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zdd-dfA
(Zsohstm)
I.A &

>

= A
U A7 1000 e 2AZ0] AAc sAe] off BAT WL BAL o3 Qe s
Agsoleta itk Ba S2o] B3 ATE Marey(1895)2] AHIEA 7 W o3t Ba) 24 (gait
analysis) I FE] A2 9100, Luthanen S(1978)& AA o]Fo] #at 27)9 At
olg7 R, Du7le) LEHA 2910 B BF o) FEL ol 2eh} %5
(kinematics) Q1 2919} Apgroze B3t Ky o

4
o= By T2 A detstr] fste] 4897 (high speed camera)E ©]&3te] 34 #

o] 58 (kinematics)?] 21& 4313 ¥EIKforce platform)Z FHEZ(EMG)E o] 83t K3
&l #eF &5 SH(kinetics) 2 ¢ 821 EAl8k7]o] o]2Fth

o5 Ade #r)ed wEE Ago] o AYHAL AsstEd weh Azt A AA EF 9
71315 AgsHA HAUL, ole SEHE @S st 49 T F8 ddoE RzEa 9]
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i

rr
Ho

T AR Atk 22y dHORE AEAQ B F&o] dYEe] 2

5
J= tAEE & Acke AMET A ARE B 52 B4, 28, H AA 7x T 2
of7|AIZ & ATE A(Scott, 1990)2 FAIF A w4 AAG FAE F= €714 Aolth
olgd 4FES e £ W, w2 Ut AU AT s A% AUIAd wEUA e
3 S 7P AR EEol AT AIZIY distY B el #A4E w789 A7 A
Aok weba] £ dFe AAZEo] G4 A7 2042549 IS tide R AXE(eER
73AE10%, WEle ZAAR-10%)9F B3 £=(3km/h, 4km/h, Skm/h)ol wE R F2ZS &F3H3
Ho &4 ®ad #s

(kinematics) ©.Z H] 3l -
&

FASEoER B e EAE FHsta
712AR] ARE ATse

Y 2 %o Yk

3}

2 A7 HEH

1) AF e Kejste) tiel oo A

2) A719] whg - W] w2 Afolbe meskA] &gt

3) B3 £x& EHED 4o £52 FEEM, 27} 3km/h, 4km/h, Skm/h2 A3

4) AAEE EAEY o) 227 AAH10%)SH T BAK10%) 2 Agetslc

5 A7 W LE8Y HEA HAAA s Ay 2B HuA HA F AP o]A7HA)
Z stk

1. 5 &AL

B A giaAzE AARo =z BaEts Kigte 204-254 tiehd 1S oojz MAEHTh
olg)dt WAt TAHQ AA EAL <E >3 2T}

=
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<E 1> gt AN £

T ALRE P = H = o & SHR| &2 0]
(subject) (age) (kg) (cm) (cm)
1 25 n.3 181.7 91.6
2 24 724 166.9 86.2
3 20 69.4 180.8 89.8
4 22 57.7 166.6 86.4
5 22 619 170.4 88.8
6 20 57.9 163.2 82.7
M=+SD 22.2+2.0 65.1%6.7 171.6+7.8 87.6%3.2
2. Meof 2t =7

B AFo AMEE 94 24 =7dE Blge 7iv e Panasonic AG456) 4t), HIY R FHAE
2 F (Panasonic AG-5700), =Y E|(KSL K-410), E&| =92 (DF-2010), 54| (reference frame), HHAF}
Areflect marker)E AMESIHL, AR B4 TFoe HIYL TAE]Y AAEI(APAS 2000),
Pentium I A5FEE AHE-3IATH

w
=
el
OlI
T

2 MR}

rie
>
feicc)
1o
o

T

g Axe ge3t 2k YL ke EdEEY o5 f5 47 2y,

H
F 4hE AA3] 339 GRS ANSHAT BT AE IS A3 FASS ATHRR B
EAS 95 TIT 5 9L Y29 WAZ AST BATY Aol FATS FYack 1
1, 89 F SAES AASNET 439 So7b] A AFAANA AT HF A w53 A
o

7HE FH 5 AN Stk AAAES A3Y FATE He 228 AL Wew At
9] 3km/h, 4km/h, 5km/h &% Z7o|M 9] HaS E = flolx HAsHGTh

