2V A9 ¥He Ak Q
A3} ol BYPAS olRAE Aok siga, ¥
YA 429 APgo) vehie, BULTEY 9
QA BATRL gou, B AN REAEE
Bac

Abel 2& 7949 9% Hopdloln, 348 YrE

BAdAeln FABEE A E(moderate)olth &
4N MFe 35Kge 2 WAARVHAL, 2HA o
& % (intracerebral hemorrhage)©l 11 2704 %. 4
€& Aok 2% A9 ool YAAAE RURT,
£5¢go] AdHh} 30 2HN FYLYE B
gou ol%d AFOR $Zxoz AMgdch AvE
FUAME Rojol, Ry FAs AAAH HPY
Aeg woln) & ARLE Yehz} YA @
290, B8 4N E $ads Jen.

Table 1. Subject’l Charu:teristics

Sub)ect Noraml ;
Q Mean(SD) Case 1 Case2
Age (years) 7.52(0:58). 7.80 7.90
Height (cm) 12307(4.33) 13100 137.10°
Weight (kg) 23.58(2:69) 33.50 36.40
Leg Length(cm)

Right 64.40(3,18) 1250 76.10

Left 64.45(3.18) 72.60 74.00 -

Case 1: Mild, Rt hemiplegia
Case 2 . Moderate, Lt hgmiplegia

2. Al

D U8 &3
Bzt AMRP e BIAAHGATY FHY

YA Martin 2398 A8 238k A
3, BFA, ol FARYL, ¥HHez @
Y AAPYE A8 PR EE Yu (AR
BAEdelA), 9% 83 E (anterior superior
iliac spine : ASIS)Zt Ae), ASISSt AAL A
(Nagel e ag8ar

AN

e thal o) utar AR FA4E ol8H o
A28 ASISHI N BaA7As) Anlg FRez &
LT L

e 2ZuH R @R YY) | Martin 33718 ol 3
w2z a4 A Aaate) WA dse st
DEESOREEE 2 LT 1o

o ASISS} T A [ w2 FEa Mo A ASIS
S AAAR A0 SATANE ¢ U APAY
e +AAHE FYHU.

2) B R A

¥R RYEL #dolE 409 e Fioh
2} (Panasonic D5100) & AHE- 3915, &S &) 47
2004 A sto FWo] FA¢ npas] Bl §o
324 shgich FHuleizte) AN=AE v FPRA
v EASA 3 AYRARIN skast F Beld
4o, &4yl 228 Y7A svizt d27}
2 Aolx GABAT el F2 & FolA
37) S viTie Buo) NA2=g AU FE

SMPTE(society of motion picture and television

engineers) Al =14 7) (Horita SR—50)8 AHg

Ligi =8

@3} g Abole) g3t Yo 71E FHEHY)
93] 2th el X WY W(AMTi ORG—6)& EA
AL4 BT, Awed g FIFEY AR T
8 9% oJYEFZ7I(Peak ESU-4000)E AH&
stk $2UE S 29§ F2E 0L 3R
742 M2 o 5Smm HES A B yehin,
292 AYe AWAAE AD B89 2ol
&8A). B8l Ag Uehle Mo YD
293 Ags) At Yt BES N2 B
ANA Fx 238 g

A8 2R 2AE NELE AF Im AR B
AAE 4N BF VYZSE FAHAL, o @
HeFd BN WY AAVLRE A/D 9B
Yol W& HAHFig. 1.
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49 Fe) AHdol & A8 Wo] 2m, o),
Z 2 1m2) BAREE AH) #IRAL, FAA
g4 ¢ of stz 44xdg adE AW
A 3R £ES BLARHTE EAF BN 607
o} %3 (control point) &el AL AeH, ¥
AAEL YW 2 Y& T4 2 AHRE ol &
sle 88 9o, BAPES QFE} $YA
BY PAAs FAYES) AEE s} A=Y
H4kel ol &8 TH(Fig. 2)

AHEE QA AR 222 ANy 23Y 4
A/ HAMY oA} 2FE AHEARR. wHA 8
392 E Newington Children’s Hospital(NCH) o)
A4 Ng® TIESE ol83AcH(Davis, Ounpuy,
Tyburski and Gage, 1991). 2+ ¥ 80°] 71 9] w5l
o8 A Holxn F&e) AHEY # uH FE
2278 ch(Pig, 3). ek# o} R asiAle hgH gt

- Ty QBB BB ASISH 2z shibe) i E
»aA89D, & ASISS PSISl 8] $4E B
ANGE S FEFRS e oiAE R,

cs) A oAE FAY BUM P2 DES
si&3se] ¥R} o F 2 (thigh-mid) % o

49 (thigh-top) &} ut# sixe HEFHAE 3

o8 x2 P A, of €37 (thigh-mid) &
g R obx Y402 gk

<35 A oiAvl BELES FoABeu AHE
G0tk @ viAE A&l golx, F vhAe R
Y2 BEo AT M) BA AR
#5528 (shank-mid) & FoRE vi Hao g @
BT

2

M
N4

= | o
S
/" TaMNL

Comern 4

Fig 1. Camera setting for the videotaping

Control point

[
\

\\'—1n

Kw object

Fig 2. Control object and control points.

