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ABSTRACT

The purpose of this study was to evaluate the effects of insole-equipped ankle-foot-orthoses (AFO) on gait. 10 healthy males who
had no history of injury in the lower extremity participated in this study as the subjects. The foot of each subject was first scanned,
and the insole fit to the plantar was made using BDI-PCO(Pedcad Gmbh, Germany). The subject then was made to walk on a
treadmill under four experimental conditions: 1) normal walking, 2) walking wearing AFO, 3) walking wearing AFO equipped with the
insole, 4) walking wearing pneumatic-ankle-foot-orthosis (pAFO) equipped with the insole. During walking, foot pressure data such as
maximum force, contacting area, peak pressure, and mean pressure was collected using Pedar-X system (Novel Gmbh, Germany) and
EMG activity of lower limb muscles such as gastrocnemius medial head, gastrocnemius lateral head, and soleus was recorded using
MP150 EMG module (BIOPAC System Inc., USA). Collected data was then analyzed using paired t-test in order to investigate the
effects of the insole. As a result of the analysis, when insole was equipped, overall contacting area was increased while both the
highest peak pressure and the mean pressure were significantly decreased, and EMG activity of the lower limb muscles was decreased.
On the contrary, the cases of wearing AFO showed the decreased contacting area and the increased pressures. Therefore, the AFO
equipped with a proper insole fit well to the foot can help comfortable walking by spreading the pressure over the entire plantar.
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Figure 1. Pneumatic Ankle Foot Orthosis

AFOE 1lH] 3} 2 w9150] HIAAA] HES ddA]7]
7] §13l AFEE Aoz A Aelx e pAFOE Hr)
H fAke] B B2 FHOR Q1F T AFIoHE o
gto] B3 A o]FS 9%t FHH S AlFshe Walr] Hxvo|
A7, A, 255, e, BTY, 2010).

2 ¥ U&

2 7= AP 9 7 JPAY el gk gEy <
o AFEA 25 &S Faxle] df| T AzE
& Zgq, He 7)o e JENEE AFshe A
(pressure sensor), QEAAE AA3HA 145} AlAQ] A3kt

ZHUFE WA S A(igR TAHKFgre 2).

o

L

Figure 2. Customized Insole
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Figure 4. Plantar pressure and EMG measurement

Figure 5. Pedar-X System

Table 1. Pedar-X System

Pedar-X System
Dimension(mm) 150x100%40mm
Weight(®) 400
Number of sensors(max) 256(1024)

Measurement frequency 20,000 sensorsfsecond

Storage type 32MB internal flash
Computer interface fiber optic/USB and Bluetooth TM
Operating system Windows

Power supply NIMh battery

Insole sizes 22 to 49(european)

Perry(1974)© R3] A] SAZF EF0| Aosl= 709 &5
o] glom, o] F yAm|Z} HlETo] X3 Hlgo| Zzt
55%, 31%EFaL SITE oo ¥ dte ©ElA] HE7| o9
B Al DAk SAET] B2 7|95 she USHIE
(gastrocnemius medial head:GM), £]ZH]E-Z(gastrocnemius lateral
head:GL), 7FA|(soleus:SO)yS 443t % 319 7 &
of A(electrode)S 25} thFigure 6).

Figure 6. Position of attached Electrode
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Figure 7. Plantar pressure measurement mask
(Park seung-bum, Lee kyung-deuk, Kim
dae-woong, Yoo jung-hyeon, Kim kyung-hun,
An chang-shin, Lee tae-yong, 2010)
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e JFE VIHEAS W] AN 4 4Y 208 F2

