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ABSTRACT

The purpose of this study was to analyze the distribution of foot pressure generated by active materials of a functional insole.
Comfort is an important consideration while selectingfootwear and insoles. Consequently, it has an influence on injury. The development
of new materials for functional insoles is considered one of the more important points for their manufacture. The method adopted in this
study is as follows. First, ten healthy males were selected as subjects for the study. Each subject’s foof was pre-screened
podoscope(Alfoots, Korea) to check for the presence of any foot abnormalities, Two kinds of equipment were used for the study: a foot
pressure device from Pedar-X, Germany, and a treadmill from Pulsefitness, UK. Next, each subject was asked to test four types of
insoles(insoles of outdoor shoes, indoor shoes, walking shoes, and sports shoes) via walking trials on the treadmill at a constant speed of
4.2 kmfh. The pressure distribution data(contact area, maximum force, maximum peak pressure, and maximum mean pressure) was
collected using the pressure device at a sampling rate of 100 Hz. Results of the tests showed that all four types of functional insoles
increased contact areas whit the foot. Further, functional insoles of walking shoes and sport shoes decreased the foot pressure. From these
results, we conclude that the active materials of functional insoles of shoes can increase the contact area and provide greater comfort.

Keywords : Four Type Shoes, Functional Insole, Foot Pressure, Contact Area, Multimask
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Gregory & Dixon, 1999; Stewart et al., 2009).

By WFA] HAZMTE wuie A4 aga we
o7 ojojale ddY| FeAE-S B v THEA A
A7IMe T4 B FS Aoy, SAYHELE SO B ¢
T7F geketA zdEojea lth(Nigg, Stefanyshyn, Cole &
Boyer, 2005). 7154 A1 2 A& Asen A4l 2o
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Figure 1. Podoscopy testing & Foot pressure measurement
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A9l B3t Ug-S HIstaL PhENE A4 ¥ 49e 4
Aehrk
Table 1. General characteristics of the subjects (MESD)
Subjects Height Weight Age Shoe size
(n) (cm) (ko) (yrs) (mm)
10 173+8.64 73832 274570 265
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Walking
Sport

Figure 2. Testing shoes and Functional insole
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Outdoor Shoes Indoor Shoes Walking Shoes Sport Shoes

Three Masks

Five Masks Three Masks Four Masks

Figure 3. Foot pressure measurement mask

zb miaa ol SAYY dlolE 45 S novel
multimask 20332 Z2 IS o]&sie] Ho[EE o,
tlole ke Al 7l aed viaa GAof et 352 (area),
3 o) 3 (maximum force), /TH%= (maximum peak pressure), TH
T (maximum mean pressure) 415 AAISIAT

4. A A

Zt Fhaed 71 Q&I TP Q6 SAYY B4
Minitab 15 Z2 1S o] 83o] 7} 4Alhd Q&) mE fo)ds
One-way ANOVA #415 B3l A5t on 44 fFofre

a=05= 33k

m 2 3

1. Outdoor shoes ¥ A%}

) HEFEE £4

obgo] frzel A8H ML Q&) HEWA 427 7]
574 &0l 7IE &l HIs) AT, THF, FSRM 7
7} 12.16%Normal: 48.79 cnt’, New: 62.30 cm’), 11.44%(Normal:
3993 om’, New: 5025 cm’), 243%Normal: 41.36 cm2, New:
4342 o) He HEEAE ngom AFR ¥3uH Zvt
ol 7V A Jebdti<Figure 4>, <Table 2>. §714 2]
2 AR} FFR (014004 Felgh o]z} vehd
TH(p<.05).

2 HAdd £4
A LA QE5Fe} F5514 242} 18.88%(Normal:
43554 N, New: 63826 N), 19.19%(Normal: 40552 N, New:

59800 N) Z7}3lo] 71& Q&) vls) $455 71540 WA
AU T T HZ B9 7€ A& H]
3l -3.38%(Normal: 289.35 N, New: 27041 N) 743 Ao& 1}
Els{Ti<Figure 5>, <Table 2> FA14 942 A (=000}
FER(p= 04D AM FreJg 2po]7} WEETHp<.05).

