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Effect of Therapeutic Aquatic Exercise
on Symptoms and Function Associated
With Lower Limb Osteoarthritis: A
Systematic Review With Meta-Analysis
Benjamin Waller, Anna Ogonowska-Slodownik, Manuel Vitor, Johan Lambeck,
Daniel Daly, Urho M. Kujala, Ari Heinonen

Background. Current management of osteoarthritis (OA) focuses on pain control
and maintaining physical function through pharmacological, nonpharmacological,
and surgical treatments. Exercise, including therapeutic aquatic exercise (TAE), is
considered one of the most important management options. Nevertheless, there is no
up-to-date systematic review describing the effect of TAE on symptoms and function
associated with lower limb OA.

Purpose. The purpose of this study was to conduct a systematic review with
meta-analysis to determine the effect of TAE on symptoms and function associated
with lower limb OA.

Data Sources. The data sources used in this study were: MEDLINE, PubMed,
EMBASE, CINAHL, PEDro, and SPORTDiscus.

Study Selection. All studies selected for review were randomized controlled
trials with an aquatic exercise group and a nontreatment control group. In total, 11
studies fulfilled the inclusion criteria and were included in the synthesis and
meta-analysis.

Data Extraction. Data were extracted and checked for accuracy by 3 indepen-
dent reviewers.

Data Synthesis. Standardized mean difference (SMD) with 95% confidence
interval (95% CI) was calculated for all outcomes. The meta-analysis showed a
significant TAE effect on pain (SMD�0.26 [95% CI�0.11, 0.41]), self-reported func-
tion (SMD�0.30 [95% CI�0.18, 0.43]), and physical functioning (SMD�0.22 [95%
CI�0.07, 0.38]). Additionally, a significant effect was seen on stiffness (SMD�0.20
[95% CI�0.03, 0.36]) and quality of life (SMD�0.24 [95% CI�0.04, 0.45]).

Limitations. Heterogeneity of outcome measures and small sample sizes for many
of the included trials imply that conclusions based on these results should be made
with caution.

Conclusions. The results indicate that TAE is effective in managing symptoms
associated with lower limb OA.
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Osteoarthritis (OA) is the most
common form of arthritis,1

with the knee, hand, hip, and
spine being the most common symp-
tomatic body parts affected.2 People
with OA of the lower limb are
affected by symptoms in all levels of
the International Classification of
Functioning, Disability and Health
(ICF).3 There is currently no known
cure for OA, and management focuses
on nonpharmacological (eg, exercise,
education, physical therapy, weight
loss), pharmacological (eg, nonsteroi-
dal anti-inflammatory drugs, acetamin-
ophen, glucosamine, chondroitin),
and surgical (eg, arthroplasty, osteot-
omy) treatments.4–6

Exercise in the form of land-based
strengthening and aerobic condition-
ing or therapeutic aquatic exercise
(TAE) and weight loss are considered
the most central elements in the cur-
rent nonpharmacological recom-
mendations in the management of
OA.4,6 There is high-quality evidence
supporting the prescription of land-
based exercise for people with
lower limb OA. Land-based strength
and aerobic training has been shown
to have a small to moderate effect
size (ES) in pain (range�0.32–0.52)
and functioning (range�0.32–
0.46),7–10 with no clear superiority
between the 2 exercise regimens.
Therapeutic aquatic exercise is rec-
ommended to people with lower
limb OA because of the reduced
loading on the joint as a result of
buoyancy.11 Although unproven,12

the reduced loading is thought to
protect the joints from further dam-
age and allows more efficacious
training for people who are unable
to train effectively on land. How-
ever, like land-based training,13 there
is no consensus on what type of TAE
is most effective in the management
of lower limb OA.

To date, 2 systematic reviews have
been published investigating the
effect of TAE on OA: a Cochrane

review14 and a systematic review
with meta-analysis.15 The Cochrane
review was limited to studies pub-
lished up to May 2006 and included
6 studies, 5 of which had a control-
comparison group. This review14

indicated that TAE has a small effect
on pain (ES�0.19 [95% CI�0.04,
0.35]), function (ES�0.26 [95%
CI�0.11, 0.42]), walking ability
(ES�0.18 [95% CI��0.03, 0.39]),
and quality of life (ES�0.32 [95%
CI�0.03, 0.61]) compared with con-
trols. The systematic review by Bat-
terham et al15 demonstrated that TAE
and land-based exercise have similar
effects on self-reported functioning
and mobility. The authors concluded
that neither approach appeared to
be superior to the other. This review
was based on studies published up to
July 2010, including participants
with OA or rheumatoid arthritis, or
both.

