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Abstract

Purpose: This meta-analysis aimed to analyze to the effects of aquatic exercise programs in children with cerebral palsy and
identify directions for future research.

Methods: A systematic search based on the PRISMA guidelines was undertaken for studies conducted between 2006 and 2018
on aquatic exercise programs in children with cerebral palsy. A total of 10 studies were selected according to the inclusion criteria.
The methodological quality was assessed using the Risk of Bias Tool for Randomized Controlled Trials (RoB) and Risk-of-Bias
Assessment Tool for Non-randomized Studies (ROBANS). A meta-analysis software (CMA 3.0) was used to calculate the mean
effect size, effect size by intervention (Halliwick and Watsu Aquatic methods), and effect size by outcome.

Results: The mean effect size was 0.457. The effect size by intervention was largest for the Halliwick method, followed by the
Watsu method. The effect size by outcome was largest for range of motion, followed by the gross motor function measure, the
Pediatric Berg Balance Scale, and the Modified Ashworth Scale. Meta-regression analysis showed effect size increased when sample
size, number of sessions, and length of sessions increased.

Conclusion: The results show that aquatic exercise programs have a positive effect on children with cerebral palsy. Therefore,
it is necessary to develop a guideline that recommends the appropriate intervention and the identifies the direction of future studies

on aquatic exercise programs.
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675 journal records
identified

546 thesis records
identified

Total 1,221 records
identified through
database searching

986 records screened |

‘ 235 duplicates removed

961 studies excluded with reasons

¥

25 full-text articles
assessed for eligibility

Subject is not cerebral palsy

15 studies excluded with reasons

10 studies included in
quantitative synthesis
(meta-analysis)

| Included | |E|igibi|ity| |Screening| |Identiﬁcation|

Fig 1.
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Flowchart of the study selection process

plot2 Z3j /\] 7+ A

o} Zakel et HA &
e o] WY O R, 50 %0 1
% ool oA o] uj¢

rEJ_
=

& Green, 2011).Z} A7} HolF= auta7]9 o2 A
of that F=7HA ¢l A 9af AF £3 EA, = %
1=]

Auiso] 4ol wet vjehe 7R

74 Journal of The Korean Society of Integrative Medicine | Vol.7 No.3



HEbE A dto]l AARE F 1089 AF=gol wet
24g B4ste] Felstart. taAe] At 5~154]
o] HAguin] obFolth. Al A = A 5T
o 3022 107g°]3HQl -7 2%, 1190l A 207 0]
ol 7% 67, 2104 308 el A 2WOE F 1750
Ack. FARL £5E 49 F T A AR
A g3 =22 870, 7 7HA o] TAE A HAIRE
= V12 vyego, gidxtA 8" +52F
O F O =% H
T o o

% 107FA]o]Qlt}. A Ho® B deje 7]
(Halliwick) 33, $t= 7]¥(Wastu) 338, A7

Aole] 7| & AESl = 4O R eyt 22T
HGAIZE 30~4050] 6o 8 TH w@oron, I thy
OF 50~6050] 37, 4550] 1HM O ety FA)
3l 8-123]91 A 43, 18~363]Q1 S 43, 96~144
39l A% 2#o|qlet. H7FES ZA GMFM, PBS,
MAS, ROM, A7txd S7H= Ur|gloem, 1 o]&jo &

s

o
t} FEHSE 22 Halliwick, Watsu 2709} B 704
= GMEM, PBS, MAS, ROM, X|7b22 5742 uglo
o, 71 o] £ HolFo =FoA e e &
= A ), F7HE 1612 g2 B Z2a gt

EEsiUiAl= gt

o

2. BT EE9 A Wt

of,

A ] A H7F =32 A= RCT A5t Cochrane
group®] 7j&3t Risk of Bias (RoB) =71, NRCT ¢li+=
Risk of Bias Assessment tool for Non-randomized Study
(RoBANS) =& A5} th RoB2} RoBANS = Z+
o] disto] HlER f1Fo] w(highy, ‘HS(low),
‘=84 (uncertain)’ o] A 7HA 2, W2 si@@Ero]
3 HEHE 7he ol ¥, o2 HIEE 7S
2, &34 (uncertain risk of bias)2 H]EZHo| gt ¢
= dIs] ofge 492 34 Hk(Table 1, 2).

