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ABSTRACT

A kinetic comparison of characteristics according to the
shoe’s heel heights and ground conditions during gait
in women

Seung-Hyun, Hyun

Department of Physical Education, Graduate School,
Jeju National University, Korea

(Supervised by professor Che-Cheong, Ryew)

The purpose of this study was to compare the kinetic characteristics according to the
shoe’s heel heights and ground conditions during gait in women(study I: level, study
II: stair, study II: ground conditions & shoe’s heel heights). Participants selected as
the subject were consisted of young women(study I: n=10, age: 23.90£0.99yrs, height:
166.00£2.15cm, body mass: 54.12£3.59kg, foot length: 23.33t0.46cm, foot width:
8.47+0.35cm, study II: n=10, age: 22.30+0.48yrs, height: 166.60+2.58cm, body mass:
57.02£3.60kg, foot length: 23.63£0.57cm, foot width: 8.85+0.31cm) and divided into
3-types of shoe’s heel heights(O0cm/bare foot, 6cm, 9cm) according to ground
conditions(level walking, upward and downward stairs).

The variables analyzed were consisted of the lower extremity joint angle(hip, knee,
ankle), dynamic postural stability(l step length, displacement of Y axis COM position,
COM velocity, front-rear angle[FR angle], left-right angle[LR angle], front-rear angle
excursion[F-RAE], left-right angle excursion[L-RAE], center of pressure variables| A COPx,
ACOPy, COP area], and dynamic postural stability index]MLSI, APSI, VSI, DPSI]) and
ground reaction force variables(anterior-posterior GRF[Fy 1, Fy 2], maximum vertical
GRF, impact loading rate).

One force-plate was used to collect GRF(AMTI OR6-7, USA) data at a sample rate of
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1000 Hz. Also, 4 camcorder(HDR-HC7/HDV 1080i, Sony Corp, Japen) were used to
capture gait motion at rate of 60 frames/sec. The raw data were collected form
Kwon3D XP motion analysis package ver 4.0 program(Visol, Korea) during gait.

As a result, the following conclusions obtained were as follows.

Study I: level walking & shoe’s heel heights
1) lower extremity joint angle

@ Angle of ankle showed significant difference according to the shoe’s heel heights
during level walking at IC, HTO and TTO.

@ Angle of knee didn’t show significant difference according to the shoe’s heel
heights during level walking at IC, HTO and TTO.

@ Angle of hip didn't show significant difference according to the shoe’s heel
heights during level walking at IC, HTO and TTO.

2) Dynamic postural stability

@ Length of 1 step didn't show significant difference according to the shoe’s heel
heights during level walking.

@ Displacement of Y axis COM position showed significant difference according to
the shoe’s heel heights during level walking.

@ Velocity of COM position showed significant difference according to the shoe’s
heel heights during level walking at IC and HTO.

@ Front-rear, left-right angle of trunk didn’t show significant difference according to
the shoe’s heel heights during level walking.

© F-RAE and L-RAE didn’t show significant difference according to the shoe’s heel
heights during level walking.

® ACOPx, COP area showed significant difference according to the shoe’s heel
heights during level walking.

@ MLSI, APSI, VSI and DPSI didn't show significant difference according to the
shoe’s heel heights during level walking.

3) GREF variables

@ Anterior-posterior(Fy 1) of GRF didn’t show significant difference according to the
shoe’s heel heights during level walking.

@ Anterior-posterior(Fy 2) of GRF didn’t show significant difference according to the
shoe’s heel heights during level walking.
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@ Max. vertical GRF didn’t show significant difference according to the shoe’s heel
heights during level walking.
@ Impact loading rate didn’t show significant difference according to the shoe’s heel

heights during level walking.

Study II: stairs walking & shoe’s heel heights
1) lower extremity joint angle

@ Angle of ankle showed significant difference according to the shoe’s heel heights
during upward stairs(IC, HTO) and downward stairs(IC, HTO, TTO).

@ Angle of knee showed significant difference according to the shoe’s heel heights
during upward stairs(TTO) and downward stairs(IC, TTO).

@ Angle of hip didn't show significant difference according to the shoe’s heel

heights during upward stairs and downward stairs.

2) Dynamic postural stability

@ Length of 1 step didn't show significant difference according to the shoe’s heel
heights during upward stairs and downward stairs.

@ Displacement of Y axis of COM didn’t show significant difference according to
the shoe’s heel heights during upward stairs and downward stairs.

@ Velocity of COM didn’t show significant difference according to the shoe’s heel
heights during upward stairs and downward stairs.

@ Front-rear, left-right angle of trunk didn’t show significant difference according to
the shoe’s heel heights during upward stairs and downward stairs.

© F-RAE and L-RAE didn’t show significant difference according to the shoe’s heel
heights during upward stairs and downward stairs.

® COP variables showed significant difference according to the shoe’s heel heights
during upward stairs(ACOPx, ACOPy, COP area) and downward stairs(ACOPx, COP
area).

@ MLSI, APSI, VSI and DPSI didn't show significant difference according to the

shoe’s heel heights during upward stairs and downward stairs.

3) GREF variables

@ Anterior-posterior(Fy 1) of GRF showed significant difference according to the
shoe’s heel heights during upward stairs, but downward stairs were not significant.

@ Anterior-posterior(Fy 2) of GRF didn’t show significant difference according to the

shoe’s heel heights during upward stairs and downward stairs.
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@ Max. vertical GRF didn’t show significant difference according to the shoe’s heel
heights during upward stairs and downward stairs.
@ Impact loading rate didn’t show significant difference according to the shoe’s heel

heights during upward stairs, but downward stairs were significant.

Study II: ground conditions & shoe’s heel heights

1) lower extremity joint angle

@ Angle of ankle showed significant difference according to the shoe’s heel heights
and ground conditions at IC, HTO and TTO, but interaction didn’t show.

@ Angle of knee showed significant difference according to the shoe’s heel heights
and ground conditions at IC and TTO, but interaction didn’t show.

@ Angle of hip showed significant difference according to the shoe’s heel
heights(HTO) and ground conditions(IC, HTO, TTO), but interaction didn’t show.

2) Dynamic postural stability

@ Length of 1 step showed significant difference according to the ground conditions,
but shoe’s heel heights and interaction didn’t show.

@ Displacement of Y axis COM position showed significant difference according to
the ground conditions, but shoe’s heel heights and interaction didn’t show.

@ Velocity of COM position showed significant difference according to the shoe’s
heel heights(IC) and ground conditions(IC, HTO, TTO), but interaction didn’t show.

@ Front-rear angle of trunk showed significant difference according to the ground
conditions(IC, HTO, TTO), but shoe’s heel heights and interaction didn’t show.

© Leftright angle of trunk showed significant difference according to the ground
conditions(IC, HTO, TTO), but shoe’s heel heights and interaction didn’t show.

® F-RAE and L-RAE showed significant difference according to the ground
conditions, but shoe’s heel heights and interaction didn’t show.

@ ACOPx, ACOPy and COP area showed significant difference according to the
shoe’s heel heights(IC) and ground conditions, and also interaction showed significant
difference at ACOPx(H>G).

MLSI, APSI, VSI and DPSI showed significant difference according to the ground

conditions, but shoe’s heel heights and interaction didn’t show.
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3) GREF variables

@ Anterior-posterior(Fy 1 and Fy 2) of GRF showed significant difference according
to the ground conditions and also interaction showed significant difference at Fy
1(G>H).

@ Max. vertical GRF showed significant difference according to the ground
conditions, but shoe’s heel heights and interaction didn’t show.

@ Impact loading rate showed significant difference according to the shoe’s heel
heights and ground conditions and also interaction showed significant difference at
loading rate(G>H).
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(Gefen, Megido, Itzchak, & Arcan, 2002; Ebbeling, Hamill, & Crussemeyer, 1994;
Voloshin & Loy, 1994).

oo AW RYFXF AW HA Ao] BAFE A4S ool RS LIF UA)
)

o ¥ BHL BEHI B4 A% JFATFY, A4, 2000)% 15 BHoT 4§
93 gow, AR AR =qL ASA, BAY, R RN 2F A4

[0)
S Fu ARACE AdHL YHFAA, E5E, 2013a). AL #33str] HF =9
2 2 Denth9} Nigg(1981)7t 4 & €971 AdhMe S B2 AFsAY ST 1t

gds Agste RS AAs] AFetd, HZ YW (nanosilver)$t BAUEFEH
carbon nanotube)E ©] &3 F B A THI AxyFHo| HAZEA 29 Y
ARE AZANA 52 9 B2 4% FHANNL 27s T A& AHgsta 9

gteE, HsE, oA, AGE, ol 4E, 2009)
AR o] Y7 ko= Estn Al i AHF SESHA ATHA &L dH
=

A BE 85 m&Ad Sy f39 29, T3 g olguEe US
AN e A 2P ERA 2008)2 At 7 FH wol & AME &3}
= Ago] dt(xed 5, 2008; Frey, 2000). 3lo]PL Ho] £24%F F4Y S
57k 71 L (Hong, Lee, Chen, Pei, & Wu, 2005), 7242 A= s Aoz A=
of & Fotrt tsHol AL ¥ ¥ #FE7F AF B oby2k(Nyska, McCube,
Linge, & Klenerman, 1996) 3 A o] % o]z &1to] &7} L5}

of Hlsj A A&EH Ao HAFH T FFFo] ANG
A1(2009a)¢] ol B A stA A BAG A, FEY =3, AT WFIA,
o] ko]l doju= Hl WAL ¥ Fol7b BE& ZAAME ]X]‘:ﬂ AR, =
Fol7b B¢ A Ao AL AETE Yol A FEA o] dEA RIT

e
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AL, ¢H e FAl(center of pressure) w Foldl whEt Fo g o7t yEhy, sho]d
Hey Al wol o9 AA A4 EAETL Aoz F7ts) COP MH7F 571 5 A A ¢
dH W] ERAS FEv 2 F Ao SATHFAA, 2010b). HARGAA FF &
Fol¥ T3 A BEHT FAA, ol sA(2013)9 AFANAE FF D Eo
7kl et AAFA Y Aels At FastAa, UL BB AAG SHL7]
b AX Bt Fe] A"ty Husgt.

gH, Ry HAR
5], 2011), IA Y o5+
AA A7l & A= AAE Sol&ddr] 8 ATAA =
3tm ko2 YJbA #th(Riener, Rabuffetti & Frigo, 2002). E HAH o] w3 o
F2 #d ZEWES &5 WHE 8738 (Andriacchi, Galante, & Fermier, 1982;
Andriacchi & Mikosz, 1991), stA# ™o AL 02 JhsA= Fite et dgeof &
d A s U § Qe o2 BuHI 9 th(Costigan, Wyss, Li, Cooke, & Olney,
1993). £3], £&94<d FHAM SH4H02 TAHE £ AURH S F A7] A
Hae AHHol UetyA =t (Larsen, Puggaard, Hamildinen, & Aagaard, 2008;
Protopapadaki, Drechsler, Cramp, Coutts, & Scott, 2007, Riener et al, 2002; Stacoff,
Diezi, Luder, Sussi, & Kramers, 2005), 1 WA A% A5 124, F WA FH A
T24714 8 F7HEAY AT 128 & Y et (Stacoff et al., 2005).

ojgt= HH R AAV A o2 WY es &2 FEAAY =5 SUF T2
TEHHAINE oL Fro wjS =0 WAs|of It(Powers, Boyd, Torburn, &
Perry, 1997). ol"l AWHZH Ao TAHE 7 AUwd e Ad 227 434 e
24 e HAHol AdErh(Larsen et al, 2008; Protopapadaki et al., 2007;
Riener et al, 2002; Stacoff et al., 2005). =3 #-& AHNHE L HANE Bst= ¢ Y
v Z23s o] AdFe YElig AFY A4S Bo AF F87] ¢ AwnkEy
of g2 W& FotA HI(Riener et al, 2002), o] ko E mIneA e As A
#(Burnfield, Flanagan, Flynn, Brault, & Power, 2001; Burnfield, Tsai, & Powers,
2005). ol & FXAA70 FA AWHHE S AFHOE 42 FFCE GaHH 447 A
A ¢ Aol YA ¥+t Burnfield et al, 2005; Riener et al., 2002).

oj¢} o] oA Eo] MIste ol FEOE Q3 BALH 774 AWzAE HA
ey, At =279 Ad Wyl 5, By &5
o oolglgt Ao M = o, A E]

x
A AAEE A B2 WRME dojd £ YA, HPAF
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PARY T Fd AFES HATH(FAAM, 2009, 2009b, 2010b; FAH, s, 2013a;
FAA 5, 2013; wHRE, AR, 2012 299, Aed, AAE, 2010, £HF T, 2010;
Lee & Hong, 2005; Stefanyshyn, Nigg, Fisher, O'Flynn, & Liu, 2000; Verkindt, Dalleau,
Leroyer, & Allard, 2009). 53] =& -4 ¢ Astet 449 A¥, < Jd=2x9 F71,
do] Wy, SAGEY F7F Tl UedE & 757 € 28 F AddAY By #d
AT wRg Ao, AdzAR 75 & Fold wet RYPFAd mA= FEFEH} F
2 A 5 qeEae] JAARAE AHstr)d FESen A4,

netA E d7e o8E0 Fde 77 © FolWE AMzHY fE BYFH A
stABAY 2AY AolE WuEAstae 4 AN FA4Y AolE FFIHsr] A6l
AT ¢4 T S dERe T ddAd AHEQd COPg COP #¥ wdl
=< B4t ZAA g vk It EHAALS #ET  glon(FAA
2010b; Lee & Lin, 2007; Micheall, Ross, Blackburn, Hirth, & Guskiewicz, 2006; Palmieri,
Ingersoll, Stone, & Krause, 2002) Al tAHA S COPY WHAE ol &3 BFst & + 3l
T} (Teasdale & Simoneau, 2001). =3t A7t 7] &7t E & Al W (sagittal plane)] -1
71€7] Ete #4 ¥ (frontal plane)d] &% 71&7|4%7F B a3 ol (FAH, &4
_‘6‘?[_; 2010) /\]Z-]] /\l,] X%H]-O]E.ﬂ{-q tl:]p:].?—ﬂ:( H 't'o:‘ 013) v——% o]Q_O].q EE.X% O]-75]/KC-]

°
N
tlo
r =
e
ey

=

Ao Auad FAnGIA Ahe] Lol A3

= i
) AR, F oA AHe 2AYd dF 259 W 553 A +
A

r{r
o
)
ox
ox,
-
rr
4
k)

2 Ao} A YA Zt(Kawato, 1999). &, AW A Al AAH A
g A FAY] A 74 BYZ ADHY] g A
d FASE A% FREE, ARz AHASE, 2009, Z=AA  E S (Sturmer,
Gunther, & Brenner, 20003 AZ®ty & & ot =& B3 W3 AW FPs}A
doluhe= A (shear) A-F, W95 W +HZ Jo Auwty WEH7 #2474 A
ghel Boel o) dojuy, iyt AW Afolo] AdHEe dAHE ¥ 5, vy
A A3E U Y (Burnfield et al., 2005).

o9} Zo] o Eo] F&ae 77 Y goloh AMEMA WE FABAEY 2AY, A
AzAA L SFERH HItH e Jd ¢4 AdNd-F4 Fag, 181 &7
S, 24" 294E5 EgE 384 2y & A AHH A5E AN s HAEA

mlm

=



Ra, AW 027, AW o)l GE BdE e sh2 WS B4
71 915 AABAT o A B A AABPY Fmws, B T2 APY 2
Avud WMol 5¢ Fohel HARAAH, AATAA 2 FRBA) AHE Fahge 74
A ST £ FBEALS AAse] 4 WAE T 444 2 AuHE 54 2 B
AE FEstee 1 BHo o
3. &8

B ATE o450 F4AE FF Q Foluse ANz HE BYSHS BHH
7§18 <Figure 1>3} o] 379 A7 AASNYG. $4 FABBNA FF Y oo

ME BYSYY AF I3 AW 2279 Yyl A FF Y Fold] mE BYSHY 4
FOIE ol AARGD, @ M A4Sl F85e FF B Bolusy Anxy

Study I

A Kinetic comparison of characteristics according to the shoe’s heel
heights during level walking in women

-

Study 11

A Kinetic comparison of characteristics according to the shoe’s heel
heights during stairs walking in women

f4

Study 1III

A Kinetic comparison of characteristics according to the shoe’s heel
heights and ground conditions during gait in women

Figure 1. Experimental



4. 910 HBHH

El
o
£

2 A7 45 428 F3FA oM gEH Z2 ATHE 7HA

1) AAe BHE B 2AE(pin join)Z 7HAFI] AAD A (rigid body)Z Helgle %
A A4 A 22"l (linked system of human body)S. & 7133t

2) B A 7 fidAY Ad2ge &% EAE FES7] A £E9 1R AFQ
step)= FAA FUct.

3) o] AToNA A A el aglo] By FH vAE IF& FANA &
=y

4) B3 A 8 Folx W (bare foot) Oem® 779 ¥ E°| 6cm, 9em=E A 33 A T
5) Awe AL AN FHEYH Agolq 227 % Yr] THoz AFSATL

ol

ol

5. 0{2| g2

2 A7l Agd &ofol i Hoe ted 2o

1) %7 A A (initial contact/ IC) : B3 A ¢ 2uo] Ao & FE #3107 FARSE
< S8 AT FskY oo ARHE F&

2) 5| A oA (heel take off/ HTO) : ¥rti% 9dAA F AAFAL 93 22%A
U 7] (push off)7} o] FolA & T2

3) & wA o] A(toe take off/ TTO) : LEW B7| & & o FAIJ} B &= &

o] AN BojA= T&



5) opA 22 2] 7] (terminal stance/ TS) : &3t A A 7] o] & &z 9} Azte] A S FA 3}
o whof 2o @eiA A A7V 4 EHe T
6) = FA4l(center of pressure/ COP) : B35 AAHo| ZA&3tes AALHE W
ol & +899 4840l oS A2 o] ¢4HFAY B=
7) %2 Zth(horizontal shear) : 232 FH ey AHutE e FTHAA FFA A H
3tA dojves o= #-9, A% 7

& (impact loading rate) : H 2 AHFHEE FAHo] H4H A=
Ui ol o9 AIZtg AA7E dolsels 549
9) 54 HA(center of pressure area/ COP area) : AW 27 Ft A= 44
Zo Ao uf-9|(COPx), A-%(COPy) W3} 7] A4 WA

10) Hd 2 AHAWNH (maximum vertical GRF) : Ao 27| A <=FE +4 Ad
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13) A7t A-%F 7]&7] A A (front-rear angle excursion/ F-RAE) : ICH-E TTO7HA A
Q8 AR e FMAF
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14) Ao 2§ 71271

e #7714 EE A8FH AR UE AHAAMR S

P A (left-right angle excursion/ L-RAE) : ICFE TTOZA A



I. o|EH HiZE
1. RO J|2HLl Tl

& Mol Ajale ARHA 2Fo0l7] WEel Al ]
A JEHOE FYsE M EF FFolW N2E Axd AY 5 YE EEAS I
b o) B

9 oolsh B £HL APT 5 U HHAo
o

2010).

