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ABSTRACT
Background
Water-based exercises are used in rehabilitation and might help to reduce disability after stroke.
Objectives
To investigate the effect of water-based exercises for reducing disability after stroke.
Search methods

We searched the Cochrane Stroke Group Trials Register (last searched August 2010), the Cochrane Central Register of Controlled Trials
(CENTRAL) (The Cochrane Library 2010, Issue 4), MEDLINE (1966 to April 2010), EMBASE (1980 to April 2010), CINAHL (1982
to April 2010), AMED (1985 to April 2010), SPORTDiscus (1949 to April 2010), the Physiotherapy Evidence Database (PEDro, April
2010) and OT Seeker (1969 to April 2010). In an effort to identify further published, unpublished and ongoing trials we handsearched

relevant journals and conference proceedings, searched trials and research registers, checked reference lists and contacted authors.
Selection criteria

We included studies using random assignment.

Data collection and analysis

Two review authors independently selected trials for inclusion, assessed trial quality and extracted the data. The primary outcome was
activities of daily living.

Main results

We included four trials involving 94 participants in this review. There was a significant improvement in activity of daily living (mean
difference (MD) 13.20 points on the ’Capacidad funcional’ (functional capacity) subscale of the Brazilian-Portuguese version of the
SF-36; 95% confidence interval (CI) 8.36 to 18.04; P < 0.00001) and on muscle strength (MD 1.01 Nm/kg; 95% CI 0.19 to 1.83; P

= 0.02) but these results should be interpreted with caution because population numbers were small and the results are based on single
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studies. There was no significant improvement in ability to walk (MD 0.14 m/s; 95% CI -0.32 to 0.606; P = 0.55), postural balance
(MD 3.05 points; 95% CI -3.41 to 9.52; P = 0.35) or fitness (MD 3.6 (VO2,4x; 95% CI -0.53 to 7.73; P = 0.09) after water-based

exercises treatment compared to control. Adverse effects were not reported.

Authors’ conclusions

The evidence from randomised controlled trials so far does not confirm or refute that water-based exercises after stroke might help

to reduce disability after stroke. There is a lack of hard evidence for water-based exercises after stroke. Better and larger studies are

therefore required.

PLAIN LANGUAGE SUMMARY

‘Water-based exercises for improving activities of daily living after stroke

Many people who have had a stroke have limited activities of daily living and reducing disability is one of the main goals of rehabilitation.

Water-based exercises are used in rehabilitation and might help to reduce disability after stroke. This review of four trials, which included

94 participants, found there is not enough evidence to decide if water-based exercises may reduce disability after stroke. There is a lack

of hard evidence for water-based exercises after stroke. More research is therefore needed.

BACKGROUND
Stroke presents a major global public health challenge. Together

with ischaemic heart disease, stroke is the largest source of disease
burden: e.g. in low- and middle-income countries of Europe and
Central Asia these health issues account for more than one-quarter
of the total disease burden (Lopez 2006) and stroke represents
the leading cause of long-term disability in Americans (Anderson
1995). Stroke is a major cause of chronic impaired function, and it
is well known that activities of daily living after stroke are limited.

In an effort to address the problem, many people join mul-
tidisciplinary rehabilitation programmes soon after having a
stroke. However, despite intensive rehabilitation efforts, only ap-
proximately 5% to 20% achieve complete functional recovery
(Nakayama 1994). Thus, there still exists an urgent need for new
inpatient and outpatient rehabilitation and training strategies that
match the specific needs of people after stroke and their carers
(Barker 2005).

There are many different rehabilitation approaches to improving
disability after stroke. One example is water-based exercises. Wa-
ter-based exercises, sometimes also called hydrotherapy, are de-
fined according to the Hydrotherapy Association of Chartered
Physiotherapists Guidance on Good Practice in Hydrotherapy as
a therapy programme using the properties of water, designed by
a suitably qualified physiotherapist, to improve function, ideally
in a purpose-built and suitably heated hydrotherapy pool (HACP
2006).

Apart from various specific techniques, simple exercises such as
general body movements and walking in water might be beneficial
because water’s natural buoyancy allows many body movements
by providing a type of body weight support. The natural resistance
of water may encourage strengthening of weakened muscles.

Perhaps the interest in hydrotherapy is based on the treatments for
rehabilitation after poliomyelitis developed some decades ago (Birk
1993). This experience may have influenced the way in which so
much attention was given to hydrotherapy for those people with
“weak muscles”.

Water-based exercises have recently been shown to improve fitness
and strength in older people (Taunton 1996; Tsourlou 2006) and
in people with rheumatoid arthritis (Danneskiold 1987). At the
very least, water-based exercises might have the potential to im-
prove activities of daily living and might also improve impaired
cardiovascular fitness in people who have had a stroke (Chu 2004).
However, no systematic evaluation of the effectiveness of water-
based exercises for people after stroke currently exists. Therefore,
the rationale for this review is to evaluate the effectiveness of wa-
ter-based exercises to improve activities of daily living, ability to
walk, muscle strength, postural balance, and fitness after stroke.

OBJECTIVES

To conduct a systematic review of randomised controlled trials
(RCTs) to evaluate the effect of water-based exercises for improving
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activities of daily living, ability to walk, muscle strength, postural
balance, and fitness after stroke.

METHODS

Criteria for considering studies for this review

Types of studies

We included RCTs and randomised controlled cross-over trials (we
only analysed the first period as a parallel group trial). However,
we did not include quasi-controlled trials.

Types of participants

We included studies with participants of either gender over 18
years of age after stroke (using the World Health Organization
(WHO) definition of stroke, or a clinical definition of stroke when
the WHO definition was not specifically stated) (WHO 2006),
regardless of the duration of illness or level of initial impairment. If
we found RCTs with mixed populations (such as traumatic brain
injury and stroke) we only included those RCTs with more than
50% of participants with stroke in our analysis.

