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ABSTRACT. Hall J, Swinkels A, Briddon J, McCabe CS.
oes aquatic exercise relieve pain in adults with neurologic or
usculoskeletal disease? A systematic review and meta-analysis

f randomized controlled trials. Arch Phys Med Rehabil 2008;89:
73-83.

Objective: To evaluate the literature on the effectiveness of
quatic exercise in relieving pain in adults with neurologic or
usculoskeletal disease.
Data Sources: A systematic literature search of 14 databases

as examined for research on aquatic exercise over the period
anuary 1980 to June 2006.

Study Selection: Randomized controlled trials (RCTs) that
ncluded adults with neurologic or musculoskeletal disease,
ain as an outcome measure, and exercise in water were
ncluded.

Data Extraction: Information on the participants, interven-
ions, and outcomes was extracted from the included studies.
uality appraisal was assessed using the Scottish Intercolle-
iate Guidelines Network criteria for RCTs.
Data Synthesis: Nineteen studies met the inclusion criteria;

 were of moderate to low risk of bias, and 5 of these had data
uitable for meta-analyses. This showed that aquatic exercise
as a small posttreatment effect in relieving pain compared
ith no treatment (P�.04; standardized mean difference

SMD], �.17; 95% confidence interval [CI], �.33 to �.01),
ut it is not possible to draw a firm conclusion because of the
ack of consistency of evidence across studies. Comparable
ain-relieving effects were found between aquatic and land-
ased exercise (P�.56; SMD�.11; 95% CI, �.27 to .50).
Conclusions: There is sound evidence that there are no

ifferences in pain-relieving effects between aquatic and land
xercise. Compared with no treatment, aquatic exercise has a
mall pain-relieving effect; however, the small number of
ood-quality studies and inconsistency of results means that
nsufficient evidence limits firm conclusions. Future studies
hould aim for focused research questions on specific aquatic
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 XERCISE IN WARM WATER, usually termed hydrother-
apy or aquatic exercise, is a popular treatment for many

atients with painful neurologic or musculoskeletal conditions.
ain-relieving effects have been attributed to a wide variety of
echanisms. For example, the warmth and buoyancy of water
ay block nociception by acting on thermal and mechanore-

eptors, thus influencing spinal segmental mechanisms. 1,2

lso, the warmth of the water may enhance blood flow, which
s thought to help in dissipating algogenic chemicals, and it
ay facilitate muscle relaxation. Other mechanisms are based

round the effects of hydrostatic pressure, which by virtue of
ts effect on the cardiovascular system may relieve pain by
educing peripheral edema3 and, centrally, by dampening sym-
athetic nervous activity.4,5 Finally, the ease of movement
any patients report may activate supraspinal pathways,

esulting in a reduction in pain intensity.6 Given the diversity of
nalgesic pathways it is reasonable to speculate that all pa-
ients, irrespective of pain etiology, might benefit from aquatic
xercise. Indeed, aquatic exercise is widely recognized as an
mportant modality in the rehabilitation of patients with rheu-
atologic, orthopedic, and neurologic disorders.7

In the United Kingdom, aquatic exercise for therapeutic
urposes is recognized as a physical therapy�led treatment
hat uses the unique properties of water, “ideally in a purpose
uilt, and suitably heated pool.”8(p5) This definition differs
rom the European approach in which balneotherapy, the med-
cal application of natural thermal mineral waters, is usually
ssociated with passive bathing, although sometimes exercise
ay be included.1,2 Despite the obvious differences between

he 2, systematic reviews of balneotherapy have informed
quatic therapy practice.9-13 Only 1 systematic review, con-
ucted by a single reviewer, has been performed on aquatic
xercise.14 It considered all study designs, including those
ith co-interventions, and provides a detailed qualitative

ccount of the effects of hydrotherapy on all outcomes
entioned. It did not specifically explore the effect of

quatic exercise on pain; nor did it evaluate the raw data on
ain.
In this study, we report a systematic review and meta-

nalysis of published randomized controlled trials (RCTs) that
ddresses the question: Does aquatic exercise relieve pain in
dults with neurologic or musculoskeletal disease? This ques-
ion has 2 elements: (1) Is aquatic exercise an effective treat-

ent for pain (ie, better than no treatment)? and (2) How does

Arch Phys Med Rehabil Vol 89, May 2008
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A

ain relief in aquatic exercise compare with other interven-
ions?

METHODS

earch Strategy
A search strategy was developed by iterative exploration of

8 databases using a variety of search terms that emphasized
ensitivity (high recall) over specificity (precision).15 In the

Potentially relevant RCTs identified and screened for retrieval:  N=793 

RCTs excluded, with reasons: n=729 

1. Non-human           5 

2. Not adult                     10 

3. Water activity unrelated

    to aquatic exercise            239 

4. Inappropriate pathology      63 

5. Aquatic exercise 

    incidental to study              74 

 6. Too general                  33 

 7. Not RCT        35 

 8. Irrelevant publication           25 

 9. Aquatic exercise unlikely 

      to be treatment modality     22 

10. Duplicates             223  

RCTs retrieved for more detailed evaluation: n=64 (+5 from reference searching) 

:snosaerhtiw,dedulcxesTCR

1. Not RCT       21

2. Co-interventions

    (educational)

    were present            6

3. Not aquatic exercise

   (as defined)         17

4. Inappropriate pathology       2

5. Pain not an outcome measure 4 

RCTs suitable for full paper review        n=19 

Potential RCTs for meta-analyses 

Aquatic exercise vs no treatment  n=9 

Aquatic exercise vs land exercise n=10 

Aquatic exercise vs immersion      n=2 

htiw,sesylana-atemmorfdedulcxesTCR

reasons:

Aquatic exercise vs no treatment: 

      4 high risk of bias; 2 inappropriate raw data 

Aquatic exercise vs land exercise 

      6 high risk of bias: 2 inappropriate raw data 

Aquatic exercise vs immersion

      1 inappropriate data 

Actual RCTs included in meta-analyses 

Aquatic exercise vs no treatment  n=3 

Aquatic exercise vs land exercise n=2 

Aquatic exercise vs immersion     n=0 

Fig 1. Trial flow.
nal search strategy, studies were sought from 14 databases, e

rch Phys Med Rehabil Vol 89, May 2008
ncluding Medline, AMED, EMBASE, SportDiscus, PEDro,
INAHL, ASSIA, and the Cochrane Library. Over the period

anuary 1980 to June 2006, we used a range of search terms
ased around the concepts of aquatic exercise (hydrother$,
alneo$, aquarobic$, aquatic rehab$, aqua$ and exercise,
ater and gymnast$, water aerobic$) and pain using the In-

ernational Association for the Study of Pain terminology.16

eference and bibliographic lists of retrieved articles and rel-
vant reviews were also examined. The search was limited to
nglish-language works and those that studied adults (people
ged �18y).