HYF7]= <Figure 2> #Z0] 0-100% = ol AEst & = o Ao Ho] F&
z7] 44718 BAF7Y 0%= TFetaL thg v Zo] o wEozl AUAHEZ L
100%% ettt S 7709 w8 g HYF7 S 7] 98 8719 AAHo2 MEst &
F 9lon 89 BAHL %7] HA(initial contact), W& ¢HF A o] A (opposite toe off),
B E A o] A (heel rise), W& Z7] A A (opposite initial contact), %A ©] A (toe off),
FHA (feet adjacent), 7 =4 (tibial vertical), I8 3 ThA FZAEFZAlE A& =7] A

A] o] t(Perry, 1992).

0% 8% 30% 40% 60% 75% 85% 100%

: : Heel contact

Event: Heel contact Footflat Midstance Heel off Toe off

Phase: i ! i Early swing Mid Swing Late swing

Figure 2. Gait cycle(right foot)



27 AA= 257719 0% AHAA To] A5 AW HAL o Aoz HH|
o Aztel sjgET W& dmA oA = AeF719 10% AMAM dhE To] A H
A Eod o dojua, BHEA oA AEF71Y 30%2 AWM o] HojA uf,
H&E 271 HAA= 50%0A Wi oo dute g7]o o) B ¥ o (Neumann, 2009). %
AEA oA E AEFIY 60% A AHAA Hojd o °‘°11Jrl' FLHZE AEF7]9
73%°1 A Hrtjto] A Aol ol YAFPe W dojdth. A=Y FHL AeF719 87%
oA o AAmrt A% FT 9 dEHH, 100%s GA Lojue 27| HA=
A BF 257719 AZelth(Neumann, 2009).

7 712 A7le A Zo|(stride length)ot A Zo|(step length)7} Uth. &
Ago dole 2 ¥ o8 FPH= F Wl ALAA TEA HA Aro]o] Aol
HzAoz LA dole & o ofg wEA HA Aol A, & FF dwA A
AM FEH g wo] TEA HA7AA L Aot wetAd dd5 dojet deH A
o] Wasty ¢ tEe A5 AN S Hrtsted Ewol 2 5 o =3 duR
Hle 7 W A&l dntg =5 A duA s Tl AYE Lot ditAos
B 8-10cme W E Zt=TH(Grabiner, Biswas, & Grabiner, 2001; Marchetti, Whitney,
Blatt, Morris, & Vance, 2008; Menant, Steele, Menz, Munro, & Lord, 2009; Menz, Latt,
Tiedemann, Kwan, & Lord, 2004).

B A AA e FAolEL <Figure 3>3 20| AATF 9 F47 3 &9 fHo= A
e ArlE71E AFAER(FAAY T, 2013). ©f W —’FZ—IHJ%WWQI AATA olF
(vertical displacement of COM) & W9 ZAFF7] <t + Mo &Ad ARIIgsE Ve
e ddt BEes $8e5S oA g9 AASAY FAH S F WY F g AA]
o) FUAAANA doAdH(5%} 55%). EF AAFAY A7 M =2 BP9 30%
80% A TAAAZIZA, BluF & A7 HH ols Akxs AAWY vz
o A &3 g LA (foot print) AHolol ¢ X E TH(Neumann, 2009). 3] g thg

r°l‘

A7) B AAFAY % GF $HYS WA A ol AAZFAY 5 o FH 7}
Zo| 949 W AAE FRAA FF st Ao FERDY ZHEWL o] §3to]
FRAA PR EE A4 1 5o ARH] M JIBE 25

471 £9& yolof AAA EAR 2L AAS " 47 g & J2H(Craik &
Dutterer, 1995; Kirtley, 2006) 1743 859 2% £82 o 1.37m/secE GAET o



unit: cm
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Figure 3. Patterns in center of mass
A7 A &0 B ey @ B4 AolE o HAW F WAEL o WE S
TF(Murray, Guten, Mollinger, & Gardner, 1983).
<Table 1>& 7173 A4 H43% 448 < ez By SE4& yehd Zog. B
dof £eo] Frbg wmeh T tel AAVE Blle 25719 MEES © FoAA

ox

< %

rir

Table 1. Characteristics of gait

Sttt Gait speed Step rate Step length  Step width Foot angle
(my/sec) (steps/min) (m) (cm) (degree)
1 152153151  1191(11511231)  0707(06780742)  81(7092)
2 1484015
3 1404013 1196+7.6 1424013
4 1434014 1108+6.9 0.77+0.06 86132 6.745.0
s 108£2.7
87423

NOTE: 1) Marchetti et al. (2008), 2) Hollman, Kovash, Kubik, & Linbo(2007), 3) Youdas et al.
(2006), 4) Menz et al. (2004), 5) Bilney, Morris, & Webster(2003), 6) Grabiner et al. (2001)



Ha 20thHol A 50t Ae H A7) £¥E oF 24-25m/secE AE A7|&5H Y
3.3m/secEthe ¥ &¥o|th(Murray et al, 1983; Smidt, 1990). ©]¢} W2 A& &9
of LA HW FLY AT AeF7Y #EEE E W AAsE 73te] © A
A = oy 7oz & Ao AFHth(Kressing et al., 2004).

ARG Z2FY2013)9 dFdA= d9 1 By sjdY zole gl $EF71
net dEHEY Tt S 2 SR REY AR dFgFS gaT

AAA Qe FABTT HYT AFUE RASEE 60v) FA o

A

GERR o 43E Aok 9Aom BEAAE 201, 300 60tk FAE BES B
W 60t o gl M BES Fa P HEZF/} chepstoin SUHEAR 5, 2007

e

2. ofX|ZHHE2|

ot

1) 2524

THEA HA o]Fd BEY BF w3 ZF0 s Ao 2HHE ASF 27
Z dng 2 Ao 24 Hi ol AWHA T Ft AW 5L HAA FEo] 4F
S8 Y wg TE o] 10744 Lojuh(HAF7]9 845%) LHEA oA F
(BaF719 30-40%) HE2 ASF F2F& At wA oA A274A Hdf 15-20°¢
AS o] dojdtt, EF I 2YF LERL L AW wdwA It AgA &A &t
71 3 FHAAE oA WS FFo] Yoldth(Ganley & Powers, 2005; Schache &
Baker, 2007).

ojmf B&£H A7) A wEe oF 10°9 WS =53 20°9 AS =] AU,
3 2719 &5 WEg A" JAZ o E WS 50 ey 75 32 49
A AE 2EREY LEATFS HAZAA AFY S LT F U1 AF =FY
A D75 FAANA 159 ZolE ¢ &/ vttt (Neumann, 2009). 53 A =
& 2 T4 (first tarsometatarsal joint)9] 7|5 H3PFet Lo AXAN =S A4 E A
e zAsted R0 Hi HWF 233 AF 259 Y& Z1 Yt(Bandholm,

)

Boysen, Haugaard, Zenbis, & Bencke, 2008; Glasoe, Yack, & Saltzman, 1999

N

O

|

Of



o} T} (Ganley & Powers, 2005; Schache & Baker, 2007). % A oA F52 oF 5° &
=% Ha 253719 15% &< 10-15°9 =55 0 UZ@doe] AdAges =24
He F8Y 25 AAE tdgZow AFolsd A FAFT 2 AsTEY B
TG FAS A= ¢ FEY BLA Ve A ABAAREH F 60° =H7kA e
teRAE BaR st FERAY AT AAE gHd ¥F7 by +5 @A
F

72 $Y TE A% ¢ B A5 o] el A

et Hol B g taeTE FIHAIIA @

%
AAFTAY] =3 A=

P
o

o
ey

2
r o
o
Ogt:.“
1pr

EolA EA HA Al oF 30° AE = Hi uAH Lo b A
A7 gZow FAY W dEBE S AHAY. F57] ¢ d@#HHo] F o Fsho
g s Agos AT wet 2L 157 dojd + U H =X(30° o)) EH
A A o]Hd dojdrh. FHAYL RIS Py A oF 30°9 =3 10°9
Aol Y ddo A QFHrh(Ganley & Powers, 2006; Schache & Baker, 2007).

3. Alcte| 7xot 2

1) Agd 7=

A A7le +29 Fo| Ry UHAY A2 Fo7 ofoXt. &+ A5F
AAE AAstE AA7ZG AAE €9 2gv TF717F TS 37HAY tg A4
o3 APstA Hed, A AT AAE So2Y7], 24, AGs e A, A
O A9s 717 H3) 35715 Azete wo] AWM 27HE5S & F & it
o] 11.9] AJZo|t}(Perry & Burnfield, 2010).

Aol F4& 1672 Francois Blondelo] A2 & 7|&S WHEJSH 17 e &
Aol ofstd F AT wol T & Y "HERY A= £ %%
3} Th(Livingston, Stevenson, & Olney, 1991). ©] &2l @AY AFHHAE AHEH I
o™ <Table 2>9 Zo] b5 AFEAA d&d 149 AdS A&ste olfe 74]1&363

[e]



Table 2. Characteristics of gait by the gradient angle of stairs

73 Aol Ogue] A= £ Blondel®] 3
Study (degree) (cm) (cm) dE3H+T A =)
=274 45 203 210 61.6
A EFRA 34 203 305 711
SR TIAL 17 127 49 67.3
=274 p 25 250 70.0
B FWAA 30 170 290 63.0
SRR TIAL 24 138 31.0 58.6
=274 41 200 2.0 63.0
C A 30 171 290 63.2
SEO7IAL 20 133 370 63.6

NOTE: A: Livingston et al. (1991), B: Riener et al. (2002), C: Stacoff et al. (2005)

Al EAY gAYy A A= F, T AEEHAAE /Y FEo ZF 7
e TS AFst7] A8l AA A h(Livingston et al., 1991; Riener et al., 2002; Stacoff
et al., 2005).

Ao Fx+ AW (raiser), U9 H(tread), FAE (pitch)e] &2 d¥S & & AHF

Z1ef, 2008; Roy, 2001). A& Al F /9 g 52 td#7 FA4 #(landing) Akol <
HhE o A ohg AT wg A9 Ewol2 A A

2 (nosing) Aol FHAYE BT
2 AT 5 oH AAEE R B
ZH FFAAEAME HEH 28em ©|sF, AH 18cm

B
\ 90 cm
o tread
o7 33° P
.l ) 28 cm raiser
18 cm

:
v

Figure 4. Stair structure



ojsl, AAE 33°F 7|FLE Zth<Figure 4>. °l& &4 F(2008)% ATFAAE Fo] 18cm,

HA4YH 26cm, F 90cm H sk QT

2) AGr

AGEY L FAEYA v o B2 v8< &7t 2o ojFo] Ao HEg
e A3 o] &4 AAss el Ave HAAM FARLYH} FASAR FoA &
Aol mhet stA o) o] wRsts S @A Aovt AvEH 7, ASA, A
%1, 2006).

ATe 2= A% 27 AAGAE JYBAG-60)F FEHAG
Tt T wEA AdHo Retgr] £ FHAAT] F ls
SR 0 FE fFASHA HH L1447 4B HH(10-15%), —‘%%1@_(5-15")01]*1 T g
b doiur]l AR e =5 HEHE FASHA EtH(Nadeau, McFadyen, & Malouin,
2003; Powers et al.,, 1997; Protopapadaki et al.,, 2007, Riener et al., 2002).

27l AA e ASHAM F=2 TAHY IYHE dFLe F5 5L iS5 ==
(1090 M1 JPBEI} BERHAE 2Zo] AF A% AZ 2To| Y
T}(Nadeau et al, 2003; Powers et al., 1997, Protopapadaki et al, 2007; Riener et al.,
2002). 3 AsTE7I7F AAE A HEREY WS F52 AGS VtEAY Yoprh)
JalH 5° A5 HAHoE o B4 FakA A 77](double limb support)s] BRI
e AYsE A2 AZS ol B3] A8 WE A= 2I(10°20°)0] W4 3T (Nadeau
et al, 2003; Powers et al, 1997, Protopapadaki et al, 2007; Riener et al., 2002). ©|

© BAELYS 4G F H Ao yeya A-F A
EATE 225 T ST AEFE UEAT HAE P nje] o 2771 A
3ol YEdt(Stacoff et al., 2005).
=

O

2

0°)9] 2ol

0-70
ARSHE A

r&
K<)
il

r°l‘

AZ71 AA AA %Eé%%égl s AdZs
B153 9t (Andriacchi, Andersson, Fermier, Stern & Galante, 1980; Costigan,
Deluzio, & Wyss, 2001; Protopapadaki et al., 2007). +S#d& 7] HA7] o|F u=
e WS 2529 ZHEZ Eva vtz & 45 AT ZHER HIHE Rl
719 YA AA | #83HA Hrh(Costigan et al, 2001; Nadeau et al, 2003;
Powers et al.,, 1997, Protopapadaki et al, 2007, Riener et al., 2002). &5#dd A= 47
7] el WS WS =5 ZHEV BAeH F e A YEhvda F A



o HUAEE 2VIA47AA dEdr derdo s 447 7)o wAstE A HAY
HAWZAEEY o & 57 UYeEdth(McFadyen & Winter, 1988; Nadeau et al., 2003;
Protopapadaki et al., 2007; Riener et al., 2002).
A< T8t ¢ A5 HEFo2FE AFAHY PgAdy FEHE L 60° 4
g, g FEALAAE WS 25| 5° A BTG, dEBE AHS 9
NATE F o &2 (gluteus maximus)# A Z(adductor magnus) 59
THES AET 748 FF5& str A FERHAINE YFFF(vastus lateralis) T
WS4 Z(vastus medialis)o] AAES A FAAL FFHE Foh(Lyons, Perry, Gronley,
Barnes & Antonelli, 1983; Powers et al., 1997). Z ¥ (frontal plane)ol A& JE A 9 H
ZEol ¢HAS FHIH AR FA4E JAMCE AFE olFAIE 9s st
(Lyons et al, 1983; McFadyen & Winter, 1988) = #A A= AFr-d7] 5¢ HS5 =
o] A5 5ol A AFete] Repukgr]e] ZREAA AU 12° 71A FIHH . 443
A 7 7HAR 29 oz Ao ALHo HfH s4A o WEE7](toe-off) A
74A H gk A 3t} (Protopapadaki et al., 2007).

Ads 228 Zde HHE Ads HHee 5842 FERHAEY Fa5717F F838HH
ERHNME o= AR WS FFo] WA of Itk (Powers et al, 1997). ot = Y
HeE A 74 stARAY ANHow REH AFAGA Ho HAERIF A-A d= &3
B dERHAAE A5 FF0] 20° B DA FEFHEL F 10004 15° A& =
Fotal YEBAANME 20° A% =0 LAt (Andriacchi et al., 1980; Powers et al.,
1997; Protopapadaki et al., 2007; Riener et al., 2002). 3tz/t37] S¢olle FEAAL &
A7 10° A& wjS F=o] T 7] A7) 7HA HAHe] 200 A& S =50
AYstA At o] AHAA 2YE AZE w HExRHLe AF =30 WA FF
7] @71ele 20° AER AR FFe Holn FEHEL 27 HAIAA A =
o] WAsA T FF7] Fe AA 8 AHH T (Powers et al, 1997; Protopapadaki et al.,
2007; Riener et al., 2002).

THS A VANAE HER- e AY2Y FA FFOE YA XY A
Tl FAY S A EEFE]
A&stel WS W EZ(gastrocnemius)®]  &so] WA @Th(James & Parker, 1989;
McFadyen & Winter, 1988). F&@HNAE A TS F&3te ¢ RS F4F
A BT 2E5EFY FUF a7HL U BAY 9RHH JAZH JHAITELS 747
AM AZA471= A&KeAM FPst= T T a5

Powers et al., 1997).

S AZHIL FF7 T BARRL AFFET
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29 4 AU I FA GIITES AR, WY A A 49 993

o 7tEd €8S JAst 93 T dwets AT #EdE dFS0] ofFolA %
o sARE o8 = HthE  Nigg, Hintzen?} Ferber(2006), Romkes, Rudmann}
Brunner(2006)= A& ¥e 4 e ¢AAS FHI F B A Y FF9 B
AL AFstd 8- S A 234 QA AHE FUIEIEE AW 2F
& AAste 7154 #d dFE0] o Foli. olw AT -?%9] B dA A
oY F3 T BAS dAwsjor ofr] wEe o A-F }FS FACE wEHA

o Eg4E FHFAANigg et al, 2006; Li & Hong, 2007) 23 sj&lo] W3lo} 23,
=8 S84 Fo] e F e G #AF AFEE o] FAAL T (Buchecker, Stoggl,
& Miiller, 2013).
£33 AR § ARE A7) Y3 A5y AGAxd MNERAAE, AEY,
F,2008), A By 34 g5 AX ) dF 34 FrHY 4dRAAAE, £,
@, 2006), Ao WAL ZAHIA #HA AT}
2013). =& dA o] HHstHI A Ao AFH A¢ JHEA wEE wE AdA

2009). dtold S #&3te
(Yu et al, 2008), o149 A& 8%
&atA Hol SAAH Rl © stFdEn
ofo] FARY A FF & Fol9 #H
g FolFvtd wet =77 FA AN E4T 7éf+, TEAHL DHQI *Jf‘s} Fiaa
22 57 dAANA §o]l¥ TF Eo] 3ecm H¥o] 7em, 9em B3I EHT} AR FA
HAAR, & o7t F7hgel wet Ao Taste FEHE @4 HolA ¢ggen
Mol AF e @ HolFrtel Myt fAHOE Faste S HAga syt
st % FA42010b)0] 4 208S ez AA Y AeHdA COPY &2 WYY

filo



T3t Ho, Blanchette9} Powers(2012)7F 1189 217g 200 A4S oS E 1.27cm,
6.35cm, 9.53cm TF ¥ &0 W& S/HNE #H FZF(patellofemoral pain/ PFP)& &
F 8 w7t e E A AUE A 2EHAV v Hoz 3
1, ol oA /A4 o Sty #E9 widgol F FFS

zolo whet £AGE BAYE HF(2009) A 108 WFez Lo
Fol 4 9, AdYY, BeddS 34T 23, ILEH 2 7em
UEHSt o1 -‘;‘*él‘i—oﬂ* T 7em @ ®O] TF7F WA YEREAL,

olol HAtd WA Fog zol7k Tt
EF o Aozt ey, AERHA w2
St (confining pressure)o] F7}ste Wriete] Wy FET F gon ¥
Fe AN #& A AEAY 55 722 5 do i

2013)& A9 AF3H 75 2 ol Ocm, 6em, 9em F BARY A FH <
As, @ xol7t S7MEeE AT AWolF ol dasta B Az
779 724 FH=z dd By ¥ AFE T=vy . =P
Eo|F7tl wet Azt AIF7 Z(frontrear angle/FR angle)e A HA7AZ AA=E
AL, 257 7 (left-right angle/LR angle) =& ZH 7]&7|7F AA B3 A A o]
T Aoz Hiueih.