Types of interventions

We defined water-based exercises as any single or group interven-
tion that involves participants being treated in water. To distin-
guish water-based exercises from use of a bathtub or spa pool, we
have used the term (water-based) exercises to refer to an activity
that is planned, structured and repetitive. We have included only
those studies which considered treatments carried out by a trained
health professional, such as a physiotherapist. We have excluded
studies with treatments such as mud baths, day spas or the use
of shallower water (e.g. Kneipp hydrotherapy: Schencking 2009).
We aimed to compare water-based exercises (of any kind and ir-
respective of whether they are targeted at improving activities of
daily living) for improving activities of daily living, ability to walk,
muscle strength, postural balance, and fitness after stroke with all
other non-water-based interventions (including other rehabilita-
tion strategies, or no treatment). We did not include studies if
they compared one type of water-based intervention with another

water-based intervention.

Types of outcome measures

Primary outcomes

We defined the primary outcome as activities of daily living (ADL).
Possible scales which we considered include global measures of ac-
tivities of daily living such as: Barthel ADL Index (BI) (Mahoney
1965; Wade 1988), Rivermead ADL Assessment (Whiting 1980),
Rivermead Motor Ability Scale (Collen 1991), Modified Rankin
Scale (Bonita 1988), Functional Independence Measure (FIM)
(Hamilton 1994), Katz Index of Activities of Daily Living (Katz
1970), Rehabilitation Activities Profile (Van Bennekom 1995),
and the Motor Assessment Scale (MAS) (Carr 1985). A brief de-
scription of most of these scales and generally accepted measures
for ADL can be found in a statement by the American Heart As-
sociation (Miller 2010). Depending on the data provided by the
studies and trialists, all the review authors discussed and reached
consensus on which appropriate measures should be included in
the analysis for the primary outcome.

Secondary outcomes

We defined secondary outcomes as ability to walk, postural bal-
ance, muscle strength and fitness, with appropriate measures as
reported in the studies. Other secondary outcomes include drop-
out from the study during the treatment phase, and adverse events
(including death from all causes).

A possible scale to measure the ability to walk is the Functional
Ambulation Categories (FAC) (Holden 1984). If FAC scores were
not reported in the included studies we accepted alternative indi-
cators of independent walking (Mehrholz 2006).

A possible scale to measure postural balance is the Berg Balance
Scale (Berg 1992).

A possible scale to measure muscle strength is the Motricity Index
(Demeurisse 1980) and a possible measure of cardiorespiratory
(aerobic) fitness may include exercises heart rate and oxygen con-
sumption (VO,) (Saunders 2004).

Depending on the aforementioned categories and the availability
of variables used in the included trials, all the review authors dis-
cussed and reached consensus on which outcome measures should
be included in the analysis.

Search methods for identification of studies

See the ’Specialized register’ section in the Cochrane Stroke Group
module.

Electronic searches

We searched the Cochrane Stroke Group Trials Register, which
was last searched by the Managing Editor on 31 August 2010, the
Cochrane Central Register of Controlled Trials (CENTRAL) (7he
Cochrane Library 2010, Issue 4), MEDLINE (1966 to April 2010)
(Appendix 1), EMBASE (1980 to April 2010), CINAHL (1982 to
April 2010), AMED (1985 to April 2010), SPORTDiscus (1949
to April 2010), the Physiotherapy Evidence Database (PEDro,
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htep://www.pedro.org.au/) (searched April 2010) and OT Seeker
(http:/ Iwww.otseeker.com/default.aspx) (1969 to April 2010).

Searching other resources

In an effort to identify further published, unpublished, and ongo-
ing trials not available in the major databases:

1. we checked reference lists of all relevant articles;

2. we searched the following ongoing trials and research
registers: Internet Stroke Center Stroke Trials Registry (http://
www.strokecenter.org/ trials/); Clinical Trials.gov (heep://
clinicaltrials.gov/); and Current Controlled Trials (heep://
www.controlled-trials.com/);

3. we identified and handsearched the following journals and
conference proceedings:

i) 3rd, 4th, 5th and 6th World Congress of
NeuroRehabilitation (2002, 2006, 2008 and 2010);

i) 1st, 2nd, 3rd, 4th and 5th World Congress of Physical
Medicine and Rehabilitation (2001, 2003, 2005, 2007 and
2009);

iii) World Congtess of Physical Therapy (2003 and 2007);

iv) Deutsche Gesellschaft fiir Neurotraumatologie und
Klinische Neurorehabilitation (2001 to 2008);

v) Deutsche Gesellschaft fiir Neurologie (2000 to 2009);

vi) Deutsche Gesellschaft fiir Neurorehabilitation (1999
to 2009);

vii) Asian Oceania Conference of Physical and
Rehabilitation (2008);

4. we contacted trialists, researchers and relevant special
interest groups in our field of study.

We searched for trials in all languages and arranged translation of
relevant trial reports published in languages other then English.

Data collection and analysis

Selection of studies

One review author (JM) independently read titles and abstracts
of identified references and eliminated obviously irrelevant studies
based on titles and, when available, abstracts. Two review authors
(MP and JK) independently examined potentially relevant studies
using predetermined criteria for including studies. We obtained
the full-text articles for the remaining studies. Based on our inclu-
sion criteria (types of studies, participants, aims of interventions,
outcome measures) two review authors (JM and MP) indepen-
dently ranked these studies as relevant, irrelevant or possibly rel-
evant. We excluded all trials ranked initially as irrelevant, but in-
cluded all other trials at this stage. The authors resolved disagree-
ments through discussion involving all review authors. If further
information was needed to reach consensus on whether to select a

study or not, we contacted trialists in an effort to obtain missing
information.

Data extraction and management

Two review authors (JM and MP) independently extracted trial
and outcome data from the selected trials. If one of the review
authors was involved in an included trial, another review author
extracted trial and outcome data from that trial. We established the
characteristics of unpublished trials through correspondence with
the trial co-ordinator or principal investigator. We used checklists
to independently record details of the:

methods of generating randomisation schedule;

method of concealment of allocation;

Nadii S

blinding of assessors;

4. use of an intention-to-treat analysis (we will include all
participants initially randomised in the analyses as allocated to
groups);

5. adverse events and drop-outs for all reasons;

6. important imbalance in prognostic factors;

7. participants (country, number of participants, age, gender,
type of stroke, time from stroke onset to entry into the study,
inclusion and exclusion criteria);

8. comparison (details of the intervention in treatment and
control groups; details of co-intervention(s) in both groups;
duration of treatment);

9. outcomes and time points of measures (number of

participants in each group and outcome, regardless of
compliance) (see Characteristics of included studies, Table 1 and
Table 2).
The review authors checked all of the extracted data for agreement,
with another review author (JK) arbitrating any items if consensus
was not reached. If necessary, we contacted trialists to request more
information, clarification or missing data.