o | Thigh-top
Thigh-mid
(. Epicondyle
Shank-top

Lateral view

Frontal view

Fig 3. Location of the Passive retrorefiective mar-
kers.
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s A 5RFEFY ARUD YHEA R ¥4
sk,

s M3k ARTH A3 78 FEIIN FAAC

Age YBAE Ao HAze AN 24, nta
#0171 % ¥UAY AR 2P AHA FF FUY
EES SRR T Lo

3 A8 3

WAE $9%E YD AU JHE A9 AF
dutel VALY shAE AARHL FAYE ohg, A
94 87390 JSHAL M HALY 29% B
&S YIS 2RY A5E Axfion, &3
2z 3o Qe YUE A4 238 29§
52 4=R fHich 2 W e dadd &
W7t AF& AL, AR B FE Theol 22
Am A48 AR ¥R 2D B ARE

W gEg 33 A8 YuE AN 20

s}m, FAY A8t doj YA AAANE =
F4 wolte oy AA By AR N2
=713 e dAdeld Rdeiyn. FAY Fe
Wohy WAohuls AgSPAde B J¢E
Fe 24VFE/ AN YA z4n e
494 B¢ 2ANAL, & YA UEE 3

g3t s AP RYEEE D3N AFY

AEg AEstd BHAEES ALSSHTE

4) Ay HY

AL Y HE AvohE DLTEA(Ab-
del-Aziz and Karara, 1971) & *}%8}5&:& LR
QM3 vk 9] A el o) Aol KWONSD Video Mo-
tion Analysis System(Kwon, 1894a)& AHg-3A
tAEteld HAAM, Aokt 18 e AH o
8% uiAgEE A 289 W AN 4&9
StAREE DA YYD, AN FHd Yt A
&7 (sacrum point), B3 H(C—7 poin) # FHE
22 (heel point) & 74902} 331 34 4A4X T N efol g
gow, A ddel % 7% (acromion point)H
ASISHE 7ivi 191 3Wol A o AlEko) A aFinh
(Fig. 1). 2 AAERA spAE Yol Fuiel siof
2ol A £lAEtol A Sojobrt A H4ato) FHg s
A @ EEYo|} clARYoR A nAE ¥
24 (missing point) 22 H¥ ¥ 2z A
o} A} B.3F4 (interpolation) & A48t H 2, Be}d §
geoie ARHE 10 THYY, BYLe 4HY

PR RN BB EL DER BT LR
%2} tAehol B sick

FA RS CiAelo) RES ANHEF ol &8
7oiet YAXAE ALAYT, o1& AATHAY A
ARE Ao) AHEFTH ALE AMeLAY AF
Bol THE AYLRE A7) 9180 Butterworth
X% Yel& ol &8t WeIYAATE HEFB AN

chas] RELHH SEFHS ANE AGHED,

BT ARE o4 BARW Be AN
7 JAg Axsiaich

3. X8 #AM

AZ A g VY ddES ARG F R
81 & = (velocity), B.& (stride length), && 7 o] (step
length), 3 &4 (cadence), 2895 71 & (gait cycle
time . swing time3} stance time), T 54 o] B8},
2Y £5 493 B 39 g ARG

g Zolgt fz7)% YA7 vEL By QA
EAE A8, wgF 7o) £0€ AL BY GAHAY
T, A& s B J%% # A4 ol §8sict

TR 5 ENAME, BYFA 4 £5 W0

Mol 7% gYeF WEH 2 WRg TAH By
Ah (event) 3} %W (phase) & TH&3 o] —-%7) @
7 (initial contact : IC), %3 %% (loading response
~LR), $3 ¥z 71(mid stance : MST), ¥7] 42
7!(§emiml stance : TST), A #2& ”1(preswing :
PSW), 271 ® 2} 71(initial swing : ISW), 7+ #2%
7Hmid swing : MSW) — 3 #+(Fig. 4). % %L
Al Agel el A-F A, BAAAM -8
AN, BeRdole] sHYHL EANT. &9
Hetujol Bl e gl 2797 HEg 249
o,

ol& WUFE Qdokst Boluo} 254N F&
Boz molAxn EAHAh Aot B4 HRE
& %ﬂﬂﬂi’r#-;‘ﬁﬁ&(é}ﬂmﬂ} 2 dHH)H
ESUAE 7o J)@&xaz 41 2 Aag un
Hiol £4 AR EL N1EAES v BARG
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e Stance phe::l

I-First double+Single limb s
support

Initial Loading Mid  Terminal Preswing

-+ Swing phase ———{

ce +Second double
support

_ Initial Midswing .Terminal
contact response Stance stance swing. swing
Double Double |
Support (108)
(10%) '
Stance Swing
. {60%) ° T (40%) —®
pomponse | Midatance stance TP aying | AP | gy
Toe
. Off
Stride
(100%) ~
i o
Contact

Fig 4. Terminology for gait cycle

m. 4 il

1. 282 A2} 22l Bel BY

A1 Wopy) §ygvieiol BB AR A
A EMATE Table 29 AT PES BF
BEL 11527cm®B 2, A3l 15 A2 28] REL 2
1169cms} 1156cm@ATH. T& Holol A%, R
F& LES d2o] 7zt 5897cm, 56,19cm$ .2,

Ars) 1€ RAPAFH Avjuldre] 242 438cm, 63.1cm
93, Atell 2% 568cm, 588cmATh Al 13 Aba
280 BE3 PR Aole ARES HAREY, ol
A7t cheigol s} o] W&ok Muy] ¥ doju)
otel % AAAN Wrlujdel YA Yol wl
y-g XQT, Avpuja wAYs FYEuG
A,

