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| Abstract |

PURPOSE: This study examined the comparative effects of
an ankle sensorimotor training program combined with hip
strengthening exercise (ASTPCHSE) and ankle sensorimotor
training program (ASTP) alone on muscle strength, static
balance, and dynamic balance in individuals with functional
ankle instability.

METHODS: Sixteen research participants with functional
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ankle instability were enrolled in this study. The participants
were divided randomly into the ankle sensory motor training
program group and the ankle sensory motor training program
combined with the hip strengthening exercise group. Each
group performed a series of exercise programs two times per
week for four weeks. The Cumberland ankle instability tool
(CAIT) was used to measure the participants’ functional ankle
instability. A Balance trainer 4 was applied to assess the static
and dynamic balance, and a Primus RS multimodal
dynamometer was used to evaluate the muscle strength.

RESULTS: No significant differences in static balance,
dynamic balance, and muscle strength were found between
the ASTP and ASTPCHSE groups (p > .05). On the other
hand, the dynamic balance and muscle strength improved in
the ASTP and ASTPCHSE groups after the intervention (p <

.05). The static balance was not enhanced in both groups after
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the intervention (p > .05).

CONCLUSION: Ankle exercise and an ankle sensorimotor
training program combined with hip strengthening exercise are
effective in improving muscle strength and dynamic balance
in individuals with ankle instability. On the other hand, there
are no meaningful differences between ankle exercise and

ankle and hip combined exercise.

Key Words: Ankle, Balance, Functional ankle instability,
Hip, Sensorimotor training, Strengthening training, Muscle
strength

I.HE
DA AR 807} W B E4ge] AL,
BERLS D93} AYS B AREHTY BY

lo -
e
=2

m-[r]:‘ O.>|:
> J= rp

g o

N

1o oly

=

i

|

O

2]
o &2 &S AAH]. FE &4
[eXe] y

T5%2 A9l tHE-S X A5},

olN m{d oX r

o
}-‘Fl

Ni
r
r
h
i
1o
Z
s
!
=
o
T
L
QL
X
ne
2

Ir e

i

T AR WS A s

AHAIA 27} oFst7] w2l
_%_

o
5‘; r
2 o
o
e
o g
N
il
ox

1o
awy
|o
U
rO
<t
e
e
<
H~
iy
)
=)
>
1o
I\
Hz
o
e
I
of
i)

:
FUSAAA AL o730 R A7) 145§
2 552 Fojo] HFHOE WRY /15H BA
2 o/l AIT] B3, TAAEAZS A, B,
53 9 250) J5H4g R o tlRt 74
2 A Folu, T3t AFECIA LT B 7|57
AL AZsI9lste] Slstol Mg 1]
& FAAAC At 24sh9cH22226.28].
WE 7)%d BPAS B HeTE ey
glom, oy PEI £ A Folw daFe v

ox

I TH4]. Zampagni 5{5] WA Q1 o] =<
o] Y7 HHf Agste x| HIE WAL

oJ W, W] of5ha WA} w A o= W)
A Hrk 517 285 F 27 B0 B 42
(stance phase) 52+ THAITIO] Zubo] ol ol x|

CC
FHUS olaluls], A Sk A S w3 A naol
2 243} W SHA9) Yol FRT 4TS FrHo)

W 2 s Honkgo] A AEE Harshn] ekl
of Wk Q] FAfat U H(giving way)2] o2 $IaiA]
© w5710 G5 sl Hotof qirkar
&F%1.©.1, Beckman®} Buchanan[11]= 2] E2Hg 4]
S Yeh= SAHES A2 2 EMG(electromyography)
A AR A}, AA Y] A S FASHE 9Y
A 2y g T 250 B4 s ginar
askGlek B9 A E40] e SAEE HY
Al 8 WA a3t AdE Ak 5 A
O] TRV WA e EIske

