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The Analysis of Muscle Activities on the Lower Limb during Wearing Functional Insole
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ABSTRACT
The purpose of this study was to analyze muscle activities on functional insole with diet effect. Originally, ten healthy female
subjects with an average age of 23.2 year(SD=1.1), weight of 49.7 kg(8.=4.9), height of 163.2 cm(SD=3.5) and a shoe size of
237.5 cm(S.D=4.9) were participated in this experiment. Ten healthy females walked on a treadmill(speed=about 4.2 kmjh) wearing
two different insole types. Muscle activities data was collected using the EMG operating system. The surface EMG signal for tibialis
anterior(TA), gastrocnemius(GA), vatus lateralis(VL) and biceps femoris(BF) were acquired at the RMS(10 Hz, 350 Hz) using Noraxon
Telemyo DTS system(Noraxon inc, USA). This study processed the data using the Windows SPSS ver.17.0 to get an independent

t-test, with the setting, p<.05. Analysis of muscle activity were measured and calculated during walking. The results are as follow:

Functional insole wearing were increased muscle activities significantly from Tibialis anterior(TA) during total gait cycle. Normal

distribution was demonstrated in total step of stances period. One foot standing position showed decreased muscle activity. Two foot

standing position was demonstrated with gastrocnemius and biceps femoris. As a result of the analysis, Functional insole will inerease

the diet effect in the use of four muscle groups.
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Chaniolis & Choquette, 1972).

AT S0 IHdMe ST 2x=e) T 54 A
o)l A¥ 2 Q&0 A4l ol B AtEe B4
&S Tt 7129 &S wAlste] ARgshe dRkel B

2z FEQE AL Skl e FAoH 5,
2009). ol#gt 715743 Ate oy 7] 715S WA 9
st A371e 2 AdFgo] wiEA] "asia, ofg] FopolA
AF7E Basit w3 ole|gk Ao dAFe i AAYE
2 4 (biomechanical analysis)S 53l o] FAX| AL AlHke] A
A of Fgoll FEsto] Q1&oly o}2£9 7T AAATE
53l s e e sle Aot ¢ Ak o
Fol guiele] YLl HYAEAN 5% ESH F=3H
B o]o] wet HEAo] F7IEI e AARolH, o=
3t tolojEdien©] F52 Hie] AL HIUA 2]
ANE telo]Ex ops} Ha JrhelFY, 29T, 45,
HESH, O] F2A], 2006).

AR Aol FAE o] o]Fol AFE Tl o
SHA o]FolA ghow, Ee Al e FH e 5F
< 5] Qlout alde] FAZ} offA] Al M)A
o Qs vk sto] gol AFEA. o= e AT
Al Xe Ade] FAVE FA9] AFE ofluA] LHlFo] A
THCarlin & Dressendorfer, 1979; Frederick, Daniels & Hayes,
1984)1L 3 WA, I TRE AoMe Ao A7} oA &
vl 2 J3S vAA] Fethe A743E JTHFukuda,
Ohmichi, & Miyashita, 1983). 1Z]3l Cureton et al.(1978)3}
Keren, Epstein, Magazanic¥} Sohar(1981)= HA|AZ-2] 20%°]5}
of B7AQl Fatd A9 oA Anlgelle F3s vXA &
S0AL AT, 2005).

Shapoll A AAkE A FAIHS et B o A
QR1E0] YA L FolA A% 23} A QIAH o2 Hg)
a%lol Slo} A f Bz Hg) @o] HEAXE Aol
ARdolt), gubdo g Weoksl Aldk(footwear comfort)o]gl= £

T 7SR AR AR AS 288 9o A
& 4 gle Adllinjuy) 2= T & FE 3 FHSHA] ok
T 9t} A8 A-H(Henning, Valiant & Liu, 1996; Mundermann,
Stefanyshyn & Nigg, 2001; Mundermann, Nigg, Humble &
Stefanyshyn, 2004)°]] w2 HLMsH Ay} FAE Q15 &
Hiee] iy, 74 F4d, 352, U v 3 ¥
ToF agjar i) 27t Fola 183k QQI5S Ax 3| 9
2 Bl o] ARZ 9 dhar Baskal Qiek
A, olFY, YRR ANF, Hedh 2007). 1
gol] 3 A7EL A AT AREALY] FHA
o} ZAQS o] gste] Wl i HxzH F8al3lon,