Gerber 5(2012)2 3018 2Hgo &3k 1849 304 Abolo] 3e A< o4 539 L O
FoRE stold F&o mE FAFFFE BASAT AMNHIE o] & 7 e A-
<, F-F, COP He 7+ =149 AlZto] &ld A F(eyes open)®t Al Zto] Agtd 7§
(eyes closed)Z urol Widst I Fo] lem, 7emo] &3 A3, BRE A Aol
AgE e W G AsHAx, 55 AAGAEI ATd FHAM 22 so]de &
gatsle o, ¢34 o g4 St T
A 108 s 4% 9 FRPS 37HA
A A3, Ade ynld o hREe AH
e gengEY "oy d#HA A F(coefficient of variation), B T A 4 (asymmetry

index)o] &< PIAA X, BARYH AGRY LS AHnre g}n o HeoM 2
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ol 7h detdtha Atk ARG T FFRPLS F1(A1 Hd $2 AHEeE), Fz2(Fzl
I Fz2 739 Ha A Aid), F3(A2 Al ¢4 AddE)er FHEHE ‘M FH
S Rel WA, SFRY A= Fz27t 7%91 Qi 2 Fz13 Fe FBo2 74" JHe B

S
ot
rel

gt SHdA, A W7l A A EolHdd wE X]EE‘?}E—:‘. AES 24
83 FAH(2014a)8 ATANA A =7t F7HEFE A -F(anterior-posterior), T3
(vertical) A/ HEFE(GRF)o] o %1 F Wl 2 A#LZ2H, A& AAnkg e Ad #
A A FAAH ] dede £3 AARE ) 5& FH(r=942, R=88.64%)°] UEIY o]
AR BE S Bt shsih
FRZAA &3 A He ANEE T 9 f¥ol 2 Add AR L=

7l ¢ Al AdH =989 dEFA olsdE FAGE Hud I, 448F o

I
of
{4

Z‘Jr—?-i 01%3}{‘ Aol Yetyta, £ J9¥ Hy AL FS AU A HAR
A Blus AAR Q27 AdA 23MA FE2EEFF 9
FostA AaEATT SFH

Aoy 78 e ez HAEYR AT L27-Uer] A doeme 3 £43%
oA, Wz, o]gF, ol AAF(2011)Y AFA HARY Ao doigw s =
719} F7) oA ¢t o §91, B o AZELL A HAoH AT 927
71k Z71AA < of ¥ 9 FIAA JtEEHe] BAFTT AT EF AT
SAEA Ve, A od 2 B EE s

] k|
AAAR &/ = 24 (tibial tubercle)ZF-E €& T Y (mid
.j_
=

&=d
&=d

) 59w dud

(anterior superior iliac spine/ ASIS)EHE <€7/l= 0oL(mit
patella)e Sl A9 Q72 Ad 7] F BARY He] Hriem o 7t&EH o]

R
o
El
x
58
ot L

Valentini 5(2009)& 3stol¥ & A1 BT A9, Byste o] naZy3lel et
e Ll

G35 Solu gl $x<) gl HA L,

S
A%, BF BABY] TR vk HFAT BAS FAWY opz G AAzANA
S £3 AP, 53 dUF A9xd F A 22/E AAFAY 5Y @] 2
I X
0

A deEY7] W&ol (McFadyen & Winter, 1988) %



e 454

& FAAAE
g fAddel %
1985)% 72+ A ¥z

=go] § %ol 8FH(Christina & Cavanagh, 2002). & 3ol w29

Z %A (Cluff & Robertson, 2011; Cohen, Templer, & Archea,

5 Y ol Wale hE RAEA 7o) Fast



m. ¢7 1: o{y=2| A=W Al 15 & =0|H=}of| miE

HHSY BB

HGANA AAolFe AT FHEPS - WA THET. A BRYFEH =
HE 7|F0% dntgo] AHo] HA He Ao TFHEA 2A o)F FAAAE A
U 2gdwArt oA E 42 HEHor FysiA dn. oy YA H=
A% (Z axis), A-F3(Y axis), &}

Z(X axis) HFO 2 § JESo] doAUA HedH, 74 AW (vertical GRF) A&
9] 120%, #-¥ AW (anterior-posterior GRF)2 20%, % A H 4 (medial-lateral
GRF)& 5%7F 44 (Whlttle, 2007)

SHARE HA K Al

%= A
FF Y Fge AAY AP AT HALEY AAUZA FH 434 19
T 9gAY ZRAA AE BE ol e + Yok med A7 19 Bhe 9y
WA WS ARE TYHE FARY A FF Y Foluse] BE RASHL T3

2. Ato| =2A|

A7 19 BAS A% 98 de 2ol ATEAS HAAA
1) BARY A FF Y EolZbl we SR AAs] Fol7h YehE
) BARY A TE D FolZel wmek B4 AN o7} YehET

3) BARY A TF D BolZtl wek AR Wle] Aolst YehEl

ii



3. HCHA

AT 19 EA4E EA87] gs) AAdoA 108 oz AASHth<Table 3>. 7t
SR s «] W72 0] (foot length) AL F oM (transverse plane)oll Al £ X £ (calcaneus
g p

1 0]

Vg QRIS ZARYIL BE (foot width) & 3

& 24T B8 BARY A AAFY FF F

d5 A2 19 oy 254 9 Sudo} BEBA 5o &4 ®E FF Ado 99
ow nagd ool Qt UAAEE HAFAT 53 24 BAAE oW TR B
7zke] AT Aol gl M A AL WA A Baol ol TFEE EFANA
) B Ao 2718 RE RS AT

o= fAAER v?@fﬂ?iﬂ%ﬂi, 2010b
AA G 54 5 FES A3

SATF.

A=)
&
ot
B
N
Y
B
e
o
(o
HU
>
ot
m
N
Y
OPH

oMol AYTH F AN

Table 3. Characteristics of the subjects(n=10)

Section Age Height Body mass Foot length Foot width
Subjects Grs) (em) e (em) (cm)
1 23 163.52 5751 2315 901
2 16711 58.80 23.80 852
3 23 164.82 56.82 2370 803
4 24 16950 5917 2351 850
5 23 16750 53.92 2358 832
6 5 16621 50.90 251 831
7 5 16245 50.71 2859 830
8 23 165.80 50.22 2350 910
9 5 168.20 51.39 2B52 860
10 23 16491 51.84 250 805
MtSD 28.90+0.9 166.00+2.15 54124359 23334046 8471035

Note: Values are mean(M)=*standard deviation(SD)



A7 283 did=ye LGRS AN 1

TASAL, AHY AFAQ AL <Table 4> 3 <Figure 5>% 2T,

A @k 7] (GRF)Z

fd

E Ao 94EY A 33 FVAEE 48] Aste] BAR BN ALY
= g A 3AYH(HDR-HC7/HDV 1080i, Sony Corp,
Japen) ¥ £W5S BAMES 4BAUE AT 5 e WA 2Fadt old o

Py
A" AT &E& 60frames/secE 31, =F A7 (exposure time) 1/500secE A A

2) YBEAAH

B2 dAFoA FFEARE = (F)HEY Kwon 3D XP ver. 4.0(Visol, Korea) Z = 17
S AEetglen, 4D A AEE AR EZANE )Y AAAAE AZste B F

A (empirical) B2 F HEHS  Abdel-Aziz¢ Karara(1971)¢] DLT(Direct Linear
Q.
[€]

2)
Transformation) ¥4-& o] &3t AR ARFG FHo| FHHHRRE Aold] EA3t=

Table 4. Experimental equipments

Equipments Model Manufacturer
Camcorder (Mini DV) HDR-HC7/HDV 1080i SONY

Tripod 055XDB MANFROTTO
Control object 2m2mxIm VISOL
A/D sync box VSAD-101-USB-V2 VISOL
LED MP-20B MATIN
Light - VISOL
Kwon3D XP Motion Analysis Package ver 4.0 VISOL
Force Platform AMIT OR6-7-2000 AMIT




Camcorder (Mini DV)

g, AMTI OR6-7-2000

AMTIZ| 47|

Control object

Tripod VSAD-101-USB-V2

marker
Figure 5. Experimental equipments

e ow AARE oln ofs FAHAES ol&std MY AFE A4tstd 5T
3) AHHY7)

F5 2 Emoldgg AWRAd wWE &F9TgH wHAdss AEs] Y5y
AMTI-OR6-7(AMTI Inc., USA) A HWE 7] 1HHE AH&3tA 3L, o o A ET (sampling)2
1000Hz= A7 3} A Tt
4) AHFE7] AX

PARY Al AHwd =24 9 JAFELES s AMTI AHRtgE 7] 43 FAEHA Al
ZHE Uk (46cm x80cm*8cm) & <Figure 6>?Jr 2ol AAsatt. olu WdAEY Ad

27e BYL dd ARNY/E /F0E A5 5m AUE e YRuig 4%
a9t



Figure 6. Experimental equipments during level walking(GRF)
5) 7% 8 ¥ol ¥

2 AFNA <Figure 7>3 Zol 7579 = 20t ool 7HF ol HEdtes SR
o]l ke M (HA Y, AES, 20092 AL =F FF H 7 w09 2FE %
F(2012)7F 20t} 40th7k ABF T4 FAFT Fo2 JHF Hol Add
Fusiaoh. wepd & Ad7dA 2 Adzd ¥ P go] A4L 71EU Wi(bare foot)

Ocm$ 6cm, 9em= A ATHF A =, 2013).

(bare foot) Ocm 6cm 9cm

Figure 7. Shoe’s heel heights
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ok

i
1) A BAY T 53

2 AdFdA 48 A Ee S e Al E8T ARE &7 Hsto A2
o] 2& #E§ T AAEAHY wj/lM 5 Plagenhoef, Evans$t Abdelnour(1983)¢] A& &
o] &3t <Table 5>9 Zo| JAAAAA 2174 9ol 71&4 1075 F7tet] F&skoh
ojuf AAJAHA | npARZ] YA = <Figure 8>3

d

Table 5. Marker attachment points

Order Marker attachment points Order Marker attachment points
1 Toe 17 Medial epicondyle
2 Heel 18 Left  Thigh
3 Lateral malleolus 19 Anterior superior iliac spine
4 Medial malleolus 20 Lateral wrist
5 Right  Shank 2 Medial wrist
6 Lateral epicondyle 2 Right Lateral elbow
7 Medial epicondyle 23 Medial elbow
8 Thigh 24 Shoulder
Anterior superior iliac spine 5 Lateral wrist
10 Sacrum 2 Medial wrist
1 Toe 27 Left  Lateral elbow
12 Heel 28 Medial elbow
13 Left Lateral malleolus 2 Shoulder
14 Medial malleolus 30 Chin
15 Shank 31 Nose
16 Lateral epicondyle




nose

—| T

\

Figure 8. Marker attachment points
2) 4843

ARG TE Y Eolo] B2 HYEHE B3] 93 BF 0emst 6em, Iem
FF Ue A8 B APe AYHAT BANAY HAFAS B A 339
4 Z

FUHAE AAS st EAMl EAY AANAY BAYEQmOmxIm)E A,
A g 2HF(055xDV)2 FAMEN} dddde ¢ds 22T ¢ 9le WANA =
ojoh #-§, TZHA BFE mejste] 2+ xWFol A MFA =2 HAYR 1A
AN A A stHt ol AFH &EE 60frames/secE 3t =EF AL 1/500secE A A
& & FAPES 10sec 5 2F T 5HIFEF S AN th<Figure 9>.
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Figure 9. Setting of control object

YEED A AAZEY FATAH A FAFAY AAE Adtstr] He dAEA
o 7] ¥ < (body segment parameters)= Plagenhoef 5(1983)¢] A5 & Fiste] Tz Eo]lA
FJAEE A 214 o 7124 1008 © 2Fete] F 3109 24H& AU A
AL, B8] 75 @ wol¥ HEAY w RAAAE W FHAHAL F
|

871 A §3te] 6em, 9om TE A ER RFFG,

7} 732 5 Jom(Perry & Burnfield, 2010) ¥HE-ZA o] o] F0]%]7]
m gl Aol 7} 14 3.4 = (self-selected speed)Z ¥ -E(heel-toe) ZA| H3Y
S 3IEE 2AHSAHFAA 5, 2013; FA 4, 2007, Buzzi, Stergiou, Kurz, Hageman, &
Heidel, 2003; Stergiou, Moraiti, Giakas, Ristanis, & Georgoulis, 2004). o] H3EA A
B APLFS YI(axis), ABY F-+F5S XF(axis), £HH &5 Wakol| g #4

& Z%(axis) o2 A AT

oX
a=)
r (o]
ot
N
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S(t) = Cyt*+ Ct* + Ct G,
S'(t) =3Ct*+20t+ C,
S”(t)=6Cgt+2C,

3) 4 +&wl

B AN spA#EY s dE5dd, FEAA, Y B st 4 #dY F5
(flexion) /21 % (extension) Zt& AHE3FA 3L, <Figure 10> o] 5719 HU4==2 A 93}
A

: 9B AAE ZZ(hip angle) : At (trunk)Z o F (thigh) M E 7} o] F& dHAEE B9
3191 A4 (sagittal plane)o A (+)FFe A A, (e 2Fo2 Aot

—

H

1
D
—

‘\\\"/ %
0° LRangle

Figure 10. Body segment angle during gait



_ 6% 2284 7% (knee angle) : T3 (thigh)$} 5 (shank)¥ B 7} o &
|74 ¥ (sagittal plane)dl A (HFE AA, @S 2Fo2 HaA .

Lo
ol
4%
=

>

0 wEE 7} % (ankle angle) : 38} ¥ (shank)$t o (foot)H E|7} o] F& 4 EE B
AL (NS AF 25, (L WS EF2= Ao
-0 A AEA Z}(front-rear angle/FR angle) : A7 H (sagittal plane)oll Al A 7ko]

ARG Bl Ya(ads)ol i FA4=0H (Hate WA4, (e FE42E Aot

- 0% AR #H5A 7} (left-right angle/ LR angle) : ¥ H (frontal plane)oll A A 7ko]
A el X5(axis)ol e FAAEH (HEe AED, (e FA4eE A5
At

A #ELE s FASE F HEHY Y F(dot product)S

[e)
T =
WA Aol o8 £ ME UX, X, XK V(Vi, Vj, Vi7h o2& 7 g

—_
\_/

_U-V_ 22 i ool s
U« [V \/XerXerX,f . \/nyryj?erlf

2 Aogy A4H cosho #S Xt s f=arccosx® TS

O @ #A(hip) 2459 A4t
ﬂ]lf»](tmgh)‘j@_ H B Stthh Xi, Xj, Xk)& A (trunk) &4 HE gt,,.unk(Yi, Yj, YK)7} o]

_l\l

=
-

Sthigh .« 5

runk

¢ ‘St

¥ = arccos

‘ S5 thigh runk‘

@ FE#H (knee) =9 A4t
35 (shank) 22 W 5, (X, X, XK)% o8 (thigh) 22 W S, 0 (Y, Y, Yi)7H o
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Sshank ® Sthigh

(3 = arccos

Sshank‘ ¢ ‘Sthigh
@ 2B (ankle) 259 A4

Bfoot) B A MEN S, (X, Xj, Xk)Sh 3-8 (shank) £2 HE S, (Y, Y, YR)7H o F

7

Sfoot ¢ Sshcmk

Q= arccos

‘Sfoot ¢ Sshcmk‘

@) A NEANHEE o8 AALYA B}

HY T 2% o] AR FAH= AHIORE To] BoAA = AM(TTO)7HA A
ke A -Z(front-rear angle/FR angle), & (left-right angle/LR angle) 712714 & ©]
235t ANAARES HAsgT 2 18 Fok =AF Hzte /LA EE 208 Az
S 2 o] 7127l ﬁdi}(excursion)% Azstdn. olw 34 A- ; .9 71&7)9 =2
TEHA ol FoAA 7127l AT St HE AAGAA ol FAdA Ha, Azt
284 de =AY 2 AL Vs &7 Ve "AE #4 }71] = AAFE A
of ¥4HS vt

O Az A-F 7274 5E o] & AALAA(FR angle excursion/F-RAE)

¢
E|FRO, t—FR 0,mean
t=0

FRAE= T

@ A -5 7NN AEE o) &F AAMUAA (LR angle excursion/L-RAE)

t
E|LRO, t— LR 0,mean
LRAE=1=

T



(5) A @4HE (GRF) W3 &

B oATolA Auwgel bolg

Al #-$(Fr) §t2 medial(-)-lateral(+), & -F(Fy) #-2 anterior(+)-posterior(-),
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A" A2 A A%, 279, 29 3xdor A4HE 4 HFgE AUy HES
ot B4 A=E Wt B9 oty A 3 A G FIE AT
Atk ol Wikstrom, Tillman, Smith®} Borsa(2005)¢] A &EE Fiste 54 HFA =

- #-% A A A 4 (medial-lateral stability index: MLSI)

> (0— Fr)?

samples

MLST=

- A-% S8 4 A (anterior-posterior stability index: APSI)

> (0— Fy)?

samples

APSI=

- 72 QFA 3 A+ (vertical stability index: VSI)

BSTTY LIgRAD
VSI:\/Z(bodywezght F2)

samples

- AA +A A 4 (dynamic postural stability index: DPSI)

20— Fr)’+ 2 (00— Fy)’
+ 3 (bodyweight — Fx)?
samples

DPSI=

©® HAd 2 AHRE (Max. vertical GRF)¢] A4
Ao 2 AUwd2 24 A7 23 A AR 7] (force platform)o] o] ¥

BHEE AR ol% o] "olA &3 F Azol 44T A 53 Auuy gL

o

N

By



WA AFOE ol EEsstel AT

Max. Vertical GRF = Max. Vertical GRE/body weight (BW(N))

® %7 H3}&(impact loading rate)?] A4t
Fatee T 2ol NG AA7E wolgol= FAZ I REE AT

(Munro, Miller, & Fuglevand, 1987).
Loading Rate= (Fzmaz— Fz50) / (TFan — TFZ5O)(BW(N) . secfl)

oldl, Femaz : At} 42 A A
250N @ 27 A F 4 Adukg R50NS doldl g
T.. — : Fzmax7} VYERG A A9 AZE

Fzmax
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E.3: toe take-off/TTO  E.2: heel take-off/HTO E.1: initial contact/IC

Event 1: @ Downward stairs(A) ' Level walking, upward stairs(B)

Figure 11. Event and phase during gait
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oS

Table 6. Dorsiflexion/plantarflexion angle of ankle according to the shoe’s heel
heights during level walking(unit: degree)

Heel height(cm)

Event F p  Duncan
Ocm 6cm 9cm

IC 105.09+10.04 122.0249.78 126114953 12952 001 6, 90

HIO 93.89+8.38 110.89£10.25 112.4618.95 12455 001 6, 90

TTO 109.09+7.23 120.86+11.56 118701259 3415 048 6, 90

NOTE: Values are mean(M)xstandard deviation(SD), event: IC(initial contact), HTO(heel take-off),
TTO(toe take-off)



140

IC HTO TTO | e==(Ocm

——6cm

130 - 9cm
/’\"%"\\

120
_ o 7
8 Ns:;;_ /
%D 110 -
=
-
L
e ]
= 100
(4]
(=4
90 -
loading response terminal stance
1Y NN SN | (73 |
1 21 41 61 81 101

Figure 12. Angle of ankle according to the shoe’s heel heights

during level walking
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Table 7. Flexion/extension angle of knee according to the shoe’s heel heights during
level walking(unit: degree)

Heel height(cm)

Event F p  Duncan
Ocm 6cm 9cm
IC 158104326 160.92+4.92 1585145.95 9% 383 NS
HIO 161.335.10 156.80+6.98 158914617 1.368 272 NS
TTO 141.79+13.53 141.70+7.9 149.84+9.89 1.906 168 NS

NOTE: Values are mean(M)tstandard deviation(SD), NS: no significant difference, event: IC(initial
contact), HTO(heel take-off), TTO(toe take-off)
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Figure 13. Angle of knee according to the shoe’s heel heights

during level walking
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Table 8. Flexion/extension angle of hip according to the shoe’s heel heights during
level walking(unit: degree)

Heel height(cm)

