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A Comparative Analysis of Plantar Pressure
by Change of Direction on Walking
of Men in Thirties

Ja Jung Kim

Department of Physical Education
The Graduate School
Pukyong National University

Directed by Professor Yong Jae Kim, Ph. D.

Abstract

The purpose of “this® research is the analysis -and comparison of
transition in regards to the center of pressure between average adult
males and obese adult males and the difference in characteristics, and
furthermore measuring pressure distribution and proportion in the
change of direction for minimization of load to prevent injury.

The target of this research were residents of B town who are healthy
and in their thirties, and participants who experienced pain in their feet
and waist area for past six months were excluded. The participants

were categorized according to BMI into 3 groups (with each group
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having 6 members): each group of normal, overweight, and obese. The
experiments were conducted to the participants after thorough
explanation and agreement regarding to the purpose and methods of the
research.

The pressure distribution tester was installed 5 meters after the
starting point. 0° 45° 90° of walking direction were marked to set the
participants’ walking direction. The participants walked in bare feet, and
the experiments started after walking 5 meters for 10 times in each
degree, so the actions of targets became natural. In order to induce
natural walking -speed of the participants, the metronome was set at
100 steps/minute.

The conclusions of the research were as followed after the analyses.
1. When comparing the pressure distribution of walking angles based
on the difference between the three groups of normal, overweight, and
obese, the pressure distribution of the obese group came out higher
than the overweight group at 90° of the left front foot (statistically
significant at p< .05):~And the pressure distribution of the obese group
came out higher than the normal group at 45° of the right front foot
(statistically significant at p< .05).

2. When comparing the pressure distribution of walking angles based
on the difference between the three groups of normal, overweight, and
obese on the left front foot, right front foot, left back foot, right back
foot, there was no significant statistical difference (p> .05).

3. When comparing the pressure distribution of 0°, 45° 90° based on

weight, the pressure distribution of 90° was higher than 0° and 45°
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(statistically significant p> .05).
4. The pressure distribution of walking based on weight for 0°, 45° 90°

1) In the normal group, as the left front foot angle increased, it was
found that the pressure distribution increased. In the overweight group,
the pressure distribution was higher for 45° and 90° than 0°
(statistically significant p< .01).

2) In the normal group, the pressure distribution on the right front
foot was higher for 45° and 90° than 0° (statistically significant p<
01). In the overweight group, the pressure distribution was higher for
45° than 0° (statistically significant p< .01).

3) In the overweight group; the pressure distribution on the left front
foot was higher for 0° than 45° and 90° (statistically significant p<
05). In the overweight group, the pressure distribution was higher for
45° than 0° (statistically significant p< .01). In the obese group, the
pressure distribution was higher in 0° than 45° and 90° (statistically
significant p< .05).

4) In the normal group,: the pressure distribution on the right back
foot was higher for 0° than 45° and 90° (statistically significant p<
01). In the overweight group, the pressure distribution was higher for 0

% than 45° (statistically significant p< .05).

= Vil -

Collection @ pknu



I.A4 &

1. &9 984

n
kY,
o)

N
N
o
dz

o
ol
X
2
ol
o|\
N
=
N
A

e
2

<
o
N

Adoz frdsta glow, Hwo] &
 AgHEst F Be A4S AFsk L AA eV wEelth S
o waw 60 <7 F 179 "ol ARtolAY AT FHE A
Abo] HImRQIT-E= 19958291 ol A 2003'd 39 B &

Ak 2008 71 A AA204] o]k A9l F14% o] HA|Fe|AL o]
T 299 A, 3909 ool mnkolltk. F, A AlA Ao 35%7F A
%, 11%7F vlgbol] s =, 201530 A AA 19 oF 234%7F vt
ol & zleojH, 109 Foll& HIWRAIF7F A K} 50% S/ Ao A
3 QQTHWHO, 2014). Bl vHe T A o] AA XS]] Bayoz Bi
Azpe BAR dFEdd 8o dx= wuHew opye}l ojeh #
et dese] A AAH R FabE k(A S, 2006 o531, AR

of\
ol
ol
38
=
t
ol

Collection @ pknu



ol 7bd 71Ee] |vk(gdAd, 2009). 1

-

1

B

O Aol wwkel Al AE ¥

o

WL 99

o
A

i

b2

w8 % AA= s

13

™
B

4
mj

J-

A Z7ko u}

A BEPel o

°

2oz AgHTh(A S, 2009).

s}

kg A

p8l
A

]

A
fie

T8

o

7o
el
o
—~

;O..u

-
WW

o
_io

A7k el

=

LN

Al A A

2008).

