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The purpose of this study is to examine the effects of an aquatic Halliwick
rotation program on improving balance ability and vestibular function. Twenty healthy
adults participated and were randomly assigned to a control group (n=10) without
training or aquatic group (n=10) with a Halliwick rotation program training. The
aquatic group trained using a Halliwick rotation program through 3 times per week
over 6 weeks. Balance and vestibular function were assessed by center of pressure
(CoP), the change of surface electromyography root mean square (RMS) on leg
muscles and the change of electrooculogram (EOG) according to stance position at 0,

3 and 6 weeks after training. The following results were obtained.

1. In the physical tests, the changes on one leg stance, tandem Romberg stance and
tandem Romberg stance with neck extension were tested. There was significant
interaction in each group in accordance with the experiment time (p<.001, p<.0l).

The aquatic group showed the most decreasing pattern compared with the control
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group.

2. In CoP, the changes in unit path length and circumference area according to 3
stance positions were evaluated. There was significant interaction in each group in
accordance with the experiment time (p<.001, p<.05). The aquatic group showed the

most decreasing pattern compared with the control group.

3. In CoP test, the changes in RMS according to 3 stance positions was assessed.
There was significant interaction in each group in accordance with the experiment
time (p<.001, p<.01). The aquatic group showed the most decreasing pattern

compare with the control group.

4. In the result of EOG, the changes in vertical EOG and horizontal EOG according
to active head rotation were calculated. There was significant interaction in each
group in accordance with the experiment time (p<.001). The aquatic group showed

the most decreasing pattern compared with the control group.

The above results indicated that 6 weeks Halliwick rotation program training
demonstrated positive effects on vestibular function and supports in balance ability
postural control.

Therefore, an aquatic Halliwick rotation program training could be applicable in

physical therapy interventions that can improve balance and postural control.

Key words: Halliwick rotation program, Center of pressure, Surface electromyography

root mean square, Electrooculogram, Balance ability, Vestibular function.
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The purpose of this study is to examine the effects of an aquatic Halliwick
rotation program on improving balance ability and vestibular function. Twenty healthy
adults participated and were randomly assigned to a control group (n=10) without
training or aquatic group (n=10) with a Halliwick rotation program training. The
aquatic group trained using a Halliwick rotation program through 3 times per week
over 6 weeks. Balance and vestibular function were assessed by center of pressure
(CoP), the change of surface electromyography root mean square (RMS) on leg
muscles and the change of electrooculogram (EOG) according to stance position at 0,

3 and 6 weeks after training. The following results were obtained.

1. In the physical tests, the changes on one leg stance, tandem Romberg stance and
tandem Romberg stance with neck extension were tested. There was significant
interaction in each group in accordance with the experiment time (p<.001, p<.0l).

The aquatic group showed the most decreasing pattern compared with the control
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group.

2. In CoP, the changes in unit path length and circumference area according to 3
stance positions were evaluated. There was significant interaction in each group in
accordance with the experiment time (p<.001, p<.05). The aquatic group showed the

most decreasing pattern compared with the control group.

3. In CoP test, the changes in RMS according to 3 stance positions was assessed.
There was significant interaction in each group in accordance with the experiment
time (p<.001, p<.01). The aquatic group showed the most decreasing pattern

compare with the control group.

4. In the result of EOG, the changes in vertical EOG and horizontal EOG according
to active head rotation were calculated. There was significant interaction in each
group in accordance with the experiment time (p<.001). The aquatic group showed

the most decreasing pattern compared with the control group.

The above results indicated that 6 weeks Halliwick rotation program training
demonstrated positive effects on vestibular function and supports in balance ability
postural control.

Therefore, an aquatic Halliwick rotation program training could be applicable in

physical therapy interventions that can improve balance and postural control.

