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Objective: The purpose of this study was to evaluate the biomechanical effects of
insole material and hardness in different plantar regions on the comfort and impact
absorption during walking and to analyze the correlations between comfort and
impact variables.

Background: It is necessary to apply materials tailored to the functionalities of
different plantar regions during different phases of the gait cycle: the rearfoot portion
should absorb the impact force during the heel-contact phase, the midfoot portion
should support the entire arch, and the forefoot portion should enhance the swing
efficiency during the toe-off phase.

Method: Twenty men in their twenties were recruited for the study (age: 23.4+2.7
yrs; height: 175.9+4.1cm; weight: 72.9+9.4kg). They wore insoles in random order.
Pedar-X system (Novel GmbH, USA) and Treadmill (Instrumented treadmill, Bertec,
USA) were used to measure the plantar pressure and ground reaction force. The
walking speed was set at 1.3m/s and 1.7m/s. The sampling rate was set at 50Hz and
1,000Hz, respectively. For comfort testing, the subjects administered a questionnaire
survey using the visual analogue scale (VAS) after walking Tkm. Three insole models
were tested: Insole A using a mixed material with shock-absorbing and anti-rebound
components uniformly spread throughout the insole; Insole B and Insole C using
sponge and ethylene vinyl acetate (EVA), respectively, as underlying material and
strengthened with shock absorber in the rearfoot portion, high-hardness material in
the midfoot portion, and anti-rebound function in the forefoot portion. The impulse,
mean impact force, initial peak of ground reaction force, and loading rate were
calculated.

Results: First, Insole B significantly outscored Insole A in terms of the forefoot
cushioning comfort (p<.05), with Insole B and C showing higher overall comfort
scores compared with Insole A (p<.05). Second, Insole A showed higher mean impact
force, initial and peak vertical ground reaction forces, and loading rate compared
with Insoles B and C, but without reaching statistical significance. Third, Insole B and
C showed statistically higher mean pressure in the midfoot portion compared with
Insole A (p<.05).

Conclusion: Positive effects in terms of comfort and impact absorption were
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demonstrated by the insoles fabricated with different materials and hardness tailored
to the functionalities of different plantar regions in comparison with the conventional
insoles using the uniform material throughout the insole. In particular, positive effects
on overall comfort were found to be ascribable to the enhanced hardness in the
midfoot portion, which supported the arch more efficiently and contributed to an
even distribution of the overall pressure on the plantar.

Application: The study results can be applied to insole development as follows: Insole
material and hardness should be varied for different plantar regions, and shock
absorber and high-hardness material should be used for the rearfoot and midfoot
portions, respectively.

Keywords: Insole material, Insole hardness, Comfort, Impact absorption

1. Introduction
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of AFBXIS| =N EHE RALE Sot0] Mol MM (fitting)nt A% 8 (expansion), 7 X4 (flexibility), 12|21 #=S4(adaptation) &
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2.1 Participants
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41em, HE: 729494kg)2 2 MFSHALE. 0|, 2 A= KISt SR Mol S0l5 HADI@A E2|HS: 1263-
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2.2 Experimental procedure

CHARHE Q19 BRLE HEHE QXS] 2ot 4(blinded test)Of A THEROD, Q& &8 &M FE2|(randomization) HHO 2
4 2H0f| 997 MM 7t LHEHEl Pedar-X system (Novel GmbH, Germany) Pedar insole2 & {5}
of HA[SIIoH, Y £ 50HzZE AL ALS &8 5, [AARR &S |E517| 2/6t0] 52 7t FH| 252 HAlS
OO, Treadmill (Instrumented treadmill, Bertec, USA) IO Af (Figure 1)1t Z0] 13m/sQt 1.7m/s S 2 2 HA|SHRCHZhang et al,
2012). O, 30 strideE &F3l0] EH0| OFYM o2 A IHS EO0|= 10 strideE 240 ZEGFOH, Y £ 1,000H2
MLt Aolzh HAHE 1km 28-S HA[SH F Visual analogue scale (VAS) 2 ZAIE A A8 20{(Mundermann et al, 2001;
Mundermann et al, 2002, Mundermann et al, 2004), 82 22 ¥#8AX| HH|et M, FEX| HH|et M, Hotg J2|1 MMl o
Otsto 2 Fgsto] 2 AT SH0| ettt E =, St 22 (Figure 2)9t Z0| ZF HEHEZ 15cm 20|12 F Hio| EA|
_