RYZ7 N gAN FAIFL AN 1Y EAE
Baoj 47 o %27 vl Fol 59.08%/40.92%F X
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gk Webe] Sgoiujes) 34, ARS8 YA
9 #27] MEe A 19 B4 618%/382%RL,
Abal 2 633%/367%KATH Brba &2} Y27} o)
F217) W& A 19 A 57.3%/427% R 2, A+
2E 54.1%/459%%ch. Wrlulolel B4 BA3H9 Y
27) g% Wotul&s) £27) videl Bt

A40E9 EReRF} vASEE 42 136
91steps/min, 131.1dcm/secTh. A}# 18] #2344
49 RY&EEE 242 1348steps/min, 128.8cm/sec
9®, Abal 2& 1224steps/min, 1115cmfsece A4
B ¥RURsE BAHET HYEEE 23T

Table 2. Comparison of time and distance variables

Normal
Mean (SD)
11527(665) 11690 11560

Subject
Variables
Stride length (cm)
Step length (em)

- Case1- Case 2

Right 5897(326) 63.10 - 5680
Left -56,19(3.39) 5380 58.80
Stance time (%) o ’
Right | 5908(156) 57.30 6330
Left . 59.23(247) 6180 - 54.10
Swing time (%) . 2
Right 40.921.57) 4270 3670
Left 40.77(257) 3820 4590

Cadence (steps/min) 13691(891) 13480 12240
Velocity (cm/s) ' 13L14(716) 12880 11150
Case 1 :Mild, Rt hemiplegia

Case 2 . Moderate, Lf hemiplegia

2. BYOIMER Al2} vi@

HegoMEY AT BlgAMd, B41FE FHA
Hgoz 7N LEHY ME& ML, Hohy

Thbale 3. Time percentage of each gait event

Subject Normal -
Event(#)  Mean(SD) %% ! Case 2
LR © 9.09(1.20) 790 8.20-
MST 34.32(1.20) 3260 29.60.
TST 4471(188) 4040 43.70
PSW 59.08(1.56) 57.30 54.10
MSW 88.48(149) - 87.60 87.40°

Case 1: Mild, Rt hemiplegia
Case 2 : Moderate, Lf hemiplegia
LR : loading response

MST : mid stance

TST ! terminal stance

PSW . pre swing

MSW : mid swing

HAvhvioke Mokl el R BTh By
negs] $HVIE 27 NN i 2] $oA%
A 0% 100%2 PR, BsL 0.00%, 3
Y E 34.32%, BAYAVE 471%, AF2)
£ 50.08%, 27127 E 7660%, FLHLA7)E 88.
48%2 ESTH Table 3).

3. ABN olF vig

@ B9FIE B YR sAPYozy ¥
A4 o) AHE HU@H HAgS) A2 AAE
gMe B AALES A, B9 wgoz9

BE A IEUHE 334+ 099mAL, +3

Wgo 2o ol FUAE 3474 049muATh. AHdl 19
A%, HPPYSZE 33cm, +AYTLEE 55m
AL, AH 29} B4E HLYPOE 49m, £33
o2 48m2 YPIERLG A UERITHTable
4).

Table4. The change of center of mass in one gait cycle,

o “Gubject  Normal
.Ite’m\‘ . Mean(8D) Case 1 Case 2

Lateral excursion (cm) 3.34(099)  3.30 480
Vertical excursion {cm) 347(049) 550 4.80

Case 1: Mild, Rt hemiplegia
Casie 2 Moderate; Lf hemiplegia

4. REYHE 24

D A¥ad 84

ARG, ¢ REFIIER G BEL YA
g HA L Table 58 ¥ 3L, 1W X Fig 594
Fig 63 2t} Fol 4, 42§ A HYFNEL
A3 ARG SHMES 105 Wolo ALHAE
BRE, At 1€ A1 4759 ALFA} HA 6.
90 XWAALE, A 2 ¥ BYFIIEL A
307% AA 18959 FE@ F¢ ALAAE e
WL, .

@AM, FAIEFL 413559 HAn T
17.13%8) AlA& REs, Alsf 18 283%2 Hu
223 25459 AAE BF A 2k 77259
A7 234A 1259 & BHT

cRAAM, HYOFE 5= An 237 6.
6Eo NAE Bt Al 12 56759 Hi T2



32529 #43E BHE, Ale) 2 W% A2 F
F3 2%2 JAAE B

FRAANA, APLEFLS 5128 HHEFH
1115852 A&FTIT& AL, A 12 86759
HA23H 12759 AFIFE, A 28 A B
F715% A1 15545 HA 10245 W99 A&E
2 BA ABAGNY 2 BHEF 2 MR
2 $EUNE B9 #3I& @A, w33
Fo M A 271 RE BAAAM M3 & UL E
Beic

Table 5. Maximum anx_les in pelvic, hip, knee
and ankle joint motion i the sagittal

plane
Subject Normal i .

Item ] Mean (5D) %€ 1 Case 2
Pelvic

Anterior tilt 9.64(51.47) 4.70 30.70~18.90

Posterior tilt - ~6.90 -
Hip : o

Flexion 41.35(9.11) 2830 77.20

Extension = -17.13(6.06) —2540 1:209
Knee : S

Flexion 74.50(5.34)  56.70 90.00

Extension 6.61(221) —320 —2.00
Ankle ’

Dorsifiexion . 74.57(4:68)  86.70 -

Plantaflexion  111.58(4.00) 127.00 .155.40-102,40

Case 1! Mild, Rt hemiplegia ‘

Case 2 . Moderate, Lf hemiplegia

Pelvic . +—Anterior tilt, ——Posterior tilt
Hip | +—>Flexion, ——>Extension

Knee ! +—>Flexion, ——Hyperextension-

SAGIT AL
Pelvic Anterior-Posterior Titt -
30- c2)
Anterior . T
( D) 20._ _’.'f —
ot N
0 {—rmtttre o
Posterior | L
(e)-10 v T T

0O 20 40 6 8 - 100
Gait -Cycle(%)

Hip Flexion-Extension

20

C.