A Al A golds Agsta w23 f4A &) s doll it & He nAE Bo Ao
2 YAl = st

Azl WX <a8 >3 2o

4
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Cimpty &%

Camgls &4

S Frama

e

Traaamill e—

Camad i #2

H

N

ol
_iﬂ
T
g

kTt

=

% 2ol A, B F #WH 9 W& (dot product)>E 4F

A
2]

29

AxBx+ AvBy + AzB
v Ax’+ Ay’+ Azz‘/ Bx?+ By?+ Bz®

H = arccos

HA : angle of hip joint

KA : angle of knee joint

AA : angle of ankle joint

x| 2HE2tel Hof

5]

<ag 2>
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2 A5k

29 ASEE 35 2N B 4SS guisa oo U 4% PEe A WEEGs) o
o g 17 w3 vl
5 @Es} 2o HHd 9
o 99l ME
G=(5<V)/ | SV | o]}
714 SxV = SxVv' = [S] |V &,
[V I =lus | =lut] 5] olBz
= sl Is| lut|ar ek
webd ut = fut|a = (S<V)/|S|2
2 7% 5 don 259 4 A5Eu)E A9 42 o83 ANE ASEES £5 NSl

FANA e

5 A Az

B dddA A3 SAAME= SPSS 100 for windows F7 packageE ©]&3] two-way
repeated ANOVAE foJ5F 05914 AAgH $ AREHZ(post hoc test) Tukey$] HSD W o=
AN,

1. 2del 2z
) g=u 2z
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160 =73 -

<E 0> WEnN ztg (EH2| : degree)
5= HAME RHC LTO RMS LHC RTO LMS
skm/h incline | 97.21539  111.95:2.80 88.113529 100.78:5.87 107.95¢4.95 89.94+563
m

decline | 106.29+8.42 104.66+9.25 94.49+333 105984456 106.47+7.05 97.48+4.15
incline | 97.98+371 11574+4.88 88.21+4.04 100.40+4.80 107.97+9.30 90.15+4.63
decline | 106.04+12.94 109.53+6.07 94.74+3.37 105604850 110.36+5.34 95.35+4.77
incline | 98.09+4.46 117.25+447 87.39+6.42 97.36+3.83 110.69+550 90.98+4.54
decline | 107.08+14.45 110.06£540 94.35+2.92 102.94+458 106.32+5.85 94.50+5.50

4km/h

5km/h

RHC 7l e 229 4AK10%)7} 3km/h, 4km/h, 5km/he] &= WZ 97.21+539, 97.98+
371, 98.09+446 degreez UERI, W2|e HAK-10%)e A$= Z2te &= W= 106294842,
106.04+12.94, 107.08+14.45 degree2 UEh} &% wWloA9] o] gk zlojo} Zhm o] 2
29 ke et AAke waeME BAHRE {23 2olS YehiA gtttk 39, LTO &
M 229 ZAK10%)7F 111.95+2.80, 115.74+4.88, 117.25:4.47 degreeZ U, W2 73
AH-10%) o1 ME 104.66+9.25, 109.53+6.07, 110.06+5.40degree UEIY &5 HQld|N ko] o3
aole BAHCE fFI3 Aol(p<05)E YEHIL, ARFHSS AHAF 23} 3km/h<dkm/h,
3km/h<Skm/h® o2 g Ao|7}h Qe AC® Uyt A4 wlY Hludxe 221 7
AL Welet Zatel Hlis) AR o3 2FolE UEFHTHp<05). RMS w3kl s 28 AL
(10%)7} 88114529, 88.21+4.04, 87.39+642 degreeZ UENFI, W= ZAH-10%)oHE 9449+
333, 94.744337, 94354292 degreeZ UEh} &% WA 4o gt Aol HolA YA
gzt wQle] Wi e GAE =k AAt Hlg] FAACR Fold AfolE yehlt
(p<.05). LHC &ztollMe 229 ZAKH10%)7} 100.79+5.87, 100.40+4.80, 97.36+3.83 degreeZ UE}
g, Wl AAKA10%)o1 M 105.98+4.56, 105.60+850, 102.94+4.58 degreeZ UER} &= W<
oMol &wo o Aolgt Ak WQlY] HwANE FAHCRE frofd AolE YEhiA AT
RTO &7lMEe 229 7AKH10%)7} 107.95+4.95, 107.97+9.30, 110.69+550 degree® }ERgtal, W)
22 BAKA10%) 1= 10647+7.05, 110.36+5.34, 106324585 degreeZ Ut} &% wore] &
ol o3k zpolgh e Wl WA E FAX R o3 AtolE YERA skth LMS =3t
e 229 AAH10%)7F 89.944563, 90.15:4.68, 9098454 degree® VFEMSA, wElw A
(-10%)N e 97.48+4.15, 95.35+4.77, 9450550 degreeZ UEh} £& Welojre] &rof 23t 3}
oj¢h 74w WY HwAME FAHCRE FoF 2po]E UBhlA @ttt Ty & HeloA 9
&0 ot Aol A% WY HTAE A frofdh AOE YENTH

