D

E
LICH.

!

=

S

ive

5
MZEXE HAIGHA OF

O N

o
[

2|

M

creat
commons

—

[—

t

[¢]

LICt:

O M
st

)

C
MNERLEAlL A

ZHE Metor

—
=
=

R0 5 A

i 0 <4 15
o) B¢ 53 o0
) E[o} o
) = 7
&3 10 ol 00
< il R
jum] J—

ol 0~ =
il 3 o on
) X Rr
Rr S =

%_ =B s
r o m._ -
o o O
_ Rr RO
% R of
o © o il
—_ jum]

1] N ol =
R iS ol =
= T Uo gwo
) RE] S
1 ° s =
o) K —
= TR mrr
&= o

ol Kl <. KM
80 ol JIJ =
Ee) W = )
©

X ESLICH

I 2t

tOd

ot |

[¢]

H

=

[¢

o]
lection

=

=

Disclaimer
O

5

FAI LEEHLH O OF
E2FH 29

¢}
X

=

]

0l N2 0| =3 & 72 (Legal Code)

HEAH0l [E 0l8Ke als 2o ol o



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

B3 Shetu|Ee

)

AAzA, AY 2 ey

2012

A48k}

3



ELEDLER

)

AAzA, AY 2 ey

201149 114¥

A% 533}

3 =



Aae) QAN EEE V2T
A A4 A @
A AR ok & A @
A A = I @

RCEELE R LT



=5 &

K

~

7} & E R Z==(hypokinetic disease)d] W& A

il

No
=t

_zrl

K

=
[}

ojuiry, 13y

AAWA Wt o

2ol B

]

[e)

9]

K

2 A upEA

= 11~174 A}ol¢] o=t

1l

(n=8), H]ET+(n=8)C & Yo AAx

e
s eju] g

SEX s

e

H] 1l

=
=

=]

B3y v

=i
=

=
=

I

Z
)

3

.

k4

g Ax A%, Al

=
=

SEXD

d

Al

1)

1

of "l &&F Fo% Aol7t yEb o™ (p<.05),

ﬁo

Aqd =

2)

A

2

SEF §9F Aol7h VRO (p<.05), FU4,

o

F-8o] YESTH(p<.05).

A
2

135

,.__wr_wo



=
=1

NEERE!

T3k Hip maximal adduction in swingol A =%

LTt

F7Fsted e,

g

Ho
o

B

35

-
-

Mo g, wal w doju

Z

_ii_



jpuze)

o
e

B

Hr

B

QI T T eerereees e

3.

O T A BHA] crreeereersseeis e s

4.

5.%q @ﬂ“mwmwmwmwmwmwmwmwmwmwmwmwmwmwmw“

Njo
[mi

Nr
zr

X

10

10

.%]_?_]_

1)

11

12

=0

3) A =N

13

3. B3] 7|9} I s s mssssssssossssises

13

1) BLE] Z57] oot e

15

D) HLF] T e e

20

- il -



21

22

22

oH

ol

o
o

2) Yol

23

23

24

EENE

)

5. HaFA 3 AAE Hld)

o

o

B!

/g- e e DT

T o

28

29

30

Hr
;OO
0

N

Lo

31

1) A

31

7(61

=
=

2) AA=A

32

fvze]

Ir

=

3) AH

33

=
'—Txé

1

4) &2 (Cobb’s)

34

T e

=
=

5 23

35

37

_iv_



37

1) <l

39

<

1 A5 A

[e]
R
1t

2) 3%}

40

44

45

45

46

47

g

M
M
_,o.T

X7

X

Ho
o

49

-850

5 AR

ol

_roT

e

o
o

52

53

A

puzel
,_.&.0
ﬂwﬂo

e

X

o
o

- 56

of

o7

rJ

e

X

1o
o



1) % A3 Hip maximal adduction in swing H] DL «eeeeeeeeeeens 59

2) % A-% Hip maximal extension moment at end of swing

1;]] T T T LT S P PSS PP PPN 60
3) +%& #-% Hip maximal positive power by flexors at swing

HJ TIL ceererrernereene ettt 61
4) £% A-F Knee maximal flexion in swing H] QL - 62
5 % %% Knee second maximal flexion moment at end of

swing phase HJ DL coeeeerersesoreenenennentint ittt 63

6) &% %-% Knee maximal negative power by the knee flexors

at end of swing HJ DL corereerenennrennentintitit st 64

7) €% #H-ZT Ankle maximal adduction in swing H] DL seeeeeeeen: 65

8) &%= #-3 (Cadence }j]_]’_f[_ ................................................................... 66

V. = 9] ..................................................................................................................... 67
VI. @ B e 79

_Vi_



=2

=

=]

=]

=]

=5

=5

=5

=5

=5

5]

kel

5]

5]

=}

=}

=

10.

11.

12.

13.

14.

15.

16.

17.

18.

ATIAFS] AL ZN A EA] coorrernenreesssssssssssssnnsss s s 97
O L 7] ZF reverresreerise it e 29
Z2 THH| cereerreeentse st 30
QIE ST EL T B et 36
3’61-5_]1— U]—ﬂ l"jdi_d’—%(j .............................................................................................. 38
ZZ2 F BT FFEFU E] e 41
ZQA 7)o wE 22 A D A A AT} e, 45
A2} two—way repeated measure ANQOVA — ceeeeeemeemme, 46
A2 two-way repeated measure ANOVA swrseeesmermmsemeriisesmimssinne: 47
FAZ two-way repeated measure ANOVA - esmerreeeremissessmisssennsans 48
AA W two-way repeated measure ANOVA  «eseeessecesmsisesiinenees 49
A two—way repeated measure ANOVA wessseeressrermessessssnen: 50
BMI two-way repeated measure ANOVA e, 51
ZAA 7|0 WE TEH A B ZAAF AT s 52
54 two-way repeated measure ANOVA «esereeermsereiesissecieenane. 53
H3 A (F) two-way repeated measure ANOVA «seesersemmemmseneieenes 54
F& A () two-way repeated measure ANOVA -seweseersermeneeiierienes 55
128 two-way repeated measure ANOVA e 56

- Vil -



=2

=2

=

=]

=]

=5

=5

5]

5]

5]

19.

20.

21.

22.

23.

24.

29.

26.

27.

28.

A 72 two-way repeated measure ANOVA e 57
2N 7)) WE T2 HEEA] Z T} e, 58
Hip maximal adduction in swing two—way repeated measure
ANOVA .......................................................................................................... 59
Hip maximal extension moment at end of swing two-way
repeated measure ANOVA ..................................................................... 60
Hip maximal positive power by flexors at swing two-way
repeated measure ANOVA ..................................................................... 61
Knee maximal flexion in swing two-way repeated measure
ANOVA .......................................................................................................... 62
Knee second maximal flexion moment at end of swing phase
tWO_Way repeated measure ANOVA .................................................. 63
Knee maximal negative power by the knee flexors at end of
SWing tWO_Way repeated measure ANOVA ..................................... 64
Ankle maximal adduction in swing two—-way repeated measure
ANOVA .......................................................................................................... 65
Cadence two-way repeated measure ANQOQVA e, 66

- viii -



14

Hr
ot

j_\j‘/]j 1. E_z%g _12—7]

15

16

7] ;](j x]

=

olo
T

Nfo

—_
file)

TR

17

17

18

19

19

20

).

N

o

18 10, 27

20

22

9_];1]]94 T et

a2 12,

% 13, B3 Al FHEo]

28

- 33

19 15. Cobb’s 2zt

35

XC—])

=
=

18 16, K3y

TR
;&l

il

ol
R\

A

1

-39

it

19 18, B3 =

_iX_



46

o

e
1

47

o

i
M

g

il
_
iy

3|

X

Ho
o

i
M

49

o

i
M

50

o

i
M

ol

<
T

|

53

o4

00

ﬂv_wo

1

o6

l

o7

l

59

Hip maximal adduction in swing H] Il s

-2 Hip maximal extension moment at end of swing

g

-2 Hip maximal positive power by flexors at swing

g

62

Knee maximal flexion in swing H]il

-2 Knee second maximal flexion moment at end of

63

-2 Knee maximal negative power by the knee flexors

64



_Xi_



I. A

A7 deA

1.

p—

0
N
<

)
e

(a8
&

N

A

= X359
242
disease)ol] W& A

AL
~EF A

== (hypokinetic

o

<

-

PN
T A

2
=

7+A

=
=

o &l

5, 2003).