oot i

Table 1, Methodological evaluation of RCT study using RoB tool

Random

Blinding of

Allocation Blinding of Incomplete Selective
Study sequence .. outcome .
. concealment participants outcome reporting
generation assesment
Kang & Bae, 2012 Unclear Unclear High High High Low
Hong, 2015 Low Low High High Low Low
Table 2, Methodological evaluation of NRCT study using RoBANS tool
Stud Selection of Confounding Measurement of Bgﬁilgi GOf Incomplete Selective
y participants variables intervention outcome data reporting
assessment
Kim, 2007 Low Low Low High Low Low
Chung, 2007 Low Low Low High Low High
Choi, 2009 Low Low Low High Low Low
Kim & Yun, 2012 Low Low Low High Low High
Lee et al., 2014 Low Low Low High Low Low
Kim & Lee, 2015 a Low Low High High Low Low
Kim, 2015 b Low Low Low High Low Low
Kim, 2017 Low Low Low High Low Low

L JotH| olFel 5 SM7 HEIISHAL UiSHIs & ol 0lXls &3t : HERE

>

{ 75

il



thetsgrelst=|x| M73 HM3=

1) +E2SZ20O| T s3]

HE AHE 1082 =
o] AA HFAEIA7)= Hedges’s g=0.457(95 % CI
Holm, FATH = {3t
Ao 2 LB THp<.05).
Ao &2 UEgTh(Fig 2).

025~0.66)2 Z7+A7]|S
o)zt Q=

%(Q=430)= o]& o]

2) ga|2int 9=

239l §337]

zA4%

b stelY £EeEEZaafe adav|e=
Hedges’s g=0.538(95 % CI : 0.17~09)& Z7t37|&
olwl, EAt 02 folat Zolv} G Ao hehy
Ch(p<.05). o] AL =0 % (Q=0.59)= L}EhL} o] A4 o]
= A2 e THFig 3).

4% 92 2FeFTaYY
Hedges’s g=0.505(95 % CI :
o], BASFAH R foIat Hol7h i ROE
Th(p<.05). o] WAL P=27.87 % (Q=2.77)& &<

ot Fo= UelithFig 4).

ol g3te] 4 FLELRT

anav|=
0.01~1.00)2 &797|&

e
3719

=0

ol e

o] 4]

Wodel Subgroup within study Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance  limit  himit Z-Value p-Value
Kang. 2012 Halliwick Combined 0.309 0.363 0132 -0.402 1.020 0.853 0.394 —
Kim, 2017 Other Combined 0.422 0231 0054 -0031 0876 1825  0.068 -
Kirm, 2015_a Watsu Cumbined 0.435 0.267 0071 -0088 0957 1630  0.103 —
Kim, 2015_b Watsu Combined 0.094 0420 0184 -0745 00935 0220  0.826
Kim, 2012 Other Combined 0.062 0481 0234 0885 1010 0128 0897
Kim. 2007 Haliwick Cambinad 0584 0304 0093 0013 1180 1918 008A =
Lee. 2014 Other Combined 0.390 0314 0099 0.225 1.006 1.242 0214 -
Jung, 2004 Other Combined vanz 0397 0ds/ 0315 12z 1166 0244 1
Choi, 2009 Hallwick Combined 0672 0328 0108 0028 1315 2046  0.041
Hung, 2015 Watsu Cumbined 1138 0473 0223 0211 2064 2407  0.016
Fixed 0457 0105 0011 0252 0663 4364  0.000 .
Random 0457 0105 0011 0262 0663 4364  0.000 -
-1.50 075 0.00 0.75 1.50
Favours A Favours B
Model Studyname within study Statistics for each study Hedges's g and 95% C1
Hedges's Standard Lower Upper
] error  Variance limit  limit Z-Value p-Value
Kang, 2012 Halliwick Combined 0.309 0.363 0132 0402 1020 0853 0394 —_—
Kim, 2007 Halliwic k. Combined 0.584 0.304 0.093 -0.013 1.180 1.918 0.055
Choi, 2008 Halliwick Combined 0672 0328 0108 0028 1316 2046  0.041
Fixed 0.538 0.190 0036 0165 0910 2830  0.005
Random 0.538 0.190 0.036 0165 0910 2830  0.005
1.50 075 0.
Favours A Favours B
Model Subgroup within study Statistics for each study Hedges's g and 95% Cl
Hedges's  Standard Lower Upper
) error  Variance limit  limit ZValue p-Value
Kim, 2015_a Watsu Combined 0435 0.267 0071 -0.088 0.957 1.630 0.103 I
Kim, 2015_b Watsu Combined 0.094 0429 0184 -0.746 0935 0.220 0.826
Hong, 2015  Watsu Combined 1.138 0473 0223 0211 2.064 2.407 0.016
Fixed 0489 0.204 0.042 0.088 0.889 2.393 0.017
Random 0505 0253 0.064 0.008 1.002 1.992 0.046
150 075 0.00 0.75 1.50
Favours A Favours B

Fig 4.

