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A B S T R A C T

Background

Stroke a(ects millions of people every year and is a leading cause of disability, resulting in significant financial cost and reduction in
quality of life. Rehabilitation a*er stroke aims to reduce disability by facilitating recovery of impairment, activity, or participation. One
aspect of stroke rehabilitation that may a(ect outcomes is the amount of time spent in rehabilitation,  including minutes provided,
frequency (i.e. days per week of rehabilitation), and duration (i.e. time period over which rehabilitation is provided). E(ect of time spent in
rehabilitation a*er stroke has been explored extensively in the literature, but findings are inconsistent. Previous systematic reviews with
meta-analyses have included studies that di(er not only in the amount provided, but also type of rehabilitation.

Objectives

To assess the e(ect of 1. more time spent in the same type of rehabilitation on activity measures in people with stroke; 2. di(erence in
total rehabilitation time (in minutes) on recovery of activity in people with stroke; and 3. rehabilitation schedule on activity in terms of:
a. average time (minutes) per week undergoing rehabilitation, b. frequency (number of sessions per week) of rehabilitation, and c. total
duration of rehabilitation.

Search methods

We searched the Cochrane Stroke Group trials register, CENTRAL, MEDLINE, Embase, eight other databases, and five trials registers to June
2021. We searched reference lists of identified studies, contacted key authors, and undertook reference searching using Web of Science
Cited Reference Search.

Selection criteria

We included randomised controlled trials (RCTs) of adults with stroke that compared di(erent amounts of time spent, greater than zero,
in rehabilitation (any non-pharmacological, non-surgical intervention aimed to improve activity a*er stroke). Studies varied only in the
amount of time in rehabilitation between experimental and control conditions.  Primary outcome was activities of daily living (ADLs);
secondary outcomes were activity measures of upper and lower limbs, motor impairment measures of upper and lower limbs, and serious
adverse events (SAE)/death.
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Data collection and analysis

Two review authors independently screened studies, extracted data, assessed methodological quality using the Cochrane RoB 2 tool, and
assessed certainty of the evidence using GRADE. For continuous outcomes using di(erent scales, we calculated pooled standardised mean
di(erence (SMDs) and 95% confidence intervals (CIs). We expressed dichotomous outcomes as risk ratios (RR) with 95% CIs.

Main results

The quantitative synthesis of this review comprised 21 parallel RCTs, involving analysed data from 1412 participants.

Time in rehabilitation varied between  studies.  Minutes provided per week  were 90  to 1288. Days per week of rehabilitation  were
three to seven. Duration of rehabilitation was two weeks to six months. Thirteen studies provided upper limb rehabilitation, five general
rehabilitation, two mobilisation training, and one lower limb training.  Sixteen studies examined participants in the first six months
following stroke;  the remaining five included participants more than six months poststroke.  Comparison of stroke severity or level of
impairment was limited due to variations in measurement.

The risk of bias assessment suggests there were issues with the methodological quality of the included studies. There were 76 outcome-
level risk of bias assessments: 15 low risk, 37 some concerns, and 24 high risk.

When comparing groups that spent more time versus less time in rehabilitation immediately a*er intervention, we found no di(erence in

rehabilitation for ADL outcomes (SMD 0.13, 95% CI −0.02 to 0.28; P = 0.09; I2 = 7%; 14 studies, 864 participants; very low-certainty evidence),

activity measures of the upper limb (SMD 0.09, 95% CI −0.11 to 0.29; P = 0.36;  I2 = 0%; 12 studies, 426 participants; very low-certainty

evidence), and activity measures of the lower limb (SMD 0.25, 95% CI −0.03 to 0.53; P = 0.08; I2 = 48%; 5 studies, 425 participants; very low-
certainty evidence). We found an e(ect in favour of more time in rehabilitation for motor impairment measures of the upper limb (SMD

0.32, 95% CI 0.06 to 0.58; P = 0.01; I2 = 10%; 9 studies, 287 participants; low-certainty evidence) and of the lower limb (SMD 0.71, 95% CI 0.15
to 1.28; P = 0.01; 1 study, 51 participants; very low-certainty evidence). There were no intervention-related SAEs. More time in rehabilitation

did not a(ect the risk of SAEs/death (RR 1.20, 95% CI 0.51 to 2.85; P = 0.68; I2 = 0%; 2 studies, 379 participants; low-certainty evidence),
but few studies measured these outcomes.

Predefined subgroup analyses comparing  studies with a larger di(erence  of total  time spent in  rehabilitation between intervention
groups to studies with a smaller di(erence found greater improvements for studies with a larger di(erence. This was statistically significant
for ADL outcomes (P = 0.02) and activity measures of the upper limb (P = 0.04), but not for activity measures of the lower limb (P = 0.41)
or motor impairment measures of the upper limb (P = 0.06).

Authors' conclusions

An increase in time spent in the same type of rehabilitation a*er stroke results in little to no di(erence in meaningful activities such as
activities of daily living and activities of the upper and lower limb but a small benefit in measures of motor impairment (low- to very
low-certainty evidence for all findings). If the increase in time spent in rehabilitation exceeds a threshold, this may lead to improved
outcomes. There is currently insu(icient evidence to recommend a minimum beneficial daily amount in clinical practice. The findings of
this study are limited by a lack of studies with a significant contrast in amount of additional rehabilitation provided between control and
intervention groups.

Large, well-designed, high-quality RCTs that measure time spent in all rehabilitation activities (not just interventional) and provide a large
contrast (minimum of 1000 minutes) in amount of rehabilitation between groups would provide further evidence for e(ect of time spent
in rehabilitation.

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

Time spent in rehabilitation and e�ect on measures of activity a�er stroke

Review question
Does more time spent in rehabilitation improve activity? What matters? Is it the total time spent in rehabilitation that is important, or is it
the way rehabilitation is delivered (the schedule)? Is it, for example, the amount of time spent per week? Or the frequency of sessions?

Background
Stroke rehabilitation helps people who have had a stroke to recover and resume their activities. Di(erent countries have di(erent
guidelines about the amount of therapy they should receive. In England, a minimum of 45 minutes of each appropriate therapy, every day
is recommended. In Canada, the guidelines recommend more – three hours of task-specific training, five days per week. Previous research
has found no clear evidence in favour of one approach or the other: the e(ect of total time spent in rehabilitation, or the schedule by which
it is delivered. The English recommendation of 45 minutes is based on the results of studies that compared di(erent types of rehabilitation
as well as di(erent amounts of the same type of rehabilitation – which is not the same thing. This is why our review compares only di(erent
amounts of the same type of stroke rehabilitation.

Study characteristics

The e�ect of time spent in rehabilitation on activity limitation and impairment a�er stroke (Review)
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We included 21 studies amounting to 1412 people with stroke. Each study compared groups of people who had received di(erent amounts
of the same type of rehabilitation. Di(erent types of rehabilitation were included, but the comparison within each study was always
only di(erent amounts of the same type. We included rehabilitation of the arms, legs, walking, and general rehabilitation. In 16 studies,
participants were in the first six months a*er stroke. In the remaining five studies, participants were more than six months a*er stroke.

Search date
We searched for studies up to June 2021.

Key results
We found that, for measures of activities involved in daily living (e.g. washing and dressing), activity measures of the arm (e.g. picking up
an item), and activity measures of the leg (e.g. walking) there was neither harm to nor benefit for groups that received more rehabilitation
compared with groups that received less. For measures of movement of the arm and leg (e.g. strength or range of movement), there was
a benefit from receiving more rehabilitation. However, when we compared only the studies that had a bigger contrast between groups,
there was a beneficial e(ect from additional therapy in terms of daily living activities, activity measures of the arm and leg, and movement
measures of the arm. This suggests that people with stroke need a large amount of extra rehabilitation for it to make a di(erence in their
recovery and ability to do everyday activities.

Certainty of the evidence
Certainty of the evidence, which is measured by the quality of each of the studies included in the review, was either low or very low.
Therefore, we can only draw tentative conclusions from the findings of this review. It also indicates that more, better quality, studies are
needed.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Summary of findings table - More time compared to less time in rehabilitation (objective one – immediately a�er
intervention)

More time compared to less time in rehabilitation (objective one – immediately after intervention)

Patient or population:rehabilitation vs less time spent
Setting:any rehabilitation setting, including hospital, outpatients, and patient's home
Intervention:more time
Comparison:less time

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with less
time

Risk with more
time

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Activities of daily living
(ADL) outcomes
assessed with: studies
measured ADL outcomes
using different scales.
Higher scores indicate
greater independence

- SMD 0.13 SD
higher
(0.02 lower to
0.28 higher)

- 864
(19 RCTs)

⊕⊝⊝⊝

Very lowa, b, c
Generally, an SMD of 0.2 is considered a small
effect. Therefore, this finding suggests that
the average difference in mean scores be-
tween more therapy groups and less therapy
groups is small. As the CI for this outcome in-
cluded 0, there may be no difference for ADL
measures when more time is spent in rehabil-
itation.

Activity measures of the
upper limb (upper limb
activity)
assessed with: studies
measured upper limb
activity using different
scales. Higher scores indi-
cate greater activity

- SMD 0.09 high-
er
(0.11 lower to
0.29 higher)

- 426
(18 RCTs)

⊕⊝⊝⊝

Very lowa, b, d
Generally, an SMD of 0.2 is considered a small
effect. Therefore, this finding suggests that
the average difference in mean scores be-
tween more therapy groups and less thera-
py groups is small. As the CI for this outcome
crossed 0, there may be no difference for up-
per limb activity measures when more time is
spent in rehabilitation.

Activity measures of the
lower limb (lower limb ac-
tivity)
assessed with: studies
measured lower limb
activity using different
scales. Higher scored indi-
cate greater activity

- SMD 0.25 high-
er
(0.03 lower to
0.53 higher)

- 425
(5 RCTs)

⊕⊕⊝⊝

Lowa, b
Generally, an SMD of 0.2 is considered a small
effect. Therefore, this finding suggests that
the average difference in mean scores be-
tween more therapy groups and less thera-
py groups is small. As the CI for this outcome
crossed 0, there may be no difference for low-
er limb activity measures when more time is
spent in rehabilitation.
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Motor impairment mea-
sures of the upper limb
(upper limb impairment)
assessed with: studies
measured upper limb im-
pairment using different
scales. Higher scores indi-
cate less impairment

- SMD 0.32 high-
er
(0.06 higher to
0.58 higher)

- 287
(12 RCTs)

⊕⊕⊝⊝

Lowa, e
Generally, an SMD of 0.2 is considered a small
effect. Therefore, this finding suggests that
the average difference in mean scores be-
tween more therapy groups and less thera-
py groups is small. As the CI for this outcome
did not cross 0, there is a benefit for upper
limb impairment measures when more time
is spent in rehabilitation.

Motor impairment mea-
sures of the lower limb
(lower limb impairment)
assessed with: knee flex-
ion peak torque

- SMD 0.71 SD
higher
(0.15 higher to
1.28 higher)

- 51
(1 RCT)

⊕⊝⊝⊝

Very lowf, g
Generally, an SMD of 0.5 is considered a mod-
erate effect. Therefore, this finding suggests
that the average difference in mean scores
between more therapy groups and less ther-
apy groups is moderate. As the CI for this out-
come did not cross 0, there is a benefit for
lower limb impairment measures when more
time is spent in rehabilitation.

Serious adverse events/
death

48 per 1000 57 per 1000
(24 to 136)

RR 1.20
(0.51 to 2.85)

379
(2 RCTs)

⊕⊕⊝⊝

Lowa, b
There is no increased risk of serious adverse
events or death when more time is spent in
rehabilitation.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; RR: risk ratio; SMD: standardised mean difference

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

See interactive version of this table: https://gdt.gradepro.org/presentations/#/isof/isof_question_revman_web_417399834740907517.

a Several studies classified as 'some concerns' or 'high' risk of bias (downgraded one level).
b 95% CI contains an e(ect size of no di(erence.
c Two studies may have measured this outcome but have not reported it. A funnel plot showed some asymmetry, which may be indicative of publication bias.
d Five studies may have assessed this outcome but did not report findings. A forest plot showed asymmetry, suggestive of non-reporting bias.
e One study assessed this outcome but did not report findings and two further studies may have assessed this outcome but did not report findings.
f Analysis only included one study, which at high risk of bias. Therefore, finding considered at very serious risk of bias (downgraded two levels).
g Two studies may have assessed this outcome but did not report findings.
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Summary of findings 2.   Summary of findings table - More time compared to less time in rehabilitation (objective one – medium-term outcomes)

More time compared to less time in rehabilitation (objective one – medium-term outcomes)

Patient or population:rehabilitation (medium-term outcomes)
Setting:any rehabilitation setting, including hospital, outpatients, and patient's home
Intervention:more time
Comparison:less time

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with less
time

Risk with more
time

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Activities of daily living
(ADL) outcomes: medi-
um-term outcomes
assessed with: studies
measured ADL outcomes
using different scales.
Higher scores indicate
greater independence

- SMD 0.01 high-
er
(0.15 lower to
0.16 higher)

- 673
(12 RCTs)

⊕⊝⊝⊝

Very lowa, b, c
The average difference in mean scores be-
tween more therapy groups and less therapy
groups is close to 0. Therefore, there is no dif-
ference for ADL measures when more time is
spent in rehabilitation.

Activity measures of the
upper limb: medium-term
outcomes
assessed with: studies
measured upper limb
activity using different
scales. Higher scores indi-
cate greater activity

- SMD 0.02 lower
(0.36 lower to
0.33 higher)

- 218
(9 RCTs)

⊕⊝⊝⊝

Very lowb, d, e
As this finding is very close to 0, it suggests
that the average difference in mean scores
between more therapy groups and less thera-
py groups is close to nothing. Therefore, there
is no difference for activity measures of the
upper limb when more time is spent in reha-
bilitation.

Activity measures of the
lower limb: medium-term
outcomes
assessed with: studies
measured lower limb
activity using different
scales. Higher scored indi-
cate greater activity

- SMD 0.1 higher
(0.3 lower to
0.49 higher)

- 243
(4 RCTs)

⊕⊝⊝⊝

Very lowb, d, f, g
Generally, an SMD of 0.2 is considered a small
effect. Therefore, this finding suggests that
the average difference in mean scores be-
tween more therapy groups and less thera-
py groups is very small. As the CI for this out-
come crossed 0, there may be no difference
for lower limb activity measures when more
time is spent in rehabilitation.

Motor impairment mea-
sures of the upper limb:
medium-term outcomes

- SMD 0.02 lower
(0.39 lower to
0.35 higher)

- 115
(5 RCTs)

⊕⊝⊝⊝

Very lowb, d, h
As this finding is very close to 0, it suggests
that the average difference in mean scores
between more therapy groups and less thera-
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assessed with: studies
measured upper limb im-
pairment using different
scales. Higher scores indi-
cate less impairment

py groups is close to nothing. Therefore, there
is no difference for motor impairment mea-
sures of the upper limb when more time is
spent in rehabilitation.