Key words: Halliwick rotation program, Center of pressure, Surface electromyography

root mean square, Electrooculogram, Balance ability, Vestibular function.
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Table 1. General characteristics in the aquatic and control group

Characteristics Aquatic group Control group F D
Male 3 3
Sex
Female 7 7
total 10 10
Age(years) 23.00+1.63" 22.60+1.58" 0.000 0.557
Height(cm) 165.40+9.11" 165.60+8.21" 0271  -0.052
Weight(kg) 57.65+8.37" 58.80+10.24" 0655 -0.275

* All value are showed meantSD
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o] AFE FFoAY w3 Hdxd =213 Halliwick rotation program©|
T8 AA7 s A= FFS dolrr] Ysto] 2000 A4S o
T gzt 72 10984 Xt XA ste] wE 7] 53 kel ARA R S)

PN
T
w2 CoPo} W AR A&* HZE(root mean square; RMS), 18|31l ¢FA =

Figure 1. Diagram of experiment procedure.

CoP : center of pressure
EOG : electrooculogram

sEMG : surface electromyography
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BoAGo A FFEE Lambeck®} Stanat(2000)7} #| A3k Halliwick 10 point
program & A48 A %A (sagittal rotation control), 23] 7% (transversal
rotation control), %3 3] A Z 4 (longitudinal rotation control) 2135 7} 10%

=S
A F 307 e RSO A s A -&sk i tH(Table 2).

Table 2. Halliwick 10 point program

The 10 point program The three learning stage

Mental Adjustment Mental Adjustment and Disengaement

Sagittal Rotation Control

Transversal Rotation Control

Longitudinal Rotation Control

Combined Rotation Control Balance Control and Disengagement
Upthrust (Mental Inversion)

Balance in Stillness

Turbulent Gliding

Simple Progression
Movement and Disengagement
Basic Halliwick Movement(s)
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2.4.1 AA ¢ WAt wE 7R}

2 AT A A e] Wstel wel V)5S Hrkelr] fEliA A A A TS
AT 7 de AEE ZAAE o] &ete] S5 S Al HEE A
7], Romberg A7], & 2143 2ejol A Romberg 4712l #AAZS 3dle] ZH3A

oo BME Ve BE 54 % 2

-
ol
ol
)
o
o
o
X
i)
fr
>
>
ol
ol
k=l
=
o
X
2
rlo

L=}
T3 AR A FEE 5t Romberg A7) #HE FubEo 91X

(=i =N
T=E=
SES & F SALE Fol, vl gAEE o] Fol A% FHlz AX G A4
g fAF F AN SA% YR Stk He AAF e

Romberg 17| Romberg 4712 AAE FH3 & E& A3 ] AAS F45

%% 39
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242 #9549 &

o,

oAl AR R
System!) & A3}t o] A 7|9t Active balancer softwere (Ver 2.12)¢}
e wUE9 Ay el RyE & & d(dectector) 2t A4 F o
A oA AV HA P S we] AATE A st dd AaE AFE 24
Holl 23t 3 agjzstete] Azt ow APARE e F de Avjoln
(Figure 2).

AN A @S =2 A7 A stEe EHaAdE ASS F

Fel wrgt 9o A A stgth e AR b4 E RS X5 k] 2}
Aleert HAazb so 7H AL wf ApAd Sl et i Ake] CoPel W3t

Q1 welAH oot FaWHL Sk

of!
olr
_IE

S AFHo=r B4357] 93l Active Balancer

2
%2
K

A\

B
ol

Figure 2. Active balancer system.

1) EAB-100, SAKAI Co., Japan
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2.4.3 ¢4 ¢ (electrooculogram)d] =3

ot 9ol =AHLS MP 150 system? ¥ A% ZZ7]3)E AFRsl . oHd 9
3 FARE 0% 2F Fo7 wa Axd F Ag/AgCl ShdE AL
Abgeto] FAEQdTh o] A5 FEg &

=

A, A9 HA dIdAE 40~200 Qo

e
ol
o
f

Figure 33 o] 42 <k ¢ (vertical EOG)E =435t7] 8] o2&
A (frontalis) % <= ofef F9]¢] Sh&<H(orbicularis oculi)ell F-2tsf
3 ¢Hd 9 (horizontal EOG)E =437 A&l 4% = 7HdAtg] #9953