tudy Selection
A 3-stage process was used to select studies for inclusion in

he review. In the first stage, the title of each identified article
as checked against predetermined criteria by 2 reviewers
sing a standard form and coding sheet. Abstracts and full
rticles were similarly reviewed in the next 2 stages. In general,
policy of inclusion was adopted—that is, in the absence of

ny information to the contrary, each article was forwarded to
he next stage of the screening process. Criteria for inclusion
ere titles, abstracts, and/or articles that suggested some aspect
f aquatic exercise as defined in adults with neurologic or
usculoskeletal pathology and with pain as an outcome mea-

ure. In addition, included studies were limited to full reports of
CTs that examined the effectiveness of aquatic exercise com-
ared with no treatment or other interventions, such as land-
ased exercise or immersion, in adult patients (�18y) with any
eurologic or musculoskeletal pathology and in which at least
outcome measure of “subjective pain experience captured by

atings of pain intensity, sensation, and unpleasantness” was
eported.17 Studies that considered the prevention of pain in
ealthy conditions (eg, pregnancy) or which incorporated ad-
itional interventions (eg, education) were excluded from the
eview.

alidity Assessment
Selected studies were subject to unmasked quality assess-
ent18 by 2 reviewers using the criteria for RCTs recom-
ended by the Scottish Intercollegiate Guidelines Network

SIGN 50).19 An overall assessment of the 9 questions provides
bias rating of low (��), moderate (�), or high (�). A low

ias rating indicates a high-quality study in which all or most
f the 9 criteria have been fulfilled and where they have not
een fulfilled the conclusions of the study are thought unlikely
o alter. One study was authored by a reviewer and was
herefore assessed by another independent reviewer.

ata Extraction and Analysis
Data extraction was completed using a pilot-tested form to

apture information on a range of details including study de-
ign, participants, interventions, and outcome measures. All of
he primary pain outcomes were continuous and, where it was
ossible to pool data, meta-analysis was conducted on the
esults of studies of high to moderate quality20 using the
ochrane Collaboration’s review manager software.a Tables of
omparisons were set up comparing aquatic exercise with no
reatment and with interventions of dry-land exercise and im-
ersion. A random effects model, weighted by sample size,
as used to analyze end scores based on posttreatment differ-

nces between aquatic exercise and these comparison groups.21

hanges in these scores (effect sizes � [mean1 � mean2]/
ooled standard deviation [SD]) and 95% confidence intervals
CIs) were measured in units of SD (standardized mean differ-

nce [SMD]) and illustrated graphically using forest plots.
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ariation in the measured effect was explored using a statisti-
al test for heterogeneity; nonsignificance indicates that the
esults of the different studies are similar.22 When possible,
ensitivity was examined by assessing the effect of removing
tudies with small sample sizes (low weighting) from the
nalysis. In addition, between-group differences for all studies,
rrespective of quality, were examined for consistency and, in
he absence of suitable data, study texts and significance tests
ere scrutinized. Conclusions were based on both quantitative

nd qualitative assessment of studies with low to moderate risk
f bias.

RESULTS

rial Flow
Seven hundred ninety-three publications were identified and

creened against the inclusion and exclusion criteria. Of these
ublications, 729 were rejected at the title and abstract stage
fig 1). Sixty-nine studies proceeded to the paper screening
tage, and 19 of these were accepted for review.23-41 Of the 19,
studies were of sufficient quality and had adequate raw data

o be entered into meta-analyses under one of 2 comparisons:
quatic exercise versus no-treatment controls and aquatic ver-
us dry land exercise. The study selection and validity assess-
ent process was undertaken by 2 independent reviewers.
here anomalies existed, discussion between the reviewers

nabled consensus to be achieved.

tudy Characteristics
Nine studies compared aquatic exercise with no-treatment or

aiting-list control groups,26,28,30,32,33,35,38,39,41 10 compared it
ith land exercise,23-25,27,29,31,34,35,37,40 and 2 with immer-

ion27,36 (table 1). Two studies incorporated more than 2 treat-
ent arms.27,35

articipants
Within the 19 studies, 717 patients participated in hydrother-

py, with an average age of 56.0�11.3 years (range, 25–81y) and,
ased on available data, an overall men-to-women ratio of 1:3 (not
ll studies reported this). The number of subjects randomized to
he aquatic exercise arm ranged from 7 to 153, with 1 study
mitting to report how many patients were randomized to the
ifferent treatment arms.34 Most patients presented with rheuma-
ology conditions, and only Sutherland et al33 involved patients
ith neurologic problems. Of the rheumatology articles, 4 con-

idered fibromyalgia,31,36,40,41 3 chronic low back pain,29,30,37 and
1 osteoarthritis or rheumatoid arthritis.23-28,32,35,38,39 The dura-
ion of symptoms varied from 2.75 to 24.00 years with an average
f 9.98�5.50 years.

Drop-out rates for aquatic exercise patients ranged from 0%
o 27.4%. Of the 3 studies with drop-out rates exceeding 20%
SIGN criterion), the time from baseline to posttest varied from

to 52 weeks. Extraneous causes such as comorbidity, time
ssues, or travel difficulties were responsible rather than the
eleterious side effects of treatment. Three authors reported
hat a few patients (n�5) experienced an exacerbation of
ymptoms, but from the information provided, the treatment
roup affiliation of these patients is difficult to deter-
ine.25,29,35

ntervention
Thirteen articles reported the aims of the aquatic exercise

ntervention and details, however brief, of the specific activities
ere mentioned in all. By categorizing the activities, it was

ossible to identify 3 types of exercise program: a general (
xercise program that included elements of muscle strengthen-
ng, increasing range of movement, and functional activities
n�9)24-27,29,30,32,34,36; aerobic exercise (n�9)23,28,31,33,37-41;
nd strengthening exercise (n�1).35 Of the 9 articles in which
erobic exercise was reported, 5 based the exercise intensity on
eart rate.23,28,31,40,41

The intervention setting in 12 studies indicated that hos-
ital or clinic pools were used. Three used community or
ublic swimming pools, and 4 omitted to report the treat-
ent setting. The overall duration of aquatic exercise treat-
ent ranged from 6 weeks or less27,30 to more than 12
eeks,28,31,32,39,40 with an average of 33.25�19.20 sessions.
reatments took place on an outpatient basis 2 to 3 times a
eek for a minimum of 30 and a maximum of 75 minutes

mean, 50.7�12.2min); 3 studies did not report session
uration.25,34,37 Total treatment time ranged from 4 to 84
ours (mean, 25.5�20.54; median, 22.5). Where reported,
reatment was performed in groups of 4 to 24 patients
upervised by physiotherapists (n�8) or trained instructors
n�5) and using programs designed by a physiotherapist or
tness professional (n�5). In 11 studies, the average tem-
erature of the water was 32.4°�2.7°C (range, 28°–36°C).
nly 4 studies reported the depth of the water,23,25,34,41

hich was between waist and chest height.

