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Jung-Hwi Woo' - Joong-Sook Lee' - Jeong-Ok Yang' - Bom-Jin Lee' - Kang-Ho Bae'-Dong-Wook Han’
Sang-Muk Park’ - Jin-Woo Bae'

' Division of Kinesiology, College of Health and Welfare, Silla University, Busan, Korea
* Department of Physical Therapy, College of Health and Welfare, Silla University, Busan, Korea
3lndustry—Amr(1.91711'0 Cooperation Foundation, Dongju College, Busan, Korea
*Foot Health Company, Ltd, Daegu, Korea
Received 27 November 2014; Received in revised form 9 March 2015; Accepted 16 March 2015

ABSTRACT

Objective : The purpose of this study was to analyze the foot-pressure distribution of 2D(2 dimensional form) & 3D(3 dimensional form; a customized
arch-fit for posture correction) insoles for assessing their biomechanical functionality. Background: Recently there has been increased interest in both foot
health and foot pain patients. Analysis of the plantar pressure was often used to solve the problems of the foot displayed by such people as rheumatoid
arthritis patients.

Method : Subjects who participated in this study were 17 female university students who had no previous injury experience in lower limbs and a normal
gait pattern. The shoe size of all subjects was 240 mm. Two models of insoles of 2D(typical flat insole - 2 dimensional form) and 3D(special production
- 3 dimensional form) were selected for the test. Using the Pedar-X system and Pedar-X insoles, 4.0 km/h of walking speed, and a compilation of 50
steps walking stages were used to analyze foot-pressure distribution.

Results : Results of the foot-pressure distribution and biomechanical functionality on each insole were as follows; analyses of mean plantar pressure,
maximum plantar pressure, maximum vertical GRF, and plantar pressure curve shape all showed overall low plantar pressure and GRF.

Conclusion : This can be evaluated as an excellent insole for low levels on the plantar pressure and GRF. Therefore, it is possible to conclude that
according to this analysis the 3D Customized Arch-fit Insole was better than 2D insole on the basis of these criteria.
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S HESt] FE 3o FAEO] QItkKim, Cho, Jung,
Kim, & Chung, 2010). 17Fo] Ejolubr] it 60474 A
Al oF 16000 kmP=olH, 1 kns 2T wiwic} 11004
o] FA g2 Holof sar, wush AHel mjd 10,0008 7
% E0] &£9THChoi, 2001; Woo et al., 2015).

U= 1990 o] F W3 gl i) ddd o
7b 23] o] oAl QLo (Kim, 2006), WY Lokl
SAUHREES o] &3 B B Ay A-HE A7} o] Fo
2|3l Q) tKPark, Kwon, & Kim, 2003; Lee, 2005; Jeong, 2005;
Choi, Kim, & Lee, 2005; Seong, 2006; Lee, Lee, Kim, &
Yoo, 2006; Kim, 2006; Son, 2007; Kim, 2008; Kim et al.,
2010; Lee et al, 2011; Kim, Lee, & Jang, 2012; Lee & Lee,
2012; Moon, Lee, Kim, Jang, & Jung, 2013; Cho & Kim,
2014; Clarke, 1980; Perters & Runge, 2001; Diliberto,
Baumhauer, Wilding, & Nawoczenski, 2007, Woo et al.,
2015). B3 SAQE L AHnbE S o] &g W v ARl
T A&7 By QIoKKim & Lee, 1996; Linm, 2003;
Chae, 2006; Choi et al., 2006; Lee et al., 2011; Barnett,
Cunningham, & West, 2001).

58 Fope] AldF o SAETA A9-=(Shin et
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1995), “2]7|(Hennig & Milani, 1995), 7!7](Rosenbaum,
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(Woo et al., 2015).
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Kerrigan et al., 2005; Kerrigan, Todd, & Riley, 1998; Lee,
Shieh, Matteliano, & Smiehorowski, 1990; Opila-Correia,
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&(Fry, Smith, & Schilling, 2003; Powers, 2003)°] LR} ¢l
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McCabe, Linge, & Klenerman, 1996; Woo et al., 2015).
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QP Fude] g, A2 24 B A9 2
29lo] AsiZh QIglom, YA nAEAS
A7Fsk oz gy 174S
Aoz B 240 mm i5ith A8 ANE] Aol A7)
AAEIA ARel A5} Agstel Bate] Agaa fo
AR QAL APEA o R FoME Wgith ATt

9] B2 <Table 1>3} ZTHWoo et al., 2015).