Event F p  Duncan
Ocm 6cm 9cm
IC 150651692 149.73+6.64 150.7545.11 080 923 NS
HIO 160.56+6.74 159.26:4.22 156.5146.14 1.32 283 NS
TTO 154.6516.83 157.87t5.26 157224517 861 434 NS

NOTE: Values are mean(M)+standard deviation(SD), NS: no significant difference, event: IC(initial
contact), HTO(heel take-off), TTO(toe take-off)
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Figure 14. Angle of hip according to the shoe’s heel heights during

level walking
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Table 9. Length of 1 step according to the shoe’s heel heights during level
walking(unit: cm)

Heel height(cm)
Section F p  Duncan
Ocm 6cm 9cm

1 step 7011+3.75 68.08+3.62 60.37+3.62 3.052 064 NS
NOTE: Values are mean(M)tstandard deviation(SD), NS: no significant difference, 1 step: L foot

contact ~ R foot contact
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Figure 15. Length of 1 step according to the shoe’s heel heights

during level walking
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Table 10. Horizontal displacement of COM according to the shoe’s heel heights
during level walking(unit: cm)

Heel height(cm)
Section F p  Duncan
Ocm 6cm 9cm

aoMmy) 80.90+5.06 7721+348 7545318 4861 016 0>6, 9
NOTE: Values are mean(M)=standard deviation(SD), COM(Center of Mass), horizontal displacement
of COM: IC ~ TTO

<Figure 16>2 BAEY A 75 @ Folo @& AAFAHAAY A-F WS YEd
Aot 75 @ wo|F7bel wet AAFAH) AelsAL Fa 7
A



84

M O0cm
82 - O6cm

0O9cm
80 -

78 -

|
l

72 A

Horizontal displacement of
COM(cm)

70 -

68 -
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Table 11. Velocity of COM according to the shoe’s heel heights during level
walking(unit: cm/sec)

heel height(cm)

Section F p  Duncan
Ocm 6cm 9cm
IC 121.93£7.18 106.32+13.34 104.83£11.53 7426 0B 06,9
HIO 126401098 111.13+1490 11045£13.75 4.729 017 06,9
TTO 138.00+15.97 134.74+13.50 128.25+10.63 1.34 278 NS

NOTE: Values are mean(M)*standard deviation(SD), NS: no significant difference, COM(center of
mass), event: IC(initial contact), HTO(heel take-off), TTO(toe take-off)
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Figure 17. Velocity of COM according to the shoe’s heel heights

during level walking
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Table 12. Front-rear, left-right angle according to the shoe’s heel heights during level
walking(unit: degree)

Heel height(cm)

Event F p  Duncan
Ocm 6cm 9cm

R IC 10.71£3.53 911+4.38 882323 730 491 NS
HIO 9.67+2.05 9.5043.67 890+3.%4 147 864 NS

angle TTO 12.84+2.60 11374324 10.37£3.51 1573 226 NS
IR IC 201£1.32 -1.92+217 -110+1.17 967 393 NS
HIO -1.18+219 -1.19+216 -055+1.40 356 704 NS

angle TTO 0.68£1.64 0.07+2.33 036+1.16 868 431 NS

NOTE: Values are mean(M)tstandard deviation(SD), NS: no significant difference, event: IC(initial
contact), HTO(heel take-off), TTO(toe take-off), FR angle(front-rear angle), LR angle(left-right angle)
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Figure 18. FR angle according to the shoe’s heel heights during

level walking
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Table 13. FR'LR angle excursion according to the shoe’s heel heights during level
walking

Heel height(cm)

Section F p  Duncan
Ocm 6cm 9cm

FE-RAE 15244454 15.7445.86 151748.08 024 977 NS

L-RAE 2574147 3.18+2.97 250+1.26 330 72 NS

NOTE: Values are mean(M)*standard, deviation(SD), NS: no significant difference, F-RAE(front-rear
angle excursion), L-RAE(left-right angle excursion)
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Figure 20. FR angle excursion according to the shoe’s heel heights

during level walking
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Figure 21. LR angle excursion according to the shoe’s heel heights

during level walking
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Table 14. Center of pressure variables according to the shoe’s heel heights during
level walking

Heel height(cm)

Section F p  Duncan
Ocm 6cm 9cm
AQOPx(cm) 273+053 0.311.67 -1.06+1.65 20967 001 069
AQOPy(cm) 19.70£1.9 19.8740.92 19.17+1.55 563 576 NS

arp area(cmz) 53.29+8.83 30.95+9.06 35124919 17315 001 06, 9
NOTE: Values are mean(M)*standard deviation(SD), NS: no significant difference
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Figure 22. ACOPx according to the shoe’s heel heights during
level walking
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Table 15. Dynamic postural stability index according to the shoe’s heel heights
during level walking

Heel height(cm)

Section F p  Duncan
Ocm 6cm 9cm
MLSI 0.01+0.00 0.02+0.00 0.01£0.00 215 808 NS
APl 0.07+0.01 0.07+0.01 0.07+0.01 409 409 NS
Vsl 0.63+0.08 0.650.07 0.630.09 153 153 NS
DPSI 0.72+011 0.75+0.09 0.7310.12 157 157 NS

NOTE: Values are mean(M)zstandard deviation(SD), NS: no significant difference, ML(medial-lateral),
AP(anterior-posterior), V(vertical), DP(dynamic postural) Stability Index
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TF @ ¥ol St wE 793 Aole (e ACE yEyH. HARY T T7F D

Solusto]l hE 7 Wad 4 ARAAT WHE <Figure 2559 2ol 7 JFA 10
Wol HolHE ol §ated 1Yo Ued ot

>
=%
-
> o
3 =
= =
9 3 =
> =
2
= T g |
= W
[s] T
& 8
ety e
< 2
S 8
g
< e
— P
L =]
.8 ‘E
= -
L c
= <
p
0.9
0.8
>
- =%
=
o
>
= =
= =
- <
= &
= i)
s E
w 1723
— j=3
< 5 -9
-2 )
S g
> c
>~
a

=—0cm 6cm =9cm

Figure 25. Dynamic postural stability index according to the shoe’s
heel heights during level walking(MLSI, APSI, VSI, DPSI)
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Table 16. Anterior-posterior GRF according to the shoe’s heel heights during level
walking(unit: BW(N))

Heel height(cm)

Section F p  Duncan
Ocm 6cm 9cm
Fy1 0.16+0.06 018+0.04 021+0.03 1.631 214 NS
Fy 2 021+0.03 023+0.02 0.23+0.03 1102 347 NS

NOTE: Values are mean(M)tstandard deviation(SD), NS: no significant difference, Fy 1(braking
forces GRF), Fy 2(momentum GRF)
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bl Wl 6em, 9em ¥ =0)7F ¢ Z A5 dy FAH S BHoFa 9



M O0cm

O6cm

0O9cm
M 0cm
O6cm
O9%cm

T

level walking

0.24
0.23 -
0.22
0.19
0.18 -

~ o
i | =
=}

-0.05 -

- 1n
S =
S

0.2
-0.25

Figure 26. Fy 1 GRF according to the shoe’s heel heights during

(MD4UD 1 A4 (NMD4ID T A

Figure 27. Fy 2 GRF according to the shoe’s heel heights during

level walking

AWk & <Table 17>3 o] 7 tjAAE B A A 7)o o] g

o 54

_%]

o

s

b 7%

3]

AR AT, 6cm, 9em7} Ocm Btk ¢ &

b Aol

3|
hu

ol gk §9

=
o

|

? wo



Table 17. Max. vertical GRF according to the shoe’s heel heights during level
walking(unit: BW(N))

Heel height(cm)

Section F p  Duncan
Ocm 6cm 9cm

Max. Fz 11241013 1.19+10.10 1.24+0.09 2747 082 NS
NOTE: Values are mean(M)*standard deviation(SD), NS: no significant difference
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Table 18. Impact loading rate according to the shoe’s heel heights during level
walking(unit: BW(N)-sec?)

Heel height(cm)
Section F p  Duncan
Ocm 6cm 9cm

Impact loading rate 7214130 8.36+1.63 8.34+1.27 2166 134 NS
NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference
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29. Impact loading rate according to the shoe’s heel heights
during level walking
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ojg} Zo], 7% ¥ wo] FUIE d& AHE EREY AF =5 4294 ¥, I
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Z7HeI %W, B 8L, 2002; Hong et al, 2005)% #7k ofyel B Wiy 9 2= A of
4< ZY(Frey, Thompson, & Smith, 1995, Lampe, Mitternacht, Steinhauser,
Gerdesmeyer, & Gradinger, 2003)% <+ ¢ltta #TH T

2) 3 4489 w3

BARY A 757 D oMt mE FH AAHY MIE EHI A, 1H Zo|g}
AATAAAY A-F Mates 75 @ w0l 7 wet dade 540 UERt. olx
Marchetti 5(2008)°] A& A F-AE ez 7IA7 ZF&d E=F 2A o Al
4, 33048 As %"é% ZA A3 70emE, B AFoA 0em® 70.11cm7} AR A
7holl whel 12 dol7h Ao AATAAAY A&
¥ 3} O—EV‘] g o s ZHAase JHE Holx 9lof AEd R AF =02 F3
tggol Aol FF7] HIEol T ZAFES Yudt. B AFA AAFAHY ByL
= ES 75 @ Fo S wet ¥ Aases FHE B ol dubAl AQle H
L& 5+ 1.35-1.51m/sec(Hollman et al., 2007; Marchetti et al., 2008; Youdas et al., 2006)
ol Ao A$ olit 6% L7l WEd 1.28m/sec, £F 73-81lm/mind] £EE HI
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Williams, Dickerson® Ward(2000)8] AFoA & 757 8 &L Bg7]5gd Ao
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A9, 4o 53 AQuge 75 Y Foug

%# 5} ﬂ%o}cﬂ BAF FFARBA Y AE71Hol FrHTa Hug b
Bullock-Saxton, 1994) 2 ﬁ??éﬂrﬁ} Hlas) & o 52 757 @€ FEOR AR
Iy

—_

o, ole Yol O BdHE AR B Z550 o) 2 5 =vl (Hatze, 1997),
&34, 484, FAA4% AFE007), E4F T011)0] D Ho|7F FHEFE TpAEZ
FAEE fYsA woa Busa o] FA Bye WY A& o sh5E F
Aoty AzEn. $4 Rae 9A 7F D ol FUbel wek B dAFelA ATEH} F

SN DA BolEel: 34 Bagol

olgtx Al7|HFthE EI(FAA, 2010a; Robbins,
Waked, & Krouglicof, 2001; Syed & Davis, 2000; Radin, 1982)%}, o|& &% A #4334 %
A Haparole] AAE WA #do] Jhy Eid vh(Hreljac, Marshall, & Hume, 2000;
Milgrom et al, 1992; Collins & Whittle, 1989), ¥ weol & +F @ & & HA B
P& AAARJN TE B FFo] nd F ity dddE.
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V. 95 II: 6{dS2 AEEH Al 15 & =o[Hsejof| WE
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T30l tEA UguH, FA met sA & wWAYFe] 2HAHEHFA T, 2006).
%3 Protopadak 5(2007)2 A7 4 0159] T AT Werle AEYg 22+ F39
A AAGSAR] Aol HE a7HH, TS FAGHEA FHol 5} £ &S
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3. HCHA

A7 19 BAL GATY) 98l A4 08¢ AT WA T<Table 19>, =
=]

il =z

3 AAZ A B g 26eemE 7 RS0 AW o] B AA FAE FE 9
[ex]
AA

FEYTHEAA, 2010a). 53, B AT A RE gAASA A7 A
= ]

2 F83 498D JEAI AvHo 49T SNl AT T 448

Table 19. Characteristics of the subjects(n=10)

Section Age Height Body mass  Foot length Foot width
Subjects Gs) (am) (e (am) (cm)
1 2 16851 59.65 321 821
2 2 16940 59.80 2312 911
3 2 166.15 60.20 2892 902
4 2 169.26 5913 2357 905
5 2 167.13 60.12 2410 898
6 2 163.59 50.68 23350 901
7 23 163,51 53.60 2310 850
8 2 16238 5.9 2332 912
9 23 167.56 532 2351 84
10 23 16851 58.82 2497 900
MtSD 2.30+048 166.60+2.58 57.0243.60 2.63+057 8.85+0.31

Note: Values are mean(M)=*standard deviation(SD)



AGrY S flel <Figure 30>3 Zo] YFHt2E o] gsto £o] 18cm, HAUH 26em,
Z 90cmZ AT AFSFAI(EAE, 2008; e, 2008), AANY LA A
Al kA e AA#FA) FA AH AT ATE 25 o A Lo] F& AHB)A A
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Figure 30. Stair structure
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Figure 31. Experimental equipments during stair walking(GRF)

5. dgjyE

Ao A BfEes AP A A M ANF JATHE dodAY BRPEEE
A FoEA A7t WA F 3o (Perry & Burnfield, 2010) #5373 o] o] Fo]A
7] Wzl AAle] 7h wkgt A7) 54 & (self-selected speed)E SAHSATHFAAL T,
2013; 8k&F, 2009; FA A, 2007; Buzzi et al, 2003; Stergiou et al, 2004). o]wj AT H
P FAAG 19 o2 HAASHL, 4 fAAEY AGERY EAS FE517
Asted Ad 227 A Add SHAY 2 AT W] A uAY AAAYE F
UITHEA A, B4, 2013b).

53 Ade e2& F¢ AUy HAES EAS] s T AT YHlo g9
AAT A$E EAQAoR AAPT, 2Pt AdxgE 2P& 8 4 +F @
wo|¥ 5E% FES A F AT FhE HEAALS HIYo AT YF
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(axis), AP #F $FE& XZ(axis), THH ¢ T dd FAE ZF(axis) o2 A



6. AI=X2| H SHAE|

AGEY A 75 D wo|ddd BE 254 259y HAs9 4Ed ARE F
A 71 A PASW Ver 18.0 program(IBM Inc., USA)& o] &3t 7} o[HlE 9 Ho] w2
Y EFUAMESD)E A& ol F A L2719 sl Al 75 € %0](0cm,

6cm, 9cm)¥ 3toll we} 747t d YW FEA (one-way analysis of variance/ ANOVA)S 44
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1) AABAY 22w

A L2719 W] Al F5 @ Eoligle] nE T5#E 259 WslE <Table 20>
# 2o Ad 227 A IC, HTONA +F @ %olF7t @&t 0em 2 6cm, 9em7}
o0 A 259 HE Eo {93 2|7l vER L, TTO= & Aole fle ALE 4
Byt A9 Wel 7] AldE IC, HTO, TTONA +% 8 Fo] ZF7td we o A= 3
Y S Hof Fo3 o]z} YERH
<Figure 32> Ad 22719 W7l A 75 & Fo|dsle & HEAEY 74w
olm, HTO NA & Z7Z Ocm, 6cm, 9em® B gk Ab&ste] 1302 vYepd Aol
8] ICAA Ocm7b 6em® 9em @ #o| ¢ Hlust AT 27|+ 7H WS =54
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Table 20. Dorsiflexion/plantarflexion angle of ankle according to the shoe’s heel
heights during upward and downward stairs(unit: degree)

Heel height(cm)

Event F r Duncan
Ocm 6cm 9cm
IC 834316.62 108.504.98 110.35+4.80 48412 001 9>0
Up HIO 89.08+5.50 101.60+6.66 103.15647 15442 001 6, 9>0
TIO 12529621 124.37+6.37 125614553 113 893 NS
IC 113.69+6.63 124.18+4.51 127.73+4.50 1893  .001 6, 9>0
Down HIO 80.63:6.80 %8.36+7.89 101.29+591 2015 001 6, 9>0

TIO 104.7519.66 112.69+7.25 117.15+4.36 7185 00 6, >0
NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)
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Figure 32. Angle of ankle according to the shoe’s heel heights

during upward and downward stairs
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Table 21. Flexion/extension angle of knee according to the shoe’s heel heights during
upward and downward stairs(unit: degree)

Heel height(cm)

Event F p  Dunom
Ocm 6cm 9cm

IC 106.16+4.76 103.29+6.40 100451648 2308 119 NS

Up HIO 161.43+6.74 160.94£3.88 158.014.75 1233 307 NS
TIO 16047+11.67 168.31+1.81 168.77+2.54 4472 021 6,90
IC 166.0143.06 161.52+4.62 16046+4.51 5115 013 06,9

Down HIO 157.92+7.28 160.766.92 157.12+7.54 6% 507 NS
TIO 124671816 131.989.89 13412+7.05 3438 M7 6,90

NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)
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Figure 33. Angle of knee according to the shoe’s heel heights

during upward and downward stairs
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Table 22. Flexion/extension angle of hip according to the shoe’s heel heights during
upward and downward stairs(unit: degree)

Heel height(cm)

Event F p  Dunom
Ocm 6cm 9cm

IC 117.80+7.17 111.64+8.86 107144899 04 9% NS
Up HIO 16685364 165454231 163.99+243 1768 190 NS
TIO 162.62+4.82 165.17£350 165841215 06 N6 NS
IC 162.55+2.67 16257336 16246+3.50 04 9% NS
Down HIO  16215+780 153.61+12.01 155.55+11.59 1768 190 NS
TTO 152.879.74 151.989.97 153.399.04 056 Yo NS

NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)
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Figure 34. Angle of hip according to the shoe’s heel heights during

upward and downward stairs
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Table 23. Length of 1 step according to the shoe’s heel heights during upward and
downward stairs(unit: cm)

Heel height(cm) F »

Section
Ocm 6cm 9cm
Up 2 21+4.15 4437+3.74 42 96+4.56 697 507 NS
1 stey
e Down 4771257 4851+1.79 49.6843.07 1517 27 NS

NOTE: Values are mean(M)tstandard deviation(SD), NS: no significant difference, 1 step: L foot
contact ~ R foot contact
g %ol Z7bel weh £ Aol YUAAT, A NA7E 6em, Iem7h OemE T 12
Zol7t o AA e,

<Figure 35>E A% 027)9 Y27 A TF @ Hols] 42 18 dojg 1¥ow
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Figure 35. Length of 1 step according to the shoe’s heel heights

during upward and downward stairs
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Table 24. Horizontal displacement of COM according to the shoe’s heel heights
during upward and downward stairs(unit: cm)

Heel height(cm)

Section F p  Dunom
Ocm 6cm 9cm
Up 52194525 52.08+4.06 5269+3.19 068 944 NS
@
M) Down 63.524.30 66.93+4.51 64.7315.67 1254 301 NS

NOTE: Values are mean(M)*standard deviation(SD), NS: no significant difference, COM(center of
mass), horizontal displacement of COM: IC ~ TTO

<Table 24>¢} 20t A" 227 A +5F @ =o| F7bo wet 7o Aole UARAAT,

Ad Werle 77 € =0 S7tl wet AAFAAAY AolsAYUE o F7HE e A
S E UE % t<Figure 36>.