Yoz AL, SIS 722 RF0 /MEsE 8 52 HY, HFM JMtesF UE 32 2HES Q0o

Pedar—X system calibration Static position (Reference) Walking (1.3 m/s & 1.7 m/s)

Figure 1. Experimental procedure
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Figure 2. Visual analog scale

2.3 Insole information
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Insole length : 265 mm
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A type insole

S.A Spon\gp
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Figure 3. Insole & shoe
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EVA (Ethylene Vinyl Acetate)=
O, EVAS| S¢2 O 2t Z4tH| 2o SR 2t =
Ol &0 As+F THL HAH SRE AS+F

| J
Comfortable

TOIA AFEE AEe SUDH AZASHEEY: LEA 142, Prospecs, size: 265mm)

o 22 Ethylene) 2t
EtMED & MAT TN Entd S0| Sek|s
= nEot HI%

A H(Vinyl Acetate)2] 35

* Thickness of A insole
v~ Forefoot: 4 mm
v Midfoot: 9 mm
v’ Rearfoot: 8 mm

* Thickness of B insole
v~ Forefoot: 4 mm
v’ Midfoot : 8.6 mm
v’ Rearfoot: 9 mm

* Thickness of A insole
v’ Forefoot: 4 mm
v Midfoot : 9.4 mm
v’ Rearfoot: 8.6 mm
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ot d43 & M2 AFEEl Fusion EVAE 524 S4=(Shock & Absorption) 7|t

2 Xl= EVAE 2E3510] HES AME 21& HIS THO| SUSHA HEe £40| ATt o, B &2 L, TE 2|9 R E Sponge
£ BHHERY 7158 X AHEX|0|1, BF 22|29 H. H Sponget 60~65 ZEZ FME 1A (High hardness) AHX|E ALESIHS
o, & 299/ S. A Spongee £4 &5 7IsS Xd AHX|O|C} WEM & H(0M Ylsl= 5Z4S 27| ©E 22
s 20|, 55 2= 189 AME Sl Y ES =0l2= =& NEL|QUCE OX|L2 2 C 2149 42, TF 299
R E EVAS HHHEHRY ATHE A 83 EVAO|L, $F2| WF £29/9 H. H EVAE OIX|E °+’SEOE XX g42 14 ATE M3t
EVAO|Y, =& H2[0] S A EVAE 54 S AXE M8 EVAOICE Q& Bet CO| FR3%t X0l £F 220 HE8E 1AL AX{Q|
HE 229 HolojM T 212kol Q& 7tol= O[ASH =0[0f Xto|7} EXYSIALY.

2.4 Data processing

o1& ROl mat QMo FEEE F4 L 2ot 2EE

HoIZ MEZ RISHA Qualisys Track Manager software (Qualisys, Sweden)
2 Matlab R2009b software (The Mathworks, USA)S AF2SIRACEH X|HEHE Xtz = 25 aH0A 71 X} noise)S HMAH3BH7| /5H0
Butterworth 4th order low-pass filter2 smoothing 3t 2, Ot XtEt FhtE 50Hz2 AHSHRICE KHEH FIb(cut-off frequency) Z
H2 FFT (Fast Fourier Transform) £4& HA[StD FO=2 HehE M0 CHsH PSD (Power Spectral Density)E A4St =X & PSD
0 999% &5 4 A2 E4o EHO Aoz 7t3510] ZFSIAUL:. d2|n ZXNYH2 7|2H 2 425712 BHEA(17X52)E

A
=
HIE o2 9971 MM 7t 2E3l= Pedar-X system Q&S O|8510] HIE IX[E A4S FHSRAC
2.5 Analysis phase

BHFI|(gait cycle)?| 62%0] siHste RE FEX|7t K|

Ql&o| BIE HQIStY| 2I8t0] MBS XIX|st= Fte £ASIRIC, &
o = =ZtRight toe of)7HX|2 &% X|X| TLZHRight stance phase)

2
e #7HRight heel contact)FEf 22 2E0| X|HOA EOX|
2 MESACHMummolo et al, 2013).