= 9| 9t7}F=E (epicanthus lateralis)oll F2Z8} 1tk (Figure 4). ¢FA 9 25 FA 2

=

Acgknowledge 3.8.1 software program (Biopac, USA)S o] 83}t

kLo SAWE L k2 AAolA S| AWM S o] &eto] HAAE A8t
o 50x &t w5 A2 HHolA AWEE FAISH ste] SAsIATE ATFI] A
o ola HAA 7teA = I AATLS yaw, roll, pitch o2 & tHFigure
3). AZFR AW F yaw AFL WAS H-9uFow 747} 5% Hdste] oF 90
= AR Aol heiAEE skl o, roll A2 wElE ofet o) At
°olE N=E AE IHdA=ES FIL, pitch A= W s -HA=E 3dsto] F
Zkol 90% AB=7F HEF stk ZF 3d Al =& A2 Ao Akl o,
7} 32 1089 3]s sk T3 A= i shFadE Ay #1184
ZHA A zZpeE AFH ZEadS F3 02, 05 1, 2, 3 Hze] WE+=E 549
22 A Ase] F s W oeR A7 &4, 2001; Fife &, 2000).

o

I
T

2) Biopac, USA
3) EOGI00C, Biopac, USA
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Figure 3. Active head rotation.
A : Pitch, B : Yaw, C : Roll

o —— ay—— Reference
Vertical Channel (+) =Sgem—r>-

Horizontal Channel (-) —I'r ;‘5\1— Horizontal Channel (+)
0
Vertical Channel (-) Lﬁ- y

Figure 4. Electrode placement for the electrooculogram.
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4) Bagnoli-4 EMG system, Delsys Inc., USA
5) DE-2.1 single differential electrode, Desys Inc., USA
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Figure 5. Acquisition of surface electromyography

root mean square.
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¢l SPSS/win(version 12.0)
=2 YEewoey, 7]

s

24
=

R =

3

5%

ol

il

W3l 2a RMSe] Wists Ajgbel] mE o Apo] W3ke] M

oo
<

a3

A4

S
=

AR A (repeated measures analysis of variance)
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_ZTI
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~
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3 4%

31 7197l &5 W3

3.1.1 3= A7)e W3}

72 @e] @wm Avlel Msls Bes Rth(Table 3). ez A7)e WsE
2% 4v A o] mwaatgo] fol@ Aok Y Ao e Az
sto] we 7t Fo @z Avlel Wl dEe] the Aew tehdthp 00D,
T Ay ART 35 Fo 724149 22 67 o= 1886+3.66 %2 Aol

A7 FrhEe] e A Sy MEatgAw, ETe AE Ao uls)
6 bl

Table 3. The changes of one leg stance on functional assessment

(Unit: sec)
Groups Pre 3 weeks 6 weeks
Aquatic 10.45+1.27 17.65+2.76 29.31+4.81
Control 12.56+1.52 13.64+1.61 14.02+1.60

All value are showed meantSE
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Table 4. The result of repeated measures ANOVA on one leg stance in

each group
Type I sum
Source df Mean square F P
of squares
Time 1045.124 2 522.562 14.174 0.000
Time x Group 779.654 2 389.827 10.574 0.000
Error (time) 1327.220 36 36.867
Group 493.067 1 493.067 3.935 0.063
Error (group) 2255.733 18 125.319
40
35
30
25
—&— Aquatic
20
——Control
15 ¢ ﬂ
10 - g
5 |
O L U TSR
Pre 3 weeks 6 weeks

Figure 6. The changes of one leg stance on functional assessment.
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3.1.2 Romberg A7) W3}

- Ako] Romberg 4719 W3l th53 ZthH(Table 5). Romberg A7]1¢] W3}
A A3 A ha o] wsAgo] {ogk ztolvt e o' e A
rRste] wE o Abe] Ronberg 4719 W3t #j®e] vhE AS=®E YESTHp
001). FFo2 A3 dHT 3F Fo 24594119 == 657 Fodl+ 55.77+1.86

=

Ll

< |
z9] #olZ W7t F7kE o] Romberg A7] s &o] Wsletg ARt 2 A
3 Aol HlF 3F9 65F Folk WBlE A ¢k WES B tH(Table 5)(Table

6)(Figure 7).

