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Abstract

Purpose : The purpose of this study was to identify whether gym-ball exercise in standing position was an effective intervention
for improving muscle strength, balance, gait, and fall efficacy in stroke patients.

Methods : Twenty-four stroke patients were randomized into three groups: experimental group 1 (n=8), experimental group 2
(n=8), and control group (n=8). Experimental groups 1, 2 and the control group performed the gym-ball exercise in standing
position, same exercise without a gym-ball, and general physical therapy for 4 weeks, five times a week in 30-minute sessions.
Muscle strength, balance, gait, and fall efficacy were assessed using a handheld dynamometer, the Berg Balance Scale (BBS), the
wearable BTS G-WALK® sensor, and the Korean version of the Falls Efficacy Scale (K-FES), before and after training,
respectively. Comparisons within and between groups were analyzed using the Wilcoxon signed rank test, Kruskal Wallis H test,
and Mann-Whitney U test. Bonferroni correction was performed when significant differences between groups were identified
(p<.017, .05/3).

Results : Regarding muscle strength, BBS score, cadence and FES-K were significantly improved after intervention in all three
groups. The weight bearing rate, gait speed and step length in experimental group 1 and 2 were significantly improved after the
intervention. The stride length in experimental group 1 were significantly improved after the intervention. Experimental group 1 had
significantly improved BBS score and stride length after intervention than experimental group 2 and control group. Experimental
group 1 and 2 improved muscle strength, weight bearing rate, and FES-K score more than the control group. Experimental group
1 showed significant improvement in cadence, gait speed, and step length after the intervention than control group.

Conclusion : This study showed that exercise with gym-ball in standing position can be an effective intervention to improve

balance and gait in stroke patients than the same exercise without gym-ball.
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Table 1, Gym—ball exercise program in standing position

Exercise components . .
Exercise duration

Week 1~2 Week 3~4
Standing with your back on a Standing with back on the
) ) 30 sec * 3 set
gym-ball gym-ball and moving the rings
Back on the gym-ball and Back on the gym-ball and
alternately up and down feet on alternately up and down feet on 10 times per set * 3 set
the footrest (height 5 cm) the footrest (height 10 cm)

Squat with back on the gym ball Squat with back on the gym-ball )
o ) . ) 10 times per set * 3 set
and knee joint at 30 ° flexion.  and knee joint at 60 ° flexion

Affected side on the gym-ball 30sec * 3set
Standing with the affected side = and up and down non-affected or
on a gym-ball side on the footrest (10 cm in 10 times per set * 3 set
height)
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Table 2, General characteristic of subject
Group 1 (n=8) Group 2 (n=8) Group3 (n=8) ,
Mean+SD* Mean+SD* Mean+SD* * P
Sex
Male/Female (%) 3/5 (37.5/62.5) 4/4 (50/50) 3/5 (37.5/62.5) 343 842
Age (year) 70.63+£19.32 70.50+12.62 67.63+£9.24 430 .807
Height (cm) 165.75+4.89 166.50+3.78 161.134+8.56 1.412 494
Weight (kg) 58.13+£10.71 60.63+4.78 56.50+7.63 1.756 416
MMSE-K (score) 26.88+2.03 26.00+1.85 26.88+1.73 1.410 494
Onset (month) 4.13+1.64 4.00+1.69 4.75+1.58 1.163 559
Hemi side
Right/Left (%) 5/3 (62.5/37.5) 5/3 (62.5/37.5) 5/3 (62.5/37.5) .000 1.000

*SD; Standard deviation, group 1;

general physical therapy

experiment group 1 that performed

the gym ball exercise in standing position, group 2;
experiment group 2 that performed the same exercise without using a gym ball, group 3; control group that performed the
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Table 3, Comparison of muscle strength within group and between groups

