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ABSTRACT

The purpose of this study was to evaluate the effects of metatarsal pad (MP) compared with barefoot and MP with using different
insoles on gait. 15 healthy females who had no history of injury in the lower extremity with an average age of 22.7 year(SD=1.35),
height of 160 cm(SD=3.4), weight of 48.8 kg(SD=5.52) and average foot size of 232.5 mm(SD=6.8) participated in this study as the
subjects. The subjects walked on a treadmill under four different experimental conditions: 1) walking with barefoot, 2) walking wearing
MP 3) walking wearing a soft insole with MP(SIMP), 4) walking wearing a rigid insole with MP(HIMP). During walking, foot pressure
data such as 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 tibialis anterior(TA), lateral gastrocnemius(LG), rectus femoris(RF), and musculus biceps
femoris(MBF) was gathered using Delsys EMG Work System(Delsys, USA). Collected data was then analyzed using paired t-test in order
to investigate the effects of each of experimental conditions. As a result of the analysis, when MP and HIMP were equipped, overall
contacting area was increased while the force, peak pressure and the mean pressure were decreased. Especially, when the SIMP was
equipped, every data were significantly decreased. In case of EMG, wearing MP, SIMP and HIMP made three muscles(TA, LG, RF)’s
activity decrease. A result of the analysis will be able to apply for manufacturing functional shoes, diabetes shoes, senior shoes and lower
extremity orthosis. Significance of the study due to a metatarsal pad and the insole is to analyze the changes in muscle strength.
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(@

(@) : Metatarsal Pad,
(b) : Soft 2/3 length insole,
(c) : Rigid 2/3 length insole

Figure 1. Metatarsal pad and insole
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USA)S Ha&Eo} BES HASIH HEZE HRE53 Fast,
Good, Slow HIAAE B3l @A A YA 5 FAE
5 3fSit<Fgure 3>.

(@) : BF, () :
Figure 2. Experimental condition

MP, © : SIMP, (d) : HIMP

Sensors under track
detect actual footfall

(@
(@) : Pedar-X System, (b) : Delsys EMG Work System

Figure 4. Measurement equipment



490 JungKyu Choi * In-Sik Park + Hong-Jae Lee * Yonggwan Won - Jung-Ja Kim

E d7e 52 dE9 MR gE AEY A& A A
H 5T 2ot Beof vl Jks Hrks] S8l BaA)
AN RS S8t SA%E 38 He <Fgure
4(a)>9]— 720] Novel GmbhAF2] Pedar-X System® & E-FF2 AlA
g g2oF dloJg M| bk, 29 22 997l b Al
AE Tl B ohEs SAY F Qi & dFelxe IS ¢
g AXE 7 Alde] 9o Asle] EAUES ST <
A% 27 AHl= <Fgue 4b)><F 2ol 8709 A= dloly 4
7o) 7 53+ DelsysAke] Delsys EMG Work SystemS AREEHAT

Perry(1992)= H3Joll oA A9 S (dorsiflextion)}
&= (platar flextion)ol] 217+ A78&<7 HIEL, 183 I3
A} SR AT 234 47 tiE A, digolTe] 7P
I BE it sigitk oo & g7 Eo] B 7|oE 3§t
+ Z74&Htibialis anterior, TA), |5 Bl (lateral gastrocnemius,
LG), W& (rectus femoris, RF), THE o]FH(musculus biceps
femoris, MBR) & AA3to] ¥ 31A]¢] 7 25 F9jof A
2819 tHKim, Cho, Jung, Kim & Jung, 2010) (Figure 5).

o

“IET

Figure 5. The measurement of EMG
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Figure 6. Plantar pressure measurement mask
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Table 1. Result of plantar pressure

BF MP SIMP HIMP
It 18017 1367 147], 17561,
MT 46538 17006 588187 +m73
Foce  23h 23859 2497 243 23591,
N)  MT 15506 5062 47798 454.10
45h 10482 9991 oL6) 9819,
MT 3592 3120 240857 2617
st 1309 13.99 1280, 1339
MT 27 06 8357 315"
Coia;fmg 23 2289 2334 0B, BM,
s MI 9 Dag% 353 25
45h 89 9.14 835, 936 ,
MIT  +19 £136 1R 135
It BLB 3989 304 35520,
MT 414476 415847 316017 +173.24"
Prl;isa};e 23 30236 29569 2452 29930,
GoaC M 79 6507 d6l48t 683
45 28347 24725 2631, 23802
MT 411812 46860¢ 455777  +74.19"
st 11211 1427 10265, 10874,
MT 43119 $3568 2953  +36%4