utcome Measurement
Pain outcomes were measured before and after intervention

n each reviewed study; follow-up data were reported in 8
tudies.23,25,27,31,36,38,39,41 A variety of instruments were used
o measure sensory pain, with the 10-cm visual analog scale
VAS) being the most common.24-26,28,29,31,34,36,37,40,41 Other
nstruments included the McGill Pain Questionnaire27,30 and
ain subscales from a variety of self-report questionnaires
Arthritis Impact Measurement Scale,23 Health Assessment
uestionnaire,32 health-related quality of life,33 Western On-

ario and McMaster Universities Osteoarthritis Index
WOMAC],35,39 36-Item Short-Form Health Survey38). Only 3
tudies included pain as a primary outcome measure,39-41 and 2
f these had used this pain outcome in a power calculation for
ample size.

ethodologic Quality
Five studies were judged to be at low risk of bias using the

IGN criteria and are therefore judged as high quali-
y.27,32,35,39,40 Three studies were of moderate26,31,38 and 11
tudies23-25,28-30,33,34,36,37,41 of low quality (table 2). Although
ll studies were described as randomized, most (91%) of those
hat had a high level of bias failed to meet this SIGN criterion.
ther criteria that were frequently inadequate included ran-
omization concealment and intention-to-treat analysis (both
�14 [73.6%]). Although a priori power calculations are not
ncluded within the SIGN checklist we noted that only 6
tudies27,30,32,35,39,40 included any sample size power calcula-
ions and that 3 of these35,39,40 were based on pain outcomes.
ive studies23,27,30,32,39 were independently powered to detect
ither a clinically meaningful or a conventionally large effect
ize for pain.42-44

quatic Exercise Versus No-Treatment Controls
Of the 9 studies in this comparison,26,28,30,32,33,35,38,39,41 5

ere of moderate to high quality,26,32,35,38,39 and of those, 3
ad data suitable for incorporation into a meta-analysis32,38,39

fig 2A). This showed a small posttreatment effect in favor of
quatic exercise (P�.04; SMD��.17; 95% CI, �.33 to �.01)

see fig 2A). Removing the smallest study38 (n�22) from the

Arch Phys Med Rehabil Vol 89, May 2008



Table 1: Summary Description of the 19 Studies Included in the Review

Study (Country) Participants
A. Condition
B. Duration of symptoms

(mean � SD; range [y])
C. Age (mean � SD; range

[y])
D. Men:women

Comparison Groups Intervention
A. Aims and content
B. Duration of program
C. Setting and pool temperature

“Primary” Pain
Outcomes and Timing

Results of “Primary Pain
Outcomes” According to
Study

Calculated Effect
Size (95% CI)

Minor et al23

(USA)
A. RA and OA
B. RA: 10.8�7.9; OA:

14.6�10.7
C. 60.63 (21�83)
D. 22:98

1. Aquatic exercise
(n�47)

2. Land-based exercise:
aerobic walking (n�36)

3. Land-based exercise:
range of motion (n�32)

A. The aim of groups 1 and 2 was aerobic
conditioning. Participants exercised at
60%�80% of maximal heart rate.

B. 60min 3 times a week for 12wk
C. NR

Pain subscale of AIMS
at 0, 12, 24, and 52wk

Significant improvement
of all groups at different
time points (P�.05). No
significant differences
between interventions.

0.28 (–0.21 to 0.76)

Sylvester24 (UK) A. Hip OA
B. 4 (2�8)
C. 66 (9�81)
D. 5:9

1. Aquatic exercise (n�7)
2. Land-based exercises

and short-wave
diathermy (n�7)

A. Both groups performed hip exercises
and walking

B. 30min twice a week for 6wk
C. NR

VAS at 0 and 7wk Significant improvement
in both groups (P�.02).
No significant
differences between
interventions.

DNA

Green et al25

(UK)
A. Hip OA
B. NR
C. 68�NR
D. 12:35

1. Aquatic exercise
(n�24)

2. Land-based exercise
(n�23)

A. Both groups: to mobilize and
strengthen hip

B. Twice weekly for 6wk
C. Hospital pool (temp NR ([deep pool])

VAS at 0, 3, 6, 9, 12,
and 18wk

Significant improvement
in both groups. No
significant differences
between interventions.

DNA

Ahern et al26

(Australia)
A. RA/OA
B. 9.4�12
C. 67.7�7.1
D. 17:13

1 Aquatic exercise
(n�22)

2. No-treatment control
(n�8)

A. Group 1: to maximize mobility and
function, reduce pain in the target
joints

B. 30min twice a week for 6wk
C. Hospital pool, 34°C

VAS for pain at 1, 2, 4,
6wk

At study end patients
who continued with
aquatic exercise after
phase 1 maintained
improvement in pain
relief, whereas those
who were assigned to
the no-treatment control
group did not.

DNA

Hall et al27 (UK) A. RA
B. 11.5�8.7
C. 58.2�11.1
D. 43:96

1. Aquatic exercise
(n�35)

2. Land-based exercise
(n�34)

3. Immersion (n�35)
4. Land relaxation (n�35)

A. Groups 1 and 2: to increase ROM and
muscle strength of upper and lower
limbs

B. 30min twice a week for 4wk
C. Hospital pool (temp NR)

McGill Pain
Questionnaire at 0, 4,
and 12wk

No significant
differences between
interventions.

0.10 (–0.37 to 0.57)

Rintala et al28

(Finland)
A. RA
B. 1.4 (1�27)
C. 48�10
D. 5:29

1. Aquatic exercise
(n�18)

2. No-treatment control
(n�16)

A. Group 1: to improve fitness, including
aerobic power, muscle strength and
endurance, and joint mobility. Ratings
of perceived exertion used as measure
of exercise intensity.

B. 45�60min twice a week for 12wk
C. NR

VAS at 0 and 12wk Aquatic exercise
relieved pain
significantly compared
with control (P�.044).

–0.87 (–1.58 to –0.17)
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Table 1 (Cont’d): Summary Description of the 19 Studies Included in the Review

Sjogren et al29

(Australia)
A. CLBP
B. 8.72�7.13
C. 57.7�12.6
D. 17:43

1. Aquatic exercise
(n�30)

2. Land-based exercise
(n�30)

A. Aim of both groups was to increase
truncal movement, improve general
strength and endurance

B. 50min twice a week for 6wk
C. NR

VAS at baseline and
6wk

Significant improvement
of both groups
(P�.001). No
significant differences
between
interventions.

–0.02 (–0.54 to 0.51)

McIlveen and
Robertson30

(Australia)

A. CLBP
B. 10.13�NR
C. 57.8�15.1
D. 38:57

1. Aquatic exercise
(n�56)

2. Waiting list control/no
treatment (n�53)

A. Group 1: general exercises for the
spine

B. 60min twice a week for 4wk
C. NR

McGill Pain
Questionnaire at 0
and 4wk

No significant
differences between
interventions.

DNA

Jentoft et al31

(Norway)
A. Fibromyalgia
B. 11.1�14.1
C. 42.9�8.6
D. 0:44

1. Aquatic exercise
(n�22)

2. Land-based exercise
(n�22)

A. Both groups: to improve
cardiovascular capacity using the
Norwegian aerobic fitness model.
Participants exercised at 60%�80% of
predicted maximal heart rate for
40%�50% of each session.

B. 60min twice a week for 20wk
C. Hospital pool, 34°C

VAS at 0, 24, and
46wk

Significant improvement
in aquatic exercise
group (P�.006). No
significant differences
between
interventions.

