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§TANN A
J
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-
x
= J
= M 0
Knas Raxion Angle @egmres)
+ Reian /- Bxaneion
m
a
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«
»
=
L ]
o \v
* 'li ]
Anide Flexion Angle {egrees)
+ Dossifedon /- Plantariexion
x
*
0
1N\ A
[
I
€
-
= 1l.L o
NCTE All Moments ase Bxdemnal.
HE = HoelShila
10 = Toe O

(232-4) M=z Y

2
=

Hip Moment (X BW x HT)
+ Bxtengon /- Rexion

Knee Moment (¥ BW x HT)
+ Fladan /- Bxensian

GYM °
SHOE
TEST

s

A
v

[ o

Aride Monent (X BW x HT)
+ Rantarfedan / - Dorsitesion

A

N\




Rexin Argle Gegres) Hp Moment (X BWx HT)
+ Rexion /- Exendon + Bxensicn /- Fesion

0 ‘
o
: TS AN /] : /“—/\"k
A -4
- L 3
+
x <
- \J a
L 4 ™ ® ¢ ™y =y
ey g
a HIGH -
- HEEL - (\\
«a
TEST [} A 3 F
D - |1
: T
0
-1
0
- » © 4 » *
Akl Flekcn Argle Gagmac) Aeide Mament (% BW x HT)
+ Dossifledan /- Ptantarfexion + Panwredon /- Dossifedon
a 2
n

NIVA ;

4\ :

L] h ] [ 4 h

NOE: Al Momenk are BEdernal.
H5 = HealShile
1O = Toa OfF

(A82-5) 3stojgds ASVE Wl =27, AN « 2HE v



LR

W] Fol@ MWL LF stold Hgol Hedo] WA @ ojx el 3
W o ste] AAstgom, Had Qxel @Wpztel Hold dojzyl A

B o R REHAL, oS BHE <HI-1>F 2o

(#3-1) ZgA &4

] & 7} A3 (em) A F(kg) & (vr.) told Ay

H.H.J. 167 58 26 oF 203]

Y.Y.S. 165 50 22 oF 153] i

K.Y 161 53 20 ok 103 |
2 A9 Qe o B

W g AL R AYY7Ie A2A 27X E FRE £ Yo = 2P ERe
&l Panasonic Video(2th, 2% 60Z )3} o2 oha] B S 3517] ¢3% v e

¥4 7)(Sanyo, SonvAh) 2 BEAM T2 7 Kwon3DEAMH I FAsE .

AR Habe A¥e eyl dell zF D@ abeint 1978 Al AR ol Landmarker®
Fateke] tA B A Al 2atE FolkEE ST A4FE givele) x = HAPaA
deshis akel dish AR AR™AA Az Aztor HAF F Fivetel Fol
wAetd e ARV SR8 2AE AR 2HskA ol ivgle] AdE=E 60
Zojl /o R S, AFH AT =S 1/100027F S1A stdch Fhdle} dego] kg
3 F A5 wad g@gate zZhz Wy 3cm, 5em, 7emel o] EolE Wi

Agotol RaystA shdlnt. ol sivlelel F& APt HYPT o T2 HA
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eel Typelbare, 3, 5, 7 cm)
oot K Ay
Gait Photography - ,

/ '
S 4 / X 7. 55U
, Tape Encoding — . l
* 1 A . Cam #2
Digitization o
LV]
) » : R 5
A nzuz : . K0
: ! : o Vool LM w0
nterpolation | _ ] o
« ' Smsm_.._ma A A ! % =
> 1
. . . 7.5M ™
Linear Variables _ B ! S il
« . o Rwon 3D Motion Analysis System L
Angular Variables = Qlll i i«l\
« . 4, Camera=panasonic Viedo
o shutter speed= 1/1000sec.
COG Variables _M_ Cam #1 Cam speed= 60frame/sec.
v Al
1M Dd
ANOVA v
4 o : Reference ruler  {50cm

< tyl3-1 M 4>
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3. AA = gl AAFAH2E(BSP)

re
EY
sl
i
rlo
rx
é
_Lg
S
it
uin
=
©
~N
==
e
it
o
=2
10
=
ra
Y,
g
ol
e
>
¥
o
=
0,
a
=
=
(g0}
Q.

Yeadon-Kwon(1994)& o] &35t 5, ol Al #HHL] 7]2HE &8t F 1]x

ttold ZAEE @ zedol 24702 sk vf Zaqleith tiAgtol o] A

S

TS <E3-2> R JASAAEE <HE3-3>H #Zrh

(E3-2) XD} C|X|EIO|AZ=A

A 443 A ek

J1 Reference Point J12 Right Ankle

J2 Right Hand J13 Right Knee

J3 Right Wrist J14 Right Hip

J4 Right Elbow J15 Left Toe

i) Right Shoulder J16 Left Heel

J6 Left Hand J17 Left Ankle

J7 Left Wrist J18 Left Hip

J8 Left Elbow J19 Top of Head

Jo Left Shoulder J20 Chin & Neck

J10 Right Toe J21 Nose

J11 Right Heel
(E3-3)2AEHXZ (body segment parameter)

segment CM(2%) |Mass(96) Il(kg - cm”) [I2(kg - em?) [13(kg - cm”)

Upper body 0.00 63.71 0.00 0.00 0.00

Lower body 0.00 36.29 0.00 0.00 0.00

Whole body! 0.00 100.00 0.00 0.00 0.00
' Trunk 58.46 45.56 10564.00 11372.36 2966.58
| R.upperarm | 47.76 2.79 140.78 140.78 19.64
Rforearm | 43.14 177 70.68 70.68 8.65
' Rhand 39.09 0.79 13.41 15.11 3.12

