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| Abstract |

PURPOSE: The object of the present study is to investigate
the effects of the insole supporting medial longitudinal arch
while walking in spastic cerebral palsy with pes planus.

METHODS: Ten spastic bilateral cerebral palsy children
with pes planus participated in this study. The insole were
custom-made for the individual child. Muscle activity was
measured by surface EMGs attached on tibialis anterior (TA),
gastrocnemius (GA), vastus medialis oblique (VMO), biceps
femoris long head (BF). temporal-spatial parameters such as
velocity, step length, stride length, stance time, toe angle were
collected while the subjects walked on the GAITRite system.
RESULTS: The results of the present study were

tCorresponding Author : htsk96@naver.com

This is an Open Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

summarized as follows: 1. Muscle activities in mean EMGs
while walking: Left VMO, Right TA, Left BF and GA
revealed significant reductions after applying insole. 2.
Muscle activities in peak EMGs while walking: Left TA and
BF demonstrated reductions significantly after applying
insole. 3. There were improvements in temporal-spatial gait
parameters with insole: velocity, both step length, Right stride
length and Right toe angle were increased(p<.05).

CONCLUSION: Therefore the current study demonstrated
that insole supporting the medial longitudinal arch would be

effective on gait of the spastic cerebral palsy with pes planus.
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1991). L2t AA4 B ] olEL olefe HAHA
ol ol QTS AR A Falw chelage] A
oS}, EAIGZoI 2EEA Fak 2 Ao ola) U
o] gL 7P 2 HekFlet, 2003). 122 A24

] AJutH]of| A 2] Hyl(pes planus F= flat foot)> E-3|
ofE 27l 73] ol 2402 2 4 Q]
9 F&o] ¥ (pronation) H 3l S} A= by
go] FUA AT | o g o]Fste] WHis
Zo] aAEY, AupHor Huhw(talus)eb
(navieulan)7} 91% SO o= E4o] itk

(Staheli, 1999). 424 ¥ Julu] o}E-& gt whet
HEALR ohubRuo] EEl okelo] ofs) ure) W)
229 Fuksly| % sk wehd wkete) v el

o o=

e o e
WK olghA1Z 4 glom o] AlB7} Hle) gzt Ao
Aol SEFAIIA GFL FOEA 0] A

T AZE FAYS ool 4= Qlrk E3F AlFAA
Aol w R o] HR I AR =S 5
22 ) X|(structural alteration)= o} 2|7t 7]5-2] ¥
o=z olsl H|AAIA 0l EAL HHLo] & 4k 9t
(Lockard, 1988). o]2fgt HH 54& FHIeE 424

3
ZgutH] 0154 - U A= e 2 A o]

Ao) Wasich
A i wrme] wao] Zefel AXA WA
ul] o}sof| A TEFA] H A Ankle-Foot Orthosis; AFO)
£ 2 2gsio] o ojo] Aoy U xa PHS
sofsta glom, olF Hgste] JFIE B A7
7h e -sto]cMorris, 2002). 1oL} W H W 0
of dhat Ao HRAE T i YA cherat
Hrje] AFO7} hgolE Bpel m A| 283Eo|
e N tﬂ§}°ﬂ
CHLampe 5, 2004). 5t 5
bk ¥ 4jou) ol~'£4 Aol OE@ S DREZE
247} Z7}50] wa7)o] —wx A PP E
Q131 S L (Abel 5, 1998) F=2
AL Mol sl A== X(HLO]EE(Radtka o
1997) Bk RIS SRS 439 H/Adui] ofso]

_pJ [e
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=
(@}
rlr
o
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e

Ae & =&l 517\] Py
Aoy 32} 32 5 wa wAEo A
o 7158 AAAZIAY WEE i = 255
95 2Hoz Agale sty Epel Aoje
(Wu, 1990). Q14r¢] B3} 9 o A 4] 7127}
A A =] +=d|(Landorf2} Keenan, 2000; Teodorescu G,
2001). A4, 0148 283t 2 whlch 2w L o
& ATAA Al & oA LS wolEH =
Ty
o