0.14 (–0.45 to 0.74)

Patrick et al32

(USA)
A. OA
B. NR
C. 65.7�NR
D. 34:214

1. Aquatic exercise
(n�124)

2. No treatment/delayed
treatment (n�125)

A. Group 1: consisted of Arthritis
Foundation�certified aquatic class

B. 45�60min at least twice weekly for
20wk

C. Community pools, 29.5°�33.3°C

Pain subscale of HAQ
at 0 and 20wk

No significant
differences between
interventions.

–0.12 (–0.37 to 0.13)

Sutherland
et al33

(Australia)

A. Multiple sclerosis
B. 10.8�NR
C. 46.3�4.9
D. 10:12

1. Aquatic exercise
(n�11)

2. No-treatment control
(n�11)

A. Group 1: water aerobics, water
jogging, deep water running

B. 45min 3 times a week for 10wk
C. NR

Pain subscale of
MSQOL-54 at 0 and
8wk

Aquatic exercise
relieved pain
significantly
compared with
control (P�.01).

0.21 (–0.60 to 1.04)

Wyatt et al34

(Sweden)
A. Knee OA
B. NR
C. NR (45�70)
D. NR

1. Aquatic exercise
2. Land-based exercise

(overall, n�46)

A. Both groups performed knee exercises
B. 3 times a week for 6wk
C. Therapeutic pool, 32.2°C (1.5m [5ft]

deep)

VAS at 0 and 6wk Aquatic exercise
relieved pain
significantly
compared with
control (P�.05).

–0.86 (–1.49 to –0.22)

Foley et al35

(Australia)
A. Hip/knee OA
B. NR
C. 70.9�8.8
D. 53:52

1. Aquatic exercise
(n�35)

2. Land-based exercise
(n�35)

3. No-treatment control
(n�35)

A. Groups 1 and 2: to strengthen lower-
limb musculature and improve physical
function.

B. 30min 3 times a week for 6wk
C. Hospital pool, gym (temp NR)

Pain subscale of
WOMAC at 0 and
6wk

Significant improvement
in aquatic exercise
group (P�.045). No
significant differences
between
interventions.

DNA

Altan et al36

(Turkey)
A. Fibromyalgia
B. NR
C. 43.14�6.4
D. 0:50

1. Aquatic exercise
(n�25)

2. Immersion (n�25)

A. Group 1: walking, jumping, active ROM
exercise for the neck and extremities,
stretching, relaxation. Group 2: patients
were instructed not to perform any
exercises.

B. 70min 3 times a week for 12wk
C. Therapeutic pool, 37°C

VAS at 0, 12, and
24wk

Significant improvement
of both groups
(P�.05). No significant
differences between
interventions.

0.08 (–0.48 to 0.63)
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Table 1 (Cont’d): Summary Description of the 19 Studies Included in the Review

Yozbatiran et
al37 (Turkey)

A. CLBP
B. NR
C. 39.07�6.35
D. 7:23

1. Aquatic exercise
(n�15)

2. Land-based exercise
(n�15)

A. Both followed the program advocated
by Frost et al63 including warm-up,
stretching, circuit of 15 progressive
exercises, cool down with light
stretching and light aerobic exercise.

B. 3 times a week for 12wk
C. NR

VAS for pain at 0 and
4wk

Significant improvement
of both groups
(P�.02). No significant
differences between
interventions.

–0.36 (–1.08 to 0.36)

Bilberg et al38

(Sweden)
A. RA
B. 2.75�1.37
C. NR (21�65)
D. 5:42

1. Aquatic exercise
(n�22)

2. No-treatment control/
usual home exercises
(n�25)

A. Group 1: exercises for aerobic capacity,
dynamic and static muscle strength in
upper and lower limbs, flexibility,
coordination, and relaxation

B. 45min twice a week for 12wk
C. NR, temperate pool

Pain subscale of SF-36
at 1 and 12wk (and
for aquatic exercise
group 24wk)

Significant improvement
of both groups
(P�.05). No significant
differences between
interventions.

0.00 (–0.60 to 0.59)

Cochrane
et al39 (UK)

A. Lower-limb OA
B. NR
C. 69.7�6.5
D. 116:196

1. Aquatic exercise
(n�153)

2. No-treatment control
(n�159)

A. Group 1: standard 5-phase exercise
protocol consisting of warm-up, joint
ROM exercises, muscle strengthening,
coordination and balance exercises, and
general cardiovascular conditioning
exercises

B. 60min twice a week for 1y
C. Public swimming pools, 28°�33°C.

Pain subscale of
WOMAC at 0, 12,
and 18mo

Aquatic exercise
relieved pain
significantly
compared with
control (P�.031).
Improvements had
been lost by follow-
up.

–0.24 (–0.47 to –0.02)

Assis et al40

(Brazil)
A. Fibromyalgia
B. 6.04�4.86
C. 42.8�10.4
D. 0:60

1. Aquatic exercise
(n�30)

2. Land-based exercise
(n�30)

A. Both groups: aerobic conditioning
using heart rate at anaerobic threshold
as intensity marker.

B. 45min 3 times a week for 15wk
C. Sport and physical medical center and

local park, 28°�31°C

VAS for pain at 0, 8,
and 15wk

Significant improvement
of both groups
(P�.001, pain reduced
by 36%). No
significant differences
between
interventions.

DNA

Gusi et al41

(Finland)
A. Fibromyalgia
B. 21.5�8.5
C. 51�9.5
D. 0:35

1. Aquatic exercise
(n�18)

2. No-treatment control
(n�17)

A. Group 1: exercise included warm-up,
aerobic exercise at 65%�75% predicted
maximal heart rate, overall mobility and
lower-limb strength exercises and cool
down

B. 60min 3 times a week for 12wk
C. NR, 33°C (waist-high pool)

VAS for pain at 0, 12,
and 24wk

Aquatic exercise
relieved pain
significantly
compared with
control (P�.05).
Improvements had
been lost by follow-
up.

DNA

Abbreviations: AIMS, Arthritis Impact Measurement Scale; CLBP, chronic low-back pain; DNA, data not available for effect size calculation; HAQ, Health Assessment Questionnaire;
MSQOL-54, Multiple Sclerosis Quality of Life�54; NR, not recorded; OA, osteoarthritis; RA, rheumatoid arthritis; ROM, range of motion; SF-36, 36-Item Short Form Health Survey; VAS,
visual analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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nalysis altered the SMD slightly from �.17 to �.19 (95% CI,
.35 to �.02) and the level of significance to P equal to .03.

tatistical tests for heterogeneity were not significant. Qualita-
ive analysis, based on review of results reported by researchers
howed a lack of consistency between study results, whether of
igh or low quality. In summary, the evidence shows a small
eneficial treatment effect in favor of aquatic exercise com-
ared with no treatment. Only 1 study in the meta-analysis39

ndependently showed an effect size in favor of pain relief (for
OMAC pain) that is clinically meaningful.42 However, the

mall number of good-quality studies that could be included
nto the meta-analysis and the inconsistency of results across
ll the studies suggest that, currently, we have insufficient
vidence to categorically state that aquatic exercise is an ef-