Assessment of risk of bias in included studies

All review authors independently assessed the methodological
quality of included trials using the PEDro Scale (Maher 2003). We
present the results of quality ratings in Table 2. The items of the
PEDro Scale are: specification of eligibility criteria; random allo-
cation to groups; concealed allocation; groups similar at baseline;
blinding of participants, therapists and assessors; outcome mea-
surements obtained from more than 85% of participants; pres-
ence of an intention-to-treat (ITT) analysis; reporting of results
of between-group statistical comparisons; reporting of point mea-
sures and measures of variability (Herbert 1998). The maximum
achievable PEDro sum score is 10 points. (It should be noted that
the PEDro scale is an 11-item scale, but the maximum sum score
is 10 points because the first Item of the scale ’eligibility criteria
were specified’ is not used to calculate the sum score.)

We checked all methodological quality assessments for agreement
between review authors. We resolved any disagreements by discus-
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sion involving all the review authors. We contacted study authors
for clarification and to request missing information. We planned
to use the methodological features - concealment of allocation,
ITT analysis, and blinding of assessors - to test the robustness of
the main results in a post-hoc sensitivity analysis, but there were
not enough studies for such an analysis.

Measures of treatment effect

For all outcomes representing continuous data (e.g. the primary
outcome - activities of daily living) we entered means and standard
deviations. We calculated a pooled estimate of the mean differences
(MD) with 95% confidence intervals (CI). If studies did not use
the same outcome (for example one study used the Bl and another
used the FIM to measure activities of daily living), we used the
standardised mean difference (SMD) instead of MD.

For all binary outcomes (such as the secondary outcome ‘drop-
out from all causes’) we calculated risk ratio (RR) with 95% CI.
As it is possible that some trials (or groups within a trial) have
no adverse events or no drop-outs, we calculated risk differences
(RD) instead of RRs in these specific situations, again with 95%
CL

We quantified inconsistency across studies by using the I statistic.
We considered an 12 value greater than 50% as substantial hetero-
geneity. In the presence of heterogeneity we used a random-effects
model instead of a fixed-effect model approach. For all statistical
comparisons we used the current version of the Cochrane Review
Manager software, RevMan 5 (RevMan 2008).

Subgroup analysis and investigation of heterogeneity

In Table 1 we have described the variability in participants, inter-
ventions and outcomes studied (clinical diversity).

Because there are only four small studies we did not conduct any
subgroup analysis (Higgins 2008).

Sensitivity analysis
To test the robustness of the results, we planned to undertake a
post-hoc sensitivity analysis for methodological quality (Mehrholz

2010). However, because there are only four small studies, we did
not conduct a sensitivity analysis.

RESULTS

Description of studies

Results of the search

See: Characteristics of included studies; Characteristics of
excluded studies; Characteristics of studies awaiting classification;
Characteristics of ongoing studies.

We identified 43 potential studies through the electronic searching
and searching of other resources. One review author excluded 34
of these as they were not relevant, leaving 10 studies which two
review authors considered independently.

Included studies

We included four trials involving a total of 94 participants in the
review (Aidar 2007; Chan 2010; Chu 2004; Noh 2008) (see the
Characteristics of included studies). All included studies investi-
gated the effect of water-based exercises after stroke.

Excluded studies

We excluded three studies (Marroni 1988; Revnic 2004; Wang
2004) (see the Characteristics of excluded studies); one study is
an ongoing trial (Gunn 2007) and two studies are still awaiting
classification (Lee 2006; Xu 2008).

Risk of bias in included studies

For full details of methodology and risk of bias assessments, see
Characteristics of included studies, Figure 1 and Figure 2.
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Figure I. Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study.
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We judged some methodological aspects of the included studies
to be of uncertain methodological quality and therefore at risk of
bias (see also Methodological quality of included trials using the
PEDro Scale - Table 2).

All four studies adequately reported the method of randomisation
(Aidar 2007; Chan 2010; Chu 2004; Noh 2008). One study re-
ported adequate allocation concealment, but the method is un-
clear (Noh 2008). Two studies reported blinding of outcome as-
sessors (Chu 2004; Noh 2008). No studies reported the use of
ITT analysis.

Effects of interventions

Primary outcome

In all following comparisons we used the data taken at the end of
the trial, not the change between baseline and the end of the trial.
We were interested to see if the use of water-based exercises for
people after stroke improved predefined outcomes more than the
control intervention (differences between intervention and control
at the end of the trial).

Comparison |.1: Water-based exercises versus no water-
based exercises (activities of daily living at the end of
intervention phase)

Only one trial with a total of 31 participants (Aidar 2007) mea-
sured activities of daily living at study end. As a measure of ac-
tivities of daily living, the authors used the *Capacidad funcional’
(functional capacity) subscale of the Brazilian-Portuguese version
of the SF-36 (Ciconelli 1999). The use of water-based exercises
for people after stroke did improve activities of daily living signifi-
cantly. The pooled mean difference (fixed-effect model) for activ-
ities of daily living was 13.20 points (95% CI 8.36 to 18.04; P <
0.00001; level of heterogeneity I not applicable).

Secondary outcomes

Comparison 1.2: Water-based exercises versus no water-
based exercises (ability to walk at the end of intervention
phase)

Only one trial with a total of 13 participants (Chu 2004) mea-
sured walking speed (metres/second, m/s) at study end. The use
of water-based exercises for people after stroke did not improve
walking speed significantly. The pooled mean difference (fixed-
effect model) for walking speed was 0.14 m/s (95% CI -0.32 to
0.60; P = 0.55; level of heterogeneity 2 not applicable).

Comparison |1.3: Water-based exercises versus no water-
based exercises (postural control at the end of intervention
phase)

Only two trials with a total of 38 participants (Chu 2004; Noh
2008) measured postural control (points of the Berg Balance Scale)

at study end. The use of water-based exercises for people after
stroke did not improve postural control significantly. The pooled
mean difference (random-effects model) for postural control (was
3.05 points (95% CI -3.41 t0 9.52; P = 0.35; level of heterogeneity
I* = 81%).

