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The Effects of Range of Motion of Lower Limb on Gait time
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Abstract : The purpose of the study was to compare the differences among phases accoring to the
gait time on the heel height during gait, investigate the effect on ROM of the lower limb on gait time.
Ten female college students in their 20s participated in the study, and variables were calculated
through 3D gait analysis on height of heel. As a statistical method, one—way ANOVA was performed
for the differences between the three heel heights, and multiple regression analysis was performed to
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determine the effect of gait time on the ROM. As a result of the study, phase 2, the higher the heel,
the longer the gait time, but phase 3, the higher the heel, the shorter the gait time. As a result of
analyzing the effect of gait time on the ROM of the lower limb, in phase 2, the greater the ROM for
the ankle and knee joint in 1 cm, and for the ankle joint in 5 c¢m, the longer the gait time. In phase
3, the greater the ROM for the hip joint in 1 cm, the longer the gait time, and the smaller the ROM
for the ankle joint in 10 cm, the longer the gait time. Therefore, in the case of high—heeled shoes, it
is suggested that the control of the ankle joint is important.

Keywords  Gait, High heeled shoes, Range of motion, Kinematics, Time

1. ME 7tE BAIE oPIF o2 sto] theket HT
& % A7 Zasi

7ol AAAEA 71 7| EAHQ T B sto]d Hago] dhgh AgAte] w=d, o &
P2 Fx FFAo] QFHG(1]. BEPL oH;F olo] W2 BaT} AA|e] Agke] thet BHEL &
ot 59 aHoR FYHAAT2], P o 7I1ZF steld 2 Al AAFAH ol o A4
SATL AFE HAA717] Slote] AEE 28t g wiste Wit ZAle] £84 JFE nA 1,
ATH3). AEFFU 9] ol 5 AP xAdel ol5 R4S flof B} Ao 253 B 2
wheh HgzpAel shaEel] e wAA =i soeta E4Jo] Webdral HASIH{15]. St
(4], 53] A=, 4, W, €4 5 0dT A old Eol7h FUkRtel wet 7% 2594 WSt
Hegos Qs By xxo] 4 gde A Al t 27 9Z7(early stance)olld 2T ZF717}
AFA 0] Betggom olsta] ofifz] 4H|9} ¥ st RH16), FHeHA Hehs 03 25 1
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Agsta o6, 7] 20039 APMA(American 20t oAde] shzlo] Azt ot WHEte] ok
Podiatric Medical Association)ol|A] AA|gH A& < Hluwol= AFNA, & mol7t F7stel whEt
ZAte] w2, ofAe] 72%7) stold Adhe Al aYE Amrt gact Zles uehgal, HE
on 39%= " stold AlRE Al okl ot Ztol= glIAT REWE ZAh= SEA
CHBL. shA|gt, HE HIuAA & E2 Al A= A, F79Z7](mid-stance)oll A #4381
717t AR or Zget uff AlA] F49 =ol o, ol o]x] Al FIIEIGAIR, TETES] 7
Z7ko} Aufo g Xy FAF 5 BorAT 24 = FEA HE A, YU, oD oA Al A
2 m=z SE9]= <Iste] XA zpAet & A% o] A SUFER Tt RSt TH20], steld
o SiEe e mHttun BIstgi[7, 10] B Al & zo| F7tet AlFol 20% 7= U=
ole} glEo] W2 AFoA TAE H¥oh= S o 58 2595 HIE AT AfolA,
o]gdl 8o glE|et WHE Sof 7154 BEAE & A zolet AFo] FUIR WE L3l BE F
AAZTH11, 12]. stolde] &gt AgdEE T A ZdPo|A Hol= A} FAFSHItt Harst
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W2 2 Aom HAEGIHH23].
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2.1, gd3toi4

2 ATele AAE ASiE A A @
3o EA7} ¢l 200 oAdiA 1082 A3}
AcHA®: 21.241.2 yrs, A% 163.1+4.5 cm,
A% 55.6+3.9 kg).

2,2, HEEH|

2 Aol AR’ FAHI= QualisysAte
Oqus—300 Ze|Ad 7iH2t 8tiE AHgsla, =
25 100 frames/sec®2 A5t 329 FHRE
Aot EAFH]E QTM(qualisys  track
manager) Z2 I3} Visual 3D Z2IHE A
&ohieh

2.3, MEWY U xj2EY

2.3.1. A9 34

Aol ofA Ax 9 FoAlgt 5L AT
Z, OARIES] dubEel EAS mporsly] 93
2o B oArS Zast |, A% %L 74
=459 ZHgst Agke Al 7] #F =0l
cm, 5 cm, 10 cm)& AAstE T, FAA Q) 2ol
2t~ HPS o ¢+ QR 1087 Bl o

B9 A slold F olel wet BaAzle] SATE A5l WAL G 3

sto], AT HPELE FA oS St
L2 A FARE FASH] Sl & 8d
o Hod siutE HAIE H O OAZE A
NLT(Non-Linear Transformation) ¥ o|&
o Z+ Fiuete] Z|1ESBAE Ao, 7
g 7te] 2= AFE Q) SAE .

