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The Spahmtemporal Analysis of Gait Characteristics during Ramp Ascent and Descent f
at Different Inclinations

Jin-Tae Han PT, MS, Jeoung-Sun Cho PT, MS", Sung-Soo }ae PT, PhD?

Phohang Samsung Hospttal ‘Department of Physical Therapy, Sunlin College, *Department of Pkys;ca! nerapy, Coﬂegz of
Rehabilitation Science, Daegic University

Purpose: The aim of this study was to investigate the kinematics of young adults during ramp climbing at
different inclinations. Methods: Twenty-three subjects ascended and descended  four steps at four different
inclinations(level, 8 °, 16 *, 24 * ). Temporal-spatial parameters were measured by GaitRite system(standard
mat). Groups difference was analysed with one-way ANOVA and Student-Newman-Keuls test. Results: The
different kinematics of ramp ascent and descent were analys :d and compared to level walking pattermns. In
ascending ramps, step length and stride length decreased with 24 ° inclination {(p<.000). Stance duration
increased with 24 °, but swing duration decreased with 24 ° inclination (p<.000). Step time and velocity
decreased with 16 *, 24 ° inclination (p<.000). Cadence decreased with all inclination (8 °, 16 ° , 24 ° )(p<.000).
In descending ramps, step length and stride length, velocity decreased with all inclination(-8 *, -16 °, -24

* ¥p<.000). Stance duration increased with all inclination(-8 *, -16 *, -24 *) and swing duration decreased
with all inclination(-8 °, -16 ° , -24 " }(p<.000). But Step time was not differentiated with different inclinations.
Cadence decreased with only 8° inclination(p<.05). Conclusion: These results suggest that there is a certain
inclination angle or angular range where subjects do switch between level walking and ramp walking gait
pattern. This shows their motor control strategy between level :nd ramp walking. Purther studies are necessary
to confirm and detect the ascent and descent ramp gait patterns. {J Kor Soc Phys Ther 2006;18(1);95-106)
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2001; Nevitt, 1997).

B AP G| A o] F ] oLt of 7} e ¥
& ololx AEAE YHF FUOR wlg Fosl

F29l ot} HEL Az AAAY ZEFA
So] 28A 07 AN E B3E FAoly & A}
AZ719) MY AHE FRASH: B B O E &
A7} B& g0 7 SHo)A = d&F o)1 WA
z.2o]th(Perry, 1992). B3-S glojudMEtH 2
717l AA dolui= AA 25, G 183 &F
7)584 wisle] AA o 2 o]Fojzl R3] 5T &5
$3 09 (Andriacchi %, 1980), ©id, &, A3to] A2
AAAQ AP S FAsH= 5, TR 55 383t
= A4 $AEEs ¢4 e g ¥4
(Wilson, 1987). B3l& dA# WFoZ AQI {5 S
fA8Y AAE dAd oS SHol= IEZR FEE L
WAQ EFoln, Balolr dA& v, A7 B S
AN S MRS 5, 1993) 71EH SR AT
arzoln eHA R FY & fASt L AAE AYes
ZRA71 olFo] HQE 7|EFH &5& AT
(Galley 9} Foster, 1987). ¢33t rajo] o]Fojx|eiH
vl 7HA) B shAg) ssjolof skl AR, F A9
3ol #A Yol A FAL Az Z, vig]e) #30)
o]olzjokal L, B4, 47| Fet A 2 AA7t
FAHolo}k 3k, AA, F2t7] T K27 % do] vt
thollA] 95| Pol ol &t vpx|Eto g AAE Ak
07 2R F Ye FEF YA} FFHolok ¢
T} {Olney, 1996).

