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Abstract

Purpose : This meta-analysis was aimed at guiding future research in stroke treatment and to provide real-world data relating
We performed a meta-analysis comprising 22 studies involving aquatic exercise therapy performed between 2006

to the effects of aquatic exercise therapy on balance in patients with chronic stroke.
and 2017. A meta-analysis software program was used to calculate the mean effect size, effect size by intervention, and effect

Methods

The mean effect size was 0.563. The effect size by outcome was observed to be the largest for the functional
Meta-regression analysis showed that effect size increased with an increase in the duration, number, length of exercise session.

size by outcome. We also performed a meta-regression analysis and an analysis of publishing bias.
reach test, followed by the Berg balance scale, balance equipment, the Timed Up and Go test and one leg standing.

Results
Aquatic exercise therapy appears to show a moderate effect on balance in patients with chronic stroke. A

Conclusion
meta-analysis is warranted for further research to determine the effects of aquatic exercise on walking, muscle strength, and

range of motion.

aquatic exercise therapy, balance, stroke, meta-analysis
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Statistics for each study

dard
or

nnnnnn

limit

Lower Upper
limit  Z-Val
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Bae DJ, 2015 FRT 1031 0.421 0.178 0.205 1.857 2.447 0.014
Cho& Cho, 2013 Combined 0375 0.448 0199 -0500 1250 0833  0.401 —
Cho & Jung, 2013 oLs 1.002 0.439 0.183 0.142 1.862 2.284 0.022
Chung EJ etal 2014  Combined 1218 0.415 0172 0505 2132 3176 0.001 i
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Jung JH, 2012 Combined 0.259 0.357 0.128 -0.442 0.959 0.724 0.469 -
Jung JH, 2016 Combined 0.129 0.310 0.096 -0479 0738 0.417 0676 e 1 Y
KimHJ, 2015 BBS 1309 0.488 0.238 0.353 2.264 2.685 0.007 -
Kim SH et al, 2014 Combined 0811 0.559 0.312 -0283 1906 1453 0146 L
Kwon HM, 2010 Combined 0.308 0.537 0.288 -0744 1361 0.574 0566 i
Lee & Kang, 2010 TUG 0.624 0.485 0.236 -0.327 1.576 1.286 0.198 -
Lee DJ, 2009 Combined 1471 0.396 0157 0696 2247 3718 0.000 —
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Lee & Kim, 2008 TuG 0203 0.363 0132 0185 1608 2472 0013 s mam]
Nam HC, 2006 Combined 0.059 0.380 0.144  -0676  0.814 0181 0.856 — s
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Model  Study name Qutcome _Statistics for each study _Hedges's g and 05% CI |
Hedges's Standard Lower Upper
g error limit  Variance limit  Z-Value p-Value
Chung EJ etal, 2014 BBS 0.635 0.365 -0.080 0.133  1.350 1.741 0.082 .
Han SK, 2012 BBS 0473 0254 -0.026 0065 0971 188  0.063 el
KimHJ, 2015 BBS 1.309 0488 0353 0238 2.264 2685 0.007 —
Kim SH et al, 2014 BBS 0.923 0.565 -0.185 0320 2.031 1.633 0.102 -— _.z
Kwen HM, 2010 BBS 0.163 0534 -0.8%4 0285  1.209 0.305 0.761 .
Lee DJ, 2009 BBS 1.198 0376  0.460 0.142  1.936 3183 0.001 .
Lee TH etal, 2012 BBS 0.417 0433 -0.432 0.188  1.267 0.963 0.336 .
Nam HC, 2006 BBS 0.185 0381 -0.561 0.145  0.931 0.486 0.627 .
Park JS, 2012 BBS 0.630 0253 0.134 0064 1.127 2490 0.013 —.— =
Son NH, 2013 BBS 0.241 0430 -0.601 0.185  1.084 0.561 0.575 .
Yang HJ, 2016 BBS 0547 0437 -0.309 0191 1404 1253  0.210 )
Fixed 0.592 0112 0372 0013 0812 5277 0.000 ‘
Random 0.592 0112 0372 0013 0812 5217 0.000 ‘
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

