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Objective: The aim of this study was to investigate the changes in ground reaction
force and long term comfort by wearing hardness modified insole on the areas of
fore-foot and rear-foot during walking.

Background: Proper adjustment of hardness of the insole based on the function
of the foot during walking would be beneficial for reducing the magnitude of the
impact and improving comfort perception. Furthermore, investigating the effect of
hardness modified insole on the levels of comfort during long-term comfort test
may be necessary for further application.

Method: Seventeen healthy male adults (age: 22.9+1.8 years, body weight: 73.1+
8.0kg, height: 174.9+3.7cm) participated in the walking experiment and five healthy
male adults from walking test (age: 29.4+5.2 years, body weight: 79.0+6.7kg, height:
175.2+1.8cm) participated in the long-term comfort test. Four insole conditions (hard
hardness insole, [HI], medium hardness insole, [MI], low hardness insole, [LI], and basic
insole, [BI]) in a 270mm walking shoe were applied to conduct the test. The data
was collected during walking at a speed of 1.3m/s and 1.7m/s on an instrumented
treadmill (Bertec, USA). Ground reaction force variables were the vertical impulse
(VIM), vertical impact force (VIF), peak vertical ground reaction force (PVGRF), vertical
loading rate (VLR), braking impulse (BIM), and propulsion impulse (PIM). Comfort
variables were the width, cushioning, comfort, and foreignness.

Results: The VIM and PVGRF were greater for the hardness modified insole (HI, Ml
& Ll) compared with the Bl during walking of 1.7m/s (p<.05). The VIF and VLR were
statistically smaller for the hardness modified insole (HI, Ml & LI) compared with the
Bl during walking of 1.3m/s and 1.7m/s (p<.05). The PIM was greater for the hardness
modified insole (HI, Ml & LI) compared with the Bl during walking of 1.3m/s and
1.7m/s (p<.05). The overall cushioning was statistically greater for the hardness
modified insole (Ml & LI) compared with the BI.
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1. Introduction

J Ergon Soc Korea

Conclusion: It was concluded that the hardness modified insole (HI, MI & LI) on the
area of fore-foot and rear-foot may be more effective in the impact absorption and
the propulsion compared with the Bl during walking.

Application: It is necessary to apply modified hardness of the insole to various
sports movements. Future study would be warrant to consider different hardness
and height in the area of arch support for a better stability and the comfort of
lower extremities.

Keywords: Hardness, Insole, Impact absorption, Propulsion, Comfort
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2. Method

2.1 Participants

£ A70j| 20C LRt 17B (age: 22.941.8 years, height: 174.9+3.7cm, body weight: 73.1£8.0kg)0| 2& HH0| £0{5}2H, 20~30CH
401 L} 5F(age: 29.4+5.2 years, height: 175.2+1.8cm, body weight: 79.0£6.7kg)0| &A|ZH &5zt ALY ZO{o}RICt 2 A= KOf
gt MYR2 Mol SOI(M|HEMS: 1263-201909-HR-042-01)2 2ot ALY O, ZE CHARIL XPLA Fo|2 Q10| &ojst
Fom, 37(7} 270mm?l St AE(Questar Ride, Adidas)2 ELsHRULCE.

2.2 Insole characteristics

2 AF0M AFBE M, 2F0 4 ZEE XF QAEFZAIY: AAL E5 SEHZ: 10-1995532)2 Ryu and Park (2020)2 £2|7|
AT0IM AFBE MEL SLSHH, MF HE= (Figure 1) ZCL 28 21& 37[= Z0[7t 267mm, HH|ZF 90mmO|, £H= TE
0| 3mm, £Z0| 9mm, OtX|7} 17mmO|C}. OtX| £2[2] 2l&2 SYUot Z= Asker-C 4022 US| HZU S5 £9|9] = 749
54 5 71t 1 7]5, Hzzof Cist X10|E HTHERYCE EH TZHE Q& (High hardness insole, HI)Q| ZAEZ7} Asker-C 50, &
A& 21&(Medium hardness insole, M)2| ZE=7} Asker-C 40, A Z 21&(Low hardness insole, HI)2| ZE=7} Asker-C 300|Ct. O|{, &
2 ol&nt HmE 9Istof Aol LYEEl Lt Q& (Basic insole, BT £ 70| ZBHE| A0, ZO|E 267mm, HH|E 83mm, &
3mm, J12|2 ZZ+= 200|C}

High Hardness

* Modified insole size ¢ Modified insole thickness ¢ Modified insole hardness ¢ Basic insole properties

v Length: 267mm v Forefoot: 3mm (C Type) v Length: 267mm
v Width: 90mm v Arch: 17mm v High: 50 v Width: 83mm
v Rearfoot: 9mm v~ Medium: 40 v~ Thickness: 3mm
v Low: 30 v~ Hardness (C Type): 20

Figure 1. Experimental insole (Ryu and Park, 2020)