Nevertheless, in recent years, there
has been an increased number of
randomized controlled trials (RCTs)
investigating the effect of TAE on
people with lower limb OA not yet
integrated into a systematic review
or meta-analysis. Therefore, the aim
of this review was to investigate,
through a systematic review and
meta-analysis of RCTs, the effect of
therapeutic aquatic exercise on
symptoms and function in people
with lower limb OA.

Method
Search Strategy and Study
Selection
For this systematic review and meta-
analysis, we performed a broad
search of 6 databases (MEDLINE,
PubMed, CINAHL, SPORTDiscus,
PEDro, and EMBASE) using a com-
prehensive combination of key
words: “hydrotherapy” or “water
exercise” or “aquatic exercise” or
“aquatic therapy” or “water rehabili-
tation” or “aquatic physical therapy”
or “aquatic rehabilitation” or “aquat-
ics” AND “osteoarthritis” or “OA” or

“arthritis.” The search included pub-
lications, in English, appearing
before December 1, 2013 (eAppen-
dix 1, available at ptjournal.apta.
org). Additionally, a hand search of
references was performed. Inclusion
was based on assessment by 2 inde-
pendent reviewers (B.W. and J.L.),
and full agreement was required.
Based on titles and abstracts, dupli-
cates and nonaquatic exercise stud-
ies were excluded. Following this
search, full-text manuscripts for the
remaining studies were retrieved
and read by each reviewer, and final
selection was made. If needed, dis-
agreements were resolved through
discussion with and assistance from
a third reviewer (D.D).

Studies included in our review had
to have an RCT design, be published
in English, and fulfill the following
criteria according to the PICOS (Pop-
ulation, Intervention, Comparison,
Outcome, and Study) system.16 The
study population included people
with clinically diagnosed OA (as
assessed with radiography17,18 or
according to American College of
Rheumatology guidelines19) in one
or more joints of the lower limb,
with no age or sex restrictions. We
included all interventions that could
be classified as therapeutic aquatic
exercise where there was full immer-
sion of the body. No limitation was
placed on the type of exercise (aer-
obic, range of motion [ROM],
strength) or outcome measures used.
Studies were excluded if the compar-
ison group participated in an exer-
cise intervention (land or water
based) with or without an additional
intervention (eg, home exercises,
education). Furthermore, studies
with a PEDro score of �5, indicating
low methodological quality and a
high risk of bias,20 were excluded.
The studies had to have a control-
comparison group who continued
usual care or participated in a sham
intervention. Outcome data had to
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be reported for at least one outcome
at baseline and postintervention.

Quality Assessment
Methodological quality or risk of bias
was assessed using the 11-point
PEDro scale,21 which has been
shown to be a reliable20 and valid22

assessment tool. The PEDro scale is
based on the 9-point Delphi scale
developed by Verhagen et al23 and is
used specifically with RCTs in phys-
ical therapy. The 11 quality assess-
ment criteria are: eligibility criteria,
random allocation, allocation con-
cealment, baseline similarity, partici-
pant blinding, therapist blinding,
assessor blinding, adequate follow-
up, intention-to-treat analysis,
between-group comparisons, and
point and variability measures given.
In the PEDro scale, the first criterion
(eligibility) is not included in the
final score, which ranges from 0 to
10. Each criterion is scored 1 (“yes”)
or 0 (“no, don’t know/unclear”).
Generally, the maximum a TAE study
can be scored is 8 because of the
difficulties in blinding the partici-
pants and therapist from the inter-
vention in exercise studies.24 A study
with a score of �7 is considered to
have high methodological quality,
and studies scoring �5 have consid-
ered to have low methodological
quality.20 Assessment of methodolog-
ical quality was performed indepen-
dently by 2 reviewers (B.W. and
A.O-S.) and compared. In case of dis-
agreement, consensus was obtained
by consulting a third reviewer (J.L.).