o}

A S whe HojE T Al By 9o
kA 0 2 AfH|2gJo A e] AYPELS AFHE FHoA
AT B A DS sl o} oY kA A A4S
gl 53] siAlY] sz BAY, s Re @4
o] 53 22 sHEESE HAY 59 9=
. A gog s wAEE BEugke o
o2 wF FaolA 71g Alehy FAHHoZ el  FEo
2 ¥HEA HtkKonz, Bandla, Ray & Sambasivan, 1990,
Phyllis, 2002; Zhang, Drury & Wooley, 1991). 1 £] 7]%A}A|<}
HEE ATl FEE 2(1999)9] dFAFeME v-EAA
TAAELS EE ofzlimole] el AR 71HE AAEA
I NS FRA8E B d AN F2AA A4S/
Tago] EA YEa, oA, QAF, o)FF ¥ olBES
2006)2] AFAZIM= tE TRALES] ALK Pl A
AATHAAZE o) 7IHANE FA81AL AdS & o HlE
(gastrocnemius), S (vastus lateralis), ZF7|H(erector

spine)ellA LI 2=7F Yepgtia Baslal k.
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HYPATE AL o2E fzijle] WHS 53 Lz s
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Bo] o]FolA A= = ARt HXE, 297, Ad
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Aol g Ar} 255 F53ka k. ol wke} 24dE] o
oolES| H2 S 7HAA Hu, dA] to|oE AiE o
2] 71 FEl2 An|Ae] o5& Tal QAN tho|o{ES Al
o] 357 19 #¥E 45 Frke ofd wFE degta &
& Stk

ol E ATE tololE 4l gt HT WS galst
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B Aol Folgk AT A= HA spAle] ARt e
ey ‘ﬂ&‘% T3 YA gkom, ;glezqo] B3 s

T 9E 7 20 9443 10%E gz HAE]
%) AAEA B Ao EA1} WpHS
Agsia 49 At BI4NE AT F A8S Fsiic
AT tAAke] AH A EAL Lol <Table 157 2t}

2. A¥=T % Wy

D A9 AHed A&

B Ao AHE Q1&e PU(polyurethane) 2415 AHE-3o]
AgEger] nHE v GTE, opx] A28 &, E H
A TAFTE AR A= ErAs BRHOE AR
AlZolt<Figure 1>, 754 J1&e] SEAEE vlal Jrfsp]
A8 e A7 Wisel PILIA AHgea Sle
Al Sl ARgsle] Ade FPsgont A alking

2 242% 2 A
B 7o) B gsle] malole: A5d F4 S

ARALAA A Aol w2 25e] el AR Bl
9% 214 A5E RO A5y kol 28 U
£ JYe dolanl sk
Table 1. Characteristics of the subjects
Variable ~ Hight Weight Age Shoe size
Subject (cm) (k) (year) (cm)
J. H Min 166 53 2 235
S. M. Kim 166 53 2 235
C. S. A 162 55 23 235
MY Yu 166 48 23 240
J. Y. Seo 163 52 23 235
M I Lee 169 49 25 250
Y. M Lee 163 55 2 235
I Y. Kim 159 40 23 240
M. I. Kim 159 44 25 235
L J. Lee 159 43 24 235
M+SD 163.2+3.5 49.7+49 232+1.1 2375449

ole] B A AREE A FE5L F <Fgure 2> 20
Z74FTH(TA, tibialis anterior), H]E-(GA, gastrocnemius), 2|=
SJHVL, vastus lateralis) ~12]31 T ¥ ©]5F(BF, biceps femoris)
o M FeEs **7&'5‘}05 HH 5, 2010). A= H]
e Fshe ool o533 ol
Elo]F2e 759 ﬁ@lﬂr e FEdhe IHOE B A 2
5o ELE 2R3 919l F2 Aol A3 slek
H A% ¥l <Fgure 3> 22 TeleMyo DTS
telemetry system(Noraxon) & ARE-831OT 2= 4l50) FAL
Noraxon A}2] MyoResearch XP System(version 1.04)2 ARS-3}Ch

1=

Figure 1. Testing insole

<GA: gastrocnemius> <TA: tibialis anterior>

Figure 2. The mesurement of EMG




330 Jae-Young Park

Q\\) S
s \
\
N\ W4 k
Toding | Mid- Temminal | Pre- Tuitial Mid- Termminal
Response | Stance Stance Swing Swing Swmg Swmg
12 31 50 62 75 Pogr | 160
: Stances Periiod i : swing‘ Period :
U P YT SN SR S P
0-25% P2580% i 015% 7s~100% 5 0~2:% 5 .mow ; sMaﬂ' 7<~100%
v 1 Step v 28 ¢ 3Step Y4Step v | Sep vZStf:p'fiStepvilStepv
Figure 4. Divisions of the gait cycle
3) AEAE AT gAES 34 ARFESH] AdAQ BeS {43}