Z
S

]

O
13

Sk

g ol 20 % WebA H keSS 12009). THA

of

Tor

mK

Tor

o

o
T

03
ia
mj

—_
fite)

il
il

1}
“

[e)

L

847 7

o

3] %(2001)

&&= 71 ugkel <
o

Bt ®3A] push-off 397}

[e)

L

2H(2006)

o A

0]
s

SEE

=
-

P o

a

o] L7} Wol WA oz AR7 TS 1

o P} HPSLL S o

A o
=
3|
=

Collection @ pknu



shelet.

™

=T R

=

il
w
T

%

K

-

A4tz B3 F2y #d

-

1

A7) 5]

—L
L

3|
ZS|

o]

ki3

o

30~40t

o

]

[e)

L

o

il

&

[e)
S5

atol A5(2009)

g

o

Tor

to

~
_Z‘.rl

e

M
i)
B

‘.m_.o

o}
M

Tw
o

—_

<H
Nfo
T

oI

ko,

o

o) 4o}

o)

3ol McGraw 5 (2000)

o

, HIRklel B &) e

e golng, 2 A% By F

hall
EH

bl

(2005)-=

p=2
o

Messier

B
o

el
o

H

0]
pul

3|
A

1

o

o

=

2=

ke
o

o] n ol ol S

Fiet.
(Wearing, Henning, Byrne, Steele, & Hills, 2006), +%4, 7]

[e)
(Hills, Henning, Byrne & Steele, 2002)¢} ##l ¥ 47} o] Fof At}

o, o

Hi

M
.

4

B

Gl

A w5 7kA] 2

o] Mase] o}y B Al A
(BMD)ol

|

Collection @ pknu



ATe] =7

AL oz Bao ue ¢

I I

]

H

7}

)

B

]

il

A
il
T
oI

™

o

el

3 2},

O
=]

g

74

B

O

p—

aKe)

X

= A

3

134}

us

Aol A

]

il

il

Collection @ pknu



4. 479 AFA

AT E 59 s vey e AeH
D d@ake] Aeetael adlst Ayl a2 aEetA &gk
2 B S gjdxe] Adxed Bl 545 557 st WE=R
5 dhabel] 23 Ak W] £ WE R Y100 steps/min)S A A EHA T
3) ®ao] ek Wakd st v o] ok ddEo A= 0° 45° 90°% Al
ghap it

o
<
32
)

5. &9 A9
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2) ©3lA] A A 7] (Single support) : 3F #uko]l AWM} H3ti gl H Y

F71 e A7), v STl sk ek (34, 2008).

4) A|-&71(Swing phase) : B3 =3 Wo] XHo|A "ojx] Q& Al7]olth

(A4, 2008).
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5) 5= HA(Heel strike) : A&7]oA A A 7|2 A&EE =31Fo]th(A

44, 2008).

6) oA X1E7](Toe off) : AA 7] AE7= HAeE = 1o vH (A

44, 2008).

7) AZF(forefoot) : = T A (tarsometatarsal joint)e] YYH H&
<

o] th(x1 421, 2007).

8) T =X (rearfoot) : & =L ¥

9) AW (GrOund Reaction Force) : A

whahg-2 o) H(4 8 ¥, 2013)
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1. 473

Pk 30t HAd e o=

rr

Xl

ol

2o daas BReAel AFa
stgom, A 64 B A9 9, welut Y el FFS A

P A= AL el WA AAEE AARS AAske] AlF " A 4(BMI)

oY

H 2 7} A] $=-o) AHA| 51 (Modified Broca’s method) [41#(cm)-100]%0.9=
oAl AFoz Aitste dA AlFES WEE3 ol Wl mE HJd

BT FE 69(16.79%~23.67%)7 AT 1w 67 (23.68%~25%), H

E 1 AR AAA 54

HAd(n)  dA#HGyrs) AF(em) Askg) F=Z7](cm) BMI(kg/m?)