Data Extraction
Intervention description, inclusion
and exclusion criteria, baseline
data, and values for all outcomes at
baseline, postintervention, and lon-
ger follow-up (3–6 months) were
extracted by 2 reviewers (A.O-S. and
M.V.) and checked for accuracy by a
third reviewer (B.W.). Where possi-
ble, intention-to-treat data were
extracted for follow-up measure-
ments; otherwise, per protocol data

were extracted. When data were not
presented in the study as mean and
standard deviation or were pre-
sented in a form that prevented cal-
culation of mean and standard devi-
ation, the original authors were
contacted, and original data were
requested. Standard deviation was
calculated from 95% CI values for the
study by Hale et al25 and from stan-
dard error values for the study by
Lund et al.26 Mean and standard devi-
ation were estimated from median
values and interquartile ranges for all
outcomes from the study by Foley
et al.27 In these cases, the median
value was taken as best estimated
mean, and interquartile ranges were
divided by 1.35.15,28 The original
authors provided aggregate data for
lower limb muscle strength measure-
ments.26 Postintervention scores for
the Six-Minute Walk Test and isomet-
ric strength from the study by Foley
et al27 were requested, but no reply
was received. Outcomes were
divided into 5 groups: pain, stiffness,
self-reported functioning, physical
performance measures, and quality
of life. In all cases, the ES between
TAE and control groups was calcu-
lated as the standardized mean differ-
ence (SMD). Data were corrected so
that effects in favor of TAE are
described as positive ES values. In
this study, an ES (SMD) of 0.2 to 0.5
was considered as small, 0.5 to 0.8 as
medium, and �0.8 as a large effect.29

For all analyses, we used an inverse-
variance weighted random-effects
model that incorporates heterogene-
ity into the model, and ES is pre-
sented as SMD (95% CI).

Results
In total, 1,234 potential studies were
found; no additional studies where
found by hand searching of refer-
ences. Based on title and abstract
content, 1,197 of these studies were
excluded. The full texts of the
remaining 37 studies were read, and
a further 26 studies were excluded,
resulting in 11 studies being retained

in the qualitative and quantitative
synthesis of this review (Fig. 1).

Methodological Quality and Risk
of Bias of Included Studies
Methodological quality of the
included studies is shown in Table 1,
and scoring for each criterion is
presented in eAppendix 2 (available
at ptjournal.apta.org). Five studies
achieved PEDro scores of
8/10.25–27,30,31

Participants
In total, data were extracted for
1,092 participants. Mean age ranged
from 62 to 76 years, with an average
body mass index range of 26.6 to
32.9 kg/m2. Women comprised
approximately 73% of the partici-
pants. Six studies included knee and
hip OA,25,27,30–33 3 studies included
only knee OA,26,34,35 1 study
included hip OA only,36 and 1 study
included any lower limb OA.37 The
study by Patrick et al37 has previ-
ously been classified as a knee/hip
OA study, but on consultation with
the authors, it was reclassified as any
lower limb OA. A summary of the
populations included is shown in
Table 1.

Therapeutic Aquatic Exercise
Interventions
Intervention duration, frequency,
dose, intensity, exercise selection,
and adherence were different among
studies. The interventions, intensity,
and dose for each study are
described in Table 2. Planned exer-
cise dose varied from 100 minutes
per week to 180 minutes per week
for 6 weeks to 52 weeks (in total,
from 9 to 107 hours). Frequency of
treatment was either 2 or 3 times a
week (2 times a week was most pop-
ular, n�7). Additionally, for all but 4
studies,30,31,33,35 it would have been
impossible to accurately reproduce
the intervention based on informa-
tion given in or referenced in the
text (Tab. 2).
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Outcome Measurements
All outcomes with appropriately
reported data were extracted and
included in the qualitative and quan-
titative synthesis. Outcome mea-
sures were grouped according to
their construct and design (Tab. 2).
In cases where more than one out-
come was used to measure a single
construct in a single study, outcome
selection was based on a pre-
described hierarchy with the highest
ranked outcome measure being
included. Suitable recommendations
were found to base selection for the
constructs of pain38 and self-
reported functioning and quality of
life39 (eAppendix 3, available at
ptjournal.apta.org). The mental com-

ponent summary of the Medical Out-
come Study 36-Item Short-Form
Health Survey (SF-36) and the
12-Item Short-Form Health Survey
(SF-12) was ranked higher than other
scales for quality of life39; for the
study by Cochrane et al,32 we
selected the data for SF-36 mental
health over SF-36 role mental health.
No selection for stiffness was
required. Due to the wide variety of
constructs covered by the physical
functioning tests, we decided to first
divide the constructs into activities,
muscle strength, and joint ROM.
Selection of outcome measure for
activities, when possible, was based
on the suggestions of Dobson et al.40