Table 5. The changes of tandem Romberg stance on functional assessment

(Unit: sec)
Groups Pre 3 weeks 6 weeks
Aquatic 44.87+14.01 69.46+15.20 100.64+15.87
Control 40.68+6.77 42.86+6.67 44.38+7.06

All value are showed meantSE
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Table 6. The result of repeated measures ANOVA on tandem Romberg

stance in each group

Type I sum
Source df Mean square F P
of squares
Time 8876.647 2 4438.324 23.666 0.000
Time x Group 6320.059 2 3410.030 18.183 0.000
Error (time) 6751.429 36 187.5400
Group 12630.660 1 12630.660 3.395 0.082
Error (group) 66967.810 18 3720.434
140
120
100
80 —&— Aquatic
60 - =—Control
40 k + %
20 i
0 T S R
Pre 3 weeks 6 weeks

Figure 7. The changes of tandem Romberg stance on functional assessment.
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3.1.3 &< AAT A Romberg A71¢ %3}

ot Alo] S AlAF AEjo] 4 Romberg A7) W3 the3 Zoi(Table 7).

5SS 21743 Aeol A Romberg 4719 W3ls &3 A3 A7k 9] w2}t
go] Fost Hol7t & FHoRE YE AFHSlY mE o Alo] HE& Al
FEfel A Ronberg A171¢] W3l sido] & Aoz YERtHp <01). 5

FE

Ag AHT 35 Fo 332141220 22 65 Fol= 51.68+11.86 2] zfol=
st7b S7bEo] & AldE AEjedl A Romberg 4171 s # o] WstelF A v =
T2 A Aol vl 3F¢ 65 Folx WstEA &= #HEE B ATHTable
7)(Table 8)(Figure 8).

Table 7. The changes of tandem Romberg stance with neck extension on

functional assessment

(Unit: sec)
Groups Pre 3 weeks 6 weeks
Aquatic 38.37£9.91 71.58+21.71 90.05+21.85
Control 41.70+7.74 42.33+8.00 44.34+8.33

All value are showed meantSE
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Table 8. The result of repeated measures ANOVA on neck extension

tandem Romberg stance in each group

Type I sum
Source df Mean square F P
of squares

Time 7523.563 2 3761.782 7.357 0.002
Time x Group 6226.784 2 3113.392 6.089 0.005
Error (time) 18407.490 36 511.319

Group 8550.234 1 8550.234 1.651 0.21
Error (group) 93228.890 18 5179.383

120
100 :

80

—&— Aquatic

60 ——Control

40

20

Pre 3 weeks 6 weeks

Figure 8. The changes of tandem Romberg stance with neck extension on

functional assessment.
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w
o
=t
of!
ofr
JH
AN

3 H=o W
3.2.1 &Z A7l A CoP ©gl#HZAole] W3

o Apo] FE M7oA CoP @A dolel Wil thE3 Ztk(Table 9).

5}
e M7l oAl WakE B4 A AR

&
a2t
Lo,
kl
fols
L)
ofo
o,

=

ol ztol7t A= Ao ® Uehg AWl wrE o Alo] R A 7)ol A

CoP ©9# 2 Zole W3l #jelo] & Aoz Yeytip (05). FF+2 A3

AR 3F Bo 2367+7.89 mn= 65 Fo| = 47.77+15.05 me] #ol= W3ts 7+
‘Zl‘

suo] wgAA Aot MEA A, Ere AF Aol Wl 379 6

= T T

!

W3l ] 4= HEH S H St (Table 9)(Table 10)(Figure 9).

Table 9. The changes of unit path length on one leg stance

(Unit: mm)
Groups Pre 3 weeks 6 weeks
Aquatic 118.45+19.26 94.78+11.35 70.68+4.21
Control 133.91+17.57 144.75+17.18 130.81+22.30

All value are showed meantSE
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Table 10. The result of repeated measures ANOVA on unit path length

with one leg stance in each group

Type I sum
Source df Mean square F P
of squares
Time 6998.200 2 3499.100 5.310 0.009
Time x Group 5480.748 2 2740.374 4.159 0.024
Error (time) 23722.080 36 658.947
Group 26274.330 1 26274.330 3.879 0.064
Error (group) 121930.000 18 6773.891
180 :
160 |
140
120
100 - —&— Aquatic
80 - —#—Control
60
40
20
O L ....................... il P
Pre 3 weeks 6 weeks