2 dAFoMe 7154 9&9 AA9EE des Ass
et B Al 223 7|HAS Al Yelde 2845 E Ha
B39t B Al Yehe SRS vl 24817 g
Hologe= AA B FiHtotal gait cycle), UZ}7(stances
period), 217 (swing period) 12|31 WRAEOR {1747] 7HS
T 4R Yol 24T 9A7Ie B AtelA] o
vl=he]] HEE o] Q1= heel strikeol|A] toe off 7}A]S Lo (E
g 7] 0-62%) AT B iAol FFoA
swing¥]+= toe offollA] TS heel strike 7}A|S TR 7+
] 63~100%).

Y27 Pl F 4 F 1A 271 A7 ](nitial
contact)9} §-3} HF3-7](loding response) IHOZ A K +
2t F RHBAA7Y 0:25%)7HA sFske ARS8k
o 2ele AR BE 77 F 31%(ULD719 25~50%)7HA 0l
dFsle 3 947 mid-stance) FHE AA3IGTE 3THAI=
7] 47} )(terminal stance) FTHOZ A B3 F7+ T 50%
(4471 50~75%) 74410 sdehe AHE et on, whAet

—

0 Z 4GAE A §247)(pre-swing) THOZE HA B 7+ F
R%B(UA71 15~10%) 74 Fee AFs st
(Figure 4).

3 71HA Al sk 224EE Hla BA8] 918
=08 7IHAA A vehe 2845S Brtel] g
ok 752} A|(one foot standing)$} HRE 71HZY A H-A]
Al dehdes 284S Bk 99 i 71EAMtwo foot
standing)S 1785t} Hlal EASHAT

7] 91314} 0.66 mistepe] F<l FA LN B £EE EOlR
E# =%(treadmil) oA F 42 km/he] £E2 HYPAEFS FE
3] AAlek & do]HE 3 31 tRyu, Choi, Choi & Chung,
2006).

TEAE HnE 3 AT B4 HoRE 289 A7
5 O HPS F3lo 24155 AP 3 RMS(root
mean square) #S AFESF 0T 59 U415 E Band Pass(10
Hz, 350 Hz) BE1E 3 %, RMS 3102 27-9(smooding)FATt.

4. ZAAY
7154 &Y okA] FE2el PiAe ZEAEE H
a17] Slsf £ Aellx] Bl A (raw data)E ©]-8-3F
T EFAAE AREsIGiTh 2ea A QIS gz
7bl EAAHQ 2olZ2 F37] Yl Windows SPSS(ver 17.0)
S AHEate] =9 7% (independent t-test) S AAI3ISATE BA1Z
°«V‘"° PRO5E A3t

=l
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X723 <Figure 5>9} <Table 2>041¢} o] H74ET H]
AAMTE FAHSZ o3t alo](p<.05)8 B AT
AHOZE frofgh zols Bl AAFTZAME 7154 ¢
£0] 161.91+66.61 nV, U7 Q1&0] 1540044853 WVZ 7]
4 A& AT A Ueiton HIEZAME 754
Q140 67.08+70.24 1V, tET Q1€0] 139.95+6340 tVE T
T Q&9 SR =4 JEhES & 5 ST
EAZoR {23t AJo|E Ho|x| e =AM V)
A Q140 46.88+18.99 11V, tHET Q1€ 81.45+58.70 WVE U
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2) 9747

P71 A 7154 A& uzT dEHe 28R 24
A3} <Figure 6>3} <Table 2> X9} o] A= vl Eo
ARk BAH SR fogk 2fol(p<05)E EATh

EAH0R {3 zo]2 Bl ARTZAME 7154 <
o] 1351344304 1V, ThZT 91€0] 1346333422 WVE 75
&S] FEATTE =4 Ueon HEZX e 7154
£o] 126.68+55.80 uV, =T S1&0] 218.17£78.16 V= U
T A& 2T} =4 UehS & 4 stk
SAASE fefgt AolE HolA| gk 5PN 7]
3

o oXx

PN

olr

A Ql&o] 68.66+34.54 IV, TIZT ¢1€ 99.36+70.56 IVE T

Q&) ZEAETE EA v oH, dEolFZAME
154 9140] 81.06+29.85 1V, ThZT Q1<0] 78.08+40.08 1V
2 Yeht 7154 Qe 28Tl B2 A4S & 4 Al