L.upperarm | 47.76 2.79 140.78 140.78 19.64

L.forearm 43.14 1.77 70.68 70.68 8.65

L.hand 39.29 0.79 13.41 15.11 3.12
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FodolabE: Aol AR AAEH AEE Yedon-Kwond RIS AFL3514

oo Agadel fAe FEe W) 2eidoer RE FAL ouEa, I

o =2

rir

2o HRALE ofv| g}

1) HXEtold Az
#d¥ dde FEFS Y #47]d4M WA Encodings kg o1&

Kwon3D¥4 Al2elo] £=4o] uhz} Body modeling(BSP: Yedon-Kwon), Master
file(data collction information, Event & Phase definition, Data processing, user
angle), Subject file(BSP estimation), Trial fileS ztz} A& tixelo] A Al A
S AlzFbstd s RWEE ol %718 linitilization)Al 7] ¢ of vy oAy
o &4 wetd tAge]l S sk txelel A" #HEE of Ao XY
of #uwA ¢ Edo]de tlRlgto] o] dn W AF FIZ HFHACH

tzlete] Aol ghad F AH F 7AA 2xF Fol7] Hs o) L dnirte
Y ZHinterpolation) & AlZEhE & Aol Ao Fag MUY, &£x, 7%
w3k ARl Y, 44 & AFEs

2) X zHa
paLas OAeely #4 2 BT e
U3-2>3 2o & 44 RAe) g 217 @ -
13 AERE o ZeAdoig gAgeld o
Qa, Ul st £E nde 4 BA =
Aobth @9)4E AEHDEA THE L84
Ge Fedw, w3 2% Ul Aol glo
W t}A] RedigitizingE o] 7hestd 23 s

A2

(AY3-2) A EAM2H
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Halgtold @ #AxE 7HA 3 A" 2 71AY 232 HHYE Folv] 9 A&
¥l A F I cut-off freqquency) 6.0Hzol A E & (filtering)-S 42+ o},
H 7F (interpolation) : Tl Elo] A gl ztzte]l #AFE B A7) 943 A7

AL of ZAYF 001, B Aol M AHEE g e Cubic Spline®

Ak =A% = AEel AR HE, L4 7 ANR-FEAD] 0L

o

(tybell A (ti-1, yirDoleh 3 o &4 fildhE Al 2 fx g o
vit) = fildi)
=C3-di3 + C2i-di2 + Cli-di + ¥
A7 A t<tstit]
di = t-ti
C3, C2 & Cl= 2ZaQ A+

s it

(8I3-3) (ti, yi)2t ti+1, yi+1)2 ¢dsl= AZ2Q &t

rin
R
-~
|
1)
=3
st
=2
2
2
i
it

ta, =

o
ol

Frvios 2Edd g4o Ade 74
ojth. A7t tjoll M B HE HE yjv v ywIsrZ HEH 7 5+ o
Yi = vitj) = C3i- (tj-t)* + C2i - (gj-t)* + Cli- (tj-t)) + y 7} B}

%, vtET, AMFAY A, £, HEENE

®

A BAE HAHE Pl dE £E(ViE
Vi = (Pi +1 - Pi-1)/24t

74 Al

Ai =(Pi-1 - 2Pi + Pi-1)/(4t)
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v4d 19 FAH HAE cgiv
cgi = (Pi(1-(pi/100))) + (Di - pi/100)

= Pi + (Di - pypi/100
714 pi
Di = 99% 249 #Hi

299 2o sz

d FATH SE50 tEee 2EE & vbEE A3y Fdsith

CG = 2 (cgi*mi)/M

cgit 1 HA 249 FAF
mi & AA| e WBege FAE (H B ek

M2 282 MY 24 24 g8 AAEd®
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>
4o
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ofN
o>
lo,
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e
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rir
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}
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2Tl Wl 43
BEeH Yol wolol webd #, su, el W W WEe] 9

slod o) 83 #FE: WA 3 E(global coordinate)& o] &8t 1, 2 P Ho o

3l W E] Z}(vector ngle) & AH&3Fgct

¢

AES 4 AHZE 120 RS An ZAE5E 2 2303 An otEn s
7+ 7} Ab &89 o),
5 A4EEE W = WA+ wa & 2t

Wpa T2 A diFd BE B Adl A& A7)

S
w

St
el
3>
[‘H

d A&z A7)
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~

2ol the Ame P, 55 Awel Yol yolo] webd g golA
wAAAE TR S BaEe] o4 % 25TEe AN BFEL gt o
G 18 & Avks sl 4l Qe FLEEL ddoz Yol FolE
Sl 2R F ol Aesn wAY W AAe] Was oA REe Bl
WEE Qost A% FRsE | At

R, AW Gel ol mebd ma Folol WE W T, AW o Folo

et $EEA WAL PAST AM, Qo Eol W mE xHold Az uw

§ 5 Hol@ Aol7h oW o)F v|Fow AW M R 4 "aHel waiA
2 A% AUFE AN B

! FEA|ZH
Ak el Eolo WhE B 3k F7)Eeh 2 THo s FAHAQAI o &)
¥ 23 0

THE golsteF 3l7] fe) 2 8% HAGE(RTD), 9 o|{F(LTO), 9% €A
G&(LTD), 2 8% °|F(RTO), &% HAGS(RTD)IZ FEso £ 3 A3
= <H4-1> R ol AR T AdE <FH4-2>9 2

% RTDelAM LTOS w7ta] Aol FHo webd 25 0.1666%, RTDeIA
LTD7HA] QA2 25 #HA 0500014 ol 051662, RTDAAM RTOZA #H A
0486814 Hd 06778%, RTDAM RTD7HA] A3 428 A1H& FH 4 09778% A
FHof 1.0055%7} AQ AT

e

Ao g 280 SHS HAER 24 9ot {7 LA Aol
wolal egkAlk RTDAlM RTO7ZHAl A& Q AIRbell A 4l 8 o] Eo]7t 5emdd a

