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Effects of Hip Joint Training Program on Postural Control and Ankle

Joint Function in Subjects with Chronic Ankle Instability

Dae Young Jo

Department of Physical Education, The Graduate School
Pukyong National University
Directed by Professor Kim, Tae Gyu, Ph.D.

Abstract

This study aimed to investigate the effects of hip joint training on
static and dynamic posture control and ankle joint function in
individuals with chronic ankle instability (CAI) and to provide useful
information on various rehabilitation strategies. A total of 25 subjects
who met the criteria for International Ankle Consortium were
participated in this study and they were applied 6-week training
program consisting of neuromuscular training and hip (EG, n=12) or
ankle (CG, n=13) joint training program. Before and after applied
6-week training program, the static and dynamic posture control and
ankle joint function on their injured leg were examined. The static
posture control consisted of total length (TL), sway velocity (SV), and
envelope area (ENV) of the conter of pressure (COP) on stable and
unstable surface with eyes open and closed, and lower quarter

Y-balance test (YBT-LQ) was performed to measure dynamic posture



control. The ankle joint function was tested using 4 hop tests.

The result is as follows :

1. After 6-week training program, the TL and SV of COP in both
groups were significantly reduced during one leg standing on stable
surface with eyes closed. And in only CG, they were significantly

reduced on unstable surface with eyes closed.

2. The ENV of COP in only CG was reduced during both one leg
standing on stable and unstable with eyes closed after 6-week training

program. And after the training program, it of CG was lower compared

to EG.

3. The score of YBT-LQ after the application of 6-week training

program was significantly higher in both EG and CG.

4. After 6-week training program, the ankle joint function using 4

hop test was improved in both EG and CG.

This study showed that 6-week hip training program improved the
static and dynamic posture control and ankle joint function similar to
conventional ankle training, and the hip training program had a positive

effect on chronic ankle instability (CAI).

Keywords: Chronic ankle instability, Hip training, Ankle training,

Posture control, Ankle function
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TR 5

4

stsitt 70%° A

31975 AA

£ 9

Cohen’s d

FlaL, 6714 o

S

o)
z]t

A7 F(giving way)< 7

o 2 olabel 3

)

ok

B
ﬁo
To!
Nlo

o

_,%

A (ankle instability instrument, AIl)ol “of”2}

o/,

N7+ 570
(identification of functional ankle instability, idFAD®2] A7} 1138 o]

ki3

o}
=]

o
S

al

%7 (cumberland ankle instability tool,

CAIT)Y A7t 2474 o]&tel S XA

o] 32 Cumberland

5

}$1tH(Gribble et al., 2013).

S

o
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1 A7ARe 9y 54
EG CG Between
(n=12) (n=13) group
Age t=0.192
23.50+3.15 23.71+£2.72
(yrs.) p=.849
Height t=-0.391
170.35+5.73 169.50+5.88
(cm) p=.699
Weight t=0.281
67.07+14.03 68.57+14.21
(kg) p=.781
BMI t=0.538
) 22.9043.74 23.69+4.01
(kg/m?) p=595
X°=0.037
Sex 6 males, 6 females 7 males, 6 females
p=.848
CAL | Re 5(35.7%) 9(64.3%) 20,986
Limb _ .
(n %) Lt 9(64.3%) 5(35.7%) p=131

_20_



0

0

_Z—_l
=K

IH

0

N

AN wAR A9

1

o

A9 (giving way)

3

8

317] 938l Docherty, Gansneder,

S

3]

17}

&

A}

o] 3

A -A] (ankle instability instrument, AII)

Hurwitz(2006) ]

7j9le]

of olal AH AMAAAAL, FH AMAN AL, W)
Arnold,

instability instrument, AII)

el

o

o)
jle

o} Docherty 5(2006)2] Aol A HA-AAAL AlE e 952

ki3

o

el
Np
e
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(2) 7154 w4 EorAA 2W¥ AFA(identification of functional

ankle instability, idFAI)

%A wE Bogyel oe SeHs Ak 1ES A ANe s

7] ¢él Simon, Donahue, Docherty(2012)el ]38 /l2&¥ 7|52 ¢& &

o
o
o,

218 A 5] (identification of functional ankle instability, idFAD =

RS

>
=
ofo
off

vk 71sA EE 2okl Ad HEAGIFADE 714 o8 =

FFA(FADe] A= MAS A¥ste (H2F Faowr FHAAHA g

4>

A AelE zgata Qe

A A 7ed @ E EAdA S JHE Aol 3, 108 ol A
7154 dE EAdAALS 7 7hsAd el ¥rtal B uE A (Donahue et al,
2013). Gurav, Ganu, Panhale, (2014)2] <ol A AAF-AAA AFE+=

PE =S Fra BA

H

(3) Cumberland & EoF4A T-(cumberland ankle instability

tool, CAIT)

Mol 7ed s EAAS JHA A A=Al gk o Fek =k
of AZAEE A7 = Jde=AE &2lst7] 93 Hiller, Refshauge, Bundy,
Herbert, Kilbreath(2006)o ©]3ll 7% Cumberland & &Y =5
(cumberland ankle instability tool, CAIT)S Al-&3tdth & 979 Ao