A, o] 913 (pronation) |7} 5 (supination)

o Y Aol AE PAAA Eoh A, AES
white 52 BEQ) 57 W] AgHnE due
oy i 371412 4 51 e 20
Ao & ol Ewla} Asko] 9l 7-Coughlin 5, 1995)
okto] —E,l—{genu varum), Ho] F-5(genu valgum) 720]

o}g]7} 3 A Van Gheluwe 5, 2005) th2]Zo] xjo|7}
+ A (Hawke 5, 2008), Z12]al 5-50] Qe Abe
(Dananberg®} Guiliano, 1999)3} 2-F-Al4=of o] 27]7}X]
thoFalAl 85T 9tk Stewarts, 2007). o] 23t A}
Aol A Q&S A-gsto] dube ¢Fg R Hotet
(Ahroni 1998) ZEZ70A 2 B0 &% FHAEHA]
7= 71 gjE-Eo|th(Powell &, 2005).
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1'% 7}11 64 oA} 154 o]se] AZA

0%

=
SooX oF IR

SEA(Spastic bilateral cerebral palsy)
o) AR Atk AR
ae S8t 2o
FE2 trelof Wk Modified
Ashworth Scale(MAS) =42 &3] Grade 0] 4] Grade
27HA] B2 E= o}5-S A A th(Fosang 5, 2003).

EA, L SPIEHIAES Bl ool S wiek A
e wo] QHE A= e 2] Zfo]7F 10mm 0)/Fo]
I Fugo] AlZtA o' e FEE FHREE A
A ¥ Aulr] olES tjate 2 FchMueller 5, 1993).

AR, th52t 715 BF A A (Gross Motor Function
Classification System: GMFCS) level 1] 4] level 20 &
FEE 222 B KT obE S dlareR sttt
(Rosenbaum -5, 2002).

A, ST A AZ olasl] g A7k A
7}, ARzo] BA) Qi ok5S 2 ARl

CHWeeFIM SystemSM, 1998).

N o L

X

A

Yy

2 %17 £7

1) 2d&9] Azt

2 AtellA] Azl oAl 222
dhriofof| U7 B 7] 3} uk2d © 2 A PU(polyurethane)
22 grEoiflon] ndE v g s, by

/\ o
233t A&

3 AL A, HBA 32 g Anu=e
2]} & polimer gel) & 314 0.2 AT A Folch

(Figure 1). Q142 A7} cfdate] whs 54 9 37t
N2 she] L3E2(Alfoots, THEH)AL] A|ZF o) 2|5}
U Aol uet ke Lol AFEYLE 1)
o) 54 % 97t 2) 2" (casting): T F(Pedilen

KX o] 23} oI: H]—_IJ_J_O]Z Hr7) 3) ]:H&} g

T e ot

foam)=

(positive plaster model) S=H] 4) A 4=A: QPHFE Ly

79 F 2 5) Ashell) A 2h A tAA Zaiag S
A8 A8 713 (modeling) 7) 28 (posting) W Au}&}

o ths7Iet A2 8) A(coven) A

.
28

Fig 1. Insole supporting medial longitudinal arch

2) AL AZ(Surface Electromyography)

290) Q) A2 B et A4 HEE
SFATORA QAo BT T wY A] I 37;—3
(tibalis anterior), Z}THx]X(gastrocnemius), QFEE -1
(vastus medialis oblique), JT}e]FZal Z(biceps femoris
long head) ] 7] Thelge] ozt 9 HERS W
3} }2 122} NORAXON Telemyo 2400T(NORAXON Inc.,
Scottsdale, AZ. 0]=F) AH]|S ARRSIYTE AT AR
Al Fuke g ES 205002 19, RESE
E(sampling rate)> 1000Hz2 AA3}FAT A=2E =3
3k & 2bulA] Z(full-wave rectification) 2 2] 2|5} A&
2] Zh(root mean square; RMS)S e otd 2 A8}
of A A2l ol&atelth. FLAALS 93 60z
notch filtering3ho] 7|e}42] sheich. 2HE HAS 9
3f) MyoResearch Master Edition 1.06 XP software S AR
ST