oot), T oot), A= (Forefoot), %A (Tota £
FH{Rearfoot), F=-F(Midfoot), = (Forefoot), A (Total)o] |
Ul Z(Maximum Force), = 3 (Contacting Area), ] %43
(Peak Pressure), 7T 92 (Mean Pressure)S- %413+ A3}= <Table
2>9} .
Table 2. Distribution of Plantar Pressure
walking walkmg
normal v i with
walking  wi AFO
&lnsole £lnsole
Rear 493.30. 507.63 s 429.46 459. 92
foot 8797 +79.46* +57.13* +52.53°
Mid 22643 218.59 s 268.79 274. 90
Mmoot £5715  £7103%7 44951x 450917
Force
Fore 595.89 644.59 | 535.65 535. 70
foot 19084 £12650+¢°  +101.72¢  +90.11°
781.65
702.88 788.46 755.14
Total  jjga58 11401 +iogas  CHR2
Rear 40.59 36.88 . 40.24 40.68,
foot +2.70 £3.04%° +3.14* 2.59°
Contact- Mid 4023 877, 547 553
ing foot +7.46 +741%° .87 +3.89°
?g% Fore 58.84 55.61 56.88 56.97
foot +6.97 +4.85 2.18 4.10
144.51 137.83 155.42 155.06
Tol 3007 +1008%7  70¢ 4875
Rear 237.19 292.75 s 221.94 226. 83
foot 53.15 +84.79* +45.34* +32.18°
Mid 146.69 149.68 116.54 119.08
Peak foot +68.83 174.53 1+21.34 +26.05
Pres
(kP Fore 31824 40093 24506 2458
foot 19626  +105.87*° +58.31* +4337°
Total 325.34 410.88 . 263.06 258. 25
o 19566  +107.24*° +55.30% +3475°
Rear 114.51 120.66 s 102.03 109. 31
foot +16.84 +18.38* +12.63* +11. 76
Mid 3922 38.44 3 47.32 48. 42
Mean foot +10.43 +12.90% 1+0.58% +10.01°
Pressure
(kPa) Fore 95.01 105.09 3 87.37 87. 43
foot +12.42 +19.93* +16.16% +14. 82
114.21 122.86 93.28 96.56,
Total *14.80 +19.03%° +10.34* +8.20°

ocM=SD, *significant difference between walking wearing AFO and
walking wearing AFO equipped with the insole, O significant
difference between walking wearing AFO and walking wearing
PAFO equipped with the insole at p<.05

7} A9 270 wE B A Aske i) Hf s A
B (Table 2, Figure 8)7 2T 59| 744 ©@afx| B2
Hgo=r 01611 Eﬁﬂ Al Ao 3lo] 507.63:79.46 NO& Z7}31%]

&S A8 T 42046+57.13 NOZ 7443815 0.1 (p=0.002),
13y %{1%‘1% ﬁ&t&% AHZANAE 4592245253 NO.& 7+
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2749045091 N(p=0.033)0.2 BT Z7}lelgith AZHM e &
S Xl 7o) 644.59126.50 N2 =713 o glo] Q&S &
83 % 53565£101.72 NO.2 743815 2 1(p=0.001), T3+ 3
HS HEHS ZAME 53570:90.11 No-2 Huj go] 7+
SFATHp=0017). AAARJ] Al o AE A& FHE A
755.14+108.45 NO.Z ZHAstAINr frof gt zto]7} giith

ror

F

# normal walking
u walking with AFO & Insole

W walking with AFO
# walking with pAFO & Insole

1000

- g

Maximum Force(N)
3
g

0
Rearfoot

Midfoot Forefoot Total

*p <05

Figure 8. Maximum Force
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(Table 2, Figure 9)%} 2T} $EFoMe QolA] Hxr] 2H¢
Al 3688304 ciE 7HAagk J{E WA o] &S 2HEek Z7oA
7Yzt 40241314 cif(p=0.004), 40.68+2.59 cii(p=0.000)Z Z7}at5
o FERME TR} o] Q&S AE5 2 A 77}
5547+2.87 cni(p=0.000), 55.13+3.89 cu(p=0.000) Z7}atqct A
ZHo|M= 7 A HE AA tidh 73t AfolE Ko
A gsiet, AAF oz delr] B2y Agoz Qs HE: HA
o] 137.83t1008 crfoZ ZIASIIAT Q& g T HI A
15542470 crf 0.2 A& HAo] 2713k AL FR1BIATHp=0.000).