3) EAYY 24

HgrE BAAY AEHe} S5 oA 742} 27.58%(Normal:
21650 kPa, New: 381.43 kPa), 0.16%(Normal: 24529 kPa, New:
24607 kPa) Z7F3te] 71 Ql&d wlg)] =2 HugEs 71
S ¢ F Utk FERY AT 7IE A&l g
-14.54%Normal: 21829 kPa, New: 162.86 kPa) 7+AShH Ao =
Ueht & a3} =92 ¥ 4 SitFigure 6>, <Table
2> BAA fIAe AER(p=018)9 FEE(p=000)014 <]
St Ao 7F LERRTHp<.05). Hohdwate 2440 dEye 3%
Hox  Z4zb 357%MNormal: 9040 kPa, New: 97.09 kPa),
11.23%(Normal: 105.69 kPa, New: 132.44 kPa) /)3l 71& Q1%
of Hlal =A YeRgo), S5 dAske HulEdetEe 73
& 712 Q& B8} -37.46%Normal: 97.16 kPa, New: 44.20 kPa)
% Ao 2 YERITFgure 7>, <Table 2>. 5417 froAle
FE5(p=000) AT frefgk xfo|7}F VR THp<.05).
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Figure 4. Result for the Contact area(Outdoor shoes)
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Figure 5. Result for the Maximum force(Outdoor shoes)
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Figure 6. Result for the Maximum peak pressure(Outdoor shoes)
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Figure 7. Result for the Maximum mean pressure(Outdoor shoes)

Outdoor Shoes

O o
O

O

@ ContactArea
* Maximum Force
* Maximum Peak Pressure

4} Maximum Mean Pressure

Figure 8. Significant increases( T) and decreases( | ) of outdoor shoes

2. Indoor shoes ¥4 4%}
) ASHEE Y

EA3 | V)54 o] 7IE Q& vig] ASE 9
&, AFEYS, 258, 35 95 19 55 UIS BE
Bo|A 747} 28.02%Normal: 20.14 cm’, New: 35.82 cm)),
33.66%MNormal: 1267 cm’, New: 25.53 cm’), 42.34%(Normal:
1490 om’, New: 36.78 cm), 36.38%(Normal: 1387 cm’, New:

2973 cm’) 12]3l 27.81%(Nomal: 1393 cmt’, New: 24.66 o)

W HEAA S HATFigure 9>, <Table 2>, 5414 £ A&
FEF(p=014)1 A%F §-2]gk 2}o| 7} VFERgTH(< 05).

2) U3 &4

Qo] #i2e) 28] W JIE oI} A Qlze] Aojg)
BT AER O HER U)E, 5 2 92 T
28 9= nE WA ZHzZ} 2720%Normal: 17849 N, New:
31186 N), R84%MNomal: 16279 N, New: 3201 N),
47.86%Normal: 73.54 N, New: 208.57 N), 41.99%Normal: 126.19
N, New: 308.89 N) 2] 21.14%(Normal: 140.60 N, New: 215.96
N 271 AoR Yeidon, BF A <lgd Hrige)
7] Uehdorl, frele Aol glsirkFigwe 10)(Tabe 2

3) SAYY 24

=0 729 Ago WE 7|E A& AN
4 BT AR IS, HAFH US T
g3 35 9= BE F9dlA 22z} 19.13%Normal: 146.57
kPa, New: 21591 kPa), 23.69%(Normal: 142.25 kPa, New: 230.59
kPa), 56.89%(Normal: 58.53 kPa, New: 213.00 kPa), 13.48%(Normal:
138.28 kPa, New: 181.38 kPa) &)1 14.36%(Normal: 131.72 kPa,
New: 17591 kPa) 57F3te] 7| Ql&ol| HIg| BE FeoA =
o AgEs 7S & 4 StkFigure 11>, <Table 2> $7)
A e T MDA Fos et YRt