Comparison |.4: Water-based exercises versus no water-
based exercises (muscle strength at the end of intervention
phase)

Only one trial with a total of 13 participants (Chu 2004) mea-
sured muscle strength (Nm/kg) at study end. The use of water-
based exercises for people after stroke did improve muscle strength
significantly. The pooled mean difference (fixed-effect model) for
muscle strength was 1.01 Nm/kg (95% CI 0.19 to 1.83; P = 0.02;
level of heterogeneity I not applicable).

Comparison 1.5: Water-based exercises versus no water-
based exercises (aerobic fitness at the end of intervention
phase)

Only one trial with a total of 13 participants (Chu 2004) measured
aerobic fitness ( VOy4x ml/kg/min) at study end. The use of wa-
ter-based exercises for people after stroke did not improve aero-
bic fitness significantly. The pooled mean difference (fixed-effect
model) for aerobic fitness was 3.60 VO y4x ml/kg/min (95% CI
-0.53 to 7.73; P = 0.09; level of heterogeneity I* not applicable).

Comparison 1.6: Water-based exercises versus no water-
based exercises (drop-out from study during the
intervention period)

All four included trials with a total of 94 participants (Aidar 2007;
Chan 2010; Chu 2004; Noh 2008) provided information about
the rate at which participants dropped out from all causes during
the trial period. The drop-out rates were between 0% (Aidar
2007; Chan 2010) and 20% (Noh 2008). The use of water-based
exercises for people after stroke did not significantly increase the
risk of drop-out (RD (fixed) -0.01, 95% CI -0.12 to 0.11, P =
0.92; level of heterogeneity I? = 0%). The reasons for drop-outs,
if stated by the trialists, are described in detail for each trial in the
Characteristics of included studies table.

Comparison 1.7: Water-based exercises versus no water-
based exercises (adverse events)

None of the four included studies with a total of 94 participants
(Aidar 2007; Chan 2010; Chu 2004; Noh 2008) provided in-
formation about any adverse events during the trial period. It is
not clear if none occurred or if adverse events were not reported.
Therefore, we did not do a pooled analysis for comparison 1.7.

Water-based exercises for improving activities of daily living after stroke (Review) 7
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Subgroup and sensitivity analyses

We initially planned in our protocol for this review to undertake
subgroup and sensitivity analyses. However, due to the small num-
ber of included studies we did not perform either a subgroup anal-
ysis or a sensitivity analysis.

DISCUSSION

Summary of main results

The aim of this review was to evaluate the effect of water-based
exercises for people after stroke. Only four trials with a total of 94
participants were eligible and were included in this review. There
were significant differences in favour of water-based exercises for
people after stroke for activities of daily living and muscle strength,
but these results are based only on a single study. However, adverse
events and drop-outs did not appear to be more frequent in those
participants who received water-based exercises. This indicates that
the use of different types of water-based exercises appears to be
acceptable to most participants in the trials included in this review.
However, the number of participants is too small to conclude
anything about the safety of the intervention.

Potential biases in the review

A risk of publication bias is present in all systematic reviews. How-
ever, we searched extensively for relevant literature in databases
and handsearched conference abstracts. Additionally, we contacted
authors, trialists and experts in the field for other unpublished and
ongoing trials.

The included studies had a small number of participants and re-
ported a broad range of outcome measures, of which many were
unique to individual studies. No study included adequate follow-
up after the end of the study. It is, therefore, not possible to draw
any conclusions regarding how long any benefits last. All these fac-
tors limit the completeness of the evidence relevant to this review.
One could argue that the generalisability of our results in terms of
representation of the stroke population is limited. Our included
study population had a mean age between 50 and 67 years. Com-
pared with data from a stroke registry, the mean age of people after
stroke in our review was low. The highest annual incidence rates
of first-ever-in-a-lifetime stroke are to be expected between 65 to
74 years of age (Kolominsky-Rabas 1998).

There is one ongoing study (Gunn 2007). It is currently not clear
how this study will address clinical uncertainties about the value
of water-based exercises. However, with a target sample size of 45
participants this ongoing trial seems to have the potential to give
a more precise estimation of the effects of water-based exercises
after stroke.

Methodological issues

There was heterogeneity between the trials in terms of trial design
(duration of study, selection criteria for people after stroke), char-
acteristics of the therapy interventions (exercises used), participant
characteristics (duration of illness, age). There were also method-
ological differences in the mechanism of randomisation and allo-
cation concealment methods used, blinding of primary outcomes
and the presence or use of ITT analysis. There were not enough
studies to do a sensitivity analysis by methodological quality as
planned and stated above.

Limitations of the review

One limitation of this review is that we only identified four relevant
small randomised trials and most had methodological limitations,
including lack of concealed allocation or lack of blinded assessors.
The four studies were clinically diverse as different experimental
intensities were used, and the setting, severity of stroke and the
age of the participants differed between the trials (Table 1).
Another limitation is that interventions given to the control group
in some studies are not comparable. In the control group in two
studies some form of exercises was applied (arm exercises Chu
2004; general conditioning exercises Noh 2008), whereas for the
other two studies (Aidar 2007; Chan 2010) the exercises given in
the control group are not clearly described.

One could argue that our review is limited by the inclusion of
RCTs only. However, the use of a rigorous study design is very
important to minimise bias. Therefore, the Cochrane Handbook for
Systematic Reviews of Interventions states that only RCTs should be
considered to reduce bias and when addressing questions regarding
therapeutic effectiveness (Higgins 2008).

Another limitation of this review is that we did not receive all the
information we requested from trialists.

We are confident that our detailed search strategy, combined with
handsearching, identified all relevant trials. However, it is still pos-
sible that we did not identify some of the ’grey’ literature, but it
would be unlikely that this would have a significant impact on our
results. This review provides a template for the inclusion of future
trials and could be used, in addition to guidelines, to guide further
research.

