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Aquatic exercise for the treatment of knee osteoarthritis:
a systematic review & meta analysis
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B dTe & S0EY s R 525 Ay E9E vusly] fE A AAA e
1 weHEA] drolth, £3S Ovid-Medline, Cochrane Library CENTRAL, CINAHL¥} =] DBS! RISS9} KISSS 3
((osteoarthriti* OR OA) AND (aqua* OR water OR hydrotherap*)), (Z#4 8 AND +%52%) 5= TR0|2 Z3tste] 74
Ao, AeujA g E AX HF 7H@0=449)0 o] w4l EFEATE el tiFk A H7h= SIGNS] 29 A EAIE
B7METE AMESlEen, A 37 A 6ol A+, 130l +2 FrtEo] AukE oz nlEY 93-S glE 2o wvts)
Stk MEREA A &5 A F FEeET AFEEae FEwstd tidk A}o]= Standardized mean difference (SMD)
-0.26(95% CI -0.49, -0.03, p=0.03, ’=14%) 2.2 &6 0] A gl vl3] 50| FAHR Fosi Histe Ao
2 Yepgon), 1 9 7 3 3 BEUFsH S, Al AEIFEE S, AA7 ], 49 de SMDE 247 -0.12(95% CI -0.51,
0.27, p=0.53, =0%), -0.04(95% CI -0.55, 0.48, p=0.89, P=43%), -0.12(-0.44, 0.19, p=0.44, ’=0%), -0.15(-0.54, 0.24, p=0.46,
P=0%) = 7 a7 SAA SR Fofdh 2fe) 7t gle A0 E UERTE AR AKX 7 SHEAHIAE O R FERE
I A s EHE B FAY] vz AR AT 7 Hlad Aol aared gigk 54 43E dE dele tha
Agto] gilon® g oo} ey T2 PHAIFAT FVNA AT tigk o] AHA O R o]Fofxfof F
AoR Alz¥rh

Abstract This study was a systematic review and meta-analysis comparing the effects of aquatic exercise and
land-based exercise in the treatment of knee osteoarthritis. 7 studies (n=449) met selection and exclusion criteria out
of 287 potential studies obtained from the literature search via Ovid-Medline, Cochrane Library CENTRAL, CINAHL,
RISS and KISS. The overall risk of bias of selected studies using SIGN (Scottish Intercollegiate Guidelines Network)
checklist for randomized controlled trials (RCT) was regarded as low. As a result of meta analysis, Standardized Mean
Difference (SMD) for pain was -0.26(95% CI -0.49, -0.03, p=0.03, 1>=14%), which implies that aquatic exercise
groups had significant less pain than land-based exercise groups. On the other hand, there was no significant
difference between aquatic exercise groups and land based exercise groups for flexion Range of Motion (ROM) (-0.12,
95% CI -0.51, 0.27, p=0.53, 1>=0%), extension ROM (-0.04, 95% CI -0.55, 0.48, p=0.89, 1>=43%), physical function
(-0.12, 95% CI -0.44, 0.19, p=0.44, 1>=0%), Quality of Life (QOL) (-0.15, 95% CI -0.54, 0.24, p=0.46, I>=0%). This
study has some limitations due to few RCTs comparing aquatic exercise groups and land-based exercise groups in
the treatment of knee osteoarthritis. Therefore, further RCTs should be conducted along with long-term outcomes.
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Items