2.3 Experimental procedure

I o 2 TISHSIAULE Treadmill (Instrumented treadmill, Bertec, USA) %
2, FH2S1 2% HSAZ FULL 0|F Treadmill I0IA (Figure 2)
2 MAISIHOM(Ryu et al, 2018), 30 strideS st 23o| AN IfH
1,000Hz2 A7F3HRACE
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Figure 2. Walking (1.3m/s & 1.7m/s) on treadmill

2.4 Data processing

A0 A& Qualisys Track Manager software (Qualisys, Sweden)2t Matlab R2009b software (The Mathworks, USA)E AMHE310] 54
2ET 75 HE Hog MESIYCE X2 £F PEAM LMEl= 23 (noise)= Butterworth 4th order low-pass filter2 smoothing
CHRIHEcutoff frequency)e 50HzE ARSI 3 Ao LiEE XY Q&0 Bd & 54 == % =T 7|50 0%

A
B AHEY| 2510 HES XX|Sts RX|Fs 24SIAL

ot

I
39
=
>t

2.5 Variables

2 AJ0jA 2MEH #Hol2 MMAHATI(Nigg, 2010; Ryu and Park, 2020)2 HIEO 2 (Figure 3)1t ZH0| AEE|QUCt @M, 2 =72

BW Vertical ground reaction force BW Antero-posterior ground reaction force
0.15
18 Vertical loading rate
16 . Peak vertical ground reaction force 0.11
1.4
i 0057 / Braking Impulse
) \ Propulsion phase
1 0+
Braking phase Time (100%)
08 g pl \ "
06 005 Propulsion Impulse
04 al impulse
B | = Vertical impact force x Landing time -0.14
0.2
0 -0.15
Landing Time (100%)

Figure 3. Vertical impulse (VIM), vertical impact force (VIF), peak vertical ground reaction force (PVGRF) & vertical loading rate of
the vertical ground reaction force (left), and barking impulse (BIM) & propulsion impulse (PIM) of the antero-posterior ground
reaction force (right)
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(Vertical impulse, VIM)2 F&X|7t FI|$,_P =7HRE =& X|HUt o] X7| £|C{ gk (Peak vertical ground reaction force, PVGRF)O| 2t
I X|HetE g MESHY VIME AESIRICH, VIME XA R LHR0] &R+

£0l 1 7|87|8 Mo MEEl= VIRE Folsto] ArEstRict d2jn Mz
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H
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2.6 Statistical analysis

2a Al 4k ZHO| 7te3t ZTE &0 H¥ £5 7to| Xj0|E HEET| 5t BHEEYHEFE A (two-way repeated measure
ANOVA)2 SO, AZEM2 Fishero| X4 ROkt HE W (least significant difference, LSD)2 AMHESIFICE O|f, SPSS Ver.
18.0 software (IBM, USA)E AMB3IAL M, ROFES a = .052 BHSIRUCL

3. Results

3.1 Change of impact variables according to hardness of the insole and walking speed

HEN 2= 299 2E Zrot BY £ 7H0f 54 8 T 23 HOS dHEMNTable 1), 25 HAUNM 425E 2ib= LtE}
LEX| 2EUCE VIMS| AR, Q& 7F KHO[0lAf p=.032, 1,2=.098, power=.6622 SA X2l X0|7} LIEIGOH, AISHE 2
| A

HIZ} BIOj| H
LtEFSECE Oy, 2 23M(1.7m/s) LHOIA] =& QI&(HI, MI, & L)O| BIO H|StY SAXCSE IAA LIEFLLCE VIF
o B2 B¥ £& 7t XO[0|M p=.001, n,2=314, power=9602 &, 21& 7t KO[0| M= p=.000, n,2=.281, power=1.0002 2 SHX
Ol XtO|7} LIEFGOM, At AT 2 T8 QI&(HI, MI, & LO| BIO| H|5I0] SEAMOZ ZA LIEFGCE O], Z& QI&HI, MI, L, & Bl
LHOIl A S H30| HE HA0| HISIY SHHRE A LIEIHCH, Z& £E(13m/s & 1.7m/s) LOIME Z8 Q1&HI, MI, & L)O|
BIO| HISHO SAXCZ XA LIEHHCL PVGRFO| #2, 2 &= 7t XtO|0fM p=.016, n,2=.168, power=6942 SA Xl 0|7} LE}
SACh olm, 2= QI&(HI, MI, LI, & Bl) LHOIA] B2 20| HE Helof HSIO] EAMO2 IAA LIEFGCE VIR HR, B8 & 7+
Xtolofl M p=.000, 1,2=.539, power=1.0002 &, 2l& 7+ X0J0J A= p=.000, 1,2=.181, power=.9772 SHZQl X}0|7} LIEFLIO T, At
24852 &8 2EH, M, & LO| BIOj HISHY SHXZ A LIEHECE ol ZE 2l&HI, M, LI, & Bl) L{O|A tHE H3H0| EF
280)| Hst0] EAMOZ A LIEIGCH, 2E £=(13m/s & 1.7m/s) LHOIME = QI&HI, MI, & L)O| BIO| H|SHH SAEHo =z
A LEFSCY.

= £

Table 1. Descriptive information for impact variables at the stance phase during walking

., Walking .

