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Effects of Heel-insole on Static Balance and Postural Strategy
during External Perturbation in Healthy Young Men

Cheol-Jin Kang, Duck-won Oh, Sung Min Son

Department of Physical Therapy, Graduate School of Health Science, Cheongju University, Cheongju, Republic of Korea

Purpose: This study examined the effects of heel insoles on the static balance and leg muscle activity and posture control strategy dur-

ing external perturbation.

Methods: Thirty healthy young men participated in the study. The subjects underwent two experimental conditions: 1) no heel insole
condition (Ocm) and 2) wearing heel insole condition (5cm). The static balance was measured using an |-Balance device, which measured
the change in the center of gravity (COG). The onset time of muscle activation and muscle activation of the erector spinae (ES), ham-
string (HAM), gastrocnemius (GCM) were measured using surface EMG electrodes to determine the change in posture control strategy

during external perturbation.

Results: The speed and distance of COG were significantly higher in the wearing heel insoles condition than the no heel insole condition
(p<0.05). In addition, significant differences in the onset time of the GCM, HAM, and ES muscle activation were observed when there
was no heel insole condition during external perturbation (p<0.017). On the other hand, no significant differences in the onset time of
muscle activation were observed between GCM and HAM when wearing the heel insole condition during external perturbation
(p<0.017). Moreover, muscle activation of the GCM was significantly higher in the wearing heel insoles condition than the no heel in-

sole condition during external perturbation (p < 0.05).

Conclusion: These findings suggest that heel insoles may have disadvantages, and increased efforts are needed to maintain balance and

change the posture control strategy during external perturbation.

Keywords: Heel insole, Balance, Posture control strategy
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5 Q1] e 200 A 3050 2 A 674 ok A5,
AP FAZY G 2} 674 ol M=) ABNE B E A A
A A1A ARl SOl 55 Sk 2 18] Al
FA7F Qi A A7 AN BE dARHE-L B e
U2 ofshakal old A& A Folshairk AT thibe) B
LFo]= 222+ 0.840]]0m, Hat AR 172.9+10.5 cmO| 1AL, Ht
A& 6932 145 kgolghom $412 kel 6. 2%o] 245(s0%), )

%301 678(20%)°1 1.

2, Yy
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Korea) 5 0]-§-53{tt. o] 42l= 47112] ZEAdo] A2kl ol H(force
plate) & o]-8-3f| AA 580 -2 525 (center of gravity, COG)2]
HIBHE: 2743 28 o 5ol 12 4o} ol5H A2} ]
T 2T Eofo] AHFA o= Alten, &m0t o5 H A2 gt
o) 243 tPiAie] A L7} WS- ol

4

(Telemyo 2400T, Noraxon, USA)& /\}—9-’5]'04 SAIE el ot
2] (medial gastrocnemius), '@ th2]F(hamstrings), %]
(elector spine muscle)of] A= FA53A)E A= &
L2 oF& Q)47 WL M (calcaneus) S A3t
9] 35% 91, FHeHEES oo 2AH =R E 15om ofE:
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450 Hz AFo| 2 Al o, ZLH T AlGo 31 ZE(sampling
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square) $o. 2 A2 E| Ut} < =5 FAAIRRS QP E el 9=
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3. 4™ Ha)

1) HH s ZAHbalance test)

359 B7HE S8l 71 A A4lo] 2Hg-shs Aldat Fsio] 5
em®@l Z7& 28 - 712 HAsSITE Tk P% Eﬁé%%ﬂ B7HEA]
[-Balance 9]o]| &2/} o7} o] 2 Wha o]l 2 715 9ol i
Apgk A = 578 = Ak HAR AR t/ﬂi S AR HIF 2~
HAE o EPe AAH 25 7 FHl 2 SAssloH, v &
A O} =8 71O Abe = 7F7F 3 102 7HA 0 B FEE A0l W
SHE SASISIT vI7H] 204 Se541 o] #iskEE e} o] 57
O H gk AHE-
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2) &M L Al 2, 2 5 JHAIARZE ZA

T7HE 918} 712 AHAlo] 2GR AT} ol 5 cmel 24 2
& 5 4z AARskitt s A2 2 7S olA| 54 6} A 58
FH(perturbation board)ol] o] Z2l7A] o7 Yol 2 4 Hel &
T2 AU 715 floll XARR wAlshal, E8-8 oI5 5H EOW Al
L orzof AT JARS ulahe A ) o S ko] oo
2 SUSIL, o 40 kg RIS 22 o] Sofo] ofgle)
o 0l 911 Srolk 90 ame] F4 e 250 2 ot
Zio]2 ekt mejEoUE S Solb A, FAA|T
11102 Afo

ol F29) 2 YatalA 2x }%%Ei% dgshA Algstod
85 WIAZI(Figure 1). 58 A o]
A7} E Q3 So] H‘]o}o% Rzl 2 52 7 el v