2 AR Qom I F 57 AES 0" 3HVA, 27 AEE 0

A 48 7A, 17 A2 0ol A 587HA, B o & 17 A& 08 odlA 24
o sojalth 4 04 F A WEE VY o4, By wme
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244 olst® Aottt A7t ==

Jf

o
o
o,
ftlo
P
o
i3
I
o
o
h=)
ol
s

olof= HHl = Hprt G E Ve uE B
e}l TH(Hiller et al, 2006). Hiller 5(2006)2] Aol AA-AHAL Al =

T 96oR ke FES BY
. A A o

(1) A% AAA] A}

B oI o] A 2 A AAAASE s 3l Gaitview
AFA-50(alFOOTs, Korea)e] 270 R oA vestibular test modeE ©]-&
3t om Gaitview Pro 2.0 <1% 2> 3] <¥2>7 2L Z=AHS

s

bl

ot

%2 AH AAA FATE

TE W&
oFHH - COPel A# 9% WA
(envelope area, ENV) - ¢|FHAo] 2S5 dP5Ho| Frh= 3S 9
z A3F - COPAlA SAHAI B¢ o)se F AL
(total length, TL) - ZF AY} FEFE o U2 735 EHS 9
COP 524% - % AAE / HARAIRE
(sway velocity, SV) - COP £%7F &5 ¢ U2 73858 S 9

COP : &3 =4 (Center Of Pressure)
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dekdt AHe A7 BHE nlgollon EobA 3 WS ajrex Balance

rlo

pad(Elite, made in swiss, 50 x 40.8 x 6cm), <19 2>= JAHAC
(Linens, Ross,, Arnold., Gayle & Pidcoe 2014). thA=#= 1) & & A=
Gk AW (SSEO) 2) & #e AHZE dddk AW(SSEC) 3) w =
2 EQrggt AW(USEO) 4) w+ e JHE &4 AW(USEC) % 4
74 g2 279 A skt A 7] AFone leg standing test)E T3 A
ATHZE 3). A= = & AdHolA Wz AA=HA A AAR oF

3m % FAFES TEAAGFAOH, hgAe] & Fe AAE 5L 2

a9 2. AF AAAY SAHE
(A: Gait view Pro 2.0, B: AIRex Balance Pad)
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I 3. EANT7IHAL

2 54 A} A

YBT Kit(Functional

s14

B8]
VA,

=
=

2} A A o]
Inc.,

5

Aol A

H
A

g AHgsl

USA)
FlTh =

S

Chatham,

System

Movement

]

2

=
=

)

YBT-LQ(Y-Balance Test Lower Quarter

-
R

A= AT At

Ao, <& (anterior), F 7} (posterolatera),

—_
1o

B

% ¢k (posterormedial) 3o &2 W

oW ES ek oAt

98

B

ol

il
=

’

[e)
Ehy

s

£ A"

2 40 AHA

2 selyon

IE15
=

A 9ol

Ay A
it

Ar 7]
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BEel A Al AR HEole Al BE A AR Fsta AS5A S
ow, & 33 54 F FEHUe VIS AY. 2= A v 2
ol Airstetion, vyl dol= dAE AFE I fed bR FE
ZFAl (supine position) & F3etEE 53R, FHES FHo R 7] H3)
gl E HA FE& wla, oo 9k g 7FA] (anterior  superior iliac
spine, ASIS)HFH #& = Wi ¢F&E EAN(medial malleolus)7F4] ¢ 7 €]
& EAE ol&ste] FASAH I 4). YBT-LQ TR=E2HFE <149
5> &2dl wifdste]l thy Holo] tigk FA7IE9 HlE&S 4

(Wilson, Robertson, Burnham, Yonz, Ireland, & Noehren, 2018).

a9 4. 34 AAA 57
(A:EH|AA, B:EE 85, CHME BE, D:IFYGE B5)

. FAE Cl:}l. O|—
ZSICERR A o (2T S+
S ® o = ( [:[.El;’llol X 3 )X 100

a9 5 =SS T4
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o AERAE 75 HA

B Aol ERE T

R

flo

828 & 7 AMfigure—of-eight hop test),
Alol= & ZAM(side hop test), 6V ZZ~2HW & HAN6-meter cross—
over hop test), BAFZE & ZAHsquare hop test) 5 Ul 7FA & HAALES

3l gl ATH(LH6).
(1) 8#8 & AAHfigure-of-eight hop test)

R9Fe] F(training cone)= Hlx 3 &
1

=
R A A2 A 5 iR dzete] Higk w27 84 Rds

AR ol gh A 8218 mAE o] kA 3

S tH(Caffrey, Docherty, Schrader & Klossner, 2009).
(2) Atol= & HAl(side hop test)

AOIE F AAE 37] 918 30cm S 2He] A 2 F A
oA g Hol 0emAAe WS F A AF AXZ Hojdo] Eels}
71

AL 182 % 1082 e w2/ HRsE g2 E 33 =459

rr

o]

©o

BA
L FoiAAY wbtfE Zo] AWe] gAY, HAF T 30cm A E ¢

o
s
o
o
—_
P
3
i
d
fru
N
Jft
ol
2
)
-
N
)
filo
>
>,
ofo
ol
599
£
=2
0%
>
X
of
uta)
o

al., 2009).
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(3) 6mH ZA22~2W F HAAH6-meter crossover hop test)

6ME Azx0m F HAAE &7] s A= 6m 2], 15em F7 9]

NEAE 2 F AR A ALHANRE FRE A FAS A9
j

F2 & AS5AsA H(Caffrey et al., 2009).