Table 2: Quality Assessment of the 19 Studies Includ

Study
Clear

Question

Acceptable
Randomization

Method

Adequate
Concealment

Method

Blinding
of

Assessor

Ahern et al26 WC WC NA AA
Altan et al36 WC PA NA WC

Assis et al40 WC WC WC WC

Bilberg et al38 AA AA AA AA

Cochrane et al39 WC WC WC WC

Foley et al35 WC WC WC AA

Green et al25 AA PA NA PA
Gusi et al41 AA NR NA NA

Hall et al27 WC WC AA AA
Jentoft et al31 WC AA NA WC

McIlveen and
Robertson30

AA PA NA AA

Minor et al23 AA NR NA NA

Patrick et al32 WC WC NA NApp*

Rintala et al28 WC AA NA NA

Sjogren et al29 AA PA NA AA

Sutherland et al33 AA NR NA PA
Sylvester24 AA NR NA AA

Wyatt et al34 AA NR NA AA
Yozbatiran et al37 WC NA NA NA

bbreviations: AA, adequately addressed; Gp, group; ITT, intention
ere randomly allocated); NA, not addressed; NApp, not applicable
egends: �, some of the criteria have been fulfilled. Where they hav
lter; ��, all or most of the criteria have been fulfilled. Where the
nlikely to alter; �, few or no criteria fulfilled. The conclusions of th
The outcomes consisted of self-administered postal questionnaire
ective modality for relieving pain. e
quatic Exercise Versus Land Exercise
Ten studies were identified in this comparison23-25,27,29,31,34,35,37,40;

ne of these was assessed as moderate quality31 and 3 as
igh quality.27,35,40 Meta-analysis of the moderate- to high-
uality studies with available data27,31 showed no differ-
nces between aquatic exercise and land-based exercise
P�.56; SMD�.11; 95% CI, �.27 to .50) (see fig 2B). Data
n the remaining 2 high-quality studies, reported as median
nd interquartile ranges for the WOMAC35 and pain VAS,40

re consistent with these findings. Of the poor-quality stud-
es, only one34 contradicts the overall consistency of results.
n summary, the evidence— based on meta-analysis and
verall consistency of results—suggests that aquatic exer-
ise and land-based exercise have comparable pain-relieving

the Review Using Modified SIGN Criteria for RCTs

roups
imilar

at
seline

Only
Difference
Between
Groups Is
Aquatic
Exercise

Intervention

Outcomes
Measurement:

Standard,
Valid, and
Reliable?

Percentage of
Drop-Outs Before

Posttest ITT

Overall
Bias

Rating

PA NR AA NA NA �

WC PA WC Gp1�4
Gp2�12

NA –

WC NA WC Gp1�13.3
Gp2�14.8

WC ��

WC NR AA Gp1�0
Gp2�0

NA �

WC WC WC Gp1�27.4
Gp2�24.5

WC ��

WC AA WC Gp1�20
Gp2�25.7
Gp3�8.6

WC ��

PA PA PA Overall�25 NA –
AA NA AA Gp1�5.5

Gp2�0
NR –

WC AA WC Overall�6 NA ��

WC WC WC Gp1�18
Gp2�27

NA �

PA AA WC Gp1�19.6
Gp2�5.6

NA –

WC WC AA Gp1�14.9
Gp2�22
Gp3�12.5

NA –

WC WC WC Gp1�16.8
Gp2�3.0

WC ��

AA AA AA Gp1�5.5
Gp2�18.7

NA –

AA AA AA Gp1�6.7
Gp2�6.7

NA –

AA AA AA NA WC –
AA AA AA Gp1�0

Gp2�0
NA –

NA AA PA Overall�8.7 NA –
AA PA AA NA NA –

eat analysis (all subjects are analyzed in the groups to which they
not reported; PA, poorly addressed; WC, well covered.

t been fulfilled the conclusions of the study are thought unlikely to
e not been fulfilled the conclusions of the study are thought very
dy are thought likely or very likely to alter.
.

ed in

s

G
S

Ba

-to-tr
; NR,
e no

y hav
ffects.
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A

quatic Exercise Versus Immersion
Two studies were identified in this comparison.27,36 One of

hese was assessed as low quality36; meta-analysis of the data
f these studies was therefore not performed. Neither study
ound any postintervention differences in pain outcomes be-
ween aquatic exercise and immersion groups. At present, the
mall number of good-quality studies hampers firm conclusions
bout the benefits of exercise in water versus immersion.

DISCUSSION

s Aquatic Exercise an Effective Treatment for Pain?
When compared with no-treatment controls, meta-analysis

hows a small but significant posttreatment effect in favor of
ydrotherapy. The 95% CI for this effect comes close to, but
oes not cross, the line of no treatment effect. In 2 of the
tudies in the meta-analysis, exercise was performed in water
anging from 29.5° to 33.5°C32,39; temperature was described
s “temperate” in one.38(p503) This encompasses a wide range of
ater temperature from cool to near thermoneutral (usually
escribed as 34.5°–35°C). There is an assumption, by thera-
ists and patients alike, that warmer water is more conducive to
ain relief, and the mechanisms whereby heat alters pain per-

A

B
omparison: Aquatic exercise vs land based exercise
utcome:          Pain at end of intervention period

Study
Aquatic Exercise  Land-Based E

N (mean ± SD) N (mean ± S

Hall et al27 35    2.64±0.70 34    2.57±0.7
Jentoft et al31 18    5.60±2.30 16    5.20±3.1

otal (95% CI) 53 50
est for heterogeneity: χ²=.01, df=1 (P=.91), I²=0%
est for overall effect: z=.58 (P=.56)

Favors aquat

Comparison: Aquatic exercise versus no-treatment control
Outcome:         Pain at end of intervention period

Study
Aquatic Exercise No-Treatmen

N (mean ± SD) (mean ±

Patrick et al32 124   1.38±0.74  125   1.46±0
Bilberg et al38 20 50.80±23.40  23  50.90±2
Cochrane et al39 151  8.46±3.74   151   9.35±3

Total (95% CI) 295                  299
Test for heterogeneity: χ²=.88, df=2 (P=.65), I²=0%
Test for overall effect: z=2.10 (P=.04)

Favors aqu

N

ig 2. Meta-analysis of trials with moderate to low risk of bias. (A) A
ersus land-based exercise. The forest plots show the differences
xercise. Included are the means � SD for each group, sample siz
esults.
eption are well known. Neuromuscular, hemodynamic, and i

rch Phys Med Rehabil Vol 89, May 2008
etabolic responses to skin heating have been described45,46;
owever, skin heating through whole-body immersion and core
ody temperature changes during exercise in water await in-
estigation. The contribution of the warmth of the water to pain
elief during hydrotherapy therefore remains speculative.