BN

N

3) 47

FA7100 NeA A& dERT J&F9] YT By
7} <Figure 7>%} <Table 2>ol|l 4|9} 2o] AAZTH o534
AATE BAHCE frofst Ao)(pr05)E EHTh

AR Fo8 Aolg B ABIFTME 7154

o
o] 121.73£2891 pV, tZF Q<o) 1733818481 tVE th=

X

oL

A

oL

9142 195.96+78.73 11V, WIZT Q< 61.74163.86 W= 7
A& FTEAETL A Uehon, 53ToMs 7|
Q1&o] 93.72+54.15 1V, UIET 9&0] 63544670 UVZ 7|5
4 9EY FEAETE =A JERTE 22]a giEo] Tl A
E 7154 91£0] 86.00£39.70 1V, ThET Q10| 8849+47.72 1
VE Yeht tizT Q& 284857 =& As & F Asith

off ofr o
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Figure 5. Total gait cycle
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Figure 6. Stances period
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Figure 7. Swing period
2. 9717]

) 194 : 27) A7) - B3} whe7)
.7;17] ;}(jx]7] - “?“8]' E‘l’“%7] %@0}]}-‘ 7],‘5—_/(6] ?__g_jq_ ]:Hi,_



332 Jac-Young Park

A& 2T EXA7 <Figure 8> <Table 3>oA9} 2+

o] BE 1A FElA BAFCE Fodt Ao|(p05)E H
o)A ¢Foktt.

ZF 2519 AL Ay B ABFTNME 7154 9&0]
2554314063 1V, THRT 914o] 244.08+12001 pVE 7154
RI&e] FEETL EA v oH, HIEZNE 754 2
*ol 602542698 1V, HET ¢1&0] 78.59+37.62 WVE hET

4 TEATI} A UeREE & & Atk aEa o

ZoME 7154 Ql€o] 224.88£109.64 1V, TR Q1<)
232.00+121.72 WVE ZF &9 28T} =4 VERto
D% E o] T2l Me 7154 91&0] 145709033 1V, &L

014:0] 117.95+74.88 VE UER} 7)154 Q49 284}
EE RS G 5 Uk

2) 294 . 7 447
S P47 A 71sA &S URT I59e] &8
Ax BT} <Figure 9>} <Table 3>014 9} o] H]E-ZojA

X
T BAASE ot Aol (p<05)E EAT

EAHR fost AjolE HRl HlEZqME 7154 &
©] 141.18+49.16 pV, tZT Q1<&0] 205.50£110.53 pV= KHZE
& 2T A eSS & 4 Atk

EAHOR {3k 210]2 Holx| 4o ARZTZAME 7]
54 ¢l&o] 81.68+31.12 1V, thET ¢1&o] 78.80+36.40 UVE
7154 9&Y 28T w4 JERger, 953tdAe
715743 9&0] 99.53+4537 pv, tlET U&0] 93.26+81.54 uv

2 7154 &Y 28T A YElkith a2l YlEolF
ZolME 7154 &0l 99016159 1V, WERT o]
12721+122.85 yVZ Jeh} tiZx7t 9o 2847 & A
.Q_ o]- /\ 9\1]:]_

3) 394 : Z7] 447

7] 427) FheA 7154 A& g2 &S] 28
A% BXA3} <Figure 10>3} <Table 3>04¢} o] BE &}A]
FE2AAN BAHSE frofgt Alo)(p-05)F HolA| et

7} 5 A4S Ay A AAE2AME 715 A&l
79.93+27.82 1V, HET ¢1&0] 89.08+33.36 pVE 2T &
o] TEATTE A YERteH, HlED e 754 Q&)
390.13£19543 v, tET d&o] 37425413029 uwVE 7164
Q&9 FEAETL A vERTE 283 Sg2ddAe V]
54 01&0] 55.89+64.80 1V, THET 2140] 49.90+50.77 pVE
vElon, tEo]FZolMe 7154 914o] 53.0027.00 1V,
2T Q1&0] 41434194 pVE 7154 Q& 284w} =
A YerdS & 5 Atk

Ly
a

[
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Figure 8. 1 step: initial contact - loading response
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Figure 9. 2 step: mid-stance
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700 = Control
600 _ @ Insole

gl e
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Figure 10. 3 step: terminal stance

