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ABSTRACT

Effects of Foot Orthotics on the Foot Arch Strain related to Plantar Fasciitis During
Treadmill Level and Uphill Walking and Running

Kim, SeungJae*(Hanseo University) - Stefanyshyn, Darren(University of Calgary)
Kim, Ro-Bin(Hansung University)

S. J. KIM, D. Stefanyshyn, R. B. KIM. Effects of Foot Orthotics on the Foot Arch Strain related
to Plantar Fasciitis During Treadmill Level and Uphill Walking and Running. Korean Journal of
Sport Biomechanics, Vol. 15, No. 1, pp. 155-176, 2005. There is some evidence that one of major
factors to produce plantar fasciitis depends on the magnitude of the foot arch strain. The
orthotics that can reduce the foot arch strain during locomotion may be effective to prevent or
treat plantar fasciitis. Therefore, the purpose of this study was to investigate the effect of control
condition and three types of foot orthotics on 3-dimensional foot arch strain that can produce
plantar fasciitis during treadmill level and uphill walking and running. Sixteen male subjects are

recruited and the arch length and height strain according to three types of foot orthotics with
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respect to control condition were measured by using two digital video cameras. The first
hypothesis which the comfort of foot orthotics would be increased from arch pad, half length
orthotics to full length orthotics was mostly accepted. It suggested that the types of the foot
orthotics could be properly prescribed according foot regions that is pain or abnormal. The
second hypothesis which the foot arch strain can be reduced by foot orthotics during level
heel-toe walking and running and the third hypothesis which the foot arch strain can be reduced
by foot orthotics during uphill heel-toe walking and running were rejected. The foot arch length
and height strain during walking and running showed small and subject-specific characteristics
and could not be optimal biomechanical variable to prove the overall comfort. The forth
hypothesis which the foot arch strain cannot be reduced by foot orthotics during uphill toe
walking and running was accepted. With the foot arch length and height strain during uphill toe
walking and running the windlass mechanism suggested by Hicks can be explained successfully
and excessive uphill toe walking and running can be one of cause of plantar fasciitis. The
dynamic investigation on the foot arch such as walking and running should be carefully
observed with integrated insights considering ligaments and foot bones as well as plantar

fascia, extrinsic muscles and tendons, and intrinsic muscles and tendons.
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H2o) SN 27, o) RSN T, oY Fuy TxUFA S 2L d2edoN
o A7}EE Y Fo ATFe AHEEC] AAH, ZAUA AP FANAY A 7E L 5T o
& F7hete ok o)s 5 AVAQY AHE FAsed ¢ FFAAT o] BFE Ve 4
% HA}E Asl(overuse injury)S P& 4 Yk LelA UckMcArdle, Katch, & Katch, 1996). 4
A2 dele AR o 0% AEAA 28] BEE ABAE 4T AYHE FYo) Ykn
F3% 3 3)e}HBrody, 1980; Jacobs & Berson, 1986; Lysholm & Wiklander, 1987, Marti, Vader, Min
der, & Abelin, 1988). B-& HALE A3 7hedl T84, 2233, & Roe 7MY dutdez 4
HE U= A 7HA] EYolchBrubaker & James, 1974). ¥ K-9¢] Aa) 7}2-d wulgZ 2 (plantar
fasciitis}& B¥|v AFFEANA JAAA AR BANES} & FGAHE FFTo7(Smerdelj, Madjarevi
¢, & Oremus, 2001), ¥ 559 7} 4utE Ylo|thBrody, 1980; Middleton & Kolodin, 1992).
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Davis, Severud, & Baxter(1994)x= whlgtaetddo] wHEx] £39] 714 UubaAQl fQlolm, M
BEZo w mddi Holx 74 gdukdel ol ¥k 2o Taunton et al(2002)2
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dlgutddo] L dutelw 52 F3 7 (patellofemoral pain syndrome)d} AE7E 29w wE F
& Z(iliotibial band friction syndrome)s} A A9 Al 74A ¢to) =& 71 kA 9E7] A

7HEE shetr Rustio
whulehtnhplantar fascia)e FRAE A o) A TREAM AAY B3I GF Wak ohet w29
S zhgsuin 9)chHedrick, 1996). Wright & Rennels(1964)