In cases of disagreement, we

selected the outcome that best cov-
ered different constructs related to
activity (Timed “Up & Go” Test/
stairs selected before walking abil-
ity). When isokinetic strength was
measured (in newton-meters) using
different angular velocities, the
results for 60°/s were used. Unless
data for both affected and unaffected
sides were reported, measurements
for the right side only were included
here. Table 2 shows the full list of
outcomes used in each study; out-
comes in bold type indicate those
used in the quantitative synthesis.41

Overall Effect of TAE on Lower
Limb OA
Directly after intervention, TAE had
a small but significant effect on pain
(SMD�0.26 [95% CI�0.11, 0.41])
and stiffness (SMD�0.20 [95%
CI�0.03, 0.36]) (Fig. 2). The effect
of TAE on both self-reported and
objectively measured physical func-
tioning also was small but significant
(SMD�0.30 [95% CI�0.18, 0.43]
and SMD�0.22 [95% CI�0.07, 0.38],
respectively). Therapeutic aquatic
exercise had a small but significant
effect on physical functioning at
activity level (SMD�0.22 [95%
CI�0.01, 0.42]) and ROM
(SMD�0.56 [95% CI�0.14, 0.99])
and no significant effect on muscle
strength (Fig. 3). Therapeutic
aquatic exercise had a small but sig-
nificant effect on quality of life
(SMD�0.24 [95% CI�0.04, 0.45]).

Effect of TAE at 3- and 6-Month
Follow-ups
One study carried out follow-up mea-
surements at 3 months,26 and one
study performed a follow-up at 6
months after cessation of interven-
tion.32 Thus, pooling was not possi-
ble due to lack of data. In these stud-
ies, the effect of TAE had been lost at
both follow-up measurement points.

Initial search of 6 databases
MEDLINE n=181, PubMed n=560,
CINAHL n=77, SPORTDiscus n=59,

PEDro n=76, EMBASE n=281

1,234 records screened

37 full-text studies assessed for
eligibility

11 studies included in qualitative
synthesis

and meta-analysis
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1,197
records excluded

26 full-text studies
excluded

• 11 non–RCT
• 3 mixed RA/OA
• 3 only exercise
    comparison groups
• 2 low PEDro score
    <6
• 1 no full immersion
• 3 additional
    interventions
• 2 duplicate studies
• 1 unclear data

Figure 1.
Flow diagram showing screening process and search results. RCT�randomized con-
trolled trial, RA�rheumatoid arthritis, OA�osteoarthritis.
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Effect of TAE on Specific
Joint OA
Three studies26,34,35 investigated the
effect of TAE on knee OA, with no
significant effect demonstrated (eAp-
pendix 4, available at ptjournal.ap-
ta.org). One study included only hip
OA36; therefore, no comparisions
can be made. Six studies25,27,30–33

included participants with either hip
or knee joint OA, with effect of TAE
reported in eAppendix 5 (available at
ptjournal.apta.org).

Adverse Effects
Adverse effects were documented in
all of the studies, with 5 studies
reporting some form of adverse
effect as a direct result of participa-
tion in the TAE intervention, includ-
ing increase in pain.25,27 In total, only
4 participants from 3 studies,25,27,36

dropped out as a direct result of the
adverse effect caused by the TAE
program (Tab. 2).