B

60 e
Flexion: [>._ i
( 0)30- —— e

P

0-

N : Normal

C—1:Case 1

T r T C—2: Case 2

0 2 40 60 80 100
Gait Cycle(%)

-390
Extension
( °)-60

Fig 5. Kinematica of the pelvic and hip joint in the sagittal plane.
' One gait cyche Is depicted and is normalized to 100% of stride.
The pelvis ii measured with respect to lsboratory coordinates.

The hip angle is the angle between petvic and thigh segments.

SAGIT AL
Knee Flexion-Extension

TE

° et

(o) =

Extension‘
T
5

0 «© o © 100

Gait: Cycle(%)

Ankle Dorsi Flexion-Planta

160 - —
/ .
140 ’ // \‘x
_Plantaflexion , o
a5 B PN
. ya i i
I - . ol o
wf e N R
80 _"\\‘/ N[N : Normal
Dorsiflexion| . c-1 : Case 1
() -6 T I T T C-2:Case 2

0 20 40 60 80 100
Gait Cycle(%)

Fig 6. Kinematics of the knee and ankle joint in the sagittal plane.
The knee angle is the sngle between thigh and shank segments.
The sikle angle Is the angle between shank and foot segments.
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BARAAM, ¢ HYFIEY & 2L EEY
o] HiF HHGE Table 6% 7, THZE Fig
73 o, A, A1 F L FEAG0 393%,
Fdazgol 37955 WHE BAL, A3 12 A B
92715 A1 795 HA 0459 BUHLE B
AL, A3 28 A RYFVIEY AT USE HA
54x¢] B E B LBHAAM, A¥IEL
61729 ¥ WAH 62058 1WA YUE B
Qch. A 1 2259 DBE WA 14559 T
d3 AE BAT, A 2€ A RYFIIEC 3
1925 A 3559 H@ 2dR JHE 2,

Table 6. ‘Maximum angles of pelvic and bip joint
‘ niotion in the coronal plane -

Normal '

Subject

Joint Mean (SD) Case 1 Case 2
Pelvic
Elevation 3.93(1.93) - ~
Depression —3.70(1.01) —7.80~ —0.40 —7.90~ —040
Hip » ' :
Adduction”  6.17(1.95) 220 - -
Abduction —629(1.87) —1450 = —1920~-350

Case 1: Mild, Rt hemiplegia

Case 2 ! Moderate, Lt hemiplegia
Pelvic : +—>Elevation, ——Depression
Hip . ~»Adduction, —-—>Abduction

“COR -ONAL
. Pelvic Elevation-l)_gpré:s’sion
ElevatiQ; ‘
() 0
N : . LY.
~5= S P
N . )
~ 10 I g
Depression . N R
( Q).__lsq . . .
—20 - T T T

0 20 4 6 80 100
Gait Cycle(%)

. Hip Abduction-Adduction

20
10 v
Adduction .
PR . ‘\, o
. 104 N 5120 N Normal
Abductim’q N ® fC-1:Case 1
¢ ) ~20 = {C~2 Case 2
6‘ 20 40 60 80 100

Gait Cycle(%)

‘Fig 7. Kinematics of the pelvic and hip joint in the

coronal plane,

3 Yoy B4

PRI B 2PFI1E5L 23 BALSRA
A3 AAzte Table 738 Z 3, 2WHZ+ Fig s
A WM, FHIFL 0585 WH AT 64159
AMBE RIYL, Al 1€ ¢ RYFAFS Ha
19058 9 ANA3} 125 TR WHHE, A3
28 1250 Fi g NAR 4650 ¢ UHAS
Bgch n@PolA, FA2§L 112 WA AR
78259 o} A0 LHUAR RAT, A 134 Aa)
2 A RYFI1E 2 147045, 186145 9)

BHEE B

o BeErgete) Bejuelel B stick figuret

- Fig 9% &t} _

Table 7. Maximum angles of pelvic and hip joint
motion in the transverse plane

~.Subject -~ Normal .

Jomt~ " Mean (spy  Cosel  Case
Pelvic rotation

Internal 9.58(3.58) 1.20 4.60
External . —641(227) ° -19.00 ~14.20
Hip rotation

Internal 7.71(4.14)  14.70~040 18.60~1.40
External +7.82(3.72) - -

‘Case 1: Mild, Rt hemiplegia

Case 2 . Moderate, Lf hemiplegia

Pelvic : ~>Internal rotation, ~—External rotation
Hip : +—Internal rotation, —->External rotation
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TRANSVERSE
Pelvic Rotation
40
20 4
Intemal
( °) 0 L:‘_’" e— ol
PESTAER T 7
Extemal RS 6 - S
( °)-204 Tty
-40 T T

T
0 20 40 60 80 160
Gait Cycle(%)

30 Hip Rotafxon -

Gait Cycle{%)

Fig 8. Kinematics of the pelvic and hip joint in the
transverse plane

Normal

Case 1

Fig 9. Subject’s continuous stick figures

4) 24 olyEY BULF ¥

Aol s, Refold ey HALTYNE £
sech WM, A41EY FFRALTAT A}
# 13 A1) 29) BHEEAL Table 8% Fig 109
gk 34 2§e 27 34 FRANAA
105 oluis} AYFALE Bgoul, A 18 927)
A FRAALE Hojtrt #27] @AM
el AP AR BAX, AR 2 7] @7]904
FURA7INHA 205 ool HEY WEFAE B
A},