N
i

1‘
o S
j br

o
o B
A =

=

(p<.05).
Agasty BaAS BER 9% AR WS 35
FE 2% FEF 92 RE RN 27 2340% Mol

57.16 kPa, New: 92.08 kPa), 29.25%(Normal: 70.53 kPa, New: 128.85
KPa), 38.54%(Normal: 29.10 kPa, New: 65.60 kPa), 17.86%(Normal:
72.96 kPa, New: 104.69 kPa) 12|21l 5.58%(Normal: 84.34 kPa, New:
94.30 kPa) Z7F3te] 7| & Hlg EE FoA 2 A
et HelU<Fgure 12>, <Table 2>. S55(p=045)001
oJgt zpo]7h VFERSTHp<.05).
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Figure 9. Result for the Contact area(Indoor shoes)
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Table 2. The statistical difference of the average values(MeanzSD) of the contact area and foot pressure

Contact area(cm)) Maximum forece(N) Maximum peak pressure(kPa) Maximum mean pressure(kPa)

Shos Mok Normal New p-value Normal New p-value Normal New p-value Normal New p-value
Mo s ou e By % e D MR oo N8 TP o

Se ™ D% Hao ooe  R|E MY o BB 2% e T 4D oy
W Ln e oo R/EORS e R OMT om  BF mE oy

MU Do e O Sgm  JuN om ST 2L owm T 28 g,

M e g OM S5R Jeas o MR BN om R BS 4

de M e s oo SR MY o BR800 g O 60 g
I T T ey S X R S A SR M s R

Mo em oam o 2 jon BN e ST BL 0 em Y XN 44

MU da o g o B3R BR e RE MY om B2 0 g,

e e Nk 0% e BEORT ome 0% D0 o B8 TT o
o g s 0® 55 KT s S RT om WX 100 oy

MU s om0 BEORE owe  BEOGER owr 00 89 oo

g M am oaa om0 HR R ow  BR MR e 0K WZ g
Tow BEOAR ope  ZM BI gm BE M p @y am
Moo dm oan o WEOER em BT OME cem PP %S op

% MSD, *p<.05



Comparative Analysis of Foot Pressure Distribution by Functional Insole to be Transformed and Restored During Walking 237

(N) HNormal © Mew
350
300
250
200 : : - -
150 — i 3] ; E—
100 - — _— — —
0 - T T T T —
M1 M2 M3 M4 M5
Figure 10. Result for the Maximum force(Indoor shoes)
(kPa) B Normal ® New
250 *
200 =
150 - - e A
100 — I — —
50 - 1 ! || -
0 T T T T o
M1 M2 M3 M4 M3

Figure 11. Result for the Maximum peak pressure(Indoor shoes)

(kPa) EMNormal & New
140

120

100

B0

&0 +—— g | E | T - .

40 - S - -

20 - — 1 ] ¢ —

0 T T T T —
M1 M2 M3 M4 M5

Figure 12. Result for the Maximum mean pressure(Indoor shoes)

Indoor Shoes

et

O

@ ContactArea
* Maximum Force
* Maximum Peak Pressure

4} Maximum Mean Pressure

Figure 13. Significant increases( 1) and decreases( |) of indoor shoes

3. Walking shoes ¥4 47}

) AZAF BY

A7 F=oll HeE N A& HAEUA EHAY /)5
Qo] 71E Qg Hlg| HAFH, FFH, FSHIAN 44
6.55%Normal: 54.98 cm’, New: 62.69 cm’), 23.83%(Normal: 36.31
an’, New: 59.03 emr’), 2.15%(Normal: 43.26 cm’, New: 45.16 o)
Z71 A2 Yeltom<Fgure 14>, <Table 2>, 714 2]
A2 WSt T55(p=000)014 23k Zpo]7}h et
Wrk(<.05).

N o

2) Hiy 4

Hge A s Ql&o] VIE QIERT MY, FHK,
ZEHMN 247} 803%Normal: 567.55 N, New: 666.62 N),
32.68%Normal: 179.95 N, New: 354.69 N), 0.87%(Normal: 475.22
N, New: 48353 N) 373t A& YO M<Figure 15>,
<Table 2>, TAA FY4& AZH(p=049)9} TZH(p=.000)°l
A frolgt Zol 7k YR TH(p<.05).

3) EXYY 24

Hoje B4 ASFe} FEFAA 22} 8.17%(Normal:
230.16 kPa, New: 271.11 kPa), 13.65%Normal: 116.30 kPa, New:
15306 kPa) F7Fsle A02 Uepto, S fx 7]E ¢l
<ol I3} -14.57%(Normal: 214.18 kPa, New: 159.72 kPa) 714
3 A0 2 YeP}U<Figure 16>, <Table 2>. 5714 o4 &
Z5(p=033) ol % LFERSTHp<.05).