Motor impairment mea-
sures of the lower limb:
medium-term outcomes
assessed with: knee flex-
ion peak torque

- SMD 0.62 high-
er
(0.04 lower to
1.28 higher)

- 37
(1 RCT)

⊕⊝⊝⊝

Very lowb, i, j
Generally, an SMD of 0.5 is considered a mod-
erate effect. Therefore, this finding suggests
that the average difference in mean scores
between more therapy groups and less ther-
apy groups is moderate. As the CI for this out-
come did not cross 0, there is a benefit for
lower limb impairment measures when more
time is spent in rehabilitation.

Serious adverse events/
death: medium-term out-
comes

70 per 1000 93 per 1000
(44 to 194)

RR 1.32
(0.63 to 2.76)

344
(3 RCTs)

⊕⊝⊝⊝

Very lowa, b
There is no increased risk of serious adverse
events or death when more time is spent in
rehabilitation.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; RR: risk ratio; SMD: standardised mean difference

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

See interactive version of this table: https://gdt.gradepro.org/presentations/#/isof/isof_question_revman_web_421205526923794365.

a More than half of the studies included in the analysis had a high overall risk of bias. Therefore, finding considered at very serious risk of bias (downgraded two levels).
b 95% CI contains an e(ect size of no di(erence.
c Data from one included study were missing from this analysis. One study assessed this outcome but did not report findings and seven other studies may have assessed this
outcome but did not report findings. A funnel plot for this outcome showed asymmetry, which may indicate non-reporting bias.
d Several studies classified as 'some concerns' or 'high' risk of bias (downgraded one level).
e Data from two included studies were missing from this analysis. Two studies assessed this outcome but did not report findings and seven other studies may have assessed this
outcome but did not report findings.
f I2 = 58%.
g Data from one included study were missing from this analysis. One study assessed this outcome but did not report findings and one study may have assessed this outcome
but did not report findings.
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h Data from one included study were missing from this analysis. Two studies assessed this outcome but did not report findings and six other studies may have assessed this
outcome but did not report findings.
i Only included study was at high risk of overall bias.
j One study assessed this outcome but did not report findings and two other studies may have assessed this outcome but did not report findings.
 
 

Summary of findings 3.   Summary of findings table - More time compared to less time in rehabilitation (objective one – long-term outcomes)

More time compared to less time in rehabilitation (objective one – long-term outcomes)

Patient or population:rehabilitation (long-term outcomes)
Setting:any rehabilitation setting, including hospital, outpatients, and patient's home
Intervention:more time
Comparison:less time

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with less
time

Risk with more
time

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Activities of daily living
(ADL) outcomes: long-term
outcomes
assessed with: Adelaide Ac-
tivities Profile

- SMD 0.09 high-
er
(0.39 lower to
0.57 higher)

- 67
(1 RCT)

⊕⊕⊝⊝

Lowa

Generally, an SMD of 0.2 is considered a
small effect. Therefore, this finding suggests
that the average difference in mean scores
between more therapy group and less ther-
apy group is very small. As the CI for this
outcome included 0, there may be no differ-
ence for ADL measures when more time is
spent in rehabilitation.

Activity measures of the
lower limb: long-term out-
comes
assessed with: 6 minute
walk test

- SMD 0.16 high-
er
(0.32 lower to
0.64 higher)

- 67
(1 RCT)

⊕⊕⊝⊝

Lowa

Generally, an SMD of 0.2 is considered a
small effect. Therefore, this finding suggests
that the average difference in mean scores
between more therapy group and less ther-
apy group is small. As the CI for this out-
come included 0, there may be no differ-
ence for activity measures of the lower limb
when more time is spent in rehabilitation.

Motor impairment mea-
sures of the upper limb:
long-term outcomes - not
reported

- - - - - -

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



T
h

e
 e

�
e

ct o
f tim

e
 sp

e
n

t in
 re

h
a

b
ilita

tio
n

 o
n

 a
ctiv

ity
 lim

ita
tio

n
 a

n
d

 im
p

a
irm

e
n

t a
�

e
r stro

k
e

 (R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2021 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

9

Motor impairment mea-
sures of the lower limb:
long-term outcomes - not
reported

- - - - - -

Serious adverse events/
death: long-term outcomes
- not reported

- - - - - -

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; SMD: standardised mean difference

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

See interactive version of this table: https://gdt.gradepro.org/presentations/#/isof/isof_question_revman_web_421205629766293495.

a Very serious imprecision, due to 95% CI containing an e(ect size of no di(erence and finding based on the results of only one study, with a relatively small number of participants
(downgraded two levels)
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B A C K G R O U N D

This review explores the e(ect of time spent in rehabilitation
a*er stroke. We acknowledge that 'time spent' is potentially an
ambiguous term. For the purpose of this review, we consider 'time
spent' to include:

• the number of minutes of rehabilitation provided per week;

• the frequency of rehabilitation provided per week (i.e. number
of days per week on which rehabilitation was given);

• the time period over which rehabilitation was provided, or
rehabilitation duration;

• the total amount of time spent in rehabilitation (in minutes/
hours).

The outcome of rehabilitation a*er stroke may be a(ected by how
these di(erent elements are combined. For example, the outcome
of a certain number of minutes of rehabilitation provided over
a shorter time period may be di(erent to the same number of
minutes provided over a longer time period. We acknowledge
that, to some, 'time spent in rehabilitation' could be synonymous
with 'rehabilitation intensity'. While the term 'intensity' could
be used to describe the time-related elements described above,
it has also been used to describe alternative characteristics of
rehabilitation, including number of repetitions performed within
treatment sessions (Scrivener 2012), and physiological e(ort
exerted (Outermans 2010). We will not explore these characteristics
in this review. Other terms to describe 'time spent in rehabilitation'
could be 'dose of rehabilitation' or 'amount of rehabilitation'.

Description of the condition

Stroke is a "neurological deficit attributed to an acute focal injury of
the central nervous system by a vascular cause" (Sacco 2013). It is a
significant, global health issue. In 2016, there were approximately
13.7  million first-ever strokes and  more than  80  million stroke
survivors worldwide, with stroke being the second most common
cause of lost disability-adjusted life years (DALYs) (GBD 2016 Stroke
Collaborators 2019). In the UK alone, over 27,000 (37%) of people
discharged from hospital between 2013 and 2014 required help
with activities of daily living (ADL) such as washing and dressing
(Royal College of Physicians 2014), and between 2019 and 2020,
34% of people had not returned to independence by six months
poststroke (Bahalla 2021). Such disability results in significant cost
due to care requirements and loss of productivity (Moza(arian
2015; Patel 2020). Better rehabilitation outcomes a*er stroke would
reduce the impact of disability and dependence on the quality of life
of people with stroke and their carers (Lewthwaite 2018; Oyewole
2020), and national economies (Patel 2020).

Description of the intervention

The intervention of interest in this study is stroke rehabilitation.
Stroke rehabilitation is a multi-dimensional process, designed to
optimise functional activity in people with stroke, where there are
ongoing stroke-related impairments (Dobkin 2005; NICE 2013). For
this review, we defined rehabilitation as any non-pharmacological,
non-surgical intervention that aimed to improve activity a*er
stroke.

There are many rehabilitation interventions to target di(erent
stroke-related impairments via a variety of methods.  Previous
Cochrane Reviews have explored physical rehabilitation (Pollock

2014a), cognitive rehabilitation (Bowen 2013; Chung 2013; das
Nair 2016; Loetscher 2013), telerehabilitation (Laver 2013), virtual
reality (Laver 2015), acupuncture (Yang 2016), electromechanical
and robot-assisted arm training (Mehrholz 2018), mirror
therapy (Thieme 2018), physical fitness training (Saunders
2020), motivational interviewing (Cheng 2015), constraint-induced
movement therapy (CIMT) (Corbetta 2015), repetitive transcranial
magnetic stimulation (Hao 2013), and repetitive task training (RTT)
(French 2016). While there is value in determining the e(icacy
of specific rehabilitation interventions, it is acknowledged that,
in practice, the content of rehabilitation therapy is not clearly
defined and varies between both therapists and services (Ballinger
1999; DeJong 2005). The relationship between type of therapy
and response is unclear (Lohse 2014), with therapists adopting an
eclectic approach (Jette 2005). Therefore, this review is adopting an
'intervention agnostic' approach, seeking to explore not if one type
of rehabilitation is superior to another, but to explore the specific
e(ect of time spent in rehabilitation.

Rehabilitation may be provided by a variety of professions (Pollock
2014a). This review is not limited to any specific provider of
rehabilitation; therefore, we refer to providers of rehabilitation as
'service providers'.

How the intervention might work

In this review, the intervention is any non-pharmacological, non-
surgical intervention that aims to improve activity a*er stroke, and
the research question focuses on the influence of time spent in any
particular intervention. These interventions might work through
neuroplasticity: the brain's ability to modify neuronal activity
and reorganise neural connections. Neuroplasticity underpins
both recovery of, and compensation for, impaired motor function
a*er stroke (Buma 2013; Dobkin 2005; Kleim 2008; Levin 2009;
Nudo 2013). The di(erentiation between recovery, where survivors
initially regain their premorbid kinematic/muscle activation
patterns and compensation, where alternative kinematic/muscle
activations are used to accomplish a task, is thought to occur by
around the first five to eight weeks a*er stroke (Kwakkel 2015; van
der Vliet 2020; van Kordelaar 2013).

Research points to many potentially important aspects of stroke
rehabilitation that influence outcomes.  Kleim 2008, in their
review of the evidence for experience-dependent neural plasticity,
identified that repetition, the relative importance of the task
undertaken, and skill acquisition (as opposed to simply use) will
influence plasticity. Other authors described further important
aspects in the re-learning of motor skills, such as the use of
implicit versus explicit learning (Boyd 2003; Boyd 2004). The
presence of a meaningful context or goal has been shown to
enhance motor learning (Ma 1999; Wu 2000). There is evidence
that extrinsic feedback enhances motor learning a*er stroke (van
Vliet 2006), and that stroke survivors benefit more from random
practice of exercise than they do block practice (Hanlon 1996). Wulf
2010 discussed additional influences on learning, such as learning
through observation, and internal versus external focus of attention
and self-controlled practice. Mount 2007 discussed research related
to the impact of errorless learning versus trial and error learning,
while  Levack 2006  suggested that specific, di(icult goals may
enhance performance. Finally, research suggests that an enriched
environment enhances recovery poststroke (Janssen 2010). The
purpose of this review, however, is to explore the e(ect of the
time spent in rehabilitation for activity level outcomes a*er stroke.

The e�ect of time spent in rehabilitation on activity limitation and impairment a�er stroke (Review)
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While it is acknowledged that other factors will influence outcomes,
we assume that these other factors are similarly distributed in
an intervention where only the time spent in rehabilitation is the
variable of focus for this review.

Mechanistically, one type of learning that promotes neuroplasticity
is Hebbian Learning (Hebb 1949). Hebbian (and anti-Hebbian)
Learning is concerned with an increase in synaptic e(icacy, due
to repetitive firing of presynaptic cells, causing stimulation of
postsynaptic cells, leading to increased synaptic strength (Nudo
2013). Evidence indicates that repetition is key to increasing
synaptic e(icacy (Kleim 2008; Nudo 2013). From a service provider's
perspective, then, it could be deduced that the time spent in
rehabilitation may determine the frequency of synaptic stimulation
and, therefore, more time spent in repetitive rehabilitation should
increase synaptic strength.

Behavioural experience, or the intervention itself, is one of the
most important factors in the modulation of cortical function
and structure (Nudo 2013). Behaviourally, there is a large body
of evidence regarding motor learning (and relearning) in non-
disabled people (Wulf 2010), and also in people with stroke
(Kitago 2013), where the main principles of repetition, 'just right'
challenge (Guadagnoli 2004), and graded feedback (Winstein
1990), closely align with the key principles of neuroplasticity
(Kleim 2008). This again supports the premise that increased time
spent in rehabilitation will provide more beneficial change in the
performance outcomes of a task.

Several intervention studies also suggest that the time spent
in rehabilitation a*er stroke is more important than the type
of rehabilitation. One narrative review of CIMT found that CIMT
compared with dose-matched bilateral arm training did not
produce significant di(erences in overall e(ect sizes (Kwakkel
2015). Phase 2 and 3 RCTs have found no significant di(erences
in outcomes between CIMT and dose-matched 'traditional
occupational therapy' (Dromerick 2009), robot-assisted therapy
and dose-matched intensive therapy (Lo 2010), or structured task-
oriented training and dose-equivalent usual care (Winstein 2016).
Taken together, these and similar findings indicate that, as long as
the rehabilitation provided is of equal amounts, it does not matter
very much what type or content of therapy is given. This has led to
many studies comparing amounts of therapy for a given population
as the factor of interest (as reviewed in a later section). However,
'more is better regardless' is almost certainly an oversimplified view
of how rehabilitation interventions might work.

For example, in the recent ICARE study (Interdisciplinary
Comprehensive Arm Rehabilitation Evaluation;  Winstein 2016),
a usual-care low-dose group did as well as the two higher-
dose-matched groups at one year suggesting that dose of
rehabilitation may not be the most important factor in recovery
levels measured long a*er the intervention, although the three
groups are confounded by having di(erent types of intervention.
Furthermore, Dromerick 2009 found that providing a greater dose
of CIMT, when given early a*er stroke, had a detrimental e(ect
on outcomes related to ADL. This suggests that time spent in
rehabilitation interacts with the stage of recovery and spontaneous
recovery processes. These two studies both suggest that the
timing of an intervention may be important. One study in the
chronic population, comparing bilateral rhythmic arm training
and unilateral dose-matched therapeutic exercises, determined
that the two interventions did not operate through the same

neuroplastic mechanisms, despite eliciting similar outcomes at
the impairment and activity level (Whitall 2011). This finding
indicates that type of rehabilitation and what the rehabilitation
targets interact with the underlying mechanisms in ways we do not
completely understand.

Finally, all the intervention studies above have the problem of how
to actually dose-match di(erent types of rehabilitation so that they
are truly equivalent in e(ort by the patient at any given amount.
This is an almost impossible task. Given this problem, as well as
the evidence just presented that the type of intervention may well
be important a*er all, leads us to question whether it is valid to
compare di(erent amounts of time spent in rehabilitation with two
di(erent interventions. We pursue this point further below.

In summary, it is thought that rehabilitation interventions 'work'
by influencing the recovery from and compensation for the
neurological damage caused by stroke. The time spent in
rehabilitation may be a factor in determining the e(ectiveness of
this intervention for reducing activity limitation.