Discussion
Our meta-analysis indicates that TAE
is an effective treatment option for
the management of symptoms and
functional deficits as a result of
lower limb OA compared with no
treatment. The previous meta-
analysis14 contained 5 studies with a
control-comparison group and
included 661 participants, whereas
our meta-analysis contains 11 high-
quality studies with 1,092 partici-
pants, thus supporting the need for

Table 1.
Description of Included Studies, Population, Adverse Effects, and Dropoutsa

Study
Location

of OA

PEDro
Score
(/10)

Sample Size
and

Comparison Age (y)
Male/
Female

Participant
Recruitment Pain

Self-reported
Function

Adverse
Effects

Dropouts
(%)b

Patrick et al,37

2001
Lower limb 6 TAE group

(n�125)
Control group

(n�124)

65.7

66.1

18/107

16/108

Advertisement
from local
area

1.53 (0.60)

1.44 (0.61)

5.74 (1.62)

5.20 (1.73)

None reported 21 (17)

3 (2)

Foley et al,27

2003
Hip/knee

(51/126)
8 TAE group

(n�35)
Control group

(n�35)

73.0 (8.2)

69.8 (9.0)

20/15

15/20

Advertisement
from local
health
services

10.0 (3.0)c

10.0 (4.0)

34.0 (16.0)c

37.0 (17.0)

2 reported
increased
pain

1 (3)

3 (9)

Cochrane
et al,32

2005

Hip/knee
(mixed)

7 TAE group
(n�153)

Control group
(n�159)

69.9 (6.8)

69.6 (6.3)

56/97

60/99

Advertisement
in health
services

8.72 (3.62)

9.10 (3.14)

30.1 (13.1)

31.1 (11.2)

None reported 48 (31)

33 (21)

Wang et al,33

2007
Hip/knee 6 TAE group

(n�21)
Control group

(n�21)

69.3 (13.3)

62.7 (10.7)

4/16

2/16

Advertisement
in community
sources

52.2 (23.8)

55.3 (24.6)

0.90 (0.4)

0.95 (0.5)

None reported 1 (5)

3 (14)

Fransen
et al,30

2007

Hip/knee
(mixed)

8 TAE group
(n�55)

Control group
(n�41)

70.0 (6.3)

69.6 (6.1)

15/40

7/34

Advertisement
in newspapers
and
community
and physician
referral

38.2 (17.4)

44.4 (17.0)

46.3 (20.4)

50.8 (19.3)

None reported 3 (5)

0 (0)

Hinman
et al,31

2007

Hip/knee
(16/55)

8 TAE group
(n�36)

Control group
(n�35)

63.3 (9.5)

61.5 (7.8)

12/24

11/24

Advertisement 6 (2)

5 (2)

757 (327)

630 (315)

Only minor, no
dropouts

1 (3)

4 (11)

Lund et al,26

2008
Knee 8 TAE group

(n�27)
Control group

(n�27)

65 (12.6)

70 (9.9)

5/22

9/18

Recruited from
outpatient
and GPs and
advertisement

59.8 (18.4)

48.5 (31.9)

44.7 (18.1)

39.6 (13.2)

None affecting
participation

1 (4)

2 (7)

Lim et al,34

2010
Knee 7 TAE group

(n�26)
Control group

(n�24)

65.7 (8.9)

63.3 (5.3)

3/23

3/21

Recruited from
patients
registered at
hospital

4.41 (1.44)

4.12 (2.08)

35.1 (11.3)

30.40 (19.1)

None in TAE
group

2 (8)

4 (17)

Arnold and
Faulkner,36

2010

Hip 6 TAE group
(n�28)

Control group
(n�25)

74.4 (7.5)

75.8 (6.2)

6/20

9/16

Advertisements
and posters in
clinics,
recreational
facilities

Not reported 70.4 (21.9)

65.3 (18.1)

1 fall, minor
increased
pain

5 (18)

6 (22)

Wang et al,35

2011
Knee 7 TAE group

(n�28)
Control group

(n�28)

66.7 (5.6)

67.9 (5.9)

4/22

4/22

Advertisements
in sports and
community
centers

61 (20)

66 (18)

73 (20)

70 (19)

1 reported
dizziness

2 (7)

2 (7)

Hale et al,25

2012
Hip/knee 8 TAE group

(n�23)
Control group

(n�16)

73.6 (1.5)

75.7 (1.1)

6/17

4/12

Volunteers
recruited by
advertisement

7.2 (5.81–8.62)

7.5 (6.67–8.39)

24.7 (21.0–28.5)d

27.8 (24.7–31.0)

1 in TAE group,
increased leg
pain

3 (13)

1 (6)

a OA�osteoarthritis, TAE�therapeutic aquatic exercise, GPs�general practitioners. Values presented as mean (SD) unless otherwise stated.
b Directly after intervention.
c Median and interquartile range.
d Mean and 95% confidence interval.
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Pain