Mean
23t 10005 0838 94,08 9878
Pf&'f;)fe MT 2079  +1937%  +1803%" #2101 °
45 M 94.15 8668, 925,
MT 3342 2679 21587 2388

o MESD, *significant difference between Barefoot and Metatarsal Pad,
isignificant ~difference between Barefoot and Soft insole with
Metatarsal Pad, isignificant difference between Barefoot and Hard
insole with Metatarsal Pad, Vsignificant difference between Metatarsal
Pad and Soft insole with Metatarsal Pad, o 'significant difference
between Metatarsal Pad and Hard insole with Metatarsal Pad, &
significant difference between Soft insole with Metatarsal Pad and
Hard insole with Metatarsal pad at p<.03.
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Figure 7. Force

B A 72} A 2 wel DA 3 wHS AuEd
<Table 1, Figure 8>} 2t} | 1 TFZolA A5 WAL BF
130927 cm® MP 1399267 cm’, SIMP 12.80+3.52 cm,
HIMP13.3943.15 cm’0.2 UERtom, A 23 FZFo||x BF
22.89+2.9 cm’, MP 23.34+2.48 cm’, SIMP 22.33+3.53 cmi’, HIMP
23341252 e’ & WPt A 4/5 FE5F9] 73$ BF 89619
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HBF HEMP  HSIMP  EHIMP
a0
30 : i
5 :
E 20 P | )
< 10 - i i
(4] = — ._.m_
* p<.05 1st 2-3th 4-5th
Figure 8. Area

an’, MP 9.14+136 cm’, SIMP 8.55+1.82 cm’, HIMP 9.36+1.35
o’ ® R SIMPAIA SHA| Uehgtch

HE mAo EARA Az A 1 FFIA SIMPY] =4
BF, MP, HIMPS} 7z}7} Wwsla HIMPY Z71S BE, MP9}
P} Blaske A, Al 273 FEE01A MPY] 271& BF9) ]
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| 4/5 S<ZolA SIMPY] 2718 MP, HIMPS} 747} Hlwdh=
735l ot Aol7t A= ALZ YERITHp<.05).
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Figure 9>} 2t} A| 1 $530lM o] 922 BF 381.53£144.76
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355.20+173.24 kPa2 UERT Al 23 =30l 4 BF 302.36:58.79
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kPaE LRt A 45 =T BF 28347:118.12 kPa, MP
24725+68.60, SIMP 222.637+55.77 kPa, HIMP 238.02+74.19 kPa
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A 45 ZZ2ZME MPY 7S BF9} Hlwslal SIMPY] %
< BF, MP$} 77} Hlalsh= 7-¢, HIMPS] X705 BF9} Hlal
© 735l frefgk Aol7h Ae AR VERITHp<.05).
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EBF HEMP  MSIMP  HHIMP HBF HEMP HSIMP  HHIMP
600 ) 003
— 500 0025
[+]
= 002
T 400 = ° I
2 300 2 oot I :
8 =
T 200 001 ,
8 0,005
& 100 i
o L 1 i
« 5405 1st 2-3th 4-5th * p<.05 Left Right
Figure 9. Peak pressure Figure 11. TA : Tibialis Anterior
EMBF HMP WHSIMP  EHIMP EBF HEMP WSIMP HEHIMP
200
003
‘:g 150 0025
K1 o
2 100 2 oos
4 S
= 001
@ 50
2 0,005
0 B
+ p<.05 1st 2-3th 4-5th ¥ e 08 Left Right
Figure 10. Mean pressure Figure 12. LG : Lateral Gastrocnemius
2. 2AE B4 47 MBF HEMP WSIMP  HHIMP
FTE5E 9 Q&) skA] F8 ZH oug JIs 7| 001
AEAZ WIAND AP, HEE, A gEelsa
9] & AT = <Table 2>9} 2Tt __ oot
2
&
. 0005
Table 2. Result of EMG (unit: V)
BF MP SIMP HIMP .
0.0204 0.0177 0.0148 0.0137 i
oo 000897 00063 00051 0005 *p=.05 e s
. 0.0247 0.0214 0.0183 0.0169 : . ;
Right 100075 00058 00049  +0.0054 Figure 13. RE : Rectus femoris
Left 0.0206 0.0201 0.0188 0.0189
LG +0.0116 +0.0121* £0.0104  +0.0098%
Right 0.0208 0.0169 0.0147 0.0138 HBF H MP i SIMP H HIMP
+0.0173 +0.0059 +0.0063 +0.0054
Left 0.0114 0.0091 0.0068 0.0059 0.014
. 100053 400032 00027  +0.0029 vot2
Rig  OOPL 00075 0009 00057 oo
+0.0041 +0.0022 +0.0023 +0.0025 = ’
Left 00098 00085 00089  0.0084 =
MBF +0.0043 +0.0035 +0.0043 +0.0042 g 0.006
Right 0.0101 0.0095 0.0099 0.0105 0.004
10004 00048 00055 00054 o
ocM+8D, *not significant difference between Barefoot and Metatasal gl