Why it is important to do this review

Some clinical practice guidelines give recommendations for the
amount of time that should be spent in rehabilitation:

• the Royal College of Physicians' National Clinical Guideline for
Stroke recommends a minimum 45 minutes of each relevant
rehabilitation therapy (occupational therapy, physiotherapy,
and speech and language therapy), every day (ICSWP 2016);

• the Canadian Best Practice guidelines for rehabilitation state
that patients should receive a minimum of three hours of
task-specific therapy, five days per week, delivered by an
interprofessional stroke team (Teasell 2020);

• the Australian Stroke Foundation, Clinical Guidelines for
Stroke Management states that a minimum of one hour of
active practice of physical therapy (occupational therapy and
physiotherapy) should be provided at least five days per week
(Stroke Foundation 2021).

These guidelines all suggest a minimum daily session duration
(in terms of hours/minutes) of rehabilitation that should be
provided  and a suggested frequency of rehabilitation (in terms
of days per week). They do not all make a recommendation for
treatment duration (in terms of the length of time over which
rehabilitation should continue).

The e(ect of time spent in rehabilitation poststroke has
been explored extensively, using systematic reviews with meta-
analyses (Cooke 2010a; Galvin 2008; Kwakkel 1997; Kwakkel
2004; Langhorne 1996; Lohse 2014; Veerbeek 2011; Veerbeek
2014), but none of these studies provides clear evidence for
the aforementioned guidelines. These meta-analyses include 71
unique studies. In at least 50 of these studies, the experimental
and control interventions di(ered in not only the amount of
rehabilitation provided, but also the type of rehabilitation.  As
previously mentioned, it may be that type of rehabilitation
influences outcomes, as well as amount of time spent in
rehabilitation. Arguably, therefore, conclusions regarding the e(ect
of amount should not be drawn from studies comparing di(erent
types of rehabilitation.

The e�ect of time spent in rehabilitation on activity limitation and impairment a�er stroke (Review)
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Three meta-analyses explored the 'optimum amount' of
rehabilitation poststroke. Kwakkel 2004 used a cumulative meta-
analysis and, although their findings did not support a precise
optimal amount of time spent in rehabilitation, there was no ceiling
e(ect.  Lohse 2014  used meta-regression to explore the e(ect of
total scheduled therapy time on e(ect sizes. The authors found
a non-linear relationship between total amount of therapy and
outcomes. This suggests that there may be an 'optimal amount'
of therapy time, beyond which the benefits of additional therapy
are limited.  Finally, Schneider 2016 undertook a Receiver operating
characteristic (ROC) curve analysis of false versus true benefit.  This
indicated that an extra 240% of rehabilitation is required to make
certain a better outcome for activity measures.   Taken together,
these meta-analyses suggest that guidelines that include a specific
minimum amount of rehabilitation are pragmatically based, as
opposed to evidence-based.

More recently, one Cochrane Review explored the e(ect of
Repetitive Task Training (RTT) on functional ability a*er stroke
(French 2016). They found evidence that RTT improves upper and
lower limb function, but there was no e(ect for additional time
spent in RTT.  In their Cochrane Review 'Physical rehabilitation
approaches for the recovery of function and mobility following
stroke',  Pollock 2014a  undertook a subgroup analysis exploring
the e(ect of dose of physical rehabilitation on functional recovery
and the recovery of motor function a*er stroke.  They concluded
that evidence related to dose is limited.  In addition,  Pollock
2014b undertook a Cochrane Review of interventions for improving
upper limb function a*er stroke.  They found that certain
interventions were e(ective at a higher dose, and  identified the
need for evidence related to dose of intervention, in order to inform
future research and clinical practice.

As yet, there is no Cochrane Review exploring the e(ect of
time spent in the same type of rehabilitation on activity a*er
stroke. We consider our review important in order to determine
if the increasing number of clinical guidelines that recommend
a specific minimum amount of time spent in rehabilitation a*er
stroke have an evidence base and, if so, this will be useful for
future guideline development. Based on current guidelines and
evidence,  there is a strong push for technologies that enable
additional practice, especially in the home and without additional
sta(.  This requirement has intensified, due to the 2020 COVID-19
pandemic.  A better understanding of the importance of amount
of time spent in rehabilitation will inform development of new
technologies such as telerehabilitation and use of virtual reality.

O B J E C T I V E S

To assess the e(ect of 1. more time spent in the same type
of rehabilitation on activity measures in people with stroke; 2.
di(erence in total rehabilitation time (in minutes) on recovery of
activity in people with stroke; and 3. rehabilitation schedule on
activity in terms of: a. average time (minutes) per week undergoing
rehabilitation, b. frequency (number of sessions per week) of
rehabilitation, and c. total duration of rehabilitation.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised trials that compared di(erent amounts
of time spent, greater than zero, of the same rehabilitation
intervention. These could be RCTs (participants are randomised
to either an experimental group or a control group) or
randomised clinical trials (participants are randomised to di(erent
experimental groups). We would also have  included cluster-
randomised trials and  data from the first period of randomised
cross-over trials were any found. We restricted the types of studies
to randomised trials only, as they are considered high-quality
sources of evidence in clinical practice (Devereaux 2003), and the
method to establish  causality  (Concato 2010; Horn 2005; Kersten
2010).

If studies included more than one treatment group, one of which
met the criteria for this review, we included the control group
and intervention group compliant with the criteria for this review.
If studies included multiple intervention groups, we included all
compliant with the criteria for this review.

Types of participants

Participants were adults (aged over 18 years), with a clinical
diagnosis of stroke, caused by either infarct or haemorrhage
(including subarachnoid haemorrhage), as defined by the study
authors. Participants received rehabilitation in an inpatient,
outpatient, or community setting. We excluded studies that
included participants with diagnoses other than stroke as the
primary diagnosis, even if they included some participants with a
primary diagnosis of stroke.

Types of interventions

We included trials that compared di(erent amounts of time spent
in the same type of rehabilitation. We defined rehabilitation as
any non-pharmacological, non-surgical intervention that aimed to
improve activity a*er stroke.

To be eligible for inclusion, trials had to include two or more
groups that varied in one or more of the following elements, in any
combination.

• The number of minutes of rehabilitation provided per week.

• The number of days per week on which rehabilitation was
provided.

• The time period over which rehabilitation was provided, or
rehabilitation duration, measured in days, weeks, or months.

• The total amount of time spent in rehabilitation (in minutes/
hours).

To establish if time spent is related to outcomes, included studies
varied only in the amount of time spent in rehabilitation between
groups. We included 'control' or 'usual care' groups, provided they
received the same type of rehabilitation as the intervention group.
We excluded comparisons of intervention versus no intervention
(including trials in which just some participants received no
intervention).

The e�ect of time spent in rehabilitation on activity limitation and impairment a�er stroke (Review)
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If studies clearly varied in the time spent in rehabilitation
(as defined above) but did not report a specific time-related
measurement, we included the study.

Co-interventions did not preclude inclusion, provided they were
administered equally to both experimental and control groups.

Types of outcome measures

We included published outcome measures falling into International
Classification of Functioning, Disability and Health (ICF) categories
for activity and body structures/body functions (WHO 2001). We
were primarily interested in measures of activity, as these outcomes
are likely to be most meaningful to stroke survivors and to indicate
a reduction in the burden of care. We were also interested in
measures of body structure/body function, as they indicate if
an increased amount of time spent in rehabilitation facilitates
recovery at this level.

Primary outcomes

For our three study objectives, we defined the primary outcome
measure as:

• activities of daily living (ADL) outcomes.

We included any measure of ADL, including but not limited
to (and in no specific order): Barthel Index, Frenchay Activity
Index, Rivermead ADL Assessment, Nottingham Extended ADL, and
Functional Independence Measure.

Secondary outcomes

For our three study objectives, our secondary outcome measures
were:

• activity measures of the upper limb (e.g. Action Research Arm
Test, Jebsen Taylor Hand Function Test);

• activity measures of the lower limb (e.g. Timed Up-and-Go, 6-
minute walk test, walking speed, Rivermead Mobility Index);

• motor impairment measures of the upper limb (e.g. Fugl-Meyer
Upper Extremity (FM-UE), muscle strength, range of movement);

• motor impairment measures of the lower limb (e.g. muscle
strength, range of movement);

• serious adverse events (SAE)/death.

For both primary and secondary outcomes, we were principally
interested in measures taken immediately a*er intervention.
However, we  also undertook  analysis of medium-term outcomes
(two weeks to six months a*er treatment ended) and long-term
outcomes (more than six months a*er treatment ended). We
analysed the medium- and long-term outcomes for objective one,
but not for objectives two and three.

Search methods for identification of studies

See the 'Specialised register' section at Cochrane Stroke's website.
We searched for trials in all languages and arranged for the
translation of relevant articles where necessary.

Electronic searches

We searched the following electronic databases from their
inception.

• Cochrane Stroke Group Trials Register (last searched 7 June
2021; Appendix 1).

• Cochrane Central Register of Controlled Trials (CENTRAL; 2020,
Issue 7) in the Cochrane Library (searched June 2021) (Appendix
2).

• MEDLINE (from 1946 to June 2021) (Ovid) (Appendix 3).

• Embase (from 1980 to June 2021) (Ovid) (Appendix 4).

• CINAHL (Cumulative Index to Nursing and Allied Health
Literature; from 1937 to June 2021) (EBSCO) (Appendix 5).

• AMED (from 1985 to June 2021) (EBSCO) (Appendix 6).

• PsycINFO (from 1987 to June 2021) (EBSCO) (Appendix 7).

• Open Grey (www.opengrey.eu/) (July 2020) (Appendix 8) (search
not updated in June 2021, as the site has been archived).

• OTSeeker (www.otseeker.com/) (June 2021) (Appendix 9).

• PEDro: Physiotherapy Evidence Database (www.pedro.org.au)
(July 2021) (Appendix 10).

• REHABDATA (National Rehabilitation Information Centre)
(www.naric.com/?q=REHABDATA) (July 2021) (Appendix 11).

• ProQuest Dissertations & Theses (www.proquest.com/) (June
2021) (Appendix 12).

We developed the MEDLINE search strategy (Appendix 3) with the
help of the Cochrane Stroke Group Information Specialist and
adapted it for the other databases. We searched for all relevant
RCTs regardless of language or publication status (published,
unpublished, in press, or in progress).

We also searched the following trials registers and registries.

• ClinicalTrials.gov (www.clinicaltrials.gov/)  (June
2021) (Appendix 13).

• Stroke Trials Registry (www.strokecenter.org/trials/) (July
2018)  (Appendix 1) (unable to update this search beyond July
2018, as the website was unavailable).

• EU Clinical Trials Register (www.clinicaltrialsregister.eu) (June
2021) (Appendix 14).

• ISRCTN Registry (www.isrctn.com/) (June 2021) (Appendix 15).

• World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) portal (www.who.int/ictrp/en/) (June
2021) (Appendix 16).

Searching other resources

We handsearched the reference lists of all identified studies and
systematic reviews for any further potentially eligible studies. In
addition, we contacted key study authors to obtain any missing or
additional trial data.

We undertook  reference searching using Web of Science Cited
Reference Search for all included studies to identify any
further relevant trials.

Data collection and analysis

Selection of studies

We collated the search results and removed duplicates prior to
screening, using the method described by Bramer 2016. One review
author (BC) screened the titles of the studies retrieved via the
searching process and excluded obviously irrelevant studies. Two
review authors (BC, JB) then independently screened titles and
abstracts of the remaining  studies, excluding those that did not
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meet the selection criteria.  We retrieved the full-text articles
for the remaining references, and two review authors (BC, JW)
independently screened the full-text articles and identified studies
for inclusion and recorded reasons for exclusion of ineligible
studies. Where necessary, we contacted study authors for further
information.  We resolved any disagreements through discussion
and, when  required, consulted a third review author (JB).   We
collated multiple reports of the same study, to ensure that
no single study was  duplicated in reporting. We recorded the
selection process and completed a PRISMA flow diagram (Moher
2009),  Characteristics of included studies  table,  Characteristics
of excluded studies  table,  Characteristics of studies awaiting
classification table, and Characteristics of ongoing studies' table.

Data extraction and management

Two review authors (of BC, JB, JW), working independently,
extracted data from each study. We used the 'template for
intervention description and replication' (TIDieR) checklist and
guide to extract data from eligible studies (Ho(mann 2014).
In addition to the 12 points on the TIDierR checklist, we also
included information on study eligibility, study participants,
outcomes measured (including time points), and a 'miscellaneous'
section (which included information such as funding sources, key
conclusions from the study authors, references to other relevant
studies, correspondence required, and any other comments by the
review author). We included detailed information on time spent
in rehabilitation in section eight  of the TIDieR checklist, entitled
'When and how much'. Prior to commencing data extraction,
we piloted the adapted TIDieR checklist to ensure the tool
was  extracting the data required and that review authors were
using the tool comparably.

Where there were discrepancies in the data extraction, the two
review authors who had extracted the data  resolved them via
discussion, with the option to involve  the third review author if
required.

Assessment of risk of bias in included studies

Two review authors (of BC, JB, JW), working independently,
assessed risk of bias for all included study outcomes immediately
a*er intervention at medium-term follow-up  and at long-
term follow-up (where  reported)  using the revised version of
the  Cochrane's tool for assessing risk of bias, the RoB 2 (Higgins
2021a; Sterne 2019). We resolved any disagreements by discussion
between the two review authors who had assessed risk of bias
for the study outcome, with the option to involve the third review
author.  Using the Word version of the tool (9 October 2018), we
assessed risk of bias according to the following domains.

• Risk of bias arising from the randomisation process.

• Risk of bias due to deviations from the intended interventions.

• Risk of bias due to missing outcome data.

• Risk of bias in measurement of the outcome.

• Risk of bias in selection of the reported result.

Judgements were derived for each of the relevant study
outcomes  using the signalling questions outlined in the  RoB 2
Guidance 2019. This resulted in a domain-level judgement of low
risk of bias, high risk of bias, or some concerns.  Domain-level
judgments contributed to an overall assessment of risk of bias

for each included study outcome. All studies were included in the
analyses, irrespective of their risk of bias.

In this review, we were interested in both the e(ect of assignment
and the e(ect of adherence to intervention.  We selected the
e(ect of assignment to intervention as our primary interest,
which contributes to the overall risk of bias judgement for
each study outcome.  We made this selection because our
primary objective was to establish if more time spent in
rehabilitation resulted in greater improvement by comparing
assignment to more  rehabilitation with assignment to less
rehabilitation. The included RCTs were designed to test the e(ect
of assignment.  However, we acknowledge that adherence to
the intended amount of intervention could a(ect outcomes.  If
participants assigned to more rehabilitation  do not receive
the intervention as intended, the di(erence in the amount
of time  between the more rehabilitation group and the less
rehabilitation group could be negligible. This leads to indirectness
due to the intervention (Guyatt 2011),  increasing the likelihood
of a study accepting the null hypothesis.  For this reason,
we also assessed the risk of bias pertaining to adherence to
intervention.  The judgements made did not contribute to the
overall risk of bias, but were described and discussed, and a
sensitivity analysis undertaken to examine the e(ect of excluding
studies at high risk of bias due to the e(ect of adherence to
intervention (in addition to the sensitivity analyses described
below).

