
Circuit class therapy for improving mobility after stroke

(Review)

English C, Hillier SL

This is a reprint of a Cochrane review, prepared and maintained by The Cochrane Collaboration and published in The Cochrane Library

2010, Issue 7

http://www.thecochranelibrary.com

Circuit class therapy for improving mobility after stroke (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

http://www.thecochranelibrary.com


T A B L E O F C O N T E N T S

1HEADER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2PLAIN LANGUAGE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Figure 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

9DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11AUTHORS’ CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

14CHARACTERISTICS OF STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

22DATA AND ANALYSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Analysis 1.1. Comparison 1 Circuit class therapy versus other, Outcome 1 6mWT. . . . . . . . . . . . . 22

Analysis 1.2. Comparison 1 Circuit class therapy versus other, Outcome 2 Gait speed. . . . . . . . . . . . 23

Analysis 1.3. Comparison 1 Circuit class therapy versus other, Outcome 3 Step Test. . . . . . . . . . . . 23

Analysis 1.4. Comparison 1 Circuit class therapy versus other, Outcome 4 Timed Up and Go. . . . . . . . . 24

Analysis 1.5. Comparison 1 Circuit class therapy versus other, Outcome 5 Berg Balance Scale. . . . . . . . . 24

Analysis 1.6. Comparison 1 Circuit class therapy versus other, Outcome 6 Activities-specific Balance Confidence Scale. 25

Analysis 1.7. Comparison 1 Circuit class therapy versus other, Outcome 7 Length of stay. . . . . . . . . . . 25

Analysis 1.8. Comparison 1 Circuit class therapy versus other, Outcome 8 Gait speed: sensitivity analysis. . . . . 26

Analysis 1.9. Comparison 1 Circuit class therapy versus other, Outcome 9 Berg Balance Scale: sensitivity analysis. . 26

Analysis 1.10. Comparison 1 Circuit class therapy versus other, Outcome 10 Length of stay: sensitivity analysis. . . 27

27APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

28HISTORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

28CONTRIBUTIONS OF AUTHORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

28DECLARATIONS OF INTEREST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

28SOURCES OF SUPPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

29DIFFERENCES BETWEEN PROTOCOL AND REVIEW . . . . . . . . . . . . . . . . . . . . .

iCircuit class therapy for improving mobility after stroke (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



[Intervention Review]

Circuit class therapy for improving mobility after stroke

Coralie English1, Susan L Hillier1

1Centre for Allied Health Evidence, University of South Australia (City East), Adelaide, Australia

Contact address: Susan L Hillier, Centre for Allied Health Evidence, University of South Australia (City East), North Terrace, Adelaide,

SA, 5000, Australia. Susan.Hillier@unisa.edu.au.

Editorial group: Cochrane Stroke Group.

Publication status and date: New, published in Issue 7, 2010.

Review content assessed as up-to-date: 21 October 2009.

Citation: English C, Hillier SL. Circuit class therapy for improving mobility after stroke. Cochrane Database of Systematic Reviews

2010, Issue 7. Art. No.: CD007513. DOI: 10.1002/14651858.CD007513.pub2.

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Circuit class therapy (CCT) offers a supervised group forum for people after stroke to practise tasks, enabling increased practise time

without increasing staffing.

Objectives

To examine the effectiveness and safety of CCT on mobility in adults with stroke.

Search strategy

We searched the Cochrane Stroke Group Trials Register (last searched October 2009), the Cochrane Central Register of Controlled

Trials (CENTRAL) (The Cochrane Library, Issue 2, 2009), MEDLINE (1950 to November 2008), EMBASE (1980 to November

2008), CINAHL (1982 to November 2008) and 14 other electronic databases (to November 2008). We also searched proceedings

from relevant conferences, reference lists and unpublished theses; contacted authors of published trials and other experts in the field;

and searched relevant clinical trials and research registers.

Selection criteria

Randomised or quasi-randomised controlled trials including people over 18 years old diagnosed with stroke of any severity, at any stage,

or in any setting, receiving CCT.

Data collection and analysis

Two review authors independently selected trials for inclusion, assessed methodological quality and extracted data.

Main results

We included six trials involving 292 participants. Participants were long-term stroke survivors living in the community or receiving

inpatient rehabilitation. All could walk 10 metres with or without assistance. Four studies measured walking capacity and three measured

gait speed, demonstrating that CCT was superior to the comparison intervention (Six Minute Walk Test: mean difference (MD), fixed

76.57 metres, 95% confidence interval (CI) 38.44 to 114.70, P < 0.0001; gait speed: MD, fixed 0.12 m/s, 95% CI 0.00 to 0.24, P

= 004). Two studies measured balance, showing a superior effect in favour of CCT (Step Test: MD, fixed 3.00 steps, 95% CI 0.08 to

5.91, P = 0.04; activities-specific balance and confidence: MD, fixed 7.76, 95% CI 0.66 to 14.87, P = 0.03). Studies also measured

other balance items showing no difference in effect. Length of stay (two studies) showed a significant effect in favour of CCT (MD,

fixed -19.73 days, 95% CI -35.43 to -4.04, P = 0.01). Only two studies measured adverse events (falls during therapy): all were minor.

1Circuit class therapy for improving mobility after stroke (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

mailto:Susan.Hillier@unisa.edu.au


Authors’ conclusions

CCT is safe and effective in improving mobility for people after moderate stroke and may reduce inpatient length of stay. Further

research is required, investigating quality of life, participation and cost-benefits, that compares CCT to standard care and that also

investigates the differential effects of stroke severity, latency and age.

P L A I N L A N G U A G E S U M M A R Y

Circuit class therapy for improving mobility after stroke

Stroke is a major cause of increased dependence for survivors in many activities of daily life, including the ability to walk and negotiate

our usual environments. Intensive rehabilitation, with time spent practising specific tasks or functions under supervision, is very

beneficial but achieving the sufficient amount of therapy time can be difficult if there is always a one staff to one client ratio. Circuit

class therapy offers people with stroke the chance to practise meaningful functions in a group setting with the supervision of staff to

give feedback and to progress the training. We found six studies involving 292 participants that compared this kind of rehabilitation to

usual care or sham rehabilitation. All the trials reported benefits of circuit classes for improving the person’s mobility. More specifically,

we combined the results from the studies and found that the classes were more effective in improving the person’s ability to walk

further, longer or faster and to balance more easily and confidently when compared to other types of exercise. Also, people receiving

the classes went home from inpatient rehabilitation earlier than the comparison groups. There were no increased risks of falling related

to participating in the circuit classes. We are recommending people can attend circuit class therapy after stroke to achieve benefits in

their ability to walk and balance. However, more research is needed to see if it works for all people at any stage or severity after stroke

and if some tasks are better to practise than others.

B A C K G R O U N D

Description of the condition

Stroke is a leading cause of death and disability in many Western

nations. In Australia, the United Kingdom and the United States

of America it is within the top 10 causes of long-term physical

disability (Begg 2007; Muntner 2002; Wolfe 2000). Stroke care is

costly: in Australia an estimated 50% of stroke survivors require a

period of inpatient rehabilitation at an estimated cost of 14,000

AUD per person (Dewey 2003). The setting in which stroke sur-

vivors receive rehabilitative care (inpatient, hospital-based versus

community outpatient-based) may vary between countries. How-

ever, the costs involved in delivering the care are consistently high,

thereby placing pressure on rehabilitation services to provide evi-

dence-based therapies that are also cost effective.