Variables Walkw;jg 4 Insole conditions speed effect Insole effect Interaction

spee

HI2 MIP Ll Bl p W | Power | p n> |Power| p % | Power

13m/s 0.127 0.125 0.126 0.125
VIM ' 0022 | 0021 | 0022 | +0.022 032
BW 910 | .000 | .051 |° d 098 | .662 | 472 | 024 | 187
(BWs) t7mys | 0128 | 0127 | 0127 | 0125 a>

' +0.020 | +0.019 | +0.020 | +0.021"Mt

13m/s 0.735 0.735 0.728 0.762
VIF ' 0104 | 0103 | £0.100 | +0.118™ 000
BW .001 | 314 | 960 | d>a, | .281 | 1.000 | 389 | .031 269
BW) \7mjs | 0889 | 0884 | 0887 | 0905 b, ¢

' +0.122" | £0.126" | +0.119" | £0.135™ML

http://jesk.or.kr
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Table 1. Descriptive information for impact variables at the stance phase during walking (Continued)

. Walking .
Variables V\S/;!(;gg 4 Insole conditions speed effect Insole effect Interaction
HI2 Mmib LI Bld p n> | Power | p W | Power| p 1% | Power
13ms | 1099 | 1103 | 1099 | 109
PVGRE ' +0.191 | +0.185 | +0.189 | +0.193
016 | 168 | 694 | 094 | 064 | 542 | 369 | 032 | 280
BW) \7mys | 1271 | 1267 | 1268 | 1249
M5 401917 | +0.188° | £0.186* | +0.195°
13mys | M5 | 6532 | 6440 | 6741
VIR : +0996 | +0981 | +0.917 | +1.240MM .000
B9 .000 | 539 | 1.000 | d>a, | .181 | .977 | 770 | 012 | 122
\7mys | 8829 | 8817 | 8877 | 9163 b, c
+1215" | £1.300" | £1.190" | +1.421"HML
13mjs | 0014 | 0014 | 0014 | 0013
BIM ' +0003 | +0003 | +0003 | 0003 008
001 | 280 | .928 | a, b, | .115 | .840 | 928 | 005 | 077
(BWs) {7mjs | 0018 | 0018 | 0018 | 0017 c>d
VS 140003 | £0.003° | £0.003" | £0.004°HM
13mys | 0022 | 0022 | 0022 | 0021
PIM ' +0004 | +0004 | +0004 | +0005"M -000
138 | 067 | 314 |ab, | .213 | 993 | 775 | 011 | 120
(BWs) {7mjs | 0024 | 0024 | 0024 | 0023 c>d
VS 110004 | £0004 | 0004 | +0.004HM

HI: Hard hardness insole, MI: Medium hardness insole, LI: Low hardness insole, Bl: basic insole, VIM: Vertical impulse, VIF: Vertical
impact force, PVGRF: Peak vertical ground reaction force, VLR: Vertical loading rate, BIM: Breaking impulse, PIM: Propulsion impulse
*indicates significant differences between walking speeds, H indicates significant differences from HI, M indicates significant differences
from M|, L indicates significant differences from LI

3.2 Change of braking and propulsion force according to hardness of the insole and walking speed

BIMO| B2, B3 £z 7t XtO[0A p=.001, n,2=.280, power=9282, 2I& 7+ XO|0| M= p=.008, n,2=.115, power=.8402 2 SH%
Q1 Xo|7t LIEFH OO, At2AE2 ZTE Q&(HI, MI, & L)O| BIO| HISt SAHXM2Z 37| LIEFHLE o|Mf, ZE QI&(HI|, M, LI, & BI)
LHOA 2 230] 28 A0 H|SHY A2 IA LEHGCn, HE Ba(1.7m/s) OIM =& & HI, M, & LN)O| BIOj| H|3St
of SAM2Z IA LIEHIC PIMO| B2, &1F ZF XHO[OIAM p=000, 1,%=213, power=9932 SA X2l XtO[7} LIEHE O, A2 AT
2 Z8 QA&HI|, M|, & LNO| BIO| HISIY SAME A LIEFHLE O|Mf, 2E £E(1.3m/s & 1.7m/s) LHOIA EE A& HI, M, & LI)O]
BIO| H|StO] EAXoE AA LIEFRLC

3.3 Change of long-term comfort according to hardness of the insole and walking speed

MED 30| Y= AHO| K5 USSS 2 3Y 7 HBOHD ZARE ML FTHe (Figure 4, 9 ZTH HED FF| T
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Forefoot Width

Forefoot Cushioning

Forefoot Comfort
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Rear foot Cushioning

Rear foot Comfort

Hard hardness insole B Medium hardness insole

M Low hardness insole W Basic insole

Figure 4. Long-term comfort of forefoot and rear foot

Foreignnes
70

M, LI > BI
Overall Overall
Comfort Cushioning
Hard hardness insole =&~ Medium hardness insole
==~ | ow hardness insole == Basic insole

Figure 5. Long-term overall comfort and foreignness
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4. Discussion
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