3) GAITRite system

He§o] Al Fg7hA o] Mg A A-S-4 T (velocity), A
2 7Z10](step length), 242 7 o](stride length), T]HA]
ZHstance time)1} A3 ZH(toe angle)S LolH 7] $i3)
QR A3t T wa A 2] el el AR
A3 4= 9l A8| ¢l GAITRite(CIR System Inc. 2010.
u]=)E ARR-359 ) GAITRite= Zo] 45m, & 09m¢<l
AR} Bauko 2 A 21 A o] 0.6emel 13,824712] AlA]
7} 127cmujc} H3Y2E upe} 520 2 wjdE o] A|7F
A B2 o] et Aus YT, 121 K
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To] 7 202 70| 36m, Z 06Im
L o5 AIAZE e QlXsHs B Rlolc by

R51E 25 ze] FERE 57
& ClEjso] 2 Aolio] oJ3) 1
AE2FA elthat A
8 E

Aol = A 23l

3. 97 B Y 2wy

ATAE BE gt R Bl A Al
7 A AR el s $25] 4L S
HEAe] 5] U Fo] H oFFES AF Fd

AT

L IR L 2= g VA B o s P s S B |
(single surface electrode)S F& YA, AHAIL,
ohEul e, doby] T4l 2en] AT A
ol Fatskglar zh ol tiet A=5AE YAl v
I} ZehPark 5, 2010). QHEE-STE 9] oHG TS

o 2o A 555 91219 9= 4em, FEZO.2 Jem
Helof] Basielet. hgAe R R 7HEE719
Fotzim o] 7FEEAREE AZAT A 915 75% F-9]
of FaretglaL, drhe] FAdIe Tem AW
Hrhelw 71E5mE87] Ako]9f 50% F-9lo] 2kl
o, FUA L FEHE 7HEg7| o AR EAME
AZATE A1) A9 30% F-9lol Fabstglet gd7|eAd

=Hsingle reference electrode)> TS F=9jof F 25}
oA e Slo) BA9AE o
o FAF

FO2 ol AL, ek
28l ZAR} Alsto] @4e) .
] A AEL F2s) ob)9le) gkl AR
& 7k 28| Z o Z4~=(maximal voluntary contraction;
MVC) HARE Aldiskinh. Haddde iAol Al
GAITRite H3fv-g wte} ddE=s 27 sho] A s
Pk kA 50 TAE ARE DUl St
5% £919] ZHS RMSE Late] Zh 280 MVCe tjst
HleEN A= gt gatgs A5 vlaskgick
Helfdabs WA d&s 2HE5HA] o AdHElelA
GAITRite®] WY 9|5 A} A 27 3t 374
o] Z 44" o8& Adste] F+t Ak

L)
e

B
>
i
iGN
2
o
A
o

£
1o )
4
e

AA 2L Q)8 SPSS 1802 AHE-3 T
%

= al
BT tefenS e A3 2% Eyen o2
= oy, 9% \rke) S, 9% gur 2l
B DBA fol EARCR foslA gastant

| 28N Zf(peak EMG)Q M & Hlm
&5 A8okA] ol He uje} 2hgehal Hast
Wt A 9% P AF dohe] F4H
gkl p<05= F-2J5tA HAasklc(Table 3).
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Table 1. General characteristics of each participants

(N=10)
. Age Wee MAD Height ~ Weight foot length foot width
subject (ygr) Gender GMFCS MAS FIM (mm) (cri) (kgg) (m) € (cn)
1 6 M 2 2 27 10 105 18 160 8
2 9 M 2 1 25 13 115 25 180 10
3 15 F 1 1 32 16 155 38 225 12
4 6 M 2 1 27 10 102 15 150 6
5 6 F 2 1 25 12 96 16 150 6
6 11 M 1 1 34 11 156 32 230 13
7 12 F 2 2 30 14 158 39 235 11
8 7 M 2 2 32 13 110 18 170 10
9 16 F 2 2 32 17 153 35 220 12
10 12 F 2 2 25 13 150 28 210 11
Mean 10 N/A 2 2 28.9 12.9 130 26.4 193 9.9
+SD +3.77 +.66 +.52 +3.47 +2.33 +26.25 +9.32 +34.41 +2.46

MeantStandard deviation

GMFCS: Gross Motor Function Classification System
MAS: Modified Ashworth Scale

Wee FIM: Functional Independence Measure for children
MAD: Medial arch difference