374(6) 31.00£1.26  176.17+397 66.17+3.92  263.33+5.16  21.33£1.28

HA)5(6) 31.00£0.63 17850+4.09 77504321  271.67+683  24.32+0.34

H] wH(6) 30.83£0.41  181.00+3.22 88.33+3.44  279.17+6.65  26.98+1.39
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el oy, BAIH o2 [l Aol= YEREA it Feh e E2ddS
45%0 A H]9H(0.20+0.01kgf/em®) ] 4 4(0.17+0.01kgf/cm?®) .o} =& 2 7t
o] t A Yehti, SAHeE Fod Aol7t AArHp< .05). 0°2F 90°
M &= Blgk ool A, HAS YarogE R Flo]l o =A YERy:
oy, BAHCR fFo|d Aol LpERLFR] ekt

AT E (2]
o A Yeigoy AR Foldt b= fldth 45°9F 90°¢ A = ]
gk Hdto]l A, HAlT Jort FHEE o]l o E=A dElbgod, 7
Ao fodt Apol= vERA] ekokth

QELTE 0° 45°9F 0% Fd 2k FHRE] AUt YERG o
2 Fost Aol vEREA] kot

h

o
o
o,
r d
i)
.
s
ol
oy
=
o
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¥ 3. 45 AA A S, vgke] GHEEYE (kgf/cm?)
=99 A A F H| 7t F P Duncan
ot 0° 0.14£0.01  0.14+0.01 0.15+0.02 337 719
e 45° 014:002 014:001 015:001 1107 356
o 90° 0.14+0.01  0.14+0.01 0.16+0.01 5.733" 014 2<3
o= 0° 0.17£0.02  0.18+0.02 0.20£0.01 2.989 081
?TZ:E 45°  0.17+0.01  0.18+0.00 0.20+0.01 3.824" .045 1<3
o 90°  0.17+0.02 0.17+0.01 0.20+0.01 2.991 081
ot 0° 0.13£0.01 0.13+0.01-0.14£0.01 1.489 257
; j 45°  0.13+0.02  0.13+0.01 0.14+0.02 501 616
T
90° 0.13+0.01  0.14+0.01 0.15+0.02 1.667 222
. . 0° 0.14£0.01 0.12+0.00 = 0.14+0.02 1.535 2247
]
- = 45° 014002 0.12+0.00 0.14£0.02 2.869 088
T
90°  0.14+0.02 0.14+0.01 0.15£0.03 .896 429
* 1 p<.05
By
OaE
02 e
OH. vy
% I I 1
0*  45* 90 0 4 90* 0* 45* 90° 0  45° &0
2 HE o=y x5 Ay 35 o=y =5
O 6. 24 A, BAS, vivre] EEE
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2. By A Z=d A4, AT, AT dHH &

Auw, gALgon =

AF
=

vl &S

==
=

==
=

=
I

= HERE AR A

g2 u) ol

o}

Fol7b YEIA] kth(p> 05). LE2WHEe () 45°

wE

)

Hl o] =A YE

Fol 7k WetuA] ekt (p> .05). EF= 0

2 3}

b ol et Ao 7k YERA] St tHp> .05).

%
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%4 45E AN, AAF, Ve Ee & (%)
A4 3% A = H| "k F P Dunan
ot 0° 55.97+2.38 54.68£2.61 56.65+4.81 504 614 -
;;;; 45° 59714431 59.11+1.76 6271359 1.940 .178 -