¢

"0

R

S

1o 314, -5l

A

=
T

ol A

o

25

-
T

A =2

o]
NJo
m

i
N

NI

oltH(HF3, 2005).

il

p—

0
®
o

Rkl

o A

p=1
=
i=

7t
Ax=EE 971 o Ho ysf
Ao}, Al

=
T

2hA A #

=3
=

A WA WAWMTL Ao} g

Bolw, Fuke] gyltel7t @ebA ¢F v Aol7tA

o
rJ

0

FHYAY 248 dojA7]

A7 s

7hA 2ot

W 39 2494, ol

=

_Z:I

=
=

1977).

L=
o,

Al

LS|
ax

ato] ko

¢



& 19479 Y| AEfell A
Ao (MsF &, 2001), Hl=9 157} FolA

J|

= A3

A&

=
=

RS

1
s

, 57 Fell A

B!

A

Kol
=

3Fo] school screening

3= 3}

’

=
[e)

A

o A=

==
T

QQom, 3 307

1999). 18y -yl A

7F A

S}l

K

197739l

-
T

KN
=]

2.86%°1 A

AT & W

170 53 14 AE=Z oF 2.28%¢ WA

ol 2002 9

7}3s

Az =
= = [e)

3)

H]

Sl K

g

bs

200749 9.1%= w-= A

, 1997~2008). o]+

A9

o]

ol
M

1999).

N
o]
i)
-

o)
~
B
Njo
=

Nr
N+

NI

ojfem Q3 By & Al HhEA] 33 By S ofy] A7]H,

=
=

tH o]

)

REREEREDIE FEES

)

s}o}
E

ok
=1

153

A 535S FE3H(Sahrmann, 2001).

e
ot

ﬂ.@o
M
T

o)
o
.
!

—_—

0

il

=y

7} 2F

CEEERE T

&

of 7H7H1e] Bal F22 tE2A vebdu(el

i 247

el 2ls
, 1988).

o E
=1 =

o]

=
o

)AO
;OL

i+

wopk vk S

o 2y el o2 5¥

1997;

Powers,

1995;

% 7}o]t}(Jessie,

==

]

o gk

Folldel Hay

o] g

o

= - =
E43 A

Smith & Gilleard, 1996).



1

ojidel FHEAHE e dolH e HHE o] ayd . 53], B
A Aol EAe AMRE = 7] “
A v& sdS detiy ol 34 wiEe dErke] FaAQl #d
o fEeA A= FAFS AYA "ok wEbd 20009 =
HPEA oy S5 B FX3E 9% H3 2 A(gait parameter) FF
3 oolejd AT o ¥ Hrime A w FX S hF A3t o F
AA (Y&, 2009).

White et al.(1999)2 v A3 B+ 2 AHuly] IS oz 31

G stA e B (Asymmetry)S AWREE dHolE T 9/ a4 = HIheS
o} E3F Metaxiotis et al.(2000) 199 ] &5wiv] of& 2 47 2] Hwjy]
of=S thato 2 gxleo] o] AR 3 (pathological gait)S FHd7] Yt A
= FY3t). ol 52 A (trunk), =¥H(pelvis), ¥4 (hip joint)e] 7]+

s walF 3 11709 Fo WRE FE8 T axIFe] nae iy

LS TUHsle shAl e WIAZZA HAE dEHE Vs AIda sl



=]
=S

KeR
-

., Kramers—de Quervain et al.(2004)

To-

o

ﬁo

’

99 tH(Carr & Shepherd 1985; Charness, 1986).

d|

al

o)
N
"

o]

= °F7IAIA

w3y oie

s

| w3 Sk Al M= X

J

3} Bojgow Q)

=T

8
zel
Gl
il

)

olt}, webq E ATo] A

iz
il

F o

N

P!
B

il

Hr

B!

d 2 mAo] gl

s

Ho

2l

o



A5 7had

3.

—_
o

~

)

gl

o,

o] #HS # FAE(pin join)E 7%

Z

A

1) SAl K sz A 3ks)

2)

A

sl eh.

s

= 7} A (rigid body)®E

ol
=

Zatsiorsky et

T
1

A 242 (Body Segment Parameter; BSP)

al.(1990)¢] A+ AHA S &

Al

3)

!

[ex |
oS

o &2 A 33}
JEE = 1.40(£0.08)m/s= H.3)

F2E AT 8m

A H

=
=

4)

bl o,

)

5) 94
6) 13

=
=

or

=K

or



o

B glold A gHE YEAS olo] Aot thew g,

1) B3 F7](gait cycle)
AZ719F F4712 Yrolx ], 7]5o] ¥ do] AW @e & oLz

2
o g BAAE wath waRAe shie na /1% BAsE Aol

B9 715H9 P ehls B F19 PROE, shte] ny F
7)ol wro] AW} AEel= A FW(stance phase: 4273} wo] | wo
BEAA 23 e AW JEL Fole] 98 S FEX U FET

3) 94Z7](stance phase)

B FrjollA gl AW wolsle= VIS 2k, Z7] A (initial

il
=S
<
kY

contact) ol A 71e 9 7] (toe-of D 7HA &

4) +Z+7](swing phase)
B F7)olA o] XHE Wy oA ©7] A7tA 9] 7S Eiht)

5) X A (strige length)
Hajol A 7] o] Aol @& Zof o]Fsle] thA] AW 2 3L7bA|
o] AMdAgE Eei),



&

&2 (heel contact)

6) B Z(step length)

7 EHEA

7] 4 A (initial contact)gtal F-=m 2|3
o}
H (sagittal plane)ol|
o7 F99H(frontal plane)o] F<

s
2
el
ﬂu _foT
1,Dr! AT_ ﬂﬁ
o |
L.E — ji
jul
s ol i
ojy NH ™
_i N/T_ - —~ N ) ée
0] o =
) = o =E
o | qL m = <
i mﬂ W - M E W
©o N “ k=i ©
fm B4 3BF o7
r - p—
5 o g = s X g o
T B Z g S &
EX R ®E ey Vo
hoT W e oW W R
fo A 0w _=m  ®E
g = o T
N B N T wgooRe o
s % = E o E e
W _— ~ N ~ I (&)
= 2D X 2 H N m A

}(Andrews,

11) #&d EHE (resultant joint moment)
(scoliosis)

1982).



13) ¥2 ZH(Cobb’s Angle)

—_
file)

o] wzpE 7S E3oH(Cobb,

1948).



Njo

[ml
|r
_zT

"

(cervical vertebra) 7

=
T

o 7

8 Z%(lumbar vertebra) 571,

o

o]
AR

Z

= o] 5o 4]

=
T

33719

"

A%

(thoracic vertebra) 1271,

S =
ST

7,

3~57 &

(coccyx)

=
T

vl

571 <}

(sacrum)

o] Az Hupz A Jov o v

8l

oL
5

E'_]_—

il

= ARl A whEtE

N

=
Ar
.ZT

NI

NI

ol

H]

o] byl o %

)

(scoliosis)o] &+ o] z}A|

=
[}

H22ZHCobb’s angle)

o] th(

10% ooz Aol

R

3t} (Kane, 1977).

24 g7l &

[e)
K

0} O
e o

]

=

F

J
1o

H

tol A

of ¢s

=
]

2l

2]

SRR

A 57F &

1ol e

S

2

o

|

ul
i:l

ol



g X
& dr % Moo T
T T 2
- 2% 9 F .3 TR
B b w a8 e w e O
N “% ) — _ZT % N .WE ‘.:O ﬂ;l H_T._ JL ~
oo S o B O ~ D -
T O~ N X S X X " = R + X
= D U — 9 I SO d T o
= =0 E#E 0 M © X At == < m Lf
_ZT X M- mm_l % 1_,_A|O 1a|.a Efl " _ ;OO o ﬂo 1 \_lJA
Eﬂﬁa5ﬂos SR BT w4
TR o d XZ 5o
sEg2al’: o RETITE R
il SR W o o S Wom o = M _HArT o
g T P ™ 3 oA < = N T
o & = 2 nm oK o b o7 Ny o M
R I . i+ 2 N % ok Clay
5 o o PE G x 79 . R
ﬂ_tw l 0 ) = o< e
oo T R = w9 o= )
&m ‘Ur EE . T 50 ,Wr,._ mmE X "o ﬂAro .Iﬁ S o @l
}1,®d%_ . R
2 o X N oy SINGS
No S A o - Koo g
N Hom Mo S % N @_m ey W M = H% ) o AK
T ELETs ST
L lam o) —_ ﬂ_”v o kv
%dw?um@u T om%a%oz
%,m1ag% oo S op T » T
Njo PN > o wjr Nlo 0 _ o -0 _ R _ZT T
Yo - e — Njo 2oa o )
— R Jl ;of N — = o 0 AL EE
o N 4w o T n- No & o o o . 9
L I " A U A F &
— 0 Njo e ~ ,HA_;M _ZT N w o o) dr W =
xR Mﬁ = R o NI w < ] - T o
o W &S N A "2 W B s w R o
T T ] ® = = BRI N
1 Ko S o X0 T B & A T
oE = iy @.o _zrv E, Wo mm:._ 5 ﬁl S, m T " NO 1_,_A| T ﬂAI
ol = = Gl wjr O wm " ™ 7o = ~
2 r i T oo T B o ow = X 2
S . D & zﬂo fr ~o Of o
(A o = Erv —_ X o X
= 7 o < o B