QAzo] The Alubxold] W o HE Ao vehgh



(E4-1) 89 £0lol W2 BY 5F7|S0 2 2oY £ 22A12Hsec, frame.)
L Phase|R.Touch L.Takeoff L. Touchdown R.Takeoff |R.Touchdown
Subj. down
H.H.J. 0 0.1833(11) 0.5333(32) 0.7167(43) 1.0667(64)
wel IYY.S. 0 0.1333(8) 0.4833(29) 0.6036(36) 0.9333(36)
K.Y.J. 0 0.1833(11) 0.5333(32) 0.6667(41) 1.0000(60)
Mean £ SD 0 0.1666 = 0.0288 |0.5166 = 0.0288 0.6623 =0.0566| 1.000=0.067
: H.H.J. 0 0.1500(9) 0.5000(30) 0.6500(39) 1.0000(60)
3cm |Y.Y.S. 0 0.1333(8) 0.4667(28) 0.6000(36) 0.9167(55)
K.Y.J. 0 0.1833(11) 0.5333(32) 0.6000(41) 1.0167(61)
Mean £ SD 0 0.1666 = 0.0254 10.5000 == 0.0333 [0.6166 = 0.0288 |0.9778 = 0.0535
H.H.J. 0 0.1833(11) 0.2333(32) 0.7167(43) 1.0667(64)
5cm |Y.Y.S. 0 0.1500(9) 0.4833(29) 0.6167(37) 0.9333(58)
K.Y.J. 0 0.1667(10) 0.5333(32) 0.6670(41) 1.0167(61)
Mean = SD 0 0.1666 =0.166 [0.5166 +0.0288 10.4868 +0.2697 |1.0055=0.0673
H.H.J. 0 0.1666(10) 0.5333(32) 0.7167(43) 1.0667(63)
7cm |Y.Y.S. 0 0.1500(9) 0.4833(29) 0.6167(37) 0.9333(58)
KY.J. 0 0.1833(11) 0.5333(32) 0.7001(42) 1.1167(67)
Mean =SD 0 0.1666 = 0.0166 |0.5166 £ 0.0288 [0.6778 =0.0535|1.000 + 0.0948
aeiyg elel® dtole <H4-2>9 @FATM @ & A%ol el A$
F(3.8)=0.18, P>0.9057, 3cm? 7% F(3,8)=0.23, P>0.8730, 5cm? 7% F(3,8)=0.93,
P>0.4713, 7cm?! 7% F(3,8)=0.20, P>0.8941 24 2z =@ alute] o] =old ut
b ol A Holz @2 Aoz eyt welx BEFr|Ee Auwde] =
olof W& FA 2QaAZte] A4 RTDAIM RTOZIR AQA A Al &9 o]

7} 5em¥

Ry #og

] o) AQA7to] T} E

A

Aol molx| 9rareh

2) AEg2lo|=2| 2o

dgolo] HE o He Roz JEWAY FA

HHFI] Fd Do) golo] wepM AW § sEdoSolN zHolg AT
e <E 43> 8 e wolol ek FAA APFTE ¥ AR <E4-4>9
2ok wwe] 2% RE A¥A W7 2E|SE 15473£237%m, 9] X7}
3em?! Z§ B 2EOIEE 16580=465cm, B9 Eol7t 5emQl A $- 16410
=1067cm= 242t GEbd uh o golrt gol@d4E xEdo|mo Hol: i
dolals e Bt

_24_



(#4-2) 29| zolo| E B8 StFI|So 2t 2o £ L9 A2+ ANOVA
: RTD-LTO
Source DF S5S MS F Value Pr>
Model 3 0.00027778 0.00009259 0.18 0.9057
Error 8 0.00407149 0.00050894
Corrected total | 11 0.00434927
R-square =0.063868 CN. =13.76705
LTO-LTD
Model K 0.00062230 0.00020750 0.23 0.8730
Error 8 0.00721778 0.00090222
Corrected total | 11 0.00784028
R-square = 0.079398 C.V. =5.861168
: LTD-RTO
Mode] 3 0.00653719 0.00217906 093 0.4713
Error 8 0.01883039 0.00235380
Corrected total | 11 0.02536758
R-square = 0.257698 C.V. =7.396854
RTO-RTD
Model 3 0.00303093 0.00101031 0.20 0.8941
Error 8 0.04058445 0.00507306
Corrected total | 11 0.04361538
R-square = 0.069492 C.V. =0.071225
(#4-3) 28 FI|s5¢t &2l =olo & Aezloj=2| Ao|(unit:cm)
| Subi. cel height i wk 3cm 3cm 7cm
| H.H.J. 131.8 166.3 166.3 180.0
' Y.Y.S. 179.3 170.0 1735 176.7
K.Y.I 153.1 172 1532.5 160.8
Mean=SD 154.73=23.79 | 165.80+4.65 164.10=10.67 | 176.23=4.02

Telg <E-4-4>9 AEFARE wy Awel del Rolo) mWaA F(38)-130,

P>03400.24 FAHOZE Fofdt zto]lE Bolx FAAv} A Hog AEo)

1

>0
2o] Aol We| Fol7t BolR4E YojA 2HE uAY

1

(B4-4) 2YFI|1S &of zolo & AE2lo|= Zo|e] ANOVA

Source DF SS MS F Value Pr>
Model 3 698.235833  232.745277 1.30 0.340
Error 8 143507333  179.384166
Corrected total 11 2133.309166