A2 715 E¥se EF/T 98

T dnigante] AR Asd E42 2o 4A ARHT Azte] A4E FAH g AAHe &
S 7HAH, o] BAL delE AAFe 98d gdite FE Rk dugIwe F kA o
& et ¢34 itk A WA Q8EA de] AHe] ¢S o dnig2ee 1 Ao s i
W BEE AIJAAM Fo] AU S F48 5 JIxE FHlE F YA ok o2 E
g% FEFF9EE 98y $4ES 9ol FE0 T UA AL o]A(take-off)5H F
ol HAEX Y olA g AT AL WA T Aol o AL Wty £FAY
ZEHAS AT o)e AR olX7} ojAE FHE & UREF oA E AAF Tk o]
2k ) E“l}-‘l] 7155 9= &K windlass effect)g}il F-Erh(Pe¢ina & Bojani¢, 1993). Hick
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2 o] M gl zede) B2 o3 =A4Hon. Newell
(1977)3} Lutter(1981)& Wb go] A2 A(cavus feet)oll A} Bk 23 FA gk 1 olf<
o] 1 FAH A fRol 2EH2E £AE & §l7] dEeleha #ET Kosmahl & Kosma
hi(1987) =g it detee g s dovn Adddnt & TEAWL U A E
H%%‘J(evert)ﬂmi wupeheke] wpAm Z2he] Fago] 1 94 FAHOERY Hu Wi )53
A HH, ol EEAWAN FHS FIAIA HAM eI REs doine Aotk Brazzoli
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Zoltt. dupetaetdel Adld ik AuiAQd AL A FildAM HRATn . F
oba) e} etdsh ) Bre] Ajzhel Zol FHshijr} i Ew S 2 X|eka, ol WEAM
S 7N #E3 AEYAE Frhe o)tk Neshitt(1992) G 37t Wt & w3 il
g2ehs 2EHAATCL BFART. o9 BR =& o9 @ kg wduluEed) A£3Q 3
go] Ze|AE o] g ntd S wAA Ity Yt olwf ER AT (foot orthotics)e 7 WA
A 20& wAdn dntedae] 538 A7 e o] 88 Utk ZAAHOE dnigutl
o ARg Yehle opx] 2E Qe WA wujdautde] wa stedd g Hzoh 2

o, ole HAF wRAT 5 Fag F vk v2 A dn

A7 a¥e 23 #Axd au/Ee Algte] Zojzl i ol s ofr]E et
2EHAS FaATlE Aok HAGAQ] e /e 47 Lol E AAFEA o] Folxitt
ojmf UCBL BA-79 o]fo] 4 Holxm, H¥x &do /AFY oA A 2 5
#9 BA7} o] &5 o] A 5 QlthPe¢ina & Bojani¢, 1993). o]&d HIAAHS QAES wAHd =
HAo v e wHATE o] &3l Aot} Lynch et al.(1998)& 2wt d g Xgdte A 714
HEH oW ket Helgd BATE o8 JIAA A5t FEFA Asdt 1?571‘:”1‘5} 3
#A aaAolgty B uE gt Hirokawa et al. (1990)2 =i’ E—E%I’_ ZAAe At #4855, A
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Faeim P22 o)FHuAN Wt Egd S AN £ glon, ofX AAde AxF JHE A
A% & AthNawoczensld, 1997). &2 H=, FA4F M4, FEE 282 2HY TRPT Fo
dhijgtztd o A g el o] 451 glthSobel, Levitz, & Caselli, 1999).
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AF A7l 23 teld o FFolv BHFe] fle 16“’«] T AR £
g3 2180 ATAYAEY BF ol 196:072 A, BT AL 6881761 kg, BF 7 1
741004 m, B]AFR\ A9} Wolx) Bol: 1441663 mm, mo}x] h-_ol 23054389 mm |t}
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FHTo OE2F £ “m¢ HAY'E 159 H TEY YATHI5/) S Bt ). o] 4
TARA 72719 ge7] 5 Ae A9 :EJ%‘% 4 }ﬁ}hcﬂ A4 gle SREXE ATdga B
1 ciMundrmann, Nigg, Stefanyshyn, & Humble, 2002). H-E A4 2ALE U && oS3 2
} & olf 7HA olfith @ AAAQY HPF-AEe) AFAQA =7, Q FEA) FAFAY)-AF
AFHol N wRgFe Hoeg/dad, Q) o FH(FAS)-LEHN LRAFT BEY
F/89%9E, @ AFAEL A g3 AojHe By A, ® PR Fo]-LRATY AF
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PHEE ol Reng F2 AXIH, walo] YRATE HEAAN BolAE TVF 3
L RAAA AASH, A Do) WRATE ARANN JERAA % HAE AAste TR
Folgltt. o5 WHATE AH9 HEL And N PugTe AR AT 5 UL A
AgE 484 Rx(39 2d) Bl 2ol Ao BA 423 Feid A w 48] o|Fojgict,
o] 4Y4 Bzt 271U 2el7] £ Al Ao R AAHY A0l B & U2
& weqg