@d RefoEY Yot 2, AL F
4283 A9 1% A3 28 WEZY YIHE Table
8¢ Fig 119 R0 A2 E L 2719714 3637
o] 2X4HA 427 BAE AN AAs},
WP A7)A od15el AAE olFol, AR
2 A2st ojif TYRPE FYAHE o] FA
o kel NAE B 2A/AVIS 242

- 137 —



# AAY 2RAe A4 FIYY A1 201%
AN 27629 FFAAANN AR}, F2YG
7% @719z 7ld) H4gRc 371d ngE A
A& AT #27) SAR ANS IR 2
FYNE AP FaQ A 2 27190
A 494%9) FIYoN Al $1A7
st 27197710 28E AN Roiv), {247
o A4yt & n¥d FHRAE Y
cBUNA HyolgEY Yotk 27, 4ug
& AATESH A4 1% A 28 R ARe
Table 103 Fig 129} k. JA41§& 2719700
A paesdd X Yoluw, YL v
NYA7IE AN AASRAT VUL FRAM
& 23 2AYAVE A HeAAd el

230l Yolubm 27142714 AEFo| Hul, 3

BRA7N% BARAINAN gREL ABVIRY £
MRAZ vty AR A 1% Ae 29)
2719714 €% 3L 44 515, 27852 §
Byt & ¢ R, ok 277N &E
o) AAFF WFolch PN, FAYANG B
714271 E A Qs A 19 A%E B

AYZAAY FaMol Ve, A 28 FUYL

A\d spAAe] velth A4AVNE A A F
Fo] Polukn At} 12 SV FRol AT T
AAR, A3 2 €BE 2Tl R
Z@Aol BgolYEY dojube FF, AW
€ A43EH Ad 13 Al 28 BEE BB
Table 113} Fig 13% 2t} P41 §L 97 F3
AN FRA A ZTol Yorin}, UYL 77,

Table 8. Position.of peivic on each gnit event in
the sagittal plane  Unit - degree(°)

Jbiec]  Normal | Case1 | Case2
Event s :
ic 7.10 470 | 1800
LR 6.66 -2.70 20.00
MST 7.60 -1.60 2220
TST 7.98 - -140 © 2150,
PSW 7.67 260 | . 2150
1SW 8.28 - 370 . 2540
MSW 752 450 - .| 2730

Case 1: Mild, Rt hemiplegia
Case 2 : Moderate, Lf hemiplegia
+  Anteriot tilt

~ . Posterior tilt

MES) WAZTE Bolw, ARAAANA Hh A%
@3Fo] Yol 271 #4719 FLAAAANAN o
A WA g 2o Yoikeh A 19 B4E 27197)

A 97459 AAZZE Bolthrt FHWUEE At

FAYA7IR gg2=el MBE o] Yoyt HK
Z7lef) 111559 A&FFo] Yolun) #2] $¢
WEZT HAYD AR SIHUG A 29 A
E 2719714 103158 AZFIE 2{w, 3T
Y27 & AURAE ARZRE RARG} §2
7 FRAME =P AT § 1Yo

b .
w0 sgres( )
» . P
P W . "
0 — - gl @ Cotat

— 8-~Cowe?

40 ’
: Ic LR Mgt ST PSW  ISW  MSW
Goll Event

Pig 10. Range of motion of pelvic on each gait
event in the sagittal plane

Table 9. Position of hip joint on each gait event
in the sagittal plane Unit : degree(®)

m ‘Normal Case 1 Case 2
vent =
IC . 3637 27.60 49.40
LR 3454 24.20 38.30
-MST 593 -11.50 830
ST | 94 -22.00 1.30
PSW. -4.48 -13.80 13.00
Isw 35.15 19.40 52.60
MSW 39.87 26.90 77.20

C;se 1 Mild, Rt hemiplegia
Case 2 . Moderate, Lf hemiplegia
+ | Flexion

— . Extension



o B

w[- s )
/l

0 F ‘

]

ot

-0

-60

€ AL MST TST- PSW 5w MSw

’l‘able 11. Position of ankle joint on each gait
: - event in’ the sagittal: ‘plane -
: Unit : degree(®)

< Subect

Gt £vant

Fig 11. Range of motion of hip joirit on each
in the sagittal plane

Table 10. Position of knee joint on each gait event
in the sagittal plane Umt degree( )

: Normal Case 1 Case 2
Event _
I 87.20 97.40 103.10
LR 88.40 92,70 103.40
MST 77.94 88.20 102,50
TST 81.17 86.80 112.00
PSW | 10007 1150 | 13830
ISW 86.61 124.60 15140
‘MSW . 80.08 102.80 117.10
Case 1 :-Mild, Rt hemiplegia
Case 2 Z’Modqra!e. Lf-hemiplegia
[ Decrast >
160 /\
o
'2° N
Lo s e o
v —R=Cota?
—.—m
o}
0

1c LR MST  TST es W MSW
Galt Evend

Subject Normat Case 1 : -Case 2
Event )
IC 16.15 25.20 ©2780
LR 2659 26200 | 2520
MST 1439 160 -2.00
TST 8.30 300 | 7.70
PSW 41.58 26.60 _ ' 4550
Isw - 63.57 5590 | 89.50
MSW 29.82 3540 56,40
Case 1: Mild, Rt hemiplegia .
Case 2 : Moderate, L{ hemiplegia
+ : Flexion )
— . Hyperextension
Dogren( .
w207 : ’
o b
L ¢ —e>Com?
had gty
0 bl s )
ol
-0