Several researchers have also reported a relationship be-
ween water temperature and adherence, which suggests that
hermal comfort is an important environmental factor in
atients with a similar profile to those in the studies included
n this review.39,47 Our review found evidence that aquatic
xercise has a small effect in relieving pain even at cooler
emperatures below thermoneutral. Potentially, this has im-
ortant implications in terms of water heating costs. In
ddition, it suggests that effective aquatic exercise can be
racticed in community settings that traditionally maintain
ower temperatures than hospital-based pools.

Forty-two percent of studies in this review failed to cite
ater temperature and, because it is considered a critical vari-

ble, this should be reported in future aquatic exercise studies.
lso, some studies fail to explicitly state the aim of the water-
ased exercise program and/or to provide an adequate descrip-
ion of its type and intensity (n�6 [31.5%]). The effect of
xercise-induced analgesia on pain suggests that pain intensity

ise SMD (random) Weight  SMD (random)
95% CI  %  95% CI

67.10 0.10 ( 0.37 to 0.57) 
32.90  0.14 ( 0.53 to 0.82) 

100.00 0.11 ( 0.27 to 0.50)

 -2  0  2  4 

ercise Favors land-based exercise 

p

trol SMD (random)  Weight SMD (random)
95% CI % 95% CI

42.05 0.12 ( 0.37 to 0.13) 
7.24 0.00 ( 0.60 to 0.59) 

50.71 0.24 ( 0.47 to 0.02) 

  100.00 0.17 ( 0.33 to 0.01)

 -2  0  2  4

exercise Favors no-treatment control group 

ic exercise versus no-treatment control group. (B) Aquatic exercise
een aquatic exercise and no-treatment control groups and land
D, 95% CIs and the weighting for each study, and the combined
xerc
D)

0 
0 

-4

ic ex

 grou

t Con
 SD)

.62
1.00
.54

 -4

atic 

quat
betw
s reduced after exercise.48 However, in humans, consistent
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esults have been shown only for high-intensity land exercise
ie, �70% of maximal aerobic capacity). Exercise prescription
s commonly based on predicted maximal heart rate because of
he linear relationship between aerobic capacity and heart
ate.49 However, Tanaka et al50 have recently questioned the
ccuracy of exercise prescription based on predicted maximal
eart rate, particularly in older people. Furthermore, the vari-
ble effect of water temperature on heart rate makes it
ncertain that the exercise intensity in the studies reviewed
as above the analgesic threshold.51

The interaction between exercise intensity and water tem-
erature, as well as having practical considerations,52 may
ffect pain differentially. In addition, water depth alters the
ature of exercise through buoyancy and hydrostatic pressure.
his in turn may influence the physiologic mechanisms under-

ying pain relief through the relationship between cardiovascu-
ar and pain regulatory pathways.53

The duration of the aquatic exercise program is another
ariable that may play a significant role in pain relief. In his
eview Janal54 highlights the uncertainty for the optimal dura-
ion of exercise-induced analgesia but suggests that the inter-
ction between intensity and duration affects exercise-induced
ypoalgesia. We noted that duration of treatment varied from
wice a week for 4 weeks27 to 4 times a week for 53 weeks.39

he 3 studies32,38,39 comparing aquatic exercise and no-treat-
ent controls are homogenous in terms of the type of exercise

erformed within the pool environment, but they have different
urations of intervention, ranging from 12 to 52 weeks on a
wice-weekly basis. It is interesting that those studies that do
ot report significant differences between groups are those of
horter duration. The duration of aquatic exercise programs for
aximum pain relief is both clinically and economically im-

ortant and warrants further investigation by good-quality lon-
itudinal follow-up studies.

ow Does Aquatic Exercise Compare With Other
nterventions?

There is a general assumption that hydrotherapy will provide
etter pain relief than either land-based exercise or immersion
lone. However, we found no significant differences between
ydrotherapy and immersion in the 2 studies available.27,36 In
ddition, no significant between-group differences were noted
etween aquatic and land-based exercise, which suggests that
or those who find exercise on land challenging or tedious,
xercise in water provides a similar effect. This lack of differ-
nce has been reported in previous studies,23,31,40 and cur-
ently, given the paucity of evidence, it is difficult to speculate
hich of the many variables (ie, temperature, exercise intensity

nd duration, treatment setting) could, either independently or
n combination, be critical in pain relief. In contrast to our
ndings, the popularity of aquatic exercise as a modality for
ain relief suggests that any additional benefits compared with
and exercise have not yet been captured by the research.

eatures of This Review
The impetus for this review was our perception of a disparity

etween anecdotal reports of significant pain relief from
quatic exercisers and our informal reading of the literature.
hus we chose to focus on the outcome, pain, rather than a
pecific population. In focusing on pain, we made an a priori
election of the primary pain outcome measure based on the
vailability of raw data and the most frequently occurring
easure across all studies when multiple outcomes for this

ariable were cited. The lack of consistency in pain outcome

easurements across the studies validated our decision to limit fi
ur definition to pain intensity; future reviews might be able to
ncorporate evaluations of pain behavior and cognitive coping
trategies as prospective studies include such measures. We
elected the RCT checklist produced by SIGN, one of many
uality assessment tools, which allows overall assessment of
ndividual components and is included in best practice systems
eported by the Agency for Healthcare Research and Quality.
owever, as Katrak et al55 point out, there is no criterion

tandard for quality assessment tools in allied health research,
nd so our results must be considered in the light of the
nstrument we used.

ey Recommendations for Future Research in
ydrotherapy
We noted a number of substantial research design issues

ith 57.8% of the studies having important methodologic
aws. Most of these flaws related to aspects of RCT design
uch as randomization, allocation concealment, and blinding
o outcome measurement. In addition, inadequate reporting
f the intervention—in terms of setting, water temperature,
epth, aim, type, and intensity of exercise—meant that some
tudies may have been downgraded as a result of poor
eporting. Jüni et al56 defend this “guilty until proven inno-
ent” argument with the justification that faulty reporting
enerally reflects poor methodology. Lack of resources
eant that we were unable to contact researchers for further

nformation. We acknowledge the impossibility of patient
linding to aquatic exercise; however, other approaches
uch as blinding of patients to the research hypothesis and
valuation of the expectations of patients and practitioners
re possible and may be particularly important for pain and
ther self-reported outcome.57,58 Many of the studies in-
luded in this review were general studies of aquatic exer-
ise effectiveness that lacked a primary outcome measure,
ppropriate power, and adequate follow-up periods. Future
tudies should address these deficits by including specific
etails of the intervention, careful and creative consideration
f both RCT design and of the literature on minimum
linically important differences for the primary outcome of
nterest (eg, for pain42,43,59), and comprehensive reporting
ased on current recommendations.60 We noted, as did
eytenbeek,14 that aquatic exercise research concentrates

lmost exclusively on chronic musculoskeletal conditions.
owever, the increasing use of aquatic exercise for patients
ith neurologic disorders suggests that this area is ripe for

esearch.61,62 Finally, given the importance of predicting
atient outcome, data analysis on the basis of improvement
ersus deterioration and adherence versus nonadherence is
lso recommended.