AF A5 0) HMS0EX E# =% (Donghwa Inc, Korea) 919 Hz|oA HEA]-2E Z27](1.5m/
s+5%)¢k 2] 7](dm/s15%)9} 12% L 2EMAALA HEX-GE 779 gyl 2gx dE 2U%
22718 FPIEE Pt ol Aoz Al 7HA] WRATF 2UAN AF Mz RopX| 9 A
e ety ZARY 3 2AYE S| st F di9 emm AEH T 7} HCR-DV
L 9500, JVC, Japan)& #85o] A2 mAtes JAAAT T dALBH T 7 vte] 27] &9
&5T & 60 frames/secld], o= AR XA ANA 27 1204707 5ol 27 #4457} 120
frames/sec’} HUTh FAHE A3 ol4HE 43L& AF 79 FAFES 71 AAEA 2FY 1A
=(1x1x05m)& o}t RA=HAUT

4 Xz 24

1) opale] 33 YX|ztE et 2E Q1) A

F oY gAgHgesivges 298 2719 gelr] S dEmW(CLY] 4439 71
ole) 29, i mLI|(NV), & #A) deHWMMDY vz $9 A% ZARL Arel Digitd =
ZI1Y(APAS, Ariel performance analysis system)S o}-&3ta] 339 914 A2 FASHUL o]
E Al 9 339 #33td AAAEL Matlab 7.0.1(The MathWorks Inc,, USA)e W€ 2nd orde
r Butterworth digital filter2 o]-&38le 6 Hzo A9Fa4olM e =k FeE Al A9 33
o Ry AAFES o8t ofxZel9} Holx] EolE AR

AAobxZdole V (MTw— CLx) 2+ (MTy— CLy) 2+ (MTz— CLz2)* & &4& o|43ld A
Akt

oBAEolE WA T 4 MT9 CLE e orxZo] A9 34 X = MIxH({CLx-MIx), Y = M
Ty+t(CLy-MTy), Z = MTz+(CLz-MTz)2.2 A4e td, ofx|Zolg NVe F4e] this 4 HE
T3ttt

H = [MIx+{CLx-MTx), MTy+t{(CLy-MTy), MTz+{(CLz-MTz)] 12)28 NVH = [(MIx+(CLx-
MTx))-NVx, (MTy+{CLy-MTy))-NVy, (MTz+t(CLz-MTz))}-NVz] 7} €t}

ofXdole] WIHEE d = [(Lx-MTx, CLy-MIy, CLz-MTz] & T3t % Hde JFoz o
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yog NVH-d =0 o] 5tk

of AL tof] hate] o] Hzlaly tzhg PRk o kS A H 2FE Ao glste A o
T oRIECIBY (Hx— NV i+ (Hy— NVy) %+ (Hz— NV2)® o F4< o] g3t Axslgich.
oA AN AV 2] B F ofxe o]} Fo] & LE AYdtm A vAFA
Al 249 wobA] dolgt 5012 LunzaaR 3o b9 F4E 0|43t Lolx] AEF 9(strain)

L= L ysuun
— 5 )x100
L -3 1) %] %] )x

olgA Astd 2EY AlZE %-& 100% 2 77 3H(normalization) 3} gt}

2719 997 Fet %@15}310& opal 2E#Q A4S 71€d7] Y8 olxdo] 2EHUL Al
%4 (lengthening) 2~E#|3} =4 (shortening) ZEH QO 2, ofx)xo] AEF QL Y& A(flatteni
ng) 2E# AT} YA (raising) 2EF 02 YU AFAY 2EFAL 27|
Ho) Zo]2EG AR BAHE AEHRY FE, ¢4 2EGAL HYdo] 2EFIRE o)A
TR BAHE 2EY Yo AUt BEA 2EHIL HER HERY i
Ed7tA] i se 2EHQ] dog, 594 AEYQL H4 Eo] 2EYQRE o)A&IA Y

AEYQ oz Ao gt

2) TEATF Hgeo] HAF ApHe} wolx| JAAE FARA

AL A5 9 AR 25l R HAY Aoz Rae dgzAo] Uz A 74| @
BEPEU B SN, WIT ) 2] ol e 0 4 o S
PSS 11.0(SPSS Inc., USA)9] wHRZH o] o3} EH%O
ear model®] repeated measuresZ ©]&3&le] z+z}
93¢t Student’s t-testsE o] &34}y x|, 9=
Y Bt At tigol de A4 FAHEA(ANOVA)S ALE AP 07 Scheffes 01%3}9&‘:}