Hdgagy 2448 AR IFFAAN 747
-1.83%(Normal: 105.23 kPa, New: 101.44 kPa), -4.00%(Normal:
11600 kPa, New: 107.07 kPa) 712390} FE2HAME 7|2
010l H|3)| 3.88%(Normal: 53.64 kPa, New: 57.97 kPa) Z7}3F
A% & T t<Fgure 17>, <Table 2>. M9} TS50 A
HNBAYY o] Aashs BES HAou A4 fode
VFERA] it

{em?) B Normal ¥ New
70 *

*

60

50 T

40

30—

20

10 -

o -

M1 M2 M3

Figure 14. Result for the Contact area(Walking shoes)
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(M) * ENormal © New

700 ]

600

500 —

< 7
400 —
R
300 +— : -
200 +— : -
0 T .
M1 M2 M3

Figure 15. Result for the Maximum force(Walking shoes)

(kPa) B Normal Mew
300

250

200 +—
150 +— . —
100 - — e —
50— I I .
0 - : :
M1 M2

M3
Figure 16. Result for the Maximum peak pressure(Walking shoes)

(kPa) H Normal MNew
140

120

100

80

&0

40 -

20 -

o

M1 M2 M3
Figure 17. Result for the Maximum mean pressure(Walking shoes)

O

G ContactArea
* Maximum Force

* Maximum Peak Pressure

Walking Shoes

e

{} Maximum Mean Pressure

Figure 18. Significant increases( T) and decreases( | ) of walking shoes

4. Sport shoes ¥4 A3}

) AEHEA B4

23z 2o HEE 7154 A& HEUY BAdn A
Z8 9123 Y2 247 623%Normal: 3771 cm’, New:
4272 em’), 7.95%(Normal: 42.57 cm’, New: 49.92 em’) S7}3}od
71E Q%] HlFl E& FEUALS Ui, S5 959
ZME MR} T HFS HolH 7.68%Normal: 26.88
cm’, New: 3135 o), 2892%(Normal: 2007 cnt’, New: 36.40
an)Z 5 HEWUAS B YUkFgure 19>, <Table 2>, £A%
T ASE WS P00 F=H @) - 9=
(p=000)9l1A] o] gk Apo]7F R TH(p<.05).

2) A3 £4

AR T4AF AEF 959 74 -18.67%(Normal: 372.52
N, New: 26342 N) Htjglo] 7hAalont HEE YoM
8.32%(Normal: 424.21 N, New: 501.17 N) 713t} 54 9
Z3 YZJME 217} 440%(Normal: 271.04 N, New: 29597 N),
5.21%(Normal: 26342 N, New: 29239 N)& 7|& <1< ]3|
A BREYC<Fgure 20>, <Table 2>, BA413 f94e A=
S5 (p=044) ol AT Fref gt zto] 7 UERTHp<.05).

3) SALY 4

232 qpzo] HEH 7154 Q&Y Huldy BAE A
Zx0] AL HER 9Z|XE -1503%Normal: 218.54 kPa,
New: 16142 kPa) 7HA4% AFE HQl W HEH WS M=
10.24%(Normal: 202.29 KPa, New: 24843 kPa) Z7}3}5ich 3=
7o e A5 WFeA Z7h -11.75%Normal: 23375 kPa,
New: 184.59 KkPa), -8.81%(Normal: 215.73 kPa, New: 18078 kPa)5
Ueht 718 Ql&el s} Hoisko] A AxE Bt
<Figure 21>, <Table 2>. SAIA 48L& HEH WS(p=021) -
A& (=0T} FEH U5 (p=039) - AS5(=04)0lA FolF 2
o]7} VRS THp<.05).