Al %
- =
7l Eetel 2% A, g
= 5 .6_

- 10 -

-

slo] o8 71A] AA 9

¢

]

o
1l

o



o

H

, 2002).

jgase)

O

T

S

70

Al o] Bh(

=
T

Fel 200239 & 2.86%°1 A

=7}3]

Z] 2
= v

3)

o] A H]
2007 9.1%= w2A F7lstal kil B IskITH(A & Al

2]

, 1997~2008).

2) A

[

A
w
o]

N

o} 4

=0

o

H

= A

A A

4e o

A hole} =

A

-
= T

°o]7] wiioltt. 4733 H

44
gm

]

=
3

A E(risser sign)7} ©]&% ™ o]

83t ALgE T FA,

I,

454

L
1

2005).

&

A=t 7t

o
3T

o] Fsjro] 13-144 0l A

ol
-

7] w

o (N -

s17] W

fo WS

2+

7] Al

el

= A AHAdams forward bending test)e]™, 13 #

H}H(Cobb, 1948). Cobb’s 79

<)
pul

2 A

] Cobb’s—Lippman WS

9|

2 Cobb’s Zto] 20° w]

=
<)

2 BFen 4

= =
, 559

Al wheh 2RA

bl

al

=

ebe B2

Cobb’s Zte] 20-45°&

Cobb’s 7} 45° o]ato & 9|¥

ZE %0
R

=z==0
5 o w

1% Mg

_11_



(Farady, 1983). wha}A

3) A&WH

[ut
_z:!

"

(Focarile et al., 1991).

s

}3(Liu et al., 1996) 317Fe] o gH], ulH el o

(Guay et al., 1994).

Fol®(Colloca & Keller,

10% o3&

ok
=1

7](brace),

=0

H
|

PESS

2001),

2 S A AL

g

bs

Cobb’s Zte] 20~45° Alo]g]

o7 AgHTHe R4, 2005).

2]

ol g2}

=2 (active), 554 (passive),

=
[}

2172 (stretching exercise),

$=(resistance exercise)

5}

)3 4 (symmetrical), H] % 4 (asymmetrical) #

ZIH (propripceptive

N
No
oy

uzel

g
oF

o)
_zT
N
ol

oh
!

_—

o] 3ltt.

=S
o

neuromuscular facilitation)

}(Cailliet,

1975).

S

H B Ociepka(1994)

= 4

g A

A wEA A U

_12_



v
=3
ol
3
o
b=
rot
ﬂl‘
of»
Ho
()
=)
S
<
rlo
2
e
El
ol
Mo
offl
I
fr
I
%
o,
X
4B
a2
r o
1>,
>
rlr

2
o

QL
32
o

3. B3 F7|¢ 149

ozl FFo U= AEES LIt AAClo HIIEHS A JzH7]
(stance phase)$} §77](swing phase)d ¥ ©AZR FEET < 60%9)
A7 T2 oF 40%9 27 Tt ®E FEETHMurray et al., 1964).

Lo

1) B3 F7|(gait cycle)

B3 F7]= B whEAQ Abd T sl dEFHoR
Apol ] AJFFO R HZeo] EolehA B3I FI|E 7HF AASHA gk ShAtE
+ Perry(1992)8 & & vd, 2% 374 712 A WHE F3) 23 F
715 Ttk A WAls o] w2 viee JA g FHE VEoR,
T WA= ZHE(stride)r], FEY A A 5E4E AREshe slolH, wvt

Ator B F7] HellA 754 TS e ofdlEd o3 By FUE

j=]
H(gait phase)olgl F-Et}. ¢4Z7|= o]

(period)& Waoh=Hl F To] nigel] HAsh= £ wheh 27] FatA] AA



Elasiei 1}
B AlZE] =4 single stanceZ% E#TE o] 7|7t AFo] & thEof vt
AA HBEE AA7ges §olE AREET 2] FskAl AA7I= w3
W5 %] #ZA](opposite heel contact)F-H 7|0l H& theEl7 29 93
S9AE DUt SIS ks Bk

2715 sHAlE kom HAXIAZI7] flE ol TFel W A= AVIE E

o) Thgu weEA

v}

shel, whepol A Eo] Bt Wolet BN A

Z A 7 A AL JokkaE 1>,

Phases | Stance phase } Swing phase ————>|
periods T : T TR et
Initial double support Single limb stance Second double ' Initial Mid Terminal swing
support swing  swing

Events Foot Opposite Reversal of Opposite Toe Foot Tibia Foot
strike toe off fore-aft shear foot strike off  clearance vertical strike

% of Cycle | } } I |

0% 12% 50% 62% 100%

a3 1. B3 F7](Perry, 1992)

(2) gl 9]
31 A (stride length)2 £ @o] F= W dA&sle] 4S5 dAe BA

T T

=
Aelg om@r. 2, 59 F 7l9 wA(step length) 0% Ho] Y3, 7]

_14_



rlo
I
IR
1o
rot
i3
o
i
it
i3
2

(0]

ko 2 ol Est A-E ow|sith E3E toe-out

o] 7% P wereke] Z1EA3ke] 2ol chWhittle, 2003).

|——— Left step length———}——— Right step length ———|

M Left foot angle
] Step width
W\L Right foot angle q_

Stride length :

29 2. Ao A e ol FS 7]=d 8o (Whittle, 2003)

2) B3 =H(phase of gait)

Z}zrel ZH(stride)= 8709 7164 wHOR yYFojxith Zh e B
of 83k 37kA HAQl AT & (Weight Acceptance), ©3F# #] ] (Single
Limb Support), &% FZ(Limb Advancement)S Fa3tA] Hrh AT +&
< dA7le AE 7 o= sfdetal, @ebA AA = AT F87] o] F5H
D7) JPA7IAA T el Aoy, A #3747 (pre-swing) -

B 7] §271744 f27] AAle] AA doldth,

(1) A5 48 (Weight Acceptance)
Ho] o] Fox7] oAM= WA AT ATe AL F 3

3l o] AlFE 87| =435 (shock absorption), %&7] 84 3 (initial

rr

$3o) "o

limb stability), A& €3t FH](preservation progression)’} ©]Fo]ZIt}.

@ Al 1 =¥ (phase 1): 7] A (initial contact)

NAE AN felA el vhere] i ke wahu, A4 wa F

_15_



719 0~2%°l FHETh<1H 3>,

. %=7] A (initial contact)

@ A 2 =H(phase 2):

7] o]% A]A]7](initial

3% "F-2-(loading response)

double stance period)el] | H3ty HAA H3Y F
719 0~10%°) sidEvt. 271258 vkopd

drte SRS e
Oh<2d 4>,

I8 4, &

I wh&-(loading)

AFo] g2 oY F4
S8 %(Perry, 1992).

F54E 99 v

*‘o] =

fl
S 1

9o 252 A

_16_



(2) ©3}#] A A (single limb support)

@O Al 3 =4 (phase 3): &7 99271 (mid stance)
AA AR XA 7] T A 1/29] dHY HAA ®2& =719 10~30%

o SgHch wule FX7RE HHEA S AA PR 5>

a7 5. T3 97F7](mid stance)

el R] A A 7)ol AHS 1/2 Aoz HES 314 %H A(ankle rocker) ¥
5o vz o g7t @ ko w olFslH FEy AL AAEL
W& o= T3 24712 Yokt (Perry, 1992).