2.6 Analysis variables

4 (mpulse)2 EX| =7HEE =2 X|HUH0| XX Z|CHgho] LU= AIEMKE HA| W g4 702 7HFES0] =3 X|Hit
HE MRt & 4TS AEGRCH, |, AQAIZICE L0 HX| 72+9| R SZH(Mean impact force)2 AESIRACE 5
I X|HutHo| XX ACHZtS AQAZICR LHRO| X ACIZIKIQ| 7|27 M0 ME s £5t2(Loading rate)2 F2|5t0] #|
ARSIGICE ol X|HEHE Xt2& X B (Body weigh) Q2 LIF0 MA| AEfo| X|HEIAS 12 EESISI0 CHAXE Zte] X Z2o| Xt
oM 2E 2XE Mot ML —.H‘”E‘O 7|8 X 425749 DHEE'*(WX HIEIOE 997Ho| YA FHSI (L

—.—u-l
ruTru

o =
=
2 TE50 =& (Rearfoot),

5
YHUS LHESIRUACE oM, ZX Yo FAH2 LM =XHHQ HF £} m{EO 220
9| = foojm, FYOl HOl= Pedar-X system

f [ I
S5 Midfoot), MEF (Forfoot)?| E2|El FYMask) 22 TESHY Ho LS ﬁ%ﬂ?‘i
9| Mask tool= AHESHRALCHPark et al, 2011; Yoo et al, 2015).

n

2.7 Statistical processing

Ol& 990 M2 Xt0|E AMHET| $/5l0] e HEEM repeated measure one-way ANOVA)S HA|SIOH, AAZEM2 [SD &
B2 AESIQICE Eoh 524 3 SN Y #olnt Aopzh dup 2to] HEFEEE AmET| /510 Do&2| HE 42 $=(Pearson's
correlation coefficient)yS AI23IHOM, Bl £ 0 Atgio] AA S AT QULCE O, SPSS Ver. 180 software (IBM, USA/E AtE
SIoH, FOIFFER a=.052 HYSIRALE

3. Results
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QUdt HH(1.3m/s)T} HHHE 3 (1.7m/s)S
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HASIO] S BOLE, SHYHS UEIIACH, AE0| et AHBES HIISHAA Aotz EIH7h A ULt

-

M, tkm HOtol B3 T &5t wr% AIQ ZIte (Table 1)2F ZC A &= 0 ME 229 FME2 A 2&0] 461+
174%, B 21£0] 593 + 104%, C 21&0] 50.1£225%2 LIEHHO| M2} F=3391, p=.044 =F0|A SAHZEQI KI0|E EUOH, A2 EA
OlM= B 21&0| A 21&0] HIBLO Eﬁlx* 2 S HEIHCHp<.05). ot MU0l A5t2h2 A Q1E0| 54.5+202%, B 21£0| 67.2+
12.6%, C Q1&0| 654+17.1%2 LIEFEO| 2t F=3.250, p=.050 =Z0|A SAHZEQl Xt0|E EY oM, AAZ2M0|M= B C Q1&0| A
QI&0] Histo] SAMCE =A LIEFRTHp<.05).