Study or Subgroup

TAE Group Control Group
Weight

(%)

Standardized
Mean

Difference IV,
Random (95% CI)

Standardized Mean Difference IV,
Random (95% CI)X SD Total X SD Total

Cochrane et al,32 2005 �8.46 3.74 153 �9.35 3.54 158 25.4 0.24 (0.02, 0.47)

Foley et al,27 2003 �10 2.963 34 �10 2.963 32 8.1 0.00 (�0.48, 0.48)

Fransen et al,30 2007 �27.3 18.7 55 �40 16.2 41 10.3 0.71 (0.30, 1.13)

Hale et al,25 2012 �7.8 3.925 20 �7.1 1.917 15 4.4 �0.21 (�0.88, 0.46)

Hinman et al,31 2007 �4 2 36 �5 2 35 8.4 0.49 (0.02, 0.97)

Lim et al,34 2010 �3.27 1.67 24 �4.12 2.08 20 5.4 0.45 (�0.15, 1.05)

Lund et al,26 2008 �55.8 21 27 �58.1 20 25 6.5 0.11 (�0.43, 0.65)

Patrick et al,37 2001 �1.382 0.737 98 �1.462 0.619 117 20.1 0.12 (�0.15, 0.39)

Wang et al,33 2007 �43.5 18.6 20 �54.9 25.2 18 4.8 0.51 (�0.14, 1.16)

Wang et al,35 2011 72 18 26 68 18 26 6.5 0.22 (�0.33, 0.76)

Total (95% CI) 493 487 100 0.26 (0.11, 0.41)

Heterogeneity: tau2�0.01, �2�10.81, df�9 (P�.29), I2�17%

Test for overall effect: z�3.48 (P�.0005)

Stiffness

Study or Subgroup

TAE Group Control Group
Weight

(%)

Standardized
Mean

Difference IV,
Random (95% CI)

Standardized Mean
Difference IV,

Random (95% CI)X SD Total X SD Total

Cochrane et al,32 2005 �3.88 1.67 152 �4.15 1.48 158 53.3 0.17 (�0.05, 0.39)

Foley et al,27 2003 �4 2.222 34 �4 2.222 32 11.4 0.00 (�0.48, 0.48)

Hale et al,25 2012 �3.7 1.392 20 �3.4 1.502 15 5.9 �0.20 (�0.87, 0.47)

Hinman et al,31 2007 �73 45 36 �95 44 35 11.9 0.49 (0.02, 0.96)

Lund et al,26 2008 64.6 12 26 61.4 12 25 8.7 0.26 (�0.29, 0.81)

Wang et al,35 2011 69 20 26 61 17 26 8.8 0.42 (�0.13, 0.97)

Total (95% CI) 294 291 100 0.20 (0.03, 0.36)

Heterogeneity: tau2�0.00, �2�4.24, df�5 (P�.52), I2�0%

Test for overall effect: z�2.37 (P�.02)

Figure 2.
Forest plots showing the effect of therapeutic aquatic exercise (TAE) on pain and stiffness. 95% CI�95% confidence interval.
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this update. The effects of TAE on
pain and self-reported function were
comparable to those achieved from
land-based exercise or the use of
acetaminophen and nonsteroidal
anti-inflammatory drugs.4,7–10 This
finding, in combination with the
high adherence to intervention, low
dropout rate, and frequency of
severe adverse effects, confirms that
TAE should be considered a poten-
tially effective treatment option for
people with lower limb OA.

Pain is the most common reason for
a person with lower limb OA to ini-
tially seek medical assistance, and a
common belief is that water is a suit-
able environment for people who
are unable or unwilling to train effec-
tively on land due to pain. Our study
demonstrated that TAE can have a
small but significant effect on pain,
thus strengthening findings from the
earlier Cochrane review.14 Although
pain in OA has typically been consid-
ered nociceptive, there is growing
evidence showing that 28% to 34% of
people with hip or knee OA have
neuropathic centralized pain.42,43

The included outcome measures
(Western Ontario and McMaster Uni-
versities Osteoarthritis Index
[WOMAC], Knee Injury and Osteoar-
thritis Outcome Score [KOOS], and
visual analog scale for pain) may not
truly capture the pain experienced
by people with lower limb OA.26,31

There is currently a lack of data iden-
tifying types of pain and patients
who might benefit more from TAE
over land-based exercises.