HZ B3] thg gakst dFsol ASEH fted)
B8F7)el BEg 7B Jled TN AZst &
st thersh Y o) il g AR st AU ThekE
&2 719 AL A7AR| 55 d9E 753
WA $oh(Craik$} Oatis, 1995). £719] &<t #23
Ql B8 BAo)N A sle] FAFE 9 A& g
& A4 o] Bae SPUHe Bl A 24 2
B 1223] wAs e (Whittle, 1987). ¥t 2
golx, d39E, AZ|15Z7), 2AAA, 7154, e
(force plate), ZAE L oYz -At4 48 S ALH
5& o]g3o} Raio] A7k-Ag) W ¥ wohel B
A LEdA, A $F59SH Aae 2L 8F, o
2] zHlo) B3 AREL € F WA HAHHarris 9}
Wertsch, 1994). o213t B8 A1 88 AAHL
2 AR rw Bl gejvel, A, FHo dF A
o3} o) gisk A8 AFE FB AR A U
(244, 2003). 23 24 FAQ 2y& vepls
At AN A &eE 4A3} o) 3R E Fopfjo] A3t

o 42|38} 8tef v] 7, Frhsked Yot ESE 5,
1992). #at ol A By F3o] ¥4 HAE
FA51 AL AV B §38E Adskshs Jlo] ¥
37714 5, 2002).

AZ7A Y B3 BAL F2 3 (level) oA 015
R o (Kuster 5, 1995), Aot BAZ S 22 B3
37 0] Wigle] W& B3 §39 AT FEIIL A
Ztgieh Aoy AAZ oM o] B3 AQEHAQI o)
7} "o ahe vhokst whH-S B3 A7vh Basdith 2%
A3 AFA AN RS AT 2 F
A2 BEo)A QA7+ = B&(cadence) 9 1 B
Z o AME3LT EAALE BEeA FE BE5T uE
Bz 21289 th(Kawamura 5, 1991; Sun ¥,
1996). & ZAAlZ B3 Al RZ 0] b4 whE @A of
Folzta 7HgaI5itH(Sun 5, 1996). 4=l WE &5
I PR 23 A 49 313 Ao)e floka B3
oH(Wall 5, 1981). A2 G0N U FAIE £& 2
2 AAE 8 W3S o] 43 B3 F4o] o]Fol| 1L 3]
o} opubske nimajd EAE A8E FEEPH
(Kuster 7, 1995).

o] A ZAL AALE BE Al HALZ wigle] mE
Al-FZHAQ WEE B4siEE ot metAd o] &
T= ARG A &3] Awshs AR aFHEA 2z}
T E A Sl gAelM AALE B3 F- Al 7|2 AR

2 de o 9st ol Ao 7 gt
om. 9744
1. A

o] A7 20054 38 19¥E 38 77N Eo
2AF PRINTL VYA QDT ATL 5
AgAIA olFoigont Ak E3ol AT St
stof] Afs} 29l 200h 2 A4 49l W 2398 o
o2 stgom, APl Folshy] A A2H AY o)
1%g w3

2. 29 ZAIZ A%

Atz 9 Ao 8§ AL £RA ] Hd Wi 2
2zlzoln] NASAY g Fushad 28°ety B1s}
AtH(Corlett 5, 1972). vh, Awtx oz Zypdo] A
A= 0 ~20" 2 Aty QuHEASE 5, 1993).

& uF TPl E 0 F AL VEoE AR
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AAEZ|ES 0°~20°F AAstE A} Urvine &, (Pleniice 5, 2004; Rakie 5, 2002), ZAI2 4 x2 ¥
1990). wehA o] AN E AP L 7o) HAlzE 7 gol 7Fsstes EEQ} LﬂEi FHHAEA : 0
0, 8,16°, 24" 452 AT & A e (HEY, LE BAR 187, ,24° , 8 AR -
1995), Z+2te] AALR A 28, U B3 A H3 219 16°, -24°), 3 E 4@% ol B3] HEE FHAL
By ugE 23850 @d D.2013m F 1m, 1.5 ™ Zo|& A3ttt (Hansen 5, 2004; 723, 1995).
me] FETE t3 LAHAIRE BAZ AFE D