@ Al 4 H(phase 4): ¥7] ¥7Z}7](terminal stance)
W ] EH7IEH P W W R g X 2R 7R|E ¢l

=

dojip= o w AA| B 7] 30~50%°) s|IFIT<IH 6>,

_17_



a7 6. 27] Y447](terminal stance)

GshA] 2 #1719 Y] 1/2 FF3H sl sty S E w X 7F E8a el vt
IAE & aAE do] "ol X (forefoot rocker)7F 9Fo & olrbA H Uk
dEo] #-AL AAET FE2 Aol AL kel Fato] dojiy]

Al e S v = 2] f47]edl sl e vk (Perry, 1992).

(3) 3l# =% (limb advancement)

@ Al 5 =W (phase 5): A f+7}7](pre-swing)

vho] % E R ZAAEEY dvke SH7bA] R dA B F7] 9
50~60%° siddct. AF F(weight) = AF Ho](weight transfer)
gtae B ghgo] AR Forg HI FU|o FTE5AQ 7] (active

contribution)& 3HA & ZATF Al o] Ay R e v (unload limb)




e

5ol ASEHo] Frletal T =o] AAH JHo] AA AA
P b el sks HES-(loading response) A7)l 3 &3k}

(Perry, 1992).

|\
IH

o]

N

@ Al 6 =H(phase 6): 7] FZ}7](initial swing)

AA #2071 = As 1/39 algsts A Bal 5719 60~73%° T
ghoh Rl o] o] mpgolA Ed A WHE the] e A wj7hA
T-Zrol <1’ 8>,

dlo] X Ho| A S A Yol #AHAL =4 g7l o w Yoprta
d0 2 vl = E(Perry, 1992).

-
Hl
{0
i
iJ]
=
A
)
=
o
R
(02
1
rlo
-z
M
iy

@ Al 7 =¥ (phase 7): T+ F27](mid swing)
AA By F719] 73~87% F3tel s, ™I o] §24471¢ o
7h 4z mid v oS A diFE vt dew yolrta FEe
A AW (base of support)¥ 2 Z}g o]& wWi7pA(YH o] #A} FEo =

o] oA wi7kA]) ALGHETKIH 9>,

—_—

K
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rz
2

ddo] #A = 93 tEl7f FAlTA Lo FolA HY FES
Ho=z wwdo, g% gEle 3 447 F 1/29)
3o} (Perry, 1992).

o
oft

2} 7] (terminal swing)

E "Ey SHEA ZAA7A] FRoE HA B

g 719 87~100%° sidAvt. Ad7ol(shank)7k ol H (thigh) ot k5o
o

2 Yolrpr A & 7F ko2 FZ(limb advancement) At ZH 10>.

@ Al 8=rW (phase 8): &7
%

Zo] A H7g ol

19 10, %7] +2H7](terminal)

72 Aol o8] thel Fxlo] gLk ou el pAe 27 B
& A% §Asn B MEAAY 94 A4S G490 % e

= 7] g7 s (Perry, 1992).
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«L
M
1%
-
=,
[m
%8,
Hl
6=

RHS LTO LHS RTO 5-RHS

(1) o]l E(event)

@ RHS(Right Heel Strike): &% FH 2|7} A Aol g2 #3F
@ LTO(Left Toe-Off): ¥t X7} AAld] HojX = =3t
@ LHS(Left Heel Strike): % H A7} Ao &2 3t
@ RTO(Right Toe-0ff): 2E% 27} AW A A= F7

r
Y

® S-RH(Second Right Heel Strike): ¥ HA <229 #2171 = Ho
o

e =1t

(2) ¥4 =¥ (phase)

(D phase 1(Double Support 1): Right Heel Strikeol| A Left Toe-Off7}#]
@ phase 2(Right Support): Left Toe-Offoll 5] Left Heel StrikeZ}A]
@ phase 1(Double Support 2): Left Heel Strikeol| 4] Right Toe-Off7}#]
@ phase 1(Left Support): Right Toe-Offell ] Second Right Strike7}A]



Sagittal plane), ¥W (Frontal plane), ¥WH (Transverse plane)S 7]2H

T

ojti<1¥ 12>,

[

Sagittal plane

: ’,Eansvr:rm plane

Frontal Plana

34|

4, B3] Al

1) S¥H(pelvis)9 23

ks

o

W (sagittal plane), ¥/3H (frontal plane),

H (transverse plane)ol A]

o, A% 7oA

_22_



ﬁo

o] Z}o]th(Perry, 1992).

4°
Anterior Tilt

7e

o
]
1=
o]
2
=
[]
o

Rotation

(Perry,1992)

2) 99 o]#A(hip joint)d] &<

tH(Whittle, 2003).

3) FE#H(knee joint)e] 2

=3 Al o] A (peak)ell o] = A

=

#o]

oy
-

s

| &

7

=
T

R

B

zF

o
e

s

iz

=
T

2003).

A | cH(Whittle,

AAds

A7) oAl

249

o]
=

4) B EAA- 3} d(ankle joint and foot)

E

=
=

(plantar flexion)ol| A

al
-

=
=

A

o

c‘)_]__

o
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(dorsiflexion) . & W3}stt}), WwEIAdL dymx 2X|7]o HE THH A
HH(varus) ¥ a2 2

A3 = e el $jAskH o] w R A= ofgE Ul
°F7t 3] 9] X (supinnation) ¥ o] vt EH =7} #|Hl &
A S =ste] o] A el FHshA Zal 3] H (pronation) .

2 F=(tibia) o ¥EAS o] &sto] oA A2 U AEHE &
z]o] 7l "ti(Inman et al.,, 1981). #7}2t

ofAm wEdd Ztm= drbere] Al glal EE AV AWl A Hojd

>

o] tigk A= d® o] Weber et al.(1836)2> &A1 AR &g o
2 HIPFTA S AEsIglen, 1 o]F Cinefilm % Video Camerag o]&
g AZHA BAM(Perry, 1992; Sutherland, 1972; Winter, 1974).
Electrogoniometer® o] &3k Ao g 2%53x HXo] FE o]Fo] gkl
F Lo == Force flate form, Dynamic EMG, Foot switchs ¥ 37 #3+H
of 9% 32k 2 A4S Fa Aol ApaLe] o3k H|A ARG o] =2
ZI7hA oy @Ejel ®e FAo] digk A 7F o] FoA  gkth(Gosselin
1987; Perry 1992; Sutherland, 1972; Winter, 1974). =t = A4 H
ol gk Ag7F 2] Aol e doew(FHAE 5, 1992 HES,

=
1994; A =+€ % 1993; 53 5, 1992), H o o227 EW3 #A4 9

_24_



-zl B3y

Smith & Gilleard,

1997;

Powers,

1995;
P (A =R, 2000), Bl ol 7}

Jessie,
w35
ol s

1999;

)= 498
S|
4

ygow 93

o
P

[e)

of el 7t

o] t}(John,
1996).

N
B

fvzel

ol
w5
M

XM
oY
i

XM

o

k(¥4 2010).
=2 360071 ©]’9] dHolH

3

367K olde] 1

-

-

o A3

sto] H3 el o

£ 5% (kinematics)

S

=

o

=
=

i, o]

AW ]

o

fi%e)
ey
o
el

olo

»A.O

1

e A 7HA

X

o

B

X
e

ol

uid

A g eh)

=

EEEE BEE

sHA o

[}

1

R

, 2009).

1A

°
o

ez}
3

8]-3—‘]'!