A7l BelrlEd wuAT A8 BAPe <23 oA 9
do ENZ AAHY WA, 9¥A TH, QY T4, FEAZ A
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A, AT HEAY] F, A guke] £, Aute] Zolz Jeiytth @y AAHA Hge
AA A7} 718 A A0Z, dgo2 whgdo), ofxdc, AozAY £MZ el A
bl s Hor(F=840, p=000), AL AANA Aojzhe &
ST F4T 2olg BAoH, ofXHf=e widols) AAE AT oA Y= tf AHZo,
|t HAZolY BAAN FYF Aojg B HABAFTHL AA D)7t 7 A A2
Oel.2 yhgol, ofAg =, Aojzde £42 Uehdch AXY SRR ol 24 o #
o3 Ao]g B Oo(F=473, p=000), ALEAA A AojzAe U2 LE ZAEY 49% AolE
HRow, ofxsj of AAde] AT BANM 3 2olg BT b FHL Ax o
7b 71 Agd AoE, dgo g oA, wde], AdzAY £42 debdth AAW a34A
AN o 23 el FYF AojS BHYPoH(F=223, p=000), AHFAANAN Aoj2AL =g}
AA o)) 2UEF Ko AolE Bgon, oA of AxZel9} whdo] of AAZe] ¢rA
7o AN 7T AolE B ¢EIE Aol Ao} 4 AGE AoE, tgo
2 oMY=, WAo), AojzAY £M2 deigdh AAW E3EA W dl =4 el {Fg 2o
& BIOT(F=3484, p=000), AIEAAAN Aoj2dL 8 FE ZAEH #9% 20§ BYe
o, olS= of wolsl whdo] o) MAZo] WRATLY #F W Fo% Aol BT oA
ol AAZo7t 71 W Aoz, ggog oAz, who], AojzAYd £MZ ekt
7Hﬂhﬂ ARAANA d 274 ol §93 o]l BHPOH(F=3571, p=000), AAZHAAAA Aoj=
S U8 EE ZUEH 9 Aolg HYAT o9 gE RE US| HHAT A oA
01@6‘} T ZolE HolA] gttt AFAF AP Aot /Mg gt Aeg, ggos
HHdo), ol Ajde, AHolxhe A2 Jeigth AN ZAAAANA ol 27 T F9F Folg
X om(F=5710, p=000), ALEAANN AojzAL UL ZE ZHEH {HoF Aojg HYow,
oMAHE tf AAZ] LRATY BANA AT Aol8 BA Al FEAY ZL& HAPo)7}
7 AR Aoy, o g ke, ofAFE, AojxAe AR Jebdh AW EARF A
Ul 22 ZHj #93 ol3 HQon(F=4852, p=000), ALE ARG A AojzAL & RE ZUE
3 FAF Zo]E BYoH, ol XHT o) WA do] dug7o] AN FT Ao)g Rt A
D oohite] o ANZolrt A AR Aoz, o ofAF =, whe], Aoz FMZ U
Btk AN ETEAN o) 273 2ol $o3 Ho)2 HALH(F=16.40, p=.000), AHF7 I
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Overall Comion Heel Cushioning Forefoot Cushioning

g v
®
14
T
2
E
8 s

04 2 ] i

ArchPad  Half Length Full Length Control  Arch Pad  Half Length Full Length Controt  ArchPad Half Length Full Length
3% 15 15
Medio-iateral Control Arch Height Heel Cup Fit

g 10 10 ©
]
[i4
L4
pd
£
8 5 s 5

o . e E : o ] i °

Contro!  Arch Pad Half Length Ful Length Control  Arch Pad  Half Length Full Length Control  ArchPad  Half Length Full Length
1% 15 15
Shoe Heel Width Shoe Forefool Width Shoe Length

g w 0 1
B
4
®
k=]
E
Uo 5 H 54

0 a e s

Control  ArchPad Maf Length Full Length Control  ArchPad Half Length Full Length Control  ArchPad Half Length Full Length

Insert Condtion Insert Condition Insert Condition
2% 3. 27l HR|Seh YRR Mge| Mo URLE 222, 123 9ivE offel £A
=]

2
2 MHMel moty §IEx FM, ohw [M oE-I1E oM, wotx| 0|, FlEXY H

A7) e wolx) 2E# AL <3 40 Yehdulel 2ok A AGA2EHAG ol
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Lengthening Strain [%]
»
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Conirol Arch Pact HafLengtn  Fufilengn Cortral Ach Pag Mafl Lengih  Ful Langth Contral Arch Pad Hof Lengn  FulLength

Level Walking Uphill Wakking Uphili Tos Walking

Shortening Strain [%]
@
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@

Conirol Arh Pad Hall Length  Full Langth Contret ArchPad Haif Length  Ful Langth Cormnol Arch Pad FHa¥ Length  Ful Lengih

Level Walking Uphift Walking Uphill Toe Walking

204

Fiattaning Strain (%)
3 8
3 3
5

Conrd Arch Pad Haitenglh  Full Lergth Corirel Areh Pad HaN Length  Full Langth Conirol Arch Pad +a¥ Length  Fuk Length

Level Walking Uphiil Walking Uphill Toe Walking

40 4

Raiging Strain {%}
] 8
2 8
4

Coedrol Arch Pad Half Largth Full Lengih Conirot ArchPad Hatl Leewgh Full Length Conlral Arch Pad Ha¥ Lerggh Ful Length
Insert Condition nsert Condition Insert Condition
38 4 HX)(evel) 27|, 222Z AHuphil) 27|, L24ZA AL LE(uphil toe) A7) SO 4 JIX| e
B =dol w2 AMAEM(lengthening) 2t = Al(shortening) 2 E 2 2lat W& M(flattening) ot =
O] A

ol M(raising) AE2|0lo] vi5}



24.69(14.92)
23.00(10.38)
26.06(10.67)

#<d (%]

2E

16.74(4.57)
15.61(4.4)
14.81(7.05)

H
Wiy

2

. 2
(=]

S .