424 : A {4247

717 FHA 7154 O&at 2T oLyt 23k
X743} <Figure 11>3} <Table 3>0l 419} 2o] BE 317] F
E2A BEAACE 493t 2o|(p.05)S HolA| e9ith
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7 258 A% Wi APERE V15 Agel |
103.00£30.38 IV, THZT 01&0] 12849+68.89 UVE EH ol (Unit: V)
e . = 350 = Control
&9 28T} =4 Jehdon, nEZME 7154 9 _,]E\_ N o = G

o] 21434£108.64 1V, tE Q1] 183.94£140.59 uv& 7%
A &Y SRR A UEt: T8 S53TeMe . 20

7167 &0l 2674£1869 1V, UIET Q1&0] 32351618 WV 5,
2 yeht tizs &) S2A=7E = dEen, tiEo]
FEME 7154 Q&0 37.86:1724 1V, TIET &l
3478+1672 WVE 7154 &S] 2Tt =4 Yede ¢ 10
T A 50

150

3. 71824 TA A VL BF

1) 94 7] A Figure 11. 4 step: pre-swing
S Z1gApAeA 715A €T dET Q& 224
B4} <Figure 12>9} <Table 4>0l1 49} 2o] ATl (UnituV)
EAHE 9% Aol(px05)Z BT 200 = Coniol
SAASE fogt 2olE Bl AAZZAME 7154 <l w Insole
Z0] 852945149 11V, 2 ¢1€0] 111.8555.50 VE iz
&S] LT A UehS & 7 Ul
SAHCE fog AolE HolA| & HIEZAME 7T
A ﬂé:—o] 111.56+63.54 1V, W=7 Q10| 127.01+6042 uVZE
e Q1Y 2T =4 e & 5 Uik 29
ﬂngeoﬂfﬂt 7154 91€0] 15234945 uV Q&
o] 17.99+7.76 pV= Ueh} thxst &) 2457 =4 U
Efston, tEol TN 754 2ol 2066+16.69 1V, o

2

B

_ TA GA
Z- 914:0] 2320£14.18 pVE TiRT Q&9 ZAET) E7)
UEPS & 4 99tk Figure 12. One foot standing
2 %“% 71RAA (Cnit:V)
P THAAANA 7154 JAEF gzt Q& 284 40 % Control
= %4#754 <Figure 13>3} <Table 4>0]X]9} Zo] RE 34 3 T ¥ Insole

SoA BAHSE O3 Ao|(p-05)F HolA] gttt

7} 25 S A B AAFTME 714 €]
13.5749.69 1V, T ¢1<0] 15.94+1297 UVE hET 9149
T =4 dERgen rliEZME 7154 Q&
18451609 11V, HZT 91&o] 142551151 V& 7|54 &
o FEAET} A UepES & & Ak 283 953
ANE 7154 ¢1£0] 870622 1V, hET S1£0] 12.96+9.84
IWVE e tiz2T 91&9] ZEAE7} B4 Yehgon, e . .
ofFZANE T5A Qo] 1865:1356 1V, THEF 140l ™ GA v BF
17.15£12.90 uVE 7154 ¢l&e 28457 =4 vtk Figure 13. Two foot standing
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Table 2. The events of gait cycle

Table 4. The standing of one and two foot

(unit:pV) (unit:pV)
Type Control Insole pvalue Type Control Insole palue
Event MESD MiSD Event MzSD MzSD
TA 154.00+48.53 161.91+66.61 0.004" TA 111.85£55.50 85.29£51.49 0027
Gait GA 1399546340  67.08+70.24 0007 One GA 1270146042 111.56+63.54 0.189
Cycle VL 81.45+58.70 46.88+18.99 0.132 Foot VL 17.99+7.76 15231945 0.105
BF 83.28+42.82 79.00+19.74 0360 BF 2320+14.18 20.66+16.69 0275
TA  1H6EM2 151330 0018 TA 15941297 13572960 0171
Stances GA 218.17+78.16  126.68%55.80 0010 A 42541151 184541600 0063
Period VL 99.36£70.56 68.6634.54 0272 Foot
VL 12.96+9.84 8.70+6.22 0.141
BF 78.08+40.08 81.06+29.85 0063
. BF 17.15+12.90 18.65+13.56 0338
TA 1733848481  121.73+2891  0.008 —
P
Swin GA 617416386  195.96+78.73 0116 3 TA: Tibialis Anterior, GA: Gastrocnemius, VL: Vastus Lateralis,
Peri 0% BF: Biceps Femoris
el VL 635444670  93.72+54.15 0099
BF 88.49+47.72 86.00+39.70 0.152
*p<.05
% TA: Tibialis Anterior, GA: Gastrocnemius, VL: Vastus Lateralis, V. =
BF: Biceps Femoris
B3 F7i0] 2 a7 Ans AuEd )54 d% e
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