4) AAr2e & A AM(square hop test)

rlo

AAE & AAE 7] 93] 40cm x 40cmo= ] ®We] Zolrp 2

)
v}
)
0,
-3
>,
3
o
o K L
Rl
g
3
=
ro
)
o2
(03
f
48
s
i
to
1_4
i
e
J
ol
3£

ot
o
o
o
v
it
(03
1o,
>,
)

23)

(03
i

I
(o3
=0
fo
rlr
P
ftlo
—
ol
fr

F 38 ARG 001EOVNZ 1=ste] BTFFS Agaga B
A7k Aot ol AAL MeE W AHe) GG FRd JFow
U] e sl WA RS 4%, 0% FH F AZIEY

tHCaffrey et al.,, 2009).
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(Figure-of-Eight Hop Test)

4
!
v s JOCI
Aot s
- ol ", oy ! :
&m A2 [ T | S
e 40cm
B B . v “t---q kit b
4 ; E
vz 0w
30 cm —> - ,
15cm “""
(Side Hop Test) (6-Meter Crossover Hop Test) {Square Hop Test)

a¥ 6. EEHE 71 AHAL

(Ankle joint function test)
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H

H]
(v
;of

B
g
joh

e

], 13] 30740&%F 13

oAA A

1 157 gvh o) gAE

S
Tl

Al

B
)
ok

¥
<

N

oz 2 732 McKeon, Ingersoll, Kerrigan, Saliba, Bennett &

Hertel (2008)¢] A A]3%k

ﬁo
B

)
o
|

—
file)

o

¢+

o
T

AA A 3

3|
A

I

Alz=glel Zhel A

joh

N

A= vhelel A At

=d tg s "y

ol

1A

S

A, Bel 127k W

)
job

el

B

F 3> 2o

8>, <1H9><

y&e <19
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AnterioriPosterior

Medial/Laterat

(single-Limb Hops To Stabilization) (Hop to Stabilization and Reach) {Unanticipated Hop to Stabilization)

IF 7. ARBE TEHZZ 1Y
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¥ 3 A3 FE=Z=Ea9Y

Exercise

Description

Start

Progression

Single-Lmib Hop to
Stabilization

Start to target at 18 — 27 — 36 in
Anterior/Posterior, Medial/Lateral

Anterolateral/Posteromedial

10 hops/direction at 7 levels of difficulty
with 2/distacne

When able to perform 10 error—free reps

at each level of difficulty

Hop to stabilization and
reach

Similar to above except: hop — stabilize —
reach back to start — hop back to start —

reach to target

5 rep/direction at 7 levels of difficulty
with 2/distance

When anble to perform 5 error—free reps

at each level of difficulty

Unanticipated hop to

stabilization

Stand in middle of 9-marker grid

Sequence of numbers displayed

As sequence change, hop to new target

position

Use any combination of hops to target
position
7 levels of difficulty based on time(1-3)

and compromised surface(4-7)

When error free at each level of
difficulty
When error free at each level of
difficulty

Single-Limb Stance

Single-limb stance, eyes open Hard floor
1. 60 s x 3set 2. foam pad 30s x 3set

3. 60s x 3set 4. 90s x 3set
Giving and receiving a 6-pound ball on

a foam pad
5. 15reps x 3set 6. 20reps X 3set

7. 25eps  x 3set
Single-limb stance, eyes closed

1. arms out 30s x 3set

arms across 30s x 3set

arms across 60s x 3set

arms out on foam pad 30s x 3set
amrs across on foam pad 30s x 3set

amrs across on foam pad 60s x 3set

NS Ok W

amrs across on foam pad 90s x 3set

when able to perform 3 error—free reps

at each level of difficulty
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22

0%
o4,
r o)
il
ot
e
[H
fr

o

FEdd FHEZE O 3 og AF E(single leg squat), ¥ thg

H =2 ZE(single leg deadlift) ¥ 9oz ¢ JYHH(side lying hip

abduction) Al 7FA 2 FASIHTH doz 79 JEEES do=z w&
AN dHFAE A8l ofHlEF JuAEY FEAHLLS 30° w3 F

A% gele d dHdA EEE 38 th(Fredericson, Cookingham,
Chaudhari, Dowdell, Oestreicher & Sahrmann, 2000; —2¥10). 3 t}z]
2FAEE i A AAA s &5 32 F Uyt AAse o
go] B g &5 T2 F OA Ay AR Eole=E s tH(Willy
& Davis ,2011; 2®11). ¢ thg] dEgZEE 2 A AA|olA A
& w3 &S vigoz gErte FA6 v fExE A2 Hoot
s & AAE Eol = A A 53 tH(Haddad, Budich & Eckenrode,
2016; 1912). tdAELS F 33, 139 1024 FYEF 3o

el A1 441 s ek,

a9 10. 402 +9 99 H(side lying hip abduction)
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a9 12. 38 d =8 ZE (single limb deadlift)
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¥ 4 99U Bd FE=ZEaY