™

Figure 1. Perturbation device.
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4. 2t224N

T SAZEL Y-8 SPSS ver. 24.0 (Statistical Package for So-
cial Science, Chicago IL, USA)E A8-513IT]E A4 A4S Sloll 21
312 3 A e A (Kolmogorov-Smirnov test)S AAISFTE 0 cm

O} 5em 2 27 WE DB e ZEEA 0] £ st dl o] E7]g]

£ vlwsl] sl ti-5-3E THA (paired T-test) 2 A-8-31Ct 57
A RS p<0.052 ATk AR E8 F2t 0 em 24134 5
cm 2% 20014 242 A vl A5 19ESe] S a5

HMAIAZE] ZFo)7t QizA] Blatsly] ofel] 25727 ) ~(Kruskal
wallis test) H| 2> A4S AASHATE BAZ] §-954FL p<0.052
ATk frolgt Aol Q= 7 a7t FofRt Aol S )
$18ll k5] EY(Mann Whitney test) 2418 A-g-819111, 5744] 2]

FE-2 Hyf|2Y XA (Bonferroni correction)2- 083} p<0.0172

il -{
o r
ol
2
fiul

2 1

1. 22 0|12H8 0 cm 2242t 5 cm 22 28 Z20)M B
SUSY S28E, 013712/ vl

TR A A HO A 2o & 24, DR AR oA =2 -2 27,

PR Ao =& & 24, SPER AR == A2

270 W5 2% oA 0 em 2R 5 em 27 A8 2304

YA FREE, o577 refsHAl S8 EHp <0.05)(Table 1).

Table 1. The comparison of mean COG sway velocity, total distance between the condition

Form -Eyes open

330.62+66.15

435.66+159.90 -3.244 (0.004)*

Condition 5cm t (p)

Velocity (Unit: m/s) Firm-Eyes open 52.93+11.03 103.36+21.55 -3.852 (0.001)*
Firm-Eyes close 73.45+15.31 150.90+31.46 -5.534 (0.001)*
Form -Eyes open 67.31+14.03 160.81+33.53 -3.274 (0.003)*
Form-Eyes close 94.61+£19.72 163.72+34.13 -4.569 (0.001)*
Distance (Unit: mm) Firm-Eyes open 263.75+51.81 379.83+149.99 -3.852 (0.001)*
Firm-Eyes close 314.70+74.61 419.54+109.66 -5.385 (0.001)*

)

)

Form-Eyes close

487.66+£92.57

593.26+205.08 -2.701 (0.013)*

M= SD: mean standard deviation, 0 cm: no heel insole condition, 5 cm: wearing heel insole condition.

*p<0.05.
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Table 2. The comparison of muscle activation onset time during exter-

Cheol-Jin Kang, et al.

Table 4, The comparison of muscle activation between the condition

nal purturbation (Unit: ms) during external purturbation (unit: %MVIC)
0cm 5cm 0cm 5cm t(p)

GCM 0.27+£0.08 0.39+0.03 GCM 18.07+£1.75 22.31+£1.95 -3.496 (0.002)*

HAM 0.33+£0.07 0.34+0.07 HAM 8.34+0.86 9.55+0.96 -1.945 (0.062)

ES 0.41+£0.08 0.52+0.04 ES 15.38+1.51 16.59+1.89 -1.237(0.226)

p 0.001* 0.001*

M+ SD: mean+ standard deviation, GCM: Gastrocnemius, HAM: Hamstring, ES:
Eretor spinae, O cm: no heel insole condition, 5 cm: wearing heel insole condition.
*

p<0.05.

M+ SD: mean * standard deviation, GCM: Gastrocnemius, HAM: Hamstring, ES:
Eretor spinae, 0 cm: no heel insole condition, 5 cm: wearing heel insole condi-
tion.

*p<0.05.

Table 3. The comparison of muscle activation onset time during external purtubation

0cm 5cm
Mean Rank z p Mean Rank VA p
GCM-HAM 24.17-34.83 -2.403 0.016* 27.28-31.72 -1.003 0.316
GCM-ES 19.48-39.52 -4.518 0.001* 19.41-39.59 -4.549 0.001*
HAM-ES 22.71-36.29 -3.064 0.002* 20.97-38.03 -3.849 0.001*

M+ SD: mean+ standard deviation, GCM: Gastrocnemius, HAM: Hamstring, ES: Eretor spinae, 0 cm: no heel insole condition, 5 cm: wearing heel insole condition.

*p<0.017.

