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Abstract

The purpose of this study was to investigate the immediate effect of fabric ankle—foot orthosis on
spatiotemporal gait parameters, compared to a barefoot condition in children with spastic cerebral palsy.
Eleven children with spastic cerebral palsy participated in this study. Spatiotemporal gait parameters were
measured with the GAITRite system. Fabric ankle-foot orthosis significantly improved Timed Up and Go
test time and gait velocity. There was no significant difference in cadence. The step time significantly
improved in both the more and less affected foot compared to the barefoot condition. The step length of
the affected foot also significantly improved, but there was no significant difference in the step length of
the less affected foot. There was significant improvement in the stride length of both the affected and
less affected foot, but no significant difference in single stance or double stance. The fabric ankle—foot
orthosis could improve stability, and selective control of the joint and promote better walking in children
with cerebral palsy. Consequently, the fabric ankle-foot orthosis might be an alternative assistive device
for neurological populations as a primary role instead of the typical ankle—foot orthosis.

Key Words: Cerebral palsy; Equinus; Fabric ankle—foot orthosis; Spatiotemporal gait parameters.
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HAEHAAY H3(equinus gait) S B3l F7)
7] A Al h(forefoot)o] WA BA i x7] 47t
7)ol F3F YA7IHA] sk dnbeEr gl o] e
v Helo] FeR AAY HAduiu] olso Al &3] LA
gtHBaddar 5, 2002). HXELI TS FHEY wAJw}
v obgell A 71 &3] YEhE W3 22 (GoldsteinZ}
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Harper, 2001), =/duly] olgolx W& <F 90%7} &
=3} “Luﬁoﬂ YEIH(OConnell 5, 1999), I &
Aedgdo] WAYFL O—F 75/ o]tHBanks$} Green,
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flex)7F A% 1do] AVES AR &5 A &5
dhlghe] 7l o= drtEe] 714 w3l o
Aol dojuy A7IA FHCobeljic 5, 2009; Duncan,
1960). ¥duln] o}z Adolsel vlal dnteEyd
o] u wiwsle] whgmde] B HA Y Al
Yo 7™ (Bénard &, 2011), A1+ el = s g

W] RHAG AFAA s g BuheE el

okatS HItHGoldstein® Harper, 2001). ©o]& <13]
WA EUAY BPL ByPFII oy sHH] ZAHES
doith AAF B3 Ao WX, @Ezp ohike b
o] FAEL Tt MPAE ATsi 19 Tes
HAs A7ty oy BEXEAITZ A A
ohtto] WA ol x| xHo] Aol b Ae] dEFs
7174 i 2 Fe] 983 o] d(transition)o] AA =1
TEI 1 784 e &S ot {274l
Eg o] dojup ] fje] Frhskal &R (stride
length)o] ZFAdta BlE&% 1 skAl Hrk

eR
(Cobeljic &, 2009). FolgjAldee] FH=
o ]38t %4 (dynamic) HXEHZL HY

o7 Qg 1 Ay ¥ H3(tip-toe), L7Fo] LH
A (toe-heel) Bt} WA Ti= w3 Fejo} alute] 43
RS BOItHGraham¥} Fixsen, 1983; Tachdjian,
1985). o2 gk WEAg Ao HA U B
Zy7)e] HEES A7) Hsl(toe clearance) R3]
o2 JuHdy FERES FA=sA wIlA Ha

.

(e}

71 AZA7IAl FH-(push off)S EBFEsA W
(Damiano 5, 2013). AvlH] ol52] ¢
(circumduction gait)S 3HA a1, 4
3% R3(crouch gait)s R 4 Joh oA 7|3
e R AFA A= T84 7FE(painful cal-
losity)Z} R3 A9 HAE

Harper, 2001).

FAEUALY a9 FEE 5 &4 A
Q8 E8X 7, HEX FA} ankle—foot orthosis(AFOs)
Avba} e BEAQD WH AeA S dAls, 9
714 FA T 2L HREH o] ARSFSIT
(Goldstein®} Harper, 2001). B52x FAl= FolgjAd
Ao REA FAE Fol Houde #HEVEHS
S7kel Balgjdo] 4 ATE Bie dAvH(Klotze
5, 2013; Sutherland 5, 1999), FAFE-H9] 55 % &

%o g ofs, wgF FY A AT 2Ho I
b FAE IeHGraham 5, 2000). ¥/dwkH] of-Fo|
A A wERem AWHE A wzvQ)