K Single Limb Side Lying Hip Single Limb
wee Squat Abduction Deadlift
1 2s x 10r 2s x 10r 2s x 10r
2 2s x 10r 2s x 10r 2s x 10r
3 2s X 12r 2s X 12r 2s X 12r
4 2s X 12r 2s X 12r 2s X 12r
5 2s X 156r 2s X 156r 2s X 156r
6 2s X 156r 2s X 16r 2s X 156r

s Sets, r : Repetitions

>
o
i

#d FHZZ a3 Docherty 5(1998)0] A|A| g Aol

Zeads AEsden, s 5 33, 13 1071584 A x13Q

Corporation, Akron, OH)E A}&3t3 o, A= =9 &% &
A7 "HolEo| nAG o, e &% &2 o W welE A
O]'/H Zl ey O]' E]—(_u_ 5). +& wee 25 5

al
o 58 (plantar flexion), ¢t% WM Z (inversion), 7F% W3 (eversion)?] 4

fl

3l (dorsi flexion), ¥Hu}

O

A e R FAsATh B a WEE vpere AHE B
A ERom, ol Wee] Ahdeld 170%= AH ALY 13). o

HAEE B ol9)e] £AUL Aassgom, A S5 W
Gt
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a9 13 dE#4

R = 7 3
(AT #3, Bdwy 53, C:F H3, DIFE W)

L5 4ERd FAzZ=zaY
week Tubing Action
1 Blue - Light 3s x 10r
2 Blue - Light 4s x 10r
3 Yellow - Medium 3s x 10r
4 Yellow - Medium 4s x 10r
5 Red - Heavy 3s x 10r
6 Red - Heavy 4s x 10r

s : Sets, r : Repetitions

_37_



5. A5 A 8 W

2= AR dojxd EE AEE SPSS 21.0(IBM SPSS - Statistics,

Armonk, USA)E AF&-3to] +A48tAth. BE A5 tis] Shapiro-Wilk
el

ApA Ao of HET]5e] zolE FRletr] fs FhelAlwAHA
(Chi-Squared test)¥ &5 H3E*E t-7 A (indenpendent t-test) T w-3]

m
v
c
iy
o
=
Q
=]
5
=

hiney U test)< AF&stSa, I W Z=219 A
| AL ZolE FAstr] &l HgEE t-H H(paired t-test) & £

235 49 #AA(Wilcoxon's signed-ranks test) S AF&3tith At
TEE EIE Wl s Fd 1 FREZZTH H 8o mE JEF
£ 3YE Fe3dtr] 9@l (repeated measure ANOVA, RMANOVA)Z

AgeGa, BE FAH FAFES =062 YA
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V. a+423

1. FEZ23Y ZHEo] g FAA] 2o

. FRZ203 A& BE AF A A Ao

N

(1) FHz=203 Ao uE F AXQ(TL) =o]
g 14>, <29 15> 6577 T zZzad Hgo g
=

A 2k 4A A B 5 ALF Aol 2 HAd Aol F

1
o2 Fo3% zolE RHo|A] YT ZZ;, 7=-0490, p=.624; t=-0.252,
p=.803; t=-0.284, p=.779; t=0.420, p=.678). THZ=2 13 A& F SSEO,
SSEC, USEO, USEC+ EF & 1t EAA 0% {Fo% Afo]& Ho|A]

ko (Zt2y, Z7=-0.490, p=.624; t=-0.851, p=.404; (=-1.643, p=.114;
677 FAZZW Ago] nbE Ak o A AAA] F F A

HolA Fdvh(#+7r, Z7=-0.784, p=433; Z=-0594, p=552). SSEC+= -+
A 25 AL (7+7h, 583.68+£149.08mm 9 534.53+139.69mm) 48
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(747}, 732.36+224.24m ¢t 698.65+235.33um) Ett S}k 0w (77
t=2.311, p=.041; t=3.052, p=.010), FHZZ T3] A& M It It
Fo2g Ede yEhdA Fkeh(F=0.389, p=539). USEO+= F+ FH©
W EAHeR Fofg Apo]E Holx fgkow

t=1.237, p=240), +dZ 215 A& & [yt 1+ FeAE a9 E o
EfubA] 2 kth(F=1.199, p=285). USEC+ EGH oA TAASE 9
g zpolE  HolA %o u(=0.214, p=.834), CGHTNA A& =+
(1061.104266.74mm) A&  A(1279.26+428.11mm) Bt} 743 o

~
2,

(t=3.350, p=.006), TP zZ 0 g & Aot 3+ A32e g3 =
3 BEAAom Folst o m selE A THEF=6.097, p=.021).
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¥ 6 FHZ2aY A& wE F #3FF(Total Length) 9]

(¢9: mm)
G Apply Exercise Program Within Interaction
rou
P Pre Post group effect
EG 7=-0.784
+ +
(n=12) 312.874+140.76 32809+ 146.81 =433
Stable (EG 303.94+14866  287.97+73.10 Z::O'594
surface (n=13) p=552 _
€yes Open  Between Z=-0.490 Z=-0.490
group p=.624 p=624
EG t=2.311
+ +
(n=12) 732.36+224.24 583.68+149.08 =041
Stable CG t=3.062
698.65+235.33  534.53+139.69 =
Surface (1’1=13) p:()lO £7=0.389
p=.539
eyes closed  Between =-0.252 =-0.851
group p=.803 p=404
EG t=-0.178
+
(n=12) 470.77+£12770  491.094+130.85 =862
Unstable CG t=1.237
45795+213.37 414.75+100.58 =
surface (n=13) p=240 F 1'2;959
D=.
€yes open  Between =-0.284 =-1.643
group p=.779 p=.114
EG t=0.214
(n=12) 1242.834+228.27 1231.58+223.17 -834
Unstable CG t=3.350
1279.26+ 42811 1061.10+266.74 -
Surface (1’1=13) p:006 £=6.097
p=.021
eyes closed Between £=0.420 =-1.725
group p=.678 p=.098