B AF = ddAEY &R g 4
o2 AXef 47709 §tAb mpAE HA ey,
Z4ZYo] AES A™SHr] Mo A'dg =B
14& sttt B3 Al S5 2 BHE Fo=
AHE T2 g4 tdAre] g4 By AANE A
At S o, ZF AEe] & =olof whh 31
o] Heg HA] T spA|Ee] HIQE ot &
st o] TV HLE AEstl

A Al 32k FFO] HlolE = 8] A<
A FhetoA Eol2 22tY HHAY HlolHE
NLT & o]gste] wgkolglon, Hakatye|
A A7 AE AASHE] 8 AAdEaEE 6.0
B2 AXste]  Butterworth 2nd low—pass
filtering YHS o8tk QTM FFdH|=
24" AR 3dE odHEs 5ot
Visual3D(C-motion Inc., USA) T2 13- o|&
Sto] 24 ®Ql AEa £A4E AAsHH.
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Fig. 1. Set of events and phases.

event 1: @24 S=o] 2Ho| A6l 4=7F
event 2: QEHF HZFo| zHo|| 22|5H= &7t
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o|-gstal, 37kx] Aol & golof wt 2zt
7h BEIATEe] zpolE BAGH] 9lste] ¢
ZFEA(One-Way ANOVA)S ARg38FA, At
AZ(post—hoc)2 LSD WS o]gstqrt. z+
7h A QA7 oA Zpo|7} vhAlet L7k Slol
w =o|d H3PA|Zte] siA|E o] 7HER 9l
3= g 4] flst] oER]ARA
(multiple regression)22 EA5t¥ 1, HE FA
#9] ol pl05E skt

mol 4 Hob rE 4 o
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3.1. 5l0|& = =0lof ME HAIZE X0

B A] sto]d & Eolo] mE H7HE HaPA]
7ke] zpolE HlwsHth #ARE Avb= oEt
Zti(Table 1).

HgAIZto] thet Zpol= JURWIHFEASE Fot
of vlwstgor, F7F 1, 4, 5o04+= stold
=olof wE 7_4'0]7} Holz] ¢rofct. shxIut, 3t
20| = stold Eolo meh He 7 Aol
(F=26.235, p= 000)7} U, AAE An
10 cm, 5 cm, 1 cm £02 HIYAto] AA vt
Pt 17 3% Stold & =olo] uwEp H
7t #}o](F=46.656, p=.000)7F UeFEL, AFSH
Z A3 10 cm, 5 cm, 1 cm &£22 H3JA|7Io]
A et

AZEA ]l T AT W2, 5 =ol
7} EoHA4E S HA(stride length)o] #4sHY,

¥t 2] =] 719} 0171'7] At F7skeiohal B
5’_3}‘)”*]”1'[24 T o8 dFoAdes & =0l
ulaf @ 7—.*7l(stnace)5’1L RZt7)(swing) 9] HPAIZE
oA Felgt ztolrt §ltkal HASHHTH25]. E
g, AT} B (step) o] HIE9] AR w2
m=ol Aol W2 wEo] AYHT ZEA o]

S
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T 2eH26].
= P2 29F 3004 ROl 2polst
Ul A5AZ A 3 Eold] wel A
whel Auh gehg 73 2 e2dre] g7t
7] %J gz skAlt 67k7] AR szt A
Foz yophe Al7jelm, 73 38 o229 T
A o294 S o]2] AAAZ Whpz ol
W FZo] ope A7jele), 7 20H:
ool =42 A]zﬂ_J o}z%/\-l oz O]OH Hajs
T A HegAgro] dojHriy AtmEch
TZE 3eA= wiE Eo] ARyt dojus
/k]7]§ 1—;(4/&-1 o]— /\]iﬂoﬂ 1:H6]— _H;_/g—tﬂ-tﬂ oz &
Eol7t =445 HYPAE A Uit Zlew
T

>, oH

3.2, 77t 20lM Sl0|E F =0/ B
Stx|2t™Holl O|X|= Fe

(Table 1>9] ZAite] wpe} Zpo|7} HHASE 3t

20 sl stold o wolE HJATto] Sk

of A= FFE hEIARAES Fote] EAst
Ah(Table 2).