80

 Ocm(up)

70 L1 6cm(up)

+ O09cm(up)

EHO0cm(down)

60 -

=

-

50 -| O 6cm(down)

40 - O9cm(down)

\N

w
=)
L

20 4

Horizontal displacement of
COM(cm)

10 -

0 -

Figure 36. Horizontal displacement of COM according to the shoe’s

heel heights during upward and downward stairs
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Table 25. Velocity of COM according to the shoe’s heel heights during upward and
downward stairs(unit: cm/sec)

Heel height(cm)

Event F r Duncan
Ocm 6cm 9cm
IC 08.4319.37 64.81+10.96 67.22+7.66 38 M
Up HIO 624011297 54.44+7 46 61.65+7.87 2028 151
TIO 70.95+11.86 61.51+7.92 63.617.87 2449 105

IC 104.54+13.02 101.05+13.30 111.67+11.55 183 1M
Down HIO  108.54+10.86 121.22420.36 112.03+10.15 2026 151

TIO 137.68+22.68 155.65+16.24 150.38+18.47 2287 121
NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)
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Figure 37. Velocity of COM according to the shoe’s heel heights

during upward and downward stairs

<Figure 37> AT =718 W7l A 5 @ Fol¥dtd ©E AATAHAAY A-
34T WHgloly, HTO AAH2 47 Ocm, 6cm, 9eme] H T @S AHgste] 18O 2 et
W Aot A 2E27] Ade 5 @ Fol®std wet & Zole fIAAT, AT e
71% 9em, 6cm7} OcmE T O W2 AAFA £52 HAFT 9

) Az A-F 774

AR 5o 75 @ molwsie] e 7 ojlE ¥ A A-F /L7174 we W3
& <Table 2653 2T #-% 71¢71ZEE IC, HTO, TTOAA 98 2o]= QAT



Table 26. Front-rear angle according to the shoe’s heel heights during upward and
downward stairs(unit: degree)

Heel height(cm)

Event F r Duncan
Ocm 6cm 9cm

IC 2484518 2751348 4.33+4.61 497 6l4 NS

Up HIO 5.25%5.56 5174553 7.391511 M 5% NS
TIO 6.89+4.41 5724536 8.03+4.18 07 552 NS

IC -1317+376 -14.74+5.03 -15.18+545 48 62 NS

Down HIO -11.66+3.9% -13.50+5.71 -13.89+5.31 B3 B8 NS
TIO -13.0444.78 -1422+4.69 -14.67+5.55 22 749 NS

NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)
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Figure 38. FR angle according to the shoe’s heel heights during

upward and downward stairs
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Table 27. Left-right angle according to the shoe’s heel heights during upward and
downward stairs(unit: degree)

Heel height(cm)

Section F 14 Duncm
Ocm 6cm 9cm

IC 251419 3184392 2584281 149 862 NS

Up HIO 0.98+2.97 0.67+220 0.50+1.53 m 8% NS
TIO 2624283 2664235 2924216 o4 %7 NS

IC 0.14+113 1.69+1.97 0.72+1.89 1861 175 NS

Down HIO 2004293 4354230 2394263 2293 120 NS
TIO 2534315 4.60+3.60 3.71+2.85 1392 266 NS

NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)

<Figure 39>% AW 2718 Wel7] A +F 8 Eo|dgtd wE Azt #-§ 7127
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Ocm$t Blalske] mpzgt 2 A7)0 A &gt A o] 5244 FHE HoF ok
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Figure 39. LR angle according to the shoe’s heel heights during

upward and downward stairs
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Table 28. FR-LR angle excursion according to the shoe’s heel heights during upward
and downward stairs

Heel height(cm)

Section Ocm 6cm 9em Foop Do
ERAE 804726 824+756 8724611 m 97 N5
PraE 3 3621207 23109 2563 0% NG
ERAE 2214714 242041007 5704105 349 9 NS
DOV RAE 4ous0s 6311293 43209 164 22 NS

NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),

Down(downward stairs)
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Figure 40. F-RAE and L-RAE according to the shoe’s heel heights

during upward stairs
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Figure 41. F-RAE and L-RAE according to the shoe’s heel heights

during downward stairs
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Adrs) Feb 757 & Fo|wgtd @& 7+ ofWlE ¥ ACOPx, ACOPy, COP aread|
A3l <Table 29> 2ot AW 227914 ACOPxE 75 & ¥o| 37kl @el Ocm7t
6cm, 9em HTH #9229 WgtgFo] o AA T Aol7k UERi, ACOPyE Ocm
7F 6cm, 9em Btk T & W3 E Hol {93 olE UERT. COP areadl = TF &
E0o] F7bel @t 6em, 9em7t Oem Hoh O A2 HAS B f9F o7t ey

A We 714 ACOPxe +F ¥ %ol F7Fel wet OcmZt 6cm, 9em HTh &9 &
Ao Watgol o AA frod Aozt UEHI, ACOPye o 2ol fAAT
Ocm7} 6cm, 9em Hth ©f & WstE UYeYth. =G COP aread 77 ¥ E°] 3719 w}
# 6cm, 9em7F Ocm Hoh o 22 WA & B {9 Ao|7p Yy,

Table 29. Center of pressure variables according to the shoe’s heel heights during
upward and downward stairs

Heel height(cm)

Section Ocm 6cm 9em P p Do
ACOPX(cm) 2413070 14110 144064 733 OB 06,9
Up ACOPy(ar) 12944128 1043+110 10142265 710 OB 0% 9
QOP arca(en?)  3L69+1208 1578449 1466754 1199 001 (o6, 9
ACOPx(cm) 316:067 1924034 1912039  214%6 001 06,9

Down ACOPy(cm) 14.01+0.89 13.26+2.36 12.37+2.68 1.500 241 NS
aor area(cmz) 44.2819.06 5564678  23.06+1247 19900 001 06,9
NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),

Down(downward stairs)

<Figure 42, 43>= ACOPx, ACOPy¢] ¥3} U <Figure 44> COP area®] W3 E 1
do2 et Aol A W r] Al 0cm7F COP WHAEY Ftel 714 & FHE BHoAF
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o vlastel & Wt et AR A4dn
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Figure 42. ACOPx according to the shoe’s heel heights during

16

14

12

10 -

0 -

upward and downward stairs

/

f

=—

-

i Ocm(up)
L 6ecm(up)
09cm(up)
H0cm(down)
O 6cm(down)

0O9cm(down)

Figure 43. ACOPy according to the shoe’s heel heights during

upward and downward stairs
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Figure 44. COP area according to the shoe’s heel

heights during upward and downward stairs

G) &4 4 A 4 (MLSI, APSI, VSI, DPSI)

T4 A ATY WMSE <Table 30>% Zoh. AT 22719 We]7] Al MLSI, APS],
VSI, DPSIE= 757 @ Fols7te wet #93 Zole gle ASE UBWth AT 9em
TF @ E5ol7F AAAALAFDPS)A Aol o ZaHe FHE et

Table 30. Dynamic postural stability index according to the shoe’s heel heights
during upward and downward stairs

Heel height(cm)

Section F p  Dunom
Ocm 6cm 9cm

MLSI 0.03+0.01 0.0240.01 0.030.01 174 186 NS

Up APS| 0.06+0.01 0.0620.01 0.060.01 374 692 NS
vl 0914013 087+0.12 0.93+0.12 667 52 NS

DPSI 1.00£0.14 095+0.14 1.12+0.13 763 476 NS

MLSI 0.04+0.00 0.0440.01 0.0440.01 37 688 NS

Down APS] 0114001 0.11+0.00 0.11+0.03 12 885 NS
VSl 0.88+0.09 0.9440.07 0951015 1084 353 NS

DPSI 1.06:011 1.11+0.08 1.12+0.19 755 480 NS

NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),
Down(downward stairs), ML(medial-lateral), AP(anterior-posterior), V(vertical), DP(dynamic postural)
Stability Index
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Figure 45. Dynamic postural stability index according to the shoe’s heel heights
during upward and downward stairs(MLSI, APSI, VSI, DPSI)
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Table 31. Anterior-posterior GRF according to the shoe’s heel heights during upward
and downward stairs(unit: BW(N))

Heel height(cm)

Section F p  Duncan
Ocm 6cm 9cm
U Fy1 0124002 0131001 0151004 1773 189 NS
P Fy 2 0.12+0.03 0.1240.02 0.13+0.03 130 878 NS
Fy1 0.2+0.06 0361016 0424018 4759 017 9 60
Down Fy 2 0.26+0.04 0.2740.05 0.2740.08 074 074 NS

NOTE: Values are mean(M)+standard deviation(SD), NS: no significant difference, Fy 1(braking
forces GRF), Fy 2(momentum GRF)
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Figure 46. Fy 1 GRF according to the shoe’s heel heights during

upward and downward stairs
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Figure 47. Fy 2 GRF according to the shoe’s heel heights during

upward and downward stairs
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Table 32. Maximum vertical GRF according to the shoe’s heel heights during
upward and downward stairs(unit: BW(N))

Heel height(cm)

Section F p  Duncan
Ocm 6cm 9cm
Up 1.02+0.08 1.02+0.07 1.0440.09 1% 824 NS
Down 269071 2594082 2604076 065 47 NS

NOTE: Values are mean(M)tstandard deviation(SD), NS: no significant difference, Up(upward stairs),

Down(downward stairs)
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Figure 48. Max. vertical GRF according to the shoe’s heel heights

during upward and downward stairs
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Table 33. Impact loading rate according to the shoe’s heel heights during upward
and downward stairs(unit: BW(N)-sec™)

Heel height(cm)

Section I3 p  Duncan
Ocm bcm 9cm
Up 5.06+2.00 4.30+1.93 4.68t1.33 452 641 NS
Down 60.36:29.89 0.73£38.36 119.15+72.81 3.853 B4 906

NOTE: Values are mean(M)+tstandard deviation(SD), NS: no significant difference, Up(upward stairs),

Down(downward stairs)
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Figure 49. Impact loading rate according to the shoe’s heel heights

during upward and downward stairs
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b o]% FE Y Eol(0em, bem, dom)t AWEABARY, A 227, A ve)

b ol W FE A (two-way analysis of variance/ ANOVA)s AA & FAH Fod Ao

| AF2H ZF(post hoc test: Duncan)e AAStAT. & T

B 42 SENA-QSA WAMLHE)S AGeel Toj2e A E TS (Pearson
A}

product-moment correlation coefficients)g AtE3stA T o] & AA ﬂ]—’F(RZ)T‘E dHBA A
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Table 34. Dorsiflexion/plantarflexion angle of ankle according to the shoe’s heel
heights and ground conditions(unit: degree)

Heel height(cm)

Section Ocm bcm %m total average
Level 105.09+10.04 12202+9.78 126114953 117.74+13.22
iC Up 88.43+6.62 10850+4.98 110.35+4.80 10242+11.41
Down 113.69+6.63 124.18+4.51 127.73+4.50 121.87+7.93
total average 10240+13.12 1182319.67 121431025 114.01+13.81
Level 93.89+8.38 110891025 11246+8.95 105.75£13.35
HTO Up 89.03+5.50 101.60+6.66 103.156.47 97924880
Down 80.636.80 98.36+7.89 101.29+591 9B.43+11.43
total average 87.8518.75 103.62+9.74 105.6418.75 99.03+11.9
Level 109.09+7.23 120.86+11.56 118 70+12.59 11622+11.58
1O Up 125294621 124.37+6.37 125614553 12509+5.86
Down 104.7519.66 11269+7.25 117.15+4.36 111.53+8.85
total average 113.05+11.75 119.3149.76 120.49+8.87 117.61+10.60

NOTE: Values are mean(M)xstandard deviation(SD),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)

Level(level walking), Up(upward stairs),



Table 35. Variance analysis result of ankle angle according to the shoe’s heel heights
and ground conditions

Source SS ' § ms 3 p Dunam
IC 6214.077 2 3107.039 60.307 001 6, >0
Heel height(H) HIO 5691.2%4 2 2845.627 49.683 001 6, >0
TTO 959.746 2 479873 6.974 002 6, >0
IC 6298.59 2 3149.299 61.127 001 DI>U
Ground conditions(G  HIO 2334.824 2 1167.412 20.382 001 >U>D
TTO 2847.337 2 1423.668 20.689 001 U>I>D
IC 292,067 4 73017 1417 236 NS
HxG HIO 130.735 4 32.684 571 685 NS
TTO 622.835 4 155.709 2263 069 NS
IC 4173178 81 51521
Error HIO 4639.341 81 57.276
TTO 5573.747 81 68812
IC 16977921 89
Total HIO 1276153 89

TTO  10003.6064 89
NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),

D(downward stairs), event: IC(initial contact), HTO(heel take-off), TTO(toe take-of), H, G: main
effect, HxG: interaction
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Figure 50. Angle of ankle according to the shoe’s heel heights and

ground conditions
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Table 36. Flexion/extension angle of knee according to the shoe’s heel heights and

ground conditions(unit: degree)

Heel height(cm)

Section total average
Ocm 6cm 9cm

Level 158.10+3.26 160.92+4.92 158.51+5.95 159.18+4.84

I Up 106.16+4.76 103.29+6.40 100451648 103.30+6.20
Down 166.01+3.06 161.52+4.62 160.46+4.51 162.66+4.67

total average 1434242725 141.91428.26 139812884 141.71+27.84

Level 161.33+5.10 156.80+6.98 15891+6.17 159.01+6.21

HIO Up 161.43+6.74 160.94+3.88 158.01+4.75 160.12+530
Down 157.92+7.28 160.7616.92 157124754 158.60+7.18

total average 159.56+7.98 159.50+6.20 158.68+6.28 159.24+623

Level 141.79+13.53 141.70+7.96 149.84+9.89 144.44+11.04

0 Up 16047+11.67 168.31+1.81 168.77+2.54 165.85+7.76
Down 124.67+8.16 131.98+9.89 13412+7.06 130264913

total average 142.31+1846 147.33+17.17 15091+15.98 146.85+17.41

NOTE: Values are mean(M)istandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HTO(heel take-off), TTO(toe take-off)



Table 37. Variance analysis result of knee angle according to the shoe’s heel heights

and ground conditions

Source SS & ms F p Dunom
IC 197.988 2 989N 3.928 024 0>9
Heel height(H) HIO 76459 2 38229 973 382 NS
TIO 1119558 2 559.779 7152 001 6, >0
IC 606581.126 2 33290.563 1320.861 001 D>I>U
Ground conditions(G ~ HIO 37.319 2 18.660 A75 624 NS
TIO 19263837 2 9631.918 123.064 001 U>>D
IC 184.948 4 46237 183 130 NS
H-G HIO 212950 4 53.237 1120 363 NS
TTO 243521 4 60.880 778 A3 NS
IC 2041.49 81 25204
Error HIO 381810 81 47553
TIO  6339.650 81 78.267
IC 60bBS561 89
Total HIO  4116.604 89
TIO 26966566 89
NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),

D(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)
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Figure 51. Angle of knee according to the shoe’s heel heights and

ground conditions
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Table 38. Flexion/extension angle of hip according to the shoe’s heel heights and

ground conditions(unit: degree)

Heel height(cm)

Section total average
Ocm 6cm 9%cm
Level 150.65+6.92 149.73+6.64 150.75t5.11 150.3846.07
e Up 117.80+7.17 111.64+8.86 10714489 112.20£9.22
Down 162.55+2.67 162.57+3.36 162463.50 162.52+3.09
total average 143.66+20.09 141.31+22.92 140.12+24.9 141.70+22.54
Level 16056+6.74 159.26+4.22 156514614 158.78+5.76
HTO Up 135.0243.64 165.45:2.31 164.00+243 165.43+3.00
Down 162.15+7.80 153.61+12.01 15555£11.59 157.10£10.92
total average 163.1946.58 15944873 158.69+8.36 16044810
Level 154.65+6.83 157.8745.26 157224517 156.585.78
IO Up 16262+4.82 165.1743.50 165844215 164.54+3.80
Down 15287+9.74 151.9819.97 15339904 152.75£9.27
total average 156.71+8.35 158.34+8.56 15882794 157.968.25

NOTE: Values are mean(M)tstandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off),

Table 39. Variance analysis result of hip angle according to the shoe’s heel heights
and ground conditions

Source SS & ms F p Duncan
IC 19.389 2 97.6% 2446 093 NS
Heel height(H) HIO 348.8% 2 174448 3403 .0B8 0>6>9
TTO 72936 2 30468 787 459 NS
IC 41384.1% 2 20692.098 518.087 01 D>U
Ground conditionsG)  HIO 1165136 2 582568 136 01 LD
TTO 2172.089 2 1086.045 28442 01 UI>Db
IC 383113 4 %.778 2398 067 NS
HxG HIO 178.061 4 44.515 868 487 NS
TTO 53.063 4 13.266 286 886 NS
IC 3235.090 81 39.939
Error HIO 4151.720 81 51.256
TTO 3752.633 81 46329
IC 45197.787 &
Total HIO 5843811 &
TTO 6000.721 &

NOTE: NS: no significant difference, ground conditions: L(level walking),
D(downward stairs), event: IC(initial contact), HTO(heel take-off), TTO(toe take-of), H, G: main
effect, HxG: interaction

U(upward  stairs),
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Figure 52. Angle of hip according to the shoe’s heel heights and

ground conditions
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Table 40. Length of 1 step according to the shoe’s heel heights and ground
conditions(unit: cm)

Heel height(cm)

Section total average
Ocm 6cm 9cm
Level 70114375 68.0813.62 66.3713.62 68.19+3.62
1 step Up DPN+415 4437+3.74 4296+4.56 43184412
Down 47.71+257 4851+1.79 49.68+3.07 48634258
total average 53.34+12.74 53.66+10.95 53.00+10.57 53.334£11.33

NOTE: Values are mean(M)istandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs), CMP(center of mass position), 1 step length: L foot contact ~ R foot contact



Table 41. Variance analysis result according to the shoe’s heel heights and ground
conditions in length of 1 step

Source SS & s F p Dunom
Heel height(H) 6401 2 3.200 m 763 NS
Ground conditions(G) 10372768 2 5186384 440425 001 >D>U
H<G 107.631 4 26908 2285 067 NS
Error 9%3.8345 81 11.776
Total 11440.645 89

NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),

D(downward stairs), H, G: main effect, HXG: interaction
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Table 42. Horizontal displacement of COM according to the shoe’s heel heights and
ground conditions(unit: cm)

Heel height(cm)

Section total average
Ocm 6cm 9%cm
Level 80.90+5.06 77214348 75454318 77.85+4.49
COMY) Up 5219+5.25 52.08+4.06 52694319 52.31+4.11
Down 63.52+4.30 66.93+4.51 64.7315.67 65.06+4.91
total average 65.53+12.90 6540+11.19 64.28+10.28 65.07+11.39

NOTE: Values are mean(M)tstandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs), COP(center of mass), horizontal displacement of COM: IC ~ TTO

Table 43. Variance analysis result according to the shoe’s heel heights and ground
conditions in horizontal displacement of COM

Source SS ' § ms F p Duncan
Heel height(H) 28297 2 14149 735 483 N5
Ground conditions(G) 9780.049 2 4890.024 253927 001 >D>U
H<G 188.169 4 47.042 2443 053 N5
Error 159.865 81 19258
Total 11556.380 89

NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),
D(downward stairs), H, G: main effect, HxG: interaction
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Table 44. Velocity of COM according to the shoe’s heel heights and ground
conditions(unit: cm/sec)

Heel height(cm)

0cm 6cm 9m totl average
Level 121.93+7.18 106.32+13.34 104.83+11.53 111.02+13.20
I Up 6843+9.37 64.81+10.96 67.22+7.66 06821922
Down 104.54+13.02 101.05+13.30 111.67+11.55 106.75+13.00
total average 98.30+24.68 N.72+2.35 9U.57+22.26 9.53+23.07
Level 126401098 111.13+14.90 11045+13.75 115.99+14.70
Up 6240+12.97 54.44+7.46 61.65+7.87 59.49+10.10
HIo Down 108.54+10.86 121.22+20.36 112.03+10.15 113.92+15.05
total average 911£29.63 95.59+33.29 %.70+25.90 9.47+2949
Level 138.00+15.97 134.74+13.50 12825+10.63 133.6613.70
1o Up 7095+11.86 61.51+7.92 63.61+7.87 65.35+10.49
Down 137.68+22.68 155.65+16.24 150.38+18.47 147.90+20.15
total average 115.54£36.21 117.29+42.93 114.08+39.66 115.64439.27