o] A A3k Reporting guidelines-
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A2 Ovid-Medline, CINAHL, Cochrane
Library CENTRALO A A2 ] ((osteoarthriti* OR OA)
AND (aqua* OR water OR hydrotherap*))E ©]-&3}%
3 =] DB ¥=8<4 X (Korean Studies Information
Service System, KISS), 3t&<d17d H A1) 2 (Research
Information Sharing Service, RISS)ollA] ZAof <4
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3. gL B R AR, 2EE 20%0ld §& AR 6
A% de 2ol vEY A9 Wkl B Ax e [16222427)2 e, IH3)E R @RSkl
_ o - s = A AE R e g 93y O zubA o
2R A7FAL BT, FA9 FEupy, 4 [Table 1) meby AsEele) MEY Y Ao
_ _ ; wo 7Aoo moisldd
7 L 2o $24 du, egEs AFsst gu RS AOR duedn.
Table 1. General characteristics of included studies
Participants  |Intervention| Control Intensity Outcome index
First Coun -
Year Age Expcr Cont Aquatic Land Min/ |Session/| . | F/U . ROM ROM | Physical | Depre
author try iment| rol . based . Period Pain . . R K QOL
(year) exercise . |session| wk (flexion) |(extension)| function | ssion
(n) | (n) exercise
knee knee
Lim AE, RS, isokinetic| isokinetic [ WOMAC
[16] 2008|Korea| 52-77 | 24 | 22 | AE, RS S/ROM 40 3 8 8wk BPI fest_ fest_ function - SF-36
flexion | extension
b}
65.00+
AE, BP, |AE, BP,
L[;;]d 2010D:r‘;m 12C.?0 26 | 20| RS, RS, | 50 | 2 8 |swk| VAS - - - - Kggff
68,004 S/ROM | S/ROM
9.50
Wyatt AE, RS, [AE, RS,
2001 A | 45- 21 | 21 - k| VA - - - - -
3] [0 USA 4570 SIROM | SIROM S A S
Foley |Austra| AE, RS, WOMAC WOMAC _
[24] 2005 lia 50-88 | 35 | 35 S/ROM AE, RS| 30 1 6 | 6wk pain - - function - SF-12
D
59.00+
Silva .| 7.60 AE, RS, |AE, RS,
25] 2008|Brazil o 31 | 26 SROM_ | S/ROM 50 3 18 [18wk| VAS - - - - -
59.00+
6.08
Wang Tai AE, BP, |AE, BP, KOOS_ | ROM_ | ROM_ KOOS_
[26] 20t wan 54811 28 | 28 S/ROM | S/ROM 60 3 12 |12wk pain flexion | extension ) ) QOL
AE, BP,
Fransel, nl AUS | so 65| ss | s6| rs, [MEBP 60 | 2 | 12 |iowk|VOMAC] . o |[WOMAC | oot sp-12
n [27] tralia SROM RS _pain function

AE: Aerobic/Endurance, BP: Balance/Proprioceptive, BPI: Brief Pain Inventory, DASS21: Depression Anxiety Stress Scale-21, F/U: Follow up, KOOS:
Knee Injury and Osteoarthritis Outcome Score, MCS: Mental Component Summary, PCS: Physical Component Summary, QOL: Quality of Life, ROM:
Range of Motion, RS: Resistance/Strengthening, SF-12: The Short Form-12, S/ROM: Stretching/ROM, VAS: Visual Analogue Scale, WOMAC:

Western Ontario and McMaster Universities Osteoarthritis Index

Table 2. Methodological quality of included studies

Focus L . .. |Similarity of| Treatment Lo Random Results .
Author question Randomization| Concealment | Blinding aroups difference Validity | Dropped out allocation | comparable Quality
Lim JY )
T+
(2008)[16] YES YES YES NO YES YES YES 12% YES YES
Lund H YES YES YES YES YES YES YES 10.1% YES YES +
(2010)[22] e
ggg{;[;‘g YES YES Can't say |Can't say YES YES YES 8.6% Can't say | Can't say +
Foley A 1 yig YES YES YES YES YES | YES 18% YES YES ++
(2005)[24] °
Silva EL o
T+
(2008)[25] YES YES YES YES YES YES YES 12% NO YES
Wang TJ o
T+
2011)[26] YES YES YES YES YES YES YES 7% YES YES
Fransen M|y pg YES YES YES YES YES | YES 7.2% YES YES +
(2007)[27] e
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Results (n=287) derived from search %%% 3]% }‘\_E_‘]-] %—‘“Si 7%[16,22-27] E_E,“—Oﬂ }\1 X“ /\]
on CINAHL (n=68), Cochrane (n=69), -
Medline (n=48), KISS (n=44) and 37 dRoen E= =HHo ALLEH EFE Visual
RISS (n=57), Google scholar (n=1) ~
Analogue Scale (VAS)7} 3%[22,23,25], Western

Duplicate records

excluded (n=55)

Full-text studies needed for
further evaluation (n=232)

Selected studies (n=7)

Studies excluded following full

paper assessment due to one of

the following reasons (n=225).
Unsuitable subjects (n=89)

* No randomized controlled
study (n=102)

+ No comparative study between
aquatic exercise and land-based
exercise (n=27)

* No appropriate outcomes (n=6)

+ Not published in English or
Korean (n=1)

Fig. 1. Flow chart of study
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AT
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—&,
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2 3] AlAlE T Table 1] [1

[22-28]9] #& &
ow, 4 $ES

To T

FollA fr

[Table 1].
_ZI.
, 2922271914 =

Fae.