€ LR MST TST  PS  isw - MSw
Gt Event

Fig 12. Range of motion of Knee joint.oneach
gait event in the sagittal plane

Fig 13. Range of motion of ankle joint on each
in the sagittal plane

v.n #

3;33&41& W33 &MU A ALE
4B, o] E7I NS ABHA BAHE THE e 8
o}{Otinpuu and Gage, 1991), &9 =9 &3
Be NOEMYY WQAE slds ugEHoe
g Bogde vUe B YR RguQ
& $5Y%, £33 2AEe] dAGYoltt o
7l Rrbete) MagA JAAuE 3AN YL 9
WA avlg BAE 819" H(Whittle, 1996). ol )
BHENEL N4 $F%F 2N $59
%A oo P E FUL 90N Eolsh 3 WA
FREMo] BAWRHAG. 324 ¥ AEFH



Wl M BALEE FAYL F U AAAYIA
7t & §%0) YolpA D BAEs Yeddxg
£% & 93 2egs) A7 B8] 2RATHWhittle,
1995). oo} o)A %), & AFE WA BgdAH
SEUH B 24 FUAL, 3NN RYEEE
AHg- ST},

AAuso] ¥ IR YHUYE o 7
28 4343, JAuGE BetEd eNsE
AFeH7l qgo) B FadTh 29 PAFE O
gAre) 4, 49, W% RYSE] v WHes
APENE AYs) o oA G £ §
Husate Aol W4 A oltH(Whittle, 1995). Gage
(199D € 6-—8M7x) BYP&o] A&y, wPP
SEREEELELE LNERLEE R L
YE7) AR, o] AFAAAE ST RPRHL
uj2e Aol Woixn Rk B ATFAME A o
F& 7-8M 2 A Esigm, Woby] ¥ 4dopujole] )
BPud A=E S9N Pote) nge A
ZlgAgR %%04 g A7 Ao 7-849)
Aol 1090] 1 Aol Aot E HEGHLE
g 4 go.

FAuge ARG EHEA 971, 947 U4
REEF, MFNYS BAELED R4 ¢ Ade 2
SEFH e A SRE BAE A% (Leo
nard ¥ 1991), AR £AZ oA R} ol
HRBoZ o] RojA)7) W} oyl ALgo] g
A & 3 o]} (Whittle, 1995).

RN ERLODER L UL EE NS 3
&l vAYAY A3 FEH QoS By
$5HS ZA2 BAA 4R 2(Skrotzky, 1983), B
H4520 FAe 15 AS T3} Gurs) AME
2431, AN¥og ¢S BE) $EHUE ¥
8 ¥ Polust B WNANHA 2YER ofy
¥}, ol2% APFS HASAY A% o
2@ 2982 A2E 4A =74 @HOlney,
Costigan and Hedden, 1987). ®whu] ¥ Awuiujo} B
Yo AR YHHAY LY YR E 542
AAYSH AN, B2rle) Yrigh Hyridel A4
44 Hrtsted #4889 (Lee ¥, 1992 Rose F,
1993).

BYEHA BYgs) BT} AgydEe ey
o2 Hrle]l TPEoh olg WIEoE WHFo),

BE BY URS D938 RYSI 49
g, ol FE TVY YYD APYS YT A4
ARE AFV WALl AAV) £27) vE
& vagesd #A A4 B¢ YuE I&
& 3, Y78t §2479 A ARg FAYe
ZH YY) BY YRE Yon B wES
RYSEF EPFoN 715l B PLE QLS
A {Rose. &, 1991). 28} ol8i ¥ YR g2 Yt
A B Nee ¢ 4 Ao FESED §F
%39 Fur} RYdds 498 ¢ #7 ok ¢
FRAQY A, $FARA B4} 2HE B4
EAIoh AN Ryl 4A7A P ¢
4 9ok & QPN E gAY BYddd %
%3 EAE dAE, 280 Y3 gdE Auy
Ry 9U& Hoty ¥ %Ak Sutherland,
Olshen$} Biden ¥(1988)& 1—74) 309792 4o}
YRGS ATFY A 4o nPude 74 7

ol AYWETT ST, nds) A Ay ¥

& YT UMBRAYAe} dsin), gAY Y
4287 MAAIEE NaYRE tedoly
olof F2& Jl&icl T ARG 2 ATNA
ol 21§X Wty MAuivlels) AN FAHE
MR e, RAIEFA ol At el yolel Aol
b stem, Boby) syuiulelrt Pyl g
A3 gelPolrt AU AHHoz wER YR

el 4ot 2§% AAMA Ustd 25y W

uhH] M geiujols) B4 AHEY WepyE 219
sleh 4ol YEbRtTh Rose (19910 & & 279}
{48 AW} Farol RED WH YOl 119.16cm,
5942cm2 B3 39 2, Skrotzky(1983) & 7—12
Ao} A otst ¥ Qupulol MR A A7) 309 9}
Aol HEL 118cm= B8t o] & ARME
WAV Y27 o) #27) HEE FFoE ¥
A YR FL WYY Rdoz B3Pt B A
FAMNE Fgot woje AN BYo g PFHA