There is a clear need for well-designed large studies to evaluate the
effects of water-based exercises for people after stroke and such
research should be given a higher priority. It is important that
future trials should use relevant variables such as activities of daily
living and walking ability. Future trials should also include detailed
information about each participant’s experience of water prior to
their stroke (e.g. ability to swim, fear of water or limited experience
of water buoyancy).

AUTHORS’ CONCLUSIONS
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Implications for practice

There is insufficient evidence to conclude that water-based exer-
cises for people after stroke are effective for reducing disability.
However, there is also insufficient evidence to conclude that wa-
ter-based exercises are ineffective or even harmful. Current clini-
cal practice should be improved through the design of better and
larger studies.

Implications for research

The insufficient evidence is mainly due to the small number of
trials and the small number of included participants. Therefore,

we recommend that there should be better and larger RCTs to
evaluate the effectiveness of water-based exercises for people after
stroke.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

Aidar 2007
Methods Randomised controlled trial (random assignment stated)
Method of randomisation: not stated
Allocation concealment: not stated
ITT analysis: unclear
Blinding of outcome assessors: not stated
Adverse events: not stated
Deaths: not stated
Drop-outs: none reported
Ethical approval: yes
Informed consent to participation: yes
Participants Country: Spain
31 people after stroke (16 in treatment group, 15 in control group)
Mean age: 50 and 52 years (treatment and control group respectively)
Inclusion criteria: stroke, hemiplegia or hemiparesis, clinical stable
Exclusion criteria: not reported
Interventions 2 arms:
(1) experimental group used aquatic physical exercises12 weeks (45 to 60 minutes per day)
(2) control group used no aquatic physical exercises
Outcomes Outcomes were recorded at baseline and after 12 weeks
Primary outcomes: quality of life (SF-36)
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Adequate sequence generation?  Unclear risk Method not stated
Allocation concealment? Unclear risk Not mentioned
Blinding? High risk Not stated

All outcomes

Water-based exercises for improving activities of daily living after stroke (Review)
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Chan 2010

Methods Randomised controlled trial (random assignment stated)
Method of randomisation: not stated
Allocation concealment: yes
ITT analysis: not stated
Blinding of outcome assessors: yes, as stated by the authors
Adverse events: not stated
Deaths: not stated
Drop-outs: none reported
Ethical approval: yes
Informed consent to participation: yes
Participants Country: Canada
25 people after stroke (unknown how many in treatment and control group; for statistical analysis
we assumed 13 in the treatment group and 12 in the control group)
Unclear if ambulatory at study onset
Mean age: unclear
Inclusion criteria: not described
Exclusion criteria: not described
Interventions 2 arms:
(1) experimental group used hydrotherapy + land therapy group (unclear for how long and how
much per day and how often)
(2) control group used land therapy only group (unclear for how long and how much per day and
how often)
Outcomes Unclear when outcomes were recorded
Outcome assessments used were Berg Balance Score, Community Mobility and Balance Score,
Time Up and Go, 2 Minute Walk Test and Biodex Balance Scores (Postural Stability Index and
Limit of Stability Index) with the use of a Biodex Balance System SD
Notes Data collection is still ongoing. However, first results were presented at the 1st Canadian Stroke
Conference 2010
The trialists initially proposed to include 44 consecutive out-patients who meet the inclusion criteria
into the study
22 participants are included in each group
Data collection started in May 2007 and currently there is completed data collection for 25 par-
ticipants
Risk of bias
Bias Authors’ judgement Support for judgement
Adequate sequence generation?  Unclear risk Not exactly stated
Allocation concealment? Low risk Described as “The randomization is known to
the researcher only and when participants are in-
cluded in the study, the treating therapists are in-
formed of the group the participants are placed.
Water-based exercises for improving activities of daily living after stroke (Review) 13
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Chan 2010 (Continued)

Blinding? Low risk Described as “The assessor is blinded to the type
All outcomes of treatment. The participants and treating ther-
apists are not blinded.”

Chu 2004

Methods Randomised controlled trial (random assignment stated)
Method of randomisation: stratified randomisation
Allocation concealment: not stated
ITT analysis: no
Blinding of outcome assessors: yes, as stated by the authors
Adverse events: not stated
Deaths: not stated
Drop-outs: 1 drop-out in the control group
Ethical approval: yes
Informed consent to participation: yes

Participants Country: Canada
13 people after stroke (7 in the treatment and 6 in the control group)
Mean age: 62 to 63 years (treatment and control group respectively)
Inclusion criteria: at least 1 year post-stroke from a single cerebrovascular accident; independent
in walking (with or without assistive device); medically stable (see exclusion criteria); no previous
myocardial infarction; and no significant musculoskeletal problems from conditions other than
stroke
Exclusion criteria: uncontrolled hypertension, arrhythmia, or unstable cardiovascular status

Interventions 2 arms:
(1) experimental group used an 8-week water-based exercise program that focused on leg exercises
to improve cardiovascular fitness (3 days a week for 1 hour a session). The exercise intervention
consisted of 10 minutes of land-based stretching, 5 minutes of light aerobic warm-up in the water
(marching on the spot, single and double-legged hopping holding onto the pool edge), 30 minutes
of moderate to high aerobic activities (shallow water walking, running, side stepping) at the target
heart rate prescribed for that week, 5 minutes of a light cool down (marching on the spot), and
10 minutes of gentle stretching in the water. Target heart rates were set at 50% to 70%, 75%, and
80% heart rate reserve 5 beats/minute (as determined by an initial maximal exercise test) for weeks
1 to 2, 3 through 5, and 6 through 8, respectively.
(2) control group used no water-based exercises but did arm exercise. Participants exercised for the
same amount of time as the experimental group. The main objective was to improve upper-extremity
function. Each session began with a 5-minute warm-up of active upper-extremity movements. A 6-
station circuit then focused on gross upper-limb movement (e.g. reaching), fine motor movement
(e.g. adjusting small screws and bolts), and muscle strengthening of the shoulder, elbow, wrist,
and fingers (e.g. exercises using hand putty, Theraband, weights). Participants were seated at each
station, but had to stand and walk a few steps to the next station. The program ended with a 5-
minute cool-down from upper-extremity exercises

Outcomes Outcomes were recorded at baseline and after 8 weeks
Primary outcomes: VOax
Secondary outcomes: maximal workload (watts), self-selected gait speed (m/s) over 8 metres, Berg
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Chu 2004 (Continued)

Balance Scale and muscle strength (N/kg)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Adequate sequence generation?  Unclear risk Method of sequence generation not stated; strat-

ified randomisation stated

Allocation concealment?