R-square = 0.327302 C.V. =8.107817
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1) 2 % SXue
$ zEolE Bob Weol Folo] meA NAFHY £7 % FAAAT 74 2w
WorHNN S B @ A%t <H45>9 por oS 7 Bwd Aol did 2

e

L <EA-6>, Aol ol

o
2
=
I
2
2
2
0,
)
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2
1o
3t
Jots
A
Id
o
NEN
o
4
"‘4
i)
e
lad
Au)

Z oA AR E S el 2EnAE Ad2 Y.Y.S.9 ¥ 3ecm, Scm, 7em@l

27501330, 7em?] % #H 27.96t327cm=z 247 vdehd vl 3eme) A 97 A E
5em, 7eme] £o.2 A JEtdth o)eld FEs ¥ oo
o] IoA AAMFAY FHAAE ALY F Fol7t ¥E55F & A2 Ve
LTO-LTD 9 IdollA= dkel Fe7t Hd 97.70-880cm, 3cmel 7
7866 12794cm, 5cmel Z§ #HT 97.30=357cm, 7cme A$ Hdo] 103.76x
13.89cmz  2+zh vrERd vh o} W AA] 3ecme] A 9-7H A HAdn, W S5em,
7ecmel #o2 =ZA JEelgto
LTD-RTO=®oll A wiwte] A9 #F FHWY7E 12633+809cm, 3cme] 729
Hyt 123.16=4.22cm, 5em® A% HE 126.13=6.35cm, 7cme] A H# 14016
1878cm=Z bz vebd vl o] i Ha] b AL FHYUYE B F$E 3em,

Wyt S5em, 7eme o2 ZEMstE S Ry

He poz vehda, Wi,

ShA %o RTO-RTDZ AN AAZ4el 7 FEue s ud wwe 297}

e 197.36+16.49cm, 3cm® 729 H 191.50=877cm, 5cmel 7% HT 167.13
S HF 22523emzA 22 veig v Pel kol seme} 4

$7 4% e Ao e T 9% 3em, Temel €02 2 Uebso

2 ey AAZFHel +HUYE FYeY vxw 2 RTO-RTDZ Wl A

Scmel 7492 Alglstd RTD-RTOZHA A AR A%e Awe] o xol7t %8
=
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3cm =2

(Q&4-1) g go| xolo E &t AEZ0|=EQ A 2H | vzt



S5cm =

7ecm =

(Z184-1) Ay 8o zolof e & AE20|EFC AMZYol sy



bl FALe] Aev Ao FRHd wetd 2 I webr bz A Q)
FdE HRlvh RTD-LTOx WA e wiwre] B97F HAH2A 333+320cm, 31
=89 Eolzh Tem! A7t HTE 820E204cmEA FF WY B¢n,

F 7cm %7} 3.06=1.30cm, 5cme] Z2A-$7F 3.13=
254em, 3em® 97 463£0.92cm, W] A7t 460=3.77cmE 7hzb Uehd
uh, 8o} gol7t WEFE AT FA¥MgE o & AoR Yerwd

LTD-RTO®S =@olA Hd +2dAE B o mole giwte] Hit 660=
168cm, 3cmel H7 463cm*0.92em, Semel #Hi 3537210cm, 7cmel 360=
1.70cm=M Al o] o ME el o] Eolyt FE 45 AAMFAH FAW
i o 2 Aoz Yey

ub 212 RTO-RTD=HS A$-& 29 W 39 HF 513+£097cm, 3cmel 4
$ 6.662058cm, 5cm® A Hit 820=191lcm, 7cmel A$ HF 893=0.85cmE

247b ek uh o] FRGIME Awel Qo] wolst £34% £A4HY %o d

FAWAE  FEHW A Aol AFEE RTD-LTOS whAw =9l

RTO-RTD= 9| = el 8o ol &35 o 2 FA¥AS UL,
waol A@F< LTO-LTDS LTD-RTOS ZHIME Awel g9 gol7t ¥ g
o aAEeE f we des dewg

oleld dAFA FHAe AN 54L& Az 7 Fele] weby A
del wolol wabd Feoldt o)zt gle AE HFT Aibe <H4-5>9 2ok

FoH B FHAUE PFE A3 A% Yol Holo] WA RTD-LTOF o)
A F(38)=0.39, P>0.762, LTO-LTD=H 9] 7§ F(38)=0.90, P>0.48, LTD-RTO=

wle]l A9 F(38)=146, P>0.296, RTO-RTD=Z R 9 7% F(38)=152, P>0.281=Z A
v wle] weba Aol Wel kolo} Wt FANOZ Fol9 xolg molx B
=