90° 61.86+5.57 59.82+2.48 61.92+1.32 661 531 -
o = 0° 62.18+2.23 62.41£3.37 67.10£5.28 3.127 .073 -
v;;g: 45° 66474279 6844+1.05 6845+4.28 852 446 -
90° 6856+1.67 65.83+3.35 68.27+2.23 2.119 .155 -
o 0° 4371249 4394237 43.34+481 047 954 -
; ;; 45°  39.90+3.96  40.28+1.62 37.31+358 1506 .254 -
o 90° 3813557  40.68+2.73 38.17+1.23~ 954 .407 -
o = 0° 37.66+2.26 36.20£255 32.89+£5.28 2.715 .099 -
T 45° 3343+285314641.02, 3159:422 855 A5 -
o 90° 31.43+1.67 3390+3.18 31.55+2.45 1.829 .195 -
80
T dd
70 =fnBYES
80 Wi
Hl i
45 e0* 0* 45 90* O* 45° 00° O 45 0
e 1E eew 3a 2w 23 eew 35
a¥ 7. 4= AN, BAS, vvke] of gl &
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dH, o 2wFE wAE FeeA 90°(0.14+0.01kgf/cm?) B.ao] A x

8)(0.12+0.00kgf/ecm?) 3 45°(0.12+0.00kgf/cm?) X8 Rt}
SAACE Fo7 AoZE AATH(p< 01). 1 AFH

=4 e,

.
HHEEER

o] ¢

G vRb e Zhed "o 3 f gk kol zt vpebuA &btk (p> .05).
¥ 5. A 0% 45° 90°%¢] FHEEE (kgf/cm?)
R 0° 45° 90° F P Ducan
o1y At 0.14+0.01 0.14+0.02 0.14+0.01 046 955
;Z: TA F. 0.14+0.01  0.14£0.01 .0.14+0.01 692 516
o H| Rt 0.15£0.02° 0.150.01 -0.1620.01 481  .627
R AN 0.17+0.02 0.17£0.01 0.17+0.02 011 989
;QLZ:E A F 018+0.02 0.18+0.00 017001 1.722 212
o H| 7t 0.20£0.01 0.20+0.01 0.20+0.01 377 692
ot AN 0.13£0.01 0.13+0.02 0.13+0.01 676 524
;;; A5 0131001 0.13£0.01 0.14+0.01 2.646 .104
T H| 0.14+0.01 0.14+0.02 0.15+0.02 247 764
o =l AN 0.14+0.01 0.14+0.02 0.14+0.02 058  .944

T FHAIE 012:000 012:000 0143001 69317 007 12<3
T H| 0.14+0.02 0.14+0.02 0.15+0.03 433 657
*x 1 p<.01
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n ToT
u.a l
Iﬂ
?dl
24
S o151 . ] =] -
= I I I
=
S | il B B B . :
Y BHE BT Y THF HT I8 DS BZ S HE BT
U TS oz HE Ay =5 QBY BS
18 8 AE=9 0° 45° 9009 of= R
4. 13 A A4 0° 45° 90°9 Eu)&
B AR Al AlFE ZALEHAE S AyRA AA,

L

Zpol= BAH O E oA &
AR ol = 45°(59.11+£1.76%)<F 90°(59.82+
A 138 (54.68+2.61%) H.oh ] &
o3 Aol7b UAATHp< 01). HIFE HekoA=
(61.92+ 1.32%)2] ek

Y o=A YEEaL, SAH R Fog ZFel7E AATHP< .05).

kol 7h AT (p< .01).
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2.48%)9] g Fhol
grol | A veda, FAMom
45°(62.71£3.59%)<F 90°

Sho| Al A B 3(56.65+4.81%) ot = v]& Fhol

& ghol mOA L Aow U

A= 45°(66.47+2.79%) 9k 90°(68.56+1.67%)
& ol ¥ =A e
A FH A= 45°



(68.44+1.05%)°] W gho] 21 8 (62.41+3.37%) et FHH]& Fho] ¢
=A JERE A folg oz AR (p< 01). Ly HIREg e A= Zb
=l Jo 7F feofgk Apolrb vebubA] %
AT b Fol e 2 A K8 (43.94+2.37%) 0] 45°(40.28+1.62%)
¢} 90°(40.68+2.73%) ¢RI &R Y o =4 UEWa SAHoR {3
Aol 7k AATHp< 05). HIRFH GOl A E 2 H 1 e (43.34£4.81%) ] 45°
(37.31+358%) ¢} 90°(38.17+1.23%) 4= &Rl ¥ =A Jehgta EA 4
oz {3 zolrt AATH(p< 05). 2 AFAGAINE Frd A
b gk 2ol 7b vEuA] b gkt