Unclear risk Stated as follows: “One researcher undertook all
randomization procedures, and the assessments
were done by testers who had no knowledge of
the participants’ groupings (researcher blinding)

»

Blinding?

All outcomes

Low risk See above

Noh 2008

Methods

Randomised controlled trial (random assignment stated)

Method of randomisation: blocked randomisation

Allocation concealment: yes

ITT analysis: no

Blinding of outcome assessors: yes, as stated by the authors

Adverse events: not stated

Deaths: not stated

Drop-outs: 2 drop-outs in the control group (1 due to hip fracture after a fall and 1 incomplete
participation) and 3 drop-outs in the treatment group (2 due to personal reasons and time constraints
and 1 due to poor general condition)

Ethical approval: yes

Informed consent to participation: yes

Participants

Country: Korea

25 people after stroke (14 in the treatment and 16 in the control group)

Ambulatory at study onset

Mean age: 57 to 67 years (control and treatment group respectively)

Inclusion criteria: stroke at least 6 months before enrolment, hemiparesis secondary to a first stroke,
able to walk independently (with or without an assistive device), medically stable, no previous
myocardial infarction, and no significant musculoskeletal problems as a result of conditions other
than stroke

Exclusion criteria: uncontrolled hypertension, arrhythmia and unstable cardiovascular status

Interventions

2 arms:

(1) experimental group used aquatic therapy group participated in a programme consisting of Ai
Chi and Halliwick methods, which focused on balance and weight-bearing

exercises, 3 times a week for 8 weeks (1 hour session)
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Noh 2008 (Continued)

(2) control group used performed gym exercises (such as general conditioning exercises, including a

warm-up, lower extremity strengthening (e.g. bicycle, leg extensor), upper-extremity strengthening

(e.g. upper body ergometer) and gait training (e.g. marching with 0.5 kg ankle weights for 10

minutes) for the same amount of time as the aquatic therapy group spent in the pool

Outcomes Outcomes were recorded at baseline and after 8 weeks
Primary outcomes: Berg Balance Scale score and weight-bearing ability (measured by vertical ground
reaction force during four standing tasks. rising from a chair and weight-shifting forward, backward
and laterally)
Secondary outcomes: muscle strength and gait

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Adequate sequence generation?

Unclear risk

Author statement: “The subjects were then ran-
domly assigned, so that the numbers of sub-
jects in each stratum were approximately equal
between the aquatic and conventional therapy
groups.”

Allocation concealment? Low risk Author statement: “One researcher performed
the randomization and kept the tables of patient
allocation and random numbers; the other re-
searcher evaluated the subjects and did not have
access to these tables.”

Blinding? Low risk Author statement: “All assessments were graded

All outcomes by one clinician who was blinded to group as-
signment.”

ITT: intention-to-treat

Characteristics of excluded studies /[ordered by study ID]

Study Reason for exclusion

Marroni 1988  Evaluated hyperbaric oxygen therapy

Revnic 2004  Not a randomised controlled trial

Wang 2004 Evaluated the effect of seawater exercise on cerebral and cardiac haemodynamics

Water-based exercises for improving activities of daily living after stroke (Review)
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Characteristics of studies awaiting assessment /[ordered by study ID]

Lee 2006

Methods

Randomised controlled trial: unclear; random assignment not stated
Method of randomisation: unclear

Allocation concealment: unclear

ITT analysis: unclear

Blinding of outcome assessors: unclear

Adverse events: unclear

Deaths: unclear

Drop-outs: unclear

Participants

Country: Korea

24 people after ischaemic stroke (14 people after stroke in experimental group and 10 in control group)
Mean age: unclear

Inclusion criteria: unclear

Exclusion criteria: unclear

Interventions

2 arms:
(1) Hydrotherapy (aquatic treadmill walking, range of motion exercises, stretching and balance exercises) plus NDT

(2) NDT alone

Outcomes

Unclear when outcomes were recorded
Primary outcomes and secondary outcomes: Functional Independence Measure, Modified Barthel Index and MAS
(unclear for what this abbreviation stands)

Notes

Xu 2008

Methods

Randomised controlled trial: unclear method of random assignment
Method of randomisation: unclear

Allocation concealment: unclear

ITT analysis: unclear

Blinding of outcome assessors: unclear

Adverse events: unclear

Deaths: unclear

Drop-outs: unclear

Participants

Country: China

76 people (40 in experimental group and 36 patients in control group) diagnosis not clearly stated
Mean age: unclear

Inclusion criteria: unclear

Exclusion criteria: unclear

Interventions

2 arms:
(1) walking in water
(2) pneu-weight walking

Outcomes

Walking ability
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Xu 2008 (Continued)

Notes

ITT: intention-to-treat

NDT: neurodevelopmental therapy

Characteristics of

Gunn 2007

ongoing studies /[ordered by study ID]

Trial name or title

The effectiveness of a higher intensity water-based exercise program: a randomized controlled trial following
stroke (pilot)

ANZCTR registration title: The effectiveness of higher intensity water- and gym-based exercise programs on
gait speed: a randomised controlled trial following stroke (pilot)

Methods

Randomised controlled trial
The study will compare 6 weeks higher intensity water-based exercise with gym-based exercise of similar
intensity for people within 3 years of their first stroke

Participants

Country: Australia

Inclusion criteria: 6 months to 3 years since first stroke (ischaemic stroke or primary intracerebral haemorrhage)
, community dwelling, independent ambulation with or without gait aids, Mini Mental State Exam score for
at least 18, ability to accept instruction and give consent, a minimum age of 18 years

Exclusion criteria: subsequent stroke, major medical complications following stroke, unstable cardiac con-
ditions, urinary or faecal incontinence, open wounds, tinea, unstable epilepsy or seizures, other comorbid
conditions that might contraindicate participation in gym- or water-based exercise, inability to carry out the

exercise program, current participation in an exercise program

Interventions

Intervention group: a water-based intervention consisting of 3 pool sessions per week for a total of 6 weeks.
Each session will be 40 minutes duration and consist of a standardised resistance program, the intensity of
which will be varied according to each individual’s ability, with progressive increase in load over the 6-week
period.