When assessing study outcomes for risk of bias due to missing
outcome data, we used a threshold of 90% available participant
data to return a judgement regarding the extent of missing
data. This was because the included studies were small, which is
common for rehabilitation studies.

The consensus decisions for the signalling questions for each risk of
bias were entered into a Word version of the tool, aggregated into
one document, saved as a PDF, and uploaded onto the Cochrane
Stroke Group server.

Measures of treatment e�ect

For continuous outcomes using di(erent scales of measurement
(ADL measures, upper and lower limb activity measures, and
upper and lower limb impairment measures), we calculated
pooled standardised mean di(erences (SMDs) and 95% confidence
intervals (CIs). We expressed dichotomous outcomes (SAE/death)
as risk ratios (RR) with 95% CIs.

Unit of analysis issues

We have not considered unit of analysis issues in relation to cluster-
randomised trials as none were included.

In the event of studies that included multiple intervention groups,
we included the groups that met the criteria for this review and
excluded groups that did not. Where studies included multiple
intervention groups that met the criteria for this review, we
treated the group that received the least amount of therapy as
the control  group  and 'split' this group (in terms of number of
participants) to create multiple pair-wise comparisons for that
study. The control group was split to avoid the double-counting of
participants (Higgins 2021b).
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As outcome measures were pooled, if studies included more than
one measure of the same category (e.g. if studies used more than
one activity measure of the upper limb), we selected the measure
that reported the most data. If there were measures with equal
amounts of data, we selected the measure listed first in the study.

If studies included more than one measurement within a time point
of interest (e.g. if they measured outcomes at both three months
and six months postintervention, both of which we would classify
as medium-term outcomes), we selected the first reported relevant
outcomes within the time point of interest only.

Dealing with missing data

We contacted study authors to obtain any outcome data missing
from the included studies, which was not accounted for within
the study report. If it was not possible to obtain missing data, we
attempted to determine the reason for missing data from study
authors, to establish if data were 'missing at random' or 'missing
not at random'.

If data were 'missing at random', we analysed the available data
and ignored missing data. If data were 'missing not at random',
we planned to impute  the last observation carried forward and
conduct a sensitivity analysis to determine the e(ect of missing
data.

The potential impact of missing data is discussed later in this
review.

Assessment of heterogeneity

We visually inspected the forest plots to determine the overlap in
the CIs of the studies. Poor overlap is likely to indicate statistical
heterogeneity (Deeks 2021). In addition, we used the I2 statistic to
quantify heterogeneity in the study results (Higgins 2003). If the
I2 statistic was greater than 50%, we considered this to represent
substantial heterogeneity (Deeks 2021).

Where there was substantial heterogeneity, we explored  the
possible reasons for this by examining the trials in terms of their
design, risk of bias, clinical settings, interventions, and participants
involved. We analysed possible sources of heterogeneity by
undertaking subgroup analyses.

Assessment of reporting biases

We attempted to minimise the e(ect of reporting bias by using a
comprehensive search strategy. Where meta-analyses included at
least 10 studies, we used funnel plots of the primary and secondary
outcomes to provide a visual inspection of whether treatment
estimates were associated with the study size (Page 2021).

In addition, we considered reporting bias  in terms of unavailable
data within included studies (unavailable due to the P value,
magnitude or direction of the results).  We assessed this  by
reviewing the outcomes measured by each study, in comparison
to their protocol and any other available reports of the study
(e.g. conference publications, PhD theses etc.).  We recorded  any
unreported outcomes, which likely were measured in the study
(Page 2021).

Data synthesis

We conducted meta-analyses using RevMan Web  (RevMan Web
2019), following the guidance provided in the Cochrane Handbook

for Systematic Reviews of Interventions (Deeks 2021). One author
(BC) entered the data into RevMan Web  and a second author
(SE) checked the accuracy of this. We resolved disagreements
through discussion. Analysis included all eligible study outcomes,
irrespective of their risk of bias.

We used a random-e(ects meta-analysis, regardless of the level of
heterogeneity between studies. If the studies are heterogeneous,
then this is the appropriate model to use. However, if heterogeneity
is low, a random-e(ects model will return very similar results to a
fixed-e(ect model (Deeks 2021).

To address the first objective, we undertook meta-analyses for each
of our primary and secondary outcomes at our three time points of
interest (immediately a*er intervention, medium-term follow-up,
and long-term follow-up).

To address the second objective of the review, we
conducted  subgroup analyses for each of our primary
and secondary outcomes, immediately a*er intervention. We
compared studies with a larger di(erence between groups (in
terms of total time spent in rehabilitation) to those with a smaller
di(erence between groups. We used a median split based on
di(erences in amount of time spent in rehabilitation between
groups to determine the subgroups. When there was an uneven
number of studies, the position of the split was determined by
how great the di(erence was between the middle studies, thereby
grouping the studies that were most similar in terms of amount of
therapy provided. In addition to this, we produced scatter plots of
di(erence in total amount of time spent in rehabilitation  plotted
against the estimated treatment e(ect (SMD).

To address the third objective of this review, we conducted
subgroup analyses for each of our primary and secondary
outcomes, immediately a*er intervention. We compared studies
with a larger di(erence between groups in terms of number
of minutes of rehabilitation provided per week to those with
a smaller  di(erence between groups in terms of number of
minutes of rehabilitation provided per week. In addition to this, we
produced scatter plots of di(erence in number of minutes  spent
in rehabilitation per week plotted against the estimated treatment
e(ect (SMD).

We created scatter plots using Microso* Excel.

Subgroup analysis and investigation of heterogeneity

Where there was the required information, we stratified the studies
to analyse possible sources of heterogeneity using the following
characteristics.

• Time since stroke. This was to examine whether more time spent
in rehabilitation had a di(erent e(ect, dependent on stroke
chronicity, by comparing:
◦ studies providing rehabilitation  within the first six months

since stroke;

◦ studies providing rehabilitation a*er six months since stroke.

• Hours of interventional therapy provided per week. This was to
examine the e(ect of more time spent in therapy per week on
outcomes, by comparing:
◦ studies in which the experimental group received less than

five hours of interventional treatment per week;
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◦ studies in which the experimental group received more than
five hours (but less than 10 hours) of interventional treatment
per week;

◦ studies in which the experimental group received more than
10 hours (but less than 20 hours) of interventional treatment
per week;

◦ studies in which the experimental group received 20 hours or
more of interventional treatment per week.

• Type of intervention. This was to examine whether the type of
intervention provided alters the e(ect of time spent in therapy
(i.e. if more time spent in one type of therapy has a greater
benefit than more time spent in a di(erent type of therapy). The
following two comparisons were made:
◦ upper limb therapy versus other therapy;

◦ electromechanical technology versus no electromechanical
technology.

Sensitivity analysis

We performed the following sensitivity analyses for objective one at
our primary time point of interest (immediately a*er intervention):
removal of high risk of bias studies, removal of studies at high
risk of bias due to the e(ect of adherence to intervention, and
removal of studies with both high risk of overall bias and high risk
of bias due to the e(ect of adherence to intervention.  The latter
sensitivity analyses were performed as risk of bias due to the e(ect
of adherence to intervention did not contribute to the overall risk
of bias.

Summary of findings and assessment of the certainty of the
evidence

We created summary of findings tables to present the findings of
our first objective, using the six outcomes identified: ADL, activity

measures of the upper limb, activity measures of the lower limb,
motor impairment measures of the upper limb, motor impairment
measures of the lower limb, and SAEs/death. We report the results
of the outcomes measures immediately a*er intervention, which
was our primary time point of interest.

For each outcome, we reported the number of participants that
contributed to the finding, the relative e(ect, direction of e(ect,
and the certainty of the evidence. We analysed the certainty
of the evidence using the evidence grading system developed
by the GRADE collaboration (Schünemann  2013),  described in
the Cochrane Handbook for Systematic Reviews of Interventions
(Schünemann 2021a). The overall risk of bias (assessed by the RoB2
tool) contributed to the GRADE assessment.

R E S U L T S

Description of studies

See  Characteristics of included studies,  Characteristics of
excluded studies, Characteristics of studies awaiting classification,
and Characteristics of ongoing studies tables.

Results of the search

Searches, undertaken in June and July 2021, identified
44,728  unique records for screening. Following title screening,
we excluded 44, 549  records, leaving 1492  for title and abstract
review. From these records, we reviewed the full text of 179 papers
and identified 23 studies (46 records) that met the criteria for this
review. Figure 1 outlines the study selection process.

 

The e�ect of time spent in rehabilitation on activity limitation and impairment a�er stroke (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

16



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 1.
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Figure 1.   (Continued)

 
Included studies

Twenty-three studies analysed data from 1458 participants in study
groups that met the criteria for this review  (see  Characteristics
of included studies  table). Two studies  were not included in
the analysis  because missing information could not be obtained
from the study authors (Page 2011; Wang 2011). Therefore, the
quantitative synthesis comprised 21 parallel designed randomised
clinical trials, which analysed 1412  participants.  Five  studies
included  two or more intervention groups that met the criteria
for this study (Han 2013a; Hunter 2011a; Lang 2016a; Page
2012a; Winstein 2019a), therefore,  27  pair-wise comparisons are
presented. Each pair-wise comparison that has originated from the
same study, can be separately identified (e.g.  Lang 2016a,  Lang
2016b, Lang 2016c). Please see the notes section for the respective
studies in the Characteristics of included studies table for how these
pair-wise comparisons were defined.

Time spent in rehabilitation and rehabilitation schedule 

Time spent in rehabilitation varied between the 21  studies,
see Table 1 for a summary.

Nineteen studies reported time (minutes) spent in rehabilitation.
Seven  report time allocated for therapy (Dromerick 2009; Han
2013a; Hsu 2010; Page 2012a; Partridge 2000; Wang 2004;
Winstein 2019a), but not amount of therapy delivered. We have
presumed that time allocated was the same as time delivered
as there were no issues concerning delivery reported.  The
remaining 12  studies report average (mean or median) minutes
of rehabilitation  delivered. Two studies reported the number of
repetitions (Abdullahi 2018; Hsieh 2012). In both studies, one
intervention group received double the number of repetitions as
the other intervention group, which we took to represent a di(erent
amount of time spent in rehabilitation.

The di(erence in total minutes (per study) of rehabilitation between
control and intervention groups ranged from 186 minutes (English
2015)  to 6160 minutes (Wang 2004), with a median di(erence of
840 minutes. Minutes of rehabilitation provided per week ranged
from 90 (Ada 2013) to 1288 (Tong 2019). Days per week on which
rehabilitation was provided ranged from three (Ada 2013) to seven
(English 2015; Hunter 2011a; Tong 2019), but 12 studies provided
rehabilitation five days per week (Abdullahi 2018; Dromerick 2009;
GAPS 2004; Han 2013a; Hsieh 2012; Hsu 2010; Kowalczewski
2007; Lincoln 1999; Page 2012a; Partridge 2000; Wang 2004;
Winstein 2019a). Duration of rehabilitation ranged from two weeks
(Dromerick 2009; Hunter 2011a; Tong 2019) to six months (Smith
1981; Wang 2004).

Fi*een studies compared groups that received a di(erent amount
of rehabilitation per day (Abdullahi 2018; Cooke 2010b; Donaldson
2009; Dromerick 2009; GAPS 2004; Han 2013a; Hsieh 2012; Hsu 2010;
Hunter 2011a; Lang 2016a; Lincoln 1999; Page 2012a; Partridge

2000; Tong 2019; Winstein 2019a). The di(erence in minutes of
rehabilitation per day between control and intervention groups
ranged from  12 minutes (Lang 2016a) to 180 minutes (Winstein
2019a), with a median di(erence of 30 minutes.  Two  studies
compared groups that received a di(erent number of days
per week  of rehabilitation (English 2015; Kowalczewski 2007).
Two studies compared more minutes of rehabilitation over more
days with fewer minutes over fewer days (Smith 1981; Wang 2004).
One  study compared di(erent durations of rehabilitation (Ada
2013), and one study reported the amount of therapy provided over
three weeks, without specifying a schedule (Burgar 2011).

Nature of intervention in studies

Nature of intervention in studies included physiotherapy (physical
therapy) or occupational therapy, or both (Cooke 2010b; Donaldson
2009; English 2015; GAPS 2004; Lincoln 1999; Partridge 2000; Smith
1981; Wang 2004), neuromuscular electrical stimulation (Hsu 2010;
Kowalczewski 2007; Page 2012a), robot-assisted training (Burgar
2011; Hsieh 2012), CIMT (Abdullahi 2018; Dromerick 2009), task-
specific training (Lang 2016a; Winstein 2019a),  mobilisation and
tactile stimulation (Hunter 2011a), upper limb rehabilitation (Han
2013a), treadmill training (Ada 2013), and mobilisation (Tong 2019).

In grouping interventions, 13 studies provided  upper limb
rehabilitation (Abdullahi 2018; Burgar 2011; Donaldson 2009;
Dromerick 2009; Han 2013a; Hsieh 2012; Hsu 2010; Hunter 2011a;
Kowalczewski 2007; Lang 2016a; Lincoln 1999; Page 2012a; Winstein
2019a), five studies provided general rehabilitation (English
2015; GAPS 2004; Partridge 2000; Smith 1981; Wang 2004),  two
studies provided mobilisation training (Ada 2013; Tong 2019),
and one study provided lower limb training (Cooke 2010b).  In
an alternative grouping, six studies provided rehabilitation using
electromechanical technology (Ada 2013; Burgar 2011; Hsieh 2012;
Hsu 2010; Kowalczewski 2007; Page 2012a), and 15 studies did not
use electromechanical technology (Abdullahi 2018; Cooke 2010b;
Donaldson 2009; Dromerick 2009; English 2015; GAPS 2004; Han
2013a; Hunter 2011a; Lang 2016a; Lincoln 1999; Partridge 2000;
Smith 1981; Tong 2019; Wang 2004; Winstein 2019a).

Participant characteristics 

Characteristics of participants, including age, gender, and time
since stroke are summarised in Table 2.

Time since stroke

Sixteen studies included participants in the first six months
following stroke (Abdullahi 2018; Burgar 2011; Cooke 2010b;
Donaldson 2009; Dromerick 2009; English 2015; GAPS 2004; Han
2013a; Hsu 2010; Hunter 2011a; Kowalczewski 2007; Lincoln 1999;
Partridge 2000; Smith 1981; Tong 2019; Wang 2004).

Five studies included participants more than six months poststroke
(Ada 2013; Hsieh 2012; Lang 2016a; Page 2012a; Winstein 2019a).
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Stroke severity or level of impairment

Comparison of stroke severity or level of impairment due to stroke
was limited, due to variations in measurement.