HYFdere B4 AEFY As AER YSMe

HaE Ads B v AERE YSeXe 5.01%Normal:
106.08 kPa, New: 117.27 kPa) Z73I3it) E55 9] 79 &5
Q)= N 2.69%(Normal: 103.37 kPa, New: 97.95 kPa), Y=o
M -17.25%Normal: 139.79 kPa, New: 98.65 kPa) i
o] A JEPdTcFigure 22>, <Table 2>. BA418 FJ4e A=
T 950127 55 WS (=034 Feg ZolE B3l
th(p<.05)
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B0

40 -

{em?) H Normal ¥ New Q Q O (@) Sport Shoes

30

G ContactArea

7] i : ¥
IR | | - * Maximum Force

| * Maximum Peak Pressure
i [ B 4} Maximum Mean Pressure

o s i i Figure 23. Significant increases( 1) and decreases( ) of sport shoes
Figure 19. Result for the Contact arca(Sport shocs)

20

10 +

5{‘;:} ENormal © New IV %'_:' ‘q
500 : T
. — . 4717 Z+ 7| ane) e A AQlE V1€ Ed WY B &
Qo] 15 74 & ALS A EAY v BAL Ea
Ml e ' : Mg &) QA B3E nEe sotsln 35 A
200 1— — | — I— = 7o a3 golgE duxl gtk
wo :I — B ohemol f2e 49 A bl JE QdnT AW
o . 5 . o] Zhallch. olelt Anke ofe] it o) o
m w s M =0l =, A7 = aPal A¥2 2 BE JHE oA
Figure 20. Result for the Maximum force(Sport shoes) =8 ARE R ol Jung et al(2010)3} Chen, Jush

Tang2003)9) AT Leh 258 Q&) 4% AR

Skl 9] SRl I 9 G 2 4 3
s e AT 292§ B A7) AgE WY ¥ 89| b5

B AAE ST 15 A6 A8T0RA B2 AZO
- 2 T, 712 WE 2 Bee] whse Akl v 4%
— S 3ep) vl A2 Uit A% g & 9
— o ohrEe] 49 AU, AU dela A ¥
- LN AR FERAR A 5 A R Dt
A e & % 9l

(kPa) B Normal ¥ New
300

250

200 4

150 +

100 -

30

H

1 w2 s a Jwo] %:29] A% BE A oA 712 & w8 )
Figure 21. Result for the Maximum peak pressure(Sport shoes) 7154 01ge] B gaby) U JeRdo) o)de 2

= 7154 A& A A 2 FHElzeEd Aldke] 8% 23

i AREH, M & 34 ol A 9sHgoE F5HoE A L ALl |

o] IV B o}#2 ¥ % 900, O BHE AP F8870] 4

120 o3t 7} FHe| e Al TUY ZREZ A% A¥S

P A%z a8 = Uk F, Aol 2] A 487

B0 +

| | - ‘4_ /1\_12"] 7]_6_}\6]01] Z:]”:]'f:f_]_- E\:l i EL% E3S ]— ZH7']E_7]- hu)
| 2% o2 Btk Stefanyshyn} Nigg(2000)] ATAE 7]
54 Q&o] AP 5o A7) $EiME 2ldte] Her

80 -

40 -

[}
o 4 B40] Foajtin AR Uk oo B 7154 A&
w1 m2 M3 ma AT 2l nepd S5 AfetA & 9o o

Figure 22. Result for the Maximum mean pressure(Sport shoes)

i
et}

BAS WAstefor & Aoz Addy.



240 Seung-Bum Park * Kyung-Deuk Lee - Dae-Woong Kim  Jung-Hyeon Yoo - Kyung-Hun Kim

A7 729 AY 71T AEe] VIE AEET $FR F7 A MAEE 5 1A G2 Qs 2 A DAk A
WAk HulgtE s HupEarstEoe] viAl B ol A K3t B 2 o= ekEh
Uuk 975 Aol AIE 7154 Q€] 7$- Windle et Wy 9 B9o] 7153 ANE FE3 7154 A& g

(1999)9] AFAH} Zo] N2 T2 T4 F5E A A& Z g A H A9 1eds 37t ¢ AT HE
ARE Al BEEEAOIA 37 %9 Qb g WAAE Esht WA AS- 7]1E A vlE) Aoz H 78S 7t
F N 7154 & ARy J&EE AFst EE WS & F ATk 28U FEESE 715 o A 4l
1SS ST § S AeE dnE: ol wg} o7} oy MA Koz Wy Y Bilo] 7heet