Table 2. Comparison of mean EMG during walking between insole and no insole
(Unit: %MVIC)

Before After
Muscle t p
Mean+SD Mean+SD
o ) Rt 10.27+£5.15 9.34+6.32 .99 17
vastus medialis oblique
Lt 12.06+5.93 9.83+4.57 1.74 05t
Rt 15.37£7.99 13.42+6.19 2.15 .03t
tibialis anterior
Lt 19.14+12.89 17.59+£14.52 1.55 .07
) ) Rt 10.01£3.75 9.11£3.07 1.33 .10
biceps femoris
Lt 13.02+5.88 11.55+5.66 2.19 .02t
) Rt 12.27+5.50 11.32+4.61 1.70 .06
gastrocnemius
Lt 14.36+6.17 12.57+£5.35 1.82 .05t
t p<.05

Rt: right Lt: left
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Table 3. Comparison of peak EMG during walking between insole and no insole

(Unit: %MVIC)

Before After
Muscle t p
Mean+=SD Mean+SD
Rt 27.28+11.77 23.54+13.05 1.52 .08
vastus medialis oblique
Lt 26.73£16.56 22.44+9.03 1.34 .10
Rt 31.82+20.55 28.33+14.11 1.37 .10
tibialis anterior
Lt 30.45+19.94 25.76+15.85 2.39 02t
Rt 23.76+7.13 21.24+5.66 1.34 .10
biceps femoris long head
Lt 32.80£15.07 26.06+13.48 3.08 .00t
) Rt 28.44+16.48 26.56+14.02 1.37 .10
gastrocnemius
Lt 31.04+18.21 31.30£18.22 -.10 45
+ p<05
Table 4. Comparison of temporal-spatial parameters during walking between insole and no insole
(N=10)
Before After
Temporal-spatial parameters t P
Mean+SD Mean+SD
Velocity(cm/sec) 50.99420.83 60.68422.78 -4.41 .00%
Rt 30.01£13.52 35.04+13.94 -2.38 .02t
Step length(cm)
Lt 29.87+10.56 33.95+10.52 -2.01 .03F
Rt 55.15+28.74 69.62+24.39 -1.81 .05t
Stride length(cm)
Lt 65.54+21.53 69.97+23.58 -1.35 .10
Rt 0.88+0.47 0.86+0.15 1.06 15
Stance time(sec)
Lt 0.86+0.47 0.85+0.49 0.59 28
Rt 3.21£10.74 7.21£7.01 -2.08 03F
toe angle(degree)
Lt 7.23+9.15 7.74+8.34 -20 42
+ p<05
V.3 # & Rofalr] i3t SEOR iR AFOS 243t}
(White -5, 2002). =22 24 H/dute] x5
ARA Hgeh] obEL chelge] AAT ok AROR AFO 4550 UE £53} U 2B}y
EASFo ZBEA BF 2 A48 Eom sle] Ak 284 T2l o] Aulol] ofg A7t g
o) Mol zefE=d 53] A7t A7) DA A O] tH(Carlson 5, 1995). 124t o2 F7F2f AFOY]
283} YR FY R 2 FEA) ) Fol  Agow Bsku By glo] 7154 WakE e
Ueld 4= Sl th(Flett, 2003). A B34 © W(Crenshaw <, 2000) Morris(2002)+= ] AJn}

a8 ARA HAuby] o}x-o] B o] FE|
Berh vkl Etekal HE o) K °

ol
g%
t
o2
¢

oL,

S wlo] cha AFOS| ER=RoIA] AFOL FFHOE
A XS e Ul 204wk Sl we
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AN A4S Sla) el wgTe sk
3 o] 2ol HopS whEAol AAHES 7
SHet] AR ETEA Qo] gy Wl Wo
QA B T E chelge] ol Ui el
Aglo] 9l elubol thiro] o5t BEA Wl Askx},
83 EFAGENA 2 A& thHunter 5, 1995).
QU0 Q&S Hgatel THATG % |2 W
WA RSES AR

9< o] B2l A oot

1w o

{om

uie g why
(Dixon, 2007) Tt}
& ¥Kdynamic biomechanical effect)7} QUThal 3tct
(Razeghi®} Batt, 2000). 213 HE-S FHISH ¥ AJujn]
Atz 3 o A8dd At gothy]