Description of the intervention

Group circuit class therapy (CCT) describes a model of therapy

delivery that utilises active exercises and activities which are task

specific (practising the functional task itself or part thereof ) and

provided in an intensive manner. The key components of CCT

are that therapy is provided in a group setting with more than

two participants per therapist, and there is a focus on repetitive

practise of functional tasks and continual progression of exercises

(English 2007; Wevers 2009). Participants may complete a se-

ries of workstations arranged in a circuit (Wevers 2009) or may

complete a series of individualised exercises within a group setting

(English 2007). Circuit class therapy differs from physiological ex-

ercise programs, which aim to effect improvements in strength or

aerobic fitness. While many of the activities and exercises may have

a strength or fitness component, the primary focus is on repetitive

practise of task-specific training of everyday motor tasks. Circuit

class therapy also differs from the conventional one-therapist-to-

one-patient model for the provision of physical therapy for reha-

bilitation. The group nature of the intervention potentially allows

a greater amount of therapy to be provided to patients for the same

cost.

Circuit class therapy is usually directed at either improving mo-

bility (walking ability, functional balance ability) or improving

use of the hemiparetic upper limb, although one study included

both mobility and upper limb training within the one interven-

tion (English 2007). The majority of studies have investigated the

use of circuit class therapy for improving mobility, thus this will

be the focus of this review.
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How the intervention might work

The strongest evidence to date suggests that therapy after stroke

should focus on practise of functional tasks (van Peppen 2004)

and be intensive in terms of the time spent engaged in practise

(Kwakkel 2004). In the context of this literature the term ’inten-

sive’ refers to the time spent engaged in rehabilitation rather than

the physiological meaning of ’intensity’, which refers to the rate of

energy expenditure/overload. There is strong evidence for repet-

itive task training for improving walking distance, speed and sit-

to-stand ability (French 2007) and for improving walking speed

and activities of daily living ability if provided within the first six

months after stroke onset (Kwakkel 2004). Yet very low levels of

physical activity have been reported for stroke survivors both in

hospital and community settings. In the acute hospital settings

stroke survivors spend less than 38 minutes per day engaged in

meaningful physical activity (Bernhardt 2004) and estimates of

activity levels of community-dwelling stroke survivors (Michael

2005; Michael 2007) are less than half of that reported for seden-

tary adults (Tudor-Locke 2002). Circuit class therapy may work

by increasing the amount of time stroke survivors spend engaged

in meaningful physical activity both within hospital settings and

in the community.

The type of therapy provided is also important. Previous meta-

analyses have shown that for physical therapy interventions to be

effective in improving functional ability for stroke survivors they

must focus on training of functional tasks (van Peppen 2004).

Interventions focused at the impairment level (such as strength,

aerobic fitness training or tone management programs) may lead

to improvements in strength and range of motion, but do not

translate into improved functional abilities (van Peppen 2004).

Circuit class therapy may improve functional ability, particularly

walking ability by increasing time spent practicing this task as well

as its subcomponents.

At a neurophysiological level it is well established that physical ac-

tivity drives positive cortical plasticity after stroke (Johansen-Berg

2002; Liepert 2000). Animal studies have consistently demon-

strated that the engagement in physical activity after stroke in-

duces positive neuroplastic changes within the motor cortex (Nudo

1996; Plautz 2000). A recent systematic review (Richards 2008)

found a large, significant effect size in favour of positive neuro-

plastic changes within the lesioned motor cortex after stroke re-

lated to intensive, activity-based rehabilitation of the paretic up-

per limb. The majority of studies in this area have examined the

effect of upper limb rehabilitation therapies as opposed to lower

limb and mobility training. However, there is emerging evidence

that treadmill exercise training promotes similar positive cortical

plastic changes (Enzinger 2009; Forrester 2008).

The format in which circuit class therapy is delivered also provides

for optimal motor learning. In contrast to the provision of home

exercise programs, exercise with a therapist present allows for the

provision of extrinsic feedback which is essential for optimal motor

learning (McNevin 2000; Sidaway 2001). Furthermore, practise

in groups or pairs has been shown to facilitate motor learning

by providing the opportunity to combine observation of others

learning a new motor task with physical practise time (Shea 2000).

There may also be additional benefits of circuit class therapy re-

lated to the peer support and social interaction provided by the

group environment. Studies have suggested that the social support

provided within a group environment may be a predictive factor

for long-term exercise compliance in sedentary older adults both

with (Fraser 2002) or without (Cox 2003) chronic diseases.

Why it is important to do this review

Within the fiscal constraints of healthcare systems it is difficult

to increase intensity by simply increasing the amount of therapy

provided in one-to-one therapy sessions as this involves significant

increases in cost. Instead, it is important that novel means of pro-

viding increased intensity of therapy, in a cost-effective manner,

are developed and researched. Circuit class therapy has the poten-

tial to be a more effective means of providing a greater amount

of physical therapy for people both in the hospital setting and in

the community, outpatient setting. Once overall effectiveness has

been established then cost implications can be investigated.

O B J E C T I V E S

To examine the effectiveness and safety of CCT on mobility in

adults with stroke.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) comparing circuit class ther-

apy with no therapy, sham therapy or another therapy modality.

Due to the low number of suitable trials we also included con-

trolled clinical trials that were quasi-randomised.

Types of participants

We included studies of adults (18 years and older) with stroke (all

types, severity and stages of stroke/rehabilitation).
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Types of interventions

We defined circuit class therapy as an intervention that involves

participants being treated in a group environment, with a staff to

client ratio of no greater than 1:3 (that is, no more than one staff

member per three clients). We included studies which provided a

minimum of once weekly CCT sessions for a minimum of four

weeks. We only included studies which reported interventions

with a focus on repetitive (within session) practise of functional

tasks arranged in a circuit, with the aim of improving mobility.

We excluded studies of interventions that included exercises solely

aimed at improving impairment (such as strengthening, range of

motion, or cardiovascular fitness).

Types of outcome measures

We evaluated outcome measures at post-intervention and at fol-

low-up wherever available (e.g. three to six months post-interven-

tion). We did not consider outcomes taken after a single circuit

class.

Primary outcome

Measures of mobility, such as the Six Minute Walk Test (distance

walked in six minutes) (6mWT), which is a clinically sensitive

measure with demonstrated functional benefit for the person with

stroke.

Secondary outcomes

Measures of impairment, such as:

• lower limb strength; and

• range of motion.

Measures of activity limitation, such as:

• instrumental activities of daily living; and

• personal care.

Measures of participation restriction, such as:

• health-related quality of life.

Other measures, such as:

• length of hospital stay;

• adverse events;

• self-reported satisfaction;

• locus of control;

• economic indicators.

Summary of inclusion criteria

1. Human participants diagnosed with stroke (haemorrhage or

infarct), of any severity/stage/setting (e.g. early: less than six

months; or later: more than six months).

2. Eighteen years of age or older.

3. Receiving circuit class therapy as defined.

4. Outcomes evaluated in domains as defined.

5. Randomised or quasi-randomised controlled trial.

Search methods for identification of studies

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

module.