Values express as mean = standard deviation.
EG: Experimental Group, Hip exercise group; CG: control group, Ankle exercsie groupe

- No Interanction effect
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330
(mm)
320
310
300

290

280

750
(mm)
700
650
600

550

500

-G CG

PRE POST
Stable Surface Eyes Open

—=—EG CG

PRE POST
Stable Surface Eyes Closed

a9 14 FEZE233 HLd mE SSEO, SSEC

% AAZ(TL) Aol
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——EG CG

500
(mm) —

480

460
440
420

400
PRE POST

Unstable Surface Eyes Open

—=—EG CG

1400
(mm)

1300 \
i s
1200 : \

1100 :

1000
PRE POST

Unstable Surface Eyes Closed

a9 156, FEHZE33 H L4 mE USEO, USEC

% AAZ(TL) Aol
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(2) Fd=z=ad] A& & COP #L2%H=(SV) Aol

<E 9> (2" 16),(2" 172 6573 FHZ 209 28
i H AAAl F% COP Fade

zz a9 A4 7 SSEO, SSEC, USEO, USECE
How fofgk olg Rmolx ebskth(#44, 7=-0272, p=786; ¢=0.021,

L

|

p=984; t=-0423, p=676; t=-0.053, p=938). THZZI1H & F
SSEO, SSEC, USEO, USEC= EF A4 3+ SAHS= 743 Aol&
HolAl  eFgkeh(Zh7y,  7=-1.360, p=.174; t=-0.907, p=.374; t=-1.65],
=.240).

H ALl wE Jd W FA AAA T COP

N
—
—
N
i

|
=
DN
o
o0
’B

L

ToELE zo)lE e A¥ SSEOv 7 HW U BAHoR fo%
AFol & Ho|A] eFskvh (A, Z=-1.177, p=.239; Z=-0.664, p=.507). SSEC
© F AT EF FdzRad A48 3(F7, 39.10+9.74mn/s9F 3563+
9.31mm/s) A8 A (27}, 48.10+14.45mm/s€F 46.90+16.24mm/s) .t} 7 A~s)
RO (72, t=2.366, p=037; t=3.072, p=010) THAZ=ZT7% Lo W&
A 7+ 45248 e BAHLE Fod zolE HolA FUtt
=450). USEO< F+ A9 W SAA SR Fogh Ao]E Kol
, t=-0.696, p=501; t=0.984, p=345), THZ=E 13 A&
of we A T dEE adE UEA] SATHE=1.404, p=.248).
USEC= EGHElA Hetk f SAH SR Fo3 Apol& Hol#| okt
(¢=1.460, p=.172). CGHANA A& $(70.74£17.77m/s) A& 2 (84.31+
28.19mn/s)B.th 7FAsE S (¢=3.149, p=.008), THZZ W A&

EAAoR Fo3t olE HolA &Y

kY

p
A ekgrom (22t

it

o

Ad 1+ gsag zy

2
i

(F=1.626, p=.215).
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X7 FE=Z23Y FHL & COP 52EF5Z(SV) Ao

(¢4 mm/s)
Apply Exercise Program Within Interaction
Group
Pre Post group effect
EG Z=-1177
+ +
(n=12) 209041056  22.304+9.80 =239
Stable G 19984926 19204487 2 0o
surface (n=13) p=207 _
eyes open Between 7=-0.272 7=-1.360
group p=.786 p=174
EG t=2.366
+ +
(n=12) 4810+1445  39.10+9.74 =087
Stable CG t=3.072
4690+16.24  3563+931 -
Surface (1’1=13) p:010 r 045552)0
D=.
eyes closed  Between £=0.021 =-0907
group p=.984 p=.374
EG t=-0.696
(n=12) 30944+859  3275+869 =501
Unstable CG t=0.984
2046+1191  2764+6.70 =
Surface (1’1=13) p:345 r 121084
D=.
eyes open Between t=—-0.423 t=—1.651
group p=.676 p=.112
EG =1.460
(n=12) 864042515 79.80+19.54 =172
Unstable CG t=3.149
34.31+2819  70.74+17.77 =
Surface (1’1=13) p:OO8 1=1.626
p=.215
eyes closed  Between =-0.053 =-1208
group p=.958 p=.240

Values express as mean = standard deviation.
EG: Experimental Group, Hip exercise group; CG: control group, Ankle exercsie groupe
- No Interanction effect
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23
(mm/s)
22
21
20

19

18

47
(mm/s)
44
4

38

35

——EG CG

PRE POST
Stable Surface Eyes Open

—=—EG CG

N

PRE POST
Stable Surface Eyes Closed

a9 16. Fd=Z=2a9Y A& mE SSEO, SSEC

COP 5 2£E(SV) Aol
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——EG CG

34
(mm/s)

] o

30
28

26
PRE POST

Unstable Surface Eyes Open

——EG CG

90
(mm/s)