Table 1. General characteristics of the subjects
Foot length Arch of the
N=17 Age  Weight Height (mm) foot(mm)
s kg (Cem) T R L R

A 21 600 167.8 236 237 17 17
B 20 424 1642 233 233 14 14
C 20 510 1622 219 20 2% 21
D 23 762 1660 234 234 20 20
E 20 88 1663 234 234 18 18
F 25 65.7 1643 1% 1 1 1
G 25 K3 1604 28 230 15 13
H 23 536 1655 ) /) ! PA]
I 21 564 1568 24 24 18 18
] 21 82 1680 239 240 13 12
K 26 607 1634 239 238 17 17
L 27 502 1605 234 233 19 18
M 2 506 1634 233 233 20 20
N 20 564 161.1 28 28 12 12
0 20 528 1642 233 233 21 21
P 20 9.1 1577 236 236 16 16
Q 20 536 168.1 237 237 PA] PA]
M 20 %11 16318 23300 23318 1776 179
SO 3% 151 352 590 571 39 3%
2. & 5
ol

& QU A3 3D ALY AD)E
% St o] Aol ALE Q1 AJo]ZE 240 mm o]
AR oltde] ek FAe]

nAE G Eol7] Sl who] FHel AkE AdEsigle
m, AALO] == Pedar-X system?] A4 &olaHl sb7] 9l

3 260 mm= Stk AHY &L <Figure 1>3} 2tk

3D insole

2D insole

Figure 1. Insole models
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Figure 2. The division of plantar region
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3>3} o] Efudold BEAET 40 kmyho] REoH B Table 2. Measurement equipments
F3} BT AAAEE TAo) o) A w7 AGs A Pedar-X system
AlgE & 2 AS AAIEITHWoo et al., 2015). Size 150x100x40mm
Weight 360g
i Sensors 256/1024
) Frequency 20,000 sensors/second
Type 32MB internal flash
Time 25min at 100Hz to flash memory
Interface fiber optic/USB and Bluetooth
Pedar-X insoles
Size 22 to 49 (european), 3 widths
Thickness 1.9 mm (minimum 1mm)
85 -9
15-600 or 30-1200 kPa
25 0r 5 kPa
& B
]gl,

Sensors
4.0 km/hol
Iy

Range
Solutions
22D 91%3 3D Q& 9ol Pedar-X insoles
P&
] o]Fo] A w7 <d
e |

a4 &
T @A Agsh siglon B
Fol &I} Ha7t AR F5o
g W F ByFHo] Adxde A+
251 7t 5019 AN ARE TRt
4. AEAT
s HEHo] AAAHA 39 339 V] F 13
o A7IE AEeila, et ¢ A Zb7} sone] 54
A A=E A Pedar-X systemOlA Al gohs X2 1
< BEato] Fralsink AnSAAE AgdAtel wet 7}
S34 HE 2D Q£ 3D A& ARE AF T §5E
Lhro] e] FASANE, AUSANE, AuiEe A
siglom. AntE e +d ge deA BE ATes
Fol EFESAIATE EAAEE SPSS Ver. 210 XEIFHE
8ol SHER ttestE ARSI M, SAF FoleES
a = 05% A7gst3ich

. A2z}

o] AelA9] 2D Q&3 3D Q&S] FAUEE F7slo]

(A : Pedar-X system, B : Pedar-X insoles)
Figure 4. Measurement equipment
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EEZEL’LI

km/hol Pedar-X system°l|*] #| &3]
Ei %‘3‘5}0% 2D Q&3 3D &S] FHEA Y
o] A3t Ay} <Table 3>0412] AujoA] o] Hf

g 3¢ 39‘ A5 2D Q& A 104.45:9.80
-0 3D Q19 H2 96.25+9.50 kPa®Z -
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Table 3. Mean plantar pressure of 2D & 3D insole

(unit: kPa)
i 2D 3D )
on MeantSD  MeantSD P
98.69 91.06
ot 371 17 1716 0%
foot 10445 96.25
right 9,80 0,50 2477 019%
4179 4156
mid Eft +1051 £965 065 99
foot | 4172 4295
right 1155 sy T
139.73 125.74
e +1878 1925 245 0A0
foot . 144.49 126.19
R 0 i 330
< 05
ke TR 73001]h 2k 2D Q1£9] it 139.73+18.78
kPa, 3D ¢14:9] 739125.74£1925 kPaZ +oaHA 7H4akd