2l 3. £52EX|2 & Berg Balance Scaled]| Cist & 1

Model  Study name Qutcome _Statistics for each study _Hedges's g and 65% €1
Hedges's ~ Standard Lower Upper
g error Variance  limit limit  2-Value p-Value
Bae DJ, 2015 FRT 1.031 0.421 0.178 0205 1.857 2447 0.014 +
Chung EJ etal, 2014  FRT 0231 0.357 0.127 0468 0930 0648 0517 — -.—
Jung JH, 2012 FRT 0470 0.360 0.130 -0.236 1.177 1.305 0.192 .
Jung JH, 2016 FRT 0.058 0.310 0.096 -0.551 0.684 0.181 0.856 +
Kwon HM, 2010 FRT 0.343 0.538 0.289 0711  1.396 0.638 0.524 .
Lee DJ, 2009 FRT 1647 0.402 0.162 0859 2435 4.007 0.000 - —H
Song & Kim, 2009 FRT 0953 0.309 0.09 0347 1559 3081  0.002
Fixed 0642 0.139 0019 0369 0914 4613  0.000 ‘
Random 0665 0213 0.045 0248 1.083 3124  0.002
-2.00 -1.00 0.00 1.00 200
Favours A Favours B

a2 4, £E2ZX|2 F Functional Reach Testd| CHEt & 22l

Model  Study name Qutcome _Statistics for each study _Hedges's g and 95% CI |
Hedges's  Standard Lower  Upper
g error  Variance  limit  imit  Z-Value p-Value
Cho& Cho, 2013  OLS 0.039 043¢ 0193 -0.821  0.900 0.000 0928
Cho & Jung, 2013 OLS 1.002 0.43¢ 0193  0.142  1.862 2.284 0.022
Lee & Kang, 2009  OLS 0.198 0.202 0086 -0.375 0.771 0.676 0.499
Lee & Lee, 2008 CLS 0.587 0.284 0081 0.030 1.143 2.066 0.039
Fixed 0435 0.170 0020 0101 0769 2555 0011 <
Random 0.437 0.184 0034 0076 0.798 2.3712 0.018 -
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

a2l 5. £&=2=X|2 & One Leg Standingdf CHSt & a2l
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Model  Study name Qutcome Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower  Upper
[] error Variance  limit limit  ZValue p-Value
Cho & Cho, 2013 TuG 0.710 0.454 0206 -0.179 1599  1.565 0118 —
Jung JH, 2012 Tue 0.020 0355 0.126 -0.677 0.716  0.056 0855
Jung JH, 2016 UG 0.132 0310 0.096 -0.476  0.740  0.426  0.670
Kim SHetal, 2014 TUG 0.699 0552 0.304 -0.382  1.781 1.268  0.205 L
Kwon HM, 2010 TuG 0.419 0540 0201 -0.639 1477 0777 0.437 B
Lee & Kang, 2010 TuG 0.624 0.485 0236 -0.327 1576  1.286  0.198 =
Lee & Kim, 2008 Tue 0.898 0363 0.132 0186 1608 2472 0.013
Park 18, 2012 TuG 0.937 0.260 0.068 0427 1448  3.599  0.000
Yang HJ, 2015 TuG 0.206 0.430 0.185 -0.636  1.048 0470 0632 '
Lee & Kang, 2009 TuG 0.428 0305 0.093 -0.169  1.025  1.406  0.160 ]
Song & Kim, 2009 TUG 0.171 0254 0064 -0.326  0.669 0.676 0.499 D s
Fixed 0.458 0108 0.011 0240 0667 4300  0.000 L
Random 0.458 0.106 0.011 0249 0667 4300  0.000 -
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B
AXOE= x = =
a3 6. +&523X|= ¥ Time Up and Gooj thet & &
Model  Study name_ Outcome Statistics for each stud Hedges's g and 95% CI
Hedges's Standard Lower Upper
] error Variance limit limit  Z-Value p-Value
Chung EJ et al, 2014 Combined 1.761 0.440 0.193 0.899 2623 4.004 0.000
Han SK, 2012 Combined 0.367 0.255 0.065 -0.132 0.867 1.441 0.150
Jung JH, 2012 Combined 0.263 0.357 0.128 -0.437 0.964 0.737 0.461 .
Jung JH, 2016 Combined 0.147 0310 0.096 -0.461 0.756 0.474 0.636
Lee DJ, 2009 Combined 1.495 0.399 0159 0714 2277 3.749 0.000
Nam HC, 2006 Combined 0.040 0.380 0.144 0705 0.784 0.105 0.917
Park JS, 2012 Combined 0.286 0.249 0.062 -0201 0.773 1.150 0.250
Park JS, 2009 Combined 069 0305 0093 0091 1288 2258  0.024 —
Fixed 0.508 0.113 0.013 0287 0.728 4.509 0.000 ‘
Random 0577 0.190 003 0204 0950 3031 0002 i
-2.00 1.00 0.00 1.00 2.00
Favours A Favours B
=l AXRO X = X St A =l
a8 7. 323k & 4 o oigt & 28