We searched the Cochrane Stroke Group Trials Register, which

was last searched by the Managing Editor in October 2009. In ad-

dition, we searched the Cochrane Central Register of Controlled

Trials (CENTRAL) (The Cochrane Library Issue 2, 2009), MED-

LINE (1950 to November 2008) (Appendix 1), EMBASE (1980

to November 2008), CINAHL (1982 to November 2008), Science

Citation Index and Social Science Citation Index (1956 to Novem-

ber 2008), AGELINE (1978 to November 2008), PsycLIT (1940

to November 2008), AMED (1985 to November 2008), SPORT-

Discus (1949 to November 2008), Current Contents (Novem-

ber 2008), Australasian Medical Index (AMI, 1968 to November

2008), NLM GATEWAY (http://gateway.nlm.nih.gov, Novem-

ber 2008), Latin American & Caribbean Health Sciences Lit-

erature (LILACS, 1982 to November 2008), IndMed (1985 to

November 2008), SOCIOFILE (1974 to November 2008), Ed-

ucational Resources Information Center (ERIC,1967 to Novem-

ber 2008), Dissertation Abstracts International (DAI, 1997 to

November 2008), and the Physiotherapy Evidence Database (PE-

Dro, http://www.pedro.org.au/, to November 2008).

In an effort to identify further published, unpublished and ongo-

ing studies, we:

1. searched for proceedings from stroke-related conferences

that were peer-reviewed and published in the above databases

until 2008;

2. searched reference lists (from salient articles, journals and

books) and unpublished theses;

3. contacted authors of published trials and other experts in

the field;

4. searched the following relevant clinical trials and research

registers:

i) CenterWatch Clinical Trials Listing Service (http://

www.centerwatch.com/);

ii) ClinicalTrials.gov (http://www.clinicaltrials.gov/);

iii) Computer Retrieval of Information on Scientific

Projects (http://crisp.cit.nih.gov/);

iv) Current Controlled Trials (www.controlled-

trials.com);

v) National Institute of Health Clinical Trials Database (

http://www.clinicaltrials.gov/);

vi) National Institute of Neurological Disorders and

Stroke (http://www.ninds.nih.gov/);

vii) National Rehabilitation Information Centre (Naric)

(including REHABDATA);

viii) Stroke Trials Directory (www.strokecenter.org/trials/).
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We included all languages, and there were no date limits. To im-

prove sensitivity we did not include a trials filter.

Data collection and analysis

Selection of studies

We retrieved papers from the identified lists on the basis of title/

abstract, reviewing them against the established criteria for inclu-

sion. If all criteria were met (that is, answers to the five criteria

were ’yes’ or ’unsure’) we retrieved the study in full and reviewed

it for final inclusion and then for methodological quality and data

extraction. If we disagreed on any aspect of study inclusion we

reached consensus through discussion and had a third person avail-

able for consultation if consensus could not be reached.

Data extraction and management

We independently entered data into the Review Manager software,

RevMan 5.0 (RevMan 2008) and included full citation details of

the study, objectives, design, length, assessment time points, num-

ber and characteristics of participants (inclusion and exclusion cri-

teria), description of intervention, outcome measures, intention-

to-treat analysis, withdrawals and loss to follow up, and adverse

events. If we disagreed on any aspect of data extraction or quality

evaluation, we reached consensus through discussion and had a

third person available for consultation if consensus could not be

reached.

Assessment of risk of bias in included studies

We independently assessed the quality of the studies to be in-

cluded. We assessed the methodological quality of the included

studies for risk of bias using criteria recommended in section 8

of the Cochrane Handbook for Systematic Reviews of Interventions

(Higgins 2008) in six domains: sequence generation, allocation

concealment, blinding of participants, personnel and outcome as-

sessors, incomplete outcome data, selective reporting and other

(sample size). Adequate sample size was based on supplied power

calculations. We gave studies an overall summary of the risk of bias

for each important outcome (across domains), as well as within

and across studies using three levels: low, unclear or high risk of

bias. We also gave a descriptive report on the overall risk of bias in

relation to the findings from the meta-analyses.

Measures of treatment effect

We extracted and analysed data to calculate relative risk (RR) or

mean difference (MD) and 95% confidence intervals (CI). This

required the identification of the number of participants in each

group in each trial and the total number (for dichotomous data),

and the number of participants plus the mean and standard devi-

ations for each group (for continuous data).

Unit of analysis issues

We considered studies with non-standard designs; e.g. cluster ran-

domised trials if they were assessed as having a low risk of bias. We

only considered randomised cross-over trials prior to cross over

(irrespective of wash-out periods as the changes are assumed to be

permanent) and if the study authors provided an analysis of results

for the first phase.

Dealing with missing data

We contacted study authors to request appropriate data for meta-

analyses if these were not adequately reported in the retrieved

paper. We considered intention-to-treat analysis as part of the risk

of bias assessment and recorded loss to follow up.

Assessment of heterogeneity

We assessed statistical heterogeneity both visually and using the

I-squared (I2) statistic. We also evaluated clinical heterogeneity

(clinical and methodological diversity).

Assessment of reporting biases

We minimised reporting biases by the comprehensive search strate-

gies, which had no date or language limits. However, where ap-

propriate we could also examine this statistically via funnel plots

and tests for asymmetry if there were sufficient studies.

Data synthesis

We conducted a meta-analysis with appropriate data. We consid-

ered the degree of heterogeneity to determine whether to use fixed-

effect or random-effects analyses.

Subgroup analysis and investigation of heterogeneity

Where appropriate we considered performing subgroup analyses

to establish effectiveness relative to gender, chronicity, age, severity

or CCT content (respectively males versus females, acute versus

chronic stroke, young adults versus older, mild/moderate versus

severe stroke, purely task specific versus combination of impair-

ment and task specific exercise) using the independent variables

for meta-regression wherever the appropriate data were available.

Sensitivity analysis

We conducted sensitivity analyses to determine if particular studies

skewed results, e.g. RCT versus non-RCTs.
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R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies.

See Characteristics of included studies and Characteristics of

excluded studies.

Results of the search

We retrieved 29 potential trials in full from the search, of which

six were included in this review.

Included studies

The six included trials were all conducted between 2000 and

2009; two in Australia (Blennerhassett 2004; English 2007), one

in New Zealand (Mudge 2009a) and three in Canada (Dean 2000;

Marigold 2005; Pang 2005). Five were RCTs (Blennerhassett

2004; Dean 2000; Marigold 2005; Mudge 2009a; Pang 2005) and

one was a controlled trial with participants allocated by date of

admission (English 2007).

The total of 292 participants were all adults post-stroke, and sam-

ple sizes varied from 12 to 68. Reported age ranges averaged be-

tween 53.9 years and 69.1 years. Stroke latency varied, with two

studies investigating people in the first three months after stroke

(Blennerhassett 2004; English 2007) and the other four studies

one to five years post-stroke (Dean 2000; Marigold 2005; Mudge

2009a; Pang 2005). The settings for the intervention reflected the

stroke latency, with the two early studies investigating people in

an inpatient rehabilitation setting and the subsequent four trials

being conducted in a community, outpatient setting. When re-

ported, the stroke aetiology was predominantly infarction rather

than haemorrhage. Stroke severity was similar across studies with

English 2007 having the broadest spectrum (minimal ability able

to walk with assistance) and the remainder requiring participants

being able to walk 10 metres with or without aid.

All studies investigated the effects of circuit class therapy (station-

based, task-specific practise in a group with a ratio of staff to client

of 1:3) with the aim of improving mobility in people poststroke.

Intensity varied slightly, with Blennerhassett 2004 and English

2007 investigating one or two hours per day respectively, five days

a week for four weeks, compared to one hour three times a week

for four (Dean 2000; Mudge 2009a),10 (Marigold 2005) or 19

weeks (Pang 2005).