ol Ade £xvt FUH wet HEHE Ax gho] & AolRlSs UEhiA gt B
g gha 9] 491(2001)8 - Aol dAshs AHE Y.

5 b

X

X
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incline(3km/h)
—o—decline(3km/h)
incline(4km/h)
decline(4km/h)

- - incline(5km/h)
—@— decline(5km/h)

RHC LTO RMS LHC RTO LMS

FEWE A= 5tE 9 gE } H“———t— 2= g dujsted], RHC e 225 ZAH10%)7}
3km/h, 4km/h, 5km/he] &&= 166.67+7.03, 169.84+6.33, 169.10+7.67 degree= b5k, U
2 AAH-10%)S B4e 44 é W2 172404519, 171.92+4.74, 172.7242.32 degreeZ 1}E}
U &= WA A S o xpojo} zhw wiQle] e 2uf AHALe Wizt AL HlaME F
AFORZ froJgk Aolg UEpA &stth 4, LTO w3tolie 229 HAK10%)7F 141.13+4.92,
14205596, 14580:7.35 degreeZ UEhsta, W2 ZAK-10%)NHE 132514694, 130.49+3.42,
134024527 degreeZ UER} &&= WQlolAM &ko] o8 Aole FAHORZ Fodt 2}o](p<.05)7}
Uelgon, A3AZS A3 A3} 3km/h<Skm/h, 4km/h<Skm/h9] &2 §2l3 zlo)7} e
A0 2 Yeiyth 4% Wl HladME 2wt AAE Welet Aol vls) FAHCE Fo3 2
ol YEltHp<05). RMS Rtollde Q28 AAK10%)7t 171.42+4.41, 171.675.42, 168.62+6.81
degreeZ UeRsta, Wl BAK-10%)oIME 170.87+5.74, 169.64526, 167.80+4.11 degree® e}
U &5 WY &ro og Atole FAHOE o Aol(p<05)E HEHHLOH, AAFAFS
A% A} 3km/h>5km/h, 4km/h>5km/he] =02 23 2ol7l e Aow yeyith 4%
HQ19 HlaldMe FAACE Fo3 AolE YERA 4t LHC £3telXs 228 AAK10%)
7} 163.00+10.37, 167.14+6.08, 169374590 degree® WP, We]® ZAK-10%)IME 17195+
2.82, 17380+342, 172424385 degree® UL} &% HQlo|A o] £&o] o3 zfo]= Holx| sk
Awt, 24 wle] o Ae Welet BAE Q28 At nis) SAIE R ol ZolE UE
tHp<.05). RTO <3tllME 228 7AK10%)7F 14015848, 149.4645.61, 150.9547.13 degree® 1}
Ehta, Weleh AAK-10%)9E 130.79:5.67, 132614562, 137.85+5.63 degree® YEh} &% W
QellA &mell gk Aole TAHORE T Aol(p<05)E UEHL, AFHSS AAT 23
3km/h<4km/h<tkm/h®] o2 frofgh atol7h Qe AR vehgth 4% ¥ Hladis
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2ok AL Yelek Aol vls EAR0E 98 o2 Yehthp<05). LMS %7kl

2 ZAH10%)7}F 168.775.52, 171.314418, 171.56+5.04 degreei Uehg s Wele AAH10%) N E

17247+424, 169361521, 167574553 degree® UEh} && WX 9] &o 93t zto]dt 7w

HRlY HlugME FAHCE FF AolE UehlA itk ey &= WA & o
g pojo} 2w Wl HeAE EdE frofet ZAoE vElEth

<E 3 FE3H 4=z (k2] : degree)

£ ANE | RHC LTO RMS LHC RTO LMS

incline | 166.67+7.03 141.13+4.92 171.42+4.41 163.00+10.37 140.15+8.48 168.77+5.52