2¥ 2 F29 B 754 &) VIE AERT AER 754 AES AL A Ar) vol AAE B Al B
S-S Alefgt 34 79 EFoA 71E& A& Hig) qfge] S ke Y| ko] JFE g Qo) 7€ & B} ¢4
Aasle] FAES 7150 S/ 3 AL & 5 3tk ol B o] = vEhe AFS #F F 4 A%tk
Aol AFE 232 fRA|EREShY] 54374 vieol ol % M g Hlo] 7ksd aAlE A83 7154 2l
sl gusle] 7)E A& AL tglo] =A Uehtor, e AEAQl 7S Y8, dEAY 9= FF A
M Q&S B oteEzia E9E 2/ 4 E Aoz F Sl My 2 BHo] 7bed 2419 7 e Al
wetE 715 GREE e A Ax Q& dig 14

Ql A7} Reg|ofof & Aoz HIITh

EAL|
£ dFdre AZE dY seiAE B Wy 4
Eo] 7ksdt 7158 1&F V1€ A& A Het 2 54 Bums, J, Keenan, A, & Redmond, A.(2005). Foot type and
T4 7150l digt Aolg 4] st 7 Al el Al overuse injury in triathletes. Journal of the American
7154 Q& B A sk SAUEHSE Bl 4 Podiatric Medical Association, 95(3), 235-241.

sk Brown, D., Wersch, J. J, Harris, G. F, Klein, J., & Janisse,

B3 Al BAEhe SAQME W) vl BAAY ol 17 D.(2004). Effect of rocker soles on plantar pressures.
29 A% 7154 d&o] 7|1E AEHY HEUH ] Tt Archives of Physical Medicine and Rehavilitation, 85(1),
obg e Hoketo] Zylet Ao wddE HY Huyd, 81-86.

BEtEe] AE FER A e ek} 71E Q%o B Chen, W. P, Ju, C. W, & Tang, F. T.(2003). Effects of total
3 73t AL & £ don =R Y3t gg 9 23} contact insoles on the plantar stress redistribution : a
g AoE Algdth Qo] 729 A AF JlEagy finite element analysis. (linical Bionechanics, 25,
Ao B4 7150 Qs Uit HEgoz S SAUY 265-270.

BRNE 7154 Q1&o] 71& &d s AskE =& Dixon, S. ., Collop, A. C., & Batt, M.(2000). Surface effects on
BIE Holil 9Jof x| 729 7)ede] gt A = ground reaction forces and lower extremity kinematics
EZS 53 ARE} 2988 Aog Wl 97 29 7 in running. Medicine & Science in Sports & Exercise,
7154 Q&) 7IE Qery HEHA 0] Yo 23} A bt 32(11), 1919-1926.

A=}

o] #elsln} okgAdo] Z71 & Aog ATHY w3 I Hennig, E. M, Valiant, G. A, & Liu, Q.(1996). Biomechanical

i)
>
>
iy
T

variables and the perception of cushioning for running

o HAskE Y] A 2 FARAE B 2] &)

A= A RE 2 B3 A dlshs Al Bt A E A in varous types of footwear. Journal of Applied
o2 AlgHLh A2 729 AL 7154 Qo] V)& U& Biomechanics, 12, 143-150.

H} HEHA] Z7lsle MY AL 71AE 292 el Hreljac, A, Marshall, R. N, & Hume, P. A.(2000). Evaluation of

[€)
U Z3h A ) k) HgAdol U & AoE ad

S Chel, lower extremity overuse injury potential in runners.
HEA gy e ASHE USS AL 4 F9] 5o Medicine & Stience in Sports & Exercise, 3209),
A 71E Q& BIs) SkEe] st FAFST 7wl 1 1635-1641.
AL L F Ut oF Bl 7] HA A BAS= =4 2 Jeong, B. Y., & Hah, H B.2004). The change of the foot



Comparative Analysis of Foot Pressure Distribution by Functional Insole to be Transformed and Restored During Walking 241

pressure according to the material and height of the
shoe insole during exercises. Korea Sport Research,
15(1), 911-924.

Jung, J. Y, Kim, J. H, Kim, K, Pham, H T, Won, Y. G,
Kwon, D. K, & Kim, J. J.(2010). Evaluation of
insole-equipped ankle foot orthosis for effect on gait
based on biomechanical analysis. Korean Journal of
Sport Bionechanics, 20(4), 469-477.