Comparison groups all involved an alternate ’other’ intervention

with one study comparing CCT to usual care (one-to-one therapy)

(English 2007), three studies comparing CCT for mobility tasks

with CCT for upper limb tasks (Blennerhassett 2004; Dean 2000;

Pang 2005), one comparing CCT with non-task specific exercises

(such as stretching tasks) (Marigold 2005) and one comparing

CCT with group social and education sessions (Mudge 2009a).

All studies used a composite of measures related to mobility includ-

ing tests of walking ability (gait speed and capacity) and balance

(Timed Up and Go (TUG) Test, Berg Balance Scale (BBS), Step

test). Some studies used measures of upper limb function, balance

self-efficacy, tests for impairment (strength, VO2max, kinematic

data), free-living walking ability (steps per day using activity mon-

itor), numbers of adverse events (falls during therapy), satisfaction

and length of stay. No studies investigated measures of quality of

life or economic indicators.

Excluded studies

We excluded the remaining 23 studies for a variety of reasons

including inappropriate methodology (non-controlled), or inter-

ventions that were either not task-specific (that is to say the in-

terventions addressed impairments not functional tasks), not in a

group (staff-to-client ratio was less than 1:3) or not in a circuit.

See Characteristics of excluded studies for individual reasons for

each excluded study.

Risk of bias in included studies

We assessed the overall risk of bias as low. Figure 1 shows the trials

together achieved between 70% and 80% methodological quality,

with the worst performance in the area of incomplete reporting of

outcome data. Figure 2 shows again that the majority of studies,

this time considered individually, achieved a low risk of bias.Three

studies achieved all criteria (Blennerhassett 2004; Mudge 2009a;

Pang 2005) although two of these lacked clarity in one area each:

where the actual technique to generate the random sequences was

not stated (Blennerhassett 2004) or selective reporting was sus-

pected because the same trial was reported in two separate articles

but with different sets of outcome data in each paper (Pang 2005).

Dean 2000 had the highest risk of bias with issues around small

sample size (total N = 10), potential unblinding of the assessor,

and no intention-to-treat analysis with higher rates of drop outs.

English 2007 did not have adequate sequence generation or con-

cealed allocation and Marigold 2005 also failed to use appropriate

reporting for drop outs.
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Figure 1. Methodological quality graph: review authors’ judgements about each methodological quality

item presented as percentages across all included studies.
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Figure 2. Methodological quality summary: review authors’ judgements about each methodological quality

item for each included study.

Effects of interventions

Sufficient clinical homogeneity allowed us to pool study data, com-

paring CCT for mobility versus ’other’ intervention(s). Five mea-

sures of mobility were used across the studies (primary outcomes)

and one secondary outcome measure (length of stay) was reported

in the two inpatient studies (Blennerhassett 2004; English 2007).

Four studies (157 participants) measured walking capacity using

the 6mWT (Blennerhassett 2004; Dean 2000; Mudge 2009a:

Pang 2005). Meta-analysis demonstrated that overall CCT was

superior to the comparison intervention (MD, fixed 76.57 m, 95%

CI 38.44 to 114.70, P < 0.0001) (Analysis 1.1).

Three studies (130 participants) measured gait speed (Dean 2000;

English 2007; Mudge 2009a), with meta-analysis showing a dif-

ference between the two groups that reached significance in favour

of CCT (MD, fixed 0.12 m/s, 95% CI 0.00 to 0.24, P = 0.04)

(Analysis 1.2).

Two studies used the Step Test to measure balance (39 participants)

(Blennerhassett 2004; Dean 2000) with the meta-analysis showing

a superior effect in favour of CCT (MD, fixed 3.00 steps, 95% CI

0.08 to 5.91, P = 0.04) (Analysis 1.3).

8Circuit class therapy for improving mobility after stroke (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Three studies (89 participants) used the Timed Up and Go

Test to measure the ability to stand up, walk and turn around

(Blennerhassett 2004; Dean 2000; Marigold 2005) and meta-

analysis showed no significant effects in favour of either interven-

tion (MD, fixed -3.08 seconds, 95% CI -7.59 to 1.43, P = 0.18)

(Analysis 1.4).

Three studies applied the Berg Balance Scale (177 participants)

(English 2007; Marigold 2005; Pang 2005) with meta-analysis

showing no difference in effect (MD, fixed 0.86, 95% CI -1.02 to

2.74, P = 0.37) (Analysis 1.5).

Two studies (103 participants) (Marigold 2005; Mudge 2009a)

measured balance self-efficacy using the Activities-specific Balance

Confidence Scale (ABC) with meta-analysis showing a significant

effect in favour of CCT (MD, fixed 7.76 points, 95% CI 0.66 to

14.87, P = 0.03) (Analysis 1.6).

Length of stay was the only common secondary measure with

the two inpatient studies (96 participants) recording these data

(Blennerhassett 2004; English 2007). Meta-analysis showed a sig-

nificant effect in favour of CCT (MD, fixed -19.73 days, 95% CI

-35.43 to -4.04, P = 0.01) (Analysis 1.7).

Two studies reported adverse events for a combined 131 partic-

ipants (falls in therapy). English 2007 reported two falls in the

control group and four in the intervention group and Pang 2005

reported one fall in the control group and five falls in the inter-

vention group. All falls were minor with no reported injuries in

either study.

We did not retrieve any studies using a cross-over or cluster ran-

domisation procedure. We considered missing data as part of the

overall evaluation of risk of bias. We evaluated heterogeneity us-

ing the I2 statistic - for the analyses reported above this was be-

tween 0% and 23% and therefore acceptable. In light of the low

heterogeneity we applied fixed rather than random effects in the

analyses. We could not evaluate reporting biases by funnel plots

due to the low number of studies, nor could we undertake sub-

group analyses for the same reason. One study was not randomised

(English 2007), therefore we carried out sensitivity analyses on all

meta-analyses involving this trial. These did not change the results

for any of the outcome measures. Gait speed remained significant

(Analysis 1.8), the Berg Balance Scale remained non-significant

(Analysis 1.9) and length of stay remained in favour of the CCT

group (Analysis 1.10).

D I S C U S S I O N

Summary of main results

The primary aim of this review was to investigate the effectiveness

of group circuit class therapy (CCT) for improving mobility after

stroke. For our primary outcome measure of gait capacity (mea-

sured by 6mWT) a meta-analysis revealed that CCT was effective

at improving the distance walked. The minimal clinically mean-

ingful improvement on the 6mWT has been estimated at 13%

(Flansbjer 2005), which equates to a distance of between 32.5 and

52.5 metres based on the data from included studies. Thus, we

can be confident that the mean improvement found in the meta-

analysis of 76.57 metres represents a real clinical change. The pos-

itive finding for the 6mWT is of functional relevance as it has been

shown to be a stronger predictor of the community walking abil-

ity than measures of walking speed (Mudge 2009b; Rand 2009),

which may overestimate community ambulatory ability (Taylor

2006). Furthermore, the 6mWT has been shown to correlate sig-

nificantly with quality of life after stroke (Muren 2008).

We also found a favourable effect of CCT in regards to improve-

ments in walking speed, although this only just reached signifi-

cance. While gait speed is a valid and responsive measure of im-

provement in walking ability in persons post-stroke (Kollen 2006;

Salbach 2001), it has been shown to overestimate walking capacity

(Dean 2001; Taylor 2006), meaning that the 6mWT is perhaps a

more clinically meaningful measure.