S/l decline | 172.40+5.19 132514694 170.87+5.74 171.95+2.82 130.79+5.67 172.47+4.24

incline | 169.84+6.33 142.05+5.96 171.67+542 167.14+6.08 149.46+5.61 171.31+4.18

A/l decline | 171.92+4.74 130.49+3.42 169.64+526 173.80+3.42 132.61+562 169.36+5.21

incline | 169.10+7.67 145.80+7.35 16861+6.81 169.37+590 150.95+7.13 171.56+5.04

Sy decline | 172.72+2.32 134.02+527 167.80+4.11 172.42+3.85 137.85+5.63 167.57+5.53

incline(3km/h)
—o——decline(3km/h)
incline(4km/h)
decline(4km/h)

- -incline(5km/h)
—a—decline(5km/h)

RHC LTO RMS LHC RTO LMS

i

#HE 2

w

[

)

1A Ame dEs AT olFe 4xE Yulshked], RHCEIME 229 7“}(10%)7}
3km/h, 4km/h, 5km/he] &% W 155.0343.16, 153.952.52, 151.15¢301 degree® U}E}}
2le AAH-10%)) A= 47 167.24+2.89, 166.42+3.60, 16540333 degreeZ UER} & Eﬂ‘ﬂ
el &me] 9t Ao|(p<5)E  UEH oM, A}@é%% AAg A3 3km/h>5km/h,
4km/h>5km/he] Eo2 o Zo7} e Ao veiEth A4k wele] HludAe LHFJEL 7
AL 228 At Blg) BAACE #Fo3 AolE YEPtHp<05). 4, LTO w3tolMe L29)
ZAAH10%)7F 174.82+3.22, 174.89+2.75, 170.63+356 degree® UFEI, W=t ZHAK-10%) l k=
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173914235, 173.8743.22, 172.97+4.92 degreeZ UEI} &% Wolo|N9] &wo] 93 ajo|s} 7
HQ19 HladME FAACRE g Ao]E YERHA d3Th RMS £ s 29 BAK10%)
7} 174.3743.95, 17454+321, 172704286 degree® UERgtal, Wale ZAAH-10%)4E 173.28+
2.38, 172.89+3.61, 172.6143.05 degree® UL} &%= wWQlol| A9 &wo] gt fo]e} 2w wele
Hladl e FAHCE fogh zolE YEhlA 4. LHC tlde 229 ZAK10%)7}
153644313, 153.28+3.61, 152.36+4.63 degree® WEFEIL, uWE]2t ZAAK-10%)o04E 166.69+4.37,
165.9443.53, 16456571 degree® UERY &5 WRlo|A 9] &ko ogt Ao]e FAHCE frofdt
Aol 5 HolA FRA, 4% wele] vadMe 2w BAE Q28 HAte] wle] FAHCE
o3 Ao]Z YEMATHp<05). RTO wtolde 229 ZAK10%)7F 174714182, 173.06+1.30,
17257:3.04 degree2 Uebsta, a2 ZAN-10%)oME  174.3623.00, 17480280, 172.16+4.45
degree® YEhY} &= WRlo|AM &o] 93 Afols} Ak W19 HludME FAXCE Fog 2}
ol UEhA gt LMS &1t e 2% ZHAK10%)7} 17413+1.59, 1754942.72, 174.89+3.78
degree2 YERL, W2le BAN10%)N A= 175374298, 17453244, 17497255 degreeZ UE}
U &5 wiQlelA &£o gk ztoldh e WY HluoE FAHOR {3 Apo]E YEhhA
A3k

<E 4> DA 2t (2H2l : degree)
= ANE RHC LTO RMS LHC RTO LMS
incline 155.03+3.16  174.8243.22  174.37+3.95 153.64+3.13 174.71+1.82 174.13+1.59
e decline | 167.24+2.89 1739142.35 173284238 166.69+4.37 174.36+3.09 175.37+2.98
incline 153.95+2.52  174.89+2.75 17454+3.21 153.28+3.61 173.06£1.30 175.49+2.72
Rt decline | 166.42:360 17387322 172.80+361 16594353 174.80+2.80 174.53+2.44
incline | 151.15£301 17063356 172.70+2.86 152364463 17257304 174.89+3.78
el decline 165.40+3.33  172.97#4.92 172.61+3.05 164.56+5.71 172.16+4.45 174.97+2.55

incline(3km/h)
—o——decline(3km/h)
incline(4km/h)
decline(4km/h)