Group Group 1 (n=8) Group 2 (n=8) Group3 (n=8)
. 2 p Bonferroni
Variable Mean+SD? Mean+SD? Mean+SD?*
Pre 30.26+6.47 30.33+6.01 30.03+3.24 .016 992
Muscle Post 34.94+8.06 33.13+£5.48 30.66+3.30
Strength Change 4.68+2.21 2.80+1.67 .64+.28 13.673 .001 1,2 >3
(kgf) z -3.185 -2.828 -3.192
P .001 .005 .001

*SD; Standard deviation, group 1; experiment group 1 that performed

the gym ball exercise in standing position, group 2;

experiment group 2 that performed the same exercise without using a gym ball, group 3; control group that performed the

general physical therapy

4 FA A% 399 Wzt o £d A-F s Yzt ol Aozt Ysivt
(p<01). AF5-H7 A3, BBS f9] wislsfoA A
AP 1, AP 2 % gRTe] BBS Ak EH 4 12 M¥E 29 fEPmg fo § At
wrh E9 o §o087) 7159t (p<01). BBS S (p=.017)(Table 4)
Table 4, Comparison of balance variables within group and between groups
Group Group 1 (n=8) Group 2 (n=8) Group 3 (n=8) s a )
Variable Mean+SD?* Mean+SD? Mean+SD? “ P onferroni
Pre 28.75+11.12 28.13+18.67 28.75£13.10 .024 .988
Post 33.13+£10.45 29.25+18.19 29.38+13.15
(SBOE’rSe) Change 4.38+1.19 1.13+.64 0.63+.52 17.597 .000 1>23
z -3.208 -2.919 -2.646
P .001 .004 .008
Pre 58.81+2.69 59.12+3.07 59.58+2.95 129 937
Weight Post 53.53+1.65 55.92+2.03 59.20+2.85
B%fggg Change -5.28+1.94 -3.21+1.68 -38+.96 15.927 .000 12>3
(%) z -3.185 -3.064 -1.604
P .001 .002 .109

*SD; Standard deviation, group 1; experiment group 1 that performed the gym ball exercise in standing position, group 2;
experiment group 2 that performed the same exercise without using a gym ball, group 3; control group that performed the

general physical therapy
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Table 5, Comparison of gait variable within group and between groups
. Group Group 1 (n=8) Group 2 (n=8) Group 3 (n=8) 0 » Bonferroni
Variable Mean+SD? Mean+SD? Mean+SD?*
Pre 80.59+17.19 80.48+31.66 81.95+19.55 .260 878
Post 91.35+£14.06 87.09+32.93 84.60+20.81
Cadence
(step/min) Change 10.76+5.08 6.61+7.97 2.66+1.61 11.105 .004 1>3
z -3.185 -2.200 -3.185
p .001 .028 .001
Pre A46+.14 A47+£.22 A45+.2 .039 981
Gait Post 59+.18 .52+.23 A45+.19
speed Change .13+.07 .06£.05 .00+.04 12.670 .002 1>3
(%) z -3.185 -2.753 -716
p .001 .006 474
Pre 69.00+20.59 69.50+10.57 67.38+£23.13 440 .803
Stride Post 77.50£24.85 71.00£10.90 63.50+£19.55
Length Change 8.50+£5.21 1.50+£3.12 -3.88+7.12 14.417 .001 1>23
(cm) z -3.188 -1.293 -2.713
p .001 .196 .007
Pre 35.08+10.44 33.27+£5.18 34.43£12.51 .140 932
NA Step Post 39.27+12.14 34.65+4.99 32.18+9.88
Length Change 4.19£2.42 1.38+1.56 -2.25+4.96 14.060 .001 1 >3
(cm) z -3.185 -2.986 -1.715
P .001 .003 .086

3SD; Standard deviation,

general physical therapy

group 1; experiment group 1 that performed the gym ball exercise in standing position, group 2;
experiment group 2 that performed the same exercise without using a gym ball, group 3; control group that performed the
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