17| st dl Vx| wEEF =¢of wE 2o

7.00(1.91)
7.89(2.10)

7.23(248)

6.15(2.29)
5.44(2.98)
6.34(1.89)
6.06(1.97)
459(2.49)
5.32(3.54)
4410212
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29.35(13.53)

14.65(4.90)
16.57(4.13)
19.69(8.78)
16.03(7.93)
18.66(8.30)
12.69(5.15)

Py

S

28.23(15.27)
31.11(17.38)
32.36(10.47)
31.31(18.97)

—

242
6.23(2.17)
6.53(2.27)
6.04(2.67)
6.38(2.26)

N

6.72

4.79(2.37)
5.24(2.87)
4.65(1.54)

T

T

27.82(842)

€ ggvldAde 25 S/

1.

<18 559 velduiel 2o WA AZH2EF A o)A

4.41(2.06)
4.95(1.11)
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wolel2olenl Bl Wolx As# el ojxE @8
15 15 15
Level Running Uphilt Running Uphill Toe Running

£ angthening Strain (%}

@ &
- E
o E)
ﬁ

Control ArchFad  HofLength  Fisk Length Control ArchPad  HalLength  FulLength Control AmhPad  Holf Length  FulLength

15 T 15 15
Level Running Uphifl Runring Uphill Toe Running

Shortening Strain [%]

]
!
%

Canlrof Arch Pad Hof Lemgth  Full Lengith. Control Arch Pad HellLength  Full Length Cantrot Arch Pad Haf Length  Full Langth

Level Running Uphill Running Uphill Toe Running

Flattening Strain [%]
3 -] 8
3 3 ]
3 B b4

Control Arch Pad Hal Longth  Ful Length Cordrol Arch Pad Hall Langth  Full Length Cantrel Asch Pad Half Length  Full Length

Level Running Uphill Runring Uphill Toe Running

Raising Strait [%)
u #
] 8
-} 8
%

Contwl  AmhPad  HelfLength  Ful Lenth Cortret ArchPad  HafLemgth  Full Length Contrdl  ArchPad Ml length  Full Langth

O3 5 HX|(eve) Hel7|, 222UAAHuphill) €2i7], 22UAA uphil toe) EE 22| Sob Ul IiA|
QR AT | WE Al A(engthening) 2t SFSM(shortening) 2E 2|2, ZEM(fattening 2t =
2 M(raising) 2Ezi|212] i3}

de]7] A AojxAdd tiE] oAz, o], AXdo] WHGF 2 Wolx] 2AEHQLE @

Ag ¢§a191(1:=4‘441 p=009)7 YEA 2EHA(F=9.692, p=000)s 22 A

SAHCRE F9F HolZ BAHE 2). B4 2EHUY LE2DAA Eejv]9 ASF

011*1 AojzAL wizdo] o AAZol BAAM F3 Aolg Bon, ofXH= of HA Lol
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E 2 X €7, 22uZFA Eal7], 2ayHA wE g2|7] ¢ Wl JiX wEE ol o

£ Zo|2ERf (AT ctEM AER Q) 20| AER NIEND M AEH Q)

227194 HATzY do|2E#9) [%]‘ ‘ E|2EHY ) (%)
A3 434 *34 94

Fagr 6.69(2.63) 7.43(2.58) 17.10(9.05) 17.23(8.51)

HADE) olx|mj= 7.09(2.69) 7.09(1.95) 14.24(8.92) 19.33(5.46)

¥ o) 757(2.97) 6.74(1.87) 15.35(9.84) 20.65(11.56)

A Aol 7.17(2.29) 6.63(2.05) 11.54(5.82) 18.25(9.28)

Bl 7.25(2.26) 7.96(1.92) 2451(9.18) 20.65(4.45)

S 2944} olx = 6.73(1.86) 7.41(2.46) 14.92(7.63) 20.21(8.01)

227 7o) 7.43(2.26) 6.90(2.10) 13.57(6.11) 21.66(8.21)

A Aol 7.17(2.03) 6.39(1.87)* 17.53(7.11)* 22.29(6.96)