3, SEn Wi 2D 914:9] 7% 144.49+17.97 kPa,
3D Q149 79 126.19£13.42 kPa® FYsHA 4%t 2po|&
Holt} AR el = 2Dgk 302 FAFAUHE F
oJgt Aol= itk

H]—E U]—

HEET 40 km/he Pedar-X systemlX Algdhs X271
= Z483t0] 2D V& 3D Q& HYEAYYE 5%

ot édw <Table 4>0][x] 2] Axjol|A] o] HujEA 5t
5o 2D Q&9 HAS 331.62£77.01
kPa, ¢4t 1-@%4 3D 914:9] HitS 3244417840 kPaZ 7+

&
e rfr

Zx3pglont FOh Apoli= HERA] dgiTh o2 SR
2D 9149 HE 367.3560.02 kPa, Q21 AEH] 3D <l
9] 31 318.53475.00 kPaZ FolahA| Thadt Aol W

Atk FEHNE 2D %] HUjSA S i 14735

+42.84 kPa, 224 150.50+47.08 kPaZ 3D <1&9] ¢t
141.35+47.35 kPa, 224} 144.85+49.56 kPa®Z 3D Q&9 F
gEsAUgE o] A EHEG oL 79d Hfol= HolA] gk

tf S559 HYSAYES 2D 9149 9y o 2uko. 747}
228.53+34.64 kPa, 240.09+37.08 kPa® 3D ¢1£:9] ok 0=
uko] 230.15+43.53 kPa, 225.29+3226 kPa¥} 9|3k xjo|7}
UHEREA] QFgi

Table 4. Maximum plantar pressure of 2D & 3D insole

(unit: kPa)
_ 2D 3D
section t p
M+SD M+SD
3BLE2 30444
e left Yol 178.40 269 789
foot . 367.35 318.53
ight Lo sep 209 oM
147.35 141.35
- left o 1735 387 701
foot . 150.59 144.85
ot igos wese M6 T
22853 230.15
left -120 905
rear +34.64 +43.53
foot , 240.09 22529
ight 3708 B

H3ET 4.0 km/he] Pedar-X systemol|X A|gdh= X271
Aqs %%3}0% 2D Q1&3 3D &9 Hulg] Aunks &
Aato] ZHzre] FEate] AlFoR o] RT3 AlA AT
A= <Table 5>014 9] AijolM o] E=31% Huj2 A
Rk o] A AEFC] 2D Q1&e] by @ ko] Ak
gL 247} 10.66+0.79 N, 11.1120.60 N2 =457, 3D ¢
&9 kvl @ 9] AR 9.67+0.87 N, 10.24+0.83
Table 5. Maximum vertical GRF of 2D & 3D insole (unit: N)

2D 3D
section MeantSD M ! P
+ ean+SD
10.66 9.67

e left 1079 087 3471 002%

foot

 right L6 o a0

4.08 408

i left 077 071 02l 983

f

' righ ;‘50883 f(')z& -414 681

1025 8.77
ar left o a6 2103 043*
foot . 10.59 924
it ) s 08

*p< 05
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NZ 2D Q&R o 2ad AuEs Yehjgltt =
Z£H= 9D 9149 odh 9 26l 408077 N, 4.08:0.83 N, I}
3D Q149 4.08+0.74 N, 4.20+0.83 N7} zjo]7} VFER}A] o}
th $ENoME gk oEW BE 2D €9 10.25+1.53
N, 1059+131 N Kt} 3D 91£9 x|uuke] 877246 N,
9.24+1.08 N FoaHA a9 o] veRdth

4. 5918 A% B3

HYET 40 kmhe BAA Pedar-X systemol|M A Foh=
TRIYE 2Eajo] 2D Q1E 3D Q1E9] TP AT
X5 IYHOF YERo] #A% A= <Figure 5>9F 2ol H

o] & SHEEEES Uehd F91Q0E 2D Q&S] SANEHE

| )
¥7} 3D Q&Y HAo] Wol e 20w & 4 gl

2D insole 3D insole

Figure 5. Parts of Plantar pressure on 2D & 3D insole

HET 40 kmhe RA] Pedar-X systemol|A] Al gsH=
xg s dgate] 2D Q1EH 3D &9 YEFH olF
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JolsdzE UeEd 2D 9143 3D 9149 ¢S
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]

ux 2 oi

o
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>,

S

3D insole
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Figure 6. Path of centered movement on 2D & 3D insole