ATt Khamis 5{12], Friel 5{13]> ¢H% W1 &

5% 99 B8 B3au 9

o

L= A

i

ry
1o
rd
1%

> =
T =
v, Maria ${141& 5 T BePgA o <

% L. .
AEAFE U 5 9o, o2 AT RS BE
BOPRE 70 27120 222 TS oL 4 9
ok ufebd] wEEEe) oyt oY B 2l 4
ATE P 1ol ol HBHOR Mg Fa
. Qs

=]
& o2& o] Fozl ZEIotil6]. oA H
o) EQMgAdol Rt AR A7) tiFEe]
e T S 2 HEe] et el

=
N
Fa

=



T I Y Sy 2 D=0 JIsy 25 S-S HeNe 3470 35 2% % 230 0IXE S¥ | 85

Table 1. General Characteristics of the Subjects

Group Ankle sensorimotor training program (n = 8) Hip exercise group (n = 8) p
Age (years) 22,50 = 3.34 2225 + 3.37 .884
Sex (Male/Female) 3/5 3/5 1.000
Height (cm) 170.11 + 8.83 166.68 + 6.24 387
Weight (kg) 66.45 + 12.50 62.18 + 8.42 438
BMI (kg/m’) 22.81 + 2.61 2229 + 1.88 .660
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Table 2. Ankle Sensorimotor Training Program

Exercise (min) Program Set
Neck flexion and extension
. . Shoulder horizontal-flexion and horizontal extension
Warming-up Stretching . 1 set
5) exercise Lumbar flexion-knee to chest (Imin / each exercise)
Knee flexion and extension with partial lunge
Ankle dorsiflexion and plantar flexion
Wobble board training in sitting position
Ankle Resistive ankle plantar flexion exercise with TheraBand 3 sets
Main exercise  sensorimotor  Single leg standing on a wobble board (Imin / each exercise),
(20) training  (hold on to wall bar with both hands) Rest 2 m 30 sec
Resistive ankle plantar flexion exercise with TheraBand between sets
Single leg standing on a BOSU ball (hold on to wall bar with both hands)
Neck flexion and extension
. . Shoulder horizontal-flexion and horizontal extension
Cooling-down Stretching . 1 set
. Lumbar flexion-knee to chest . .
5) exercise (Imin / each exercise)

Knee flexion and extension with partial lunge
Ankle dorsiflexion and plantar flexion

Table 3. Ankle Sensorimotor Training Program with Hip Strengthening Exercise

Exercise (min) Program Set
Neck flexion and extension
. . Shoulder horizontal-flexion and horizontal extension
Warming-up Stretching . 1 set
. Lumbar flexion-knee to chest . .
5) exercise . . . . (Imin / each exercise)
Knee flexion and extension with partial lunge
Ankle dorsiflexion and plantar flexion
Wobble board training in sitting position
Ankle Resistive ankle plantar flexion exercise with TheraBand
sensorimotor ~ Single leg standing on a wobble board
training  (hold on to wall bar with both hands) 3 sets
i ) Resistive ankle plantar flexion exercise with TheraBand (30 Secon(.is / each
Main exercise Single leg standing on a BOSU ball (hold on to wall bar with both hands) exercise)
(20) ) . Rest 2 m 30 sec
. H}p extension in .quac!rup?d p0§ture between sets
Hip Hip external rotation in side lying
strengthening  Bridge Exercise
exercise Squat
Lunge
Neck flexion and extension
. . Shoulder horizontal-flexion and horizontal extension
Warming-up Stretching . 1 set
. Lumbar flexion-knee to chest . .
5) exercise . . . . (Imin / each exercise)
Knee flexion and extension with partial lunge
Ankle dorsiflexion and plantar flexion
tohd & SEAZFS 3080 S1GI £33 457 W=l ASTPEH 5U5H 3084 3 33] 437 A8
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Fig. 1. Balance trainer 4.
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Table 4. Changes in Muscle Strength after the Intervention in the Ankle Instability Side
Muscle strength ASTP* (N = 8) ASTPCHSE’ (N =38 ‘ R
(Nm) Pre-test® Post-test” t pd Pre-test® Post-test’ t P P
Inversion 13.95 + 10.77 78.58 + 50.93 -2.935 .022° 1436 + 7.60 90.03 + 35.53 -7.137 0.000° -.550 .591
Eversion 17.50 + 2325 66.06 + 25.61 -3.423 011" 4560 + 83.84 83.43 + 38.02 -1.520 0.172 .105 917
Dorsi-flexion 5270 + 31.40 104.61 + 4472 -4431 003" 6533 + 57.54 124.88 + 46.81 -2423 0.046 -281 .783
Plantar-flexion ~ 64.66 + 3736 95.66 + 5234 -2.168 .067 4323 + 23.74 94.08 + 4136 -4941 0.002° -1.127 279
Hip abduction  105.57 £ 55.66 173.85 + 112.92 -3.061 018" 9219 + 4932 174.87 + 66.63 -5.793 0.001° -544 595
Hi;;j;:z;nal 138.76 + 98.19 325.62 + 173.89 -2.918 .022" 142.84 + 127.60 431,50 + 199.54 -3.344 0.012° -947 360