CONCLUSIONS
In contrast to anecdotal reports of superior pain relief from

quatic exercise, our review shows that water and land-based
xercise are similar, although when compared with no treat-
ent, exercise in water provides limited analgesia. Inconsistent

esults in studies with no-treatment comparison groups com-
ined with the design flaws and reporting omissions throughout
he studies reviewed suggests that large, pragmatic studies are
equired to establish the optimal combinations of exercise type,
uration, water temperature and depth, and service delivery for
iverse patient populations. Furthermore, discrepancy between
he perceived value of hydrotherapy in clinical practice and our

ndings justifies future research endeavors.

Arch Phys Med Rehabil Vol 89, May 2008



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

882 DOES AQUATIC EXERCISE RELIEVE PAIN IN ADULTS?, Hall

A

References
1. Bender T, Karaglle Z, Bálint GP, Gutenbrunner C, Bálint PV,

Sukenik S. Hydrotherapy, balneotherapy, and spa treatment in
pain management. Rheumatol Int 2005;25:220-4.

2. Lange U, Muller-Ladner U, Schmidt KL. Balneotherapy in rheu-
matic disease—an overview of novel and known aspects. Rheu-
matol Int 2006;26:497-9.

3. Yamazaki F, Endo Y, Torii R, Sagawa S, Shiraki K. Continuous
monitoring of change in hemodilution during water immersion in
humans: effect of water temperature. Aviat Space Environ Med
2000;71:632-9.

4. Gabrielsen A, Videbaek R, Johansen LB, et al. Forearm vascular
and neuroendocrine responses to graded water immersion in hu-
mans. Acta Physiol Scand 2000;169:87-94.

5. Mano T. Sympathetic nerve mechanisms of human adaptation to
environment—findings obtained by microneurographic studies.
Environ Med 1990;34:1-35.

6. Mior S. Exercise in the treatment of chronic pain. Clin J Pain
2001;17(4 Suppl):S77-85.

7. Whitelock H. Hydrotherapy in the 1990s. Aust J Physiother 1990;
36:144-5.

8. Hydrotherapy Association of Chartered Physiotherapists. Guid-
ance on good practice in hydrotherapy. London: Chartered Society
of Physiotherapy; 2006.

9. Brosseau L, Robinson V, Léonard G, et al. Efficacy of balneother-
apy for rheumatoid arthritis: a meta-analysis. Phys Ther Rev 2002;
2:67-87.

0. Brosseau L, MacLeay L, Robinson V, et al. Efficacy of bal-
neotherapy for osteoarthritis of the knee: a systematic review.
Phys Ther Rev 2002;7:209-22.

1. Verhagen AP, Bierma-Zeinstra SM, Cardoso JR, de Bie RA,
Boers M, de Vet HC. Balneotherapy for rheumatoid arthritis.
Cochrane Database Syst Rev 2003;(4):CD000518.

2. Karagülle MZ, Karagülle M. Balneotherapy and spa therapy of
rheumatic diseases in Turkey: a systematic review. Forsch
Komplementärmed Klass Naturheilkd 2004;11:33-41.

3. Pittler MH, Karagülle MZ, Karagülle M, Ernst E. Spa therapy and
balneotherapy for treating low back pain: meta-analysis of ran-
domized trials. Rheumatology (Oxford) 2006;45:880-4.

4. Geytenbeek J. Evidence for effective hydrotherapy. Physiotherapy
2002;88:514-29.

5. Swinkels A, Briddon J, Hall J. Two physiotherapists, one librarian
and a systematic literature review: collaboration in action. Health
Info Libr J 2006;23:248-56.

6. Merskey H, Bogduk N, editors. Classification of chronic pain:
descriptions of chronic pain syndromes and definitions of pain
terms. 2nd ed. Seattle: IASP Pr; 1994. p 209-14.

7. Morley S, Eccleston C, Williams A. Systematic review and meta-
analysis of randomized controlled trials of cognitive behaviour
therapy and behaviour therapy for chronic pain in adults, exclud-
ing headache. Pain 1999;80:1-13.

8. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of
reports of randomized clinical trials: is blinding necessary? Con-
trol Clin Trials 1996;17:1-12.

9. Scottish Intercollegiate Guideline Network. SIGN 50: a guideline
developers’ handbook. Rev ed. Edinburgh: SIGN; 2001. Available
at: http://www.sign.ac.uk/pdf/sign50-2008.pdf. Accessed January
4, 2007.

0. Deeks JJ, Higgins JPT, Altman DG. Analysing and presenting
results. In: Higgins JP, Green S, editors. Cochrane handbook for
systematic reviews of interventions. Version 4.2.6. Chichester:
John Wiley & Sons; 2006.

1. Moher D, Jadad AR, Klassen TP. Guides for reading and inter-
preting systematic reviews: III. How did the authors synthesize the
data and make their conclusions? Arch Pediatr Adolesc Med

1998;152:915-20.

rch Phys Med Rehabil Vol 89, May 2008
2. Lau J, Ioannidis JP, Schmid CH. Quantitative synthesis in sys-
tematic reviews. Ann Intern Med 1997;127:820-6.

3. Minor MA, Hewett JE, Webel RR, Anderson SK, Kay DR. Efficacy
of physical conditioning exercise in patients with rheumatoid arthritis
and osteoarthritis. Arthritis Rheum 1989;32:1396-404.

4. Sylvester KL. Investigation of the effect of hydrotherapy in the
treatment of osteoarthritic hips. Clin Rehabil 1990;4:223-8.

5. Green J, McKenna F, Redfern EJ, Chamberlain MA. Home exer-
cises are as effective as outpatient hydrotherapy for osteoarthritis
of the hip. Br J Rheumatol 1993;32:812-5.

6. Ahern M, Nicholls E, Simionato E, Clark M, Bond M. Clinical
and psychological effects of hydrotherapy in rheumatic diseases.
Clin Rehabil 1995;9:204-12.

7. Hall J, Skevington SM, Maddison PJ, Chapman K. A randomized
and controlled trial of hydrotherapy in rheumatoid arthritis. Ar-
thritis Care Res 1996;9:206-15.

8. Rintala P, Kettunen H, McCubbin JA. Effects of a water exercise
program for individuals with rheumatoid arthritis. Sports Med
Training Rehabil 1996;7:31-8.

9. Sjogren T, Long N, Storay I, Smith J. Group hydrotherapy versus
group land-based treatment for chronic low back pain. Physiother
Res Int 1997;2:212-22.

0. McIlveen B, Robertson VJ. A randomised controlled study of the
outcome of hydrotherapy for subjects with low back or back and
leg pain. Physiotherapy 1998;84:17-26.

1. Jentoft ES, Kvalvik AG, Mengshoel AM. Effects of pool-based
aerobic exercise on women with fibromyalgia/chronic widespread
muscle pain. Arthritis Care Res 2001;45:42-7.

2. Patrick DL, Ramsey SD, Spencer AC, Kinne S, Belza B, Topolski
T. Economic evaluation of aquatic exercise for persons with
osteoarthritis. Med Care 2001;39:413-24.

3. Sutherland G, Andersen MB, Stoové MA. Can aerobic exercise
training affect health-related quality of life for people with mul-
tiple sclerosis? J Sport Exerc Psychol 2001;23:122-35.

