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ABSTRACT

Comparison of the Effects on Balance Control of 3

Balance Training Programs among Some Female Students

Yu Jin Ho
Advisor : Prof. Kang Myung-Geun M.D., Ph.D.
Department of health Science,

Graduate School of Chosun University

Many kind of training programs to improve complex function of balance have
been developed and applied real clinical settings. But there were few studies
compared to their effects more precisely, which has limited the appropriate and
full utilization of those programs.

This study was conducted to compare the effect improving balance abilities of 3
balance training programs by randomized intervention trial. Study subjects were 29
female students recruited from a university in Gwanju, who allocated randomly to
3 intervention groups, aqua group(modified Halliwick 10 point program, N=10),
visual bio-feedback balance training group(N=10), and balance-pad plus trampolin
group(N=9). Each group was applied 30 minutes program 3 times per week for 6
weeks, and before and 3 weeks, 6weeks after interventions, was measured the
balance abilities indices such as stability score(SI, by Tetrax®), EMG balance
index(Blemc) calculated from sEMG MDF of tibialis anterior and gastrocnemius
muscle(the less the value is, the higher balncing ability is). At the same time, other
outcome measures, sensory ratios (somato-sensory, visual, vestibular) calculated
from SL

As the results of repeated musure ANOVA, Wilcoxon signed rank test, major



research findings were as follows;

1. Regarding SI or Blgmg measured at upright posture on hard platform,
bio-feedback group under the condition with opening both eye and aqua group
under the condition with closing both eye showed signigicant improvement in
balance ability, respectively.

2. Regarding SI or Blewc measured at upright posture on soft platform,
bio-feedback group under the condition with opening both eye and aqua group
under the condition with closing both eye showed signigicant improvement in
balance ability, respectively.

3. Regarding all 3 sensory ratios, bio-feedback group showed significantly higher
increasement in them than other 2 groups.

In conclusion, the results suggested that visual bio-feedback training program
improve the all 3 sensory functions required for balancing, and aqua training
modified from Halliwick 10 point program contribute to improve vestibular
function principally. But some limitations of this study should be considered in
that the sample size was not sufficient for maintaining statistical power, and full
ranges of balance indices were not measured, especially the measures for dynamic

balance evaluation.

Key words: balance training program, Aqua, visual bio-feedback, trampolin,

sensory ratio
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MDEFLTA; MDF values of left tibialis posterior muscle



Figure 10. Bagnoli 4-EMG system
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Table 1. General Characteristics and Baseline Values of Study Subjects by

Group
. Experimental Groups
Variables Aqua : Bio-feedback F Trampolin P
General Characteristics
Age(year) 22.50(+1.27) 20.90(+0.99) 21.78(+0.44) .005
Height(cm) 162.90(+5.00) 161.70(+4.52) 164.07(+4.87) 569
Weight(kg) 55.51(+6.48) 57.72(+6.87) 54.35(£5.51) 503
Baseline Values
Balance Score by EMG
NO"(Hz) 9.18(+ 2.84) 9.42(+ 6.16) 8.68(+ 1.79) 925
NC?(Hz) 8.98( 3.94) 8.52( 3.32) 7.86( 3.01) 782
PO’(Hz) 7.58(+ 3.55) 8.65( 7.33) 5.49( 2.75) 396
PCY(Hz) 7.87(+ 2.93) 7.04(+ 4.40) 10.72( 5.04) 157
Stability Index
NOV 29.12(+13.81) 27.03(+12.87) 28.71(+14.56) 938
NC? 39.72(+13.67) 32.32(+14.31) 46.62(+24.36) 237
ro? 31.29(+15.50) 32.40(+13.87) 42.65(+25.07) 360
pc? 52.05(22.79) 58.84(33.70) 74.60(36.05) 293
Sensory Ratio
Proprioceptive 1.06(x 0.54) 1.64(+ 1.75) 0.92(+ 0.32) 323
Visual 0.88(+ 0.42) 1.64( 2.04) 0.66(x 0.37) 211
Vestibular 0.99(+ 0.59) 1.04(+ 0.70) 1.31(+ 0.85) 575

1) NO: upright posture with eye opening on hard platform, 2) NC: upright posture with eye
closing on hard platform, 3) PO: upright posture with eye opening on soft platform, 4) PC:
upright posture with eye closing on soft platform
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Table 2. Comparison of Stability Scores by Group at the Upright Posture
with Opening Both Eyes on Hard Platform

Time
G Baseline After 3wks After 6wks p-values
roup
Aqua 29.12(+13.81) 26.54(+11.39) 22.08(£9.46) 209"
p-values 413" 090" 3397
Bio-feedback 27.03(£12.87) 20.43(£9.09) 21.31(£11.10) 019’
p-values .031° 139"
Trampolin 28.71(+14.56) 38.44(+23.11) 29.81(+20.57)
p-values .038” 767"
p-values 052" 379"