Of the 21 studies, four included objective measurement of stroke
severity.  Three reported the National Institute of Health Stroke
Scale (NIHSS) (Dromerick 2009; Tong 2019; Wang 2004),  and one
reported lesion volume (Winstein 2019a). Of studies that reported
NIHSS scores, the mean scores were in the mild to moderate range
of five to 14 (Brott 1989).  Winstein 2019a  reported lesion volume
in centimetres cubed. We were unable to use this information to
classify stroke severity.

Of the 21 studies, 14 included a measure of baseline
physical  impairment, 11 upper limb impairment, one lower limb
impairment, and  two global physical impairment.  Of the 11 that
reported upper limb impairment, eight used the FM-UE.  Using
the Woytowicz 2017 classifications, two studies had a moderate–
mild mean FM-UE (Hsieh 2012; Winstein 2019a), three were
moderate-severe (Abdullahi 2018; Burgar 2011; Page 2012a), and
three were severe (Han 2013a; Hsu 2010; Kowalczewski 2007). The
remaining studies that report baseline upper limb impairment
use myometer measurement (Donaldson 2009; Lincoln 1999), and
the Upper Extremity Motricity Index (Hunter 2011a), which we
were unable to classify.  Cooke 2010b  reported baseline lower
limb impairment using myometer measurement. The two studies
that used global measures of physical impairment used the
Motricity Index (GAPS 2004), and the Fugl-Meyer (full scale) (Wang
2004).  Wang 2004  classified participants as severe for motor
impairments (Duncan 1994).  We were unable to categorically
classify the Motricity Index.

Of the 21 studies, five studies did not  include either measures of
stroke severity or impairment (Ada 2013; English 2015; Lang 2016a;
Partridge 2000; Smith 1981).

No studies  reported non-physical measures of
impairment.  However, 10 studies excluded  people with cognitive
impairment (Abdullahi 2018; Ada 2013; Burgar 2011; Dromerick
2009; GAPS 2004; Kowalczewski 2007; Lang 2016a; Page 2012a;
Partridge 2000; Winstein 2019a).  Seven studies excluded people
with communication impairment (Abdullahi 2018; Ada 2013;
Donaldson 2009; Dromerick 2009; GAPS 2004; Hunter 2011a;
Tong 2019), and four studies excluded people with visual
inattention/neglect (Abdullahi 2018; Donaldson 2009; Dromerick
2009; Kowalczewski 2007). Definition of these impairments varied
or were not clearly defined.

Rehabilitation setting

Fourteen studies provided rehabilitation in an inpatient setting
(Burgar 2011; Cooke 2010b; Donaldson 2009; Dromerick 2009;
English 2015; GAPS 2004; Han 2013a; Hsu 2010; Hunter 2011a;
Kowalczewski 2007; Lincoln 1999; Partridge 2000; Tong 2019;
Wang 2004).  These were all studies of participants in the first
six months following stroke. Five studies provided intervention in
the community/outpatient setting (Abdullahi 2018; Ada 2013; Lang
2016a; Page 2012a; Smith 1981).  Both  Smith 1981  and  Abdullahi
2018 studied participants as outpatients following their discharge
from the inpatient setting, within the first six months a*er
stroke. Ada 2013, Lang 2016a, and Page 2012a studied participants
more than six months following stroke. In Page 2012a, participants
were seen in their own homes; the other studies treated

participants in outpatient/community settings.  The remaining
studies did not describe rehabilitation setting (Hsieh 2012; Winstein
2019a), but as they are both of participants more than six months
a*er stroke, it is expected that they were undertaken in outpatient/
community settings.

Included groups from studies

We included all participant groups from six of the included studies
(GAPS 2004; Han 2013a; Kowalczewski 2007; Lang 2016a; Partridge
2000; Wang 2004). Of the remaining 15 studies, not all participant
groups met our study criteria, therefore, these participant groups
were excluded from the analysis. In 12  studies, one intervention
group received a di(erent intervention, compared to two (or more)
groups that received di(erent amounts of the same intervention
(Abdullahi 2018; Burgar 2011; Cooke 2010b; Donaldson 2009;
Dromerick 2009; English 2015; Hsieh 2012; Hsu 2010; Hunter
2011a; Lincoln 1999; Page 2012a; Tong 2019).  In the remaining
three studies, a control group received no rehabilitation, compared
to two intervention groups that received di(erent amounts of the
same treatment (Ada 2013; Smith 1981; Winstein 2019a).

Excluded studies

We excluded 83  studies (111  records) following full review
(see  Characteristics of excluded studies  table). Studies were
excluded for various reasons including comparing di(erent types
of rehabilitation (not di(erent amounts of the same rehabilitation),
comparing rehabilitation with no rehabilitation and  inclusion of
non-stroke participants.

Studies awaiting classification

Eight studies are awaiting classification (see  Characteristics of
studies awaiting classification  table). These are predominantly
conference proceedings, for which we have been unable to obtain
the required detail for inclusion.

Ongoing studies

Eight studies  are  ongoing (see  Characteristics of ongoing
studies table).

Risk of bias in included studies

Risk of bias assessments for each outcome, including all
domain judgements and support for judgement, is located
in the risk of bias section (located in the  Characteristics
of included studies  table), and at the side of all forest
plots. To access further detailed risk of bias assessment
data, please use the following link: apps.ccbs.ed.ac.uk/csrg/
cochranestrokedocuments/Risk_of_Bias_Assessments_FINAL.pdf.

Risk of bias judgements within studies were generally consistent,
with the following exceptions.  In four studies, there was a
greater risk of bias for follow-up measures, due to missing data
(participants lost to follow-up) (Burgar 2011; Donaldson 2009;
Lincoln 1999; Partridge 2000). In two studies, the risk of bias di(ered
within the study, due to the outcome measure used (Lang 2016a;
Lincoln 1999). In one study, the risk of bias di(ered within the study,
due to selection of the reported results (Winstein 2019a). In one
study, the risk of bias di(ered within the study due to unexplained
missing data for one outcome, but not the other (Cooke 2010b).
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For domain five (risk of bias in the selection of reported results),
most outcomes were judged as having at least  some concerns.
In order to judge potential bias, study protocols, written prior
to study completion are required. For 15/21  studies,  there was
either no protocol available or the protocol provided insu(icient
detail to determine that the study was carried out as planned
(Burgar 2011; Cooke 2010b; Donaldson 2009; GAPS 2004; Han
2013a; Hsieh 2012; Hsu 2010; Hunter 2011a; Kowalczewski 2007;
Lang 2016a; Lincoln 1999; Page 2012a; Partridge 2000; Smith 1981;
Wang 2004). In all cases, we contacted the study authors to request
further information, but this information remained unavailable.
One reason for the limited protocol availability may be due to
the relatively recent practice of registering rehabilitation trials and
publishing protocols.

As previously described, we selected the e(ect of assignment to
intervention as our primary interest, when considering the risk
of bias due to  deviations from intended interventions (domain
2).  However, we are also interested in the risk of bias pertaining
to adherence to the intervention. The judgements made did not
contribute to the overall risk of bias, but are herein described.

Both versions of this domain begin by asking if participants,
carers, and people delivering rehabilitation were aware of group
allocation during the trial. Notably,  none of the studies blinded
people delivering rehabilitation and just three studies reported that
participants were unaware of their group allocation (Burgar 2011;
Donaldson 2009; Partridge 2000). Lack of blinding of participants
and personnel is common for rehabilitation studies due to the
nature of interventions. This increased the likelihood of all studies
being at high risk or having some concerns for this domain.

Assessment of risk of bias for the e(ect of adhering to the
intervention was consistent within studies.  Seven studies were
at low risk of bias for e(ect of adhering to the intervention
(Ada 2013; Han 2013a; Hsieh 2012; Lang 2016a; Page 2012a;
Wang 2004; Winstein 2019a).  The remaining 14  studies were at
high risk of bias. In addition to the aforementioned lack of
blinding, nine of these studies provided no information regarding
co-interventions (Abdullahi 2018; Cooke 2010b; Donaldson
2009; English 2015; Hunter 2011a; Kowalczewski 2007; Lincoln
1999; Partridge 2000; Smith 1981).  Three studies provided no
information about adherence to the intervention (Dromerick 2009;
Hsu 2010; Partridge 2000), and five studies described issues with
adherence to the intervention (Burgar 2011; GAPS 2004; Hunter
2011a; Lincoln 1999; Tong 2019). Three studies demonstrated more
than one of these issues (Burgar 2011; Hunter 2011a; Lincoln 1999).

A brief summary of studies' overall risk of bias is presented with the
results of the meta-analyses.

In addition to the risk of bias in included studies, we assessed
this  review's risk of bias due to missing results (non-reporting
bias). Funnel plots are presented with the relevant analysis and
a summary of potential non-reporting bias is presented in  Table
3.  A brief summary of any possible missing results is presented
with the results of the meta-analyses for objective one. In addition,
there were two studies we were unable to include, due to missing
information that could not be obtained from study authors (Page
2011; Wang 2011).

There are eight potentially eligible studies that are
awaiting classification (see  Characteristics of studies awaiting
classification  table).  These studies did not include enough
information to determine whether they meet the criteria for this
review, and, to date, we have been unable to gather any further
information about them. If unbeknown to us, some or all of these
studies meet the criteria for this review, their non-inclusion would
result in further non-reporting bias.

E�ects of interventions

See: Summary of findings 1 Summary of findings table - More
time compared to less time in rehabilitation (objective one –
immediately a*er intervention); Summary of findings 2 Summary
of findings table - More time compared to less time in rehabilitation
(objective one – medium-term outcomes); Summary of findings
3 Summary of findings table - More time compared to less time in
rehabilitation (objective one – long-term outcomes)

Objective one: to assess the e�ect of more time spent in the
same type of rehabilitation on activity measures in people
with stroke

See Summary of findings 1,  Summary of findings 2 and Summary
of findings 3.

We compared intervention groups that spent more time
in  rehabilitation with intervention groups that spent less time.
Comparisons were undertaken for our primary and secondary
outcome measures immediately a*er intervention, at medium-
term follow-up (two weeks to six months a*er intervention has
ended), and long-term follow-up (more than six months a*er
treatment has ended).

Comparison 1: outcomes measured immediately a�er
intervention

Analysis 1.1: activities of daily living outcomes (primary outcome)

There was no evidence of an  e(ect for additional time
spent in rehabilitation for ADL outcomes immediately a*er

intervention  (SMD 0.13, 95% CI −0.02  to 0.28; P  = 0.09; I2  = 7%;
14 studies, 864 participants; very low-certainty evidence; Analysis
1.1).  Measures used included the Functional Independence
Measure, Barthel Index, Motor Activity Log, Activities of Daily Living
Index, Arm Motor Ability Scale, and the Adelaide Activities Profile.

Of the 19 comparisons included in this analysis, three were at low
overall risk of bias, nine had some concerns regarding risk of bias,
and seven were at high risk of bias.

With studies at high risk of bias  removed, there remained no
evidence of an e(ect. With studies at high risk of bias due to e(ect
of adherence removed, there was evidence of an e(ect. This e(ect
was lost when studies at high risk of overall bias and high risk of bias
due to e(ect of adherence were excluded (see Table 4).

Data from one included study were missing from this
analysis.  Smith 1981  included an ADL measure, but reported a
change score.  We contacted the study authors, but  the  raw data
were no longer available.

Three studies may have assessed this outcome but did not report
findings (see  Table 3).  A funnel plot for this outcome showed
asymmetry, which may indicate non-reporting bias (Figure 2).
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Analysis 1.2: activity measures of the upper limb

There was no evidence of an  e(ect for additional time spent in
rehabilitation for activity measures of the upper limb immediately

a*er intervention (SMD 0.09, 95% CI −0.11 to 0.29; P = 0.36; I2 = 0%;
12 studies, 426 participants; very low-certainty evidence; Analysis
1.2). Measures used included the Wolf Motor Function Test and the
Action Research Arm Test.

Of the 18  comparisons included in this analysis, one was  at low
overall risk of bias, 13 had some concerns regarding risk of bias, and
four were at high risk of bias.

Sensitivity analyses to explore the impact of excluding studies
at high risk of  bias demonstrated that there were no substantial
changes from the original reported finding (see Table 4).

Data from two included studies were missing from this analysis
(English 2015; Lincoln 1999). These studies presented the data in an
incomparable format, and we were unable to obtain raw data from
the study authors.

Five studies may have assessed this outcome but did not report
findings (see  Table 3).  A funnel plot for this outcome shows
asymmetry, which may indicate non-reporting bias (Figure 3).
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Analysis 1.3: activity measures of the lower limb

There was no evidence of an e(ect for additional time spent in
rehabilitation for activity measures of the lower limb immediately

a*er intervention  (SMD 0.25, 95% CI −0.03  to 0.53; P  = 0.08;  I2  =
48%; 5 studies, 425 participants;  low-certainty evidence; Analysis
1.3).  Measures used included the six-minute walk test and the
Rivermead Mobility Index.

Of the five  comparisons included in this analysis, two were  at
low overall risk of bias, two had some concerns regarding risk of
bias, and one was at high risk of bias.

With studies judged at high risk of bias removed, there remained
no evidence of an e(ect. When studies at high risk of overall bias
and high risk of bias due to e(ect of adherence were excluded, there
was evidence of an e(ect (see Table 4).

Two studies may have assessed this outcome but did not report
findings (see Table 3).

Analysis 1.4: motor impairment measures of the upper limb

There was an  e(ect in favour of  additional time spent in
rehabilitation for motor impairment measures of the upper limb
immediately a*er intervention  (SMD 0.32, 95% CI 0.06  to 0.58;

P  = 0.01;  I2  = 10%; 9 studies, 287 participants;  low-certainty
evidence; Analysis 1.4). Measures used included the FM-UE and the
Motricity Index (Arm section).

Of the 12  comparisons included in this analysis, one was  at low
overall risk of bias, 10 had some concerns regarding risk of bias, and
one was at high risk of bias.

With studies at high risk of bias removed, there was no evidence of
an e(ect. When studies at high risk of overall bias and high risk of
bias due to e(ect of adherence were excluded, there was evidence
of an e(ect (see Table 4).

Data from one included study  were missing from this analysis
(Lincoln 1999). This study presented the data in an incomparable
format, and we were unable to obtain raw data.

One study assessed this outcome but did not report findings and
three further studies may have assessed this outcome but did not
report findings (see Table 3).