A small but significant ES for both
self-reported functioning and physi-
cal functioning was demonstrated.
The previous reviews14,15 did not
find any effect on physical function,
whereas our study is the first to
show TAE can have a small but sig-
nificant effect on physical function-
ing at activity level. No significant
effect of TAE, however, was seen for
muscle strength. Care must be taken

in interpreting these results, as only
left-side and right-side results were
reported here, without consider-
ation of affected and unaffected
sides. Based on the information pro-
vided in the manuscripts, only 1 of
the 11 included studies34 made ref-
erence to established exercise pre-
scription guidelines in their interven-
tion planning. Lund et al26 suggested
that the intensity of the aquatic inter-
vention in their study could have
been too low to stimulate positive
changes. If the interventions were
not of sufficient intensity or duration
to cause physiological changes at the
level of muscle structure and func-
tion, it could partially explain why
the effects of TAE were lost even at
short-term follow-up. One possible
advantage of the aquatic environ-
ment is that this population may be
able to train at higher intensities than
on land.44,45 Nevertheless, due to
limited reporting of actual intensities
used and limited use of exercise
guidelines in the intervention
design, it is difficult to confirm the
hypothesis. Moreover, Juhl et al46

indicated that, for best results, the
exercise programs for knee OA
should have one aim alone, whereas
the TAE interventions included a
mixture of strength, aerobic, and
flexibility exercises. Furthermore,
the ES for self-report functioning was
similar to the ES of pain and could
explain the differences between per-
ceived functional ability and actual
functional ability as measured with
physical performance tests.

The small effect of TAE on quality of
life was of equivalent size to that
seen in the previous review investi-
gating the effect of TAE on lower
limb OA14 and is in line with the
findings from other studies investi-
gating the effects of exercise on qual-
ity of life.47 The small ES could be
explained by the limited improve-
ments in physical functioning found
in our review. Small changes in
quality-of-life measures have been

reported in association with small or
nonsignificant changes in physical
functioning.48 Moreover, interpreta-
tion of the results has to be done
with caution, as the outcome mea-
sures used may not accurately repre-
sent the true changes in quality of
life within this population. Only 2
studies26,37 used an OA-specific mea-
sure (KOOS quality of life). Com-
monly used generic instruments,
such as the SF-36, which was used in
4 studies,27,30,32,34 tend to be less
responsive than OA-specific
measures.49–51

This review has both strengths and
weaknesses. Strengths include selec-
tion of studies, all with moderate to
high methodological quality of the
PEDro score,21 and in combining
studies with small sample sizes, we
provided the most accurate effect of
TAE. The advantage of using SMD to
report ES is that it allows the synthe-
sis of different outcome measures,
but the disadvantage is that it is dif-
ficult to apply in a clinical situation.
Furthermore, the use of minimal clin-
ically important difference (MCID)
and responder criteria has been sug-
gested and recommendations made
for this population group51,52; how-
ever, only one study30 reported the
number of participants reaching
MCID. Although we controlled for
methodological quality, we did not
exclude studies that failed to recruit
sufficient participants to meet their
power calculation.25,26 Removal of
these studies from the overall analy-
sis did not affect overall outcome for
the main synthesis but could explain
the results for the knee OA-only anal-
ysis. Our study did not demonstrate a
significant effect of TAE on popula-
tions containing individuals with
only knee OA or hip OA.36 It is our
view that the lack of significant
effect in these analyses was a result
of a lack of internal validity (eg, sam-
ple size and differences at baseline)
in addition to insufficient interven-
tion intensity. Moreover, it is recog-
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nized that the symptoms and treat-
ments associated with hip OA are
different from those of knee OA.
However, we can support the pool-
ing of studies from diverse popula-
tions because exercise performed in
water generally affects the musculo-
skeletal system globally and not only
locally at one particular joint. All but
one outcome measure (KOOS)
found in this review can be appro-
priately used with both hip and knee
OA. Our results and other aquatic-
based studies in general do not pro-
vide a clear indication of which OA
patient populations would benefit
more from TAE over a land-based
intervention, but these data might
permit more optimal prescription of
what is often a limited and high cost
treatment. Additionally, our review
was unable to demonstrate the opti-
mal intervention dose, type of exer-
cise, and training intensity for this
population group.