_‘29_



(E4-5) 2 F7|&e gof =olof e FAIFAL =8 9 =X (unit - cm)
Phase = . - .
o RTD-----—-LTO -~ ----- LTD------- RTO------ R.TD
Subj.
HH ' Horiz. BRI BRAR6%)  1178(12.97%) 184.3(36.08%)
o Nerte, | 34 a1 6 6.2
Horiz 23301079%)  105.9(3826%)  133.9(12.97%) 215813798 %)
o IYYS e 1 ol 11 53 19
[ Honz L21626%)  988(35.229)  127.3(14.85%) 191.9(33.66%)
KYJ Vertic 6.5 86 R 4.3
Mean = SD(Horiz) 2666 T 407(1363) 97.70 £ 880(37.23) 12633 809(13.60) 197.36 % 1649 (3591
3335320 460+377 660168 513097
THp| Horiz WAI221%) 864033.07%) 11871693 %) 190.8(37.79%)
! Vertie 34 41 6 6.2
3 o | 26801336 943(3365%)  127.1016.35%) 200.6(36.50%)
em Y erie 27 41 8 6.4
T 1 Horiz DSAIZR200  953(3823%)  123.7(15.510%) 183.1032 44%)
PKY) e o o -
i Vertic 3.2 57 6 5.3
Mean * SD{Horiz) | 2513 - 1.75013.19) 7866 =27.93(3498) 123.16=4.22(16.26) 19150 = 8.77(3557)
b o376-10% 163092 1631092 666=058
| Horiz | 3140599%)  96R(333%)  1296(16.7%) 196.4(34.01%)
: Nerme | 26 34 73 5.9
U5 T THomz | 26501295%)  101.1(36.36%)  130(14.13%) 204.6(36.46%)
‘em Y Nanie 0.9 15 69 89
| Horiz 246(14.76%)  9432.74%)  118.8(18.03%) 100.4(34.6%)
KY) e 59 57 104 9.8
Mean * SD(Horiz)  127.50 =3.30014.57) 97.30% 357(34.13) 126.13=6.35(16.29) 167.13 =57 .93(34.98)
59038 3137254 353210 820+ 1.91
; tLH | Horz 31012.43%) 1188(35.22%) 161 5(17.13%) 249.3(35.21%)
5 o 17 19 8.1 5
E h 245(12.95%)  101.1036.36%) 132.9(14.13%) 234(36.96%)
cmYYS b 3.2 36 89 5
:{i:;c 284(14.76%)  91.4(32.74%)  126.1(18.04%) 192 4(34.46%)
KYJ o 43 53 98 7.4
ertic
Mean = SDi(Horiz)  |27.96 =3.27(13.381103.76 = 13.89(34.77)140.16 = 18.78(16.43) 275237 29.44(3538)

8.20+204

3.0611.30

360=1.70

893=0.8
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(#4-6) 28 F7|5t gof =olof ME FHSH L2 ANOVA

! RTD-LTO
! Source DF SS MS F Value Pr>
Model 3 25.27000 8.423333 0.39 0.762
. Error 8 172.10666 21.51333
Corrected total | 11 172.106666
R-square =0.128029 C.V. =17.85085
LTO-LTD
Model 3 208.3625000 69.4541667 0.90 0.480
Error 8 614.1066667 76.7633333
Corrected total | 11 822469166667
R-square = 0.253338 C.V. =8.9638491
LTD-RTO
Model 3 5221233333 174.041111 1.46 0.296
Error 8  953.2466667 119.1558333
Corrected total | 11 1475.3700000
R-square = 0.353893 C.V. =8.465182
RTO-RTD
NModel 3 5155.816667  1718.605556 1.52 0.281
Error 8 9018.380000 1127.297500
Corrected total | 11 14174.196667
R-square = 0.363747 C.V. =17.14919
2) AHSAHe |2
WA A gl ol whE AAMFAY 4 ¢ FASEY WNE PN 2

<I1gl4-2>9) 2o,
AAAQ We Al NuY FdEwe) 29t RTDAA LTOMA 348 271
@4 WA F waol Qasol vhx thAl RTDENAA 2+ Zwol wpeps o

el datE nolWA AW £FLES FARAL. A T S 2 Tde

LTD=" o2 79 HAd oelgls, LTONM LTDe el Fzbel A 44
ZMe #HELE oyt AEE AL oo

st A AdAFAY FALEE A= Ao A4 seo] glo] wao] A Ho
upeba] 7k Er) Mo g WEslHA LTD Rl RTOO| ol2= 43k 2 ul

o 4% £EF YU
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i)
lo
Hir

oleld T 2 ee] webd AYP <WA-T>IA 7 TP el
of Ffol WH EAslW +HWA) 4§ RTDAN LTOZHAA 2
o Aet el ko7t 7emel 4§ WF 13897+66lm/sE RUT, HW7h 3em
o] 7§ 14865+t747m/s, 5eme H-$ 14748 1668m/s, W] 144.72+21.33m/s&
Asjstd Aol zolg wolA ek

m}o

L2

i

A AR PP wold AW Temo| Z5

o . O
O, o} A o)
2 ¢ F U

LTOZHAAM LTDFHAA] FAl Ha9 2% 3cmel 2% 16456+17.78m/s, 3
the] 4% Wyt 7emeol A9 169.11=21.41m/s o402 M 2wk el golo u}
2t #folE Holx| e Aoz yeutth

LTD=Wl A RTOZH72] of 2% Hage B 2% &9 %017l 5emd
A=A Wt 155.36=21.41m/s, Wre] A9 16255+ 32.94m/s, 3emel 9§ 176.39
£2345m/s, 7cmel 35 18156+ 13.08m/sE& UEIHO] M= 4w 3o xo)
of Za glol A ARS vdehA Eatdoh aed 2 sHES
AU el Eol7t M L Tomd ASE dERon, MR ¥ FHE
¥l A& 5emel Z92 JEbdoh

RTO= A M RTDHEZX 9] Z§ 713 AL FHELEE ¥ WS Yo ¢
°]7b 7em®l A EA i 15328=3031m/sE JElW I, 71 2 A9 3cme
¢ 24 17080~ 251m/s2 heERgtc),

ol 7zt A FHEEE Fo| Folo webr WEte] apolox YW RS

Hol#l gekoy, kel o} golsh AJuiglel Balo] AMge) wets HE +H

THEL] Ff RTDAAM LTO=HY Z$ 8o Folo wety 713 & 39
= 5emel 17.18m/sE YERR R, 7P @ A= W Teme A9 2z 1589
= 14.43m/s, 15.05=6.61m/s, 5cm® % $-% 17.18=1249m/s2 e, o] Fwo
A gl zold wtd FHe 5L B

LTOAA LTD=RE7HA = #HA2qgE Ko 5emel 0.28=0.69m/sE #2std 79
H 23 @8 Baod, e Aee Wde] 296+1228m/s2A o] F@ A A

of go| wolo] webd TR FJolF wolx e He Yrhrh
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LTDAA RTORE7AAE BYl BE AN & £AEEE B v, Havt
giubel AL 2 A 1200+1878m/s, 3em®l A% 24.03=4.14m/s, 5emo 2671+
7.38m/s, Tem®] 29.17=479m/s& 7tzt Yebd uh 8o Folrt g2 E FAL
ol ol A Axe Ao VERTh