Figure 9. The changes of unit path length on one leg stance.
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3.2.2 Romberg A1 7] A CoP @A A Zdole W3

o= Aol Romberg A 7]oll Al CoP ©@elAI A dole] W= th3 #ZTth(Table
11). Romberg A17]o|A CoP ©@9AIA Hole] WslE +
Ao Agol Fogk ztol7t e o E UEh AP S ] wE I Ale] Tl
“dole] Wzt o] v Ao= YEiEtHp (0. FTo2 29 ARG 35
S 16.29+9.03 mm=Z 67 ol 48.23+18.35 e ol=2 Wt A F o] CoP
G A A dol 7t Mt A N, RS g el vlE 359 657 Fol= ®g

2 &= HElS Bgt(Table 11)(Table 12)(Figure 10).

4%
ol
il
o
>
Y
&
My
1o

=

J

O

AN

Table 11. The changes of unit path length on tandem Romberg stance

(Unit: mm)
Groups Pre 3 weeks 6 weeks
Aquatic 106.05+26.03 89.76+16.10 57.82+7.48
Control 126.37+17.13 119.18+18.30 124.50+17.96

All value are showed meantSE
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Table 12. The result of repeated measures ANOVA on unit path length

with tandem Romberg stance in each group

Type I sum
Source df Mean square F P
of squares
Time 6285.162 2 3142.581 5.708 0.007
Time x Group 6034.149 2 3017.074 5.480 0.008
Error (time) 19818.480 36 550.513
Group 22588.430 1 22588.430 2.622 0.123

Error (group) 155089.700 18 8616.097

160

140
120 ‘}

100
80
60 |
0
20 |

—&— Aquatic
= Control

Figure 10. The changes of unit path length on tandem Romberg stance.
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o] Romberg A17]o| A CoP ©@l A4 dole] Wal= v
ZtH(Table 13). & 21d3Fe] Romberg A7)0l A CoP &9 A4 Adole] #

A A3 ARbR o] wz Aol %k Afelrt = Ao U AR
Stol W& o Abe] ©@fAA ol Wt FElo] vhE Ao ® yEstk(p <.05).
T2 A3 ARY 3F o 16.29+9.03 m=Z 65 Fof = 4823+18.35 mme] A}
WEt7E o] CoP @Al A Aol7F WstaldAwt, dxa2 43 Ao
vl 339 65 Fol WA gE He B rH(Table 13)(Table

14)(Figure 11).

Table 13. The changes of unit path length on tandem Romberg stance with

neck extension

(Unit: mm)
Groups Pre 3 weeks 6 weeks
Aquatic 129.80+16.51 96.45+10.23 78.95+6.61
Control 154.50+15.71 151.72+14.32 142.83+20.44

All value are showed meantSE
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Table 14. The result of repeated measures ANOVA on unit path length

with neck extension tandem Romberg stance in each group

Type I sum
Source df Mean square F P
of squares
Time 13294.250 2 6647.127 9.440 0.000
Time x Group 5737.333 2 2868.667 4.074 0.023
Error (time) 35207.400 50 704.148
Group 46237.630 1 46237.630 6.883 0.015

Error (group) 167941.300 25 6717.653

180
160
140
120
100 - —&— Aquatic
80 - —#—Control
60
40
20

O i_ ....................... L e e emeeemen L e et
Pre 3 weeks 6 weeks

.

Figure 11. The changes of unit path length on tandem Romberg stance with

neck extension.
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3.2.4 &= A7olA CoP T2HH W3}

T Abo] e A 7]oA CoP samA o] Wil tha3t ZtH(Table 15). 3

= A7l A CoP sauAe] WstE 43 A3 Az} o] o zhgo] e

offt
ko
)
X
lo
g
Lot
)
it}
o
i
Py
o
fru
°
o,
3L
pN
()

s
4

-
flo
1t
o
)
T
ui

AEo] FawA o] WA, xS AF do) & 379 657 Fl= W

3 A = dEHS H A (Table 15)(Table 16)(Figure 12).

Table 15. The changes of circumference area on one leg stance

(Unit: m)
Groups Pre 3 weeks 6 weeks
Aquatic 2706.45+377.51 1992.86+228.68 1116.88+94.86
Control 2722.07+251.27 2456.25+286.04 2511.84+256.82