Table 1. Descriptive information for comfort test

No. Question A insole B insole C insole F p Post-hoc
1 Forefoot width 57.5+13.6 6161126 59.2+18.1 519 599 -
2 Forefoot cushioning 461174 59.3+104 50.1+22.5 3.391 .044 b>a
3 Heel width 61.1+14.8 61.2+15.9 68.1+10.7 1.765 185 -
4 Heel cushioning 63.2+21.8 62.8+16.8 68.5+17.0 758 476 -
5 Heel cup fit (Stability) 5804233 60.6+17.6 65.2+19.7 576 567 -
6 Overall comfort 54.5+20.2 6721126 654+17.1 3.250 .050 b,c>a

FHMEZ BEY A QEY XX UM LIEHE SAZN 7 4, +5 AT 82 (Table 2-3)2h ZCt &
g 228(13m/s)dt WHE 2&(1.7m/s) 0N B SA 5 X|HEE x7] AOigh, 2582 A 21£0] B, C 2&0] Hlsto] A Lt

=2
EftoLt Q& 7ho| SAHQl Kol= BIUCt

Table 2. Descriptive information for impulse variables during walking of 1.3m/s

Variables Ainsole B insole C insole F p Post-hoc
Impulse (kgm/s/BW) 0.12£0.02 0.12+0.02 0.11£0.02 658 524 -
Mean impact force (N/BW) 0.65+0.05 0.63+0.09 0.62+0.07 972 .387 -
V_GRF peak (N/BW) 1.05+0.09 1.03+0.15 1.02+0.12 A87 618 -
Loading rate (%) 6.08+0.89 5.93+0.63 6.02£0.84 707 499 -

Table 3. Descriptive information for impulse variables during walking of 1.7m/s

Variables Ainsole B insole C insole F p Post-hoc
Impulse (kgm/s/BW) 0.11+0.02 0.11+0.02 0.11+0.02 101 904 -
Mean impact force (N/BW) 0.75+0.06 0.72+0.09 0.73+0.05 2181 27 -
V_GRF peak (N/BW) 1.20+0.08 1.16+0.13 1.18+0.06 1.569 221 -
Loading rate (%) 8.78+1.46 8.36+1.35 8.44+143 2615 .086 -

=il
>
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oin
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O
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N
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ot
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M oBRZ, 2 Al QEE XX FZHOIA LIEHS SHYH Higa BE, S5, 25 2902 3 YU (Table 4-5)2F 20 Lt
HA(13m/5)2t WE EH(1 7m0 SHYE K BE 25 2909 Bu YHU2 A 20| SAXH xto|7 YACE ALt
S5 220 H7 Y2 Lot H3(1.3m/s)0A] A Q50| 23.02+11.34kpa, B 21&0| 31.87+13.78kpa, C 2140 30.83+£12.86kpa= Lt

Etston, e 23(1.7m/s)0 A A Q1&0] 25.18+1287kpa, B 21&0| 31.50+861kpa, C 21&0| 2855+1391kpaZ LIEFGCE O, Lt
EH(1.3m/s)of MEF F=4695, p=.015 +=F0|M SHZH XI0|§ EUCH, AZE2M0|M= BRL C 21£0] A Q1&0] H|3I0 SAEC=Z
A LFEFHCHp<.05).

DixISto 2, el Zutet SEOEHY Hol 2t0] ABEE (Table 6T 2Ch A Q12T S5 OSHH Bl 240 MBALE HE 2
of BR YW =340, p=.032 2EOIN Ot HE| HEMTBAIL LIEHICE 3, B OS5I SESH BOl 20| HBASE

Table 4. Descriptive information for pressure variables during walking of 1.3m/s

Variables Ainsole B insole Cinsole F P Post-hoc
Peak pressure (kpa) 167.25£4395 | 172.30+4347 | 171.03+30.09 138 872 -
Forefoot mean pressure (kpa) 52.75+21.17 49.83+22.26 52.88+15.96 222 802 -
Midfoot mean pressure (kpa) 23.02+£11.34 31.87+£13.78 30.83+£12.86 4.695 .015 b,c>a
Rearfoot mean pressure (kpa) 105.40+18.13 105.22+18.39 103.77+18.78 215 807 -

Table 5. Descriptive information for pressure variables during walking of 1.7m/s

Variables Ainsole B insole Cinsole F P Post-hoc
Peak pressure (kpa) 22516+79.84 | 22449+41.68 | 23529+68.76 197 822 -
Forefoot mean pressure (kpa) 47.05+17.34 44.56+18.15 45.69+21.01 160 853 -
Midfoot mean pressure (kpa) 25.18+12.87 31.50+8.61 28.55+13.91 1.943 157 -
Rearfoot mean pressure (kpa) 127.27+£23.11 128.96+20.54 | 127.55+20.09 182 834 -