RTONAM RTD® A< RE FTHAA 7P A& FALE] ¥stE ol A

o uEpdul, Ha Teme| -13.60=4.03m/sol A4 5eme] 3.03-10.37m/s2 VHERRE

ol AAFAY 3 % FALEAM el P koo BE 53 FW,
S FHEEE Q9 oo webd wWahel ol

N Qe e molA ergtor), 4wl Yol Holel Awgle] wao] WHHe

A £Ee A9E FHsW Aol Uo Fols guglel RE FAAA 43
2 #Hs K ALE LTD-RTOF WA, 1 & RTD-LTOZHLoZ eyt T,
b e e Bl xS By vixjyt BE< RTO-RTD¢ LTO-LTDxH R



(E4-7) 28F7|S9 go| Zolo| 42 SHFAS HR4E Y +XATH (unit © m/s)
Phase .
o RTD----- LTO----- L.TD------ R.TO------ R.TD
Subj.
H.H.J.| Horiz. 12067 151.34 131.60 126.44
o Vertic. 14727 1.89 9.40 -263
YYS | Horiz. 161.35 197.38 197.18 192.24
u} Vertic 208 1.41 3195 -1.70
KYJ _Horiz | 152.15 160.58 158.86 161.69
| Vertic 30.88 558 534 -35.63
Mean * SD 1447272133 160.76-2435 162553291 160.12732.92
1580- 1443  296-228 1200~ 1878 -13.32+19.32
H.H.J. | Horiz 140.66 169.78 163.62 172.76
Vertic 268 2.81 27.95 -2.46
3 [YYS | Horiz 155.47 179.16 203.46 17167
cm Vertic 18.01 333 2551 -8.79
KYJ | Horiz 149.82 144.75 162.08 167.96
Vertic 20.26 0,03 1935 750
Mean * SD(Horiz) | 14865+ 747  16436+17.78 176392345 170.80% 251
11861265 2032186 2403+414  -125+821
H.H.J.| Horiz 153.22 155.79 149.34 147.10
Vertic 12.83 -0.50 24.10 -8.26
5 YYS | Horiz 160.54 186.67 179.13 184913
cm Vertic 7.44 051 35.05 5.20
KYJ | Horiz 12869 158.03 137.60 164.53
Vertic 31.28 0.84 21.00 12,14
Mean = SD(Horiz) | 14748 1668 16683~ 1721 15536%21.41 165511892
17.18 12.49 0.280.69 2671738 3.03% 1037
[H.1.J. | Horiz 132.72 164.27 177.60 153.43
Vertic 1.89 5.98 29.79 -11.86
7 IYYS | Horiz 1459 192.33 196.16 183,52
cm Vertic 21.35 0.26 33.63 -18.22
KYJ | Horiz 138.30 150. 52 170.91 122.89
Vertic 21.90 1.14 2440 -10.73
Mean = SD(Horiz) | 138977661  169.11+21.41 181561308 153.28+30.31
15051140  2.28+268 2917479  -13.60+4.03
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7% welel BAe Q9 olo] webd 2 VAP WEZEES o] g3t
A, %, B, e 2 WS 2 Fuel weld BAHST, B4, 45, 7
SEME S BA, A, A8 Qo] Folo] geia 7 RAZwe) webd B HEA
(global axis)& °184@ 4% A7 LAe] naxAs AL BAsa

@ uaFolEeh 7 Ty we) 2de] P BAE Ao <H48> 2 oo
AAHQ Wak R AolE eyl subj. HHJS) 2AAHE gEH o= tehd ol
<1Y4-3>3 2ok EelA ZbaglE IWd B@ste] ehlm, oo ma W,
-, ¢EE RS dehle Aoz el HEEHe] HEE durhgu, oel 3

B, we WEZERS Ueulsl, Tsum, & 7 wol WAsUA W AH e

£ H

<I1Y4-3>°] b5 E Hy do] Eolst W 3cm, 5cm, TemY AS Ry 7 =
ol ¥sto] ulelbs LTDo A RTOZFH AbololAl 7emo] AS 713 2 =29
&

A48 BT, 29 AW o] olols LTDA RTOZRAME 713 e
&

st BE 89 FololA LTDxHAA RTOE Aejg the
9 B4 LTDAA RTOZREE ALstd BYF7)5¢ A& FFo] 8 Az

uho] wiw SH(stiffness) 2ol HolA A %50 A
& B FUEQt slE9 ZhH e <H4-9> @ <2¥U4-4>9 Prh = mol A
T e A 9ok ol A Wy FYUsin, Fwd A walokAe pw

LTOZ® o7z okt 234uE §X3i07l LTD=Ho s Waksiua A8 29
£ 8ol ¥ RTDZW thbhiA 238 468 2tk o)d Ase ¥ o ¥of o