a8 1. 22 AA=R 182 E3=7
3. 83=+ AL £33, A= 2ol AFFEIFH WS
229 Aelg 543 e dolg 333,
o] d7E P AZFFEATA FHEAA HEAIE o83 FEUHIY TEUH], T3 T Y
oA o]FolFon] RRAEE AP A AAE F 9] g =439t
A A-F3HE RAEHE 9138 GAITRiter IEE
ZArR A28t 5785 A SITHIE 2). 2) 4 Az
. A7 ARl %3S 58 B dge o
4. AAHEX} : ?— B Ad L Hg&i ZAEZ AN,
A BR oA 9 B WA sl 71EE FIAT

PR (2% 3A).
YA o] F £9Ro2 golqlAl 3 719 B

g A

213 A X B3 B @8 AAE B3, C: LIEFZAME 2

* GAITRite system, CIR Systems Inc, USA
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10|% 0 AAE B U AAE BES 2tz
AAEIAY &5 AR B UAdRE By b A
2 mollAd A YEE & ohE, AR FRAlsel ot
o] B8 NEAE L, 25 FAIRE Skt vhy 7%
TFZhelA FABEF A ASRATHIE 3B).

281 30% ol HEMA U FAEE WL
EE AN 30). tdAelA 7 A A
& B T2 ATE AT ol e AP 4
o] FArzollA 33] Bt o] BHES SR A
sl Al-57H3 Ho]El:= GAITRite SystemS. %
A8 5 A3 B39 FH W2 B (stride
length), W 710 (step length) S T8 3L B39] A
A Wg B&9(cadence), B34 T (velocity), &
= A7t (step time), 92}7] H]& (stance duration), 2

Ol

#2128 2 Es

7] 1] & (swing duration) 5°] T-si%ch.

5. SAHHH

-1 O

He

o] ATE FALZ AN 25 B3 Y 2P L 3=
< AALR Y AR wEl Al S Mg E AR
= ot} wpetd B A7 -3 AFRE BF,
wAzo), 91Z7) vlE, §27] vl g, R, E5T,
BYSEZ BASHTH(E 1). BALE B3 Al FARY
Z77F A3 gl vXe 9 A5ET] A8
QW aR A (one—way ANOVA)-S 414 4 9
oz AMgElglon, =8 5AH fAN FFE Hd
Student—Newman—Keuls(SNK) ZAARE ©]&3] 1§
3} shla £ a=05% 44t

=
Lo

2220,
T

F AAIE B3 W

g AAE R de

AP1 Step length cm DP1 Step length cm
AP2 Stride length cm DP2 Stride length cm
"AP3 Stance duration stride% DP3 Stance duration stride%
AP4 Swing duration stride% DP4 Swing duration stride%
AP5S Step time sec DP5 Step time sec
AP6 Velocity cm/sec DP6 Velocity cm/sec
AP7 Cadence step/min DP7 Cadence step/min
AP: R ZAIZ B A -ZZHE #, DP: LY ZAE B A -3 HE

m. 2 3

ol

-

g

1. S CHRS] Yy

E
=

NS
w i
I+ T

264, B AL 172.9£8.6cn, H
3110.0kg, B3 AL 50| 86.0%

] 85.9+4.1cm3iT}.

2. 25 BAME B2 A M-8

B8 A 78L& FA3H dl BAEHs AR P
H] (stride width) 2} %¥3l#] x]x]A]Z}(double support
time) o] ™, B8 e (gait patterning) + 53] F4AHA
HE He wEZA pgFr) g Aotk (Gabell