& 2183b5 cm 2O AL 707 2k Bl sictel
RFolollA] 915t 2ol LFERLFA] SF3HTI(p>0.017), AHEA| itk 2
g2 ATt AR AloIA 212 ol et
ChHp < 0.017)(Table 3).

N A 27 28T 27t 2 g3 b ZzlolA] 3
SR ) Kol ket eh(p<005), et Fant
A A RS G AT B gk AN Fldekel X

Tl 2R e IR AbolE HolA| e ATHp> 0.05)(Table 4).

A= A2 S R 7] 5ol 2R A Al 2824
o] uhE ApA| 2 Mo X = g

A Fs e, 2RO 2 4 MRS

00 Th L=
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BIHE ) - T2 Af0] 2 E AAAREE S Aol Hgion),
T4 A FAD Tkl AR T 2412 Uehdth
7] 0] 22 AHEIGE ol A 25 Aolol A 2 45 A
AIZFARE §2J o]} hebgbAuh AL A% 2 A2
sgrhel Afole] 22 4 AAARES §2J3 Zfol7} gigom, of
Lk Ak Qg Aol FAI0) s Uehd Avtet
2K % Gk oleid ATHE-L 7] o] BY] 2§02 ARl
T T8 7d0)9} e vt olal el 9 A2 ek wiat
o FFL 71 A0 = F 3

= A7l A FF 5L B 5] Slol #FSE B A
9ol 2t 20] Wbk FAFA ol5AE B o] FLES ula
STk AR 2L 285 v A L S5 Zs0
o], o) 2 240 2 Qlsfo] FF5e] GFS ErFE R &
S oleh B L A, B B AL AE 5 APARS 5
57] 1o} F08 A 2olek #FS 4AI5H] STl A2k
U2 DG4S AR, TBAA AN A 5 2450
LRSEL e 7] ol 230 A8 wE e P4 9K
WSl W) 7HEs), T A7 5 8 9Xake et
A7 95 21S aARIEk Sk Song 57°9] Shell Al 20
o e 7] o] 2R 22 S PARITk Shck
R A AR A% 17 A AR A A
ZIckT Bhgick” i AT HE 5o 7] ol ZAS 2AHgo 2
AAFAE) 4502 FsE] SR dae 2 502 4
ZysjolAick ofejgh ATkt IAAE 521 7] ol B HgL A
A0 5 R A JFE F % 92 Rl
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FHABAL 39 853 918 ERH AL ALy
22 507} 9L v WEEHE Ful 290] 7M HA SEshe o
B o] AR, A4 25, 7zbol] ZAH A Qg
4 2o LIERATE Wikson 57 B 289] 2} 7} wis}elwl 3
o] 0] SolA| 31 Pt Aol we 5 sio] Aol o
YA BAFAHgo] Uoldthi W5 On, Rogind 57E W
WHY A EHS BRI AL PAA| G A
Z7pAIck 1 sl lc ot 1648477t 9 A At
A2 el GaFE uE 4 Qlcka Sk B A Ak o)
250 A 7] o] 2 AESAS 1) FTA 2 55 A
AZbo] el Z9E BolaA) Fhdekelsute] 2 5% AR
o] §2Jg o} Holx] ghgron, FuH o = WE Y Hek o
T AL BN AFG 3Tk olefR Auks 7] ol 2 218
o] MHE 40| 20} 164§ D AL S WA 1
7S SIS Aakstel Qe Aol B7he Ao Az
o] W] 7] A5t Qg A ALk %o A G
© FHAAL ELH FFUS-S AGAZ Holck ole} §4t

w3}k

9 B0 A FRS HRIHE B4 S 2] e 7]
0] 2 2§ Fol WA 2HET} fI5PA F7H5tck
ofefeh ATH: Son §20] & FO| AHE AL A E §A55S
o, Skt 2] B 7t Z7hEIlc s Aol vl At

AN
oJH, 7] 30| 2T} frAtoHA o459 stold 28 F A=

EAS] TR ETE STRRITRAL S9ITE” 7] 0] 27| Ao
2 Qlste] Fwel wol7h S7ish o] e o) 7t
S5 A 9] A S o= ol i, sl FRe 2 ol
She o4, Sehe] Wapt dojdtys of2fet Hel= Wsvd
kofufet spA] e Aol A9 Y Rk el
o ke Tewd2e ol st TBA=E AP,
R 2 el 2o S8 e SRR o9k 22 284
IO High= 7] $50] 27 2802 QIR e A Hgtol
gt AlA| ekl 2502 dE 4= ok o2t 2 A+t 2
Te dBE AP sl A2 &5 2ot 850 3]
25 7MW 7hsAdol 3o, R HAHY dFE oIS
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