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The Influence of Wedged Insoles on
Lower Extremity Joints during Gait
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ABSTRACT

Despite the widespread use of laterally wedged insoles for patients with knee osteoarthritis and medially wedged insoles
for controlling rearfoot pronation, an understanding of the effects of wedged insoles was limited and sometimes controversial.
The objective of this study was to evaluate the effect of wedged insoles on the kinematics and Kinetics of normal gait. Ten
male subjects without history of lower limb disorders were recruited. Each subject performed four gait cycles under each of
seven conditions; shod with 5°, 8° and 15° medially wedged insoles, shod with neutral insole, and shod with 5°, 8° and
15° laterally wedged insoles. In order to determine statistical differences among seven conditions, the measured temporal
spatial variables, angular displacements, joint moments, and ground reaction forces were compared with a one-way analysis
of variance. Some significant changes induced by wedged insoles were apparent in joint moments and ground reaction
forces. The medially wedged insole increased the laterally directed ground reaction force and varus moments at the ankle

and the knee during the heel contact phase. The laterally wedged insole decreased the laterally directed ground reaction
force and varus moments at the ankle and the knee.
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717 elsk=d &77F dvkar &eA itk (Blake and
Denton, 1985; Donatelli et al., 1988; Gross et al., 1991;
Moraros and Hodge, 1993). @g]7]2 <18 Alsl= o4
O HARE S B Al A (excessive pro—
nation) ol 7113k, W& AAR] 32 o]& ¢hsleh=t
a7t e Ao deA Sl

WS AARL 2] @ el tiste] Bates et al.(1979) 2
Ao 5= 7124 (eversion) 94, Baitch et al. (1991)
< AA AwHA 2] EFHLANA, 283 Smith et al.
(1986)& HuA 7157 w=roA FAAoRE {28
ApolE etsiglon, o= S AAR bl Aurl ¢
= @bk a7t SS gvlsit) sHANLE o)) W=
WS AR Qbgo] gl o] TR el mX]= Pk
23 v A AAolgs AT 9% Y (McCuloch et al.,
1993; Nawoczenski et al., 1995; Stacoff et al., 2000).

95 AR PRS- & WS =3 FF ¢l
I} Qe AR A Qth(Yasuda and Sasaki, 1987;
Wolfe and Brueckmann, 1991; Tohyama et al., 1991;
Keating et al,, 1993). 75 =349 A4S B3k §)
£ AT SR Qe AT Tl AVle dEow

Z FZ= Y= (medial compartment) o4 @Asc) &5 F&
ySo] v 3S giisks 5 Uit ERES] A 3

0]o o

A A2 FF gl ant QS YnlEtt 5 A4t
Z 1ol tiall Kerrigan et al.(2002) ¥} Crenshaw et al.
(2000)& F& Uit RES] Traef tfsl] FARCE f
ogt xpolE mpetaidict. 1uut 2 A <ol Ik
4, BB thgk 53484 (kine—
814 (kinetic) 277} A4 FAIR = 79
3] gkrh= AT AFAE ok(Nester et al., 2003).

AAEA AR ] E Aol sk A7k Qo]
grout, AR <ol s pel mlA ofael distel 4
o] 3L ARAL FAE | ES Holv] 1 Ehe] T
E 598 A7 A9E noln 9 9Tk S AR 4R
of B ATE WEPEY FAY] e #Ho] 75 o F
H, 95 A Qo] BE ATE TR TERAY Ho

of tiall EA8ta vt (Kerrigan et al., 2002; Stacoff et
al., 2000; Crenshaw et al., 2000). &g 7]& =52 15°
g} 25°¢] S AR B3-S v sk (Willams 111 et al.,
2003),5°9} 10°9] 915 AAR eH-& v wsh= (Milani et
al,, 1995) & A7l AR AAR Bl FHIT Al
ojth AR Pe] adE Wt TRH R oflslr] Sl
A oRekst 712719 AR Qb o Eks A shs Ao
I o) & AT theket 718719 AARR Qo]

2. A7 UHY
2.1 HAHK}

2 A3l siREdel o] gl 10782 st Wb
sk 9 jgkelAge] stz Fofeigint. 3R]
et AL 175.5(F4.5) cm, A= 73.3(£5.3)kef, &
Zol= 25.4(£1.0)cm, TEE 9.7(£2.1)cmo]t}.