-98 -

Nayak, 1984). watA B3 o7} Z (mechanism) °f|
AEH A (stress) & FE 87 ¥ e By A
< RE obdhin] Ry oFslr] A A7 Fol W3t
7} dehdths oS & 5 Atk

o] AFoA FAZ | W ©F HALE B A] Al-
TAQ ALE] FFe ofe Xe} 2z 2). 2
# 7Zlo|9] A% 0F AAIRY FHAlze] FESE o
AH oz 23T BAolA 2] AR o= 654+
6.2cmolglom 02 A4 8° (65.1+7.7cm) 9 16 °
(62.5%7.6cm)7HA = 2R ol zlo)7t A AN
1} AAZ} 24 ° oM = 54.6+8.5emE WA Hojr} A
HFRow EAACE g3 AHo]E HAYG
(p<.001) (18 4). BE(stride length) 2] ¢ HA]ellA
ol YF BELS 1294+11.2emolG o0, @& HAZ 8
° (130.8+14.5cm) &} 16 ° (122.7+£13.8cm) oA & B
Z9] atoj7} QIlovt AHArz} 24 © Cll4 = 106.2+£13.9
mE BEo| ZAadtR iy EAA R o3 ApolE B



t} (p<.001) (2% 4). B3F7] vl gl 22| 739l
A AR B ERL Ry on, RYPF7] F A7 H|
&8 BRI E 621+1.1%2 YEIRLT 28 7
AbZ ol AALZ 8 T ol = 62.112.1%, 16 ° A=
63.312.5%, 24 ° M= 66.013.1%= Ve LT, 73
Az 87, 16 ° dlME FARLE o7t AR 7
AbzE 24 ° M= Q1] B go] EolRT FAAHCE
&9 o)t AATH (p<.00D) (28 4). ByFI] F
§27) 82 FA B = 37.911.1%2 Yel
98 AXNE AAZ 8° AME 37.912.1%, 16 ° ¢lA
= 367£25%, 24 ° M= 34.1£3.1%=E VEpL 8
°, 16 " M= EAALE Aol7t A2 24 7 CllA

B2 2EZMZ 2 WL N (EI+ REHEXY

fEEx2ssz A18d A1 2006 249

L §77) vl go] WolRn BAFSE Ko Apol7t
it (p<.001) (78 4). & A7k -5 BA oM e
0.6+0.0secolQ3, &8 AALR2S HApzto] F71 B
2 ubd A|7bo] Z718FAT(8 °: 0.6%0.1sec, 16 °: 0.6
+0.1sec, 24 °: 0.7+0.1sec), BAFZE 16 °, 24 ° olA
EAA0R 598 o)z} AN (p<.001) (IF 4). B
3 250 79 Hx 9 B £+ 1136+ 11.3cm/sec
olg ot 08 AAZ S HAtzo] FIETE Y &
T 7As (8 104.27%14.11cm/sec, 16 °:
97.2+15.1cn/sec, 24 °: 78.6=14.6cn/sec), BAHZY
16, 24 " olA BAZHLZ F2% Aol & BT
(p<.001) (28 4.

e 0" (34 8" 16" 24"
AP1 ke 65.40+6.23 65.08+7.71 62.50£7.59 54.61£8.51
2% 64.50%£552 64.3017.36 60.41£7.33 55.31%£5.97
AP2 4% 129.37+11.21 130.83£14.45 122.74+13.83 106.16+13.88
2EH 129.18%11.68 129.67+14.03 122.33%£14.02 106.15£13.55
AP3 9% 62.11x1.10 62.12+£2.09 63.32+£2.51 65.95x3.13
LEF 62.00+1.58 62.55+1.77 64.06+£2.10 66.29£3.46
AP4 4% 37.90%=1.10 37.88+2.C9 36.68+2.51 34.06%3.12
2EF 38.00x1.58 37.68+1.75 3594%2.11 33.72%£3.47
APS 4% 0.57£0.04 0.62x0.C6 0.64%0.07 0.71£0.10
2EF 0.5720.04 0.62%0.C5 0.64*0.07 0.69%0.08
AP6 11364*11.31 104.27+14.11 97.24+15.08 78.63+14.59
AP7 105.93+6.69 96.87%£7.25 94.65%+9.50 87.6019.96
£3 28 ZAE AT 23 #4 A
P85 ARE Az 2437 F&t p
AP1 3 1601.727 533.909 9.338 <000 #++
AP2 3 8815.407 2938.469 16.359 <.000 ##x
AP3 3 225.843 75.281 13.873 <000 #*x
AP4 3 224.804 74.935 13.86 <000 #xx
AP5 3 218 7.266 14.429 <000 #x*
AP6 3 15155.374 5051.791 26.338 <000 #x*
AP7 3 3944.043 1418.681 18.342 <000 #**

