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Abstract The purpose of this study is to convergence comparison the ankle joint angle change
during walking of college students in their 20s with flat foot according to the heel height of insole
shoes. Qualisys Track Manager Software ver. 2.8 (Qalisys Track Manager) was used for 15 college
students. Functional shoes with insoles were manufactured, and the heel heights of the shoes were
set to 3cm and 7cm. The subjects wore shoes with two high heels and gaited by attaching a reflex
marker to the side of the ankle joint. The angle change of the ankle joint was measured in the gait
stance phase. The angle of the ankle joint significantly decreased both heel strike, foot flat,
midstance, and toe off to the heel height increased when the subjects with flat feet wore insole
shoes. Therefore, it is thought that flat feet should wear low shoes when wearing insoles to reduce
the fatigue of the soles and to walk comfortably.
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Table 1. General characteristics of the subjects

Group (M=15)
Age (yr) 24.11+2.87
Height (cm) 177.54+4.68
Weight (kg) 70.88:8.12
Foot size (mm) 273.45+2.50
M+SD
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Table 2014 gRlsl] B AFdidate] S o
o QIEFTF & FolHato| e WETE ] ZHofA
5 3 =07t 5257F F=9 Heel strike, Foot
flat, Midstance, Toe offolA] 893t Xjo|2 7FASH
F2AE EAHp05). TEIHEY] Zrwsto] mE
WH3lFA2S WY Heel strikeoAls Q292 0cmet
3cmAte] 7, ARES 0em@F 3emAkel 7t Oem®t
TemAtol oA o5t Afol7h UERETHp(.05).
Foot flatoAE 2892 0cm@ 7cm Aol 447,
< 0cm® 3cmAte]FE7toflA] §-2gt 2ol 7} Uresdth
(p<.05). Midstanced| A= 2E%-2 0cm} 3cmAlo]
T2t 0cm®t 7emAto] 72t 3emet 7emAto] -1l A]
ot Zpol7t bt (p<.05), AE2 0cm@t 7em
Afol 7t A fefgt Afol7h UERATHp<.05). Toe
offd e 2% Ocm®t 3cmAte]#7E, 3cmet
7cmAbol 7oA Refgt Apo|7t Vet al(p<.05), &
92 0cm®t 7emAto] 7ol Al {213k 2pol 7 QUL
(p<.05).
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Table 2. Comparison of angle of ankle joint according to insole shoes heel height Ocm, 3cm, 7cm

Motion Direction Ocm 7cm F p
Right® 68.48+3.27 61.7746.10 54.1146.61 86.64 .02*

Heel strike(®)
Left® 66.567.10 60.8815.11 53.08+4.85 79.24 .01*
Right® 65.71£2.27 59.45+6.22 52.05+6.37 74.16 .03*

Foot flat(°)
Left® 63.01£5.18 58.22+2.55 51.08+5.49 79.45 .04*
Rightabg 75.57+4.15 71.5046.12 63.7417.51 91.87 .03*

Midstance(®)
Left® 76.88+5.71 73.1948.83 66.5419.44 84.88 .04*
Right™ 64.74+3.92 62.5945.13 55.88+7.84 79.25 .01*

Toe off(°)

Left® 66.49+7.84 62.7916.16 54.09+5.78 75.84 .01*

M2SD, *p¢.05, ? significant difference between Ocm and 3cm, ° significant difference Ocm and severe 7cm, ® significant difference between 3cm and 7cm