The reported positive walking results in favour of CCT may be

explained in light of the content of the intervention. The inter-

vention in all the included studies involved a strong emphasis on

continuous walking practise, which is likely to have led to the

improvements in the 6mWT. By contrast, none of the studies re-

ported specifically training gait speed as part of the intervention

and others have shown that for gait speed to increase after stroke, it

must be specifically and aggressively trained (Pohl 2002). Perhaps

greater improvements in walking speed may have been seen if a

greater emphasis on walking speed training was provided in the

classes.

On measures of balance ability, results were mixed. There were no

significant effects found for the TUG or BBS scales, but there was

a significant effect for the Step Test and for balance confidence.

These differences may be due to the relative sensitivity of the mea-

sures. The BBS has been demonstrated as having a ceiling effect

when used with community dwelling, ambulant stroke survivors

(Mao 2002). Two studies investigated the impact of CCT on bal-

ance self-efficacy using the ABC scale (Marigold 2005; Mudge

2009a) and our meta-analysis revealed a significant positive ef-

fect for this outcome. This outcome is clinically meaningful as

the mean difference between groups of 7.76 points is greater than

the standard error of measurement (5.05 points) (Salbach 2006b)

and improvements in balance self-efficacy, in addition to improve-

ments in walking ability, lead to greater improvements in both

physical functioning and perceived health status (Salbach 2006a).

Only two studies investigated the effectiveness of CCT in stroke

survivors receiving inpatient rehabilitation with both studies in-

cluding length of hospital stay as an outcome measure. When these

results were pooled a significant effect was found in favour of a re-

duction in length of stay for those participants who received CCT.

The mean difference of 19.6 days is highly clinically relevant as

it represents the potential for significant savings to the healthcare
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system. There are many factors that influence length of hospital

stay, so a direct causal relationship between CCT and length of

stay cannot be established. Furthermore, the participant numbers

were relatively small and one study (English 2007) did not have

adequate sequence generation or concealed allocation. However,

the magnitude of the finding and the potential benefits for both

the individuals concerned and the healthcare system suggests that

this benefit of CCT deserves further investigation.

Only two studies reported adverse events (falls during therapy)

(English 2007; Pang 2005). While both these studies reported a

greater number of falls in the intervention group compared to the

control group, all falls were minor with none resulting in injury.

Any intervention aimed at improving mobility and balance after

stroke carries an inherent risk of causing falls because it is necessary

for participants to undertake activities at the limits of their abilities

for the interventions to be effective. The slightly greater falls rate

in the intervention group is perhaps not surprising considering

that the control group were either undertaking interventions that

did not expose the participant to an increased risk of falls (a seated

upper extremity exercise program) (Pang 2005) or had significantly

less risk exposure because they spent significantly less time engaged

in physical therapy sessions (English 2007). Nevertheless, it would

be pertinent for future studies to more closely examine the link

between CCT and falls in therapy.

Overall completeness and applicability of
evidence

The content of the intervention provided was remarkably similar

across all six studies with many of the same exercises and activ-

ities included (see Characteristics of included studies). The par-

ticipants in the included studies can be divided into two clear

groups with respect to stroke latency: those less than three months

(Blennerhassett 2004; English 2007) and those between one and

five years post-stroke (Dean 2000; Marigold 2005; Mudge 2009a;

Pang 2005). The characteristics of participants included in these

four studies involving people later after stroke were homogeneous.

Thus, the results can be extrapolated to community dwelling

stroke survivors, able to walk at least 10 metres independently

and free from significant co-morbidities, as well as stroke survivors

receiving inpatient rehabilitation who are commencing mobility

training or are able to walk 10 metres. Importantly, results can-

not be extrapolated to stroke survivors who have not regained the

ability to walk 10 metres, or those living in residential care. The

benefits may also be restricted to those people with sufficient mo-

tivation and social support to enable them to regularly attend an

exercise class.

There is some evidence that CCT has an immediate effect on im-

proving walking capacity (as measured by 6mWT) both in per-

sons in the first months after stroke (Blennerhassett 2004) and

later after stroke. Only two of the later stage studies (Dean 2000;

Marigold 2005) included follow-up measures taken one and two

months after the intervention ceased, respectively. These studies

did not include common outcome measures meaning that results

could not be pooled. Therefore, there is insufficient evidence on

whether benefits of CCT provided to people later after stroke are

maintained over time.

The evidence for the effectiveness of CCT on balance ability for

people after stroke is less clear with a significant benefit found for

the step test and balance confidence (ABC Scale), but not the BBS

or TUG. Ultimately, the reason for including exercises aimed at

improving balance within the intervention is to improve a person’s

ability to participate in the community and to reduce the risk of

falls. One study prospectively tracked falls for one year after the

intervention and found no significant difference between groups

(Marigold 2005); however, those receiving CCT did have less falls

in response to perturbations on a force platform compared to the

control group. Thus, there is evidence to draw modest conclusions

about the effectiveness of CCT for improving balance and balance

self-efficacy (confidence when performing activities requiring bal-

ance), as well as reducing falls after stroke.

Two studies included measures of lower limb strength (Dean 2000;

Pang 2005) but the measures used (laboratory-based kinetic data

versus clinical dynamometer) were not similar enough to allow

pooling of data. Therefore, there is insufficient evidence for the

effect of CCT at the impairment level. Similarly, there is as yet no

evidence regarding the effects of CCT for improving instrumental

activities of daily living, personal care, participation restriction,

health-related quality of life or self-reported satisfaction.

The positive finding in regard to a reduction in length of hos-

pital stay is promising though it is based on only two studies

(Blennerhassett 2004; English 2007), one of which was not ran-

domised (English 2007).

In the context of current practice, this review suggests that CCT

may be an effective means of providing task-specific programs to

stroke survivors, particularly in the community. Current practice

around this service delivery varies both within and between coun-

tries. Only one of the included studies directly compared CCT to

another common model of physiotherapy service delivery (one-to-

one) (English 2007), so the question of whether CCT is superior

to other currently used methods is not clear.

Quality of the evidence

The overall quality of the evidence was relatively high and, there-

fore, the results can be considered to be strong despite the small

number of trials and small numbers within trials.

Potential biases in the review process

Potential biases in the review process need to be considered in that

both of the review authors are stroke rehabilitation trialists and take

a pragmatic stand on trial design. For example, we did not assess

trials as having a risk of bias where the therapist or the participants
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were not blinded, as we did not consider this possible in these

kinds of clinical trials (other than to maintain the participant naive

as to which arm of the trial is of interest to the researchers).

Agreements and disagreements with other
studies or reviews

There has been a recent systematic review of the effectiveness of

CCT for improving walking after stroke which differed slightly

from our review in terms of the studies included but reached sim-

ilar conclusions (Wevers 2009). The inclusion criteria and defi-

nition of CCT were similar in the two reviews; however, Wevers

2009 included two studies that we excluded on the basis that the

intervention was not delivered in a group (Salbach 2004; Yang

2006). We also excluded another study (Mead 2007) included by

Wevers 2009 because the intervention was primarily impairment-

based rather than task-specific and functional in nature. Finally,

we included one study that was not an RCT (English 2007) and

an additional study currently in press (Mudge 2009a).

Comparing the results, Wevers 2009 reported significant effects

in favour of CCT on the 6mWT, gait speed and the TUG, but

not the Step Test. The magnitude of the effect size on the 6mWT

(0.43 standard deviation units (SDU), equivalent to 42.5 metres)

was smaller than our result of a mean effect of 76.57 metres.