*»x p<.001
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&0 A9 HA 9] ¥4+ 105.916.7steps/min
o) ort, 02 HAIE Y] AHAlZto] ZIfR4E B
ZAEQT(8 °: 96.917.3sep/min, 16 °: 94.7%
9.5sep/min, 24 °: 87.6110.0sep/min) EE A} (8

°,16°, 24 ")olld BAF L Fod Aot UTh
(p<.001) (2% 4).

Q8 ANE BEY A A o9} BE BT g
M B4 wast ul@a) Az 24 olN g Ast
A #sleigy 2R AE RS EE JAk 16
ool Haye] Ay} veb o] £549 B9 B4
Zt 8 * ¥-H W37t e

HE4 U BARZ 28 E4 XIE (BT BEEAY

JeEe ) 2stsia A18d A1 200649 24

3. LB ZAE 23 Al ST 4 24

o] AelA Azt w2 P AALE B3 A A-
ZRAJN EFE gL ol X 4 FUE 9.
& 7ol A9 WE AR Y AAte] F71ESE o
AR oz Ao n BANMY B ol 656.4%
6.2cmolgon] Ug AAL -8 ° oA 55.0£7.6¢m,
—-16 ° oM 49.6+8.5cm, —24 ° oAM= 54.6£8.5em
2w 7o)zl Aasiglon BE AAtzelA AL
2§03 2012 BT (p<.001) (1% 5).

4 0° (FA) -8° -16° —24°
DP1 A= 65.40%£6.23 55.03+7.57 49.61*8.46 42.75%+7.29
EZ 64.50%£5.52 55.311t6.25 49.68+7.77 43.72+7.85
DP2 94z 129.37£11.21 110.07£13.80 98.45116.24 86.96+15.29
SE=E 129.18+11.68 110.70£13.33 99.78+15.12 85.60+15.70
DP3 g9z 62.11£1.10 64.18+1.86 65.18+2.48 67.31+3.49
EE 62.00£1.58 64.18+3.11 64.03£2.47 66.97+3.62
DPA4 Ik 37.90+1.10 35.84+1.87 34.83+2.47 32.70£3.50
EZE 38.00%1.58 35.81%3.11 35.97+2.48 33.02+3.61
DP5 4= 0.57+0.04 0.62+0.10 0.60%+0.06 0.62+0.12
QEZE 0.57+0.04 0.63+£0.05 0.62+0.08 0.62+0.11
DP6 11364*11.31 88.76+13.83 82.62+16.14 72.12+16.34
DP7 105.93+6.69 96.54£9.70 99.44+9.96 99.86+16.00
E5 U AAZ A -37H™ 23 He 2
=Pds ARE A &5 e R F#t p
DP1 3 5771.250 1923.759 34.843 <000 ##x
DP2 3 22615.157 7538.386 37.062 <000 s
DP3 3 322.488 107.492 18.713 <.000 ##x
DP4 3 321.546 107.182 18.576 <000 #x+
DP5 3 4.167 1.389 1.894 <136
DP6 3 21452.267 7150.756 33.784 <000 #**
DP7 3 1072.629 357.543 2.89 <040 *