Pad, #not significant difference between Soft insole with Metatasal ]
Pad and Hard insole with Metatasal Pad at p<.05. * pe.05 Lafe Right
TA:Tibialis Anterior, LG:Lateral Gastrocnemius, RF:Rectus Femoris,

MBF:Musculus Biceps Femoris Figure 14. MBF : Musculus Biceps Femoris



HY Al 7 A 2490 WE ARSI < S AR
™ <Table 2, Figure 11>9} 2t} 9% A4 & S == BF
0.0204+0.0089 11V, MP 0.0177+0.0063 11V, SIMP0.0148+0.0051 1
V, HIMP 0.0137+0.005 uVE UEeRth Q2% 3}x|o|M+= BF
0247+0.0075 1V, MP 0.0214+0.0058 11V, SIMP 0.01830.0049 11
V, HIMP 00169+0.0054 pVE UERET %2 3] BFol|A]
HIMPY o < =7t A Yelstth

HE2Y] & SRS AH A <Table 2, Figure 12>9F 2t
F= HEZMe] & AT BF 0.0206+00116 1V, MP
0.02010.0121 1V, SIMP 0.0188+0.0104 uv, HIMP 0.0189+0.0098
uVE Uehtomn, 92 njEol A9 BF 00208+0.0173 1V,
MP 00169+0.0059 11V, SIMP 0.01470.0063 11V, HIMP 0.0138+0.0054
WVE Uit 2S5 vlEox SIMPY] 759} 95 HiEolA
HIMPS] 7-9olA] 2 SAE7} vholrle ks SRISHT

522 7492 AR <Table 2, Figure 13>7 2t} 2}
Z g3 2oMe 2 BHEE BF 00114:0.0053 1V, MP
0.0091+0.0032 11V, SIMP 0.0068+0.0027 11V, HIMP 0.0059+0.0029
IVE VERiTE 92 tiE|ZZolAE BF 00091100041 1V, MP
0.0075£0.0022 11V, SIMP 0.00590.0023 11V, HIMP 0.0057+0.0025
UWVE YeRgon, 4% g ZZelx HIMPS] 7390l < &4
=7} S YERsiTh

UEo) T 8T E AHEH <Table 2, Figure 14>%}
2t} 9% 3120l A] BF 0.0098+0.0043 11V, MP 0.0085+0.0035 11
V, SIMP 0.0089:0.0043 11V, HIMP 0.0084+0.0042 V& UHERyt
1, Q2% 31204 BF 0.0101+0.0044 1V, MP 0.0095+0.0048
1V, SIMP 0.0099+0.0055 11V, HIMP 0.0105:0.0054 1V UHeRst
o 5 tiFo]F2llAe HIMPY 75l 95 tE o] 5ol
M= MPE] %ol ST A el

TR BARA A3, 5 vlE2o)A BFY MPY 241
& H ﬂé}* 7:‘%’—9} SIMPS} HIMPO] 2718 Hlusle 445
b atol7h e ASZE UERSTHp<.05).
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