“Ankle sensorimotor training program (ASTP).

*Ankle sensorimotor training program combined with hip strengthening exercise (ASTPCHSE).

‘Mean + standard deviation.

®Paired r-test was used for intragroup comparison with significance at (p < .05*).

“Independent #-test was used for intergroup comparison with significance at (p < 05°).
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Table 5. Changes in the Static Balance after the Intervention
ASTP* (N = B) ASTPCHSE" (N = 8)
Static balance . . Z o
Pre-test’ Post-test’ p Pre-test® Post-test’ p
Trace length (mm) 287.00 + 82.37 294.84 + 92.02  .835 288.58 + 9542 27793 + 6625 .807 420 .721
Opened
g ene Area (mm’) 20448 + 8745 279.57 + 23456 348 244.16 + 34591 24831 + 21856 949 -210 878
yes
Velocity (mm/s) 9.59 + 2.73 9.82 + 3.06 849 951 +3.19 9.26 + 2.21 872 525 645
Trace length (mm) 350.17 + 57.58 40024 + 179.20 441 397.78 + 106.04 363.91 + 87.38 .521 -945 .382
Closed
Eose Area (mm’) 212.09 + 86.75 220.94 + 96.10 721 233.05 + 169.58 288.09 + 213.51 .878 420 .721
yes
Velocity (mm/s) 11.67 £ 1.92 13.26 + 3.53 849 1334 + 597 12.06 + 3.02 872 630 572
*Ankle sensorimotor training program (ASTP).
®Ankle sensorimotor training program combined with hip strengthening exercise (ASTPCHSE).
‘Mean + standard deviation.
Wilcoxon signed-rank test was used for intragroup comparison with significance at (p < .05*).
*Mann-Whitney U test was used for intergroup comparison with significance at (p < .05).
Table 6. Changes in the Dynamic Balance after Intervention
ASTP* (N = 8) ASTPCHSE" (N = 8)
Dynamic balance 3 3 t P
Pre-test Post-test t p Pre-test Post-test t p
Forward 495+ 129 575+ 1.055 2405 .047 527+ .99 549+ 81 -708 502 1304 213
Rearward 4.19 £ 1.09 439 + 81 0339 744 379 + 82 494+ .75 -3.058 018 -1326 206
Leftward 6.29 + 1.11 710 £ 35 2016 084 574+ .75 731+ 121 -3241 014" -1211 246
Rightward 6.58 + 1.51 763 £ .59 2132 070 625+ .76 744 £ 101 -4807 .002° -0237 816
*Ankle sensorimotor training program (ASTP).
"Ankle sensorimotor training program combined with hip strengthening exercise (ASTPCHSE).
‘Mean + standard deviation.
*Paired r-test was used for intragroup comparison with significance at (p < .05*).
“Independent #-test was used for intergroup comparison with significance at (p < .05*).
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