While Wevers 2009 found a significant effect size in favour of

CCT improving gait speed, the mean difference was smaller than

the result of our meta-analysis (0.35 SDU, or 0.07 m/s compared

with 0.12 m/s). The differences in results between the two reviews

may also be related to the acuity of the participants. Wevers 2009

included only one study involving participants less than six months

post-stroke (Blennerhassett 2004) and found a larger effect size

for the 6mWT, TUG and Step Test in this study compared to

those involving participants later after stroke. Further studies into

the effectiveness of CCT for people in the sub-acute post-stroke

period are required to determine the effect of stroke latency on the

effectiveness of CCT.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Based on the existing evidence, circuit class therapy (CCT) is ef-

fective in improving gait capacity and other aspects of mobility for

adults after stroke and can be implemented in the post acute and

chronic stages for people with moderate stroke severity. Intensity

can vary from daily to three times weekly for four weeks or more

to achieve benefits. There is evidence that it can reduce length of

stay in the inpatient setting. There was insufficient evidence to

determine the effect of the intervention on adverse events (e.g.

falls).

Implications for research

While evidence is strong for the effectiveness of CCT for improv-

ing mobility in people later after stroke who are able to walk inde-

pendently, the evidence for CCT for people early after stroke is less

clear. Further quality randomised controlled trials are required to

compare CCT to standard care for people in hospital after stroke

to allow service providers to make more informed choices about

whether CCT should be offered as an adjunct or as an alterna-

tive to usual care. These studies should include measures of cost-

benefits as well as quality of life and participation. Future research

should also investigate differential effects regarding stroke severity,

age and stroke latency.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Blennerhassett 2004

Methods RCT

Mobility CCT versus upper limb CCT

Participants 30 participants (15 each group) receiving inpatient rehabilitation (mean of 43 days post-

stroke), mean age 55.1 years, able to walk 10 metres with close supervision with or

without gait aids

Interventions Group 1: mobility-related CCT

Group 2: upper limb-related CCT

Therapy provided in addition to usual care

Outcomes 6mWT, Step Test, TUG, LOS, MAS upper arm and hand items, JTHFT

Notes

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Unclear Card draw: unclear how cards were con-

structed

Allocation concealment? Yes Sealed opaque envelopes, independent per-

son

Blinding?

All outcomes

Yes Assessor blinded

Incomplete outcome data addressed?

All outcomes

Yes 100% data at 4 weeks

Free of selective reporting? Yes All outcome measures were reported on

Free of other bias? Yes Adequate sample size

Dean 2000

Methods RCT

Mobility CCT versus upper limb CCT

Participants 9 participants (Group 1 = 5, Group 2 = 4), mean 1.3 years post-stroke, mean age 62.3

years, able to walk 10 metres independently with or without gait aid
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Dean 2000 (Continued)

Interventions Group 1: mobility-related CCT

Group 2: upper limb-related CCT

Outcomes 6mWT, Step Test, TUG, gait speed, peak vertical ground reaction force through affected

lower limb during sit-to-stand, laboratory measures of gait kinematics and kinetics

Notes

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Randomisation by lottery: “drawing two

cards, one with subject’s name and one with

group allocation from two separate boxes”

Allocation concealment? Yes Cards drawn by a person independent of

the study

Blinding?

All outcomes

No Clinical assessments, with exception of

6mWT, conducted by independent rater;

however, this blinding may have been un-

masked as the result of this observer inad-

vertently observing 1 training session

Incomplete outcome data addressed?

All outcomes

No Missing data balanced across groups (1 in

experimental and 2 in control) for trans-

port or unrelated illness reasons, but no in-

tention-to-treat analysis undertaken

Free of selective reporting? Yes All outcome measures reported

Free of other bias? No Very small sample size

English 2007

Methods Controlled trial (allocation by time of admission to rehabilitation)

CCT (mobility and upper limb related) versus individual therapy

Participants 68 participants (Group 1 = 31, Group 2 = 37) receiving inpatient rehabilitation, mean

of 26.8 days post stroke, mean age 61.6 years, able to stand with one person assisting

Interventions Group 1: mobility and upper limb-related CCT

Group 2: individual ’usual care’ physiotherapy

Group 1 participants received only CCT care, i.e. no individual physiotherapy sessions

Outcomes Gait speed, BBS, LOS, MAS upper limb items, ILAS, patient satisfaction
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English 2007 (Continued)

Notes

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? No Sequence generated by time of admission

to rehabilitation

Allocation concealment? No Allocation performed by researcher

Blinding?

All outcomes

Yes An examiner who was unaware of the de-

sign and aim of study and was blinded to

participants’ group allocation

Incomplete outcome data addressed?

All outcomes

Yes Similar loss of participants in both groups

for reasons unrelated to outcome

Intention-to-treat analysis undertaken

Free of selective reporting? Yes All outcome measures reported

Free of other bias? Yes Adequate sample size

Marigold 2005

Methods RCT

Mobility-related CCT versus general balance class

Participants 59 participants (Group 1 = 28, Group 2 = 31), mean 3.7 years post-stroke, mean age

67.8 years, able to walk 10 metres independently with or without gait aid

Interventions Group 1: mobility-related CCT

Group 2: stretching and reaching tasks

Outcomes BBS, TUG, ABC, NHP, standing postural reflexes using force platform, self-reported

prospective falls diary

Notes

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Computer-generated codes

Allocation concealment? Yes Person independent of the study
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Marigold 2005 (Continued)

Blinding?

All outcomes

Yes All assessors were blinded to group assign-

ment, study design and purpose

Incomplete outcome data addressed?

All outcomes

No Total of 11 lost before post-intervention

testing, another 6 lost before follow-up

No intention-to-treat analysis or imputa-

tion of missing data

Free of selective reporting? Yes All outcomes reported

Free of other bias? Yes Adequate sample size

Mudge 2009a

Methods RCT

Mobility-related CCT versus education or social groups

Participants 58 participants (Group 1 = 31, Group 2 = 27), mean 4.9 years post-stroke, mean age

69.1 years, able to walk 10 metres independently with or without gait aid

Interventions Group 1: mobility-related CCT

Group 2: education or social group events of equivalent dosage

Outcomes Gait speed, 6mWT, RMI, ABC, steps per day using activity monitor, PADS

Notes

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Computer-generated random numbers

Allocation concealment? Yes Person independent of the study matched

the participants to the codes

Blinding?

All outcomes

Yes Unmasking occurred for 3 out of 58 par-

ticipants (5%)

Incomplete outcome data addressed?

All outcomes

Yes 2 lost before randomisation, 3 withdrew

before post-intervention assessment and a

further 5 lost before follow-up assessment;

losses balanced across groups

Intention-to-treat analy-

sis undertaken with imputation of missing

data using carry forward method
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Mudge 2009a (Continued)

Free of selective reporting? Yes All outcomes reported

Free of other bias? Yes Adequate sample size

Pang 2005

Methods RCT

Mobility CCT versus upper limb CCT

Participants 63 participants (Group 1 = 32, Group 2 = 31), mean 5.1 years post-stroke, mean age

65.3 years, able to walk 10 metres independently with or without gait aids

Interventions Group 1: mobility-related CCT and fitness training

Group 2: upper limb-related CCT

Outcomes 6mWT, BBS, VO2max, knee extension strength (dynamometer), PASIPD, proximal

femur BMD

Notes

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Drawing ballots

Allocation concealment? Yes Ballots drawn by person not involved with

enrolment, screening or outcome assess-

ments

Blinding?