1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group
difference 3) interaction effect; 4),6),8): p-values as a result of Wilcoxon signed rank
test between values at baseline and after 3wks; 5),7),9): p-values as a result of
Wilcoxon signed rank test between values at baseline and after 6wks; 10): p-value as a
result of Kruskal-Wallis test by groups(after 3wks); 11): p-value as a result of
Kruskal-Wallis test by groups(after 6wks)
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—® Eio-feadback

Stablity Score

—&— Trampoln

pre ks Gvks

Figure 11. Comparison of Stability Score by Group: Upright Posture with
Opening Both Eyes on Hard Platform



Table 3. Comparison of Blgmc by Group at the Upright Posture

Both Eyes on Hard Platform

with Opening

Time )
G Baseline After 3wks After 6wks p-values
roup
Aqua 9.18(+2.83) 7.86(%2.15) 8.68(+2.57) 136"
p-value 203" 575" 378%
Bio-feedback 9.42(+6.16) 6.84(+4.47) 4.61(+3.38) .001”
p-value 1147 .019”
Trampolin 8.68(+1.79) 8.56(+2.77) 9.69(+4.12)
p-value 6787 594”7
p-value 566" 007"

1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group
difference 3) interaction effect; 4),6),8): p-values as a result of Wilcoxon signed rank test

between values at baseline and after 3wks; 5),7),9): p-values as a result of Wilcoxon signed
rank test between values at baseline and after 6wks; 10): p-value as a result of
Kruskal-Wallis test by groups(after 3wks); 11): p-value as a result of Kruskal-Wallis test by
groups(after 6wks)
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Figure 12. Comparison of Blemc by Group: Upright Posture with
Opening Both Eyes on Hard Platform
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Table 4. Comparison of Stability Scores by Group at the Upright Posture
with Closing Both Eyes on Hard Platform

Time )
G Baseline After 3wks After 6wks p-values
roup
Aqua 39.72(x13.67)  33.50(x10.32)  27.58(£10.98) 764"
p-value 046" 013" 1472
Bio-feedback ~ 32.32(¢¥14.31)  32.95(x15.29) 24.32(+9.92) 935"
p-value 7219 .093”
Trampolin 46.62(+24.36)  47.38(x25.71)  35.93(18.11)
p-value 5157 2147
p-value 164" 170"

1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group
difference 3) interaction effect; 4),6),8): p-values as a result of Wilcoxon signed rank

test between values at baseline and after 3wks; 5),7)9):

p-values as a result of

Wilcoxon signed rank test between values at baseline and after 6éwks; 10): p-value as a
result of Kruskal-Wallis test by groups(after 3wks);, 11): p-value as a result of
Kruskal-Wallis test by groups(after 6wks)
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Table 5. Comparison of Blemc by Group at the Upright Posture with Closing
Both Eyes on Hard Platform

Time )
G Baseline After 3wks After 6wks p-values
roup
Aqua 8.98(£3.93) 8.75(%2.82) 7.83(£3.95) 657"
p-value 8697 0417 4067
Bio-feedback 8.52(+3.32) 7.42(3.48) 6.14(+2.48) .043%
p-value 285" 037"
Trampolin 7.86(£3.01) 9.61(£3.63) 9.82(x4.21)
p-value 086" 173"
p-value 362" 104"

1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group
difference 3) interaction effect; 4),6),8): p-values as a result of Wilcoxon signed rank
test between values at baseline and after 3wks; 5),7),9): p-values as a result of
Wilcoxon signed rank test between values at baseline and after 6wks; 10): p-value as a
result of Kruskal-Wallis test by groups(after 3wks); 11): p-value as a result of
Kruskal-Wallis test by groups(after 6wks)
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Figure 14. Comparison of Blemc by Group: Upright Posture with
Closing Both Eyes on Hard Platform
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Table 6. Comparison of Stability Scores by Group at the Upright Posture

with Opening Both Eyes on Soft Platform

Time )
Baseline After 3wks After 6wks p-values
Group
Aqua 31.29(x15.50)  28.48(x12.14) 22.06(x 5.25) 365"
p-value 2289 064" 263"
Bio-feedback  32.39(x13.87)  27.73(¥14.32) 25.68(+11.13) 7527
p-value .088° 0127
Trampolin 42.64(+25.07)  38.76(+20.70) 28.52(+11.11)
p-value 4579 106"
p-value 266" 346"
1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2)

inter-group difference 3) interaction effect; 4),6),8): p-values as a result of Wilcoxon
signed rank test between values at baseline and after 3wks; 5),7),9): p-values as a
result of Wilcoxon signed rank test between values at baseline and after 6wks; 10):
p-value as a result of Kruskal-Wallis test by groups(after 3wks); 11): p-value as a
result of Kruskal-Wallis test by groups(after 6wks)
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Figure 15.