- -incline(5km/h)
—p@—decline(5km/h)

RHC LTO RMS LHC RTO LMS
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2 A7dAe AEee By F2 A £ AEEE B, 445 Hde BYdM F8 =

¢1 RHC, LTO, RMS, LHC, RTO, LMSel| t)g+ AgE A+ ch

<E 5> U@ Zsn (EH2] : degreefs)
== AAE RHC LTO RMS LHC RTO LMS

incline | -17.30£1024 85704877  -24.81+278 -96.99+9.48 106.43£19.00 -73.80£13.96

et decline | -47.19+24.81 88.64+16.89 -64.27+1840 -118.1049.31 65.12+19.35 -50.71+12.75

incline | -24.85£398  9502+7.02  -3819:766 -101.55:830 132.86£22.40 -30.22+11.56

Rt decline | —64.75¢21.16 101.61£30.95 -80.72+21.72 -144.38+12.69 105.37+1527 -59.68+11.16

incline | -3248+7.64 1173142434 -4846:4.13 -124.29+16.18 154.38t1690 -30.64+11.26

Rl decline | -77.31+16.21 88.60+16.85 -80.72+20.60 -118.10¢9.31 99.18+13.37 -50.71+12.75

HERE AEERE RHC o)A 228 AAK10%)7F 2-93km/h, 4km/h, Skm/he} &% |
2, -1730£10.24, -24.85398, -3248+7.64 degree/sZ UENa, W AH-10%)0HE 4719+
24.81, -64.75+21.16, -77.31£1621 degree/s= UE} &£ WX &ko] o3t Zjol= FAAORE
I 2po|(p<05)E UEtiI, AMEASS AAS 23 3km/h<dkm/h<Skm/h®] ¢OZ o
Zkel7b Sl AC® yeiyith 24 Wle] vladXe Wee BAE Q28 Fatd Bl FAIA o
2 FYF Aol UBTHp<05). LTO &XtellMe 228 FAK10%)7F 85.7048.77, 95.02+7.02,
1173142434 degree/s= UERta, Wt ZAAH-10%)AE 88.64+1689, 101.61:30.95, 88.60+
16.85 degree/s2 UEh} &% WQlo|A &o 93t Apole TAHORE FAF o(p<05)E Vet
o, AEAZES AAE A7 3km/h<dkm/h<Skm/he] £02 F93 zo|7} e Aoz Ve
Btk 2% Wl vludXe FAXCE FofF ZolE YEhlA Fdth gy S w9
&ro g Aolo}t Lk Wil HeAE Ade o AR YENH. RMS witdlMe 22

ZAH10%) 7} -24.81+2.78, -38.1947.66, -48.46+4.13 degree/sZ e, W= ZAK-10%)olA]

-64.27+18.40, -80.72421.72, -80.72:20.60 degree/sZ UEh} &= WM &mo] 93 Aol
AHOZ FoF Apo](p<05)F UeHL, A5 AAIE 23 3km/h<dkm/h, 3km/h<5km/h
TOF o Zol7t e ALE veiuth A% WY HuoME et FAE e2w A
Abell Hlall BAACR fojgh zbolE UERTHp<05). LHC el 222 ZAK10%)7F -96.99
948, 101554830, -124.29+16.18 degree/sZ UENG, W2 ZAAK-10%)NHE -118.10£9.31,
-144.39+12.69, -118.10+9.31 degree/s2 U} &= Helo|A &xo 93t Ajole BAHOE f9

fr 22

lo o
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gt Ao (p<05)E UEoH, AREASS AAIS 27} 3km/h<dkm/h, 3km/h<Skm/h¢] o2 &
o Aozt e Aoz Yeyth A4k WY vl FAHLRE fogt AolE YeRA &
ek Ty S BQloX Y &ko] o3t Aolg A& WY F5AE adE FoT AoE
Ebgth RTO <7t XE Q29 ZAK10%)7F 106.43+19.00, 132.86+2240, 15438+16.90 degree/s=
Uebsta, W2 AAH-10%)NE 651241935, 105.37+41527, 99.18+1337 degree/s= UERL 4
T WA &xo g Aole FAHCE Fogk Afol(p<05)E UEHIIL AMFHSS AAE 2
% 3km/h<4km/h, 3km/h<Skm/h®] £O& o5+ zol7l e ZOE Yyt 2t Hle H
wAME e=2u AAE YEut Al vld EAFHOR o3 xo]E YERITHp<.05). LMS &
ol Me 228 ZAAH10%)7F -73.80£13.96, -30.22+11.56, -30.64+11.26 degree/sZ VrEFstL, Uiz
2 AAH-10%)9N M E -5071+12.75, 59.68+11.16, -50.71+12.75 degree/sZ EIY & WA &