AFOs(Condie®} Meadows, 1993)&= 4719} 727] &<t
Lo o] oS AAAES AlFetal, ofgh IS
FEeHor RIIFeE o9& v (Damiano b,
2013), 3A¢e g &8 AAE AFFoz A3 wAE
A9k 24 3o)(Condie?t Meadows, 1993) A3 nfn)
olso] HaS 7dst7IE Sth(Abel 5, 1998; Calson
5, 1997). Abel 5(1998)2] <d7toll oJshd, 359l <4s)
2] wha] M Avinjobsol Al AFOs ZHEA] W3 &
(velocity)2] 57}, &rAe] S7F 938k A A]7](single
stance)®] 7}, &F3HA A A71(double stance)7t Fra

SR A Y >
AT AREe] AR E G 2SS A7) BE
719 g&A o] HAY 7)eA IFE 2T 4 v
3t} o] AFOs o]flo = vkl mofke] whiu %7)
7b AabEla QA Ze Al F7)esle] & Qojuix]

22~

A, AAAT A e APIRE FES A
==
[e)

SH(Chung 5, 2002; Strayer, 1950). 1#uv, +<4
8ol A5 FolgAgZe] HduAel gk -2
o|& <lalf F7IZF Algte] At & 2 F(cavus)o] A7
Au w3 R F3o tigh EAlE dod & glo
H(Sees?t Miller, 2013) F€% Z7H4< 5 A4

o5 st gEiAE 13t
Selber, 2003).
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S HY3AZItHde Saca &, 1994). &&= 3
He WS S ATt TE ﬁr?—i%
%3%7}%‘?4—?4% NAA 7™, 7
Abgo =z 7 ??fﬂ
ZretiHwang 5, 2012). e}
%HL HE s A A obF
Z719] A8 AT AT
o)

1. AFRA=}

2 ATE AUE W omd Lol Azdd v
of EYXEE W 1199 HArH] ofsS tide
stlom, HupH] ofE 9W, F3HA| whH| ofbF 2“32
T4 HATE A A 212 T~134) ofF
2 7s i ARl I, O el Fshar 73%*3
4%  Ashworth #=(Modified Ashworth
Scale)& 1~2gtA4l]  glom, =YSAET
(Functional Independence Measure for Children;
WeeFIM) 9] 17 @jo] FHolm 153 o] o = (Kim

o 1
5, 2012) AN AFE S88 olsfista T e

-
Qe

71554

A ofFoz sttt BASANLS AU
skl vEe e Faf 27 WA A wisely
walEmzl WA i obse MASICHBoulay 5,

2012). AAZ ezt QAU 6718 ol BE2 A%
S uko o}E 6704 ol Ay i AAT
A7l A ok

ﬂH> Nl

2 we ofBe Assgn ¥

nEAels el vid A uge Adstn Fu
298 o] BoME wekth AuldAe] dury 5
e Theah LHTable 1)

Table 1. General characteristics of the subjects

(N=11)
Mean+SD?
Age (year) 9.9+2.2
Height (cm) 137.2+11.9
Weight (kg) 33.0+11.0
MASP 1.3+5
WeeFIM® 27.7%5.2

“meantstandard deviation, "Modified Ashworth Scale,
‘Functional Independence Measurement for Children.

2. 2T ¥

Z7](AIDER Inc., Seongnam, Korea)
2 450] ATt At Aoz Wt
Fj e 5 °‘E 2A49 4o

2
1:ru

e RRe AA-e vpaEo] e AAE AR
nEolds &Y & JEF 3, 7]E Hr|Ho
7P 28 % 2HE glo] J4A 48T 4 Utk
fue dE Bxv)E @b Alolg WuFa Ut
g Ads Eof W] gATIAl AT AWEs d
AEE 288, Wiz F95 =F2AIAH BT
et Aol gk ARt Y g9E FAh
s WA Q8 ol @t BE U 719
wter Afo] 74| Wi whel ohRES Hujgk 9=
S G A 2ES e aAAZATE T3 A
wters ~2EfS WS Ssolm Ry 92 ol &
olil Aj7] WrlEtE ~ES W& Hgoh 92 1)
of o] Wie g ¢HgAS AFIEE Sk &
Aol A= obse] ¥ =7)o] w3 Small (220 mn~240

mm = Medium (245 mm~265 mm) AFO]ZE AH-8-3HS
Awpd] opFe wha| Sl Z-gahelar, Fet
4ol o Agk Sofl gtk

(Figure 1).
A wiH] olF2

L Loy o] At

dojy} Zoj7b7] HAHTimed Up and Go test
TUG) = HAnkeolse] d383 7|54 B3 54
g ¢ e wME FAPEHo|tH(Katz-Leurer

Intervention (A: anterior aspect,

Figure 1.
B: lateral aspect).
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2008; Lowes &, 1996). WA= =o] FHo| 7153+
ozt dolet FES N2 FH- L wlgol H}
ol o} Wio] #zZtoz x| %’:"ED} :rLX]'—*]

W A @A Dol

w
lm
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jud)
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E
=
=<1
L

o
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D}. 3§l t‘&% %"é

ICC=99)¢t SAHAZE A==
ETFo]ti(Williams &, 2005).