86

82

k P

74 -

p, &

70
PRE POST

Unstable Surface Eyes Closed

a9 17. FEZE233 H L4 mE USEO, USEC
COP ¥ 24 %= (SVelocity) o]
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Q) Fdzzad Hgol we 2FHHENV) Aol

W2k AH AAA] B 9FUA Aol @ Aol FAZER
a9 H8 A SSEO, SSEC, USEOQ, USECE EF + e 7 SA4S
2 o3 Aolg HolA RFkh(ZZy, 7=-1.197, p=.231; Z=-0.490,
p=.624; t=-0.640, p=528, t=-0.665 p=512). FHIZIH AL F
SSEO, SSEC, USEO+ EF F A& F SAAS=E {Fogk Aolg B

—

o] A Fkrh(ztzt, =-0.965, p=.344; t=-0.723, p=.477; t=—1.886, p=.072).
USECE F e 1 AAHSE folg ato]& etk om EGI775.70
+460.88m)7F  CG(1494.34+41764mH Bt =& Aoz Ayt
(Z=-2.013, p=.044)

6573 THRZE O Ao mE JG o] AA AAAl] B FH
A ztolE s A, SSEOE 7 A& Ul BAHZ {93 Ao
HolA| erkrh(zhz}) t=-0.454, p=.659; Z=-1.153, p=.249). SSECE EGH
oA BAHCRE 93 AFolE HolA| ko (t=1.723, p=.113), CG
kel A A8 3(325.62+112.25mr) A& #(532.16+326.45mr) 2. o} 7+A
A tH(Z=-2.201, p=.028). USEO+= F F& U ZAHC=Z {93k o]
2 HolA &tth(Z7) ¢=-1.134, p=.281; t=0.131, p=.898). FHZZ 1
Age g I 1 Feg G FAHOE Fold AolE HeolA

F=0.965, p=.336). USECE EGH Dol EAZ oz {23k 2o
2 HolA @&grorHZ=-1647, p=.099) CGH oA 28 F(1494.34+
417.64mt) A& 2 (1961.17+642.93mf) K.t} 7+ 289 tH(t=4.612, p=.001).
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¥ 8 TH=Z=2aY AL &

FH A (ENV) #o]

(49 mm?)
G Apply Exercise Program Within Interaction
rou
oup Pre Post group effect
EG t=-0.4%4
+ +
(n=12) 163.75+185.13 130.41+47.89 =659
Stable cG 16800421526 1144743403 2 A8
surface (n=13) p=.249 _
€yes open  Between 7=-1.197 =-0.965
group p=.231 p=.344
EG t=1.723
+ +157.
(n=12) 446.504+202.09 364.944+157.63 =113
Stable e 54833431042 3562411225 2 220
surface (n=13) p=.028 _
eyes closed  Between 7=-0.49 =-0723
group p=.624 p=477
EG =-1.134
+
o1y | OBEIR SESAE015 o0
Unstable CG t=0.131
428 27+221.49 41801+ 141.66 =
Surface (1’1=13) p:898 £7=0.965
p=.336
€yes open  Between =—0.640 =-1.886
group p=.528 p=.072
EG Z=-1.647
+ 4=
(n=12) 2165.12+734.21 1775.704+460.83 =009
Unstable cG 196117464203 149434441764 L 012
surface (n=13) p=.001 _
eyes closed  Between =-0.665 7=-2013
group p=.512 p=.044

Values express as mean = standard deviation.
EG: Experimental Group, Hip exercise group; CG: control group, Ankle exercsie groupe
- No Interanction effect
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——EG '8c)
135
(mm?)
130
125
120

115

110
PRE POST

Stable Surface Eyes Open

=—@=[FG =g—CG

(mm?)
500 \
450 \
400 .\

350 o N

300
PRE POST

Stable Surface Eyes Closed

¥ 18, FHEZEY FH{o mE SSEO, SSEC
S FHH(ENV) ol
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——EG CG

520
480
440

400
PRE POST

Unstable Surface Eyes Open

=@ (G == CG

2000
1800 -
1600 ~—

1400
PRE POST

Unstable Surface Eyes Closed

¥ 19. FH=Z2 Y FHLo| mE USEO, USEC
FHAH(ENV) Zo]
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U, FHZ20Y Lo o

<E1I>Y (2920)2 657

AA Aol Ao & Felg Aol

T EAHOR FolF AolE W
5

-
X
50
30
2
~
I
-
(@)
o1
W
K
o8
(@)
=
o

-

a9 A F % 4w wE
Agol whe g 0 B4 4

(Z+7}, 93.02+£7.85%%F 89.38+9.32%) 1.

o F7bst Ao (2 7y, Z=-2510, p=.012; t=-5216, p=.001).