To e Aole FAHoE fFd Ao(p<05)E YERRI, AFASS A Az
3km/h>4km/h, 3km/h>5km/h®] o2 o5k xfo|7} e AR Yeyith ZtE el v
Mz Wee ZBAPE 2282 At His) BAASR fod ApolE UERATHp<.05). 11l &%
HRlAX 9] &xof g ztojo} Zte WIS Ao A AHAAME FoAT Ao]E YETh ol g
A 9YRdE 248 24w 37)7F ANYL Bud Winter D. A, 5(1974)9] A7 2o}
AtEe AR Jeigon, YR e ALrrt REREY udde] Hg) & £AE B
o]A] ¥tk Hagh &4 ¢ 291(1998)9] A A} dX|ste AHE YEHT

incline(3km/h)
—o——decline(3km/h)
incline(4km/h)
decline (4km/h)

- -incline(5km/h)
—p@—decline(5km/h)

\®)

) REud 74

n

B4 A&EE2E RHC @7l 228 A 10%)7} A-$3km/h, 4km/h, 5km/he] &=
_E_, 7513940, 85391007, 93.84:745 degree/s® UFERGEi, iglst AAK-10%)o14E 10353+
847, 106.68+11.55, 10453892 degree/s? eI} &5 wWeolo]X &Eo] 93t o= EAHOR

ﬁlﬂl
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& Zols UehfA FRARE, 4= HQle] HladM el BAE 228 ate] Hlg) FA4
o2 FOFE ZpolE YEHTH(p<05). LTO £xtellXe 229 BAK10%)7h -7256+6.76, -92.16+6.23,
-108.34+2081 degree/s2 UFENRI, W2 AAK-10%)o1 e 582041510, 42.25+10.90, -36.46+
1331 degree/s= UL} £ MM HEd] o3 Apojeh 24 WQle] Bluc M FAH o= o
& AolE YRR 4dth RMS bl E 228 HAH10%)7F 0394456, 093217, 5.67+5.11
degree/s® UFEFtaL, W2 ZAH-10%) A= 14984761, 1323%6.03, 14.72+6.83 degree/s= U}
Ei} S5 wiQloA &= o3t Aol= A2 Fo3t A0S Uehf Al A, Ak wjle]
Hlazo A wWeleh AL e 28 FAtel] Bl FAHOR fod Aol UEhrk(p<05). LHC &3t
ME e2u ZAK10%)7} 25852+27.22, 242.35+15.83, 232.33+19.78 degree/sZ U}ERta, WEjwt
BAK10%)91M = 301.66+15.13, 301.09+13.61, 321.58+26.66 degree/sZ U} &= HlolA &%
o o Aol FAHLE FAF Aol UERNA BAAT, 2= e} mlatel A 2= A}
229 AAel vls) FAHCE foAF AolE YT (p<05). 12aL £E WQlel A9 £Eo 9
& oo} A& WG] A3 AE AHIME o3 AolS e RTO w3t 225 A
(10%)7F -219.38+19.84, -197.10+10.83, -182.12+15.14 degree/s= WEa, W]t ZAK-10%)ol A
-282.61+28.52, -320.22+24.35, -356.66+17.21 degree/sZ UEI} £E HQo|A £Eof o3t o]
Eﬁwoi ot Aol YehfA] GAAW, 2= wele HIMW el AAE L.28 BAL

Hls) FAACZ fofdt ApolE YERAT(p<05). Lelal £k wjlel 9] Lol o3t Apojt
A5 W9 F5g SHANE frofdh AolS ure}wu} LMS ezt 228 BAK10%)7
-738+13.81, -2.68+4.97, -1.32+188 degree/sZ UEFRI, WET BAK-10%)AAE  -21248.07,
5671385, 5914391 degree/sZ YEIY} &% WQIOA &xo ogt Aole FAHOZ {Fodh
ZpolE YAl kAR, 4= wQle] HladlA el A 228 At H] 'é‘H FAHE
o3 AolE HEHTHp<.05).