All value are showed meantSE
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Table 16. The result of repeated measures ANOVA on circumference area

one leg stance in each group

Type I sum
Source df Mean square F P
of squares
Time 10825695 2 5412848 16.397 0.000
Time x Group 6601936 2 3300968 9.999 0.000
Error (time) 16506007 50 330120
Group 7803897 1 7803897 3.604 0.069
Error (group) 54133714 25 2165349
3500
3000
2500 4*
2000 —&— Aquatic
1500 —#—Control
1000
500
Pre 3 weeks 6 weeks

Figure 12. The changes of circumference area on one leg stance.
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3.2.5 Romberg A 7]l A CoP &8 HZ o W3

T Abo] Romberg A 7]l CoP FomA el W3l v 2 (Table 17).
Romberg A 7]ollA CoP sam™A el WstE #Ae A3 A 9 wa 4§
o Folgk o]t U= Ao ® e} AR S e] wWE I Alo] Romberg A7
NA CoP TLwA e Wsl deloe] T2 Aoz veldthp 001). FF A
3 HHETF 357 Fo 792.641234.35 mrE 67 Fol= 1905.25+499.64 mre] o] &
Wak7b FhaEo] sadA o] wsts AN, x> AE A vE] 379 65

Lo Wty A e HEHE B H(Table 17)(Table 18)(Figure 13).

il

Table 17. The changes of circumference area on tandem Romberg stance

(Unit: m)
Groups Pre 3 weeks 6 weeks
Aquatic 3447.31+£823.01 2654.67+588.66 1542.06+323.37
Control 2674.50+506.18 2591.58+510.13 2629.51+461.08

All value are showed meantSE
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Table 18. The result of repeated measures ANOVA on circumference area

tandem Romberg stance in each group

Type I sum
Source df Mean square F P
of squares
Time 12722049 2 6361024 8.222 0.001
Time x Group 11751126 2 5875563 7.595 0.001
Error (time) 38682017 50 773640
Group 140606 1 140606 0.012 0.914
Error (group) 2.95E+08 25 11780925
4500
4000
3500
3000
2500 % —&— Aquatic
2000 - —#—Control
1500
1000
500
0 L__, ....................... '
Pre 3 weeks 6 weeks

Figure 13. The changes of circumference area on tandem Romberg stance.
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3.2.6 5& A3 Romberg M71914 CoP FLWH < w3}

= Aol E& AlAE Romberg A 7]l A CoP HL8W Ao W= vy 2
(Table 19). & AlA3 Romberg A 7]9lA CoP HLoWZA e W3zlE EA3 24
I A o] wSARgo] %k zol7t Sl A o' UEL AP St wE
T+ Alo] & AlA3 Romberg A7]olA CoP oW A e W3l melo] thE A
o2 YehgtHp <05). Fea2 A3 drRu 3F o 1134.59+14822 mf= 6
ol 207551428873 mre] Apol= WYL HAs o] FawA el Wt HA N
xS 2E do va] 3579 657 Fol= WesA s e BYrH(Table

19)(Table 20)(Figure 14).

Table 19. The changes of circumference area on tandem Romberg stance

with neck extension

(Unit: mm)
Groups Pre 3 weeks 6 weeks
Aquatic 3542.90+499.54 2408.31+351.32 1467.39+210.81
Control 4985.38+750.87 4379.48+553.20 4052.11+£567.40

All value are showed meantSE
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Table 20. The result of repeated measures ANOVA on circumference area

tandem Romberg stance with neck extension in each group

Type I sum
Source df Mean square F P
of squares
Time 30423558 2 15211779 27.968 0.000
Time x Group 4357063 2 2178532 4.005 0.024
Error (time) 27194920 50 543898
Group 79956489 1 79956489 9.179 0.006
Error (group) 2.180 25 8711000
7000
6000
5000
4000 —&— Aquatic
3000 ——Control
2000
1000
Pre 3 weeks 6 weeks