NOTE: Values are mean(M)istandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HTO(heel take-off), TTO(toe take-off)

Table 45. Variance analysis result according to the shoe’s heel heights and ground
conditions in velocity of COM

Source SS ' § ms F p Duncan
IC 861.237 2 430619 34% 085 0>6
Heel height(H) HIO 325407 2 162703 1.019 366 NS
TTO 155.607 2 77804 36 702 NS
IC 349756872 2 17487.936 141.928 001 L DU
Ground conditions(G) HIO 61597574 2 30798.787 192847 001 L DU
TTO 1682682 2 58413411 266807 001 D>[>U
IC 1587.864 4 39.966 3222 017 GH
H<G HIO 2546259 4 636.565 39586 005 GH
TTO 2534847 4 633.712 28% 027 GH
IC 980604 81 123217
Error HIO 12936158 81 159.706
O 1773744 81 218935
IC 47406577 89
Total HIO 77405398 89

TTO  137251.030 89
NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),
D(downward stairs), event: IC(initial contact), HTO(heel take-off), TTO(toe take-of), H, G: main
effect, HxG: interaction
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Figure 55. Velocity of COM according to the shoe’s heel heights

and ground conditions
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Table 46. Front-rear angle according to the shoe’s heel heights and ground
conditions(unit: degree)

Heel height(cm)

Section total average
Ocm 6cm 9cm

Level 10.7143.53 9.11+4.38 8824323 9.5513.71

I Up 2484518 2754348 4.33+4.61 3.19+4.40
Down 13174376 -14.74+5.03 -1518£545 -14.364.72

total average 0.00+10.87 0.%5£11.08 0.67£11.48 0.54£11.02

Level 9.67+2.05 9.50+3.67 8904394 9.35+3.22

HIO Up 5254556 5174553 7.391511 594+532
Down -11.66£3.95 -135045.71 -13.89+531 -13.02+4.97

total average 1.08£10.16 0.39+11.26 0.80+11.56 0.75+10.89

Level 12.8442.60 11374324 10374351 11.52+3.20

o Up 6.89+4.41 572536 8.03+4.18 6.88+4.61
Down -13.04+4.78 -1422+4.69 -14.67+555 -13.93+4.84

total average 2.24+11.89 0.9+11.92 12441227 149+11.91

NOTE: Values are mean(M)tstandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)

Table 47. Variance analysis result according to the shoe’s heel heights and ground
conditions in front-rear angle

oy SS & ms F P Dunom
IC 14773 2 7.386 387 680 NS
Heel height(H) HIO 7281 2 3641 166 847 NS
TTO 26375 2 13188 700 500 NS
IC 211.729 2 4605.804 241.216 001 >U>D
Ground conditions(G HIO 8721.015 2 4360.508 198.691 001 >U>D
TIO 11029809 2 5514.94 202661 001 >U>D
IC 4812 4 12081 630 642 NS
H<G HIO 56.025 4 14.006 638 637 NS
TTO 45735 4 11434 607 659 NS
IC 1546.646 81 19.0%
Error HIO 1777.636 81 21946
TTO 1526.362 81 18844
IC 10821.270 &
Total HIO  10561.98 &
TTO 12628281 &

NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),
D(downward stairs), event: IC(initial contact), HTO(heel take-off), TTO(toe take-of), H, G: main
effect, HxG: interaction
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Table 48. Left-right angle according to the shoe’s heel heights and ground
conditions(unit: degree)

Heel height(cm)

Section total average
Ocm 6cm 9%m
Level 201+1.32 -192+2.17 -110+1.17 -167+1.61
I Up 251196 3184392 258+281 2751291
Down 0.14£1.13 1.69+1.97 0.72+1.89 0.88+1.75
total average 0.2542.37 0984349 0.73+251 0.6512.82
Level 118219 -1.19+216 0.55+1.40 0974190
HIO Up 098297 067220 050+1.53 0712223
Down 200293 4351230 2394263 290247
total average 0.59+2.9% 1274317 0.78+223 0.88+2.79
Level 0.68+1.64 0074233 0.36+1.16 012+1.76
o Up 262+2.88 26612.35 2924216 2.73+1.40
Down 2534315 460+3.60 3.714285 3.70+3.06
total average 1.50+2.99 2474323 2334254 210+2.93

NOTE: Values are mean(M)tstandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs), event: IC(initial contact), HIO(heel take-off), TTO(toe take-off)

Table 49. Variance analysis result according to the shoe’s heel heights and ground
conditions in left-right angle

Source SS ' § s F p Duncan
IC 8303 2 4152 856 A28 NS
Heel height(H) HIO 7433 2 3.717 64 503 NS
TTO 16477 2 8239 1.337 268 NS
IC 297076 2 148538 30.644 001 U>D>L
Ground conditions(G)  HIO 227160 2 113580 21198 001 D>U>L
TTO 237988 2 118.9% 19315 001 D,U>L
IC 10213 4 2553 527 716 NS
HxG HIO 28231 4 7068 1317 271 NS
TTO 15.082 4 3.758 610 657 NS
IC 392618 81 4.847
Error HIO 433.9% 81 5358
TTO 499.014 81 6.161
IC 708.210 89
Total HIO 69%.819 89

TTO 768511 89
NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),
D(downward stairs), event: IC(initial contact), HTO(heel take-off), TTO(toe take-off), H, G: main effect,
HXxG: interaction
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Table 50. FR-LR angle excursion according to the shoe’s heel heights and ground
conditions

Heel height(cm)

Section total average
Ocm 6cm 9cm

Level 1524+4.54 15.74+586 15.17+8.08 15.39+6.11

FRAR Up 8.04+7.26 8.24+756 872611 8.3316.76
Down 2214714 24.20+10.07 25.70+£10.53 240441053

total average 15174856 16.06+10.19 16.52+10.82 15.92+9.80

Level 257+147 3184297 250+1.26 257+1.47

LRAE Up 3.69£1.16 3.62+2.07 2.33+1.09 3.21£2.00

Down 4N (6 6311293 443209 523244

total average 373£1.83 4.37+2.95 3.09£1.78 3.73£2.29

NOTE: Values are mean(M)tstandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs), F-RAE(FR angle excursion), L-RAE(LR angle excursion)

Table 51. Variance analysis result according to the shoe’s heel heights and ground
conditions in FR'LR angle excursion

Source SS & ms F p Dunom
ERAE 28623 2 14311 242 785 NS
Heel height(H)
L-RAE U720 2 12361 3.029 064 NS
ERAE 3715241 2 18760 31453 001 D>>U
Ground conditions(G)

L-RAE 104.126 2 52,063 12759 001 DL U

G ERAE 36.819 4 9.206 156 %0 NS
L-RAE 8.693 4 2173 533 712 NS
ERAE 4783951 81 59.061

Error
L-RAE 330.529 81 4081
ERAE 864633 89

Total

L-RAE 468071 89
NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),

D(downward stairs), H, G: main effect, HxG: interaction
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4) 4EZF4 9 ¥MA(ACOPx, ACOPy, COP area)

AR Eo] FEste 7F ¥ Folwste} AUz ©E ACOPx, ACOPy, COP area?]
W3l <Table 52>9F Zth. WEFEA S AAT 2 <Table 53>7 Zo], 7% F FolW
sto] w2l 0cm7} ACOPx, ACOPy, COP area®l A 6cm, 9em ¥ =°] 2th f A 9
g Atol7h Ve T =9 AW zAd wek ACOPxe AT W77 BARY, Ad o2
718t o 37 93¢ o)k YEREI, ACOPy, COP areat: HA Hdo] Ad 2279
ezl 29 o A« Aol7k vEs T £3 ACOPxAA 75 2 xold3s} A
Az wat Fazgo] Ve, ddRFEAS A% A% A" W] Al Oem7t 7}
4 2 WsE 2o §9¢ Zo|7b YERFI(F=22.341, p<.001), ZE AHZHANAM 6cme}
9em & ¥ol7b A A FHE Ha] ACOPxo| 2 9T F+ 222 Yy,

Table 52. Center of pressure variables according to the shoe’s heel heights and
ground conditions

Heel height(cm)

Section total average
Ocm 6cm 9%cm
Level 2734053 0.31£1.67 -1.05+1.65 0454213
AQOPx Up 241070 1.52+1.10 1444064 1.79+0.74
(cm) Down 3164067 1.92+0.34 1.91+0.39 233+0.76
total average 2764069 1.044140 0.76+0.16 1.5241.57
Level 19.70+1.96 19.87+092 19.17+1.55 19.57+1.9
AQOPy Up 12.9+1.28 1043+1.10 10.14+265 11.16+2.16
(cm) Down 14.01+0.89 13.26+2.36 12.37+2.68 13.21+2.16
total average 15.54+332 14.52+4.30 13.89+4.51 14.65+4.09
Level 53.2948.83 30.95+9.06 35124919 39.78+13.16
COP area Up 31.69+12.08 15.78+4.93 14.66+7.54 20.71+11.53
(cnr?) Down 4428906 2556678 23.06+1247  3097+1247
total average 43.08+13.27 24.09+9.38 24.28+11.82 30.49+14.55

NOTE: Values are mean(M)istandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs)
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Table 53. Variance analysis result according to the shoe’s heel heights and ground
conditions in center of pressure variables

Source SS ' § ms F p  Dunom
AQOPx 70.508 2 36254 41.22 001 0>6, 9
Heel height(H) AQOPy 41911 2 20956 6.168 003 0>6, 9
Q0P area 7143.728 2 7184 47689 001 0>6, 9
AQOPx 56.351 2 28176 32945 001 DUSL
Ground conditionsG) ~ ACOPy 1154.049 2 57704 169848 001 >D>U
Q0P area 5468491 2 234246 36505 001 DU
ACOPx 25991 4 6498 7598 001 B>G
H<G AQOPy 21.558 4 53% 1.586 186 NS
Q0P area 182.775 4 45.6% 610 657 NS
AQOPx 69.273 81 855
Error AQOPy 275181 81 3397
Q0P area 0060.867 8 74900
AQOPx 2123 89
Total AQOPy 1492.700 89

QOP area 18361.801 89
NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),

D(downward stairs), H, G: main effect, HxG: interaction
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Table 54. Dynamic postural stability index according to the shoe’s heel heights and
ground conditions

Heel height(cm)

Section total average
Ocm 6cm 9%cm

Level 0.01+0.00 0.020.00 0.01+0.00 0.01+0.00

ML Up 0.080.01 0.0240.01 0.03+0.01 0.02+0.01
Down 0.0440.00 0.0440.01 0.04+0.01 0.04+0.01

total average 0.030.01 0.030.01 0.03+0.01 0.03+0.01

Level 0.07+0.01 0.0710.01 0.07+0.01 0.07+0.01

AP Up 0.060.01 0.0620.01 0.06+0.01 0.05+0.01
Down 0.11+0.01 011+0.00 0.1140.03 0114002

total average 0.0840.02 0.080.02 0.08+0.03 0.08+0.02

Level 0.63+0.08 0.6510.07 0.63+0.09 0.64+0.08

- Up 091+0.13 087+0.12 0934012 0904012
Down 0.88+0.09 0.94:+0.07 0.95+0.15 093011

total average 0811016 0824015 084019 0824016

Level 072011 0.75+0.09 0.731012 0.731010

— Up 1.00+0.14 095+0.14 1124013 0984013
Down 1.05+0.11 1.11+0.08 1124019 1.094013

total average 0924018 0.9310.18 0.95+0.22 0.94+019

NOTE: Values are mean(M)tstandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs), ML(medial-lateral), AP(anterior-posterior), V(vertical), DP(dynamic postural)
Stability Index
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Table 55. Variance analysis result according to the shoe’s heel heights and ground
conditions in dynamic postural stability index

Saurce SS & ns F p Dvmam
MLSI 000 2 000 110 8% NS
. APSI 000 2 000 391 678 NS
Fleel height(H) VI 014 2 007 562 57 NS
DPSI 016 2 008 486 617 NS
MLSI 012 2 006 52755 Wl D
y APSI 049 2 025 80418 Wl DD
Ground condiions(G) -y 1537 2 769 64005 0w U D
DPSI 2017 2 1009 60.692 Wl UD
MLSI 000 4 000 830 510 NS
G APSI 000 4 000 191 913 NS
VI 037 4 009 77 54 NS
DPSI 045 4 011 670 615 NS
MLSI 009 8 000
- APSI 025 8 000
© VI 973 81 012
DPSI 136 8 017
MLSI o1 89
APSI 074 89
Total Vol OEG] e o 89

DPSI 3424 89
NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),

D(downward stairs), ML(medial-lateral), AP(anterior-posterior), V(vertical), DP(dynamic postural)
Stability Index, H, G: main effect, HXG: interaction
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A3} <Table 56> 2ot WFEAS AAF 2
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Table 56. Anterior-posterior GRF according to the shoe’s heel heights and ground
conditions(unit: BW(N))

Heel height(cm)

Section o o %em total average

Level 0161006 0.18+0.04 0.21+0.03 0.18+0.05

Fy1 Up 0.12+0.02 0.13+0.01 0.150.04 0.13+0.02
Down 0.2240.06 0.36:0.16 042+0.18 0.33+0.16

total average 0.024018 0.01£0.26 0.020.30 0.00£0.25

Level 0.21+003 0.23+0.02 0.2310.03 023+0.03

Fy 2 Up 0124003 0.12+0.02 0.13+0.03 0.12+0.03
Down 0.2010.04 0.270.05 0.270.08 0.2610.06

total average 0.20+0.06 0.21+0.07 0.21+0.08 0.20£0.07

NOTE: Values are mean(M)*standard deviation(SD),

Level(level ~ walking),

Down(downward stairs), Fy 1(braking forces GRF), Fy 2(momentum GRF)
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Table 57. Variance analysis result according to the shoe’s heel heights and ground
conditions in anterior-posterior GRF

Source SS ' § ms F p Duncan
1 036 2 018 2123 126 NS
Heel height(H) Ty
Fy 2 002 2 001 573 D66 NS
» Fy1 5.007 2 254 295501 001 >U>D
Ground conditions(G)
Fy 2 33 2 162 76.059 001 D>>U
BG Fy1 186 4 06 5481 001 GH
Fy 2 001 4 000 085 987 NS
1 5.916 90
Error Ty
Fy 2 4430 90
1 91 9
Total Fy 5.915 8
Fy 2 49 89

NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),
D(downward stairs), Fy 1(braking forces GRF), Fy 2(momentum GRF), H, G: main effect, H*G:

interaction
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Figure 64. Fy 1 GRF according to the shoe’s heel heights and

ground conditions
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Table 58. Maximum vertical GRF according to the shoe’s heel heights and ground
conditions(unit: BW(N))

Heel height(cm)

Section o fem %em total average
Level 1124013 1.19+0.10 1.24+0.09 1184012
M e Up 1.02+0.08 1.02+0.07 1.04+0.09 1.02+0.07
Down 269071 259+0.82 260076 263+0.74
total average 1.61+0.88 1.60+0.85 1.62+0.82 1.61+0.84

NOTE: Values are mean(M)tstandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs)
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Table 59. Variance analysis result according to the shoe’s heel heights and ground
condition in maximum vertical GRF

Saurce SS & s F p Duncan
Heel height(H) 008 2 004 021 979 N5
Ground Conditions(G) 47,086 2 23518 11588 001 DL D
H<G 130 4 033 160 958 N5
Error 16.446 81 203
Total 63.621 89

NOTE: NS: no significant difference, ground donditions: L(level walking), U(upward stairs),
D(downward stairs), H, G: main effect, HxG: interaction

H level

1 upward
2.5 -
Odownward
HOcm

O6cm

1.5 - 7 L O9cm

0.5 4

Max. vertical GRF(BW(N))

0 -

Figure 66. Maximum vertical GRF according to the shoe’s heel
heights and ground conditions

E o

shol AdzHo mE F4 Hot&d Wie <Table 60>3 2T WFL
Ae AAF A3 <Table 61>F# #Zo], % & EFolF7to ®et 9em @ %0°]7} 6cm, Ocm
watel © ZA wod Aok vEhgta, AdEdd wel A" Welrivh FA R,
Ad 22719 wixstd © A #23 A7t detgd. 53 75 @ wols AHx
Ll Fo A A3, AD Wz 7t
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Table 60. Impact loading rate according to the shoe’s heel heights and ground
conditions(unit: BW(N)-sec™)

Heel height(cm)

Section total average
Ocm 6cm 9cm
Level 7218130 8.36+1.63 8.34+1.27 7.97+1.46
Impact Up 506200 430+1.93 468+1.33 4.68+1.74
loading rate Down 60.36+29.89 70.73£38.36 11915+72.81 83.41455.30

total average  24.2143091 2780437.62 44.06167.56 32.02+48.32

NOTE: Values are mean(M)tstandard deviation(SD), Level(level walking), Up(upward stairs),
Down(downward stairs)

2 Foee Uehll, 9em 757 @ 2oVt € 9¥E FT ASE UEHHTH(F=29.043,

p<.001).