L
.
L
.

_4

O—ﬂ’

<E 6> FEHH Z&T (EH2] : degree/s)
55 HAE RHC LTO RMS LHC RTO LMS
incline | 7513040  -7256+676 039456 25852:27.22 -219.38+19.84 -7.38+13.81
3km/h
decline | 10353847 582041510 1498761 301.66+1513 -282.61+2852 2124807
incline | 85.39+10.07  -92.16+623  093+217 242.35+1583 -197.10+10.83 -2.68+4.97
4km/h
decline | 106681155 -42.25¢1090 13.23+6.03 301.09+1361 -320.22+2435 -5.67+3.85
incline | 9384+745 -10834+2081 567+511 23233+1978 -18212+15.14 -1.32+1.88
5km/h
decline | 10453892 -3646£1331 1472683 32158+26.66 -356.66+17.21 -591+391
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320 |
280 [
240 |
200 [
160 -
120 &

incline(3km/h)
—o——decline(3km/h)
incline(4km/h)
decline(4km/h)

- -incline(5km/h)
—@—decline(5km/h)

40

-80
-120
-160
-200
-240 |
-280
-320 |
-360

IE AEEZE RHC ¢ollA o238 HAK10%)7F 7% 3km/h, 4km/h, Skm/he] &% 9
2, 2856+3.68, 31.91+4.24, 46.08+11.27 degree/sZ U, W2t HAK-10%)ME 28.79+4.01,
33.2845.29, 40.89+3.25 degree/sZ UEh} &= wQlo|A £m9| odt oz FAHCZ fodt
Aol & UERH O H(p<05), AFFHSS AAISH A7 3km/h<Skm/h, 4km/h<Skm/h¢] £O2 gt
Zel7b Sle AL yeyith 24 Wl HadXe e 28 FALe el Ak BN A
Ao {3t zto]lE YEMA &th LTO &XtlAe 229 AAN10%)7F -112.3146.15, -112.72
1219, -14892410.28 degree/s® eI, Wl AAK-10%)NME 92484617, -92.69+6.69,
-8491+6.44 degree/sZ UEh} &% WAl &xof 93t Zjojo} Zm W] HlWANE 5
HOoZ fo3 AolE UehhA itk RMS &itellME 228 HAK10%)7} 23.41+8.85, 10.75+
261, 5362336 degree/sZ Wb, W2 ZAAH-10%)NAE 14404429, 2558+7.23, 35.37+4.64
degree/s= UEIY & WRlo|M Q] Lo ofdh Afole Kol A, Zk Wl HluldM e
el BAE Q28 At vls) SAHCE FoF AolE UBHTHp<.05). 28 &= Wl
Aol &rol gk Apojo} Zw wiQle FaAE AFME Fo3 xpo]E Utk LHC &3tol
HNe 229 HAK10%)7F 2341042337, 23149+12.24, 2382241229 degree/sZ VFERGIL, Wzjeh
ZAAH-10%) A E 23015+11.70, 2344441192, 24330948 degree/sZ UEh} &= oA 2
of og Aole FAHLE FAT Aols UEHHIL(p<05), AFHTS
3km/h<5km/h, 4km/h<Skm/h®| o2 o3k ztol7} Jle ACE Yepyth. 4= wele v
A= W BAE L28 At Blg) SAHCR o ZolE YERTHp<05). 1)1
Bl M) &xo gk Zpolot 4w Wil FEAE AFHME foJ3k 2po]E YERT: RT
e 28 HAH10%)7F 124504878, 128.91+15.67, 140.68+12.62 degree/sZ UEFL,
2 AK-10%) ol A 8625816, 84.84+536, 7499+641 degree/sE UEIL && WoldA 2%
oG Atole HolA] AYAW, A& WY HwAAE 28 AAE W AAte] Hs) FA
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2 3 Aol Uehlth(p<05). 28] &= WX Lol gk Apolgt A WY FE
Ag ARAME FoJ3 ApolE UETE LMS w1telAe 29 FAK10%)7F 5.06+5.62, 11.03+
963, 8481640 degree/sZ UERsta, Welw AAH10%)oAE 452:212, 453:250, 3.98+344
degree/s= eI &&= WQloA o] Lol gk Ajolg} A QY] HludME FAHCE #9
g 2ol 5 YehliA] it