Figure 14. The changes of circumference area on tandem Romberg stance

with neck extension.
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3.3 3§ <9 RMS W3
3.3.1 &2 A7|d A RMSe W3

skt A 7]oA RMSE W= o3 2o (Table 21). sH= A 7] A

s BAR A% Ak 7O wEAGe] % Aot Yk Aow

T

o
=
wn
lo,
rE

Al
Yl Azbdste] wrE i Aol RMS W3F sjido] tE Aoz et
OD. Foo Ad AdrY 357 Fo 1.82+49 W= 65 Fol+= 2

! auo] ALlel A7F Wster ARy, > A del Ha] 3
Fol 6F Fo= WM3EA e el ®AtH(Table 21)(Table 22)(Figure 15).

A49+54 (V]

Table 21. The changes of RMS on one leg stance

(Unit: &V)
Groups Pre 3 weeks 6 weeks
Aquatic 4.35+.82 2.53+.33 1.86+.28
Control 2.36+.42 2.53+.41 2.36+.37

All value are showed meantSE
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Table 22. The result of repeated measures ANOVA on RMS one leg stance

in each group

Type I sum
Source df Mean square F P
of squares
Time 16.147 2 8.074 7.034 0.003
Time x Group 17.330 2 8.665 7.549 0.002
Error (time) 41.321 36 1.148
Group 3.685 1 3.685 0.842 0.371
Error (group) 78.825 18 4.379
6.00
5.00
4.00
300 . —&— Aquatic
| ——Control
2.00 |
1.00
0.00 B
Pre 3 weeks 6 weeks

Figure 15. The changes of RMS on one leg stance.
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3.3.2 Romberg A7) ¢4 RMS W 3}

Romberg A 7]1olA RMS¢ ®3l+= oh&3 Zth(Table 23). Romberg A 7] ol A
RMS®] W3tE #4158 A3 Al 729 wszhgo] Fo3 2tol7 e Ao=
el AR sk w2 o ARl RMS W3t #j"oe] o2 Fow YEYTHp

AE AR 357 o 155+10 V= 65 Fol&= 4.26£.25 V9
Aol 2 Wty A E o] A9 Arh Wskstd AN, ke A3 Ao s 3
ToF 67 Fox W3y A e Y-S B tH(Table 23)(Table 24)(Figure 16).

Table 23. The changes of RMS on tandem Romberg stance

(Unit: @V)
Groups Pre 3 weeks 6 weeks
Aquatic 7.60+.66 6.05+.56 3.34+.41
Control 5.29+.84 4.87+.60 5.04+.81

All value are showed meanzSE
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Table 24. The result of repeated measures ANOVA on RMS tandem

Romberg stance in each group

Type I sum
Source df Mean square F P
of squares
Time 51.253 2 25.626 22.563 0.000
Time x Group 42.977 2 21.489 18.920 0.000
Error (time) 40.888 36 1.136
Group 1726.779 1 1726.779 158.400 0.000
Error (group) 5.352 1 5.352 0.491 0.492
9.00
8.00
7.00
6.00 -
5.00 ¢ 4* —&— Aquatic
400 - \i —— Control
3.00 ©
2.00
1.00
0.00 S
Pre 3 weeks 6 weeks

Figure 16. The changes of RMS on tandem Romberg stance.
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w

33 22 44

21743 Romberg A 7]l A RMS9)
Romberg Al 7]o|A] RMSe] W3l&
gk 2}o] 7}
o= yetst(p <01). FE
26+.25 (Ne] AFol=2 W37t
Aol mlsf 359 65 Fol=
25)(Table 26)(Figure 17).

o] 2=
AR -

o fU

Table 25. The changes of RMS on

Ao veh Azbwstel mte @ A

3l Romberg A1 7]l A RMS W3}

chea
A

2T (Table 25). &
)
] RMS ¥3} 3go]
Fo] 155+.10 (N= 6
2474 W skskd A e, o
e HEs BATH(Table

A

2
op

_

052§ o

s

O

Lo

3k A

tandem Romberg stance with neck

extension
(Unit: @V)
Groups Pre 3 weeks 6 weeks
Aquatic 6.26+1.43 7.68+.91 4.71£1.10
Control 17775 6.48+.63 7.01+.67