5. 5a%a7)9 oA HAF: 2Had 74

A AAIZE HEe} o] M A Ht A7) = Hedges’s
g=0.563(95 % CL. 0.411~0.716)=2 UElFom 71 o]&AA
2 Higgins®} Greeno] A|A|eh= 22 A=
(moderate heterogeneity, 25 % ©]3}) 2] H 9ol &35t= A
o @ UFEFGTHIE=2.84 %, Q=21.615, p—422)(Higgins &
Green, 2011). wh2ba] & AtoA] b A5t I+ a3ka7)
7F AR e ud, & 2] ol dAd e iAol it
AR Aol dasirta wekshlok(zhn| st} o] 74 3,
2017). 1A A A+ Y Ml A+ AARS

JEE

Z7H53 S AWM (moderators) E 5ol w|E} ANOVA
£ AASHATHENEE 5, 2015).

M %], RCT(Randomized Controlled Trials) Z|&hz}
ol

NRCT(Non Randomized Controlled Trials) &% H]

™ RCT Athe] A< §3t37]7} 0.563, NRCT 5]
© 0.570% UEF} NRCT Aol 534377} o 2 7;1
2 UeEhgARE F g 7h9] Qgl, & Qb=0.002 (df=

p=967)= UEl} F [t 7ol aita7| Zol= % ]zq
o7 {oJshA] g2 Aow U thAldE 5, 2016).

7
o

]

=]
A

28] 31 Q)= (Thesis)1} &H& ] ‘_—,._—(Journal)ﬂ_i Eﬂr
3719 zto] B4, 9= H$ 0501, &7
=29 A 2TA7]7F 06482 e Bk ] R e
anarizk ¥ 2 A= yepgAn & A 79 Q
gk, & Qb=0.858(df=1, p=354)2 UEl} TEA =R 3
Gt Sl A gl antar]9f Heolk FAA
o7 Gol5lx| ¢k o7 UethEreE 5, 2015)

3 2

~
~—

aear & A4 B4 F AGHe duEHE 5
SZ= 279 ZA] 7]7Hduration of session), & 3|7| 3]

Bixto] FEol nlxle =1t @ IO HEFREA 9



thetsgelst=|x| Mo H2s

Z>(number of session), 3] =2 A|7k(ength of session)
& NS so] w79 ol WH L AW )
ol WERs] A AT 5, 2015; A1 3]
=, 2016( 1% 8~10). WA, Fa7] 9} Z7717ke] 57
A A, FA7Irel AeE anarle ST
EAROR 9ostx 9JTHZ= 056, 95 % CI:
-0.023~0.042). FA| S0 itk SHEA A= A

o

SHA) = ok A 0 2(2=0.85, 95 % CI: -0.006~0.015) L
BRI TR 8~10). 12]al eFsA=e] TA At
w2 F337)9 AR Al A4 A7ke] 242 &7}
A7le 7P $ARCR FolsiAs esken(Z=
0.78, 95 % CI: -0.009~0.021), w-e}A] o]t w2 9o 2
AL T YA e E b A7 B4
of oa) 7t AF-o] wHA| 9] Ao|E AW & Y

|

Sl7t WSS antar)s SUeHAN FARHCE A7} qdtkal SRtk (Borenstein -, 2009).
H 2, o7 C|XiQlut & SEHoll T2 HIEFANOVA
Cat Sub, k Hedges’ 95 % d Z(p) 12(%) Qs (p)
ceory HPEFOHp e Lower limit Upper limit ’ i
5.097
NRCT 11 0.570 0.351 0.789 0.000
Study (<0.001) 0.002
design 4.864 (:967)
RCT 11 0.563 0.336 0.790 (<0.001) 17.045
. 5.406
Th 12 0.501 0.298 0.704 25.880
Publication e (<0.001) 0.858
type 4.838 (:354)
Journal 10 0.648 0413 0.883 (<0.001) 0.000