Forest plots for overall effect size after watsu aquatic exercise
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Table 4. Meta—ANOVA results by moderator variable
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244 ' dEl ANOVA 23}

RCTE] ¢ 0.616, NRCTS] a3}37]9] - 04332
RCT Awte] awtzz|zh 27 depgAet & ek 1]
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=0.35(df=1, p=0.56)2 e} FAH 2 F25A] ¢kt
CH(Table 4).

95 % CI
s 2 0,
Category Subgroup k Hedges’s g Lf)\x{er Tisser Tt Z (p) I (%) @,
limit

NRCT 8 0.433 0.212 0.653 (,3,532) 0 2.011

Study design 5 1'42
RCT 2 0.616 0.052 1.181 (p<.05) 48.25 1.932

2.112
Journal 4 0.352 0.025 0.678 (p<.05) 0 0.483

Publication type 3 5.47
Thesis 6 0.478 0.214 0.742 (p=.05) 0 3.918
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A= ATzl sl e ﬂﬂ—ﬁr*—i% ST WA,
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(Z=0.23, 95 % CI : -0.04~0.05)(Fig 5). A 7|70l thgt
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-0.10~0.07)(Fig 6). Aol izt 324 A3}, SH
7t SHESE ARAr|E S7bskARE SA R
folatA] LYTHZ=0.39, 95 % CI : -0.02~0.03)(Fig 7).
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FAAZ] STV R ana)e STHetARE A4
o2 Gofata] eFhrh(Z=-0.62, 95 % CI : -0.02~0.04)
(Fig 8).
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Fig 6. Regression analysis of Hedges' s g by
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Regression of Hedges's g on length of session
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Funnel Plot of Standard Error by Hedges's g
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TFAZE wEREA S AAIRE FH olfe FAE
A HFEA] FobAl= AL ofyH, {23t 2to] 7t Sl
Fol ik JAA QL ulrk eAl Bl fet 7=
T2 A g2 $AA 24 pvalueo] b oAf
BAS A &7 98l A o] th(Borenstein &, 2009).
£ZLETRIWS G MASHY FES EAY
W mE felgt Aol Wolx WstrthKang & Bae,
2012; Kim, 2012). 0] A3H= AL ST A B4R

ol pAe sEH 0w oF 28 HE §Ho|A & & we

TTo

A gAol 2R s s, olelst gataee we
BAES FUA KAt obFolA FHL fEE ]
w el fol3k ol S Molx] ghokrh AJZEct.

SFEUA RS 483 ROMYSHES LA3 g
A wIE7)7} 08542 FHWQ FolA g A
717 kh ROMG S 24 A 919 AAE 741 9)
A gkol Aol FHAQ ARFS & Ao AzE
MASGSle] ATHE 24T AY WAL M2 g4
o= Eafo] glof, At} WAZEUAA & 4 9]

o=z HeltkKang & Bae, 2012; Kim & Yun, 2012).
2 AtoA s HJEE Fete] B4 At 34

ol gapo] YR MY ATEOIH Edelo] B
7+ A3=(Outcomes)©] HEE}A FLEE o] QA X9k

o
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Appendix 1, Characteristics of primary studies included in the analysis

Group Aquatic exercise intervention Outcome
Effec
Author, year t Type  RCT Durati Leneth Trunk
size Exp Con Exercise N Number 2" GMFM PBS MAS ROM Other
(week) (min) control
Ka“gzo‘gl‘zBae’ 309 Paper RCT 15 15  Halliwick 8 24 30 GMFM PBS MAS ROM
Kim, 2017 422 Thesis NRCT 20 X L€ 8 8 40 Trunk
exercise control
K“;Ofg ];ee’ 435 Paper NRCT 14 X  Watsu 4 12 30  GMFM PBS
Kim, 2015 b .094 Thesis NRCT 10 10 Watsu 6 12 30 GMFM PBS
Kim & Yun, Aqua
2012 .062 Paper NRCT 8 8 Therapy 12 36 50 MAS ROM
. . . BC,PF,
Kim, 2007 584 Thesis NRCT 12 X  Halliwick 48 144 60 BC
Aqua
Lee et al,, 2014 390 Paper NRCT 10 10 24 96 30 GMFM PBS
Therapy
. BK aqua
Chung, 2007  .462 Thesis NRCT 5 X 3 6 45 M
protocol
Choi, 2009 672 Thesis NRCT 10 X  Halliwick 12 36 60 Tetrax
Hong, 2015  1.138 Thesis RCT 12 12 Watsu 6 18 40 GMFM Trunk
control

GMFM; gross motor function measure, PBS; pediatric balance scale, MAS; modified ashworth scale, ROM; range of motion, BC; body
composition, PF; physical fitness, BC: breathing capacity, FM; functional movement
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