Table 61. Variance analysis result according to the shoe’s heel heights and ground
conditions in impact loading rate

Source SS

' 4 ms F p Dunom
Heel height(H) 6712168 2 3356.084 3932 023 26,0
Ground conditions(G) 119026457 2 5%13.229 69.719 001 DL U
HG 12994183 4 3248.546 3806 007 GH
Error 69142.7% 81 853.615
Total 207875.601 89

NOTE: NS: no significant difference, ground conditions: L(level walking), U(upward stairs),
D(downward stairs), H, G: main effect, HG: interaction
<Figure 67> 77 & Eo|¢ AWz wE F
2otk Ad Wef717h HARY, Ad 2=7]9 n
o, 9em & o7t F FFe Fv ALE YEHEPY. o= o F
EAANZEG AA ] TotFole Fah&o] HE 2 Ae dridn, FUT 24
o

Ocm, 6cm 9} Hlwste] o & F3t-&5 Holi §lof o5& &o] Ugd 2
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Figure 67. Impact loading rate according to the shoe’s heel heights

Impact loading rate(BW(N)-sec™!)

and ground conditions
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Table 62. Correlationships among lower limb joint according to the shoe’s and
ground conditions

Section level walking (IQ) level walking (HTO) level walking (TTO)

hip knee ankle hip knee ankle hip knee ankle
level hip 1 432 -067 -369 268 -108 -431* -113 -12
knee 1 006 =117 05 086 -173 -143 -0657
@ ankle 1 -129 -025 825+ 337 427 A71*
level hip 1 -197 -150 633 -298 -090
knee 1 04 -.266 A05* 134
(HTO) ankle 1 231 513 006"
level | Hip 1 2% 210
knee 1 341

IO ™ ide

NOTE: *p<.01,

*p<.05, ground conditions: Level(level walking)
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y = 0.7706x + 15.02 y = 0.6345x + 55.829
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Figure 68. Scatter plot and regression equation among lower limb joint

%3 <Table 63> ¥ <Figure 69>% #Zo] AW QE7| A ICIAA +F & Fo|F7t
et AS =5 He $EHdAHR FARY A ICHA AF =x He wadd 7
r=623(R*=.389, p<.001), BA P HTONAN AZ 2T HE FERA 7b r=627(R*=393,
p<001) E& AHF4TS et =3 A" 227 A ICAA 7F 8 Eo|F7to wfe)
2T P JUBAG Ad 227 A ICAA 2F He FE8H 7 r=532(R*=.283,
p<05)2 %< AARAL Yedy, A 027 A ICHH AAHE 2E A% 7t
=-.625(R*=.391, p<.001), HTOA A He B5AF 7t r=-510R*=.260, p<.05)2.2 A
2 AwEe AR dedll

A 227] Al HTOANA 5 & =o|F57td wat Ad He F53d35 ICdA AA
g TERE 7 r=864R=746, p<00D)E E AFABol ez, Ad 227 A
TTONA AAHE FE2HAF} TIONA ZF He JFBH 7 r=-530(R*=.280, p<.05)&
2 e BA A#o Yewy, AW 227 A TTOAA AAd He Jud#d b
r=525(R’=.276, p<.001)Z % 2¥#o] Uyt

- 120 —



Table 63. Correlationships among lower limb joint according to the shoe’s and
ground conditions

upward (10 upward (HTO) upward (TTO)
hip knee ankle hip knee ankle hip knee  ankle
hip 237 -171 -248 367 -163 -247 -0%4 -150 -007

Section

level e | 20 0B 8 @ R e 17w

09 ke | -363* 200 | 6@~ 4 19 4 39 3¢ 20

ewd | WP | 200 3B -1 1B 10 -0 -08 01 -0

knee 0.008 0175 -366* 0.097 -371* -462¢ 03 -363* 0115

MO e | 222 1@ 67 -4 3B 399 3 46 48

lewd | WP | 264 0B 34 29 1% 39 148 -0 0P

knee | -192 114 209 350 432 -0 -6 346 037

MO de | -288  -081  40*  -366* -3 191 (8  (BF 068

apvard | 1P 1 5 5% %4 018 | 510 28 1™ -149

Knee 1 20 13 32 1% 2% 15 2B

(LS R g 1 -4 09 | 8% 38 45 14

hip 1 8 34 16 -0 -6

¥ knee 1 23 -0 171 3%

HIO) |~ ide 1 m o’ 0%

hip 1 5 W

k nee 1 -0
(TTO) ankle 1

NOTE: *p<.01, *p<.05, ground conditions: level(level walking), upward(upward stairs)
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Figure 69. Scatter plot and regression equation among lower limb joint
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Table 64. Correlationships among lower limb joint according to the shoe’s and
ground conditions

Section downward (I0Q downward (HTO) downward (TTO)
hip knee ankle hip knee ankle hip knee  ankle
level hip 017 -245 -125 -0% 065 138 =217 115 237

knee -043 -006 113 -.360* 387% 212 -268 315 043
@ ankle || -206 -.534* 577 -014 -151 583 218 192 287

level hip -057 111 =18 040 -067 -431* 21 -181 -358
knee 009 0138 -0.201 0161 -408* 0205 -0033 0.1% 0.097
(HTO) ankle | -072 -405* 530* -176 =172 Aod -018 14 171
level hip -178 -145 255 029 -028 072 A4 -061 180

kee | 05 29 119 21 -A%F 058 0B 067 -00
MO | aude | 057 23 306+ -0 -1 22 118 -007 2%
hip || 02 | B05°  -461* 158 266  -415¢  -188  -B3  -38

upward P

knee 250 468 -313 14 175 -358 216 -385¢ -3

19 ankle 230 -409* 71 -210 038 695" 007 363" 45
1 hip 049 227 -208 027 14 -085 -133 036 -081

knee 079 182 048 107 280 -0657 263 -226 -0%

(HTO) ankle 166 -313 089 -025 112 683 107 386" 45

1 hip -035 -314 198 -337 -137 100 -033 009 014
knee -029 =327 326 -289 -021 238 -031 165 019

[ ) ankle 160 -088 =121 265 =212 -144 141 -266 -230
] hip 1 308 =140 =192 123 -087 -231 M6 -087

knee 1 -297 -180 470 -361* -338 058 =42
a9 ankle 1 -144 238 B47* 128 A4* 562*
( ) ankle 1 on A7 689+
o | 7P T
(TTO) ankle 1

NOTE: *p<01, *p<05, ground conditions: level(level —walking), upward(upward stairs),

downward(downward stairs)

B3 A HTONA AZ 2% He #5344 7t r=530(R*=280, p<.05), AT 227] A IC
N AZ ¥ HE TE2HE T r=671(R=450, p<05), AT 2LE7] A HTOANA AHZ
FI He TERE 7 =689R=475, p<05)E HE ¥ ZABBAT dEhyt o F
AT We7l A ICAHA 23 He FEREAD Ad 227 A ICHA 23 He a4
7 r=505(R*=.255, p<.05)Z FA3 HE 9 AHgFo] YEy

A Wel7l Al HTOM A F5 8 %037t whel AHEHE TR HTONA 2
=T HE JYgBE b r=-543(R=295, p<05) 2 M E AutEE RRAdo] ey, A
@ W7l Al HTOAA A% 23 He 3534 3 Ad 22704 ICHA AF 23
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Figure 70. Scatter plot and regression equation among lower limb joint
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Figure 71. Scatter plot and regression equation among lower limb joint
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2 77 ¥ Eolg AvRA wE T AAH W T FHAA 4

2 AFA 75 @ Folwiste AHzAY B2 5 L 18 do], AAFAS
Ao A-F W, S, ALY #H-¢/H-% 7127174 E, ACOPx, ACOPy, COP
area, AAAAAASFE v EA 9. oo wE JAAA F4 Ad 2 d9E 3

AX e &3 2

7 A3, <Table 65> 51 <Figure 72>} o] A HY 1Ko} A FAlols A 3t
r=649(R’=421, p<.001), HARY A ICHA AAFA HA-F &5 b r=604(R=364,
p<.001), HTO 7t r=671(R*=421, p<001)2 FF & Eo|ZF7lo wme N2 FadHe =2
AAARAE veEtdT =23 AD Y] AAFHelsAYG Ad 22719 1 step 3t
r=592(R*=.350, p<.001), At W&l719) 1 step 7t r=.620(R*=.384, p<00D)Z TF & ¥
Zhell wheb F7b-247F obd B A A AR FAARS vEh

o]% HAHY A ICAA AAFAY HA-F&LEE} HAHYS AHAo|FAy
r=514(R’=264, p<00) T5 ¥ Eo|F7td] weh Zade A & ANABAE
Vet =9 ARG A ICHA AAFAY A-F £59 HTO 7+ r=818(R*=.668,
p<.001), TTO 7t r=502(R*=.252, p<.001) 75 & FolF7tol wet FasHe 79
Aol YER R, HTOS TTO b r=747(R*=559, p<001)Z FASHA Z4aHE db
9 & ARG YegT

&

rl
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Table 65. Correlationships among dynamic balance according to the shoe’s and
ground conditions

Sectin 1 step COM distance Tlevel COM velocity
Level up down  Level up down IC HTO TTO
levd | 1 87 -1 699% 48 171 64~ 67I* 48K
lstep | w 1 137 03 48 5% 1© 30 2%
down 1 28 o 6o -8 07 AR
o | e 1 % -1 54 4¢3
_ w 1 20 3B 41 3%
distance |~ n 1 0 2 3R
level IC 1 818 (i
COM | HIO 1 47
veloity | TTO 1

NOTE: *p<.01, *p<.05, ground conditions: Level(level walking), up(upward stairs), down(downward
stairs), COP distance(center of mass position horizontal distance length), COM uvelocity(center of mass

velocity), event: IC(initial contact)
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Figure 72. Scatter plot and regression equation among dynamic balance variables
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Table 66. Correlationships among dynamic balance according to the shoe’s and
ground conditions

Section upward QOM velocity downward COM velocity Level walking

IC HIO TTO IC HIO TTO COPx  QOPy area
Leve | 259 -85 -131 -197 -098 -053 300 326 34
1 step up 258 -243 -141 -206 011 106 -159 006 -080
down || -138 -072 239 29 079 163 -328 175 -266
COM Levd | -.006 -0%4 079 -287 -26 -336 Ae1* 318 ooy
distance up A453¢ o5 093 025 -186 060 -160 -017 071
down | -028 -206 049 040 212 173 -2 -09 -301
level IC 308 182 24 -255 -243 -191 32 18 A8+
€07 HIO | 330 115 278 -231 -208 -188 211 315 588+
velocity | TTO 175 -080 192 -1%4 109 -213 181 48 292
upward IC 1 393+ 080 -400*  -437F -110 -081 101 168
€07 HIO 1 277 -171 =202 04 -029 019 318
velocity | TTO 14 -174 029 186 130 455+
dowrard | IC 1 A9+ 45 -032 -2 -210
€07 HIO 1 A496* -176 -154 -2
velocity | TTO 1 -437* -067 -290
Level (€0, 1 038 566**
walking QOby 1 09

area 1

NOTE: *p<.01, *p<.05, ground conditions: Level(level walking), up(upward stairs), down(downward
stairs), COP distance(center of mass position horizontal distance length), COP velocity(center of mass
velocity), event: IC(initial contact), HTO(heel take off), TIO(toe take off)
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Figure 73. Scatter plot and regression equation among dynamic balance

variables
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TF 8 goldss AdzAd g F4 AU 1+ FHEA AF}= <Table 67>
2 <Figure 74, 75>} 2Tk HAHFY A ICAA AAF T &2 AT 227]9
ACOPy 7t r=538(R’=.289, p<.05), ATt 2£27]¢ COP area It r=575(R*=330, p<.001),
A W7 A ACOPx 7 r=592(R*=350, p<001)& 75 & &o|Z7}e] wa} N2 ZHa
HEe Fe9 =& AARAE Yo =F FARY A HTOY AAFAH #-F&
=9 A 22719 ACOPy 7t r=588(R’=.346, p<.001), A LE27]¢ COP area 3
r=596(R’=355, p<.001)2.2 T5F ¥ ¥olF7td mel N ZasE fAE e 33
ol vEtETh

=3 AG 227 A TTOY AASAY A-F £=9 Ad sy ACOPx 3t
r=534(R’=285, p<05)2 TF I ¥olZ/td w A2 TaxmHe AT 2 4B
Ueth o] 3 HA B3 ACOPxS AT 22719 ACOPx 3t r=569(R=.323, p<.001),
Agd 92719 COP area b r=607(R>=369, p<001), A& uel7]e) COPx 3t
r=.628(R*=.381, p<.001), Al Wel7]1¢ COP area 7t r=762(R*=581, p<00)E TF & =
o7l met ME ZaHE FAF FHY w2 G H] Yed.

PARY A COPxe AT WEl7]e] COPx 3t r=588(R*=3460, p<.001), AT 7]
COP area 7t r=579(R*=335, p<00)E FF & =o|Z7ld] wat AR ZaHE g
ARG do] YE g, A 227 A COPx% COP area 7t 1=929(R*=.862, p<.001), A&
Wel719 COPx 7+ r=576(R*=331, p<.001), AT We]7]¢ COP area 3t r=607(R*=.367,
p<O0)Z T5F 8 EolF7tel Wt M2 Zade FHY =& FA4RAAE Yo
=3 Ag 22719 COPy9 COP area 7t r=705(R*=496, p<.001), A& Wel71¢] COP
area {F r=619(R’=.382, p<.001) 75 & Eo|Z7tel wet A2 Zase e F243
o] e, A 227]9 COP area®t AT W79 COPx 7+ r=.644(R=.415, p<.001),
A W 719 COP area 7+ r=.697(R’=485, p<.00)Z TF ¥ Eo|F7}td] wat Z#aHE
Fejo ATl YerdT. ofF, A Wel719 COPx$t COP area 3+ r=.885(R’=.783,
p<00) o2 =& A4#ol Uehwty, AR A F-RAES L-RAE 7 r=-574(R>=.329,
p<00)Z 77 & EfolF7tel wet Mz Aute e o] FAYdo] YeRT

Q AL
L

1
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Table 67. Correlationships among dynamic balance according to the shoe’s and
ground conditions

e upward downward level walking
COPx  QOPy area COPx  QOPy area FRAE L-RAE

Level A6 A05* A31* 274 040 270 251 -105

1 step up -076 060 -109 -058 -229 -067 -064 088
down 001 -066 020 036 -39%5* -34 -012 -109

oM Level 461* 197 A09* A39* 272+ A50* 060 153
) up 04 103 050 054 -078 020 129 -074
distance down | -1% 055 -118 -088 -458 -130 069 -032
level IC A84 538" 575+ 5o -056 A58+ 063 -230
QoM HTO 469 588+ 596+ A86* -181 338 071 -038
velodty | TTO 267 A6 A0B* 34 -160 28 262 008
upward IC -050 -002 -026 04 -251 -149 -175 -7
QoM HTO -007 09 085 103 -029 07 -190 150
velodity | TTO -018 357 17 534+ -050 488+ 001 -030
downward | IC 007 0% 066 066 2121 116 374* -428
QoM HTO -052 -119 -078 -150 -027 -073 275 -206
veloity | TTO -141 -120 -157 -320 -215 -274 115 -12
Level QOPx | 569 463+ 07+ 618+ A7 760+ 29 -090

) QOPy 355 112 373* 177 031 107 054 081
walking area 377 A10¢ 468* 588+ 281 579 -078 115
QOPx 1 439+ 99+ 576+ 35 607+ 164 -145

W QOPy 1 Vilsad 496+ 185 619 A37* -2
stairs area 1 A4 2% 697+ 274 -185
QOPx 1 073 885+ -012 -206

) QOPy 1 A7+ 20 -026
B e 1 w0 -191
Level FRAE 1 - 574

walking | I-RAE 1

NOTE: **p<.01, *p<.05, ground conditions: Level(level walking), up(upward stairs), down(downward
stairs), COM distance(center of mass position horizontal distance length), COM velocity(center of
mass velocity), event: IC(initial contact), HTO(heel take off), TIO(toe take off), COPx(Acenter of
pressure X axis), COPy(Acenter of pressure Y axis), COP area(center of pressure area), F-RAE(FR

angle excursion), L-RAE(LR angle excursion)

- 131 —



Level CMP velocity(IC)

Level CMP velocity(HTO)

y =0.0883x + 1.361
R? = 0.2899(r=.538, p<.05)

140,00

13000

12000

11000

10000

000

y =0.5018x - 35.005
R? = 0.3302(r=.575, p<.001)

140,00
13000
12000

11000

10000

Level CMP velocity(IC)

000

Level CMP velocity(IC)

140,00

130,00

120,00

110,00

100,00

9000

y = 0.0343x - 1.4746
R? = 0.3506(r=.592, p<.001)

1000 1200 1400

Upward stairs COPy

1600

y=0.0867x+ 1.1154
R? = 0.3461(r=.588, p<.001)

140,00

120,00

100,00

800 1000 1200 1400

Upward stairs COPy

1800

y = 0.1995x + 1.7021
400 R2 = 0.3237(r=.569,0p<.001)
s: 300
5
S .
80
&
£
S =
T oo
>
"
- 200
% 2 B B ®
Upward stairs COPx
y = 4.45x + 28.962
400 R?=0.5817(r=.762,p<.001)
X a0
&
®
S .
50
& ]
£
g -
T o
3 3
- 2007 )
o
o

1000 2000 200 4000 5000 6000

Downward stairs COParea

7000

0 2000 4000 000

Upward stairs COParea

Downward stairs COPx

y = 0.4674x - 33.503
R? = 0.3552(r=.596, p<.001)

14000

12000

10000+

Level CMP velocity(HTO)

o0 2000 000 000

Upward stairs COParea

Upward CMP velocity(TTO)

8
§

8
8

§

8
8

8
§

y = 0.0389x - 0.2094
R? = 0.2853(r=.534, p<.05)

300 400

Downward COPx

100 200

y =3.2782x + 19.227
R = 0.3693(r=.607, p<.001)

4007

Level walking COPx

400

y=0.2211x + 2.2346
R?=0.3817(r=.618,p<.001)

000

7000

6000

50004

0004

30004

X 300
e
° @) ®

o

=T

o 1o
.__E

o

=
D oo

>

v
- 200

o o
o 20 1000 a0 T T o i P
Upward stairs COParea Downward stairs COPx
y =0.0342x + 0.9736 y =0.5487x + 9.1431
R?=0.3461(r=.588, p<.001) P Bl R?=0.3351(r=.579, p<.001)
o g o

S 700

-9

o]

Q oo

on

& sooo

.i_‘

o

H

T oo

>

%]

-

Level walking COParea

2000

Downward stairs COPx

2000

1

4000 5000 6000 7000

Downward stairs COParea

000 2000 3000

Figure 74. Scatter plot and regression equation among dynamic balance variables
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Figure 75. Scatter plot and regression equation among dynamic balance variables

<Table 68> ¥ <Figure 76> #o|, AW 227 A 18 Zo|s} At 2279 F-RAE
7 r=501(R*=.251, p<.05), HA B3¢ DPSI 7t r=555(R*=.304, p<001)& F5F & o] %7}
of wet Frtete AF AAGdo]l YERT. E=F FARYS DPSIg Ad L=27]9
Aol 578 7F r=581(R*=341, p<.001), AT Wel71e Aol5Ag b r=533(R*=.276,
p<05) o2 TF & go|Fvte wet A2 FrtHe A AAZEE YEdT

= AT 227 A ICAA AAFAHY HA-F&EE AT 2279 FRAE 3t
r=586(R’=343, p<001), A" Wzr1e FRAES Ad <279 DpsI 3t
r=527(R*=278p<.00) 2 75 & ¥o|F7tel wat F7hse A FAF A gdel
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Table 68. Correlationships among dynamic balance according to the shoe’s and
ground conditions

Secti upward downward DPSI
o ERAE LRAE FERAE LRAE  levd w down
Tevd | -0b 176 349 34 346 ~0% 178
1 step w 507 124 081 088 555+ 280 193
down | -002 067 ~309 o 3 32 047
cop | Levd | -219 020 213 A9 237 12 077
. w 188 066 067 15 o 254 114
distance | g0 1 12 ~063 184 38 55 485 131
Tevel IC 038 118 113 4 41 149 286
coM | HIO | 1% - 054 147 102 495 264 -1
vloity | TIO | 0a1 134 170 016 37 393 185
wward | IC 586+ 102 21 -130 28 078 266
coM | HIO | 2 15 %4 084 26 264 304
vloity | TIO | 2P 29 5 330 197 26 35
downward | IC 3 o004 o 36¢ 153 00 o
coM | HIO | -4 -0 48 A7 0P _161 011
vloity | TIO | .05 -120 8 58 217 076 184
e | QOB | 091 345 018 ~150 159 047 115
. Py | -0 113 143 106 199 145 141
walking " 173 064 -140 _201 086 135 403
o | -25 28 14 311 007 007 034
wpward | COPy | 064 184 103 184 061 111 063
aea | -183 4 -0 126 018 ) 048
doom | OBx | 009 26 184 000 180 ) 192
Py | -2 13 111 1% 144 086 337
ward aea | -08 315 108 039 02 015 083
Levd | ERAE | -372* 153 265 138 086 o 310
wilking | LRAE | 3% _161 106 2 107 28 311
w ERAE 1 006 3% 137 193 12 381
wad | L-RAE 1 17 094 004 058 00
down | ERAE 1 364 230 57 37
wad | L-RAE 1 049 349 015
Lot | level 1 3936 078
] up 1 04

NOTE: *p<.01, *p<.05, ground conditions: Level(level walking), up(upward stairs), down(downward
stairs), COM distance(center of mass position horizontal distance length), COM uvelocity(center of mass
velocity), event: IC(initial contact), HTO(heel take off), TTO(toe take off), COPx(Acenter of pressure
X axis), COPy(Acenter of pressure Y axis), COP area(center of pressure area), F-RAE(FR angle

excursion), L-RAE(LR angle excursion)

i, A We7] Al TTOCA A A TSR] d-5 dskek A We]7] Al F-RAE 3t
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Figure 76. Scatter plot and regression equation among dynamic balance variables

r=-524(R*=274, p<001)E F5F & EolZ7lo] wegt A2 e Fe9 480 y
b5t Th,
ebA, 75 8 golHste} AWz wet T4 AR WMl I FAAAE BAG
A

A, ARG 15 Doy} Aagd me

Zade e AR 54 ekt =3 COP #d ¥ I 757 @ FolSUtd ©
g oo BT SThALHE AT FAT FEHE Bola glof W WY #AS K
AT & B dATdA AR Be AURAAA B A 5L FF & F_IFE V)
T4 =HAe guetn, £57F AaHE vhE B F3 Ao FH4E AeE Vb
A3tA 21, COPx, COPy, COP areat U #&He 4¥F< o &4 Ao o Ast
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ATFZZ<Table 69> 9 <Figure 77>3% Zo], HARP Fy 13 Fy 2 7t
r=-669(R*=416, p<.001), AW & A@HF 7 r=_631(R*=385 p<.001), *3}
r=-721(R’=516, p<00)Z TF & Eo|Z7d we F7tHE A5ds A2 & 23
Fol ettt Tk FARPY Fy 29 F3t& 7+ r=590R’=314, p<.001), AT 227
A A £ AdnEs 2aE 7 r=581(R=342, p<001)2 TF ¥ Eo|F7tel wit
AE S71E = e AR JeEtdd.