Regression of Hedges's g on Duration of session

1.80
1.60 —

OO

1.20

Hedges's g

0.60 —

0.40

-0.20

O
" &

0-20 7 @
0.00

0.0 2.5 5.0 7.5 10.0 125

Duration of session

a3 8. X 7[Ztoll thHet Hedges’s g 3| F=EA]
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Regression of Hedges's g on Number of Session
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Regression of Hedges's g on Length of Session

O

O
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200
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A7 Aol e AEe] P Bhow B4
(publication bias analysis)of| 4] YHFA o2 HAE I Q)

funnel plot 242 S5 HA 1 072 3
tH(Borenstein 5, 2009). 13 1194 X
717 Al A oz 29 A o] obd & 44 Q‘l%‘ T
ohEtu]skel o] 8], 2017). ©o]& Huh A 7
st7] ffall &7k ol et A% A J Egger
o AAIRt avfa7|9F HE x| A sl 3=
X(Egger’s regression test)2 A A5} thHEgger 5, 1997).
1 A7}, bias=1.459(t=1.609, df=20, p>.05)= LFel} £

fr 1o
-0,
ol
i)

o&g

oo 10

o my & & W

Aol ¥, e /7L Aoy foshHA

Je3 AER vFA9] fajl-safe Ng
4= Nfs=3002.2 UreRL} Al 24
&4 = ATHAIE 3], 2016). mRA|F
He AL g AAAPS AZs=

"
r [*]
)
o,
é

10 m[o

30,
lo
fu

=il
N
- 0
o
E

ol

Duval¥} Tweedie2] trim-and-fill ¥
X5} tH(Duval & Tweedie, 2000).
7] funnel plotof| A A o] =] ke A}
ge muEs|SRY ARe

EE
2

2,

2 02 fo
of pt fUoAL AN

(2 ol od U n:lE ol? o to komd ne
flo <t
z 2

S UL X
lo

Funnel Plot of Standard Error by Hedges's g

0.0

0.1

0.2

0.3

Standard Error

0.4

0.5

0.6

Hedges's g

0.5 1.0 1.5 20

A. Hedges’s g A= Zd|7]

Duval and Tweedie's trim and fill

Fixed Effects

Studies Foint Lower

Trimmed Estimate Limnit
Observed values 056168 041139
Adjusted values 3 0.47486 033133

Random Effects Q Yalue
Upper Faint Lower Upper
Limnit Estimate Lirnit Limnit
0711597 0.56350 041051 071648  21.61452
061839 n0.4a107 030007 0BR208  36.28937
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trim-and-fill 4 -85}

qesiA Hw 29 o4 Bl A fok
A 1o 9% 3o BTt AYFeH, BA HEF A2 gges d7e =R5o| AT 35
H(adjusted) HFEHA7] = 04812 AEE o] B2E 3 & F 24T A9 PFaH] A7)E 056302 F7F
FEHDY) 05638 22 gaE AL I 4 @ As)e GRAYE wol EAMewm §oiF wvE
u|sie} o4 3], 2017). SlAW HAE HFETA/ 95 Hrh oleld AT $FLEARI UEZ B
% Al=|7b0] 0300914 0.662% e} olds]l BAE  @Eaarel FHA EFE wAnk= AL ekt
om golgte o 4 YriurekE 5, 2015). BIFES ST iro] A% AT} FRTY] 3}

717} 0.665% 7} 231, BBS(0.592), @& A1|(0.577),

TUG(O. 458), OLS(0.437) 208 etk E o5Lo)A]
FHE F 00 T £F 25 T4 =2 A4 F
# FI37)(g=0.563)%= Cohen(1988)¢] 7|20 ¢|3tw =