All outcomes

Yes Research personnel who performed out-

come assessments were blinded to group as-

signment

Incomplete outcome data addressed?

All outcomes

Yes Similar small amount of missing data across

groups

Missing data imputed from baseline values

and intention-to-treat analysis used

Free of selective reporting? Unclear This study was reported in at least 3 sepa-

rate papers all including different outcome

measures

Free of other bias? Yes Adequate sample size
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6mWT: 6 Minute Walk Test

ABC: Activities-specific Balance and Confidence Scale

BBS: Berg Balance Scale

BMD: bone mineral density

CCT: circuit class therapy

ILAS: Iowa Level of Assistance Scale

JTHFT: Jebsen Taylor Hand Function Test

LOS: length of hospital stay

MAS: Motor Assessment Scale

NHP: Nottingham Health Profile

PADS: Physical Activity and Disability Scale

PASIPD: Physical Acitivity Scale for Individuals with Physical Disabilities

RCT: randomised controlled trial

RMI: Rivermead Mobility Index

TUG: Timed Up and Go

VO2max: maximum oxygen volume

Characteristics of excluded studies [ordered by study ID]

Blennerhassett 2008 Method: not a trial

Brogårdh 2006 Method: no control group

Chu 2004 Intervention: not task-specific training

English 2008 Outcome: upper limb/pain

French 2008 Method: systematic review

Intervention: not CCT exclusively

Kowalczewski 2007 Intervention: not group format

Langhammer 2008 Intervention: not task-specific, not circuit, not group

Lynch 2008 Method: no control group

Mead 2007 Intervention: not task-specific

Olney 2006 Intervention: not task-specific

Purton J Method: not a trial

Pyöriä 2007 Intervention: not group format

Rimmer 2000 Intervention: not task-specific

Salbach 2004 Intervention: not group format
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(Continued)

Shepherd 2001 Method: not a trial

Sherrington 2008 Intervention: not task-specific

Sullivan 2007 Intervention: not circuit format

Sunnerhagen 2007 Intervention: not task-specific

Tanne 2008 Intervention: not task-specific

Taskinen 1999 Method: no control group

Teixeira-Salmela 1999 Intervention: not task-specific

Yang 2006 Intervention: not group format

CCT: circuit class therapy
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D A T A A N D A N A L Y S E S

Comparison 1. Circuit class therapy versus other

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 6mWT 4 157 Mean Difference (IV, Fixed, 95% CI) 76.57 [38.44,

114.70]

2 Gait speed 3 130 Mean Difference (IV, Fixed, 95% CI) 0.12 [0.00, 0.24]

3 Step Test 2 39 Mean Difference (IV, Fixed, 95% CI) 3.00 [0.08, 5.91]

4 Timed Up and Go 3 87 Mean Difference (IV, Fixed, 95% CI) -3.08 [-7.59, 1.43]

5 Berg Balance Scale 3 177 Mean Difference (IV, Fixed, 95% CI) 0.86 [-1.02, 2.74]

6 Activities-specific Balance

Confidence Scale

2 103 Mean Difference (IV, Fixed, 95% CI) 7.76 [0.66, 14.87]

7 Length of stay 2 96 Mean Difference (IV, Fixed, 95% CI) -19.73 [-35.43, -

4.04]

8 Gait speed: sensitivity analysis 2 64 Mean Difference (IV, Fixed, 95% CI) 0.15 [0.01, 0.28]

9 Berg Balance Scale: sensitivity

analysis

2 111 Mean Difference (IV, Fixed, 95% CI) 0.65 [-1.30, 2.60]

10 Length of stay: sensitivity

analysis

1 30 Mean Difference (IV, Fixed, 95% CI) -33.0 [-64.11, -1.89]

Analysis 1.1. Comparison 1 Circuit class therapy versus other, Outcome 1 6mWT.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 1 6mWT

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Blennerhassett 2004 15 404 (101) 15 288 (124) 22.2 % 116.00 [ 35.07, 196.93 ]

Dean 2000 5 250 (135) 4 264.3 (159.1) 3.8 % -14.30 [ -210.03, 181.43 ]

Mudge 2009a 30 282 (117) 25 200 (99) 44.6 % 82.00 [ 24.91, 139.09 ]

Pang 2005 32 392.7 (151.1) 31 342.4 (133.4) 29.4 % 50.30 [ -20.03, 120.63 ]

Total (95% CI) 82 75 100.0 % 76.57 [ 38.44, 114.70 ]

Heterogeneity: Chi2 = 2.31, df = 3 (P = 0.51); I2 =0.0%

Test for overall effect: Z = 3.94 (P = 0.000083)

-200 -100 0 100 200

Favours control Favours experimental
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Analysis 1.2. Comparison 1 Circuit class therapy versus other, Outcome 2 Gait speed.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 2 Gait speed

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Dean 2000 5 0.707 (0.483) 4 0.854 (0.542) 2.9 % -0.15 [ -0.83, 0.53 ]

English 2007 30 0.58 (0.46) 36 0.53 (0.43) 28.7 % 0.05 [ -0.17, 0.27 ]

Mudge 2009a 30 0.79 (0.28) 25 0.63 (0.25) 68.4 % 0.16 [ 0.02, 0.30 ]

Total (95% CI) 65 65 100.0 % 0.12 [ 0.00, 0.24 ]

Heterogeneity: Chi2 = 1.31, df = 2 (P = 0.52); I2 =0.0%

Test for overall effect: Z = 2.02 (P = 0.043)

-2 -1 0 1 2

Favours experimental Favours control

Analysis 1.3. Comparison 1 Circuit class therapy versus other, Outcome 3 Step Test.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 3 Step Test

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Blennerhassett 2004 15 11.1 (5) 15 8.5 (4.6) 71.8 % 2.60 [ -0.84, 6.04 ]

Dean 2000 5 9.8 (4) 4 5.8 (4.3) 28.2 % 4.00 [ -1.48, 9.48 ]

Total (95% CI) 20 19 100.0 % 3.00 [ 0.08, 5.91 ]

Heterogeneity: Chi2 = 0.18, df = 1 (P = 0.67); I2 =0.0%

Test for overall effect: Z = 2.02 (P = 0.044)

-20 -10 0 10 20

Favours control Favours experimental
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Analysis 1.4. Comparison 1 Circuit class therapy versus other, Outcome 4 Timed Up and Go.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 4 Timed Up and Go

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Blennerhassett 2004 15 11.5 (3.8) 15 19.1 (14.4) 35.8 % -7.60 [ -15.14, -0.06 ]

Dean 2000 5 19.5 (14.1) 4 26.1 (25.4) 2.6 % -6.60 [ -34.39, 21.19 ]

Marigold 2005 22 16.7 (9.6) 26 17 (10.7) 61.6 % -0.30 [ -6.05, 5.45 ]

Total (95% CI) 42 45 100.0 % -3.08 [ -7.59, 1.43 ]

Heterogeneity: Chi2 = 2.34, df = 2 (P = 0.31); I2 =15%

Test for overall effect: Z = 1.34 (P = 0.18)

-20 -10 0 10 20

Favours experimental Favours control

Analysis 1.5. Comparison 1 Circuit class therapy versus other, Outcome 5 Berg Balance Scale.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 5 Berg Balance Scale

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

English 2007 30 40.8 (12.9) 36 37.1 (16.4) 7.1 % 3.70 [ -3.37, 10.77 ]

Marigold 2005 22 49.1 (5) 26 48.1 (5.7) 38.5 % 1.00 [ -2.03, 4.03 ]