Control group 1: gym-based intervention consisting of 3 gym sessions per week for a total of 6 weeks. Each
session will be 40 minutes duration and consist of a standardised resistance program, the intensity of which
will be varied according to each individual’s ability, with progressive increase in load over the 6-week period.
Control group 2: will consist of attendance at a chronic disease self-management course once a week for 6
weeks. Each session will be 2.5 hours duration and will consist of instruction on how to manage symptoms,
effectively communicate with your doctor, lessen frustration, fight fatigue, make daily tasks easier, and get
more out of life

Outcomes

Outcome measures: baseline, 6 weeks and 3 months post intervention

Primary outcome: Six minute walk test

Secondary outcomes: Modified Berg Balance Scale, Bioelectrical Impedance, Functional independence using
the Modified Barthel Index, Goal Attainment Scale, Quality of Life using EuroQoL, Motor Assessment Scale,
The Medical Outcomes Study (MOS) Sleep Scale, Fatigue Assessment Scale

The people assessing the outcomes and the people analysing the results/data are masked/blinded
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Gunn 2007  (Continued)

Starting date Anticipated or actual date of first participant enrolment: 1 October 2007

Contact information  Dr Simon Gunn
Repatriation General Hospital
Daws Road
Daw Park SA 5041
Australia
Tel: 08 8275 1103
Fax: 08 8275 1130
Email: simon.gunn@rgh.sa.gov.au

Notes ACTR Number: ACTRN12607000506493
Target sample size: 45
hetp://www.anzctr.org.au/trial_view.aspx?ID=82304
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DATA AND ANALYSES

Comparison 1. Water-based exercises versus no water-based exercises

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Activities of daily living 1 31 Mean Difference (IV, Fixed, 95% CI) 13.20 [8.36, 18.04]
2 Ability to walk 1 13 Mean Difference (IV, Fixed, 95% CI) 0.14 [-0.32, 0.60]
3 Postural control 2 38 Mean Difference (IV, Random, 95% CI) 3.05 [-3.41, 9.52]
4 Muscle strength 1 13 Mean Difference (IV, Fixed, 95% CI) 1.01 [0.19, 1.83]
5 Fitness 1 13 Mean Difference (IV, Fixed, 95% CI) 3.60 [-0.53, 7.73]
6 Drop out from study during the 4 94 Risk Difference (M-H, Fixed, 95% CI) -0.01 [-0.12, 0.11]

treatment phase

Analysis 1.1. Comparison | Water-based exercises versus no water-based exercises, Outcome | Activities

of daily living.

Review: Water-based exercises for improving activities of daily living after stroke

Comparison:

Outcome: | Activities of daily living

| Water-based exercises versus no water-based exercises

Mean Mean

Study or subgroup Experimental Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% ClI IV Fixed,95% ClI

Aidar 2007 16 592 (54) I5 46 (8) | 100.0 % 1320836, 1804 ]
Total (95% CI) 16 15 * 100.0 % 13.20 [ 8.36, 18.04 ]

Heterogeneity: not applicable
Test for overall effect: Z = 535 (P < 0.00001)
Test for subgroup differences: Not applicable

-50

Favours control

-25 0 25 50

Favours experimental
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Analysis 1.2. Comparison | Water-based exercises versus no water-based exercises, Outcome 2 Ability to

walk.

Review: Water-based exercises for improving activities of daily living after stroke

Comparison:

Outcome: 2 Ability to walk

| Water-based exercises versus no water-based exercises

Mean Mean

Study or subgroup Experimental Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV Fixed,95% ClI

Chu 2004 7 1.18 (0.44) 6 1.04 (0.4) 100.0 % 0.14[-0.32,0.60]
Total (95% CI) 7 6 100.0 % 0.14 [-0.32, 0.60 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.60 (P = 0.55)
Test for subgroup differences: Not applicable

-10 -5 0 5

Favours control

10

Favours experimental

Analysis 1.3. Comparison | Water-based exercises versus no water-based exercises, Outcome 3 Postural
control.

Review: Water-based exercises for improving activities of daily living after stroke

Comparison:

Outcome: 3 Postural control

| Water-based exercises versus no water-based exercises

Mean Mean

Study or subgroup Experimental Control Difference Weight Difference

N Mean(SD) N Mean(SD) IV,Random,95% ClI IV;Random,95% Cl

Chu 2004 7 52 (33) 6 52.2 (3.6) ™ 507 % -020[-398,358]

Noh 2008 13 509 (2.8) 12 445 (6.7) —— 493 % 640232, 1048 ]

Total (95% CI) 20 18 T ——— 100.0 % 3.05[-3.41,9.52]
Heterogeneity: Tau? = 17.75; Chi? = 540, df = | (P = 0.02); I> =81%

Test for overall effect: Z = 0.93 (P = 0.35)
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Analysis 1.4. Comparison | Water-based exercises versus no water-based exercises, Outcome 4 Muscle
strength.

Review: Water-based exercises for improving activities of daily living after stroke
Comparison: | Water-based exercises versus no water-based exercises

Outcome: 4 Muscle strength

Mean Mean

Study or subgroup Experimental Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IVFixed,95% Cl

Chu 2004 7 297 (091) 6 1.96 (0.59) 100.0 % 101 [0.19,1.83]
Total (95% CI) 7 6 . 100.0 % 1.01[0.19,1.83 ]

Heterogeneity: not applicable
Test for overall effect: Z = 2.41 (P = 0.016)
Test for subgroup differences: Not applicable
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Analysis 1.5. Comparison | Water-based exercises versus no water-based exercises, Outcome 5 Fitness.