%9 FdH=Z=20% HEol W 54 ARAAA o
(29 %)

Apply Exercise Program Within Interaction

Group
Pre Post group effect
EG Z=-2510
0 r
(n=12) 93.02+785  96.75+6.94 =012 .
Y~balance cQ 8038+932 97494774 L2210
test (n=13) p=001

Between t=-1.053 =022

group p=.303 p=.186

Values express as mean = standard deviation.
EG: Experimental Group, Hip exercise group; CG: control group, Ankle exercsie

groupe
- No Interanction effect
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ool £ (5 ac

98
{%)

96 /".
o /

92

90

88

PRE POST

¥-Balance Test

39 20 FEZEOY H & mE FHAAA Ao
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DO
o
(i
(K
fu
I
i)
)
ofo
=2
R=)
gl
M
It
[ o)
()
N
ofr
2
s

<E 12>9 (2" 21),(18 22)= 6F
E344E 759 Aolg gl Aujo|ry, FHAZEOY AL A
Abell A e 2 FAACSE fold ztolE  HolA T
t=-0.396, p=.696; Z=-0.001, p=1.000; ¢=0.365, p=.718; Z=-0.109, p=913).
FTHEZEOHW AL T HE HAAoA FJdE 3 FAHSE {Fo% AolE
Bolx]  SFITH(r=0.061, p=.952 Z=-1.033, p=.301; =-0.186, p=.854;
£=0.665, p=513).

6577 ¥

I«

239 A8 WE A U BEeE /)% Aol Fad

o

A3 Side hop test 7|52 EGS CG7F THZ=203 A8 (77
9.46+1.03; 951+£252) A& (22, 13.49+3.83sect 12.90+4.24sec) H.t}
S 7P A v (ZH2), t=4.001, p=.002;, Z=4.275, p=.001). A2 7= =8
Ad 2 H5xg g9 TAHLE F23 2po]5 Holx gkodth
(F=1.056, p=.315).

k=)
it

—

Figure-of-eight hop test 7] %<2 EG® CG7F @z =03 A8 5(

N

7k, 6.15+0.93; 5.86+1.33) A& A (ZZ}, 8.36+3.67secet 7.68+1.94sec) k.
o F7bst vz 7E, Z=-2.981, p=.003; Z=-3.111, p=.002).

6-meter crossover hop test 7| &2 EGe CG7F $H=Z=219 Ag& &

(247}, 3.66+1.15secet 3.57+1.28sec) A& A (Z4Z, 7.30+2.90sece} 7.76
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+3.27sec) Btk F7 st vh(ZH2), t=4.984, p=.001; Z=5.491, p=.001). =&

Zead Age W w1k FEAS Gus FANCRE fold Aol

£ HolA hrH(F=0.403, p=523).

=

Square hop test 7|2 EG® CG7}F TH=xZ=213 A& (717} 1648

+191secet 17.33+4.02sec) A& H(Z+7}, 21.94+539sec?t  24.08+

10.04sec) Bt} S7Fst Aok (ZF 2}, Z7=-3.059, p=.002; Z=-3.040, p=.002).
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¥ 10. TAZ2aY Hgo e FZHA 7|5 Fo|

(H9): sec)
G Apply Exercise Program Within Interaction
rou
P Pre Post group effect
EG =4.001
+ +
(n=12) 13.49+3.83 9.46+1.03 =002
Side hop CG 12,0444 0514250 =4.275 F=1.056
test (n=13) R T p=.001 p=.315
Between t=—0.396 t=0.061
group p=.696 p=952
EG 7=-2981
+ +
(n=12) 8.36+3.67 6.15+0.93 =003
Figure-of- CG 7684194 5864133 7=-3111
eight hop (n=13) =~ Y A p=002 -
test Between Z=0.001 7=-1.033
group p=1.000 p=.301
EG =494
+
(n=12) 7.3042.90 366+1.15 =001
6-meter CG t=5.491
776+327 357+1.28 F=0.403
crossover (n=13) p=001
p=.532
hop test  Between =0.365 =016
group p=.718 p=.854
EG Z=-3.059
+ +
(n=12) 21.94+5.39 1648+191 002
Square hop G 2U0841004  1733+402 2~ 5040
test (n=13) p=.002
Between Z=—0.109 t=0.665
group p=913 p=513

Values express as mean+ standard deviation.

EG: Experimental group, Hip exercise group; CG: Control group, Ankle exercsie groupe
- No Interanction effect
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——EG CG

14
(Sec)
13
12
11
10
N
v
9
PRE POST
Side Hop Test
a=@==FG -CG
8
(Sec)

~

7 XN

; | S

PRE POST
6-Meter Crossover Hop Test

a9 21 FAZEOY HLd @E

A= F A4 2 6rlE azson F @A Aol
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—@=EG CG

(Sec)
8
7
6
5
PRE POST
Figure-of-Eight Hop Test
a=@==FG -CG
26
(Sec)
24 &
22
20
18
16 ' -
PRE POST
Square Hop Test

a9 22 FAZEIOY HLd WE
84E ¥ HA 2 AAAY F AA Aol
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test, square hop test)ollA F Hd EF FAXZ I HE ARy &
o A g gosHA 7]=o] 7HasAT).

QA AAA = T A A HAGe] SR Al AAE
FPHOoR fAFE Ao olUd YA AAANE SHsE AHEH

= dubAel #HAE BESS, Romberg AR, 3 thE] ARAlE L AL

o2
rok

time-in-balance A}, force-plate A}, gait view & U A

S A3 Al ZHtime), T4 (center of gravity), &= <4 (center of
pressure) 5% Q<A EZ AIFFst=d I F gait view FHE o] &3
skl 7] ZFA(single leg stance)E F3] 4HFTA(COP)Y F AAF

(TL), COP &8 £X(SV), FHAENV)S 45t ELdAT AA
3}

L

f

A 4530 FAZZONS 8 T A3 A AHtime-in-balance test)
o w=7] AAHfoot-lift test)E T3l H7FekS wl BA AAA 7
oA FAE AT B e ATHCain et al, 2020). T T2 A3 Ao

A R s BEAAACADS 7R A 2095 e Eaa &4

.