ol T
-

67[16,22-

S T8l
2719014 2ty
79[16,22-27]
A%, &%

S
A

AL

_1_

I~
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H

b0 xo %o

Z

Q =]
o

2] #% A9 73

1 32 32

4

ol
-

1~33] 2 47[16,23,25,26]¢] &3l

% 23], 19[24]004 F

SENTE 30~60E/3 GO E 4%

[22,25-2719 A= 3T 50~60+, 13[16]¢14= 40+,

12419014 308 &

H251441= 185, 7

seich o5

717He 6~185FE 1
F2# o] B A= 12F[26,27], 8

F[16,22], 65[23,24] T}

FEE5Y 4—3— Ad&E3 vwstr] fsE AM-E
AFES2E 5, A7 ES, A, 2, 4
A 5ol AH-HAUTH
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Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) 2%[24,27], Brief Pain Inventory (BPI)%}
Knee Injury and Osteoarthritis Outcome Score (KOOS)
7b 7+ 199[16,26]°1 U Th

TA7HE 91 29[16,26] 9] Aol EgE o
Knee Isokinetic Test®} Range Of Motion (ROM)©] 7z}
7 AFEE R, AAE )5 33[16,24,27]2] Aol
A WOMACS] AAZI5AEE AHgstel Z459th
&2 1#H[27]1¢] AFoA Depression Anxiety Stress

=

A=

Scale-21 (DASS 21)S AHE-3le] SH AL, 4o 2
5%[16,22,24,26, 27114 AAIBIL o AT

KOOS7} 2%[22,26], SF-127} 2%[24,27], SF-36°] 1{%
[16]91A4] A-&= A tHTable 1].

3.2 £ SEEHY XE UYL= st =5
232 &1

& IHEY e R 589 AYEs
o a2 =g AR mygEHdE E 69
[16,22,23,25-27]1¢] £¥°] ZFHAE TA & AP+
I} hFz+e 5= zolE SMD -0.26(95% CI -0.49,
-0.03)0.2 Agte] txgd vs| FAHCRE fos)
A A2 H(p=0.03), =14%2 o] E3d E
de FEAg & 4 JTiFig. 2 (a)].

WATHEHE 239[16,26]9] T3] B X
Rem, FA F AL g2 23 s S
2Fo]E= SMD -0.12(95% CI -0.51, 0.27, p=0.53, I>=0%)
2 F 22 BAALE {98 Aole 9L, A F
AT 2] Ad A7) Zelolk SMD

-0.04(95% CI -0.55, 0.48, p=0.89, >=43%)& + #7+
SAALE F% 2el7t fiAtFig. 2 (b, ©)].

AA 715 29[16,27]9] Edlo] BAd L3 0
o, A F AL gz AA7F Zele SMD
-0.12(-0.44, 0.19, p=0.44, P=0%)E F+ 77} BAZOE
frolgh atol7t fllem, 82 13[23]9 THAA 4
Y 4.70£6.10, 2 7.00£8.30°0.2 A& 7o] 2+
of Hlg] &o] kot FAHCE fJF Aol of
YA thp=0.10)[Fig. 2 (d)].

2] A2 47[16,22,26,27]¢] 3o &

>

J
=~
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T 2

AeH, &l A Ax F

A F A¥EEH dxz2 e

arel 2

KOOSE AH&-& a2 4§
Zko] 7k SMD
-0.15(-0.54, 0.24, p=0.46, =0%)E F 77+ EAH O &

iz &el & Ao|rb SMD -0.19(-0.05,

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD_Total Mean SD_ Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Wiyatt 2001 24 1.6 21 a8 16 21 117% -0.86[-1.49,-0.22] 2001
Fransen 2007 273 187 55 307 184 96 28.9% -0.18 055, 0.19] 2007 —
Lim 2008 327 167 24 348 13 22 138% -0A2 070, 0.46] 2008 L
Silva 2008 267 231 31 373 27A 28 162% -0.41 [0.94, 0.11] 2008 -
Lund 2010 176 26.81 26 145 2147 20 136% 012 [-0.46, 071] 2010 I
Wang 2011 72 18 28 7B 14 28 16.3% -0.24 F0.76,0.29] 2011 71
Total (95% CI) 185 173 100.0% -0.26 [-0.49, -0.03] -
(a)  Heterageneity: Tau®= 0.01; Chi*=5.81, df= 5 (P = 0.33); F= 14% R o 1
Testfor overall effect Z= 2.21 (F=0.03) Favours [experimental] Favours [control]
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean _ SD Total Mean SD Tofal Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Lim 2008 243 118 24 278 1A 22 448% -0.28 [-0.86, 0.30] 2008
Wang 2011 126 42 28 128 B4 28 8532% 0.00[0.52, 052 2011
Total (95% CI) 52 50 100.0% -0.12 [-0.51,0.27]
(b) Heterageneity: Tau®= 0.00; Chi*= 0.48, df=1 (P = 0.49); F= 0% 51 705 5 ﬁ DIE 15
Testfor overall effect 2= 0.62 (F = 0.53) Favours [experimental] Favours [control]
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight V. Random, 95% Cl V. Random, 95% CI
Lim 2008 404 193 24 8573 237 22 47T1% -0.32 [-0.90,0.27]
wiang 2011 24 22 2 14 28 52.9% 021 [0.31,0.74] —
Total (95% CI) 52 50 100.0% 0.04 [-0.55, 0.48] —-?-——
© Heterogeneity. Tau®= 0.0 Chi*=1.75, df=1 (P = 0.19), F= 43% 4 3 7 P ]
Test for overall effect Z= 013 (F = 0.89) Favours [experimental] Favours [control]
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subagroup Mean SD Total Mean SD Total Weight IV, Random,. 95% Cl IV, Random, 95% CI
Fransen 2007 348 237 85 366 209 686 T0.9% -0.08 [-0.45, 0.29]
Lim 2008 208 84 24 236 128 22 291% -0.23[-0.81,0.35] =
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Fig. 2. Forest plots of the effects of aquatic exercise vs. land based exercise
(a) Pain (b) ROM flexion (¢) ROM extension (d) Physical function (e) Depression (f) QOL (KOOS) (g)