Review: Water-based exercises for improving activities of daily living after stroke

Comparison: | Water-based exercises versus no water-based exercises
Outcome: 5 Fitness
Mean Mean
Study or subgroup Experimental Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% ClI IV Fixed,95% ClI
Chu 2004 7 212 (23) 6 17.6 (4.7) 100.0 % 360[-053,773]
Total (95% CI) 7 6 100.0 % 3.60 [ -0.53,7.73 ]

Heterogeneity: not applicable
Test for overall effect: Z = 1.71 (P = 0.087)
Test for subgroup differences: Not applicable
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Analysis 1.6. Comparison | Water-based exercises versus no water-based exercises, Outcome 6 Drop out
from study during the treatment phase.

Review: Water-based exercises for improving activities of daily living after stroke

Comparison: | Water-based exercises versus no water-based exercises

Outcome: 6 Drop out from study during the treatment phase

Risk Risk
Study or subgroup Experimental Control Difference Weight Difference
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% ClI
Aidar 2007 0/16 0/15 I 33.0% 00[-0.12,0.12]
Chan 2010 0/13 0/12 266 % 00[-0.14,0.14]
Chu 2004 0/7 116 138 % -0.17[-051,0.18]
Noh 2008 3/13 2/12 = 26.6 % 0.06[-025,038]
Total (95% CI) 49 45 ——— 100.0 % -0.01 [-0.12, 0.11 ]
Total events: 3 (Experimental), 3 (Control)
Heterogeneity: Chi? = 1.03, df = 3 (P = 0.79); I> =0.0%
Test for overall effect: Z = 0.10 (P = 0.92)
Test for subgroup differences: Not applicable
-0.2 -0.1 0 0.1 0.2

ADDITIONAL TABLES

Table 1. Demographics of included participants

Favours control

Favours experimental

Study Number of par- Mean age (EXP/ Gender (F/M) Duration since Side of stroke L/R  Type of stroke is-
ticipants (EXP/ CON) stroke (EXP/ (EXP/CON) chaemic/
CON) CON) haemorrhage
(EXP/CON)
Aidar 2007 31 (16/15) 51 (50/52) years  9/19 Not stated Not stated Not stated
Chan 2010 25 (not stated) Not stated Not stated Not stated Not stated Not stated
Chu 2004 13 (7/6) 63 (62/63) years  1/11 3/4 years 715 (413 1 3/2) 8/4 (3/4 1 5/0)
Noh 2008 25 (13/12) 64 (62/66) years  14/11 2.8/1.6 years 12/13 (7161 5/7)  13/12 (6/7 1 7/5)
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Table 2. Methodological quality of included trials using the PEDro Scale

PEDro score Aidar 2007 Chan 2010 Chu 2004 Noh 2008
Random allocation Yes Yes Yes Yes
Concealed allocation Unclear Yes Unclear Unclear
Baseline comparability Yes Unclear Yes Yes

Blind participants No No No No

Blind therapists No No No No

Blind assessors No Yes Yes Yes
Adequate follow up* Yes (0%) Unclear Yes (8%) No (20%)
(drop-out rate)

Intention-to-treatanal- Unclear Unclear No No

ysis

Between-group Yes Yes Yes Yes
comparisons

Point estimates and Yes Yes Yes Yes
variability

Total PEDro score 5 (10) 5 (10) 6 (10) 5 (10)

APPENDICES

Appendix |. MEDLINE search strategy

We used the following search strategy for MEDLINE (Ovid) and adapted it for the other databases.

1. exp cerebrovascular disorders/ or brain injuries/ or brain injury, chronic/

2. (stroke$ or cva or poststroke or post-stroke).tw.

3. (cerebrovasc$ or cerebral vascular).tw.

4. (cerebral or cerebellar or brain$ or vertebrobasilar).tw.

5. (infarct$ or isch?emi$ or thrombo$ or emboli$ or apoplexy).tw.

6.4and 5

7. (cerebral or brain or subarachnoid).tw.

8. (haemorrhage or hemorrhage or haematoma or hematoma or bleed$).tw.

9.7 and 8

10. exp hemiplegia/ or exp paresis/

11. (hempar$ or hemipleg$ or brain injur$).tw.
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12. Gait Disorders, Neurologic/

13.1or2or3or6or9orl0orllorl2

14. exp cerebrovascular disorders/th, rh or brain injuries/th, rh or brain injury, chronic/th, rh

15. exp hemiplegia/th, rh or exp paresis/th, rh

16. Gait Disorders, Neurologic/th, rh

17. 16 or 15 or 14

18. water/ or exp fresh water/ or exp seawater/ or hydrotherapy/ or swimming pools/ or swimming/ or balneology/

19. (water or water-based or seawater or aqua or aquatic$ or hydrokinetic$ or hydro-kinetic$ or pool or pool-based or swimming
pool).tw.

20. 18 or 19

21. 17 and 20

22. exp exercise/ or movement/ or exp locomotion/ or physical exertion/ or exp exercise therapy/ or physical endurance/ or physical
fitness/ or sports/ or exercise movement techniques/ or fitness centers/ or physical therapy modalities/ or rehabilitation/ or gymnastics/
23.22 and 20

24. ((water or water-based or seawater or aqua or aquatic$ or hydrokinetic$ or hydro-kinetic$ or pool or pool-based or swimming
pool) adj10 (exercise$ or fitness or physiotherap$ or activit$ or acrobic or training or therap$ or rehabilitation or treadmill or walking
or gymnastic$ or calisthenic$)).tw.

25. (treading water or swimming or swim or aquarobics or aquatone or Ai Chi or Halliwick or hydrotherap$ or whirlpool bath$).tw.
26. 25 or 24 or 23

27.26and 13

28.27 or 21

29. limit 28 to humans
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We planned to carry out subgroup and sensitivity analyses (Mehrholz 2010). However, as we only identified four studies, we did not
conduct these analyses.

For the primary outcome ’activities of daily living’, we used the ’Capacidad funcional’ (functional capacity) subscale of the Brazilian-
Portuguese version of the SF-36 because no other scales for measuring activities of daily living were used.

For the secondary outcome ’gait ability’, we used the continuous measure "walking speed’ because no other scales for measuring activities

were used.

INDEX TERMS

Medical Subject Headings (MeSH)

*Stroke Rehabilitation; Activities of Daily Living; Hydrotherapy [*methods]; Muscle Strength; Postural Balance; Randomized Con-
trolled Trials as Topic; Recovery of Function; Walking

MeSH check words

Humans
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