Pang 2005 32 49.6 (4.4) 31 49.2 (5.8) 54.4 % 0.40 [ -2.15, 2.95 ]

Total (95% CI) 84 93 100.0 % 0.86 [ -1.02, 2.74 ]

Heterogeneity: Chi2 = 0.75, df = 2 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 0.90 (P = 0.37)

-50 -25 0 25 50

Favours control Favours experimental

24Circuit class therapy for improving mobility after stroke (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.6. Comparison 1 Circuit class therapy versus other, Outcome 6 Activities-specific Balance

Confidence Scale.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 6 Activities-specific Balance Confidence Scale

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Marigold 2005 22 74 (18.3) 26 68.3 (19.4) 44.3 % 5.70 [ -4.98, 16.38 ]

Mudge 2009a 30 73.6 (19) 25 64.2 (17) 55.7 % 9.40 [ -0.12, 18.92 ]

Total (95% CI) 52 51 100.0 % 7.76 [ 0.66, 14.87 ]

Heterogeneity: Chi2 = 0.26, df = 1 (P = 0.61); I2 =0.0%

Test for overall effect: Z = 2.14 (P = 0.032)

-100 -50 0 50 100

Favours experimental Favours control

Analysis 1.7. Comparison 1 Circuit class therapy versus other, Outcome 7 Length of stay.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 7 Length of stay

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Blennerhassett 2004 15 58.3 (30.1) 15 91.3 (53.6) 25.5 % -33.00 [ -64.11, -1.89 ]

English 2007 30 56.1 (31.1) 36 71.3 (44) 74.5 % -15.20 [ -33.38, 2.98 ]

Total (95% CI) 45 51 100.0 % -19.73 [ -35.43, -4.04 ]

Heterogeneity: Chi2 = 0.94, df = 1 (P = 0.33); I2 =0.0%

Test for overall effect: Z = 2.46 (P = 0.014)

-100 -50 0 50 100

Favours experimental Favours control
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Analysis 1.8. Comparison 1 Circuit class therapy versus other, Outcome 8 Gait speed: sensitivity analysis.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 8 Gait speed: sensitivity analysis

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Dean 2000 5 0.707 (0.483) 4 0.854 (0.542) 4.1 % -0.15 [ -0.83, 0.53 ]

Mudge 2009a 30 0.79 (0.28) 25 0.63 (0.25) 95.9 % 0.16 [ 0.02, 0.30 ]

Total (95% CI) 35 29 100.0 % 0.15 [ 0.01, 0.28 ]

Heterogeneity: Chi2 = 0.75, df = 1 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 2.11 (P = 0.035)

-1 -0.5 0 0.5 1

Favours experimental Favours control

Analysis 1.9. Comparison 1 Circuit class therapy versus other, Outcome 9 Berg Balance Scale: sensitivity

analysis.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 9 Berg Balance Scale: sensitivity analysis

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Marigold 2005 22 49.1 (5) 26 48.1 (5.7) 41.5 % 1.00 [ -2.03, 4.03 ]

Pang 2005 32 49.6 (4.4) 31 49.2 (5.8) 58.5 % 0.40 [ -2.15, 2.95 ]

Total (95% CI) 54 57 100.0 % 0.65 [ -1.30, 2.60 ]

Heterogeneity: Chi2 = 0.09, df = 1 (P = 0.77); I2 =0.0%

Test for overall effect: Z = 0.65 (P = 0.51)

-50 -25 0 25 50

Favours control Favours experimental
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Analysis 1.10. Comparison 1 Circuit class therapy versus other, Outcome 10 Length of stay: sensitivity

analysis.

Review: Circuit class therapy for improving mobility after stroke

Comparison: 1 Circuit class therapy versus other

Outcome: 10 Length of stay: sensitivity analysis

Study or subgroup experimental control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Blennerhassett 2004 15 58.3 (30.1) 15 91.3 (53.6) 100.0 % -33.00 [ -64.11, -1.89 ]

Total (95% CI) 15 15 100.0 % -33.00 [ -64.11, -1.89 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.08 (P = 0.038)

-100 -50 0 50 100

Favours experimental Favours control

A P P E N D I C E S

Appendix 1. MEDLINE search strategy

We used the following search strategy for MEDLINE (Ovid) and adapted it to search the other databases. As the subject area of this

review is quite specific we did not include a trials filter. This increased the sensitivity of the search.

MEDLINE (Ovid)

1. cerebrovascular disorders/ or exp basal ganglia cerebrovascular disease/ or exp brain ischemia/ or exp carotid artery diseases/ or exp

intracranial arterial diseases/ or exp “intracranial embolism and thrombosis”/ or exp intracranial hemorrhages/ or stroke/ or exp brain

infarction/ or vasospasm, intracranial/ or vertebral artery dissection/

2. (stroke or poststroke or post-stroke or cerebrovasc$ or brain vasc$ or cerebral vasc$ or cva$ or apoplex$ or SAH).tw.

3. ((brain$ or cerebr$ or cerebell$ or intracran$ or intracerebral) adj5 (isch?emi$ or infarct$ or thrombo$ or emboli$ or occlus$)).tw.

4. ((brain$ or cerebr$ or cerebell$ or intracerebral or intracranial or subarachnoid) adj5 (haemorrhage$ or hemorrhage$ or haematoma$

or hematoma$ or bleed$)).tw.

5. hemiplegia/ or exp paresis/

6. (hemipleg$ or hemipar$ or paresis or paretic).tw.

7. exp gait disorders, neurologic/

8. 1 or 2 or 3 or 4 or 5 or 6 or 7

9. exercise movement techniques/ or exercise/ or exercise therapy/ or muscle stretching exercises/ or walking/

10. physical fitness/ or exertion/ or exp locomotion/

11. sports/ or bicycling/ or gymnastics/ or weight lifting/

12. “task performance and analysis”/ or athletic performance/ or mobility limitation/

13. physical therapy modalities/ or “physical therapy (specialty)”/

14. (physical adj3 (exercise$ or therap$ or conditioning or activit$ or fitness or endurance)).tw.

15. (exercise adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.

16. (fitness adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.

17. ((training or conditioning) adj3 (intervention$ or protocol$ or program$ or activit$ or regim$)).tw.

18. (sport$ or cycl$ or bicycl$ or treadmill$ or run$ or walk$).tw.

19. muscle strengthening.tw.
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20. ((weight or strength or resistance) adj (train$ or lift$ or exercise$)).tw.

21. 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20

22. fitness centers/ or sports equipment/

23. (circuit adj3 (class or classes or therapy or training or program$ or exercise$ or arranged or arrangement)).tw.

24. (sport$ equipment or station or work station).tw.

25. (fitness adj3 (center$ or centre$ or group$ or class or classes or training or program$)).tw.

26. (exercise$ adj3 (routine$ or group$ or class or classes)).tw.

27. ((task-related or sequential) adj3 exercise$).tw.

28. group environment.tw.

29. (repetitive pract$ or functional task$).tw.

30. 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29

31. cerebrovascular disorders/rh or exp basal ganglia cerebrovascular disease/rh or exp brain ischemia/rh or exp carotid artery diseases/rh

or exp intracranial arterial diseases/rh or exp “intracranial embolism and thrombosis”/rh or exp intracranial hemorrhages/rh or stroke/

rh or exp brain infarction/rh or vasospasm, intracranial/rh or vertebral artery dissection/rh

32. 8 and 21

33. 31 or 32

34. 30 and 33

35. limit 34 to human
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