To establish if the  e(ect seen in this analysis  represented a
meaningful change to participants, we examined whether the
change between baseline and outcome measures for each group
within each study reached the minimal  clinically important
di(erence (MCID) for the outcome measure used. For studies that
used the FM-UE in the subacute stage, we used an MCID of 9 (Arya
2011), and for studies that  used the FM-UE  in the chronic stage,
we used an MCID of 4.25 (Page 2012). For studies that used grip
strength, we used an MCID of 5 kg (Bohannon 2019; Lang 2008).
One study (two comparisons) used the Arm section of the Motricity
Index, for which we were unable to find an MCID.
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Of the remaining 10 comparisons, four found a meaningful change
in the  'more rehabilitation' group coupled with an absence
of meaningful change in the  'less rehabilitation' group. This
suggests that for 4/10 comparisons (Burgar 2011, Hsieh 2012, and
two comparisons from  Han 2013a), the additional rehabilitation
provided resulted in a clinically meaningful di(erence in a measure
of upper limb impairment, which was not achieved for those
in the group that received less rehabilitation. The remaining six
comparisons either did not find a clinically meaningful change
for either group (three comparisons) or they found a clinically
meaningful change for both groups (three comparisons). See Table
5 for a summary.

Analysis 1.5: motor impairment measures of the lower limb

There was an  e(ect in favour of  additional time spent in
rehabilitation for motor impairment measures of the lower limb
immediately a*er intervention (SMD 0.71, 95% CI 0.15 to 1.28; P =
0.01; 1 study, 51 participants; very low-certainty evidence; Analysis
1.5). Measure used was peak knee flexion torque.

This study was at high risk of bias.

Sensitivity analyses related to risk of bias could not be performed,
as this le* no studies in the analysis.

Two further studies may have assessed this outcome but did not
report findings (see Table 3).

The study in this analysis used knee flexion peak torque to measure
motor impairment of the lower limb.  We were unable to find
evidence for an MCID for knee flexion peak torque to determine if
the e(ect seen in this analysis represented a meaningful change to
participants.

Analysis 1.6: serious adverse events/death

There was no evidence of an increased risk of SAEs or death  for
additional time spent in rehabilitation (RR 1.20, 95% CI 0.51  to

2.85; P  = 0.68;  I2  = 0%; 2 studies, 379  participants;  low-certainty
evidence; Analysis 1.6).

Of the two comparisons included in this analysis, one was at low
overall risk of bias and one had some concerns regarding bias.

As there were no studies at high risk of bias, there was no change
to the result when studies at high risk of bias were removed. When
studies judged as high risk of bias due to e(ect of adherence were
removed, there were no remaining studies in the analysis (see Table
4).

We found no studies that may have planned to assess this outcome
and had not reported findings.

Comparison 2: outcomes measured at medium-term follow-
up (two weeks to six months a�er intervention)

Analysis 2.1: activities of daily living outcomes (primary outcome)

There was no evidence of an e(ect for additional time spent in
rehabilitation for ADL outcomes at medium-term follow-up (SMD

0.01, 95% CI −0.15  to 0.16; P  = 0.94;  I2  = 0%; 10 studies, 673
participants; very low-certainty evidence; Analysis 2.1).

Of the 12 comparisons included in this analysis, two were at low
overall risk of bias, three had some concerns regarding risk of
bias, and seven were at high risk of bias.

Data from one included study were missing from this
analysis.  English 2015  did not report follow-up measures for the
Functional Independence Measure.  This was available in a data
repository, but payment was required to access it, and we do not
have funding for this.

One study assessed this outcome but did not report findings and
six  other studies may have assessed this outcome but did not
report findings (Table 3).  A funnel plot for this outcome showed
asymmetry, which may indicate non-reporting bias (Figure 4).
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Analysis 2.2: activity measures of the upper limb

There was no evidence of an e(ect for additional time spent in
rehabilitation for activity measures of the upper limb at medium-

term follow-up (SMD −0.02, 95% CI −0.36 to 0.33; P = 0.93, I2 = 30%; 7
studies, 218 participants; very low-certainty evidence; Analysis 2.2).

Of the nine comparisons included in this analysis, one was at low
overall risk of bias, six had some concerns regarding risk of bias, and
two were at high risk of bias.

Data from two included studies were missing from this
analysis.  Lincoln 1999  presented these data in an  incomparable
format and study authors no longer have the raw data.  English
2015 did not report follow-up measures for the Wolf Motor Function
Test.  This was available in a data repository, but payment was
required to access it, and we do not have funding for this.

Two studies assessed this outcome but did not report findings and
seven other studies may have assessed this outcome but did not
report findings (Table 3).

Analysis 2.3: activity measures of the lower limb

There was no evidence of an e(ect for additional time spent in
rehabilitation for activity measures of the lower limb at medium-

term follow-up (SMD 0.10, 95% CI −0.30 to 0.49; P = 0.63; I2 = 58%; 4
studies, 243 participants; very low-certainty evidence; Analysis 2.3).

Of the four comparisons included in this analysis, one was at low
risk of bias, two had some concerns regarding risk of bias, and one
was at high risk of bias.

Data from one included study were missing from this
analysis.  English 2015  did not report follow-up measures for the
six-minute walk test.  This was available in a data repository, but
payment was required to access it, and we do not have funding for
this.

One study assessed this outcome but did not report findings and
one  study may have assessed this outcome but did not report
findings (Table 3).

Analysis 2.4: motor impairment measures of the upper limb

There was no evidence of an e(ect for additional time spent
in rehabilitation for motor impairment measures of the upper
limb at medium-term follow-up (SMD −0.02, 95% CI −0.39 to 0.35;

P  = 0.90;  I2  = 0%; 5 studies, 115 participants;  very low-certainty
evidence; Analysis 2.4).

Of the five comparisons included in this analysis, one was at low
overall risk of bias, three  had some concerns regarding risk of
bias, and one was at high risk of bias.

Data from one included study were missing from this
analysis.  Lincoln 1999  presented the data in an incomparable
format, and we were unable to obtain raw data.
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Two studies assessed this outcome but did not report findings and
six studies  may have assessed this outcome but did  not report
findings (Table 3).

Analysis 2.5: motor impairment measures of the lower limb

There was no evidence of an e(ect for additional time spent in
rehabilitation for motor impairment measures of the lower limb at
medium-term follow-up (SMD 0.62, 95% CI −0.04 to 1.28; P = 0.07; 1
study, 37 participants; very low-certainty evidence; Analysis 2.5).

This study was at high risk of bias.

One study assessed this outcome but did not report findings, and
two  studies  may have assessed this outcome but did not report
findings (Table 3).

Analysis 2.6: serious adverse events/death

There was no increase in risk of SAEs or death for additional time
spent in rehabilitation at medium-term follow-up (RR 1.32, 95% CI

0.63 to 2.76; P = 0.46; I2 = 2%; 3 studies, 344 participants; very low-
certainty evidence; Analysis 2.6).

Of the three comparisons included in this analysis, two were had
some concerns regarding risk of bias, and one was at high risk of
bias.

There did not appear to be any studies that measured this outcome
but did not report findings (Table 3).

Comparison 3: outcomes measured at long-term follow-up
(more than six months a�er intervention)

Analysis 3.1: activities of daily living outcomes (primary outcome)

There was no evidence of an e(ect for additional time spent in
rehabilitation for ADL outcomes at long-term follow-up (SMD 0.09,
95% CI −0.39 to 0.57; P = 0.71; 1 study, 67 participants; low-certainty
evidence; Analysis 3.1).

This study was low risk of bias.

Activity measures of the upper limb

No studies reported activity measures of the upper limb at long-
term follow-up (more than six months a*er intervention).

Analysis 3.2: activity measures of the lower limb

There was no evidence of an e(ect for additional time spent in
rehabilitation for activity measures of the lower limb at long-term
follow-up  (SMD 0.16, 95% CI −0.32  to 0.64; P  = 0.52;  1 study, 67
participants; low-certainty evidence; Analysis 3.2).

This study was low risk of bias.

Motor impairment measures of the upper limb

No studies reported motor impairment measures of the upper limb
at long-term follow-up (more than six months a*er intervention).

Motor impairment measures of the lower limb

No studies reported motor impairment measures of the lower limb
at long-term follow-up (more than six months a*er intervention).

Serious adverse events/death

No studies reported SAE/death at long-term follow-up (more than
six months a*er intervention).

Objective two: to assess the e�ect of di�erence in total
rehabilitation time (in minutes) on recovery of activity in
people with stroke

We conducted  subgroup analyses of  the primary
and secondary  outcomes immediately a*er intervention.
We compared studies with a larger di(erence between study groups
(in terms of total  time spent in  rehabilitation) to those with a
smaller di(erence between study groups. We used a median split
based on di(erences in amount of time spent in rehabilitation
between groups to determine the subgroups. When there was an
uneven number of studies, the position of the split was determined
by how great the di(erence was between the middle studies, in
terms of time spent in rehabilitation, thereby grouping the studies
that were most similar in terms of amount provided.

In addition to these subgroup analyses, we produced scatter plots
of di(erence in total amount of time spent in rehabilitation (i.e.
di(erence between study intervention groups in terms of  total
interventional  minutes  received over the duration of the study)
plotted against the estimated treatment e(ect (SMD). Due to
insu(icient data points on the scatter plots we were unable to draw
a line of best fit and the descriptive analysis given is tentative.

Analysis 4.1: activities of daily living outcomes (primary
outcome)

The test for subgroup di(erences showed a significant di(erence
between results of studies with larger (900 to 6160 minutes)
versus smaller (186 to 852 minutes)  di(erence in total minutes
of rehabilitation between treatment groups for ADL outcomes,
immediately a*er intervention (P = 0.02; Analysis 4.1). This was in
favour of a larger di(erence in amount.

Analysis of the scatter plot for this outcome was limited by the
small number of data points (Figure 5).  Tentatively, it  suggested
a small positive  association between di(erence in total amount
of rehabilitation and ADL outcomes. There were two studies that
were exceptions. Dromerick 2009 found a large but non-significant
benefit in favour of the control group.  This study examined
the e(ect of di(erent amounts of CIMT early a*er stroke.  They
suggested that the e(ect seen could be due to fatigue or injury
due to overtraining.  Page 2012b  found a greater benefit of more
rehabilitation than all other studies.
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Figure 5.   Scatter diagram plotting di�erence in total minutes of rehabilitation against outcomes (SMD) for activities
of daily living, immediately a�er intervention 

 
Analysis 4.2: activity measures of the upper limb

The test for subgroup di(erences showed that there was
a  significant di(erence between results of studies with larger
(852 to 3600 minutes) versus smaller (198.8 to 762 minutes)
di(erence in total minutes  of rehabilitation  between treatment
groups for activity measures of the upper limb, immediately a*er
intervention (P = 0.04; Analysis 4.2). This was in favour of a larger
di(erence in amount.

Analysis of the scatter plot for this outcome was limited by the
small number of data points, but suggested a positive association
between di(erence in total amount of rehabilitation and improved
activity measures of the upper limb (Figure 6).  There are three
outlying studies.  Kowalczewski 2007  found a relatively large but

non-significant e(ect in favour of additional therapy, despite a
relatively smaller di(erence in total amount of therapy. This study
provided di(erent amounts of functional electrical stimulation
exercise therapy to two groups; one  received intervention daily
and one received intervention weekly. Winstein 2019b found a non-
significant e(ect in favour of control, despite a large di(erence
in amount of time spent in therapy.  Their study investigated the
e(ect of an accelerated skill acquisition programme for people in
the chronic stage following stroke. There were baseline imbalances
in this group that would favour the null hypothesis for this study.
Finally,  Dromerick 2009  found a large but non-significant benefit
in favour of the control group. This study examined the e(ect of
di(erent amounts of CIMT early a*er stroke. They suggested that
the e(ect seen could be due to fatigue or injury due to overtraining.
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Figure 6.   Scatter diagram plotting di�erence in total minutes of rehabilitation against outcomes (SMD) for activity
measures of the upper limb, immediately a�er intervention 

 
Analysis 4.3: activity measures of the lower limb

The test for subgroup di(erences showed that there was
no significant di(erence between results of studies with larger (828
to 900 minutes) versus smaller (186 to 780 minutes)  di(erence
in total minutes of rehabilitation between treatment groups

for activity measures of the lower limb, immediately a*er
intervention (P = 0.41; Analysis 4.3).

The scatter plot for this comparison can be seen in Figure 7. Due
to the lack of data points, it is not possible to draw any meaningful
conclusions from these data.
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Figure 7.   Scatter diagram plotting di�erence in total minutes of rehabilitation against outcomes (SMD) for activity
measures of the lower limb, immediately a�er intervention 

 
Analysis 4.4: motor impairment measures of the upper limb

The test for subgroup di(erences showed that there is no significant
di(erence between results of studies with larger (852 to
3600  minutes) versus smaller (198.8 to 720  minutes) di(erence
in total minutes of rehabilitation between treatment groups for
motor impairment measures of the upper limb, immediately a*er
intervention (P = 0.06; Analysis 4.4).

Analysis of the scatter plot for this outcome was limited by the
small number of data points, but suggested a positive association
between di(erence in total amount of rehabilitation and motor
impairment measures of the upper limb (Figure 8). There were no
outlying studies of particular note for this scatter plot.
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Figure 8.   Scatter diagram plotting di�erence in total minutes of rehabilitation against outcomes (SMD) for motor
impairment measures of the upper limb, immediately a�er intervention 

 
Only one study reported motor impairment of the upper limb and
two studies reported SAE/death, therefore these outcomes were
not included in the subgroup analysis for objective two.

Motor impairment measures of the lower limb

As only one study reported a lower limb motor impairment
measure, we were unable to undertake a subgroup analysis for this
outcome.

Serious adverse events/death

As only two studies reported SAE/death, we did not undertake a
subgroup analysis for this outcome.

Objective three: to assess the e�ect of rehabilitation schedule
on activity following stroke in terms of average minutes
of rehabilitation provided per week, average frequency of
rehabilitation, and total duration of rehabilitation

We planned to address this objective by grouping studies
with similar rehabilitation schedules and undertaking meta-
analyses for each group. Lack of similarity between studies
precluded this approach, but we noted that we could extrapolate
from most studies the minutes of rehabilitation per week. We
used this to  conduct subgroup analyses of  the primary and
secondary  outcomes immediately a*er intervention. We used
a median split based on di(erence in number of minutes
of rehabilitation provided per week between study groups to

compare  studies with a larger di(erence in terms of number
of minutes of rehabilitation provided per week to those with
a smaller  di(erence. In addition to this, we produced scatter
plots of di(erence in number of minutes  spent in rehabilitation
per week (i.e. di(erence between study intervention groups in
terms of number of minutes of therapy received per week during
the study) plotted against the estimated treatment e(ect (SMD).
Therefore, we  conducted subgroup analyses of  the primary and
secondary outcomes immediately a*er intervention.

Analysis 5.1: activities of daily living outcomes (primary
outcome)

The test for subgroup di(erences showed that there was
no significant di(erence between results of studies with larger (213
to 600 minutes) versus smaller (46.5 to 150  minutes)  di(erence
in minutes of rehabilitation provided per week on ADL outcomes,
immediately a*er intervention (P = 0.44; Analysis 5.1).