LS 7K 200 HE0| Q&R B

=0/0f ME EY Al eFHE Z=H

Bz 121

3i0f gt 8=

=AY FA]lo] B ZA Uehd Ao g F4H
Van Boerum¥} Sangeorzan[28]2 HiFS 713 A=
B Ao Bz stEet 9zo] wrAsho]
2R 2L A5 93 7]X1 Koh%
Jung[29]> A} v wf gio] duieo] o
o] ofsto] EEA] 7o) AA e}
2o & Aot &S FAste] 22 F9 15
A1 HS obH HUERH] A A2 ZAUeR
UETEe] 74wt AA Uehd Axket fARH yE
Woh 3 =0l e EY Aol odA aR|EE
S7HZ1AL, &5 N2 E 7ISAIA, S fAlshe
EE] 2559 Ext3S g shltH30l.
Yoon[31]2 BLZ 7H tfdAol A Ql&o] 2t
TFE B Fof 3 dRY Ay A, T
WE7|go] oul @ A ) HHEO] 71LakALS o8]
g £ 4 Jun ‘5}0”4' Moon¥ Kim(32)2
BFEZA &S 28T =2 F9 ALS ZEo)
HYPZ g o 53} 9350 ‘%}%Z.*E—’] H3}7}E Rt
2ol 7k Uz AL 7171919 B3] S} Ql&akE o=
olgt QAo 7 2lgt Ao Huslgon EH o
AT QAEFFO & wolof wet By Zteof Zjo|7}
gslon 959 Ui 24w Wil A5
NME §o/39 Ao|7}F vehdt A3tk o] Ate}
AR ﬂoj o ‘ﬂ'%q AEZ ZJZ}‘& 7]—X4 Hz7]9
= &2 59

7}{1 Aol A

o}m
s
[
o:L-
or
i)
_k,9
-LI
3
—Ll

o H Hr D% o
)
filo
=t
N,
re
-
et
[0 m
U
x
o,
mE
rulo

T o o o
flo o ol

of

%

it

o

r

i)

1o

L

H1

ET—%

fot

-0,

o,

st

*;“

1

A0 wERE] ofsiel gAelow
=T MRwst 156 6 ol WAshe W AAAS]
Wo| 7x2AB33] IS AT HF e
T2 gk AL FHsH: volth

2 dFode g 7H 204 detdss di
159

2

o 1599 AL 4o Ago] Folste] ket
QYT B EEAT} glolA] AuATe] BAlo e
Quishsl] tha: ofelgo] Sl Ahele] Bkl

/780 tish AlZetotA] ¥l LRsket Zo] el
A I,

5. 28

o7 B 7h 200 ek 15 thgoz
A& FHT FEY F R0t HYY 1] B

49| ZmHsts ofiy] 98 TF F %l Ocm,
3cm, 7emE 247 g3t} B Slof BEAY|S
olgste] thgt 2o WEY sl dat Ane
el

ukg 7hd 27} ol
Sk KR4 e 30 TRE 28aE S
st Zlojd, oz Wuke oEbsly wapet
HAg SEA717] St Eh}‘ 715 TRl e
B0} & o ARHQ Weol net of2iiA 71
S5 AR 4 ok A © AT o Al
3} AHel A7t U A0R ART

ru

oN
Y
<t
Ry
il it
o)
o
i
o2t

of iE >
lﬁ;{mi&mlo

REFERENCES

(11 P. A Houglum & D. B. Bertoti. (2012).
Brunnstrom’ Clinical kinesiology. 6th ed. F.A.
Davis.

[21 S. J. Pinney, S. S. Lin. (2006). Current concept
review: acquired adult flatfoot deformity. Footr &
ankle international 27(1), 66-75.

DOI : 10.1177/107110070602700113

[3] S.R. Kang, J. W. Nah, C. U. Hong & T. K. Kwon.
(2018). The Development of Smart Insole for
Improvement of Human Body Imbalance during
Walking. Journal of the Korean Society for
Precision Engineering, 35(1), 53-59.

DOI : 10.7736/KSPE.2018.35.1.53

[4] J. H. Park. (2013). Study on flow lines of ballet
stance. The Korean Journal of Dance, 71(5),
43-61.

[5] K.T. Lee, K. D. Kwak, D. Y. Kim, E. S. Kim, J. Y.
Kim & J. Y. Kim. (2004). Foot and Ankle Surgery.
Seoul, Koonja.

[6] D. J. Pratt. (2000). A Critical Review of the
Literature on Foot Orthoses. Journal of the
American Podiatry Medical Association, 90(7),
339-341.

DOI : 10.7547/87507315-90-7-339

[71 J. H. Song. (2008). The Kinematic comparative
study about effects of foot orthotics. Korean
Journal of Sport Science, 19(1), 11-21.

[8] S. Goske, A. Erdemir, M. Petre, S. Budhabhatti &
P. R. Cavanagh. (2006). Reduction of plantar heel
pressures. Insole design using finite element
analysis. Journal of Biomechanics. 39(13),
2363-2370.