Table 69. Correlationships among GRF variables according to the shoe’s and ground
conditions

Section Level walking upward stairs
Fy 1 Fy2 MxFz  rate Fy 1 Fy2 MxFz e
Fyl 1 -.669%* -.631** -721%* 049 -123 -079 -070
Level Fy2 1 326 SA0+* =117 097 -178 -19
MaxFz 1 A4 -124 -209 250 333
rate 1 -092 177 -115 025
Fyl 1 -066 -245 -128
Fy2 1 -019 018
P MaxF 1 581+
rate 1

NOTE: *p<.01, *p<.05, ground conditions: Level(level walking), up(upward stairs), Fy 1(breaking

force), Fy 2(momentum), Max. Fz(maximum vertical GRF), rate(impact loading rate)

o|§, <Table 70> ¥ <Figure 77>3} Zol, HARHY A Hat&3} A Wel7] A H
T2 AW T r=-503(R2=253, p<.05) *F & EolFUtel wet HE & BF F
Z

A A 3 AduE s BE S 7 r=546(R7=.298, p<.05) o2 TF ¥ Eol vt el
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Table 70. Correlationships among GRF variables according to the shoe’s and ground
conditions

. downward stairs
Section

Fy 1 Fy 2 Max.Fz rate
Fyl -042 =152 365* 084
. Fy2 077 159 -362* =220
Level walking Max.Fz 290 0% -288 -011
rate 153 152 -503* -218
Fyl -057 013 155 232
upward Fy2 -173 043 -156 069
stairs Max.Fz 034 -028 259 270
rate 101 102 19 090
Fyl 1 579 325 289
downward Fy2 1 334 -003
stairs Max.Fz 1 H6*

rate 1

NOTE: *p<.01, *p<.05, ground conditions: Level(level walking), up(upward stairs), Fy 1(breaking

force), Fy 2(momentum), Max. Fz(maximum vertical GRF), rate(impact loading rate)

etA AMzAR 5 @ Fo|HEtd] wE AWy M T AARAE HuEHTH
Ay, FARYY A" 227 A Fy 12 A< @ =

o] FEo] YElTh o, A7} dolEo
(positive)d o] 4ol e, o 7|2

r
—r O{N‘
:4_
>
N
o
offt
(o
o
ot
[=w
~<
N
rlr
oS

E42 wdt S, A ey A ASEL AR 2l shaae] AA o
53 57go] WAH] F(positive)FF HE] AWl Yeh), AAo5L 9% Fy
290 §AE 4TS YBYT £3 od@ E4L TE @ Bol3vldl g § ZrEe
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Figure 77. Scatter plot and regression equation among GRF variables
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of Relh Q= AW 02 )(2AY, AEF, 003 G2A ABY T 1= 3y
A9 A3} e A °l o loqwaverry & Burnfield, 2010). £ 5o 4 A
S e A B 7187 AAE AAY ARHAEE daARTH SA SABA o

Aote AT VMR AAHY, FARYLE /Mg E 1AL AN BYse FHIt U
Etd, ol FRHEY AP A FEHAY AN FHE AT AL FH
(Perry$t Burnfield, 2010)0]™, stA#d &2 7|53 FHo2 AAFAEE 2 18
A7t 8 F7HE F Se 8o E FjAET

A -9 712714 % e & W7 gl 9ARYIE 24, ICe A" &2
717 o & #7437 AAE JEbda, HTO, TTOANA = Ad W77t o £ #7437 AA
2 UERT BgdA A gy FHoE At Ve AF, dPHHY YgAZ &5
ZaHAR dyA vlge] Frtety AW AYS o =HAE SR Hiusy 9t
(Perry & Burnfield, 2010). 3tA%F & AT oA A L27|& AATL Y WS A7t 7]
€718 BYste FEHE B oquA HEY FAE AT JIHeE A4HN, AG e
e AWEA A AARAE &) S AATY Zog A 7127E 2738 FF
P E FH3] A AU E Y. @4, FF Y goUt INEFE ANY
A-5/5-5 717 AAe O BFATE 200l Yepd b, AAFA Y gol7t FUhE e
g Mg ol o AstE ol At &7 AA ol FaFel HA= AoE wdd

12 5 A%/ -9 $FY AL VL7145 W3 E 18 ¢ 288 AToE YT
o] H7Hg dAAAFE FF Y wo] W wel Z Aol §le Aoz YehygA
Adzd 2 AG gt A-5/3-¢ RS M AstE e 23E UEdT £,

1B

B¢ sk B¢ Az 7€ 4ol FHsA vtE ATE 4Z4HY, el F
SEN =

&

%, ACOPx, ACOPy, COP area® W3+ & dA7ol4 Ocm7t 6cm, 9em® @

oJ itk o Z #HSs YeHlt ol AT 59 F&E-FUS Gdste Lo 2HNA
& BE AdzAddA 0em7t O EF3A S oHsta, ofd wtgt ¢t ] FHE ] COP
area £33 © FU/tHE ACE A4dn. =3 AW = A9 A A
A Ad Wzt g 2 &% 49 vad 79, 143 $349 ACOPy= B A
Hyo] olg&H ot 107} F7HH 7§ Aol &8 ©E o 2

5™, COP area %3 HARYPo] A =27, Wel7|et Hluste] o dFHL FH=
Ao 7 AZHY, E3], 43 =l

A BAEHL ol AAY £xxdd A FAZLE A 4T FdsL AeE AA
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A W7l 2] g2 AUzARG MLSI, APSI, VSI, DPSI7t 7+ AstE e FHE
Hof A W] A d4& 2 9= I8E 7 due AFEFAA, 58, 2013b;
Cluff & Robertson, 2011; Cohen et al., 1985; Zachazewski, Riley, & Krebs, 1993)3} w9
TAHT BHo] e AoE ARH.

YoM ATHL AAY SEDES A F(negative)] FFOoZ HHEHo| AHH AT
(Coper, Prebeau-Menezes, Butcher, & Bertram, 2008; Heiden, Sanderson, Inglis, &
Siegmund, 2006; Lockart, Spaulding, & Park, 2007; Perry & Burnfield, 2010; Whittle,
2007), AE w718 4, A wolwF 7] Hl&o] FUhHo Al A Y
of AA F/te AR Ok(pOSItlve)H%«] 2 AE5go] YAHE AcE BIHD E3
FEAgol yehd v, 75 2 ol wet Ad eyl 2 A Asgel 9F<e
e Aoz YeY, o 7F 29 724 &A=z FHH JEdA AF 25H
ZA 7} o] Fof A COMY Eol7} 75 @ Eold wet v Aos F7tE wHE A
Ao o FrtH e Ao2 dddn. off FAVNME AWz wet AT
G717 o 2 @& Holx Yo, sFRY F sERFor AL A o 2 F19
O AL o) FojA = Ao AZdE.

Adl 74 Agitge) Wats 75 @ wolFrbe wet 2 Wake gAY, Ad W
17 ARY, A 2279 Hlustd 2 e Bt ®=3 34 BT A Y
A77h B ge I, T Y Rel7t 371858 0 Fhse A7

AN AT Welr] 22 mAY AdelA FHA"A A= s&e BYsA=H, o

L L 2

TAHAINA ke AE, FA9d wg AAde 4 &£3F AIT F AL(FAA,
2008), A8 2+ TAAC A= 25 FEAA TS o] AR F dva s
(AH 42, 2006; Costigan et al., 1993; Nigg, Bahlen, Luethi, & Strokes, 1987). 3], o] & &

Ae B AT T G Bol7h 371845 9m @ B0t § 2 FA430 e
ES TFE U FsE Qo] Ry ¥ 54 gL o $48 JoE A9
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oA = g3 HAd 4 Awwy, 4 Fi& dA 75 2w St @

Aom F/HE e A%e dEA o webA wutg A SuF dEol &
x = SARHAY 4ESTtE AT LY AFou FFol

tE o domFR, 2009), 5 HH(Ebbeling et al, 2004), FE3% #HHd R4

(McClay & Manal, 1997)% 23 #do] ity #ddn

A" 227 stAad e 2/4 5
of ZH8FE T HW, HAERPERG Hd FEHd
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Burnfield, 2010), ¥ESA HPst= 2ol & EAHolzt+= F oA (McFadyen et al, 1988
Nadeau et al, 2003; Powers et al, 1997) &% &3 A #do| Utk & AFAAE

HARY, A Wl Hle) sA#AY /4 2499 FUME JEA BPse= EA
S Bolx AW, 757 & goyt FNHEFE olYd 5L

COPx, ACOPy, COP area G TF & Fo|F7td wet o 2A UrEME_ hol skA ¢
THEL 7h&E Buk oyl HHA A B AA AFFHY 2d5Yo] o FHE F
T AARET

Ad 22719 U2 A Ugdrle AAd0se A8 g 127 AAE vy ¥
Zo] ZA7L o]FoAEH, YEHAAL ASZ 2JHA, FEF JEHAL AHE AAE
A8, WS tdee FEREY 3% EEREY wWF 23] wASA "En
(Andreacchi et al, 1980; Power et al., 1997). oo £ AFolAx FF & Fo|7} F71&
EAEREL 0 AS FFH gy 52 E3HY § JAW, FERH 49 o
gad Ax9 WA= 75 @ Folyl FUEFE =qtHAd 2/ &0 UEHY
1, 779 @ 5owF AATAY 4 Fol7b S7F 2 W F AAGY B

gof Aol ey, AANEIHE o F7HE F Aoy dddn B3 189 AAFA
o AgolsAL Wele BARY A FF  Eo] FUto we vl FaH, A
G 2E27A & ¥gte AT, AT Werle @ FolSrtd we ° StHE 3H
£ Uedth ol 93 13 A7 09 A#9 vlus) & o, 757 & Ho|7} F7HE+S
188 #A fAstd dAARE FHstoo AW, A Herle A FA7 E4H
T A% ¥ golwtF AAFAAAY Az FUHL FEMERY] S wrol v
el Ao Yetudes 2oz AZtEn. ¥, COP MAES EAste A A H ubg
m7iuEs #2s BN S #dd + Aded(FAA, 2010b, Lee & Lin, 2007;
Micheall et al., 2006; Palmieri et al., 2001), & dAFA ACOPxe TF ¥ o9 AW
27 3 AzAgol ved v, Ad 22719 Wer1e ACOPx, COP area?t #AHSH 74
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9ol ¥ HAEY ¥R F7F 9 27 HA A oY=

o AT B dAFoA FF E E]
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1.4 &

rlr

of A7+ dqA4E°] #F&d= 77 ¥ =F°|(0cm, 6cm, Iem)Hstof AHZHA(FA, A
L27], Ag Wz we ZPSHS FEetr] Hel A old we A7 2
BAEYPM=10, A%F: 23.90£0.99yrs, A& 166.00£2.15cm, A|F: 54.12+3.59kg, *F Zol:
23.33+046cm, ¥ 847+0.35cm), A7 O+ ADGEHP (=10, A4%: 22.30+048yrs, 4174
166.60+2.58cm, A F: 57.02+3.60kg, & Zo|: 23.63+0.57cm, TF: 8.85+0.31lcm)o.E T F
d xol W] mE BRIEAS REEAL, A7 ML 4 Adzds} 75 & wolwg
of & ¢d addAR 9 74 w3 ARAEAS A8 A

ZdEwistel Byl 52 b, e ARTY WHee 4
st oju 4t YAEA 7hw 2 (HDR-HC7/HDV 1080i, Sony Corp, Japen) &# % 1
o AHEREE 7](AMTI Inc., USA)E A3 -4 £ Kwon 3D XP ver.4.0(Visol, Korea)®
A Zads olgste 4 Hde 4Esit. Aed UL PASW 18.0(IBM Inc,
USA) A H71AE ol &dte] BYPERALS #FHet7] s 9+ 13 9+ OIe 4 A"z
AgA 75 @ Fo| W me} AHFEA (one-way ANOVA)= AL, A 1T
S AMzAR 757 D Fo|Hso] wgt o] A FEA (two-way ANOVA)S A A AT

BHA ded 2e 2ES AU

tlo ot

S

AT I: BAEY & 7F ¥ &9
1) $ABH 4=

O ¥E3#d AE= IC, HTO, TTOAA 75 & Eo| 7t meh o Zol7h yehs
.

@ $2®E AEE IC HIO, TTOANA 5 ¥ 20137 met #9% ot 99l
o

® 9PBE AEE IC, HIO, TTOANA 5 ¥ 20137t met #9% ole 9%l
o
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2) 3 AARA

D 18 Aol 757 & Fo|Zvtel bt fo8 Aole $l3d

@ AAFAY ALolsAdE FF T wolF7td wet Fo 2ol7t YRy

@ AT £EME IC, HTOAAM 5 & FolZ7tel meh fo& o)zt ye
k.

@ A7 A-F, #-% Nz WiEe FF Y EoFvd we 9T Hole
AT,

-

® A% A-F, H-9 7127 AEE 0|88 FAAAT WL TF Y Fo|Z7}
e fod Aol YT
® COP Wel % ACOPx, COP area: 7% @ EolZ7ko] 9@ o7} ehyt,

@ %3 AL MLSL, APSI, VSI, DPSIE #5F 8 =olF7te wel {9 Aol

3) AEgy wel
O AFHFy 19 We FF L golF7t gk A Aole
@ FAYFy 29 & 75 Z Fo|Frtd mE Fod Aol= YA
@ Ad 3 AARF Hse 75 P Eo|Fukel w3 ol 9l
@ %4 F3g9 g 75 8 FolFUtd met Fo% Aol= flAdTh

AT O: AQEY & 7F ¥ ¥
1) AHAE 4=

O 2=34d 45 A 227 A IC, HTO, W7l A IC, HTO, TTOYA +5% &
g0l 7t wet o g o]t vEET

FERE 45E A" 227 A TTO, WE”] Al IC, TTOANA F5F & =o|ZF7}d

w2t o @ Aol 7h yEbgT

Q@ dE#d A4xe Ad 2279 W] A 757 & zolF7td wg F9F Aole
A ATt.

2 ¥4 ¢AHA
@15 Zole Ad 22719 We7] Al 75 8 w7kl et fo3t Aol I
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@ AAFAY A FAYE AT L2/ W A FF Y BolFse] FoF A
ol glslth.

® AAFHY SERRE AT 2271% YEs) A FF D El b B f@
ol gioleh.

@ ALY A-F, B 145 WEE AW 0279 Wer] A TF Y ¥o)F
ol wet fo@ Aol fginh

® AR AT, %5 NN2NAEE ol§F APHATY W= AW 22719 W
A TR D ElF @ £ Aolx Yo

N

® COP Wl F Aw L2274 ACOPx, ACOPy, COP area, At We|7]olM A
COPx, COP areat TF € o5/l wet 7o Aol7h Yetyinh.

@ %37 A A A S MLSI, APSI, VSI, DPSI= Algt 2 27]9 W7 A 5 & Eol%
Zhell wheb frold Aol §lih

O AsHFy )9 Wake 7F L gol37td wat AD 227 A f9% Hol7t
B A, W] Al frefd Aol ldl
@ FAY(Fy 29 Wste AT 2278 Wyl A 7F D wolFUtd wet ol

Q@ Ad 4 AdEwge W3te A 2279 Wy A 75 8 golFUtd we &

A Fo|FTbel A" L27] Al o7 Zole YUAT,

A7 m: AEzY & 77 T ¥
1) 3AAA 4=
O EEdd 45 77 @ wolsh AWz w} IC, HTO, TTONA #o & zkol7}

1 T

g e AoZ YERD.
o
2L

@ Eepd 4vs 75 8 kol AWzAd mg IC, TTONA §98 Fol7} vhe
S, AEAEE SlE ACE By
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=2

9 99BA A4EE TF Y Fold wek HTONA F3 Fel7t ekt ®d A
270 B IC, HIO, TIONA 9% Aol7h detga, #5488 gl 20 v

paw

o

2) 54 H3A

D 182 dole 7% & ¥olZ7el 1
o Aot ety w9 454ee glE A2 YEt

@ AAFAY AW EALNE TF U olZvlel gab §F AolE YAAD, AW
270 B §o7 Aol7h et BF 45488 Qe Ao BT

® AAZFAY SRt 7 U FolZsld wal ICAA §8 Aolrt YE,

AC)
Zo
1o
ot
)
o
rl

Q0
32
N
r o
)
rg
BN
A
©
=
AC)
Ho

AW ZzAd wet IC, HTO, TTOANA #23k 207} YEelyth =3 45288 gles Ao
Z eyt
= A

@ A7 A-F 7714 RY Wile TF 8 =o|Fvte wEt fod Ao
g AW zAd wek IC, HTO, TTOMNA 93k zto]7} e, =
o2 VERT
® A - 77145 Wile TF 8 =o|Fvtd wEt foF Ao
g AWl zAd we IC, HTO, TTOMNA 93 ko] 7} Yegdo. =
Ao YR
® A7 A-F, H-9 7N EE o] 4T AT E G Eold wt {93t Ao
T AT, Adzdd wet FoFd Aolvh degt 3 F5AEE 9
Eb .
@ ACOPx, ACOPy, COP areat 77 ¥ Eo|9 AHzA e} Fo3 Ao]7} et

¥

Wi, ACOPxAlA d&ago] yetd v, +5 & =o|7t AEzARYg ¢ & 9IS F
T AS%E YERT.
52 AR MLSI, APSI, VSI, DPSI= 5% 8 Fold wg} 9% Aol
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