6. AtkE At Arenee) Je 2

HEEE 40 kmhe] H3A] Pedar-X systemol|X] A|¥8H=
Zg s ggsle] Utk Q13 3D Q& AEA] 50 AF9
& A AdSATE T AdAuety FeE aHeE
Uehflo] #4118 A= <Figure 7>3 o] 505 BT T3t
FeS A stk

o
Force [N]
{-1200.00

o
Force [N] [Pressure [kPa]
1200.00 | 600.00

a
Pressure [kPa]

600.00

600.00

50 Time 0 50 100 %
2D insole 3D insole

Figure 7. GRF form of 50 steps on 2D & 3D insole
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of HAZQl 3 w|ZITKCavanagh & Lafortune, 1980;
McNitt-Gray, 1993). webA] 24 Al QIAZ} W= S45 24
S Fshal AT Sleide i vE dEel W
e ou oAHolEAL f71Aos FAACE FTHCho
et al,, 2012; Yeow, Lee, & Goh, 2009; Woo et al., 2015). ©]
2 ABATANEE B HeF FESAYYS e
o] ulgdgt 207 At e, ¥ A7Ae] Ht
A4S iy} 9B B 2D LN 3D Q&S] it
SAUHo] A9} F5FeI BF v yehd o £
AEqITh webA ogjdt A= 3D Qléo] 2D QlEET
Hietel] b Fohs do] T A0 FAH

HS TogE 2
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WP b, 53] Holo] Zlek A F70) 37
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&}3l(Dufek & Bates, 1990; McNitt-Gray, 1993), & $22
Fal7] e A9 == ¥HYE o A STMIA
SHARE QA7 TS A7) S8l vE #2414
S7MN71A FtFry et al., 2003; Powers, 2003). ZA] A]
AU S7AZI7] S8 AR w3t AE R
A8, S4s Feb] dall ASsHA S3AA F4S
FA)ZITHCho et al., 2012; Yeow et al, 2011; Woo et al.,
2015). Mann(1980)°] A7Aze] m=w 278 <t o
Ao 22w Huojgr] AunkEe AFe] 2~3u)¢ o]
21, 70 kg AFFo] 1kmE gl FQF 3 o] wk= &
A2 oF 11020 g3trtar gty o]t A1 =
Baa gE)7] HSAGEY Hord AuniEs wo
FTAE A7 Aol nigg Zlow AAstal Sl
2 A7E3e HuSAdEd Ao Awnkgs oyt
QEu T oD 9149 HHt} 3D 149 Hujrz At
o] B v Uehd o7 BAEQTE web o]z
1= 3D Q1£0] 2D Q&) W] JleiA= FAES
o] T Zlow Wi 4 itk

W ot O gt

H

oy D

r

~

2 A7el FE APATAYE B By &
71 FA Al FAEFTE A AAE 3l o
Fo]ATKCho et al, 2012). Choi (2001)2] A+4¥} ¢17lo]
glojubA] e 604174 e AZls oF 16,000 kmg=olH,
1 knE 23 wmjc} 1100H0] @A B Hojof shal, ot
o5k o] wWied 10,0008 FE Sof S Fio] FZo]
nhEE 79 sl 7154 (Hootman, Dick, & Agel, 2007;
Olsen, Myblebust, Engebrestsen, & Bahr, 2004; Woo et al,
2015)°] ok A Qlth wWEp of#@ AYATATEE
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= 7 orE ulghdelA 3t Ao ANt
3 Ans Foerd 3a9 94 729 3D
JERTE F9Pd FAUY vt A dErst
3] <Figure 5>¢lA19} o] F2M2p Wb o] 2t
7b @ow BETE e shtel] Fghe Wol £ 4 9l
npAek] ok ZoR B7h & 4 QlH), 2D Q&
o] A oyt ds vER ZloE HFrte 4 otk me
A% 3D Ql&o] Unk QlERT] §-

oft L
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A

M
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s
S

o
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o
&

>
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o

ARt

-

e oo R
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o
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)

o Aok gl Ao BHLY ¥ AT $8 YA
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207 A

= A7l e AYATANE vuRAEdE A
7FiAE 44
Fefell Qo] 2|, FHAA, AR LGS W
9] AFES $52AE gt o] o F4go] 7 A
A ¥sk= R2 F8ES- 4 4(loading response peak)©ll 4] Al
9] I 5 o] el 913le] 71Xt Cavanagh,
Lafortune, 1980). ©]$} 2 AP+ Ays & A74¥s}
HlAE A 2 AA el A= 3D Q1ES] A9 2D &
Hop oA ol Adnky BE sk PR O
ERsiTh oleldt HSARY I Holrd] vt )
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