Table 7. Comparison of Blemc by Group at

Opening Both Eyes on Soft Platform

the Upright Posture with

Time )
G Baseline After 3wks After 6wks p-values
roup
Aqua 7.58(+3.54) 7.66(x1.93) 8.54(+3.18) 320"
4) 5

p-value .959 241 2759
Bio-feedback 8.65(17.32) 8.31(+4.52) 8.16(x3.60) 4727

p-value 878" 875
Trampolin 5.49(x£2.74) 7.05(x1.43) 7.77(x1.85)

p-value 173" 066"

p-value 665" 856"

1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group

difference 3) interaction effect; 4),6),8):
test between values at baseline and after 3wks; 5),7),9):

p-values as a result of Wilcoxon signed rank
p-values as a result of

Wilcoxon signed rank test between values at baseline and after 6wks; 10): p-value as a

result of Kruskal-Wallis test by groups(after 3wks); 11): p-value as result
Kruskal-Wallis test by groups(after 6wks)
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Figure 16. Comparison of Blemc by Group: Upright Posture with opening
Both Eyes on Soft Platform
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Table 8. Comparison of Stability Scores by Group at the Upright Posture with

Closing Both Eyes on Soft Platform

Time )
G Baseline After 3wks After 6wks p-values
roup
Aqua 52.05(%£22.78) 46.09(£19.21) 34.92(£14.22) 955"
p-value 347 0207 0427
Bio-feedback 58.84(£33.69) 46.06(+34.66) 38.99(£14.25) .861%
p-value 297 .038”
Trampolin 74.58(+£36.02) 74.76(£22.79) 56.39(£27.33)
p-value 984" 236"
p-value 041" 054"

1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group
difference 3) interaction effect; 4),6),8): p-values as a result of Wilcoxon signed rank test
between values at baseline and after 3wks; 5),7),9): p-values as a result of Wilcoxon signed
rank test between values at baseline and after 6wks; 10): p-value as a result of
Kruskal-Wallis test by groups(after 3wks); 11): p-value as a result of Kruskal-Wallis test by
groups(after 6wks)
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Figure 17. Comparison of Stability Scores by Group: Upright Posture
with Closing Both Eyes on Soft Platform



Table 9. Comparison of Blemc by Group at the

Both Eyes on Soft Platform

Upright Posture

with Closing

Time )
G Baseline After 3wks After 6wks p-values
roup
Aqua 7.87(x2.92) 8.00(+£2.43) 7.86(x5.03) 797"
4) 5
p-value .799 .959 2747
Bio-feedback 7.04(+4.40) 7.66(+3.35) 6.99(x4.03) 1097
p-value 5757 .086”
Trampolin 10.72(%5.04) 10.03(+4.37) 9.11(£3.25)
p-value 953" 441°
p-value 293" 304"

1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group
difference 3) interaction effect; 4),6),8): p-values as a result of Wilcoxon signed rank test

between values at baseline and after 3wks; 5),7),9):

p-values as a result of Wilcoxon

signed rank test between values at baseline and after 6wks; 10): p-value as a result of
Kruskal-Wallis test by groups(after 3wks); 11): p-value as a result of Kruskal-Wallis test
by groups(after 6wks)
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Table 10. Comparison of Somatosensory Ratio by Group

Time
Baseline After 3wks After 6wks p-value
Group
822"
Aqua 1.06(x0.54) 1.35(x0.88) 0.91(+0.41) 028"
. 632”7
Bio-feedback 1.64(+1.74) 1.81(+2.01) 2.42(+2.21)
Trampolin 0.92(+0.32) 1.18(x0.39) 1.21(20.77)

1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group
difference, 3) interaction effect

Somatosensory Ratio
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Figure 19. Comparison of Visual Ratio by Group
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Table 11. Comparison of Visual Ratio by Group

Time

Baseline After 3wks After 6wks p-value
Group
899"
Aqua 0.88(+0.42) 1.11(+0.51) 1.01(20.33) 001
. 7127
Bio-feedback 1.64(+2.04) 2.06(+2.09) 3.09(£3.29)
Trampolin 0.66(x0.36) 0.92(+0.41) 0.94(x0.47)

1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group
difference, 3) interaction effect

00 -
—*—Aqua

00+ ——Eio-feadback

Visual Ratio

.00 - A Trampolin

400

200

100 [

0.00 ! 1 L I

-loo -

Figure 20. Comparison of Proprioceptive Ratio by Group
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Table 12. Comparison of Vestibular

Ratio by Group

Time

Baseline After 3wks After 6wks p-value

Group
899"

Aqua 0.98(+0.58) 1.18(0.78) 0.96(+0.64) 010”
: 0127
Bio-feedback 1.04(x0.69) 1.92(+2.44) 4.09(+4.21)
Trampolin 1.31(0.85) 1.16(+0.47) 1.12(x0.65)
1),2),3): p-values as a result of repeated measure ANOVA 1) time effect, 2) inter-group

difference, 3) interaction effect
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Figure 21. Comparison of Vestibular Ratio by Group
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