*p<.05, ***p<.001
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BE] A$ AR oM BEL 1294F11.2em0| %
o, Ulg Azt -8 ° o4+ 110.1+13.8cm, —16 °
M= 98.5116.2cm, —24 ° X E 87.0t15.3m=
REZo] 24T BE AA A FARLE o8
apo)E HAT (p<.001) (2% 5). B3F7] "] &M 2}
Zro] oA tiFAd Ba E3E B0y, BTy
Z 477 HEL YABPNME= 62.1£1.1%2 et
W Wl BARS] AAEE -8 oA 64.211.9%,
-16 ° A= 65.2125%, —24 ° WA E 67.3+35%
2 Jehdon, BE AAtzelA 1Zh7] vl-go] Fotxl
T EARCE §2% xtol 7t YISt (p<.001) (1E 5).
BAFY) T F47] v &L FARP A& 37.9%
1.1%2 Yebga U AR AAML -8 ° oA = 35.8
+1.9%, —16 ° o)X= 34.8£25%, —24 ° o)M= 32.7
+35%% Vel 2E AR {247 vlgo] W
ol T BAACE o3t Atol7} AUt (p<.001) (2
2 5). & A|17ke] B4 FA M E 0.6£0.0secol A,
W& FAZ oA @ A 7be] 23 SIFSH OV (-8 °:
0.6%+0.1sec, =16 °: 0.6+0.1sec, —24 *: 0.6=*
0.1sec) BARCZE {Fg Aol7} Tt (0>.05) (T
¥ 5). B3 &5 P PR HY £EE 1136+
11.3cm/secolgdxt, Wl ZAALR 9 AALzZbo] SAESE
B &5 = 7k A9 71 (-8 ° : 88.8+13.8cm/sec, —16

°:82.6%16.1cem/sec, 24 ©: 72.1*16.3cm/sec), B
ANZAN BFARSE I 208 B
(p<.001) (2% 5). ¥&559 A% HAY E&FE
105.9+6.7steps/min®) R 3, WE A R 7JAtzto]
F71eTE B4l dAE 24 (-8 965t
9.7steps/min, —16 °: 99.4*£10.0steps/min, —24 °:
99.9+16.0steps/min), AAM} -8 ° oAt AR R
Fol gk zto) 7 AR (p<.05) (27 5).

Y FALZ B8 Al BF do|gt R E HYTI|E,
HYP&EToM = Hx) By vl BE FA eIA B
3o Wzl yelwtor] #44 A% BAH -8 9
AMut Bejol WMslyh ebida F AIzke] A& Aol
7+ et

v. 2%

Azko] wastE Fele 7P LA A T st
ot} whebA] 2t /iU A S5 B JEE 7HA]
T 9lch BE {8 1 AR A, AATE, B3
o, QAR ohrjet e Aol LA S4S
yehdth o2 59, 725 B3 (rolling gait) & ¥t
AN FHE fAS] A AdE WA T ALE

Q2832 A18F A1E 20064 2¥

o] B3 AeiE vehd Ao}, 2842 (waddling gait)
Byojh= ol n|kstk Algho] ApAle] AATZE 9
3 Wt == 3o} B)EAY (staggering) RFE &
# gH(drunkenness) Z-& %% (weakness) ¥ 2 #ahod
Abgskan, Bkl HlE Z S (bouncy) B &Y
(vitality) &} ¢ (strength) o] &7 ZEst Bo|ct. A
$H(swaggering) B3 7283 44& Jehie B3
HhA AZ-L (mincing) B3-& AV} gl Efo|ch B
3 AT HIMES AFRE Folgl= ZAZA AL B
B Z 3oz Yepdoa i, olg 538% 732
Fokst A& Yehle], Wi S A58 5 ok

B3e] o & 2kd3] 37| 3 o] eSS S
oy @AZ Yook AgEyole] 3l Rancho Los
Amigos Medical Center?] AE7Fe2 23S 3A Al
WA 7 TRt Zossich AR, AF 5§ (weight
acceptance), 4, 9 t+2 A A 7] (single—limb
support), A, ¥z 32 (swing limb advancement) ©|
RES U2 92 B3 ARES 29 AlFS WA
1o g AR #F el A A8
3% el & AR Uk