(#4-8) &9 Zolof @2 2t Joiy wo| MM g Z22LE (unit ‘deg.)
Sub Phasel 1 19 LTD RTO RTD
s [Mean+SD | -2.46+0.051 | -2.8110.153 | -2.44-0.117 | -2.40=0.081
T Sum -24.6 -62 -24.4 -24
gern | Mean=SD| 201 +0.110 | 1.9590079 | 2.14-0.051 | 205=0.052
HH] Sum 20.1 43.1 21.4 20.5
cop | Mean=SD| 2190099 | -2.872+0.169 | -2.39~0.159 | -2.24~0.051
) Sum -219 -63.2 -23.9 -22.4
7em | Mean==SD| -0.361.387 | -1.031=3007| 2.48+2.988 | 0.192* 1633
Sum -36 -22.7 24.8 25
oy [Mean=SD| 5+2738 1955916 | 335+2.449 | 445~ 4.183
v Sum 45 390 268 623
3o [ Mean£SD| 5+2.738 1955916 | 335+2449 | 44+3.894
YYs Sum 45 390 268 572
. [Mean*SD| 5+2738 195+5916 | 33542449 | 45+4.472
Sum 45 390 268 675
7o [Mean+SD|  5+2.738 195+5916 | 33542449 | 44+3.894
Sum 45 390 268 572
i [Mean+SD|  6+3316 2246204 | 37523027 | 47-2738
e Sum 66 462 375 423
g | MeanSD | 63316 2246204 | 37.5+3027 | 475+3.027
KY] Sum 66 462 375 475
forn | Mean®SD| 63316 2246204 | 375+3.027 | 48=3.316
Sum 66 462 375 528
ter |Mean£SD | 63316 2246204 | 375=3.027 | 495+4.183
Sum 66 462 375 693
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(F4-9) 8o zojof e 2t ZHY 51E|o| AHM U 2 R2E (unit ‘deg.)
o Phase| = 16 LTD RTO RTD
Subj
bore /Mean =SD| 1470283 | 16680108 | 275-0337 [ 2560316
Sum 14.7 36.7 275 256
sery [ Mean = SD| -2.04~0.051 | -2.027-0.160] 22220122 | -2.04= 0.067
HH) Sum -29.4 —6{1.4 -22.2 -29.4
— [Mean*SD| 21120087 | 1.922+0.119 | 2820319 | 2.45+0.302
O S im 21.1 423 282 245
7epn | Mean=SD| 23211913 [ 00273589 | 285-5383 | -306+3269
Sum 23.2 06 285 -399
bare Mean=SD| 5-2.738 | 1955916 | 335=2449 | 445=4183
Sum 45 390 268 623
3o [Mean=SD| 5-2.738 [ 195+5916 | 33522449 | 44-3894
vys | Sum 45 390 268 572
<o [Mean*SD| 532738 | 195%5916 | 3352449 | 45-4472
Sum 45 390 268 675
ren | Mean£SD| 572738 | 1955916 | 335-2449 | 443804
Sum 45 390 268 572
v Mean *SD| 6£3316 2246204 | 375+3027 | 47+273%
Sum 66 462 375 423
seqn Mean=SD| 673316 226204 | 375-3027 | 4753527
KY]J Sum 66 462 375 475
oo [Mean=SD| (63316 22-6204 | 37.5=3027 | 48+3316
Sum 66 462 375 528
err [Mean=SD |~ 63316 22-6204 | 375-3027 | 4957 4.183
| Sum 66 462 375 693
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T EA4% 2
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ol 2487 2 Fbsbe F4e Rgn cld e

wel 7%k 2zke] =ol
wolx| e gaHez Ws
A e2A

b zkoh

z-

=

= <EA-10> ¥ <184-
ok tE 9]
RTDIAM Al &sle] RTO= W 74|
, TtAl RTO oM RTD7= #

3

o =
ﬂ—["é'

ol &

E@\_.

>

1+

=,

2 o gt 3cm, S5em@l

VA wepd - 2 FHEFAA 79

ol the 4L B AeE

A RTDAAM LTO=HAA] &

(E4-10) g2 =olo mE Zt =Y ChEg|e| AN ¥ 2F2F (unit deg.)
Phase]
L 1 LTO LTD RTO RTD
Sub;j !
bare Mean = SD} 0.09+0.139 |-0.295*£0.158 | -0.86=0.069 | -0.51 —0.268
Sum . 0.9 -6.5 -8.6 -5.1
3em Mean*SD: 297+0.067 | 3.213+£0.088 | 3.06=0.084 3.02=0.042
HH] Sum ‘ 29.7 70.7 30.6 30.2
Sem I\-‘IeantSDi 0.01 0137 |-0.313*0.135| -09*0.105 | -0.26=0.320
) Sum | 0.1 -6.9 -9 -2.6
Zem Mean*SD: -1.14=1.190 | -1.213x£1425| -0.07=3.396 | 3.023+3.247
Sum -11.4 -26.7 -0.7 39.3
bare Mean*SD: 5=2738 19.5=5.916 33.5=2.449 44514183
Sum | 45 390 268 623
3em Mean£SD! 5=2.738 19.5=5.916 33.5=2.449 44 = 3.894
YYS Sum _ 45 390 268 572
Sem Mean =SD 5=2.738 19.5x5.916 33.5=2.449 45=4.472
Sum 45 390 268 675
Zem Mean = SD 5=2.738 19.5=5916 33.5x2.449 44=3.894
Sum 45 390 268 572
bare Mean=SD| 6=3.316 2216.204 375x3.027 472738
Sum 66 462 375 423
3em Mean=SD| 6=3.316 22+6.204 375%3.027 4753027
KY] Sum 66 462 375 475
Sem Mean=SD| 6=3.316 221+6.204 375*3.027 48=3.316
Sum 66 462 37 528
Zem Mean=SD| 63316 2216.204 375 3.027 49574183
Sum 66 462 375 693
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(E4-11) 89| =oloff 2 2t 2oy Zt& T (unit;deg/s ')