200  normal walking
 walking with AFO & Insole

i walking with AFO
& walking with pAFO & Insole

160 ﬁ

140
_ 120
3
w100
]
] 80 el

& * I—‘

. . s
— \

20 L et

0
*p<05  Rearfoot Midfoot Forefaot Total

Figure 9. Contacting area

7t A 2o 2 B A WAshs Aol 4ES AuEY
(Table 2, Figure 10)3%} £t} $FoMe ©elA] Hx] 24
Al 2927548479 kPa2 Z7}t Hu go] & g I
221944534 KPa(p=0.003) & 7433l oM Q&S A8aia B
Y FAHS HEWE ZAME 22683+32.18 kPa(p=0.008)Z
WAtk TR A delA] Bxr] Agog Ao ok
o] A TVIAE EAAE Q&S F83 T FHu) Qo]
st Ao A o] A FEle 409.93+105.87 kPaZ 7}
B A Jergon &S 283 39 By FHS Ry
S ZHoAM ZH 245.06+58.31 KkPa(p=0.000), 245.28+4347
KPa(p=0.000% A 7+Agt & I8kt HAoNA ] ) &
g Avle AEHA VRt Ao} v|SEloH 410.88+107.24
ka2 71 Hol ofgo] <& S Al 27 263065530
KkPa(p=0.000), 258.25+34.75 kPa(p=0.000)Z 7+23}%Th

# normal walking # walking with AFO
u walking with AFO & Insole & walking with pAFO & Insole

600

Peak Pressure(kPa)
g

*p<.05

Rearfoot

Midfoot Forefoot Total

Figure 10. Peak Pressure

7t AR 2o wE By Al DAk it E S AvR
™ (Table 2, Figure 11)¥} 2t} T30 = 120.66+18.38 kPa
2 7Y E o] Q& FAE Fof| BYSiHs o
102.03+12.63 KPa(p=0.001)Z 7F23}al 78S Hxilol |
H319S woll= Bt o] 109.31£11.76 kPa(p=0014)% 7+
Aslth R A9 U2 J99 <] "siA] Bz 9
A 384441290 kPaZ AT Hit Fo] A& AE3I%e
w 47.3249.58 kPa(p=0.038), Q1& & F FrES HEUGS
1 48421001 kPa(p=0.035)Z =715+ A0 & Yepsit) AR
NE TalA] Bx7] & A 105.09:19.93 kPaz 2713+ B
o] <& 24 % 87.37+16.16 kPa(p=0.001)E =LA 74313
I FREE Hxwol RYENS wox i ghEo]
87.43+14.82 kPa(p=0019)Z A A3tk AAY Hi ¢4
Fgh FEo) Ao X it oy Ae} o] depA| B
%7] 2807 <Qla) 122.86+1923 kPaZ Z713d Hit ¢eo]
o1& 28 A] 9328+10.34 kPa(p=0.000), 96.56+8.20 kPa(p=0.001)
2 743 AS eIt
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@ normal walking
« walking with AFO & Insole

W walking with AFO
# walking with pAFO & Insole
*
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g
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=
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Mean Pressure(kPa)
&) g

g

e
S

20

0
Forefoot Total

Midfoot

*p<05  Rearfoot

Figure 11. Mean Pressure

Table 3. Result of EMG measurement (unit: Vrms*sec)

. walkmg
‘normal VRS i AFD

2 AFO &lnsole g% f

Gostrocnemius 0017 0018 0015 0015
medial head 0004 $0005%  +0003% 0,005
Gastrocnemius 0,012 0013 0011 0011
lateral head 0004  *0004%  +0003*  +0,002
0015 0015 0014 0013
Soleus 10003 +0003° 0003 40,003

ocM+SD, *significant difference between walking wearing AFO
and walking wearing AFO equipped with the insole, d'significant
difference between walking wearing AFO and walking wearing
PAFO equipped with the insole at p<.05

& normal walking © walking with AFO
L walking with AFO & Insole W walking with pAFO & Insole

0.025

0.015

0.01

Integrated EMG{Vrms*sec)

0.005

Lateral

*p <08 Medial Gastre Soleus

Figure 12. Characteristic of EMG in Gastrocnemius Medial
Head, Gastrocnemius Lateral Head, Soleus

USHlE2oA S48 & STE Uelr HEy) A8 &
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Figure 13. Before and After wearing customized insole
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