HAzto] st e el A
FE A fote] ogFIARAS AAISH
o B4 A, 7 stel@ & =old uwet
Durbin-watsone &9Igt A¥ 1 cm(1.762), 5
cm(2.265), 10 cm(1.833)22 th5s|HEAES
of At BPor yeth & wol 1 ame
F=128.022(p<.000) 2 HPA|Z]| FFS vjx|&=
Welo] Qe Moz Uehgth AT F P8
T (P05), TEJEELODY FFo] Fagt
Ao RN, Fogt Hele| gt HZE3t
A+E 2RIt 2y FE2WE((B=.000), T=THE
(B=.000)2 FE¥dd TEFHo]l 7MLt
S5 HYPAZIo] otk A & 4 U

o ERL, BESMAISE SIS A FERAEB
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Table 1. Results of differences in time on height of high heels in gait

unit: sec
Phase 1 cm 5 cm 10 cm F Sig. Post—hoc
1 0.304+0.022 0.299+0.020 0.303+0.020 161 .852 -
2 0.086+0.043 0.136+0.040 0.202+0.022  26.235 .000%** 1 cm<5 cm<10 cm
3 0.195+0.038 0.131+0.024 0.072+0.020  46.656  .000*** 1 cm)>5 cm»10 cm
4 0.216+£0.017 0.213£0.008 0.223+0.011 1.669 .207 -
5 0.202+0.014 0.197+£0.020 0.189%0.014 1.692 203 -

Note. significant at ***p<.001
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Table 2. Results and regression analysis of time at displacement of lower joint on height of high

heel in phase 2

Efglih;ecj variables M + SD B B t
time(sec) 0.086+0.042  constant .036 7.437
hip joint(degree) 6.68+3.25 .004 321 1.944
1 cm ..
knee joint(degree) -0.91+2.39 .006 .334 2.132*
ankle joint(degree) 4.47+3.61 .006 .546 2.573%*
R(.980), R%(.960), F(128.022), p—value(.000***), Durbin—Watson (1.762)
time(sec) 0.136+0.038  constant .020 .835
5 em hip joint(degree) 12.40+2.73 .002 130 1.006
knee joint(degree) -3.22+3.19 .001 .055 .280
ankle joint(degree) 7.77£2.61 .012 .830 4.101**
R(.913), R%(.834), F(26.789), p—value(.000***), Durbin—-Watson (2.265)
time(sec) 0.20+0.02 constant 157 3.923
10 em hip joint(degree) 16.12£4.06 .003 .664 2.481*
knee joint(degree) -3.01£4.25 .003 .631 2.058
ankle joint(degree) 12.06+1.98 .000 -.010 -.038

R(.556), R*(.309), F(2.382), p—value(.108), Durbin—-Watson (1.833)

Note. significant at *p<.05, **p<.01, ***p<.001

=334), HEHHE(p=.546)2 HPA|Zt] wmjx]E=
FFHEL IERE, FE0E o= Usuth
SEA| T JHEH el oo EIPAzte] Ay
96.0%0°]t},

F =0] 5 cmE F=26.789(p<.000)2 HIPA|Z
of S HAE Wlo] e AR yEyth
SHA T & HEFHE (0D FIFo] FaTtH
Ao=R ERIFNI, Fogt ¥lo] gt H|mE3}t
A= Flolst Axl drEHRA(B=012)2 L=
dol 7FsHS7E 245 HPAIZto] dojziv=
AL & & o x3, ZEZSHAFE IRIg
Ay} dtEE(B=.830)2 H3PA|7t] w2 o
¥ IEyEet UeiTh sk TSl
of olaf HPA|7re] g2 83.4%°]tt.

o] 10 cmh F=2.382(p<{.108)2 H3JA|7t
= "X Helo] gl Aoz Uehuth
AA & =l 1 cme FEWET U=
A9 Mt 245 EPAZte] dojx= A
o2 yeigrh e dERd, RE0E &
o2 yehd, EE3E Aojrt BIPAE Ao
sl= Aoz mWutEch & =o] 5 cms YrEwA
o] JFet EASHR L, T T B
AHoz Atm=ch shAUE 10

I

oy

=
B
7

4=
N,
N

Ll

cmoAlE A EEe

Aow ehit,

RG] ol gl

3. 712t 30lIM stoIE & EO0I'E HAAIZHO|
StX|ZHHo Olxl= &
(Table 1)9] Aujof wha} o]z} wHAPgt 13t