o= 71 -

4
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AR Qbe] AR 7|12 BErj® 5%, 8% 1577
AY3IATE 71E ATolA AREE AAR QB A =1
& % 57 & 5°,8°,10°, 15°, 25°¢]t}. 9° o]ake] AARz
Qb At Bgsh=r ool 7] PE EUTS
“Z1t= Milani 5(1995) 9] 7| A+ A¥E A
5°,8°9) W/91Z AAK S Aeekint akAut,
X AZA (soft tissue) 2] YFo.7 Qaf THE=X7F 17 H
a17) YeiME 5° Are] AAp) A Qstth(Blake, 1986).
w1l v FEE PEs] a7 YsiME A
Abzto] 2 qPgo] Hasith & AFoAE 7|E
AR B A =8 7kl 15° 25° FelA 15°9] UZ/9)%
AA S AAEITE @oksbd 712 91 (0%) 3 3F
o] Y= A ek (5°, 8%, 157), 3%F9] 9 AAR o
(5°,8°, 1579 F 7714 eHge A8 o A3sigith

B Ao AFRSE ek Wkl ol 5°8°, 1579
AAE EA%EE AZsIlon, A7 EVA (Ethylene-
Vinyl Acetate copolymer) & AH8ISIEE 11 2= Al&E
Q1= AA (157 9 BFolt) ke mIE woldl )
F9] 53E ARSItk Aol waetA] ¢kot HA A
3 ] BFX

w7

flo rlo

o
of

FAQl ko] AQS WhallekR] ok, Y YilE vhekst W
FA & HEF AFAH%E 2535 Adsiglt)
B Ao = =227 A|AEQ] Motion Analysis AF)



$B26%, $B13%, 2007.2.28

-

ZAHE OHEO| BEAl SHAIZ AN 0IXl= Z& 21

‘ (c) ot%

(a) <] () vz

e

(e)

‘-

O3 2.15°9] 2% ZAR okat

Otef

l:lo

Falcon System& AFE3Fe] SHA|#E ] 52 dolE & L3l
o Bertec AF] 4060—08% 3 (force plate) & A
éx }.o:lr,]. uua] H ==

-

WH (ground reaction force) &
5L 60hz, AR 1000hzolth. 54 % Ho]E
+ OrthoTrak 5.0 (Motion Analysis Corporation, USA)
£ o] gste, skdd A2+ 225 (angular motion)
FiEE BHE 9 A=A 5B (spatio—temporal
parameters) & WH3SIHTE T 1S B Ao =HE W
TE QO Holt} AL, AWRbEY RuEs B3 A
1t F, A EE] ] RS

(stance phase) 9t

O

AL F8] @A, AE @, 283 Ay dAE 118
Hioh 4 A 1) DA e FAEAEAA AE
o BA 745 AYs £ 79 337 Zo| Helen Hayes
marker set(Kadaba, 1990) ¢l we} 2438z} k=) 15
N FrpAE F-2sgith ol Fate] =xk 49, =
HEH o] 52 HolHE Oé% T Sl

A5 TE AAAHA g Ay
a4 TS ‘d%ﬁ}oﬂu} E L5 A7E EARS Y

s Aaka w2 B2 K% (cadence) &
HER s 0]%6]-01 104 steps/mmi FABKTE Ag
AeMe JAPAE FAAZR AXEE T 774 A8 =
Aol thsto] 43] W WS AT Bgh Qtﬂ Ea¥al
o] Wg wjuit} FARARTL A2 o) JsEA =
& 1% ol BE AFAIE VR AlFetich