AL, Aol BEL 115.27cm, @R EolE 5897cmE

FAFEHA uhtet

Abel 15 A3 29) A9 BEI} YRAYolE A
DFH FAEA Ggtort s ol ekt A}
19 3%, 2EL 1169mA 2, F4& ¥oly
ol yaHole 212} 53.8cm, 63.1cmE Hopy] &o
BN ARG A 19 RAAEE BA}Y,
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GEDE T LS DT RS LR B R 1)
b ¢ @ wa) wigel Foal 87 o YA4AS
2R Yol7t Wetnl&uch Aok Abal 29 R4, B
£& 1156cm% T, B 44T Uopuid e R Yo
242t 56.8cm, 58.8cmE F&ol /AP vtk AL
29 AAMSH Heaa g BAY, Byko) Wi
2oz A #Asie] flool, AMAY AN o
go] WriujZo g Folrt Aol Tws) FUAMT
AAzo) goz ot Ak o]y olkE HAB
&g vige] el ¥od e BP& BOAT F
e YolE FARA B A 19 B¢ 3 yE
AohuiZ o) 427 o #25) wge AF 618%/
38.2%, 57.3%/427% .25, AHA 281 AL 63.3%/
36.7%, 54.1%/45.9% 2 }$kth, Wehw) ) Alviuo}e)
A% 439 A7) vige 799, Wepu g
q2t7) vge P2 #47) vge F™E
238 RATh

Rose 5(1991)¢8) A7 A, A4okel #7F ¥R
Fo RYHTE 122.08steps/min, 119.78cm/secH &
o, 8 A7 Poot 1§ ¥ wEFst vy
£E ¥ 13691steps/min3t 131 Mem/sec A #72
#e) dole AMFAHS ol RYLTel A
F50) 7)AP Abe 19 2%, £ 2B R
BE5xe FYTEF FAHE 134.8steps/min, 1288
cm/sec o7, Abd. 28] A9 E B WHSE 122
ldsteps/min®2 RAuT A2ED, RAScE
1115cm/sec® AR =@k

Wheelwright, Minns$} Law(1993) = 7298l 417
SEA Fojols) Hejg A, Woby) Huiujole
Agotutt meli BYE so), RHYols Fn
29 wH4e 2aUDD dgen, Hoby &9
#247) vge AN MYSEE go¥0L Y
t}. Norlin® Odenrick(1986)+= B}y 3 Advlu)olg]
Ry A4ad #4247 vge &4, 937
Uge ARANA Bopuldel BAANANDRE HA
st} AFRsE AA 3 HAch Lehmann
5&(1987) Wopy] @atolA Yeiue Hopy] 38
Fe Y4719 4ae wAYel F2E FYHY
4ol ol ®Wouy] Zo BAAA Bl NS
oz Ao Bl oSS E RAXFHEe|}n
SFed, B AFANE ol fAHY AHE AU
Bgot 1§ % Wobn) HAuiulote) R T ) ¢

2§ wgFrld WY AL RN A
otsl B4, Yol Ao E HER RERGE
Fobee @ RE WY Ake FadA €k ¥
Aopulote) A9 e yolst BEo] Pyoz
4N RY&E0 dhHed, 21 g8 B
Z550} At JRHoE @ BEQ BP A
ol AA45 7] v & ol ct(Norlin and Odenrick, 1986).
@ BEol WY Aol AAE E @ WA
2AZ4 olEWEs} 27] tfFolth(Gage, 1991).
2 Aol Fget 1F9) ¢ WeH +3g

oo RAFY olFE 3.34cms 347cme] FA

34 ol%el veidgn dgn, AFuig FAFA
olgust AT Aolzt vedl, ol dAFuYe
Aoloj A 7)1AY R Bk £ AFANN £AFA
HH 248 AU FAZAE 33 Rl oh,
FHe) FAAEIE AAY F4P2) o)5 g AN
HAolrt, 2bal 19 A¢, HLPYo 29 o5 33
cmZ A2 EH FARS Y FAYFLZE 55cm
2 AHIFRG £3UAT F7HE A 12
#2ridel B8 AZFTI L RAEIIAN {AE
Bol &9 gt AERYG AN £z Fol
$2E AYE ol Sk A3 29 B¢, ALY}
FIAugo gy FAFA olFol 2z 49em, 48cm
Ach Abel 2% B9 PR FFo] deht,
#2714 3§ @ol Eoj¥AE WAL oA}
AR AR SHAA(HH, IFAA Pt
AT YeH SEH YREES olEH BAF
Ao $2¢FE BT, B} o]y 7R
BAE godd ofuA 2wzt FARA g
(Gage, 1991).

AR 544 FANA, S A 5
@dolA BFAde 2 £AAch Perry(1992) € Al
Adgela 759 ARG, BYBINA 4x9
EWa s 74e ol Yeuyd 1059 §A
€5 & 9o Pk B A7) Fdol RclA, A
ARge] BREES A RYFIIEL L 94T
A HAE Bgch AH 19 A$, ALY 2
FAAE otz @rAAIISE 274770l
ALAALE ol oAl FWAFA HAY. Perry
(1992)= #2714 Z@E 20| PFAsAY 2%
zgol RAFY, AA VYgAs T F4AA
st Aztel FUAEIE o)W Yok oty
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H4goiulele) A4 FW FRAME EE U,
ARG WAL & APAME & 7+ deh Ao
29} A4 A HAFIBS A2 078 HA 189
=9 HE APAAE Rt Winter F(1987) &
giotu] S gojujole} R FRAYFAe 2B
2320 Aol @A VA R ¢
S golgn Bt

FRugy, B4R FUEFL FAYL
71 BAJYAAAN 39558 FAA] Yolutrizt
#2t7) 2719 3798 FWago] Yeldeh A
15 A}3) 28} 3%, A RP 715 Boiy) & Fyto)
$2HAL, BARYL7NA HERA HFHA o
£ Webia 825 Jlsdos @2 FAYLIIS
DNYE7N 28 @8 NHo| RFes) o
Folth, QYA Bty w*umo}c Fed
@A NHE BRI gug daon §
AA1ed, ol B IHE BIHRAAE A
=0 TH(Deluca, 1990). & BT A3 13} Abe) 29)
A4 BeE WoALE JHANNM olsue
ARE BAth $474 ¢#d £5H9Y gas
JEY B¢ Y FRY AFFIE ¥ 29
o} & 2 (foot clearance) & o} A 83, 11 A3} ol
vigtel R4 T3 SAE N¥Po A VIY
H(Gage and Koop, 1995).