Bz} 6.51(1.75) 7.10(1.87) 2242(9.70) 2.20(7.12)

oamAl olxjg = 6.69(2.33) 7.36(1.90) 2237(9.27) 21.25(10.65)

g7 7o) 7.13(1.95) 6.62(2.07) 19.72(10.38) 21.91(1043)

A4 Zo) 6.75(2.33) 6.85(1.80) 19.70(9.74) 21.17(8.71)

()eHe sDel.
*p<01, **p<.001

2T PANN Flg Aol2 R REA 2889 2ol g27le) AFARAA
Adzae OE ZE 2A5H $A8 AolT wgor, vyo) o AALel FuATY BANA
$98 Aol nYo

V. = 9

B A7 232 X9 eenAy el=y 2719 927 oz disf ox|sl=,

off
g rO
2

ddol, AAZo] wrA77E F8o) UAFH Bolx 2EAe vXE FFE 2AReH T3
o ol EAE gAe7] A8 A R WA sHHe g AR WA 229 23
E59 27|e 7l ofxg e, wide], AxAe] HRATF A F7HE Roljth ook A
Moz Aojxzld sl opxH= o} whdo] wH AT FHgo] AR Awo] HAFHS Hol:,
AAdo] BEATY F&o] M NASA F7HE F& £ o) A WA P gHsAE @A
g ALEnT & 4 ook BARe) w7 Fgo) 43 BekekA vehd Fte e o
" 7K AFAL 8d8dME 2R P Adsidn Jebd A 2 o Adad A3 des
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=
ghdfch2atoinl aiag wholx] AEgolof ojxj= @&

AZtEc}h. Gross, Davlin, & Evanski(1991)$} Moraros & Hodge(1993)9] dAFolME TR AT A&
o) #ASoA 42T WSS BYokn Wt Pleffer et al (199) A Alztd g <

Edd zzads ¢4 Addd SAIUEE Agshed #EY YEATRY £2 23
4 & bz Husgt B A7 A de] 2RAT G dEFFo] ofd AR AZE A
LA 7P F& Bt ol FAR AT ofA|s =9} vk 3
ST g FAH, AE-71E A|oA, dolA] Fo), A it
e HorstA yeht ofx s} ghdtat Fzhibel Helgte] JEFS viAH, dHdo] R AT E
HEA T4, AEAZ AT, A2 AEHY £ 59 294 ofAHrTt HLFEA veh it
o] wRAT7L Hutel Ao 4FL e AL & F AN o] AHe FHHAU 55
SIe WY R0 et s BEHAT FRE due &AMkt Ao o)

Al wolAEH N WdH ofd

AYHY BUATFEY AP JEoh £ AP A
AWNL AT Yok 49 F8@ gug 2edn ¥ 5 90

A e Mol 2EAAE HAY EALE 2719 gyl B WA 94 7
29 5 Jrolgon, A UA e “gop) 2EAL oEeAAe HEALE 27lst B

7] B ERAT 3 FaE & koA & AN @A L2mAA 2l 54
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€ A7 A o AZELe F HAY A wA sHde] AeE AoE qFEget AaHoes
T HAES AR F3ALh of A §Ie AL 2] Azl B A7 fAG A7 2
e vuste AuRgich RGP FAHAY Qo] yehd A+ ES 23R Kogler, Solomo
nidis, & Paul(1996)& AR 2o Ago] A wupdzute] 2 Qo] %EY HEA TRATF, 253
WAAA BT, 95Y 324 UCEL & 5 A 7hA wegpold fejsh) dagna 2
STk of AN o] AEY RS Az 131%)4 Hr) 529%F JERR & A7) FHZ)
A Ha 441%, Hof 757%) 20k A7) vebgrh o] Kogler et al9 A7 AAQA AR 24
FQ whde] 2 A7 ool Ho & A A Ayt Aol EAE Aoz Y7y,
EAA §949 FE AA BEFHoF ojg AHE Ao YZHY 53] AARY 4P olA
§ AAEE A3, WAH 259 5o TFHA %] e AFs sHo] Yad Aot Ka
yano(1986)2 727} 3t wopx| Holo FAHEA WIS H7|okx Alo] A(electro arch gauge)E
o] 43t A A3} AwtHo g Fii9 HAE Yehfe Zo| WIdZAE BYEH, ol & BT
o A Felst fAREE Ao g Yehytt shAuk Azjol Ao x| e] wEA QhEe] Al wE} A
g Ws 34 Bl JehiAe 2018 MRt 37mmol A 95mmAA e, HF ol
o sAsHy wgt A%, Mo 71 A, 29 59 XA WS40 BPEnD Ry
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Gefen(2003)& A7)0} HFFwFL wubdgo] 9~12%9 WHS Aevu Husdch ¥AY
Aok 22 2& 209 27194 2 79 ghe 5~T%E ok Fe e Bk o] Aoje
578 ¥eld 34 94 Toz A9 Aoz AR, B A7 98 vAE o] &3