Analysis of the scatter plot for this outcome was limited by the
small number of data points (Figure 9).  Tentatively, it  suggested
a small positive  association between di(erence in total amount
of rehabilitation per week and ADL outcomes.  One study was an
exception to this. Dromerick 2009 found a large but non-significant
benefit in favour of the control group.  This study examined
the e(ect of di(erent amounts of CIMT early a*er stroke.  They
suggested that the e(ect seen could be due to fatigue or injury due
to overtraining.
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Figure 9.   Scatter diagram plotting di�erence in minutes of rehabilitation per week against outcomes (SMD) for
activities of daily living, immediately a�er intervention 

 
Analysis 5.2: activity measures of the upper limb

The test for subgroup di(erences showed that there was
no  significant di(erence between results of studies with a larger
(213 to 600 minutes) versus smaller (48 to 150 minutes) di(erence in
minutes of rehabilitation provided per week for activity measures
of the upper limb, immediately a*er intervention (P = 0.14; Analysis
5.2).

Analysis of the scatter plot for this outcome was limited by
the small number of data points, but suggested a positive
association between di(erence in amount of rehabilitation per

week and improved activity measures of the upper limb (Figure
10).  There were two  notable studies.  Kowalczewski 2007  found a
relatively large but non-significant e(ect in favour of additional
therapy, despite a relatively smaller di(erence in total amount
of therapy.  This study provided di(erent amounts of functional
electrical stimulation exercise therapy to two groups; one received
intervention daily and one received intervention weekly. Dromerick
2009  found a large but non-significant benefit in favour of the
control group. This study examined the e(ect of di(erent amounts
of CIMT early a*er stroke. They suggested that the e(ect seen could
be due to fatigue or injury due to overtraining.
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Figure 10.   Scatter diagram plotting di�erence in minutes of rehabilitation per week against outcomes (SMD) for
activity measures of the upper limb, immediately a�er intervention 

 
Analysis 5.3: activity measures of the lower limb

The test for subgroup di(erences shows that there is no significant
di(erence between results of studies with a larger (140 to
150  minutes) versus smaller (46.5 to 138  minutes)  di(erence in
minutes of rehabilitation provided per week for activity measures

of the lower limb, immediately a*er intervention (P = 0.64; Analysis
5.3).

The scatter plot for this comparison can be seen in Figure 11. Due
to the lack of data points, it is not possible to draw any meaningful
conclusions from these data.
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Figure 11.   Scatter diagram plotting di�erence in minutes of rehabilitation per week against outcomes (SMD) for
activity measures of the lower limb, immediately a�er intervention 

 
Analysis 5.4: motor impairment measures of the upper limb

The test for subgroup di(erences shows that there is no significant
di(erence between results of studies with larger (298.9 to 600
minutes) versus smaller (99.4 to 213 minutes) di(erence in
minutes of rehabilitation provided per week for motor impairment
measures of the upper limb, immediately a*er intervention (P =
0.22; Analysis 5.4).

Analysis of the scatter plot for this outcome was limited by the
small number of data points, but suggested a positive association
between di(erence in amount of rehabilitation per week and motor
impairment measures of the upper limb (Figure 12). There were no
outlier studies of particular note.
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Figure 12.   Scatter diagram plotting di�erence in minutes of rehabilitation per week against outcomes (SMD) for
motor impairment measures of the upper limb, immediately a�er intervention 

 
Only one study reported motor impairment of the upper limb and
two studies reported SAE/death, therefore these outcomes were
not included in the subgroup analysis for objective three.

Motor impairment measures of the lower limb

As only one study reported a lower limb motor impairment
measure, we were unable to undertake a subgroup analysis for this
outcome.

Serious adverse events/death

As only two studies reported SAE/death, we did not undertake a
subgroup analysis for this outcome.

Subgroup analyses and assessment of heterogeneity

Despite the absence of significant variability in our pooled
estimates, we undertook subgroup analyses using the inverse
variance method with a random-e(ects model. We did this to
determine if any of the factors identified impacted the findings.
Subgroup analyses were undertaken for analyses in objective one
(more time spent in the same type of rehabilitation versus less
time spent in the same type of rehabilitation) immediately a*er
intervention, but excluded motor impairment measures of the
lower limb and SAE/death, due to the small numbers of studies.

E,ect of time since stroke

We investigated the e(ect of time since stroke by conducting
subgroup analyses, comparing studies of participants in the first
six months since onset of stroke (subacute)  with studies of
participants longer than six months since stroke (chronic).  We
found no evidence of di(erences between subgroups for any
analyses (see Table 6).

Hours of intervention provided per week

We investigated the e(ect of hours of therapy provided per week,
comparing studies that provided less than five hours, five hours
or more (but less than 10 hours), 10 hours or more (but less than
20 hours), and 20 hours or more of interventional therapy to the
experimental group per week. We found no evidence of di(erences
between subgroups for any analyses (see Table 6).

Upper limb therapy versus other therapy

In order to investigate the e(ect of therapy focus on outcomes,
we compared studies that provided upper limb therapy with
studies that provided other therapy (general rehabilitation or
mobilisation).  We were only able to undertake this subgroup
analysis for ADL outcomes, as studies that measured the other
included outcomes (activity of the upper limb, activity of the
lower limb, and motor impairment of the upper limb) either did
not include upper limb interventions or only included upper limb
interventions.  For ADL outcomes, we  found no evidence of  a
di(erence between subgroups (see Table 6).

Electromechanical technology versus no electro-mechanical
technology

To investigate the e(ect of type of therapy on outcomes, we
compared studies that use electromechanical technology with
studies that did not use electromechanical technology. We found
no evidence of  di(erences between subgroups for any analyses
(see Table 6).

D I S C U S S I O N

Summary of main results

The aim of this review was to evaluate the e(ect of time spent
in rehabilitation on measures of activity and impairment a*er
stroke. We included 21  studies that analysed 1412  participants.
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Rehabilitation times and rehabilitation schedules varied between
studies.  The di(erence  in total  time between control and
intervention groups ranged from 186 to 6160 minutes with a
median di(erence of 840 minutes.

The first objective was to establish if more of the same
rehabilitation therapy resulted in greater improvement in activity
than less time.  We found low- to very low-certainty evidence of
no  e(ect on ADL outcomes, and activity measures of the upper
limb and lower limb. We found low- to very low-certainty evidence
of an e(ect in favour of additional time on impairment measures
of the upper limb and lower limb  at the end of treatment, but
not on medium-term follow-up (two weeks to six months a*er
intervention). Most included studies demonstrated no clinically
important di(erences. We found low-certainty evidence that more
time spent in rehabilitation did not increase risk of SAEs or death,
but few studies reported these outcomes.

The second objective was to assess the e(ect of di(erence in total
rehabilitation time  on recovery of activity. We compared studies
with a larger di(erence in total rehabilitation time to those with
a smaller di(erence in total rehabilitation time. Greater di(erence
between study groups (more time versus less time) resulted in a
significantly greater improvement in ADL outcomes and activity
measures of the upper limb.  There was no such improvement
for activity measures of the lower limb and motor impairment
measures of the upper limb. Analysis of scatter diagrams plotting
di(erence in total amount of rehabilitation against outcome must
be treated with caution, due to the small number of data points
(three to 17 per scatter diagram) and outliers. They did, however,
suggest that a greater di(erence in amount of rehabilitation led to
improved outcomes for ADL measures, and impairment and activity
measures of the upper limb. Collectively, these findings suggest
that more total time spent in rehabilitation may be beneficial,
provided the increased amount reaches a threshold.  Visual
inspection of the scatter diagram in  Figure 5  estimated that the
minimum di(erence in total amount of therapy to e(ect a change
in ADL measures is 1000 minutes (16 hours and 40 minutes). The
data suggest this would achieve an SMD of 0.2, which is considered
a small e(ect (Cohen 1988), and unlikely to represent a clinically
meaningful change to a stroke survivor. This finding is tentative,
due to the small number of data points and the dearth of studies
with a large contrast in amount of rehabilitation between control
and intervention groups.

The third objective was to  assess the e(ect of rehabilitation
schedule in terms of average minutes of rehabilitation provided
per week, average frequency of rehabilitation provided per
week, and total duration of rehabilitation.  Wide variation in
rehabilitation schedules limited the potential to pool data, but
17 studies compared more versus fewer minutes of rehabilitation
per week, therefore, we analysed this aspect of rehabilitation
schedule. Greater di(erence in between-study groups (more time
versus less time) in terms of amount of  rehabilitation provided
per week  resulted in no evidence of an improvement for ADL
outcomes, activity measures of the upper or lower limbs, and motor
impairment measures of the upper limb. Analysis of the scatter
diagrams for this objective must also be treated with caution due
to the small number of data points and outliers.  Overall, they
suggested that a greater di(erence in amount of rehabilitation per
week leads to improved outcomes.

Scatter diagrams may infer elements of the rehabilitation schedule
that influence outcomes.  Winstein 2019b  found a non-significant
e(ect in favour of the control group, despite a relatively large
di(erence in amount of time spent in rehabilitation.  In this
study, rehabilitation was provided in three week-long bouts each
separated by one month. This unique schedule may have limited
the benefit of rehabilitation. Kowalczewski 2007 found a relatively
large e(ect in favour of additional rehabilitation, despite a
relatively smaller di(erence in total amount. This study provided
di(erent amounts of functional electrical stimulation exercise
therapy to two groups; one  received intervention daily and one
received intervention weekly. Potentially, daily rehabilitation may
be  beneficial in addition to increased total amount of time. The
studies of both  Han 2013a  and  Page 2012a  seemed to have
elicited positive findings. These studies have been examined in
detail to determine commonalities that may have influenced their
positive results, the most obvious being that they both provided
large amounts of rehabilitation (Han 2013a: up to two hours per
weekday over eight weeks; Page 2012a: three hours per weekday
over six weeks). Finally, Wang 2004 provided the greatest contrast
in total amount rehabilitation of all included studies; however,
their outcomes were not better than some studies that provided
an overall smaller contrast in amount of rehabilitation. Notably,
intervention in Wang 2004 was provided over a six-month period,
meaning there was less intervention per week than in other studies.
Potentially concentration of rehabilitation is an important factor.

Overall completeness and applicability of evidence

The following issues should be considered when judging the overall
completeness and applicability of these findings.

Intervention

The between-group di(erence in amount of the intervention was,
in most studies, small.  Fi*een studies (20 comparisons) reported
the amount provided per week. In 60% of these comparisons, the
di(erence was 150 minutes or less (30 minutes per day, five days
per week).  In only 25% of comparisons was the di(erence 300
minutes or more (60 minutes per day, five days per week). These
small di(erences may have contributed to the lack of e(ect
seen. Subgroup analyses that grouped studies by the amount of
interventional rehabilitation given found no significant between-
group di(erences, but each subgroup only included a few studies.

We were interested in understanding the e(ect of time spent in
rehabilitation. However, most included studies did not report the
amount of time participants spent in rehabilitation. Except for the
five studies of participants in the chronic stage, the intervention
was in addition to time spent in 'standard rehabilitation', which
was neither consistently nor comprehensively reported. Therefore,
our analysis was of the e(ect of the intervention time only, which
underestimates the total amount received. Rodgers 2003 accurately
recorded the time spent in all rehabilitation (interventional
and 'standard rehabilitation') and noted that the between-
group di(erence was less than planned. They attributed this to
"competitive therapy bias" (Rodgers 2003, p.587); those delivering
the intervention were not blinded to group allocation and,
therefore, may have prioritised the control group for 'standard
rehabilitation'. As is the case with many rehabilitation trials,
providers of rehabilitation in most of our included studies were not
blinded to group allocation. Therefore, trials may have been subject
to 'competitive therapy bias', resulting in a smaller than intended
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between-group di(erence in amount of intervention provided. This
may have contributed to the lack of e(ect seen.

Five  studies reported time planned for rehabilitation, without
reporting time delivered. The inability to determine the amount of
time participants spent in rehabilitation (not just the intervention)
means the findings of this review only considered the di(erence
between study groups, not the e(ect of di(erence in total amount
of rehabilitation or whether the total amount of rehabilitation was
delivered.

The definition of rehabilitation in this review was  intentionally
broad, taking an 'intervention agnostic' approach. A wide variety
of interventions were therefore included and a subgroup analysis
of the e(ect of specific interventions was only undertaken
where we considered there was a su(icient number of
studies. Therefore, we only conducted subgroup analyses of studies
that used  electromechanical technology versus all other studies
and studies that focussed on upper limb rehabilitation versus
all other studies. Neither analysis found any di(erences between
groups.

Most studies in this review provided the intervention in an inpatient
setting. It is possible that setting has an impact on ability to deliver
more rehabilitation.  Indeed, the five studies that reported issues
with adherence were all inpatient settings. Burgar 2011 attributed
adherence issues to  factors related to the inpatient setting
including early discharges, scheduling conflicts, and participant
tolerance.  GAPS 2004  reported that adherence to the planned
therapy schedule related to therapists' ability to deliver the
augmented amount of therapy time. Five of the seven studies that
were low risk of bias for adherence to the intervention were studies
of participants in the chronic stage. Although not stated, it is likely
that in these studies, intervention was provided in the outpatient/
community.  Potentially there are fewer barriers to rehabilitation
delivery in the outpatient/community setting.

This review only examined the e(ect of time spent in
rehabilitation.  Time spent  is one component that may
contribute to 'rehabilitation intensity'. Other potential components
of 'rehabilitation intensity'  include  number of repetitions
performed (Scrivener 2012), rate of repetitions (Klassen 2020), and
physiological e(ort exerted (Outermans 2010). We speculate that
other components of 'rehabilitation intensity' may be important in
determining the e(ect of time spent in rehabilitation; potentially,
more time spent is equated with more repetitions and accounts for
improved outcomes. However, while not examined per se, within
a single type of intervention di(erent amounts were unlikely
to be di(erent in terms of physiological e(ort exerted and rate
of repetitions as type of intervention was controlled.  Research
suggests that other components of 'rehabilitation intensity' may
a(ect outcomes.  Klassen 2020  found a significant improvement
in walking outcomes for participants who had undertaken more
repetitions and expended greater physiological e(ort (measured
by heart rate) compared to participants whose intervention was
less 'intensive', despite both groups spending the same amount
of time in rehabilitation. Similarly, French 2016 found a beneficial
e(ect for lower limb and gait outcomes for RTT compared to
control. Potentially, RTT provides a greater number of repetitions
compared to standard care.

Participants

We considered the extent to which participants were representative
of the stroke population and identified areas for attention.

Mean age of participants ranged  from 44 years to 76.5
years. According to Lui 2018, 50% of strokes occur in people over
the age of 75 years and these individuals are at higher risk of
poor functional outcomes. It is possible that older people are
not well-represented in the included studies and, therefore, the
applicability of the findings to this group  is uncertain.  Likewise,
many of the studies excluded people with impaired cognition or
communication, or both.