% ARG E 2 MY (37.66+2.26%)°]  45°(33.48
+2.85%)9} 90°(31.43+1.67%) A EFX R ¢ =/ yHeya A=
ol gk 2pol 7 AATH(p< 01). AT AR A = 24 B3 (36.20+2.55% ) ©]
45°(31.46+1.02%) Ht} t=EH]E& gho] o =7 YEW i FAACE {9
g zol7F AATH(p< .05). LY R = Zhed [k 7F o g
o7t gl ez el Th

g, LEws
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¥ 6. AT 0° 45° 90°9] r=EHl& (%)
SR 0° 45° 90° F P Dun
4% 050.97£2.38 59.71+4.31 61.86+557 2881 087
jji IAF 5468+261  59.11+1.76 59.82+2.48 86247 003 1<23
H| 7t 56.65t4.81 62714359 61.92+1.32 5174 020 1<23
A 6218293 6647279 6856167 12157 001 1<23
g;j%j IAF 62414337 6844+1.05 6583+3.35 69237 007 1<2
H| "k 67104528 6845428 68.27+2.23 188 831
4 43714249 39904396  38.13+5.57 2.741 097
Ei A S 4394237 40.28+1.62  40.68+2.73 4613 027 231
o H| &k 4334+4.81 - 37314358 38.17+1.23. 5107 020 231
AL 37664226 3348+2.85 31.43£1.67 112927 '.001 2,3<1
9——;2:5 A F 36204255 3146+1.02 33.90:3.18 5681 015 2<1
o H) ]k 32891528 31.59+4.22 31.95+2.45 203 819

(2 Jnjo = e
s
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4. 23 A AFE 0° 45°% 90°¢ ¢HH &

JOHE £A4 HAuYHE & #S HFHEHE A, 4 HAG dLHFo
Me Zd=7F T7F 4= EHAlE gol E=olAE Aoz yveiyrt 19
£ SA-R fFostA & A YEtEth AAF

ol M= 45°(59.11+1.76%) 2k -90°(59.82+2.48%) 2]~ H} kA ghol| A 2 A 1. 3
(54.68+2.61%) Bt 9H]l& Fhol O =7 Yetwtal, SAA R Fo8 2
ol7}b  AATHp<. 01). HIRE HwolAE 45°(62.71+3.59%)2F  90°(61.92
+1.32%) 9] WEAgol A 2 M1 3Y(56.65+4.81%) BTt FHEE ol U =
A vERa, SAA SR fofgk Apolrt A (p< .05).

A, A4 Ad L2 A E 45%(66.47+2.79%) 2k 90°(68.56+1.67%)
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, SAIFCE Folg Aozt ARTHp< 01). #AF HolAE 45°
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Tl Jo 7k gk 2polrh yERbA] okt

Zo e AR (43.94£2.37%)°] 45°(40.28
+1.62%)F 90°(40.68+2.73%) f#HH &R o #=A YEY FAXSE
frest zbol7b AATHP< .05). HFF Fetol A= 24 18 (43.34+4.81%) ]
45°(37.31+£3.58%) 9} 90°(38.17+1.23%) W& R} o =4 Jeyga F
AR Z Fo3 2ol7b AATHp< .05). 2t F4d Jaols el
A 2 frolg 2ol 7k YEbA %

A, 4 Ju L2l TIoae 2R 8(37.66+2.26%)°] 45°(33.48
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Fogk Aol 7k ARTHP< 0D FA T Frkol A= 2 d 1 8 (36.20£2.55%)
o] 45°(31.46+1.02%) Rt} St u]& ko] ¢ =4 JEbta SAHeE F
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o3k 2ol 7b fle Ao = eyt

He Al = & 2% Z(Radin et al., 1991)3} &
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B AFdA AFedAe WA ARt I5E A AR gEY 5150
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rlo
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