AR olA NgAde) nHE &L #47)
FQ FZEY Y2715 ABL Perry(1902) &
21gH £%59 41 33 32E )bt AAZe
102 231t} Dettman, Linderst Seplc(1987)x°: E |
O RBY TR 0E HHAARE 05 Sk
2 A7ANE Jd 530l 41355 Ao} *Wak%
1735 Atk ZPLGAN 2BEE i Bl
Axjo] FAAez AAHTI @IURAG Ho
ARG ol FA BTk Abd 19 A, vy BE ¥
SAAE Boln), DWH ZRE PAH Hay
o] 2835 R, VAL Z7hH o] 2545 2 hEbgTh,
At 29) ASE BT Ty ALRARAY AN
RAgl el dsle e ¢48 ARG 47}
gtk 22714 Bite] Wpoz VgAY A
o JuERe NRGY FIZAMNA €k o AR
Hg SIge 1220y WrYAVIAE 1359
2IA47 S0k A28 A8, B AXE2 4
A3 28y evd IS BEHA 28T

o, Perry(1992) 89 5 & B¢ 994
goul, E¥tol AAAA S 2V 2%
ZA7d o e F7HER, B2 FPEAE
YRS DoKW gy AdRe FskE
oz fig.

A4pgelsy p4uye) 2P 271924718
PHEEA U=t AF Alols) AEHY 25 o
2o o 105 A% WHRG. 2293719 2oY
A7 2EAAMR Hobl, 2714374 ¢ 559
8] ’é‘l‘fl Yol tH(Murray, Kory and Sepic, 1970;Pe-
rry, 1092). £ §7NA %ol 2§ 18 A
WA ¢5e 99 I7ATHY fA%e, WA
ol el Hoghe 61759 6295 Aok Ak 1&
2}7) 29} 3¢7) 22559 WHo| Yotz B
QA7IRE #2715 L U5EY 9ol dof
Wb Aba 28 W BAFIIES Wohu& 2vEe
gAsie], YA7 xoE 105 olshe) JH§ Mol
to #27) AYRAANM H1 19259 HAE B
gtk Wrebd) sAgebuloleld UEhte BEP 1@
A A HPe YA AAAN DL WY 48
FY5Ee AN 947 GRHL FUA A,
#2719 Yehte He@ a8 Sde ¥e) &
glold 2 (foot clearance) B A 3171 Yot
(Gage, 1991 ; Perry, 1992). '

FAEYAN Yuude TP ¥ LY
F YNAH SINNE VRV 27YANA B
YA 59, Ho) MNP Buwgs) uxe
HEs 33 Y209 gojusl, g nHe A
F217] BpA% RPN Yo, L 8E A
9 tH(Ounpu, 1994 ; Perry, 1892). BN o)A
Yo TBANAE WS ol BYA vy
HegEe FRYE 4 40T Ho 8 704 34
olo) Mo m|A WART A¥IVE 77159} 7.82
SHTH AL 13 AL3) 29) SRR S nRdL
A RGFAFS WHH AP RAT A
m--& AT Uz 28 Fo17198 53

= £53Q LS Yot BAA AN
5?- £ 71 89 Fo BAQY P FFojd2
(foot clearamce) 9 ol &2 &4d MAE A3
Ad-utga Ao M3 & Adgezn s5Hoz
ZPBY £54Y RARL L FESH Yaen
2% e A”A %9 BB oprise
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Beg TWY WSHE 42 B 5 YcHDeluca,
1990).

PRGN @ £ ¢ HAT/EY F
23 ARG TH GRRAM NEH 3& WY
$cHChao &, 1983;Perry, 1992). 29 § &
ZAaY oujg ZRE, R Ao TIE 2AF
+8 A8, 271 K27409 23 ¥y 2hyY2
(foot clearance)® & R‘?_ﬂq(Gagé, 1991), B
44 YA #¥Y +F) AAFIH Hr@F
dHE ATeYel Bt e 4 Ak 2 GFY
RY&Es pays, daa Y3 AR B A}
$¢ ERuninY Aoz $E¥AE €I £
A cH(Ostrosky, Vanswearingen, Burdett and Gee,
1904). 271 9714 @& % 55 AE FZEYR
fou, & AFAHE PAoke 1665, AH 1&
25252 Abd) 2& 27852 FFghke] the BHAN
2o 2 vehxich &8 Yol o yuiujels] A4

2719714 EHEA P17 Dol ded o1

AN T8 23R B4R FohAA 8
H(Gage, 1991). 27} ¥71% TEL e & A
AWM maA It 3PN BAYL
7l ARV AP IEL ol 6615 FREFE
2oy, Al 18 325 Abd 2k 259 R
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£ d7e AANE FAEHYL o1& 249
Woly) o dopulote) WM HE Polugtc AT

- 143 -



o, 2aY e e 2% yrhi2 P Jre
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