W BAte] sAE
ABAE Foto] Bl

=

o
3o disf stold & =0l
of A= FFE 2

Ah(Table 3>.
BN SATES ARl A o
e BAS] Slokel DEARRAS A4S

o 24 A, 7t stold o =olo w2k Durbin-

watsons &It A¥ 1 om(1.747), 5 cm

(1.439), 10 cm2.674)02 TFES|HAEARF

et BYgor UeEEth & =°] 1 ane

F=3.461(p{.041) 2 R 7] GJgFe nx]=

glo] Qe Aoz ueyth siA#d F

(p<.ODE] F3Fo] FHI Aoz %J’J

oJgt WHRle] tigt H|BEIHASE FRIL

ITAERB=.0052 #do
BEA|7to] dojAtt= 78 @ :
BEIASE SRl 23 11@(6? 752 H
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o
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%0,
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o
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Table 3. Results and regression analysis of time at displacement of lower joint on height of high heel

in phase 3
}Tglih;ej variables M + SD B B t
time(sec) 0.200+0.04  constant .156 2.557
| em hip joint(degree) 6.48+4.72 .005 675 3.203**
knee joint(degree) 25.26+3.95 .002 .198 913
ankle joint(degree) -15.82+2.21 .003 .160 160
R(.627), R*(.394), F(3.461), p—value(.041*), Durbin—Watson (1.747)
time(sec) 0.13£0.02  constant 144 7.849
5 cm hip joint(degree) 2.09+5.03 .002 372 1.572
knee joint(degree) 18.48+5.83 -.004 -.948 -1.760
ankle joint(degree) -12.57+3.93 -.004 =716 -1.489
R(.702), R%(492), F(5.170), p-value(.011*), Durbin—Watson (1.439)
time(sec) 0.07+0.02 constant .045 4.998
10 em hip joint(degree) 3.08£3.50 -.001 -.151 -.783
knee joint(degree) 7.04+3.52 -.001 -.198 -1.154
ankle joint(degree) -10.34+4.94 -.004 -.928  -7.030***

R(.898), R*(.806), F(22.139), p—value(.000***), Durbin—Watson (2.674)
Note. significant at *p<.05, **p<.01, ***p<.001

AR TSl ofs] HePAztel dwEe cmolAE FEPES] TFsHeE Aees B
39.4%°]. AlZke] ZojA, dEgde] ggEe] & Aem
¥ #=°] 5 cmE F=5.170(p<01D)E H3PAZF LHERE .
o 9F= vA= %.L 1 3= Aoz YerA
B, s F FFe] fEe Aoz FelEA
ket s T flell ofsl HayAte] A 4. 4 E
2 49.2%0]tt,
= 0] 10 cmE F=22.139(p<.000)2 H3PA| B oo B A] Flo|de] F &olo] uwh
el = mAE Helol = A= yey 2t AIZbH SdolA #3bE AolE w|ustal, Z)
of. s B ISR (00009 gl fru o Eold m 2 17P°ﬂ oA s o
ot Aoz RIS, Feofet el Hieh Hlm 7V s otolw 112} gt 2

e o
(e
=2
=)
ﬁw‘
rl
of
OO[(
mlo

EIATE FAg 2 TEHEB=-.00H)= T ALZ Eslo] HI /q Az}7] Zot F izold
EXEO] e &E4E BTl 7‘01 W2 zjolrt yehty, F7F 2= 10 cm, 5 cm,

A= Ae & & AUtk 3, BESHAS 1 cm &£08 HaPA|7to] AA yehgAe 7t
SRlgt At IEIE(L=-928)2 Eoﬁﬂlmﬂ 32 10 cm, 5 cm, | cm &02 RBYAZo] &
e JgEe IEIET Yepgh sk A JehdTh olo] whal b 204 HaA|7Ho]
7FeH ol s Bzt AiE2 80.6%°] SATA FFEH oo njxe ke BASH Ax}
ot 1 cm & EoloAE: TEwd REyd Hog

F7F 304 & =o] 1 cm:= 1¥HEO] JME TE7VeH97 245 EPATte] dojxla, 5
A7t 45 BYAIzto] Hojr= Aoz L}E‘rur cm # Eole IETHAAT TAEMFHATL
DyEe] oz HPATto] AlojE AL —;L#% HaAgto] ZojHt. F3F 32 1 cm
g gebEnh ST 5 Eo] 5 cme HIPAIZE EoloA 1@Ee] WEFFHSI 545 HY
o gae & spPEel AR & &l 10 Azel Ao, 10 em & Eole TETA
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