_ Phase LTO LTD RTO RTD

Sub

Foot -1.7 3.3 0.5 -1.3

bare | Shank 0.8 7 -2.2 -6.6

' Thigh| -16 -34 15 7.6

Foot -3.8 4.4 -1 -1.3

3cm | Shank -1.3 7 -3.4 -1.1

Thigh -16 -3.8 4.4 ~-14

HH] Foot -3.8 44 -1 1.3

5cm | Shank -1.3 7 -3.4 -1.1

Thigh -1.6 -3.8 4.4 -14

f Foot -3.3 59 -1.2 3.3

1 7cm [Shank| -1.2 85 -45 3.7

3 Thigh| -2.1 -4.6 4.4 -2.7

Foot -2.2 49 -23 3.6

bare | Shank -1.1 9.8 -5.6 5.1

Thigh -1.8 -3.9 5.3 -4.1

i Foot -2.1 3.5 -3.8 -1.1

3cm | Shank -2 7.9 -4.8 5.6

e Thigh -1.7 -4.2 2.1 -3

Y5 Foot -25 49 -0.4 16

5cm | Shank -1.7 3.4 -2.9 5

Thigh -1.8 -4.7 347 -4.8

Foot ¥ 46 -2.9 -14

7cm | Shank =2.4 8.8 -3.3 6.8

Thigh -2.3 -4 5.4 0.1

Foot -15 4.4 -74 -0.6

bare | Shank -1.2 10.5 ~7.3 -49

Thigh -0.5 -3.2 6 -1.1

Foot -2.2 4.8 3.9 -2.8

3cm | Shank -16 8 6.1 -7.6

< Thigh 0.1 -5 -19 4.8

KYJ Foot -1.2 4.5 0.4 -5.3

ocm | Shank 0 9.4 1.1 -6.4

Thigh 0.1 -4.3 19 -4

Foot 1.8 3.8 -15 0.3

7cm | Shank ~-1.1 5) -5.3 -0.8

Thigh| -0.1 0.7 1 0.6
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<Abstract>

Kinematic analysis of gaits according to

kinds of shoe heel height’

Ahn Song-Gyvu

Physical Education Major

Graduate School of Education, Cheju National University Cheju, Korea
Supervised by Professor Ryu, Je-Chong

This study was conducted to discover the most desirable height for shoe
heels.  An analysis of human kinematics and gaits according to different kinds

of shoe heel heights was carried out.

Walking. which is related to the locomotor and nervous systems, is different
from running. It has some unigue characteristics such as the double-supporting
phase and the pelvis-centered smooth connections with tension and flexion

which can make it possible to walk comfortably.

The specific goals of this study are as follows:

1. To analyze the variables of gait cycles with respect to shoe heel height.

* A thesis submitted to the Committee of the Graduate School of Education.
Cheju National University in partial of the requirements for the degree of Master of
Education in February 1998,
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2. To analyze the variables of linear kinematics with respect to shoe heel
height.

3. To analyze the variables of angular kinematics with respect to shoe heel
height.

4. To discover the ideal heel height to promote a comfortable walking style.

Limits of this study:
1. The processes of BSP and Yeadon-kwon were used.

2. The shoe heel heights investigated were 1. 0 cm (ie: bare foot)

2. 3 cm
3. 5cm
4, 7 cm

3. The equipment used in this experiment comprised of: a Panasonic VCR; VCR
analyzer and analysis program; a Kwon "3D Motion Anayvsis” package.

4. The subjects of this experiment were 3 female college students who are not
used to wearing high heeled shoes; all are aerobics instuctors., with an

exellent sense of equilibrium.

The model of the human body is defined as a rigid body system connected
by 19 joints (for the purposes of this experiment the nose was included as an
imaginative joint to give precise direction). In order to reduce any displacement
which may occur during didgitization, landmarkers were attatched to each of the
19 body segments of each subject. The subjects were then asked to walk,
firstly in bare feet, and then wearing shoes with a 3cm, 5cm, and then 7cm

heel.

A video camera zoom lens was used to record the subjects’ walking patterns

(RTD-LTO-LTD-RTO-RTD) for one complete gait cycle, and the direction of
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the subject was defined using X and Y axes.

After the digitization and interpolation of all frames, the linear and angular

variables which are necessary for the study were calculated.

The results of this study are as follows:

The time taken to complete one gait cycle increases or decreases by a
negligable amount as heel heights vary. It appears that the higher the heel
is, the longer the length of each stride will be and the greater the horizontal

displacement at the center of the body.

. When a higher heel is worn, vertical displacement is increased during the

initial phaze of each gait cycle, however when a lower heel is worn, vertical
displacement is increased in the final phaze of the gait cycle.
The average horizontal speed of each phase increases, regardless of the

height of the heel.

. The vertical speed decreases, regardless of heel height in any gait cycle, the

speed decreases with each consecutive phaze eg: in a cycle consisting of
‘RTD-LTO-LTD-RTO-RTD, the initial phaze from RTD to LTO will the
fastest movement in the cycle, the speed will decrease with each
concecutive phaze in the cycle. The second phaze of the gait (LTO to LTD)
will be slower than the first, and the the final phaze (LTD to RTO to RTD)
being the slowest in the cycle.
(Overall, the rate of decrease in speed in the last the last phaze of any gait
cvcle is always slower than the decrease of the first two phazes, therefore we
can put the last two phazes together to make one final phaze

(LTD-RTO-RTD) as the decrease in speed is so small.)

5. For each motion variable, the difference in tension and flextion of lower body

joints is not apparent, using any heel height. The tension and flextion in the
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shank and thigh is negligable with a 3cm or 7em heel. The tension and
flextion is the most apparent when using a 3cm heel.

6. The walking speed changes little according to heel height alterations. The
common outcome is that there is a slow increase in speed after the LTO
phase, so that when supporting body weight on the right foot, it is very

hard to move on to a new ‘centered’ body weight position.

No problem appears when using a 3cm-heel, however when walking bare
foot, there is more pressure on L5 and on S1 than with a 3cm-heel, this is
because walking is a forward-motion and the center of the bodv is left behind

when walking bare foot.

In conclusion, it is the 3cm-heeled shoe that is the most suitable height to

promote a comfortable forward walking motion.
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