Winter (1983) = 23& Al 7IX & 72+ AA,
Z o] digsied g, A=, Aze AA fA2 EH,
Eul2 A AE FRIEH A, o] ol g4 9n
HogA 238 £ Q3 BHEA 27 (heel contact)
£ 3} o] B R of%t TR BF o H|R3tL,
Winter7} £3A17] =8¢ @55 27] (gentle heel
contact) & &= (foot clearance) & B4 ojt},

B8 A A= B33 5y BAA AFEE 3
2hg 4o o]27171X] thekslth(Harris$t Wertsch,
1994). B2A RPFHL AFARZA 713 &3] A}
£5 o] 3 gl 7)&olth. B & AAQ BAR= A, 3
R 7} Azke) A2 7Y, 59 28, JAAH &
5 #3L gAgo 2y o|FojAt o]yt V&S &
Zke] kAl B& f3of st At R E AT
o} gy #2E 28 2o F AlgEE g
#e B vy BEAEC] ARA FHo| ofh= A
o|th(Rose 5, 1991). 719 Ba} 4L A 52
A3y, =& 5 B 2AFe] AT Hrtel H3o] A
Qo) B A3 A et A BE ol &
A& B Yl AHEEA R Utk (Perry, 1992).
80t Fui7kAIRt SE &5 B4 disf 234
o] WEd U1, W& (multiplier method) o] £412]
FE& o]Fq oy, AF& DLT (direct linear
transformation) 2] & ©}§3H= 3249 £4jo] &3] AL
50X 1 QItHARF 5, 1995). B3 #492 n| Q4
2ol % A9lol A3 ARE ATy, o] F71H A
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Al BARE 7581l 81 (Ounpuu &, 1991), 32+
M A $FFHANN ) #HL5E FHE & Utk
AN 7Hg 2 250 doju At T I
HoA 9 €5 P37 B3P A7 F3] FQ3t
(Whittle, 1995). 33} ¥4 A R3S} A W9} 370
WSEL 7|22 02 Hrlo] ¥t olE M SoE
g 7o), RE B4 WHFIET BYSTIL T
g, o]S st o g 24 £ Un F83 3
BE A g} & Zdo|g} lzrie §27] vl&< |
o zH oA A B ARG A& F UL Y
2719} F24710) AR S SAROEA I
3 ARE don, BE&5o RYPETE SHYFOEH
715 B8 ARE A& 5 hRose F, 1991). 128
o B A5 $FHEA ARy B3 {9 Al
& golny] g8l EFHE B4, 25y AL F
Ao AAlebd w3 wWsle] A7 FEgeA & F A
& Zlojh.

B3N QAo g AAA PSS Y, Y,
el 3 AFurE (ground reaction force, GRF) o]t}
A Aupit s} 7k o1& g o] 37]9 e Y (force
platform) 3 72 H)E AH3l & 5 Uk AL
BAo] k&3 243 Q Bo] 9lod s Yok
whaka) w2 2Hgdtt) 28 72 £ A% TS
2} spto g gl AanbEg 2 dof 243
AW 3e giEaln, QAL e T3 Aol 283t
= 83 wigjuigkeln] 7)E 2 AWRPEYL AF
olx8F = 7], A% 7| (skipping), TLE H7I
(hopping), #7] Gumping), ©2]7] (running) 3-=H 7t
A Z9% 3otk AHNhEHEL upehe] o] HojlA
225119tk ¢rE S (center of pressure, COP) 2 <14
o] 27124 (center of gravity) ©] ZH-g38h= HojjA &4
3, o] g3 Holla] gt JHI 2 &
Sof] ola) Attt I, A, A- e W= A, 3
& A AU E4atEs 288 B2t 2] &
%2 ZAE (electromyography, EMG) ol 23} 7%
F o, ZTAEE 259 g5l o8 A 27
A g2 /5 Flol). ZAR /YL Bl T Z5Y
% 73S A3 Bol ARRHUTY ZAEE ¥
v} 9 2% (cinematography), 3 (force plate), A1
Y ¢ el (eletrogoniometry) & A %3t RBF7 T &
59] o] Yolrh= A& A7) 43 A AH-EH AT