_?ﬁ

o
®
oy

ACOP)ZAHE &
AAAAE Frree W wold Fde 7Aool B sk el v (Han,
&

Ricard & Fellingham, 2009). @ THES 4

,ﬂ
o
2

S A8 3 forceplate ZHE o] &3

ggk dgAFolAes g B8 EAHP(CADS 7H 7] 278 Al

JYo FAL A§ T BESSE AHgstel A AAAE BHAS

W A A A7 oA A E AL Bk vh(Holmes, 2018).
T UE AgdelMs v 28 ErHA(CADS 7R AT E
gdoz Yy FHS A8 F BESSE o83 AA AAAE 74
stledl 1 A% #Fog PSS JPAgH . ®Bask sl tH(Syafrianto,
Karmaya & Lesmana, 2021). & A9 ZAyoA dE7Ad FHF T

=
Tdzzad A8 F F AHHTL), #25=(6V), FHA(ENV) &



2l 8H

A(USEC)ol A A2 =pAA| o] 7}
T AT Ao A

oM =32 AAI(SSEC)

!

A

ki3

A

AAF(TL) % 585 =(SV)oll A

RPEAoz JH A

E!_]_—

1

A

o

XM
N

ol

I 9 A <ld(Pickerill & Harter, 2011), %+

A xo] o

7_11-

Hoch, McKeon &

2016;

& Wikstrom,

H 113}93 th(Burcal

tha

Andreatta, 2012; McKeon et al.,, 2012; Perrin, Bene, Perrin & Durupt,

2

1997, Powell, Powden, Houston & Hoch, 2014.). ©]&

oA e AA A A Ao

ok

hal
Nl

o

el

T
MJ

ol

ok

Y

Z #FE Y (Chae, Choe & Kim, 2020).

o

o
5o

|
—

of graxghel wel Aol o

A

= 714

3

s A

=
[¢)

} 4o} (Park, Horak & Kuo,

)

™

)

5] =

g=-

-
X

2004). ol¥ & Fao] A7t S7kstel weE A= F=

i
w

)

bl ek,

)

Aols F ANG T

uH
<
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(Lee & Han, 2018), & A& oldst AgAFo Hgs= Aoz 3
et
A A s SAdS FAHA AL AAE HFH o K

t e o]lye FH AAA]E ALt AMEEHE
19kA el AR SEBTelth 2 % YBT-LQE 9%, 7%, 9l

Al A ko ma] npetel A RISt ¥ ZF WEkel ia ¢ thee A
AE FASHEA WE tEe] 5 Hd A =gstes A &%
el AAE FAskE Aotk F2 T4 AAAle] HUt A £ F
A& 3L A A f¥e] L 25HAF 2 4 I8 B S
i, AAL Aol dolA kA #F, 28, ¥,

77 5 g 245 25 Q9= 3H(Pionnier, Decoufour,

i

Aoz %

off
O_|_4

o
&3
-0,

2% =
= &

A
oo dgmi
4 o:
o
g
oX,
S
=
do
s

oo >
o,

Barbier, Popineau & Simoneau-Buessinger, 2016). @& 344 TH & %

3l & AAAE QA dFA oAM= A HE EQMHA(CADS

e
e
s
>
>
o
2
ftlo
N
N
o)
=
s
W
(@)}
1<)
ftlo
r2

e
)
N,
Ir
i
k1
iV
I,
=
=]
o
=y
O
=]
)
a
Q
o
=
—t
l¢)
w
o
il
o,
o
o
&
N
N
rob
)
1)

A Ae 2R EH At felsl FHATn s
(Alahmari, Kakaraparthi, Reddy, Silvian, Tedla, Rengaramanujam &
Ahmad, 2021). 9B< +d= Tl 24 AAAE &dE AdPA T

A AZEEE A 48 s e R Jut TH F AAT FHS 6577
A& & SEBTE o] &3t H7Ist A3 54 AA A7 FofsiA &
vt Bastgdth(Leavey et al, 2010). 457Fe] dd & FHS A&
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o2 FRlEATH(Smith et al, 2018). & A2 Aol =
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Falol e AFg a1 9 tHLu, Wu, Adams, Han & Cai 2022). A A 4t

2t (Demeritt et al., 2002). ©]#] 3t
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joh

2 gl A 6

AAH6m
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A (triple hop
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1 11353 tH(Holmes,

<

A Hside hop test)2]

T

=]
A AH(single hop for distance)

=

<

A8 Aol A

1

k9
pul

A @A w2 tH(Wang, Yu, Kim & Kan,

o

7hek Azt Apol

}E) it (Hall et al, 2018).

o

g

)

T

A AHeross over hop test), 6m A] 7+

A
A Ak(single hop test), Eo]=

<

&
=]

FAI
oH
timed hop test)e] 7] = 9]
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el
7}

T

A A (crossover hop test)¢ A=
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7] 0]
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XV
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1E15
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, Bryk, Garcia Lucareli & de
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F A tH(Fukuda, Rossetto, Magalh

°

]

Almeida Carvalho, 2010).

3}lo
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1E15
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<
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