Kanatli, U, & Yalcin, N.(2003). The relationship between
accessory navicular and medial longitudinal arch:
evaluation with plantar pressure distribution measurement
system. Foot & Ankle, 24(6), 486-489.

Kim, E. H, Cho, H K, Jung, T. W, Kim, S. S, & Chung. J.
W.(2010). The Biomechanical Evaluation of Functional
Insoles. Korean Journal of Sport Biomechanics, 20(3),
345-353.

Ko, E. H, Choi, H. S, Kim, T. H, Roh, J. S, & lLee, K
S.(2004). Effect of the Fatigue to Insole Types During
Treadmill Exercise. Physical Therapy Korea, 11(2),
17-25.

Lee, Y. K, & Kim, Y. H.(2009). Influence of Midsole Hardness
on Vertical Ground Reaction Force and Heel Strike
Angle during Men‘'s and Women‘s Running. Korean
Journal of Sport Biomechanics, 19(2), 379-386.

C. M, Lee, K. D, Oh, Y. J, & Kim, J. H.(2007). The
study on the workload decrease effect of multi-hardness
insole. Journal of the Ergonomics Society of Korea,
26(2), 157-165.

Lee, C. M, & Oh, Y. J.(2005). The Development of the Insole

for Gait Load Decreasing by Biomechanics Analysis.
Journal of the Ergonomics Society of Korea, 24(4),
23-30.

Mohsen, R, & Mark, E.(2002). Foot type classification: a critical
review of current methods. Gait & Posture, 15,
282-291.

Nigg, B. M.(1986). Bionrchanics of Running Shoes. Champaign,
IL, Human Kinetics Publishers.

Nigg, B. M, Hintzen, S, & Ferber, R.(2006). Efeect of an
unstable shoe construction on lower extremity gait
characteristics. Clinical Biomechanics, 21(1), 82-88.

Nigg, B., Stefanyshyn, D., Cole, G., & Boyer, K.(2005). Footwear
Research-Past, Present and Funure. Proceedings of the
7th symposium on Footwear Biomechanics. Cleverland,
Oh, USA.

Park, C. C.(2004). Impact and Rebounding Properties of Shoe
Midsole with Temperature. Elastorer, 39(4), 274-280.

Park, C. C.(2006). The Effects of Hardness and Thickness of
Midsole on the Bending Properties of Footwear.
Elastomer, 41(2), 125-130.

Park, J. Y.(2010). The Analysis of Muscle Activities on the
Lower Limb dur ing Wearing Functional Insole. Korean
Journal of Sport Biomechanics, 20(3), 327-336.

Ramanathan, A. K., Kiran, P, Amold, G. P, Wang, W., &
Abboud, R. J.(2010). Repeatability of the Pedar-X
inshoe pressure measuring system. Foor & Ankle
Surgery; 16, 70-73.

Ruy, T, Choi, H S, Choi, H, & Chung, M. K.(2006). A
comparison of gair characterstics between Korean and
Westem people for establishing Korean gait reference
data. Industrial Ergononics, 36, 1023-1030.

Stefanyshyn, D. J., & Nigg, B. M.(2000). Energy aspects
associated with sport shoes. Sportverletz Sportschaden,
14(3), 82-89.

Stewart, A., Casey, M., Laura, F., Patricia, M., Edward, P., James,
A., & Joseph, H.(2009). The Impact of Footwear and
Packweight on Injury and Illness Among Long-Distance
Hikers. Wilderness and Environmental Medicine, 20,
250-256.

Stewart, L., Gibson, J. N. A, & Thomson, C. E.(2007). In-shoe
pressure  distribution in “unstable” (MBT) shoes and
flat-bottomed training shoes: A comparative study. Gait
& Posture, 25, 648-651.

Williams, D., McClay, I, & Hamill, J.(2001). Arch structure and
injury patterns in runners. Clinical Biomechanics, 16(4),
341-347.

Windle, C. M,, Gregory, S. M,, & Dixon, S. J.(1999). The shock
attenuation characteristics of four different insoles when
worn in a military boot during running and marching.
Gait & Posture, 9(1), 31-37.