QOL (SF PCS) (h) QOL (SF MCS)
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Table 3. Outcomes in individual studies

AR, 2 H[16,27]¢]
=

BFAX7E 2H2E 17.60426.51, 14.50421 475 A

o] AAFSETZY EZo] I Yo Ao HIHY

o Aol 233 A3

ATk 2= AHIME

kel
=9 FEEFAAL 7
60, 27.50~125.00+6.10~
©v[16,26], A1 &7}
T FEeeed AdEF
o] 7}7} 50.40+19.30, 57.30+23.702.% A/
o 7HsH 97 o Hou, thE gk HAR6lIME F
FH(2.4042.20)0) A AFH(2.00£1.40)0  H)E]

FHS7E 2 AL veht ke A3t AlA

2
AT WA AFE FELEE
A

H . fLs
(20.90~34.8049.90~23.70) R} A A-$-E7(23.60~

Outcome Study Tool(range) Experiment Control
Wyatt [23] VAS(0-10) 2.40+1.60 3.80+1.60
Lund [22] VAS(0-100) 17.60+26.51 14.504+21.47
Silva [25] VAS(0-100) 26.70+23.10 37.304+27.50
Pain Foley [24] WOMAC _pain(0-20) median(IQR) 10.00(4.00) median(IQR) 8.00(5.00)
Fransen [27] WOMAC_pain(Total 0-100) 27.30+18.70 30.70+18.90
Lim [16] BPI(0-10) 3.27£1.67 3.46+1.30
Wang [26] KOOS_pain(0-100) 72.00+18.00 76.00+15.00
Lim [16] knee isokinetic test(°/s) 24.30£11.60 27.50£11.10
Flexion
Wang [26] ROM(Degree) 125.00+4.20 125.00+6.10
ROM Lim [16] knee isokinetic test(°/s) 50.40+19.30 57.30423.70
Extension
Wang [26] ROM(Degree) 2.40+2.20 2.001.40
Lim [16] WOMAC _function(Total 0-96) 20.90+9.90 23.60+12.80
Physical function Foley [24] WOMAC _function(0-68) median(IQR) 33.00(17.00) median(IQR) 27.00(12.00)
Fransen [27] WOMAC _function(Total 0-100) 34.80+23.70 36.60+20.90
Depression Fransen [27] DASS21_depression(Total0-42) 4.70+6.10 7.00+8.30
Lund [22] KOOS_QOL(NR) 41.10+17.34 44.70+13.86
Wang [26] KOOS_QOL(NR) 73.00+12.00 74.00+11.00
QoL Lim [16] SF-36(PCS/MCS) 38.80+7.70/54.80+8.80 40.40+7.90/52.90+8.30
Foley [24] SF-12(PCS/MCS)(41-127) median(QR) median(IQR)
37.10(12.70)+53.30(15.50) 31.40(12.70)+57.90(19.50)
Fransen [27] SF-12(PCS/MCS) 35.70+9.80/54.60+8.90 37.60+11.20/50.90+10.70

BPIL: Brief Pain Inventory, DASS21: Depression Anxiety Stress Scale-21, ICR: Interquartile Range, KOOS: Knee Injury and Osteoarthritis
Outcome Score, MCS: Mental Component Summary, PCS: Physical Component Summary, QOL: Quality of Life, ROM: Range of Motion, SF-12:
The Short Form-12, VAS: Visual Analogue Scale, WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index
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