5)
B3 8 A~ (Gait parameter) F=3 o]

T

k)
pl

o
pul

b T

o] 2]
2

=

fol skom, 187] o<l 17

°©

o

T

=
S|
~

j =

| 3}

+
1=]
-

AdE AW dd. webd 2000d %= o] $-5-H

a

-

O
S
=

;.OE
oo

oH

A77h o] Fol A Gk

Els

o

18}l

<

oA 13719 F8 HIPaiet WYL

16702] wehul g

A Al

al
=

=
K2

1 g

whal, i)

1

o
1l

T

oz

=

Fol vl B,

°©
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X ¥ Schutte et al.(2000)

=

=

A}
=
33

=

=

}

1

BT

33

1o

e
Normalcy Index

Els

°]-&

o
=

2009).
=2}
H



A2aFe] TAHeRE Hutste dA A& TS AScsler, Assi
et al.(2006) Schutte et al.(2000)°] ¢]3}e] A|A]¥ Normalcy Index®]
A NS Hokstr] flste] HAdekd] A E o=z Ads st

olr

of A3 RPIF 169 HAvH] ols S Uldez e B
A A A= Normalcy Index”} B &S B 153 xS FESAY A=
AEE Hrlste=d AFgo] 753 Ao®E B ustgth. Wu et al.(2007)&

AGdF 8 A~F A H(Kernel Principal Component Analysis: kPCA)E o] &3}
of B = WSt #Ae 7|4 W s F njE3 Ry 3
55 vusty] 918k 8 5070 IEEHE AAISR o, o] & o] &35l H]
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R

9]

)

,AO

1= 10% 9]

95

G ol el

g

s

2]

4

& AT WA= SAl KT

o] ofFo] g} E
B3 e vy

;‘é]l_

21

B

W

—

_ZO

18 2

Z

A=A,

=8) 0. & ol

(n=8), Hl¥&v(n

Al

5]

stlom, o

= A4

598 GAE

gl
OH

gl
OH

(n=8)

(n=8)

20.38+1.92

20.00£0.93

A& (yrs)

160.59+2.42

159.89+0.89

52.9913.89

49.48+1.90

#Z (kg)

34.20+1.86

25.29+3.11

Mean+x SD
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2. 95 AX}

woATe] A9 AAE <2y 14> A B vheh 2o

MNERLY/2HAR/AHLA

“ A LA 9% |

MAZEH, M, B 2 M1

“ MA =G, A, S 24 (27

A2 2 /S A2
O
Za gy
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L
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N
o
—_
jani
e
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—A —e
Q Kk mw <D
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Y Rlwowx 0w
<
= Fal —_ KT
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N 70
mﬁ i+ it _._uwﬁ_
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M
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10 ~ 2011.
09 ~ 2011.

2011.
2011.
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H oA AlgE =A AH|= <FE 3> AAE apeb Bt
E 3. 53 ZH|
= ZEHE(FI} E8g=
& A GM-1000(Korea) AME B
A =M InBody 4.0(Korea) MRz A2
M™M= TKK-5403(Japan) FAHAM

HY =23 A| TKK-5403(Japan) H =223

X-ray IR—500-125 Cobb’s 2t &%

RFM-52575

ICR-1000

(USA)

Hol 2 A Optitrack  Flex—V100R2 A HIMEA

Camera(USA)

Force plate(AMT)
SB Gait system(Korea)
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AA 5742 Lohman et al.(1992)¢] WX S o] &3t A4 A=t
S A A AE AAE FHSEA §F 5, w@uleto A T8 " 7EA 9

FAANE AZFAGOR, 1R 257 FAARA QdL GAE @R

it

2) AAzAH &3
AATA A gFERE dads $47]/(InBody4.0)S o] &8kl A4
WeF(body fat mass), =24 (skeletal muscle mass), AA¥=F(lean
body mass), BMI(body mass index) 5o 37433t
@A 7HE 53w A =zt S A5 5 A AA
T 4% Ented dutgs A d Har(tissue)® Holdl § =
4 ZAA &gt A& 0.1ke G974 S8 H. @AY A A=

& d=s gar A AAeA Z3k g e of 15° Ak
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A

3l

AN

=

=

17](sit and reach)

%

3) A

™ _Ev = M —_
e q N Of iy
B oo oy T 0o R ° ) % w =
on rm o w n ™ o % B! o)) o|
W = g = B E B2
iy ol B =< ~ S
El o] h,._ A ~ ™ fari
= o 2 NI ol o
3 ,ol S N fo . __ﬁ o Oﬁ T —_
W ® ) CLC X
H %o o <= B W - — l
N :i — va 1o ~
ST E GEEE g w
- o e <5 Q.
‘Wm <0 o. MM Y o = ol = &\ _u
o T X T e & o= Mo =
= ok W N TR g O > . .
07 _zrl E.rl E..ﬁ m
( W " o B 5
S ﬁ mu CEEC - R &
‘_I C 1_.;0 o rH
A= %H ®H W,_A W_M o Wy S o S
o 2 - ~N = =) i ofp E /m\
S DN S LI £ S A
IR TR T g ol o Ry ™
%0 UT ,_ — TR 3 ,Ur B Z.fo : o _foT Oﬁ
N Moo W — [y X NH 9
I T W T X g B T m
= 0| = N 4 o > = f2) -
i o Aoy TN R R o M =
il o o
= oy PN X B e Nr W
B oa B X O %
o © T T Y AR "oy N
I - B N = 5 X o
e T 7o :
T oz oG PR = o R°
TP E X g R¥ewm T
K = — X T x © o wr ~ &
= W Y ® , T o X T X
B A N WK T W s £ = @ ~ X
S di o %o do = "2 ol S
A rel

H

TH|E

W =719 7+
o] &uteg WAt e 2

= =AW
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il

H|ZHA = 5 Eoker, 23] o]

57

4) F2(Cobb’s) %

1A= A == AA = 31349

2dA 5o

90° T3

B,

5

SH =

s

hump), &% == (lumbar hump)

}o] (Bunnell, 1986) 5° o]4+e] W

183

=
= ©

7](scoliometer)

_ZTI

AA BT,

Yo 29 WA AALE

3=

3l A
o]

Hel

U

m]
_Zrl

tel Cobb’s ®el whe}

]S

A (posteoanterior) T WARA AR S #9

FAtk<1d 15>,

S
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HEsk Ao B 545 95t 7 E AAsta B T2 5
o XHutd 71E Akt &3k 7|3 3% Al(global reference frame) A

AE feted SAHES 29 T AASAY. 2 APdAEodA AEEA
Eah=
256mm, 13mm)E HF-FA3sY. HFSUS HAddA EEHISE

1.40(+£0.08)m/s%2 ZEZE doo H}AE Fo HIYS AAFFon, 8m

o] SwingbankA}2e] Optitrack Z}H2} 8, Force plate(AMT) 2thel SB
Gait A]2®lo] AF&E AT} Optitrack:= 2z Zhwlgl7t #s8t nfAERZRE J&

224909) JHES 3oz ATstel 7 AL AA dolest 7}
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AL 71x2E 59 Michael et al.(2000), Janda(1998)¢] =2 135 &

=
gtk $ErTaaRe (Y2 e FHOE S DU 2 FAK

4, 2uhe RAe A8 A BAse] 2HS Fo TAsATh w4
=

Aol 3] A(rotation), = (flextion), Al#(extension), W= (lateral
flexion)& &3l HFo F3& A3 4F9 dES EEIIT FH &
59 AEess F2 2EYAOR AP o B FE A FH-

A PSS TN E HHOE AASNN &5 AEve SedAd o
= AU &% AEWsld wet JFEsE AAEAt. FAAR] $EEE
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Ho

10min

RPE

el
9~10

4
i

M

Ho

40min

muscle cylinder
trunk rotation
1 SET

e

Ho

Of

pelvic tilt
10—15sec

abdominal curl
knee tuck
o E
lying opposites
squat
bridge
rolling
forward reaching

RPE

11-15

10min

RPE
9~10

=
[m ok
&>
0 o

o

o

NEL

Hale

RPE: rating of perceived exertion
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e X 157 BEd2 BF35ke] A8
3z dAF BA FH|E o] &35lo] Modified Helen Hayes Marker SetZ
ol &3lo] I A AA | 379 B3+ wlAH(optical marker)E F-23FS)

a, vk FEAE < 17>, <E 5>l AASSIT

29 17, H3) ) RAA
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FEl
()]
oK
A%
o
Al
4r
o
ikl

Modified Helen Hayes Marker SET

Right Left

RFHD Right frond head LFHD Left frond head
Head

RBHD Right back head LBHD Left back head

Shoulder RSHO Right shoulder LSHO Left shoulder

RELB Right elbow LELB Left elbow
Upper RWRA Right wrist A LWRA Left wrist a
limbs RWRB Right wrist B LWRB Left wrist b

RFIN Right finger LFIN Left finger

RTHI Right thigh LTHI Left thigh

RKNE Right knee LKNE Left knee
Lower RTIB Right tibia LTIB Left tibia
limbs RANK Right ankle LANK Left ankle

RHEE Right heel LHEE Left heel

RTOE Right toe LTOE Left toe

CLAN Clavicle RBAK Right back

STRN Sternum LASI Left anterior spinail iaca
Torso

RASI  Right anterior spiail iaca LPSI Left posterior spina iliaca

RPSI  Right posterior spina iliaca

C7 L1
Spine

T10 L3
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2) 324 A= AL

Z}(orientation angles)™}

o gAY} aFFeA B AT

60]:

Al(global frame)E 7|02 A9 X

-
st

SRE

T

5 vz 339

SE e

5]

o
-3 (anterior-posterior)"}3F, Z

=
=

Pk X

go)s

A

Y,

"y X,

3el Fe

=

—

-
o]

=
=

VEHE

’

3

(medial-lateral)

A7kt

(verticaDWsko =2

i
N

FRAEIH 18>,

Xé ko)

A
=

o

-
It

a9Y 18, v
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O AE HojAE TEIAWUS o] &dte] AEHE T
T3 Al (sagittal plane)ol A& flexion, extension®] Zh=olm, Z
™ (frontal plane)°l 4] abduction, adduction®] Z}Xe]t}, Z18]3l hip<
S Vo2 A FA S ZAmolH, kneew FHHWAE V|FOE
Z

AL Zwoln, ankle® FolelE VFoR We| $HUL %
A

HJH —n

of\

H

Wu et al.(2007)& AYEF2AEAH(Kernel Principal component
analysis: kPCA)E o]&3le] Ra T DAst= #AH 7784 wgs F
H A% B a7y x5S vty st 78 50971 IefvEE A

Alaklen, o5 ol &ste] HES mPaF Bl Aol HPRELS B}
Sith. Fortin et al.(2008)& HFSE3 ddd 534, #5934 7
grlEe] AHAEE Al o

ot B $549 SP4e skl

=3t 8/ E AASY o, Matlab(R2009a)& o] &3t A5 o H
SB Gait ZT2ado|A duaZe 4TI <EL>
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(1) A% stepole

# 6. £ & 0@ 2ol

o M o
Hip maximal adduction in (degree) XNSFHo|M RZ7|M Z2EIE J|F2=2
swing Z|of YM™E siHX e SAle| 2t
Hip maximal extention (Nm/kg) AlatHolM X|HEE S S35l AHEE
moment at end of swing 22+ BoAMel AlXME DOIE
Hip maximal postive (watt/kg) AlMHOAM X[MHulH S 3l AHEE
power by flexors at swing 22| o 2Zof| ot x|t} 2ol &l
knee maximal flextion in (degree) AlMHOAM RZZ|0 HolzlE 7|F2=
swing zZ|of 2= 2ol Aol Ztx

knee second maximal (Nm/kg) AlAtHHolAM X[ EF
flextion moment at end of

A ofitel g Sof MEE
- 7247 FHe| BoMe =3E F HH
swing phase
Zf 2HE
knee maximal negative  (watt/kg) AlMHAA FZ7| BoM 2JFE F20
power by the knee flexors o5t 20y =o| 3
at end of swing = =

Ankle maximal adduction

(degree) HEHUAM |27 mf Bolzlg 7|&=2=2
in swing Zof WA= o F2lele| Zix
Cadence

(step/min) 2E seoto| A
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@D Hip maximal adduction in swing

Moment (Nm/kg)

Angle (°)

0 20 40 60 80 100
Gait cycle (%)

moment at end of swing

Gait cycle (%)

@ Hip maximal positive power by flexors at swing

Power (W/kg)

Gait cycle (%)
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@ Knee maximal flextion in swing

0 20 40 60 80 100
Gait cycle (%)

® Knee second maximal flextion moment at end of swing phase

1.2

Moment (Nm/kg)

0 2 40 60 80 100|
Gait cycle (%)

power by the knee flexors at end of swing

15

Power (W/kg)

0 20 40 60 80 100
Gait cycle (%)
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(D Ankle maximal adduction in swing

7. A5 Ad
w ATel Az

&

Angle (°)

e .

=10 -,:. ————————————————— 1‘,: —‘.—-‘.—' ——————— A =4
ADD1 ABD ADD2

.
v B
. e
\ “*" -
Lo
Ry QR i .
-. N

| -15 - w '
0 20 40 60 80 100
Gait cycle (%)
= BA3%7] 995t PASW 18.0 version A X271
(M EFAA(SD)E A=Y, 253 SAA 7]
23 two-way repeated measure ANOVAE ©o]83}3t}
fFolaaEe a=.052 A A3t}
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2 A= SA Ko B A Qe ddst= 55 -

% Cobb’s Zto] 10% ol4re] wag 7bd 5u4 H3EZuzE a4 F

Mo
ol
SN
=
=
Mo
off
SN
lo,
Mo
off

N
B
E

b
>,
B
X,
=
=
Mo
1
iy,
_\‘#‘
ul
i

H| 2 &2 (n=8)
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pre post pre post
A1 ZH(em) 155.19+8.19 155.94+7.75 161.34+5.02 161.68+4.80
A = (ko) 47.33+9.38  48.33+8.41  47.79+5.89  48.60+5.60
A2 2 (kg) 17.29+3.44 17.81+£3.18  18.40+2.10 18.51%2.24
A K| 22 (ko) 12.7345.53  12.94+4.96 11.55+3.25 12.21+£2.93
M K| k2 (kg) 34.6+5.06  35.39+4.70  36.24+3.11  36.39+3.29
BMI(kg/m") 9.43+8.72  15.16+6.56  15.38+7.92  17.25+7.90
MeanxSD



—

A% wa

) 2% A%
A% two-way repeated measure ANOVA Z3}+= v #r}.
= |2+ two—way repeated measure ANOVA
SS dar MS F
= 282.625 1 282.625 3.247
X} 1218.502 14 87.036
EHA|7] 2.365 1 2.365 23.330™"
E™AZIXOE .340 1 .340 3.357
X} 1.419 14 101
p<.001
ANAZA F A g 2% ade [(1,14)=3.247°H ZHA| 7] u}
& 89 F(1,14)=23.3302 Y3 #to]7} YESTH(p<.001). 18y 54
NNX2FZF A3 288 F(1,14)=3.3572 F93 2po|7} YepA] kte}
cm WO
160 ST g
150 T T
140
130
pre post
a4 19, % A5 2% HlaL

_46_



2) % A% AF v
A5 two-way repeated measure ANOVA ZA3}+= t}e-3 #r}.
# 9. AE two—way repeated measure ANOVA
SS dar MS F
= 1.088 1 1.088 .010
X} 1561.554 14 111.540
Z- A7 6.570 1 6.570 8.740"
E™AZIxOE .070 1 .070 .094
X} 10.524 14 752
“0<.05
ARG F A A 15 &y F(1,14)=.010017 FHA| 7] up&
a7 F(1,14)=8.7402 F9 g Ato]7} YEFGTH(p<.05). 2t SAHA 7] X
7 AT AES F(1,14)=.0942 #93 2}o]7} YERL}A ettt
s + CG
| | = EG

i
ke
60
50 +
40
30
20

10
pre
a9 20, %5 A5
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T
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El

A two-way repeated measure ANOVA ZA3}+= t}S3 #r}

it

10. 242 two—way repeated measure ANOVA

SS ar MS F
e 6.570 1 6.570 422
X} 217.784 14 15.556
EZX A7 .813 1 .813 6.533"
=XA|7| X2 .340 1 .340 2.735
X} 1.742 14 124
p<.05
ANAzA T FA2 R a5 &3 F(1,14)=.4220]9 ZH A 7] u}
2 a9 F1,14)=6.533= 9% zto]7} e tH(p<.05). Ly S A 7]
XAF A AEL F(1,14)=2.7352 §93 zto]7} YA ekgkt).
kg + CG
25 . | B EG
20
15 * +
10
5
0
post



4) %5 A5 AXYF v
A A HeF two-way repeated measure ANOVA A3 += vS3 2t}
Z 1. MX|LFF two—way repeated measure ANOVA
SS dar MS F
= 7.220 1 7.220 196
X} 514.599 14 36.757
=5 A|7| 1.531 1 1.531 3.607
E™AZIxXOE .405 1 .405 .954
it 5.944 14 425
MAZAY T AAGZe] g a5 ade F1,14)=.196°1H FSHA| 7]
mE g3 F(1,14)=3.607= F23 xfo|7} YA &hoh. T SHA| 7| X
1 A8 F(1,14)=.9542 F93k #o] 7} YERUA] g
kg
+ CG
20
2 EG
16
12 r
8
4
pre post
Ao A wEE v




A A HeF two-way repeated measure ANOVA A3 += vS3 2t}

= 12. MIX|&ZF two—-way repeated measure ANOVA
SS dar MS F
= 13.913 1 13.913 411
X} 473.542 14 33.824
EZX A7 1.758 1 1.758 6.661"
E™HA 7| XxOE 1 .813 3.080
QR 3.694 14 .264
p<.05
AANZAE T AALH dok 25 a3+ [1,14)=411011 SAHA| 7]
E &3 F1,14)=6.661%2 F2]8 2Fo]7F YEFSTH(p<.05). 1y SH A
7|} 27 A5 RS F(1,14)=3.080= 93k x}o]7} vpebbA] gkt
. * + CG
50 | |
B EG
40
30 ' ‘
20
10
0
pre post
o 23, &5 A5 AXLE v
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= AH-3 BMI v

6) <+
BMI two-way repeated measure ANOVA ZA¥}+= vt} Zr}.