Table 6. Descriptive information for pearson's correlation coefficient between comfort and kinetical variables

Variables Overall comfort of A insole Overall comfort of b insole Overall comfort of C insole
r P r P r p
Impulse -.052 750 31 051 242 132
Mean impact force -.106 516 287 073 -119 465
V_GRF peak -.106 516 192 236 -.162 318
Loading rate -015 927 -068 676 -316 .047
Peak pressure -017 916 .308 .053 .056 733
Forefoot mean pressure .340" .032 A77 273 .083 612
Midfoot mean pressure 232 150 440° .004 036 827
Rearfoot mean pressure -108 .505 -053 745 051 756

*Indicates statistically significant difference p < .05

http://jesk.or.kr



J Ergon Soc Korea

482 Sihyun Ryu, et al.

It =440, p=.004 =0

4%}'

OHFE

=.047

b r=-316, p

4. Discussion

sto] &

=2 o
= TI

HAIE|RAC O]

5t

(13m/s)at WE 28 (1.7m/s)0|l A B X|X| FZHOf A LIELE

SH

=

I.

=]
)

o0 =

21£0[ A 2&0| ]

2B

t

Hotg2 Bt C U1E0| A Q&0 HISH0] = LIEFSLCE 0| H2

o] a7k&l=

e 2l

x

Al LERt e,

79, OfX| X[X| 7|5

=
=

i

Al QEZ XIX| F2H0IA LEE

2, 2y

|
-

MEAHT(Jin and Shin, 2007; Marshall et al, 2000;

—_

o
[)
Pt

oju

ol

o

qu

Shin and Jin, 2006)0| A=

E
=2

L=
o] = AN 2l

T(Chae et al, 2012; Chae and Jung, 2015; Eun et al., 2007; Park et al, 2011)0{|A]

60

<

pa3
=

Tt

Kol 7t QAo

3

Lo 22 Qlo| OlHY

of
LS

O Z K}O|7} LIEILER|

pS|
S

ol A

o

=

2
A

=, OiMet 5

20| AR A%

E
=2

|
O QUCtT HNE[AUSM(Chen et al, 2003; Garner et al, 1988),

0| 7| =|ACHClement et al, 1984). O|2{st M3A Tt ZHo| 57

od

Totn 28 8 g2|7|et

=]
=

It J0=

FAIZE 2

N
o

M
(=]

SHEF AtZEICE. 0f

0] Bf

ol&
=

AZF LEFEO et C

3

Al REZ XX FZHO|A] LIE}

.
[
A

MRz 2

Off HISt0] 3A LEFKLCE Of

21E0| A Q&

2 13m/s £ 0| M3 B} C

tol MIZHE B C

247}t
=HA

tofl SAIXQ xto|7h gt

7
il

)
=

Al OFX| R[X|

SH
S

Ich &

.
o

2
[S)

x|t EVAZ At

olJ
&

XIR|

=
=

ZFAIZ| A OFK|
SHA| & O|FOfA Lt HEHS7|of

oLt ofet I

=
[

s}
=

!
FEFSCH D 202l M AT (Jordan and Bartlett, 1995)2f

F

il

oju

20| 2 A ACH

& HH)
r

f

u
3kH

ESTo il

=

Al XIX] 20 A OFX|

50|

S5 F9l2 YHo| I LEHE A2 J2F Ot X[X| 7|

1

ot

tOIR|

T2

3

i

ySie)
=

o =t

-
or—

XX

=3
=

SH
S

Cf. metA =2

1

= FI5t0] HEA| O|FO{XOF & NpA|O|Ct £ bt £2E 7]

Xtofof et o1& A Hat

=
=)

4

o

ulo
B!

uE



31 Aug, 2018; 37(4): The Effects of Insole Material and Hardness 483

5. Conclusion
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