91 K. Y. Park & S. H. Park. (2010). Study on change



122 3=gdstsl=2x HM12# HM125

of the flatfoot's ankle angle in sagittal plane
before and after wearing FFO. Journal of the
Korean Society of Medical & Biological
Engineering. 31(1), 67-73.

DOI : G704-000351.2010.31.1.007

[10] J. H. Lee. (2009). Kinetic Differences between

Normal-design Running Shoes and Srping-loaded
Running Shoes. Korea Journal of Sport
Biomechanics, 19(3), 581-592.

DOI : 10.5103/KJSB.2009.19.3.581

[11] J. H. Lee, H. S. Cynn, T. L. Yoon, S. A. Choi & T.

W. Kang. (2016). Differences in the angle of the
medial longitudinal arch and muscle activity of
the abductor hallucis and tibialis anterior during
sitting short-foot exercises between subjects with
pes planus and subjects with neutral foot. Journal
of Back and Musculoskeletal Rehabilitation,
29(4), 809-815.

DOI : 10.3233/BMR-160693

K. J. Choi, H. J. Kwon. (2003). Sport
biomechanical comparative analyses between
general sporting shoe and functional walking
shoe. Korean Society of Sport Biomechanics,
13(2), 161-174.

DOI : 10.5103/KJSB.2003.13.2.161

C. M. Hwang, G. H. Lee, Y. G. Kim, C. M. Hwang,
S. S. Kim, H. J. Choi, H. S. Kim & K. H. Ahn.
(2000). Comparison of Lumbar Lordosis
according to Heel Heightin Normal Adults and
Patients with Spondylolisthesis. Annals of
Rehabilitation Medicine, 24(5), 1186-1190.

B. G. Kim, W. T. Gong & H. S. Kim. (2007). The
Effect of Heel-height on the Lumbosacral Region
Angle of Young Ladies. Journal of the korean
society of physical medicine, 2(1), 49-59.
DOI : JAKO200716755696196

C. W. Hong & Y. C. Kim. (2009). The evaluation
of workload on lower limbs muscles in
imbalanced lower limbs postures using EMG for
preventing WMSDs. Journal of the Ergonomics
Society of Korea, 28(3). 81-85.

K. C. Seo, S. H. Park & K. Y. Park. (2017). Impact
of Wearing a Functional Foot Orthotic on the
Ankle Joint Angle of Frontal Sulface of Young
Adults with Flatfoot. Journal of Physical Therapy
Science, 29(5), 819-821.

DOI : 10.1589/jpts.29.819

Y. J. Kim, J. W. Koo & D. W. Oh. (2013).
Influence of Shoe Heel Height and Muscle
Fatigue on Static and Dynamic Balance in
Healthy Young Women. Physical Therapy Korea.

=
X

%)
=]

20(3). 36-44.
DOI : 10.12674/ptk.2013.20.3.036

K. H. Han, K. H. Bae, H. G. Jung, M. S. Ha, D. Y.
Choi, J. S. Lee & J. O. Yang. (2018). Comparison
of plantar pressure and COP parameters in three
types of arch support insole during stair descent
in elderly with flatfoot. Journal of Oil & Applied
Science, 35(3), 948-955.

DOI : 10.12925/jkocs.2018.35.3.948

B. J. Fregly, D. D. D'Lima & C. W. Colwell. (2009).
Effective gait patterns for off loading the medial
compartment of the knee. Journal of
Orthopaedic Research :@ Official Publication of
the Orthopaedic Research Society, 27(2),
1016-1021.

C. R. Lee. (2014). The Effects of the Low
Extremity Angle according to Heel-height
Changes of 20s Young Ladies during Gait.
Journal of Physical Therapy Science, 26(7),
1055-1058.

DOI : 10.1589/jpts.26.1055

D. A. Neumann. (2002). Kinesiology of the
musculoskeletal system. Foundation for Physical
Rehabilitation. Mosby.

R. Chang, P. A. Rodrigues & P. E. Van Emmerik.
(2014). Multi-segment foot kinematics and
ground reaction forces during gait of individuals
with plantar fasciitis. Journal of Biomechanics,
47(11), 2571-2577.