E 1 28 S4R40| BE 3 6
=
Y& (velocity) cm/s
X % (cadence) step/min
N7le] B 1 37HA (stride length) cm/step
(spatio—temporal 12 (step length) cm
1 ~
parameter) 2H 2 (stride width) cm
t]d ]k (stance time) %
27 (swing time) %
w3 (sagittal oA 9] EH 9 °(Z4%)
=Sl s
(ankle 4 (frontal) o141 9] &2Y ° (%)
Joint) Fehd (transverse) oA 9] 22 (W)
e AP (sagittal) ol 2] 221 (4w
o (knee o (frontal) o141 9] 2219 ° (%)
Zgﬁfi‘i Joint) Fehd (transverse) A4 9] 2249 °(Z®)
=0T
(kinematic Al (sagittal) ©l1419] &219) °(4w)
y  FEEd
parameter) € CEE  gam (frontal) oA 2] £ °(z4%)
(hip joint)
Fehd (transverse) A4 8] 2249 °(Z®)
A2 (sagittal) o141 2] 829 ° (%)
=Rk
i 3 (frontal) 14 9] &4 °(7h%)
(pelvis)
ok (transverse) o141 2] #2191 ° (%)
wmma VW (sagittal) oM 9] FERlE Nm/BW
=21l 2
(ankle g (frontal) @14 9] ERIE Nm/BW
joint) e (transverse) o149 ZHIE  Nm/BW
(e}
O;Cﬁiq meaa  AV3¥(sagitta) olAe] BHIE Nm/BW
b ] T=EATE
EARS (knee WA (frontal) ol 2] BHlE Nm/BW
(kinetic Joint) Bk (transverse) o144 9) BHE  Nm/BW
parameter)
A2 (sagittal) ol 42 BHlE Nm/BW
e
L 23 (frontal) o144 2] BHlE Nm/BW
(hip joint)
i (transverse) o144 9] BHE  Nm/BW

o, T 5,

*BW: 32 32te] B57]

AZ=A2] EQAEF(CEARRE, 2R3 g 1
R ZE)of tfsl] FAREAS AAIBIITE AR A, 4l
F4E 0=0.05914 ERrZ Qo= 737*]'73 el whet
ogk zto]7} viERA] kSt 71
R ZFo] & Aoz Yehgoy, 1 AolE ¢ lem %
A ¢kl BEE= AE A 104 steps/minl.E EAE A}
103.1(£5.4) steps/minZ YERTY.
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o] EFE 0 Zhe-5 Wl v|X & JEFS
2% A3}, #AE (frontal plane) ¥+ A4 (sagittal plane)
oAl AfolE Kt WEIPE L] WA s Ul
= AAR QP 91 AR o BF 7] Qb wls|
QA (inversion) ©] AXW, 71&HA (eversion) ©] &}k
Frk 53] o] AERAEE 28] A k(2™ 49 D
o} ) 71 A% (T8 49 1D 2 Zpo|7} o] &
AREAE AAEITE 1 AR T A B f8§ &7t
A Aoz YeEldthe=0.05). o] F HE AREREA
(SNK Test result («=0.05)) A¥= 17 59} Ao} 19
5ol 9] 219 Lule SNK test 235 UER)H, 5
s dapEls Thx 2719 Hak SAAe R AR Aleolrt
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Stance Phase(%)

FuTh /915 AN QP B AAZe] ARG Z7ks)
St gk HEd o] Hu ZFE e 7R Bl B3|
W/slE BAR b B AAe) S7hES thaeloln
35
3 I
__ 25
T2
215
] 1 .
05
’ 1
712 255" 21%38" 2%15°
(a) QHEZHZEO A OtF
’ F
05 Ly 50 o uiu dli= * =1 o 2| 50
P A é n A
§_1_5 B B | B B B
2 C
T -2 — T
25 T T 1
s T 1
35

(b) Z|ch 7HEHA

J8 5. S (HYHE)M 7ot A0 22 He

(ABC: SNK Test result(a =0.05))
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of|X9] 75 AAK S g3t
of A4 53¢ (dorsiflexion) ] &
plantar flexion)©] Z7}8t%it) 3] 2
I= (angle at heel strike), T5o] w5

"+ (first peak in dorsiflexion angle),
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7} (max. plantar flexion angle) oA &
2ol 7k Wbttt (=0.05).

TEE0] Zhe-F Wl A= JEFS
Aol Zpol 7t vebstel. FE3%
TS TEWEY A oA EA
} UEbtHe=0.05) (2% 6). 47t
0~30%°lA FE¥do] Hol® vwte= 3 w7t
thoolw AR PEE Ags A 71 S
Rt dRke] ©f 27 #ASIITE SNK Test 23}
tov AP S71eas AXE A%E 2T
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o
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38 6. FEE (A9 Z2s Bt miH % 2 o 95 - A8 - &5
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a8 7. LiEE ZvE o] H OFF(ABC: SNK Test result(a =0.05))
0.2

7}
o ARl ke Aol et ALEEA A, AA}
1 ARG 8T A4 7| gur) Awdne 2eE
WL e Row vekbith

AR o] o

AR obgo] WhEd o] BulEe] ujxEs JES 4
st A¥, ARkd o g IS AR B AAE SUMEE
RAHEZ} STkt on 915 ABAR e At 571
5 EUEZ ARSIt 9). B8] W] v
erE 7 THlE 9] A Wl (first peak in inversion moment)