All value are showed mean*SD
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Table 26. The result of repeated measures ANOVA on RMS tandem

Romberg stance with neck extension in each group

Type I sum
Source df Mean square F P
of squares

Time 18.793 2 9.397 3.638 0.036
Time X Group 33.691 2 16.846 6.521 0.004
Error (time) 92.996 36 2.583

Group 2653.483 1 2653.483 121.219 0.000
Error (group) 11.310 1 11.310 0.517 0.481

10.00

9.00

8.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

10— B RRREEREREEEEEES '

Pre 3 weeks 6 weeks

—&— Aquatic
——Control

Figure 17. The changes of RMS on tandem Romberg stance with neck

extension.
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3.4 A9 e W

341 3 A9 W3t

4 ehdglel Mas thgst Ark(Table 27). F4

Tk

A
ax

oty
mlm
HE
rob

A A 2ol s Age] fold Aol gl Ao vl Azhdsiel w

£ i Abo] 7 ok gle] Mg dde] vE Ao yERgtp 001). FEt
Ay Ar 35 Fo 0.07+.05 N2 65 FolE 1.62+.04 V] o]l 2 &7}
ol A9l Ark WEstAAw, ez A4 e v 3579 657 Fol

2
Hale)x] k= 'S W tH(Table 27)(Table 28)(Figure 18).

Table 27. The changes of vertical electrooculogram

o o

H

(Unit: @V)
Groups Pre 3 weeks 6 weeks
Aquatic 4.03+.19 3.50+.24 2.41+.20
Control 3.45+.25 3.40+.27 3.24+.23

All value are showed meantSE
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Table

28. The result

electrooculogram in each group

repeated measures

ANOVA on vertical

Type I sum
Source df Mean square F P
of squares
Time 2 4.361 47.710 0.000
Time x Group 2 2.563 28.036 0.000
Error (time) 36 0.091
Group 1 0.035 0.025 0.877
Error (group) 18 1.410
4.50
4.00
3.50 }ﬁ
3.00 ‘i
2.50 —&— Aquatic
2.00 ——Control
1.50
1.00
0.50
0.00 e B '
Pre 3 weeks 6 weeks

Figure 18. The changes of vertical electrooculogram.
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332 % A9 W3

3 @A) Wse god 2rH(Table 29). 43 A9 WS 24
A3 Azk o] wEAge] Fold Aelsh i Ao e} Azl m
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!

Table 29. The changes of horizontal electrooculogram

(Unit: V)
Groups Pre 3 weeks 6 weeks
Aquatic 5.24+ .68 3.69+.41 2.45+.17
Control 3.66+.27 3.42+.24 3.25+.27

All value are showed meanzSE
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Table 30. The result of repeated measures ANOVA on horizontal

electrooculogram in each group

Type I sum
Source df Mean square F P
of squares
Time 25.781 2 12.891 26.004 0.000
Time x Group 14.297 2 7.148 14.420 0.000
Error (time) 17.846 36 0.496
Group 1.815 1 1.815 0.542 0.471
Error (group) 60.255 18 3.347
7.00
6.00
5.00
4.00 - i_ —&— Aquatic
300 \i ——Control
2.00
1.00
0,00 =
Pre 3 weeks 6 weeks

Figure 19. The changes of horizontal electrooculogram.
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Figure 20. The change of CoP on one leg

stance to aquatic group pre test.

Figure 21. The change of CoP on one leg

stance to aquatic group post 6 weeks test.
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Figure 22. The change of CoP on tandem

Romberg stance to aquatic group pre test.

Figure 23. The change of CoP on tandem
Romberg stance to aquatic group post 6

weeks test.
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Figure 24. The change of CoP on tandem
Romberg stance with neck extension to

aquatic group pre test.

Figure 25. The change of CoP on tandem
Romberg stance with neck extension to

aquatic group post 6 weeks test.
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Figure 26. Pre test electrooculogram after active head rotation.
V : vertical electrooculogram

H : horizontal electrooculogram

Figure 27. Post test electrooculogram after active head rotation.
V : vertical electrooculogram

H : horizontal electrooculogram
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