M. Kido, K. Ikoma, Y. Hara, K. Imai, M. Maki, T.
Ikeda, H. Fujiwara, D. Tokunaga, N. Inoue & T.
Kubo. (2014). Effect of therapeutic insoles on the
medial longitudinal arch in patients with flatfoot
deformity: A three-dimensional  loading
computed tomography study. Clinical
Biomechanics, 29(10), 1095-1098.

W. C. Hsu, T. Sugiarto, J. W. Chen & Y. J. Lin.
(2018). The Design and Application of Simplified
Insole-Based Prototypes with Plantar Pressure
Measurement for Fast Screening of Flat-Foot.
Sensors, 18(11), 3617.

DOI : 10.3390/s18113617

E. B. Simonsen, M. B. Svendsen & A. Norreslet.
(2012). Walking on high heels changes muscle
activity and the dynamics of human walking
significantly. Journal of Applied Biomechanics,
28(1), 20-28.

DOI : 10.1589/jpts.28.2482

C. H. Lee & K. J. Nam. (2015). The Comparative
Joint Angle and Load Distribution Analysis of
Barefoot Walking and Functional Walking Shoes.



s 71 20t =590 IETRO B

=0[0f] M2 2l Al

HrE Ao

23T =2

Z=Hal0| et 85

(311

The Korean Journal of Physical Education, 54(1),
567-575.
DOI : 10.22156/CS4SMB.2018.8.1.009

K. Y. Park & S. H. Park. (2010). Study on change
of the flatfoot's ankle angle in sagittal plane
before and after wearing FFO. Journal of
biomedical engineering research @ the official
journal of the Korean Society of Medical &
Biological Engineering. 31(1). 67-73.

D. H. Van Boerum & B. J. Sangeorzan. (2003).
Biomechanics and pathophysiology of flat foot.
Foot and Ankle Clinics, 83), 419-430.
DOI : 10.1016/51083-7515(03)00084-6

E. Y. Koh & D. Y. Jung. (2018). Comparison of
Subtalar Joint Range of Motion and Dorsiflexor
Muscle Activity Between Normal and Pes Planus
Feet. Journal of Korean Socieoty Physical
Medicine, 13(2), 129-135

DOI : 10.13066/kspm.2018.13.2.129

A. Gefen, M. Megido-Ravid, Y. Itzchak et al
(2002). Analysis of muscular fatigue and foot
stability during high-heeled gait. Gait & Posture.
15(1), 56-63.

DOI : 10.1016/S0966-6362(01)00180-1

J. G. Yoon. (2014). Influence of Heel Insole and
Visual Control on Body Sway Index with
High-heeled Shoes. Journal of Korean Socieoty
Physical Medicine, 29(4), 407-413.
DOI: 10.13066/kspm.2014.9.4.407

[32] G. S. Moon, T. H. Kim. (2011). The Effect of Total

Contact Inserts on the Gait Parameters During
High-Heeled Shoes Walking. Physical Therapy
Korea, 18(2), 1-8.

G. S. Moon & S. Y. Chio. (2020). The Kinetic
Analysis During the Gait on Descending Ramps
With the Height of High Heels. Korean Journal of
Convergence Science, 9(1), 267-285.

DOI : 10.24826/KSCS.9.1.18

M
-

A (Kyo—-Chu

- 199549 9¥ ~
- TAlEoF & Qe
- E-Mail :

N

|1.20139 39 ~

- gHAlEok ;
- E-Mail : blueskyskc@hanmail.net

19954 84 :

A -

Zl &1 Off (Hyen Ae Kim)

- 20114¥ 39Y ~

- AR !
- E-Mail :

| Seo) (Ml
20124 8¢ : di7tisty AR

A OISR
AR : VARt
A EELE

R

[BAS1]
- 198549 10€ : Al2ATHY 9=

Agn] w3

- 19904 29 : QAstfElw HAFE

REIEH)

RO
AL BB 3
7), Aggst

pasuhwa@eulji.ac.kr

[Hal

- 20124 8¢ : sl EEjR|Es)

A% 15k
@A : Egefe
S8} W

Aﬂa] o]— A]ﬁoﬁ‘ﬂ kel 3
kha@pohang.ac.kr