=
ot
N\
o
_|>i
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(ICC=97} =2 =%

o} ®ggrt

2 AFeAE didAte] Aleihd Be WeE 54
a7] 9s) F9te Z44 RARA7)9 GAITRite”
system(CIR Systems Inc., Clifton, NJ, USA)2S A}-&3}
Atk o] A= 6709 AlA =7t 2FFE o e At
2 HE R Zo] 366 cm, UH] 61 cm, =°] 6 cmd FUh
4 ¢ 7ot} Al si= <kl Q= 13,324(48%288)
e AAZE el gfelo g EdstE o, gElo] AlEhA|
A g stE o] o dolHE 29 80 Hzol AEEE
FRst] 1 ARE VIS AFHE 2 Al |
T5 43 €t

GAITRite" d7H2] W 7143} 714 71he 57
8l =35 2 m o =2F 2 m Abo] wide] EXA
ook B ATedA fH’?}XF~ Helst £E2 % 766
me] AE HAEF St F 33 dkE SAste]
S T8l HDusing®F Thorpe, 2007). ©] 8]
wAguly] ol R ZAHo|A EEF(cadence), HE
(step width), &RZ, ©apA] A#]7] S0l et =2
AEEICC=73~PD)E = AHlo|tKSorsdahl 5,
2003).

=
JJrE Haslalr] fsiA WA W
Abel GAITRite A HEE S5
. 5kl FAs FHsHA ¢ & siE
283 Aeol A 1~-283F A83sk=
S A7l ¥ 22 TUG A1} GAITRite A A4
RHEE 53 RYPHAE s cHHwang 5, 2012).

S+ SPSS ver. 180 =2 13(SPSS Inc.,

Chicago, I, USA)< o]&3te &EAstint A A
AL 93] 4z Kolmogorov-Smirnov S A8}
AL, iﬁ]”“}ﬂ] obFo] wre Wy Hxr] A8 A
1) Wl gk Ptghe] ztolE HlaLsty] flsf o
FE - A (paired t-test)S o]-&3te] X3t
A fo 52 a=062 9t

[¢]
b

o}m oo ot

1. TUG

¥ ] obEe] 3 4
TUGE= #jB2e 2x7] 48 § %
Z gasigon, AR
(p<.05)(Table 2).

2. AR RAAS

GAITRite A4 RHIL=E o] gale] FHg W
ZE Ao weh A7 BE Wl RgEe
4, B A|ZH(step time), X (step length), 1

=] X]X]X], okstA] A A71E =Hs3l gﬂr Hajs
AR fold F7HE SANE<0E), B

EAH o7 §od ol7} UATHp>.05). nhu=

AR¥ S RAREe BASHA O fold RAs
AAHp<05). DY wxr] HE AF FHA 09
Mol Bge shZeld feld bt 9Aw
(p<.05), HIPHS e Fol3 ZHol7t ATHp>.05).

3k SR ge wpH| ST vjee| S 2R R 55
AATHP<.05). TebA] AA71& SAFH R Folgt
ZFol7h (A aL(p>.06), FekAl AA 7= SATH R
Frelsk Zfol7k fAATHP<.05)(Table 2).

lo
ot
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Table 2. Comparison of TUG and spatiotemporal gait parameters with and without fabric AFO in children

with cerebral palsy (N=11)
Without fabric AFO? With fabric AFO t p

TUG" (sec) 11.84+2.88° 10.81+3.07 4.626 .001"
Gait velocity (m/sec) 93.09+13.84 98.97+16.07 -3.606 .005"
Cadence (step/min) 111.38+£12.19 115.19+£12.25 -1.952 079
MA? step time (sec) 56+.06 53+.05 2.242 049"
LA® step time (sec) 52+ .57 49+.04 4.108 002"
MA step length (cm) 49.6+5.69 51.42+6.84 -3.069 012"
LA step length (cm) 50.81+7.60 52.16+6.74 -1.723 116
MA stride length (cm) 100.73+13.12 104.25+13.13 -3.033 013"
LA stride length (cm) 100.55+£12.53 103.91£13.11 -3.446 006"
MA single stance (%) 35.72+1.39 36.54+1.83 -1.860 .093
LA single stance (%) 38.20+2.48 38.24+1.97 -.112 913
MA double stance (%) 25.58+4.46 25.35+4.13 605 559
LA double stance (%) 25.33+4.20 24.77+3.57 1.047 .320

“ankle—foot orthosis, " Timed Up and Go, ‘meantstandard deviation, dmore affected, less affected,

“significant at p<.05.

21t Gage 5, 1995; Perry$} Davids, 1992).