Gefen®] A= A2 SAWHA WAMAINS 3335 A4 (radiographic fluoroscophy system)
I8AE e ohizk AN 2ANA oFoldl 4YoE 1 AT 4YE ¥UT T &
o} Tolx] Eolof W3t AEFQIHY BEH ALEA Kltaoka, Lundberg, Luo, & An(1995)= AHA]

o] AFoA 0 NojlA 667 No 2 Z7t5s 2R3 O}EHH o}z =o] 54.5mmo| A 488mmZ
sl 2 A7 2EYAOR ANY B 1046%] AEYS HYOw], & ATA o] dpe
Fotek 71 Tk 2702 B2 2719 wEA Aeaﬂ 02 HH 158%% At ¥ L HAF
At 2 A7 g BT BRAZL 675 N A% 44 22 54 27198
Ol T 5 ¢ Rolth A% A AFoIA e wolA] oot o] 2
£ APz Boke AAEANA BT 2 gt 2Ed9 e, FHQ 2Au
A R 2 el 2EdQ 48 Mol %S BTN Utk ¥ A79 44 228 12 A7
2 HF o}x AEQ #Welas E}_/I: T2 29k Cashemere, Smith, & Hunt(1999)= & 249}
37 24 Aole] ojx)o), o} o], Wame Ztxel ¥

xS mio

4o
2ol }-U

741—~ Sk z}olﬂ %1%_ zhd a} A

dl Wi 7 e ol 2E AL 2 ubabe] W (toe) 2719} )7l B MEAT o3
e URE 220AA B 2719 271 ofud HAE fo)8 Ao]E HolA %o}
°) 7Hde] A o] sHdnt R0z A olf2e WE A9 st HEAZ} AW
A AFINA gore, g A 2dazdo] ¢ fFe] wRATI} 2EYAY A7) 4
= FA %% Aolgke A4 gRolth MENE AFHIIRo] Hicks(1954)0) 91“5“11 Zﬂ"m %
£ Axdrter AlAbo] whpjekie

i

=4 7] (windlass mechanism)
AAF st AFHA ofx] Aol &#A 31 ofx] ¥o|E FIIAY) o
A4 & IH{toe-extending arch-raising effect) 2 Be] 9t} o] H& Kappel-Bargas, Woolf, Cornwa
I, & McPoil(1998)0)] 2j&f %52 <) w&jelarletatd AAF &7 9% wolx|7} A4H Hog
sRENer], & AT HA 2E 279 2el7]e) AAAHAEYNS Al HF 60%A
48%=, €97) ]A{ B 71%00M 68%2 Ay, EUN2EHAL A7loA B 43%94 3
0.7%%, @el7ldlA Bt 189%1X 216%2 2718 AFHE 2, X 3 48 479 <277} g
827199 s HYHoE ABAGT & 4 Stk fA1G Wl W Gopx] AEH W
ek 2= oh |9 Stackhouse, Davis, & Hamill(2004)& Hits} 52X dE ©2)y) {30A
BRATE Ao £4Y) HolS Ve d8e Bold uT Wl st dolxl) §3
Bl slol E271H oprish de AT 2HES 2AEUA HA 2709 el s
Ah Q2UAANLE 2719 Belolol o|a Ao)Ho] UL Aolehe A Utk e AT

rle w
i
O
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ne
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gefer2atdnt yE Lotk AER el ojxl& I8

- OO

B3 27| gel7] S BX|, 22UHAL QEUFAUE S Atolo] Ho|AE H(MEMD

HEM AEY )Tt E0] AEYLEMD oY AER Q)

+E3H =E# < [%] %7 22934 QERRAE
A 5.92(2.27) 4.70(2.58) 4.66(1.96)*

5 9 7.03(2.18) 6.67(2.45) 651(233)
REA 15.53(5.44) 16.04(5.60) 17.16(7.52)
94 23.72(11.79) 27.90(12.19) 27. 87(12 17)
AR 7.13(2.61) 7.17(2.04) 77(2.07)

el ¢34 6.97(2.10) 7.10(2.14) 6.98(1.89)
234 15.38(8.30) 16.23(9.01) 21.05(9.64)*
=94 19.73(8.57) 20.42(7.68) 21.63(9.12)

*p<01

A e ABE <E BojMS} 2o BA), QEUAAL, QLERAARE $7 Aol AEF A0
2 A7As AR Az HAM Q2w %03 7o) Wstslax d7)e A £Ed)
A& AT, Derle YEA AEYAS ZAHE §o8 Aol2 HAOH, Arl9 YER 2EY
A3} gErlel AHH 2EHAL o9t fARKI Past Zrkshe AFS BAD. oldF AFe 2
St gelsle]l $EHd g} wolx 2Ele] YL won], 7 e A=Hrs|HA A
Frke o) walguriRed AAF 0 wolx Lol BOARNAY 2B 7H2), Bl