¥ 13. BMI two—way repeated measure ANOVA
SS df MS F
s 13.005 1 13.005 1.286
X} 141.554 14 10.111
S-A7] .605 1 .605 5.030"
EMANZ|IXOE .001 1 .001 .010
X}t 1.684 14 .120
A A 7]

1,14)=5.0302 &3t o] 7} YEFRTH(p<.05). 18
o Sk,

NEES
= 59 K
XAF7 FEREL A(1,14)=.0108 23 =po] 7} E}A]
— + CG
- | |
= EG
) R —
15
10
5
0
pre post



.I

288 AFAAL
+ETE RPE 11~15% 60237 #3495 AAE e
e AF A v 24 dabs g GE 14~19>, <F 25~20>3 At
E 14, SHAP|0 e OFH MHHAL 2o}
2=7(n=8) H| 2= (n=8)
pre post pre post
oM (em) 9.434+8.72 15.16+6.56  15.38+£7.92  17.25+7.90
x=
e - 66+5.1 25.73+14.48 18.57+13.67 17.02+16.
284 M (second) 8.66+5.19 5.73 8 18.5 3.6 0 6.55
. TS + + + +
81 M (sacond) 7.36+5.27 27.34+£10.7 14.91£10.17 20.47+18.89
B =24 (kg) 31.74+7.78 44.56+12.27 35.31+9.16  41.58+9.61
33.25+13.37 63.00£19.71 29.88+27.23 35.50+27.64

=X 724 (hum)

_52_

Mean+SD



) £% AF 494 vz
<94 two-way repeated measure ANOVA ZA3}+= th5-3 2},
# 15. A two-way repeated measure ANOVA
SS ar MS F
s 129.404 1 129.404 1.088
X} 1665.857 14 118.990
SEAI 115.710 1 115.710 37157
S™AZIxaE 29.934 1 29.934 9.613"
b 43.597 14 3.114
p<.01, ~p<.001
ARSH & Fddel W 25 aves [1,14)=1.088°1% F4A7]l
e 853 [1,14)=37.157% 23 ztol7F YERHRHH(p<.001). =3 =H
AZ7IXLE3F e 2Ee [(1,14)=9.6132 §<9g #Fol7t YepRth(p<.01).
m + CG
30 | s | B EG
25
20 L
15
10
5
0
pre post
wex SN, ## FEAE
s A A v



A two-way repeated measure ANOVA ZA¥= tpe3p o}

&
E 16. WM (ZH) two-way repeated measure ANOVA
SS ar MS F
s 2.904 1 2.904 .011
it 3853.234 14 275.231
ZHAI7| 480.965 1 480.965 6.543"
E™YAI|IXxOF 693.223 1 693.223 9.431™
PN 1029.082 14 73.506

"p<.05, "p<.01,
5

of W 5 & A1,14)=.011011 ZHA]7]
T =]

T F5 H
F1,14)=6.543=% 9] *}o]7} YEFRTH(p<.05). =3 =
2 F1,14)=9.4312 93 Ao]7} YEFTH(p<.01).

+ CG

second
*, 33
& EG

20

10




[}
S

¥ 17. WeM() two—way repeated measure ANOVA

7 SS ar MS F
s .935 1 .935 .005
LK} 2904.579 14 207.470
SHAZ 1303.945 1 1303.945 13.916"
E™AZ|IxOE 415.657 1 415.657 4.436
LK} 1311.851 14 93.704

second

50

40

30

20

10

= R

Aol det 1§ &v= F(1,14)=.00501% A AV
(1,14)=13.9162 23 zpo]7b UERtH(p<.01). &1t
TAEe [(1,14)=4.4362 93 2Fol7k HEA

+ CG

& EG

pre
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3) ¢F A-F Wz
<94 two-way repeated measure ANOVA A3} += vS3 £t}
F 18. H{23 two-way repeated measure ANOVA
SS ar MS F
s .690 1 .690 .005
X} 1868.924 14 133.495
=rSPN) 728.665 1 728.665 12.120™
E™MA I IxOE 86.133 1 86.133 1.433
Xt 841.667 14 60.119
“p<.01
AE54 5 2" g 15 a3 F(1,14)=.005¢17 FA A 7]
£ 23 F(1,14)=12.1202 #9493 27k et (p<.01). 28 44
X 1F3F A RS F(1,14)=1.4332 1938 2ol 7t yelA] gkt
Gokg ek + CG
50 &/ EG
40
30
20
10
0
pre post
A.3ou)e v



4) &5 A-F ZATY v

A8 two-way repeated measure ANOVA ZA3+= tpS-3 Zr).

E 19. 22X two—way repeated measure ANOVA

SS af MS F
aE 1906.531 1 1906.531 2.138
X} 12484.688 14 891.763
SEA7| 2502.781 1 2502.781 17.314™
EMAIZ|XOE 1164.031 1 1164.031 8.053"
X} 2023.688 14 144.549

“p<.05, " p<.001,

X1E A5A8S R1,14)=8.0532 93 xto]7} YEFTHp<.05).

L=l

Wk #
100 + CG
B/ EG
20
60
40 -
20 [
0
pre post

o ZRA), # FEAE



Asgor, $5w ueEwe)
20~28>, < 30~37>3 Zr}

Al
=2

pre
5.25+£3.25

:8)
3.79+2.21
0.12+0.12

20.
2.69t1.68
0.10+0.14
4.32+6.80

=]

6.24+3.73
0.06+0.07
5.04+3.58
10.81+6.48

Hip maximal
adduction in swing

Hip maximal
extension moment 0.09+0.11
at end of swing
1.45+1.73
10.66+9.69
0.03%+0.04

Hip maximal
5.06x2.16

positive power by
flexors at swing
10.16£6.52 7.45x5.47
0.03£0.04
3.42+£3.72

Knee maximal
0.01+£0.01

flexion in swing
Knee second
maximal flexion 0.0440.05
moment at end of
swing phase
Knee maximal
3.17£4.15
2.48+3.38

0.71+0.66
2.66+2.18
17.39+12.22

3.05+4.14

0.7810.66
17.86+£21.95

negative power by
the knee flexors at

2.03%+2.11

10.29+4.03

end of swing
Ankle maximal
adduction in swing
17.79+£20.99

Cadence
— 58 —

Mean+SD



In swing two-way repeated measure

1) €% A% Hip maximal adduction in swing B] L
Hip maximal adduction
ANOVA ZA¥= o3 2o
I 21. Hip maximal adduction in swing two—way repeated measure ANOVA
SS ol MS F
= .025 1 .025 .003
X} 126.132 14 9.009
EHA|7] 8.689 1 8.689 1.229
E™AZIxOE 50.363 1 50.363 7.124°
2t 98.978 14 7.070
"p<.05
H3PEA F Hip maximal adduction in swingo] w3 1§F &34+
F(1,14)=.003°]9 ZSAA 7] W& a3 F1,14)=1.2292 F<3 Ao]7}
ATt a2y SAHAVIXAET FE AL F(1,14)=7.1242
*
+CG
W|EG

ERSIEY

o7k Apol 7k e TH(p<.05).

post

%]

pre

o

a9 30. & -3 Hip maximal adduction in swing H]xl
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£% A% Hip maximal extension moment at end of swing B

Hip maximal extension moment at end of swing two-way repeated

MEG

2)
measure ANOVA 23+ b3 2o},
H 22. Hip maximal extension moment at end of swing two—way repeated
measure ANOVA
SS daf MS F
s .000 1 .000 .897
2} .001 14 .000
E-A7| .000 1 .000 .016
E™AMIIXOE .000 1 .000 .359
X} .002 14 .000
H3YEA ZF Hip maximal extension moment at end of swing®] ™3+ 1%
%= [(1,14)=.897°l7 SAA7] W& a3 [(1,14)=.0162 3 A
SAHAANZIXAET FEAEE F(1,14)=.359% F9
+CG

o7} 1A ekstr}
SR RNPAURERSREEY
Nm/kg

0.015

0.010
post

0.005
pre

0.000
% Hip maximal extension moment at end of swing W]l
— 60 —



% A -¥ Hip maximal positive power by flexors at swing H]