AR Beig S 2 At AdE & ou, I
B2 BRzr] F4 A1) He 284 $(1081%) B
YA 7ol 1.03% Fo3tA ZFAERTh Tk win)=o]
B AR B6x0A 53x=E 03% fFosiAl H@Ask
3, HupE]S BAIZRS 52%oA] 49% 2 03% F93)
A #askdth olds Adbe djBe Bxy] Fgow
upa] 0] Qb Ado] kst WS Hr = Algte] o &
A BEEES & 5 Ak o= 7Y 1o 7]EH
wEgo] AT E EEE L27F Wit A8
ATE7 Ixst9tH Andersson 5, 2003; Williams 5,
2005). Hale] A7+a W4l HeELEn= 28 o 93
meol| A Zg-5 98 mew (05 M FrolatAl F7hekla,
EETe 4245 S7kekdoy frofeh Aol glith
ol WAEUAL 184, oWtARS Fad HIS
sk 1799 HAe] obsS thde® g Abel &
(1998) A-tellAl AFOs 28 & HeLwe] S715 1
Ko EEFE FAF Abol7t gAY At FAbst
ATh E AFolA HBE £20] Rt HAZ Zhay
el 7t wekAl A7 F7L kA A1A171€]
Aol Bl e Ao HRItKWhite 5, 2002).
S BERgel A oA AdE B u npeS
BAL 49 mollA 51 m= .02 m oA S8k
Rl vjupe =] e 50 mollA 52 mZ 02 m &

ofl

Lo

o

7t oy freofsk Aol gl wiujE ERage ]
molAl 1.4 mZ .04 m g S7HE 3, vlehy]
=9l gHAe 1 molAd 1.03 mZ 03 m F3H &
7}tk ©li= Buckon 5(2004)9] 1679] =§H o]
7bsst ekslx] whH] olES gitowm sk oTte}
Buckon 5(2001)¢] 309 °] AA3 #Hrpy] ofsS o
o=z g AT wE BEYH BE7|(hinged AFO),
2 A B Z27|(solid AFO), 393 dekx] BZ7]

(posterior leaf spring) Al 7}4] ®z7] B% w23} &

S F7MATE A74 59 AR HBuckon 5,
2004; Buckon %, 2001). °o]=igt Az} sjrey whk
BZ7I7F #o] oz yrb=dl Qo] FHEE A%t
of mhH|Se] BT FRAGe] T Zlo® Azt
AT A A AA 7= FATAH R foldk %
ol AR FUkshE TS B, FhA A7)
= BATgHE {3t Aol glAAIN TAsHE 4
TS Btk ol FXEUAY 189, etAH=Y &
Ay BaS b= 1789 HAdvh] olsS o=
Abel 5(1998) ATAztet A2 H|up] HgnpH] o}

& YO R hinged AFO 48 5 ©ekA AAT] =
7¥eb FetAl AA717F 2FAskeiths Balaban 5-(2007)
o] A5-Axtet frAletthBalaban 5, 2007). ol d 2
F= By s BEr7F 924714 F i (hindfoot) 7
TP (midfoot) ¢ BEES FAsto] ATAA S
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Ao g AZEHMolnar® Alexander, 1999). 7]
HE7E3 o] sjBg W& wxy|e= W7l A4
of HESI=E o] vk AWl gk AHs whgX|
o] HFL o] IS FAATI L EutegEy T

1

< =
HHwang %, 2012). 184 7|& Bx7]eh @2 HF
Al Mg o] AW HES B Al AfFEA4 3
HE F7M7IA e g A e e

50 A 28-S FHAA KA V)]
Aoz AZtEItHde Saca 5, 19%4; Kim %, 2013). &=
gk ko B st &3 d(forward motion)S AlgHA] 7]
= AFOs®t #Ze 7| Bx7|9+= EE(Simkin 5,
1973), dB2g T BF7)E S =FAIFoEH
F3 A AHE AAAA RIS ¢ g8Hos e
T At A7t i Hwang &, 2012).

2 ATe g% 29E HasA77] Y8 Wl g

Blo| A WA FA438taL 1 o]F FHE Hxr|E 83}t
Atk 2 A4z gry Bwxr) Z8 5 TUG, X
&%, v S} vjuib]Se] BAZL wblS 1w
3 vue|Se] FRAGA frolg o] AUTS
B 5 odnh gy B dAge Ae 5o iAo &
A AEE Az, UzTe] gl ATHS 7 ok
oo FF Ao B Fo UdAE B3 e
HE HEI)E AR ALES W R WelE
ol = A7 2Eal tixwolv V& B

R

A7

_ﬁ
e

o] oE %5

(s}
3 A7t ad Aow AztEch

V. ZE
B oATE AR BASADT RAL s w46
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vhH|Z g W ohe ) wehe o] B0 fold 2
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