2)
=
oHd

0

7| A3k QA4S Aoh Uske et
= Fote A7 ot 2 FA=AE

23HA] ZHmean EMG)1}+ Z|thZH(peak EMG)o] 7+
ST}, LA =Agol Al A Bt gkt Hhgto] a4
3 AL Aol we] YHAE FA Ao RN T4
H(strategic cushioning)2 A|5-5}o] the] =9 =3t
Kool o3t 28de £ AatE Ho Rtk Stewart,
2007). BA B4k A9, AR O R Qg vl A
A2l T50] Feat glo] Ao gk & HIEY

€

H
7 712 v)EY

(internal femoral torsion), 747}

)

tibial torsion)o] e}l o)== H
(subluxation of subtalar joint)2] ¢4Qlo] o] vho]dt
(pes valgus)o| L} SHRFS %514 EckBerkers}t YalAln,
2008). o]2iat sixle] HIERL wAks}7] 915 <ltiet
299 Bt aHgo] A4EE AH7t i, mae]
oM 2SHET A 915 2 1] E40
o AH, TR AA 2H8-3thDejaeger -5, 2001;
Schwartz 5, 2008). WahA & A-tof] 2491 QF&% A=
Wb 22 A3 ko] Hgom A AT T4
Mt Tl Esh 2AkET BAS 2902y
24 Bt Hoighe] gastvta AzheEnh

(external
HEUPY ofgT

N Tl

Qo] Q1% A2 W} TS WA The) a2
Sel00], ol 44 S0 KR U0l 35
£ Yelth(Carley 5, 1999; Orlando$} King, 2004)

Q142 AF R3] BAY HAET|BE F§ 5

HY A 7 7R FE1e] Aol S7HEEA] °1T
£ HE= A7l whE ZAE A7} Wh(Landorf
Q}K 00). e & Aot B3 AA7ITE Ee
a3

O_L4

HOPE‘- ‘:”‘H]—D]— fﬂ—_o,] 04;'(10] %O—] X—]/ﬂ'
_4 UﬂEﬁi :L._E.‘_o] xuu;poiyq J_T—_/\]/\Z o 3
2Ae) Brgh 2T 2 WAl U e
At 94l 28 AR 71 e 27

Y5+ thMurley5, 2009). Attt 142 A8-0

%} A2 2710k A A gl s the)
of Thegh 2L 740k 2 EAo] oA
3} th(Carley, 1999; Barnes?} Smith, 1994). Sanders2}
Morse(2005)+= 2<&A g & 2&A4Jo| Zhad °
B Q4EH0] oI A G2 Wl
A, tiAMd 2 AlA ol EHu & o223t
27F = 4 okl sk91aL, oln| of 7 Aol
A& s 252 gz YAE el AT 5 Qe
2 AAE v} ItH(Orlando 2} King, 2004; Kim
£ 2008). aebd] e HFG Aoigre] gt
| =of| &gt Zlo] ofyz} L8]] Ha A I aaAdol
i

lo ﬂ.l‘?l mﬂ

oot lo rl o or
rNL

norlo
o

lo
YN

o[rl

(Patterson 5, 2008) 22
71l <18 A0 o

=THWang 5, 2007).
RAol| VA vpEEY o] Z7)st 7/1% Nakajimaa -5
(2009)9] Hirof wpe} Ql&of o3l 7FEo 29| AlFE
sho] lofuti A ofsto® B NIAo] e
2uA R2e) ng wHEs} ZUA ehte Aol

2 S Fel FES 7R AR HAguh] ofsll
A JEA GO R ¢ A2 dhle 25 ARl e s

2

O
=)
- o
N E

A=) m{i ] TR

dlo
r% rugi
oZ:

A HAFol| of gt Thmgt E%L*éol S0l HYPagigol
of HAH 239
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oflt
=
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A7) Foke] Wik 2EAI Ao 284 o] 2Has)

E
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T 5, FEE 7R G2 vt ofsellAl oF
Z A= e E2 AR & 282 2ol 5
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20 AgEE &S S 7P AR WA
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