3) &
Hip maximal positive power by flexors at swing two-way repeated

measure ANOVA ZA3¥+= tpS-3 72,
by flexors at swing two—way repeated

E 23. Hip maximal positive power
measure ANOVA
SS ar MS F
s 16.269 1 16.269 .745
it 305.700 14 21.836
ZHAI7| 37.535 1 37.535 3.261
SE™YAI|IXxOF 16.816 1 16.816 1.461
b 161.121 14 11.509
H3YEA F Hip maximal positive power by flexors at swing®l| ™3+ 1
2= F1,14)=7450°1M FA4A17]0 we a3 [1,14)=3.261=2 23t
Aol 7F WAl Skth. R SAHAVIXAEIE A8 E H1,14)=1.461%
frol gk Ahol7h vpERg A 23k
Watt/kg
6
+CG
5
a HEG
3
2
1
0
pre post
19 32, % -3 Hip maximal positive power by flexors at swing H] il
- 61 -



£% A-&F Knee maximal flexion in swing H] L
Knee maximal flexion in swing two-way repeated measure ANOVA 23}
F

4)
= thest g
H 24. Knee maximal flexion in swing two—way repeated measure ANOVA
SS ar MS
s 16.462 1 16.462 .601
Rt 383.274 14 27.377
SYA|7] 13.182 1 13.182 .481
EMAMIIXOE 16.462 1 16.462 .601
PN 383.274 14 27.377
B3PEA F Knee maximal flexion in swingo] ©3 1F FEd=
F(1,14)=.601°1™ ZSHA 7ol w& a7 [1,14)=.4812 F2|g zto]7l 1
A ergkeh EE SAN/IXAFI FEAEE A1,14)=.6012 F9§ 2ol
7} vrebbA ersiet,
Degree
14
+CG
12
®mEG
10
8
6
pre post
Knee maximal flexion in swing H]xl
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5) % A% Knee second maximal flexion moment at end of swing

_63_

phase H] 1L
Knee second maximal flexion moment at end of swing phase two-way
repeated measure ANOVA A3+ t}L-3} 7o)
H 25. Knee second maximal flexion moment at end of swing phase two-way
repeated measure ANOVA
SS darf MS F
= .001 1 .001 .553
X} .016 14 .001
EHA|7] .002 1 .002 .818
EYAIIXOT .001 1 .001 775
X} .027 14 .002
H3EA F Knee second maximal flexion moment at end of swing phase
of e 2% a&¥E  [(1,14)=.553°1H FAHA7] 2 73y
AL1D=818% F% Ao/t A ghskeh. =& SN /IX1ED F54
|5 F1,14)=7752 g ol7} YeptA] ¥kt
Nm/kg
0.05 +CG
0.04 BEG
0.03
0.02
0.01
0.00
pre post
19 34, % -3 Knee second maximal flexion moment at end of
swing phase W]l



1.724

MS

6) % Z-$ Knee maximal negative power by the knee flexors at end
13.507

of swing ¥l
Knee maximal negative power by the knee flexors at end of swing
two-way repeated measure ANOVA 23+ tpL3 7o}
26. Knee maximal negative power by the knee flexors at end of swing
two-way repeated measure ANOVA
darf
1
14 7.835
8.705 1.111
13.507 1.724
7.835

SS
1

i
o

13.507
1
w g

109.692

8.705

=4 27]9]
AN xTEN BB

13.507

A7
109.692
s

% Knee maximal negative power by the knee flexors at end of
F(1,14)=1.7240°]H
=
ko),

14

o} o
Lb‘/\)]\_
5 X

/ﬁi
e o5 'Zde
A1,14)=.11112 §938 o]z} 1}
28w F(1,14)=1.724% 9% =o]7} vpehrtx
— +-CG
#®EG

swing©l|

Watt/kg

3.0
2.0

post

1.0

pre
% 7% Knee maximal negative power by the knee flexors at
end of swing H|al
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7) % A% Ankle maximal adduction in swing WXL
Ankle maximal adduction in swing two-way repeated measure ANOVA
Azt gt 2ok

I 27. Ankle maximal adduction in swing two—way repeated measure ANOVA
SS af MS F
h=+ 10.811 1 10.811 1.446
X} 104.687 14 7.478
ESYA7] 4.084 1 4.084 1.339
E™ANIIXOE 2.306 1 2.306 .756
X} 42.717 14 3.051
B A F Ankle maximal adduction in swing®] W3 1% J I+
F(1,14)=1.446°]1™ ZFAA 7ol W& &3 F(1,14)=1.3392 F<3 o] 7}
UA gtk E9 SHAVIXIEI AEAEE AL1H=T56% Fol@ A
o7} VhERA e ke,
Degree
= - +CG
2.5 1 BEG
2.0
1.5
1.0
0.5
0.0
pre post
$& A% Ankle maximal adduction in swing H]xl
— 65 —



% A-F Cadence v
MS

102.621 .257

.878

8) &

df
399.382
685

1

Cadence two-way repeated measure ANOVA A3+= tpS-3 ),
H 28. Cadence two—way repeated measure ANOVA

SS
102.621
14
126.998
98.958

5591.353
’

144.566

=74

@t
126.998
98.958
14
0}01—]:],. w

ZHA|7]
2023.920
% Cadenced] 3+ 1% a3+ F(1,14)=.2579]H
& AN ?_1:

S|
ax

Y
2 77 F(1,14)=.878% F93 ztol7} 1A
ATALE [(1,14)=.6852 F9]3 xto]7} LERER

=

ot
-~

Steps/min
20

15
post

10
Cadence W]l

5
pre
% 37 % A%
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negative power by the knee flexors at end of swinge $+&4
3.05+4.14004 5% 0.7110.66 2.2 -76.72% A=At webd S2-4
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ABSTRACT

Effects of Physical Exercise Program for the Adolescent
with Scoliosis on Body Composition, Physical Strength,

and Asymmetric Gait Parameter

Jin Hye—-Rin
Department of Physical Education
Graduate school of

Sungshin Women's University

The improvement of economic level and the development of science
and technology have led to the growth of exterior physical constitution
of the adolescent. But, psychological stress related to study, lack of
activities caused by sitting—centric life, weak physical strength caused
by hypokinetic disease, long-time wrong body posture resulted in the
increase In scoliosis of the youth. In addition, scoliosis makes part of
spine twisted, leading to the occurrence of compensation subluxation,
SO it causes an incorrect gait pattern.

Accordingly, this researcher studied 16 girls aged 11 to 17 years
among patients diagnosed with idiopathic scoliosis whose Cobb angle
on thoracic vertebrae, thoraco-lumbar vertebrae, and lumbar vertebra
i1s more than 10 degrees, coming to orthopedics at K Univ. Medical

Center in S. The study subjects were divided into an exercise group



(n=8) and a non-exercise group (n=8) according to the participation
into the 8-week exercise program, and the two group's physical
composition, physical strength and gait related asymmetry parameter
were compared and analyzed. The results of the study are presented

as follows.

1) The measurement result of body composition indicated that both
groups showed more significant differences in height, weight, skeletal
muscle, lean body mass, and BMI after physical exercise than before
physical exercise(p<.05). Also, there were no different effects between

the groups.

2) The measurement result of physical strength presented that the
two groups showed more significant differences in flexibility, balance,
back muscle strength, and muscle endurance after physical exercise
than before physical exercise(p<.05), and flexibility, left balance, and
muscle endurance showed interaction between measurement time and

groups(p<.05).

3) The analysis result of gait showed that the physical exercise
group showed a positive effect as their gait figure reduced after
physical exercise, but that the two groups had no significant difference
in the figure. In addition, regarding Hip maximal adduction in swing,
there was interaction between measurement time and groups, and in
the case of the physical exercise group, the hip maximal adduction in

swing reduced after their exercise, whereas in the case of the



non-exercise group, it increased.

As shown earlier, it is considered that physical exercise positively
affects the improvement of body composition, physical strength and
gait posture of the adolescent diagnosed with scoliosis. Therefore, the
results of this study are considered to become an important
fundamental material in offering a physical exercise treatment which
helps to change body compositions of the adolescent diagnosed with
scoliosis, to improve physical strength, and to improve left and right

asymmetry gait.
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