A} folgt Apol7t e tHa=0.05) (71

U= 15" W=a® uss" 7=

T8 10. Q=M FHEC| K 0iF

[ Ly = |

(ABCDEFG: SNK Test result(a =0.05))

A ebgo] 2R 9] HulEo| F= S Alu] B
W, AR oz Uik BelEE 71 B Hls), 215 At
7 bgE gt A9 as, uE BA Bs A
3 A9 ST (2™ 11). 53] F57do] vh= it
TRES A wpE(2™ 119 Dot E(I¥ 119 DA #
23 2po]7F eI THa=0.05) (18 12). 915 AARK <k
o] AP 7S UiNE BHETE 94| 3RAash, 53
8°9} 15°9 95 AAK e Zg A9 7|8 ok
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EXIZ-=0l DIXl= &
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S

B 2. 2AEM AD R9I8t X10|8§ 20l SHE24(a=0.05).
M= 4 (ankle joint) =34 (knee joint) 99 #4 (hip joint)

First peak in inversion angle First peak in varus angle

Max. adduction angle

W (p<0.0D) (p<0.01) (p=0.01)
(ég);lsl Max. eversion angle (p=0.01)
Initial range of inversion (p=0.01)
%%f%;"ﬁiﬁ s Angle at heel strike (p<0.01) Angle at toe off (p=0.03)
E45E5  (angles) . _ -
(:ll;c’:il Ial;ség?z)ik in plantar flexioin angle Excursion (p=0.01)
plane) Max. dorsiflexion angle (p<0.01)
Angle at toe off (p=0.01)
S . b PR First peak in inversion moment First peak in varus moment
szf*élj_l’%ﬂ (m—l(;r‘r—lent) (frontal (p<0.01) (p<0.01)
plane) Dip in varus moment (p<0.01)
A BAEZ} Srkebe, F23E 0.03Nm/BWe] wiik & 7} stk oS AR /Bl AAE Qs StellA] 2
WETL Sk WS AN e Ao M FE B3, FEuded 9 T, o P U waEs) v
Aol et RHEY} =718te] 22 medial compart— Hheko 7 Zgalo] Yt RHEES 7FAA|7|= Zlog HA
mentel] A&sh= 3o] F7kskA Bt ol & FHE4 Hr}, o] F£9 medial compartment® HAEE = go]
of W 9BE FNA  glom, BUAY BAel nE  fashs 48 T,
& 7k A 5 ol A Ay, 8° o] 915 AR Qb 283 A
Uk ERIEZ}E 7] bl vlal] fogh 2folE Holn A
atolet. 8°9) 915 AR <F3(0.51Nm/BW) <] 75 7]
QF&(0.55Nm/BW) o] H]3)] vk ZHEZ} 10.3% FAFe
™, 15°9] 9% Ak Hg(0.46Nm/BW) 2] 7§ 7] <t
P Zell Bla] Uk BRlETE 15.7% rastadvh ey 879}
. 15° 9k AJol] EAHS] Aolis gz Ao Vet m
O ross K \ e ) S 8° o] AAIS Ul RHES sl wn
Haol Bt S7AA AR skt Kerrigan 5
0.0s
(1008 l""\‘j (+1013

(a) 7I= &

———
o G_EE] Jt-) oios ) 0.0‘67l /]‘(] 0.06
/
(

b) 8° LIS ZALR obg
33 13. LS ZAE QHto| StX| A ZHE njXls e
(EF2: Nm/BW)

915 AA QS FES AS AAE S i
WAl erziy] mHlEs) Aasky, FEyde] yhk 2w
E7} ks A el 5= vk 13 14(b)ol) 8°9
95 AAR o] x| nA e FIFS eI
718 obe] mlel wEyE-S 0.03Nm/BWE gHilz w
HAE7} Hdashy, FE23EL 0.04Nm/BWE Wl RdE

0.04
A (1055 K_/ S nosIx_J
0.03 o
F~ (1)008 ~ 000
]
i-JCIL‘SJ J‘—}DI (10.03 i—ao.m
/ /
(a) 712 or (b) 8° 2F ZAAZ Qkzt

JO8 14. 2|5 AAE Q0| SHX| A ZHEO O|X|& He
(SH2: Nm/BW)
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