=
K
p
_1

F

E AT HEF WS gator oy wry A= aRIT| sEn 5 peAEst i HE
sz eEA R ANtE AgHon 23 Boste) zr T BA R WA= el Fatelde] g4
ae] 543 avte] A 84 wdste]l A S Yefe Aoz 4% 4 gl
7|8ke] AHA W SHRA 7| 2ARE A FSuA Ale aa7)9 o]dAd HFelA RCT et} NRCT et
5] k(o) skt om-;u 017) 20061 1958 2017 2 HIOIA NRCT e azh 2717k 057002
59712 ZUoA] 423 Z2)8 fmdb fa AL RCT Feto|A 0.563Kth o =LA YepA|qE & at=7]
238 9] =5o] 14 7 _,E]M_Q_ WA 2Ee Aast O ACle FolR Aels EeofA gholtt
1 ATz HEAOoB AHIE =RO =R |2 2 dA4t= A 71zE A AL, SA etk )
¥, 5149l =5 103 O] & 227o] E ATo] uelEa Ete 24 AldsA SAA R {FofsthA] gkttt
tjAbel| ZahE QrhErekE S, 2015). G tiefo] EXo a8y FA 71k FA AlRte] Aas anrh A,
A AT ARt WA Bl HEEe fute wgy S SIETE wESs BaE 2 Ao R dE. e
22 42 AT Aoz sy AFay grae W EAJD VU SvE A= 3 AAANE AR
7} 120 HA FE 2L aeH A Y 319 2 goto] =3E AFNS o RE stof ndEE A
AR TR} 13504 WA= 629747 ghobelgieh ] =wol AfE BT = e S 272 VAol
22 oA 2WE 22 osx R T g At Aol v S, 2015; gmstet o]
P =R 2w AL Tl Y BT T FAfvt oo Sl 2017). SHAIRE funnel plot 245 B SH2F w4
Hon, Uz 0o HE 2alA), 2T, A=, o A bias=1.459(t=1.609, df=20, p>.05)= YEI} A&
Efcy, 3897t olx, PNFE 83} ofsto} a7 =49 A, SteF7F ey folshA| ke e o
W, AR, ARE So) Au|S g aFAees 7 WAT wWetA o] Avbe 2 AFtelA Ed A
Zzamog Baom Aol 9o} of 27t 77t ickal Id == AT AA A 23

szoEzal Bo| A3, By 59 olgd 79, & 0 = WEY JEO AR eF= obFil HE 4 vt
a,ﬂ A SolAE gYsl 572 Bolttn 8t (dE (dreh 5, 2015; AR 5, 2016). 3 i of 2] ShHE

2, 2006), TA] QX7 5 1958 FAS Ea} wopoll A AAE FFA RV HEFT SAY #Fel 1
o:] AP B3] gYst FatS wolrkm sFh(HrA = AE JFHom FA4staL, d44d SAE AlA

A, 2009). o]t LAZ upgro® BBS, OLS, TUG, sh7] fa AS A" dAFtete Jit 5EFAEY

FRT, 7@ Ao gfEo|ro] Az prsiy, &~ Bl Ao vighe] & 5= 3l

FARE NS FHslo] FAENS wmeys oI F2A Qorh lvpal Aadd.
mleR A JE A A

-
iR
_\:4_
i
i
ot
Y
o
f
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AAHoR BAFoRN AUBY 4 Uk FF 20
2 23, BUA WEATE YA YA A2
e shzu Aol x Bew 2AE ABY 4 Atk
(FE 5, 2015). Tebd B ATE g Wy HEF
BAe] % LES 9 AT A EE 71ES A
A, e AFAEe] WE 4 Uk 0RE 0T 4
UES £S5 e Zolth EiL vEHE A
o Mgt ofn] gl W dTE 29U 4 glom,
AR ATAE] AL BAZ HAT 4 Qi werel
AT WS AN F % S Aol THARF 5, 2015)
7R Hel At Wy HEF BAE GO 5
FoEA R wTHE AT FAY AAT 47}
ula Ho] Avtasle] $AN PAW Taslel of
o S5el B4 AnE A7]el Agto] Ykt
3 oFl%, 2017). Wb B HEF B AT 55
$EANR Z2aue Q&Ko usiolcr oin, 45
SEARY FaAE FHAAK

FE AL FFLEANRE U HEF A
A BA L G olold] ThE BAE hOE W 458
A2 ANE YET Wart gk B3 FHUSE
we, AeE, wEbEHS) B SELENRE 59
A A L Tha sl e wvtel st 4

V.32 &
H AF= 200604 20178 7FA] ZUjol A ERE
HES S R 3 s AEew 22895
qgoR et ae AAStEc B AT A, xo&

ae] A7) g=05630.8 F7ka7]e] ARATE
ol BEAFoR Qo3 a3tE Bt FFES 5
T2 Yol 243 A} FRT a3t=7]7F 0.665
2 7P 231, BBS(0.592), 7 A H](0.577), TUG(0.458),
OLS(0.437) =7] A& eyttt 2 a3 2= o
g oA} FAFo| A HHA W2 Ao HEIE xS
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o 71zArR R 28 5 & Aotk ®Rk & S
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LRETLO] AR RN S8y
715 71

Z 1:!
¥ gn AR
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