Eo)7t BolAE(REA 2EH9 7)) @48 F JehlFT 3t o] Fe MEdA dFHA
Zo] W A7) g7z} welx]e Zo] A¥E Fo|A 39 A A4 duigrdy €2
8 5 ot 42 AR .
of AN AREL "B AT Wolx] 2Ed AL WEAT x4 w} 2o]E WF-E
o]A %2 olfE FALAY "I¥OH HRALE 3w AT oW AH AT wle
2RYH /A7 S NES F 71X AT dHstA =) Stacoff et al. (20000 A =4
AN FZ AN PRATE D719 29438 ko) FPEEAMY 49 PS4
Aoz WIANTA gt Eustg T ofAH =y wo] 5’-7‘*?94 o] ¢H% whopx
A& 2o 9¥/3]j(eversion/pronation)S 9% 7} 283 nF AFY FE AU & A
(Nigg, 2001)= 2jiE o oolx| "Eﬁﬂ"]gl Figad-Re e 94“*/§41‘H9Jr o #¥E § s AL
2 LA o] AypoA Aw, ok, BRATy} THES JFANGE 7Ha°] ohA] agj e oo}
AFstgon, wolx] ~EF QU & Al Nigg] RHAMH “Zi(small), FXHo}7] &
stematic), thAHAL-5-f- 2] (subject-specific)” W3S Bolt Y @2 ¢l(nonconsistent) W02 FHE

e
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O

k. Nigg, Nurse, & Stefanyshyn(1999)2 1 21 6] A ﬂ%} ¢ 2% <o, o] ket
2HUE 249 FEAM 2 o] opdel 259 5L HAFsn oo wet st Hasl H
e AdA & Aolgke AdS A o)9IM Nigg200)E #2835 & Fule] dFd of
g2 Y aga/xe F43 2y #E sl wde £83 gdo)gka FE A
T HE|EA A, b, 2RATE Z4FY(musce tuning)S F8te] YubAQ 2§ FF
gg v ‘LTi, o] Qo] A T2, BAF, ¥, LEFHFFH JTS 1A Qo A2
o}. Mundermann, Nigg, Humble, & Stefanyshyn(2003)-2 ¥t 21o] Hetste]
4 B ohJz 715AR] AAAEH Ao), & FEHEHIW-UY, FAwIA
TEHAY 3AY ZYE), EMG(7/1Y 94 259 3E) dAdsdAe 2
o] ghgitty oy B A7 wol2EY e dAFE HAd TIFA Ystch. FAAA
3 H 285859 7
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Z|RHo g dolx] FAL W g Adioh I, AY ZE% 3F, 2 wAH
253 JF T A 7 FHAM ojFojAYT £ £ ok wutgIge A IAY AFAA
0 2o} $F4 722X 02 WA, A3 2859 B85S 43 AU AF5E e 9
& 331 (Hedrick, 19%), Lol Zge £ Habe] U%ES sy g4 thKim & Voloshin,
1995). 3 dnjet2e, bl geuigeld), £323d) Fo) Wolxg] oA %3 wAY
FolM F83 4L §19, o 17% oY 2EFA JUAS ZH3ctn e YckKer et al,
1987). who}x] o] FQ3F QHAA|(stabilizer)2 U)X HA7Z(Kitaoka, Luo, & An, 1997)S X3t o
A A AAY 2Fo] dolxe] PAn AAH ] glon, AAH T& AP QoA elx|g A
HA Poj 4L Ado]x, o|AZHE X3 Br} & Ry} 7162 o) 944 2850 BFIYn
<24 gith(Basmajian & Stecko, 1963). Kitaoka et al.(1997) o}zl B4 wE Hubz9 Ex

| oo} 72 PS5 R3E 7HFo 2N FEeAA yepdtn YR ol & a7l g
B2 Ee7]e 9EY 2EHQ] HE 1456%40M AAF T8YE 2HE] F & 9B 3
N2 AA ge)7) 2P0 HE 21.05%2 =718 AL Kitacka et al. 7] AE A ZANA
& AmelFa ok wuer 29je WA 28859 F849 3lIM Fiolkowski et al.(2003)& 3
Z A7 AduiAE Fale Ud 28 @%o] 242 o wulm 3700 3mm Y= %7}5]—'5 e
UAE & 250 AF A2 olXgRAe] Fo3F 9¥E e AL ety Rudgd
Gefen(2003) 4| Wopx|o] ZFH 4L %3 FZe 7ol wel e I 28L& B2 dujdd
Aol A Y 2583 o 43S e F Ao gl
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