o] =B AR B3 A] AALZte) WHE B3] AlF
) #1352 ol uA}t 3k $A Al-F3HER] F
B Kawamura 5(1991) 3 Sun 5 (1996) & 2
2o e =2 B&49) 21 BES ARl
itk o) @FolME BE S BAY v wsjo]

He o

>

X

Qﬂ‘ﬂ]lOJ

oo A

ol

& AR AL 8 7HAE BES Aol7t gl
AAYe] Z71gte) wlet BEo] Fopxle AFE B
t}. Sun 5(1996) 7 Redfern 5(1995)& W8 HALE
o) AS B3 A REL FopR Y I o)fE w2 #A
wjgolzty 7Pastsict 22 o) A7l uE A
2 7S 7ALZo] Z713k| uja} BEo| golzl A2 A
HA7 AT} fAkeEG o 1 ol HALR A o ¢
A wRo|gty A9t BF¥ojzhs - BY
28 ANRS ¢ 8 Y AANEE  FolE oY
16 ° o)) AAlEE B3| Fort HE go® 7
£34 81 AAY U BARGME -8 €M
2E] W5yl glE A0 g Hol U AR AA7E B
o AolS o= glog &3 A0 F AZiH ol
t}, 123 HA A9 B4+ Rose 5(1991) & 122
step/min, A9 3E 5(1996)2 112 step/minE B3}
o1} o] Ao Al 105.9 step/minZ. 2kZHe] 2ol 7t QL
A3 H933(1995)2 2.8, Ud AR BAe] &
V24E Base VAT RS oY o] AT
Al g2} Aot vpebth 13 £ 50 A9 HA oA
o] HFEE7L Rose 5(1991)2 119.8cm/secE X1
3l9l=d] o] AToAE 113.6ecm/secE AR A3
oo #Hx| 9 vlwst] L& AR UBAAE BT
B3 £57) ZAash 2 94 F99(1995) AT27He}
u]2=31 9tk 78 Redfern 5(1997) & g AL 9]
A9 B8 5o o] gUitin Bt of Aol
A 98 AHAAIZ S UEAALE BTN B9 B3
2Ty} ZHAPcHs AL B&4el 1y £571 By
7154 ARE AFIrh= BHA BAE BE A
48e 27198 QA e AAME FH3)7] wFoleta Yzt
sojzt} BTy &l 3¢ BA A, Y471 74
7] ¥]&o] 62.1/37.9% RYF7|Z iR Huy
= 60/40% B.8F7) (Perry, 1992) ¢} 25 Aol7F U
19 AR AL AAE 87X E & Aolrt §l
gom ZAALE 16 ° #E 47719 vlgo| Fohg W
4 AAR O AL -8 ° ARE 4Z7]Y v &o] &
ol oy $33(1995)2 2F FAIRS U BALE
BE 1279 HALZolA Aol7b YehGTh L B sk
T}, o] AP E 9B HALZ BaelAE 16 ° oA =
A et L gg waie] Wshy) HAEg o ¥ AL
2 Refe] Aol —8 " oMFE P W uA
FASS ¢ F AT

9] Ag A-FHAQY SN BALZ T B
Aokg Fi= 29 Ik 2 0§ HALRY A% B4t
Z}o] 16 * o]+ 7ol ®ajel W3lyL Vel o 24
* oA = W3l ajoj7} o} itk a1 WY BAR
-8 5E & Y B3 dof 3= £UFE 1Y
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