In conclusion, this meta-analysis con-
firmed that TAE is an effective treat-
ment option for people with lower
limb OA and should be considered a
frontline management option.
Researchers planning an aquatic
intervention study should ensure
that all aspects of the disease, not
just pain and self-reported function-
ing, are taken into consideration.
The diverse outcome measures used
suggest there is a need for research-
ers to refer to current recommenda-
tions when designing new projects
to facilitate more specific between-
study comparisons. Future research
should identify the patient groups
that would benefit the most from
TAE and the effects of aquatic exer-
cise on cartilage and examine meth-
ods to maintain the training effect
and increase physical activity follow-
ing the treatment period. Neverthe-
less, investigation of the effect that
TAE has on this population in clinical
situations is needed using pragmatic
study designs and large sample sizes.
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eAppendix 1.
Example of PubMed Search

((((“osteoarthritis”[MeSH Terms] OR “osteoarthritis”[All Fields]) AND “humans”[MeSH Terms]) OR (OA[All Fields]
AND “humans”[MeSH Terms])) OR ((“arthritis”[MeSH Terms] OR “arthritis”[All Fields]) AND “humans”[MeSH
Terms]) AND “humans”[MeSH Terms]) AND ((((((aquatics[All Fields] OR (aquatic[All Fields] AND (“rehabilitation”
[Subheading] OR “rehabilitation”[All Fields] OR “rehabilitation”[MeSH Terms]))) OR (aquatic[All Fields] AND
(“physical therapy modalities”[MeSH Terms] OR (“physical”[All Fields] AND “therapy”[All Fields] AND “modalities”
[All Fields]) OR “physical therapy modalities”[All Fields] OR (“physical”[All Fields] AND “therapy”[All Fields]) OR
“physical therapy”[All Fields]))) OR ((“water”[MeSH Terms] OR “water”[All Fields] OR “drinking water”[MeSH
Terms] OR (“drinking”[All Fields] AND “water”[All Fields]) OR “drinking water”[All Fields]) AND (“rehabilitation”
[Subheading] OR “rehabilitation”[All Fields] OR “rehabilitation”[MeSH Terms]))) OR (aquatic[All Fields] AND
(“therapy”[Subheading] OR “therapy”[All Fields] OR “therapeutics”[MeSH Terms] OR “therapeutics”[All Fields])))
OR (aquatic[All Fields] AND (“exercise”[MeSH Terms] OR “exercise”[All Fields]))) OR (“hydrotherapy”[MeSH
Terms] OR “hydrotherapy”[All Fields]) AND “humans”[MeSH Terms]) AND “humans”[MeSH Terms] AND (“0001/
01/01”[PDAT] : “2013/11/30”[PDAT])
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eAppendix 3.
Hierarchy of Outcome Measures

Hierarchy of continuous pain-related outcomes38

Ranking Outcome

1 Global pain score

2 Pain on walking

3 WOMAC pain subscore

4 Composite pain scores other than WOMAC

5 Pain on activities other than walking

6 WOMAC global score

7 Lesquesne osteoarthritis index global score

8 Other algofunctional composite scores

9 Patient’s global assessment

10 Physician’s global assessment

Hierarchy of continuous self-reported functioning and quality-of-life outcomes
(Adapted From the Findings of Veenhof et al39)

Ranking Outcome

1 WOMAC VAS, version 3.0, or numerical scale

2 WOMAC Likert scale or VAS, version 3.0, modified

3 HOOS or KOOS or Lesquesne modified

4 SF-36 (component summary)

5 Health Assessment Questionnaire

6 Arthritis Impact Measurement Scales-2 Short Form (AIMS-2-SF)

7 SF-36 physical function or role–physical

8 Activities and Balance Confidence Scale

a WOMAC�Western Ontario and McMaster Universities Osteoarthritis Index, VAS�visual analog scale, HOOS�Hip Injury and Osteoarthritis Outcome Score,
KOOS�Knee Injury and Osteoarthritis Outcome Score, SF-36�36-Item Short-Form Health Survey, AIMS-2�Arthritis Impact Measurement Scales-2 Short
Form.
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