4. Wyatt FB, Milam S, Manske RC, Deere R. The effects of aquatic
and traditional exercise programs on persons with knee osteoar-
thritis. Strength Cond Res 2001;15:337-40.

5. Foley A, Halbert J, Hewitt T, Crotty M. Does hydrotherapy
improve strength and physical function in patients with osteoar-
thritis—a randomised controlled trial comparing a gym based and
a hydrotherapy based strengthening programme. Ann Rheum Dis
2003;62:1162-7.

6. Altan L, Bingöl U, Aykaç M, Koç Z, Yurtkuran M. Investigation
of the effects of pool-based exercise on fibromyalgia syndrome.
Rheumatol Int 2004;24:272-7.

7. Yozbatiran N, Yildirim Y, Parlak B. Effects of fitness and aquafit-
ness exercises on physical fitness in patients with chronic low
back pain. Pain Clin 2004;16:35-42.

8. Bilberg A, Ahlmén M, Mannerkorpi K. Moderately intensive
exercise in a temperate pool for patients with rheumatoid arthritis:
a randomized controlled study. Rheumatology (Oxford) 2005;44:
502-8.

9. Cochrane T, Davey RC, Matthes Edwards SM. Randomised con-
trolled trial of the cost-effectiveness of water-based therapy for
lower limb osteoarthritis. Health Technol Assess 2005;9:iii-iv,
ix-xi, 1-114.

0. Assis MR, Silva LE, Alves AM, et al. A randomized controlled
trial of deep water running: clinical effectiveness of aquatic ex-
ercise to treat fibromyalgia. Arthritis Rheum 2006;1:57-65.

1. Gusi N, Tomas-Carus P, Häkkinen A, Häkkinen K, Ortega-Alonso
A. Exercise in waist-high warm water decreases pain and im-
proves health-related quality of life and strength in the lower
extremities in women with fibromyalgia. Arthritis Rheum 2006;
1:66-73.

2. Angst F, Aeschlimann A, Stucki G. Smallest detectable and min-

imal clinically important differences of rehabilitation intervention

http://www.sign.ac.uk/pdf/sign50-2008.pdf


4

4

4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

6

6

6

6

a

883DOES AQUATIC EXERCISE RELIEVE PAIN IN ADULTS?, Hall
with their implications for required sample sizes using WOMAC
and SF-36 quality of life measurement instruments in patients with
osteoarthritis of the lower extremities. Arthritis Care Res
2001;45:384-91.

3. Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole RM.
Clinical importance of changes in chronic pain intensity measured
on an 11-point numerical pain rating scale. Pain 2001;94:149-58.

4. Cohen J. Statistical power analysis for the behavioral sciences.
Hillsdale: Lawrence Erlbaum Associates; 1988.

5. Bates A, Hanson N. Aquatic exercise therapy. London: WB Saun-
ders; 1996.

6. Pain: a textbook for therapists. London: Churchill Livingstone;
2002.

7. Bunning RD, Masterton RS. A rational program of exercise for
patients with osteoarthritis. Semin Arthritis Rheum 1991:21;33-43.

8. Koltyn KF, Umerda M. Exercise, hypoalgesia and blood pressure.
Sports Med 2006;36(3):207-14.

9. McArdle WD, Katch VL, Katch FI. Energy generating capacities
of humans. In: Essentials of exercise physiology. Philadelphia:
Lea & Febiger; 1994. p 134.

0. Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart
rate revisited. Am Coll Cardiol 2001;37:153-6.

1. Hall J, Blake D, Garbutt G. Acute physiological effects of exercise
in water. Phys Ther Rev 2001;6:215-29.

2. Wilder RP, Brennan DK. Aqua running. In: Cole AJ, Becker BE,
editors. Comprehensive aquatic therapy. Philadelphia: Butter-
worth Heinemann; 2004. p 137-49.

3. Bruehl S, Chung OY. Interactions between the cardiovascular and
pain regulatory systems: an updated review of mechanisms and
possible alterations in chronic pain. Neurosci Biobehav Rev 2004;
28:395-414.

4. Janal MN. Pain sensitivity, exercise and stoicism. J R Soc Med

1996;89:376-81.
5. Katrak P, Bialocerkowski AE, Massy-Westropp N, Kumar S,
Grimmer KA. A systematic review of the content of critical
appraisal tools. BMC Med Res Method 2004;16:4:22.

6. Jüni P, Altman DG, Egger M. Assessing the quality of randomised
controlled trials. In: Egger M, Smith GD, Altman DG, editors.
Systematic reviews in healthcare: meta-analysis in context. 2nd
ed. London: BMJ Publishing Group; 2001. p 94.

7. Crowe R, Gage H, Hampson S, Hart J, Kimber A, Thomas H. The
role of expectancies in the placebo effect and their use in the
delivery of health care: a systematic review. Health Technol
Assess 1999;3:1-96.

8. Quinn F, Hughes C, Baxter DG. Complementary and alternative
medicine in the treatment of low back pain: a systematic review.
Phys Ther Rev 2006;11:107-16.

9. Robinson V, Boers M, Brooks P, et al. Patient-reported pain is
central to OMERACT rheumatology core measurement sets. Drug
Inf J 2006;40:111-6.

0. Moher D, Schulz KF, Altman DG; CONSORT Group (Consoli-
dated Standards of Reporting Trials). The CONSORT statement:
revised recommendations for improving the quality of reports of
parallel-group randomized trials. JAMA 2001;285:1987-91.

1. Hurley R, Turner C. Neurology and aquatic therapy. Clin Manage
1991;11:26-9.

2. Morris DM. Aquatic rehabilitation for the treatment of neurolog-
ical disorders. J Back Muscoloskel Rehabil 1994;4:297-308.

3. Frost H, Lamb SE, Klaber Moffett JA, Fairbank JC, Moser JS. A
fitness programme for patients with chronic low back pain: 2-year
follow-up of a randomised controlled trial. Pain 1998;75:273-9.

Supplier
. RevMan, version 4.2.9; Cochrane Collaboration, Johns Hopkins

Bloomberg School of Public Health, 615 N Wolfe St, Mail Rm

W5010, Baltimore, MD 21205.

Arch Phys Med Rehabil Vol 89, May 2008


	Does Aquatic Exercise Relieve Pain in Adults With Neurologic or Musculoskeletal Disease? A Systematic Review and Meta-Analysis of Randomized Controlled Trials
	METHODS
	Search Strategy
	Study Selection
	Validity Assessment
	Data Extraction and Analysis

	RESULTS
	Trial Flow
	Study Characteristics
	Participants
	Intervention
	Outcome Measurement
	Methodologic Quality
	Aquatic Exercise Versus No-Treatment Controls
	Aquatic Exercise Versus Land Exercise
	Aquatic Exercise Versus Immersion

	DISCUSSION
	Is Aquatic Exercise an Effective Treatment for Pain?
	How Does Aquatic Exercise Compare With Other Interventions?
	Features of This Review
	Key Recommendations for Future Research in Hydrotherapy

	CONCLUSIONS
	References
	Supplier