<E 7> DM UET (2H2] : degreefs)
55 HAE RHC LTO RMS LHC RTO LMS
incline | 2856368 -112.31+6.15 23.41+885 234.10+23.37 124504878 5.065.62

S decline | 2879+4.01  -9248+6.17  14.40+4.29 230.15+11.70 86.25+8.16  4.52+2.12

incline | 31914424 -11272+12.19 10754261 231.49+12.24 12891+1567 11.03+9.63

b/l decline | 3328+529  -92.69+6.69  2558+7.23 234.44+11.92 84.84+536 4.53+250
incline | 46.08+11.27 -14892+10.28 5.36+3.36 238.22+12.29 140.68+12.62 8.48+6.40

L/l decline | 40.89+325  -8491+644  3537+4.64 24330£9.48 74.99+641  3.98+3.44

incline(3km/h)
—o——decline(3km/h)
incline(4km/h)
decline(4km/h)
= = = =incline(5km/h)
—m—decline(5km/h)

v. 2 £
B ATE ANES Bd SE 2 23 FA4L v 2AST oF vEow ma Fed
R

712249 AE AlFshed 1 4o Yk
i B2S d4sy] Jste] A i 204125419 e 68 tiAe.Z 3km/h,
4km/h, 5km/he] EH TR &£5o & By s 3 AFon, Hy 29 IS 9Ja 40
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o Bt e eE o 8s, #
ues ped Fo $EHA W

12
78 o445, 1o ;#Ei g@o}

L EdEY B A S5/ 27480 me RRA 4w ge FAbke A%S naoy §
AHoRE B o8 Aol2 tehiA itk 18T BAbwe)] tet tels Bt o2
o A Ha wEBA Awe ol © 2 A% Urhiglon EAoE e §

o5 AolE YERRA sk

2. EFEY By A £r7t S715ke el &% 459 3 Ibee A%S BAL B4
02 LTO, RMS, RTO 7oA #-2l3 2ol Veytk(p<.05). 22l AAEdl wtet LTO,
LHC, RTO &A% fog 2ko]E YEHATHp<.05).

3. Ef=d By A &7t SR wel udd 4=
Hog& tFE g Aols YehliAl &ekth

4 EYER By A o7t SR wel BERd AEee ge 5
AXOZ Fogt kol Uepith(p<05). 18] ZALES] whet Wt AApE L28 ZAl
Hla wEbd 744w ghol o & A¥S YEAL A4 22 RHC, RMS, RTO, LMS <3¢
M= Fog AfolE v tHp<.05).

5. EHER By A FEFHY AERY e At wet W AAE 28 AAte] Hlg)
O 2 4% el FAXHSEE o8 240l YERATHp<.05).

6. EF=E B A &7t FUIeb wel uwd A& {32 Sk AEE Bile
AASZ RHC, LHC &3 ol Mut frolgk fo]5 Uetlith(p<05). 12l FAlEs &
AL Wl Aol Wiel i 2w o] gho] o & %S JEhi oY RMS, LHC, RTO
AR F-oJ gk 2fo] & UERHTHp<.05).
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ABSTRACT

Analysis of kinematics in gait motions on different grades and speeds of

treadmill gait.

Cho, Kyu-Kwon, Kim, You-Sin
(Kangnung National University)

The purpose of this study was to provide basic data for a form of gait by comparing and
analyzing gait motions on different grades and speeds.

In order to accomplish the purpose, 6 university students, whose ages between 20 - 25, were
selected. They have gaited on 3Km/h, 4Km/h, 5Km/h of speed and 4 video cameras were used
to film them. The speed of filming was 60 frame / seconds.

The special variations of kinematics in gait were fixed with ankle joint angle, knee joint angle,
hip joint angle, ankle angular velocity, knee angular velocity and hip angular velocity.

In this study, the SPSS 10.0 for windows statistical package was used to operate on significant
level of .05 for statistical management.

From the result of this study, we have succeeded to obtain following conclusions;

1. As the speed increased, the value of ankle joint angle increased. Also the value of ankle
joint angle was larger on decline than on incline.

2. As the speed increased, the value of knee joint angle was increased.

3. As the speed increased, the value of hip joint angle was decreased.

4. As the speed increased, the value of ankle angular velocity increased. And the value of
ankle angular velocity became higher on decline than on incline.

5. The value of knee angular velocity showed higher on decline than on incline.

6. As the speed increased, the value of hip angular velocity was increased. Also the value of

hip angular velocity became higher on incline than on decline.