Studies provided limited information regarding participants' stroke
severity or baseline impairment, or both. As such, we do not know
if the review findings are applicable irrespective of stroke severity.
Initial stroke severity is an important predictor of outcomes
(Bhaskar 2017; Rost  2016), and therefore, possibly a factor that
influences response to rehabilitation.

Many studies excluded people with cognitive impairment or
communication impairment, or both, which commonly occur
a*er stroke (Douiri 2013; Engelter 2006). Therefore, the included
participants may not be representative of the general stroke
population, limiting the generalisability of this review's findings.

Sixteen studies included participants in the subacute stage
following stroke, the remaining five were with participants in
the chronic stage.  Subgroup analyses suggest there was  no
e(ect for additional time in rehabilitation for most outcomes,
between participants in  the subacute stage and participants in
the chronic stage. However, this was not the case for the ADL
outcomes, where participants in the chronic stage showed an e(ect
and participants in the subacute stage did not. When applying the
findings of this review, it may be important to consider time since
stroke and the fact that more time in rehabilitation seems beneficial
for improving ADLs, an outcome highly correlated with quality of
life following stroke (Kim 2014), later poststroke.

Outcomes

In this review, we pooled outcome measures of the same construct
(i.e. ADL, activity of the upper limb, etc.)  using SMDs.  Although
this allowed the inclusion of a greater number of studies, there
are limitations to this approach.  It is highly likely  that, although
of the same construct, the di(erent outcome measures would
have measured slightly di(erently and had di(erent sensitivities
to change. In addition, having pooled outcome measures, the
e(ect of  the analyses is a standardised mean di(erence. This
reports the e(ect in a standardised unit, unrelated to the units
used by the included measures, and is, therefore, di(icult to
interpret meaningfully in clinical practice (Schünemann 2021b). In
the summary of findings tables, we reported Cohen's e(ect sizes to
assist with interpretation. There were limited follow-up measures,
particularly long-term, which precludes prediction of sustained
benefits.

We noted that none of the included studies considered participant
experience of rehabilitation. Chen 2019 found that 13.6% of stroke
survivors reported therapy as an unmet need following stroke.
Therefore, it would be valuable to establish if more rehabilitation
resulted in improved participant experience.  However, this was
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beyond the scope of this review and would likely involve analysis of
qualitative or mixed methods (or both) studies.

Quality of the evidence

We assessed certainty of our primary analysis (more versus
less time spent in rehabilitation) using the GRADE approach,
considering five domains.

Risk of bias

Most analyses received a serious (and in some cases, very serious)
GRADE rating  for risk of bias.  This was due to the proportion of
study outcomes considered at some concern or high overall risk of
bias and a tendency for a greater e(ect for additional rehabilitation
seen a*er removal of studies with high risk of bias. This has greatly
contributed to a reduction in GRADE assessments, indicating low
and very low certainty of the evidence. The most consistent source
of bias across study outcomes was the inability to establish risk of
bias in the selection of reported results, as few studies published
protocols or registered trials with su(icient detail. There tended to
be greater risk of bias for follow-up measures, due to loss of follow-
up data.

Inconsistency

Of all study analyses (excluding sensitivity and subgroup analyses),

only one had an I2 statistic of 50% or more (Analysis 2.3). This level
of consistency of findings is surprising, given the heterogeneity
across studies in type of rehabilitation delivered. Possibly, selection
criteria of studies were such that people with a similar type
of stroke (in terms of severity and rehabilitation needs) were
included in studies. Additionally, except for a few studies, a similar
amount of rehabilitation tended to be delivered to intervention
and control groups, which may have contributed  to consistent
findings.  Subgroup analyses undertaken to assess heterogeneity
found no evidence of di(erences.

Indirectness

We did not consider that the study analyses included serious
indirectness. Our selection criteria were such that the studies
included directly addressed our primary objective. We considered
studies that reported issues with adherence to intervention may
lead to indirectness of the intervention, particularly if this led to
a lack of di(erence in the intervention received by the included
groups. However, when these studies were removed in sensitivity
analyses, findings were not greatly a(ected.

Imprecision

We considered studies to have serious imprecision if the 95% CIs
included an e(ect size of no di(erence.  This was true for four of
the five analyses. Many studies had small samples sizes, which may
have contributed to imprecision.

Publication bias

We strongly suspect publication bias for most analyses, supported
by the assessment of non-reporting bias in studies (Table 3),
and the funnel plots.  We are aware of studies that measured
outcomes, but the data for these outcomes were not reported
and were unavailable. Additionally, there are some studies that we
considered could have measured some outcomes but not reported
their findings. The lack of study protocols contributed to this issue.

In summary, the GRADE assessment indicates that the analyses for
objective one are of low to very low certainty.

Potential biases in the review process

Despite undertaking a thorough search, it is possible that
we missed some eligible studies.  Our searches resulted in an
exceptionally large number of records, due to the many and
varied search terms used to capture the concept of 'time spent
in rehabilitation'.  Title screening, undertaken by one review
author (BC), excluded studies that were clearly irrelevant and
specifically not related to stroke, were investigations of surgical
or pharmaceutical interventions, and were animal studies.  It is
unlikely that this screening led to missed studies.

For eight potentially eligible studies, we were unable to determine
whether they met the selection criteria and authors have not
responded to our enquiries. Two studies that satisfied the selection
criteria were not included because usable data were unavailable
and authors have not responded to our enquiries.

In determining study eligibility, review authors had to decide if the
rehabilitation provided between intervention and control groups
was the same, except for the amount of time spend. Rehabilitation
is a complex intervention, which naturally varies from individual to
individual. Judgements were based on study authors' intention to
provide the same type of rehabilitation, but despite this, there were
instances when study eligibility was debated. The procedure for this
followed the plan described in our study protocol, but also included
other review authors (GK and JM) when an agreement could not be
reached between those involved in the study selection process (BC,
JB, and JW).

Two review authors, working independently, extracted data from
the studies and assessed risk of bias for all outcomes of included
studies. Any discrepancies were resolved through discussion with a
third review author.

Two review authors independently made judgements regarding
the constructs measured by outcome tools to determine whether
outcomes of interest were measured.

One study was written in Chinese with an English abstract (Wang
2004). Two independent translators translated parts of the text to
enable data extraction and assessment of risk of bias. However,
other biases within this text may have existed, of which we are not
aware.

We were unable to assess the third objective as planned and made
a post hoc decision about meeting this objective. Although we did
not consider study results when making this decision, it is possible
that a post hoc data analysis change could have introduced bias.

Agreements and disagreements with other studies or
reviews

Does more of the same rehabilitation therapy result in greater
improvement in activity measures?

To our knowledge, this is the first systematic review with meta-
analysis to only include studies that compared di(erent amounts
of the same type of rehabilitation. All other reviews have included
studies in which the experimental and control interventions
di(ered in type of intervention, as well as amount of intervention,

The e�ect of time spent in rehabilitation on activity limitation and impairment a�er stroke (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

36



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

and some meta-analyses included studies that measured e(ect of
rehabilitation versus no rehabilitation. However, there are reviews
that have examined the e(ect of time spent in rehabilitation. These
are considered in terms of their agreements and disagreements
with our review.

Eleven  systematic reviews with meta-analyses have studied the
e(ect of time spent in rehabilitation following stroke (Cooke 2010a;
French 2016; Galvin 2008; Kwakkel 1997; Kwakkel 2004; Langhorne
1996; Lohse 2014; Pollock 2014a; Schneider 2016; Sehatzadeh
2015; Veerbeek 2011).  Relevant findings of these studies and
their agreements/disagreements with this review are summarised
in Table 7.

Six reviews measured the e(ect of additional time spent in
rehabilitation on ADL outcomes. Four found significant di(erences
in favour of additional rehabilitation (Galvin 2008; Kwakkel 1997;
Kwakkel 2004; Pollock 2014a), one found no significant di(erence
in ADLs (measured using the Barthel Index) (Sehatzadeh 2015), and
one found no significant e(ect for basic ADLs (Barthel Index; SMD
0.11, 95% CI −0.12 to 0.34), but a moderate e(ect for extended
ADLs (pooled Nottingham Extended ADL checklist and Frenchay
Activities Index; SMD 0.54, 95% CI 0.20 to 0.88) (Veerbeek 2011).

Four reviews measured the e(ect of additional time on upper
limb activity.  In agreement with our review, three reviews
found no significant di(erence between groups (Cooke 2010a;
French 2016; Kwakkel 2004). However, the fourth review reported
significant benefit for additional time spent, measured by the ARAT
(Sehatzadeh 2015).

Six reviews measured the e(ect of additional time spent in
rehabilitation on activity measures of the lower limb. In agreement
with this review, three found no e(ect for additional time spent
(French 2016; Galvin 2008; Sehatzadeh 2015). However, two reviews
found significant e(ects for activity measures of the lower limb,
in favour of additional time  (Kwakkel 2004; Veerbeek 2011).  The
sixth review did not pool outcomes for lower limb activity  and
found a non-significant e(ect for the Rivermead Mobility Index and
a significant e(ect in favour of less time in rehabilitation for walking
speed (Cooke 2010a).

One review measured the e(ect of  additional time spent in
rehabilitation on upper limb motor impairment. Cooke 2010a found
a significant e(ect in favour of less time  for grip strength, but a
significant e(ect in favour of more time for the motricity index.

One review measured the risk of death or deterioration.  In
disagreement with our review,  Langhorne 1996  found that  the
risk of death or deterioration was significantly lower in  groups
that received additional time in rehabilitation (OR 0.54 95% CI 0.3
to 0.85), albeit with a wide CI across only five studies.

The lack of agreement between reviews may be influenced by
the lack of certainty of evidence and variation in study dates and
methodologies (e.g. objectives and selection criteria),  as well as
the aforementioned inclusion of studies that di(ered in the type of
intervention provided, not just the amount.

What is the e�ect of total rehabilitation time on recovery of
activity?

We found three systematic reviews  with meta analyses that
explored  the e(ect of total time spent in rehabilitation.  Kwakkel

2004  used a cumulative meta-analysis, finding that a di(erence
of at least 16 hours in treatment time between groups  is
required to obtain a significantly better outcome for ADLs. Lohse
2014 used meta-regression to explore the e(ect of total scheduled
therapy time on e(ect sizes. They found a reliable dose–response
relationship between time scheduled for therapy and improvement
in measures of function and impairment.  Finally,  Schneider
2016  undertook a ROC (Receiver operating characteristic) curve
analysis of false versus true benefit.  This indicated that an extra
240% of rehabilitation is required to make certain a better outcome
for activity. The findings of Kwakkel 2004 and Schneider 2016 agree
with our finding that a large di(erence between intervention
groups is required to achieve a significantly better outcome.  The
finding of  Lohse 2014  do not suggest that a larger di(erence
is required between groups to see a beneficial e(ect, which is
contrary to the findings of this review and the others described. This
di(erence could be due to  di(erences in inclusion criteria and
statistical methods.

Other studies support the finding that a very large amount
of rehabilitation may achieve a significant response.  McCabe
2015  compared three interventions (motor learning, robotics
plus motor learning, and FES plus motor learning), all provided
five hours/day, five days/week for 12 weeks to a population
of participants more than one year post-stroke.  All groups
made clinically significant improvements postintervention but
with no significant between-group di(erences. Similarly,  Ward
2019 describes the outcomes of 224 stroke survivors in the chronic
stage,  who attended an upper limb rehabilitation programme,
receiving 30 hours of intervention per week for three weeks.  At
the end of intervention, there were significant improvements
in  all outcomes measured, maintained at six-month  follow-up.
Neither of these studies were included in this review, as  McCabe
2015  compared di(erent, dose-matched interventions, and  Ward
2019  was not an RCT. We are unable to find any studies of
similarly large amounts of rehabilitation (i.e. five hours per day) in
participants in the subacute stage poststroke. This may potentially
be due to the challenges of delivering this amount of therapy early
a*er stroke (Burgar 2011; Hunter 2011a).

What is the e�ect of rehabilitation schedule in terms of
average minutes per week, number of sessions per week and
total duration of rehabilitation?

We found one systematic review with meta-analysis that explored
the e(ect of rehabilitation schedule.  Findings from  Pollock
2014a  suggest that 30 to 60 minutes of physical rehabilitation
delivered five to seven days per week provides a significant
benefit for function recovery when compared to no intervention
or usual care.  However, this study also reported that, for ADL
outcomes, more than once-daily intervention may provide even
more benefit. In agreement with  Pollock 2014a, our findings
suggest that daily intervention may be more beneficial than less-
than-daily intervention.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

An increase in time spent in the same type of rehabilitation a*er
stroke results in little to no di(erence in meaningful activities such
as activities of daily living and activities of the upper and lower limb,
but a small benefit in measures of motor impairment (low- to very
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low-certainty evidence for all findings). If the increase in time spent
in rehabilitation exceeds a threshold, this may lead to improved
outcomes. There is currently insu(icient evidence to recommend a
minimum beneficial daily amount in clinical practice.

Additional time spent in the same type of rehabilitation does not
increase the risk of serious adverse events/death, but this finding
is of low certainty and should be interpreted with caution, as few
studies monitored these outcomes.

The findings of this review are limited by a paucity of research trials
with large contrasts in amount of rehabilitation delivered between
intervention and control groups.

Implications for research

There is currently insu(icient, high-quality evidence to determine
the e(ect of time spent in rehabilitation. However, findings from
high-quality trials with a large contrast in amount of therapy
delivered indicates that this area warrants further research.

To provide evidence for the e(ect of time spent in rehabilitation,
adequately powered, high-quality randomised controlled trials
are required. Such studies should be undertaken in a stroke
population, studying groups of participants spending di(erent
amounts of time in the same type of rehabilitation. Findings of this
review suggest that the total contrast in amount of time between
groups should be a minimum of 1000 minutes. Outcomes at an
activity level are required to determine if more time spent in
intervention results in a meaningful change.

Study quality would be improved by enhanced
reporting. Publication of protocols (or detailed trial registry entries)
and reporting of all measured outcomes would allow for accurate
judgement of potential reporting bias. Accurate reporting of
amount of rehabilitation delivered, not amount of rehabilitation
planned, is imperative. Additionally, when undertaking any study
assessing e(ect of amount of time spent in a specific intervention, it
is crucial that researchers accurately report the time spent in
all rehabilitation, not just interventional rehabilitation. This is of

particular importance when those delivering rehabilitation are
aware of participant group allocation. Finally, it is important that
studies report baseline stroke severity, to examine its impact on
response to rehabilitation.

An individual participant data meta-analysis might provide further
information regarding the e(ect of time spent, specifically
if certain characteristics of either the participant or the
intervention e(ect outcomes.

In addition to 'time spent', other characteristics of rehabilitation
may be important, such as type of rehabilitation, stage
of recovery,  rehabilitation 'intensity' (such as number/rate
of practice repetitions, physiological e(ort, or task di(iculty), and
rehabilitation schedule. These characteristics also warrant further
exploration.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods RCT

Random sampling

mCIMT

4 groups with group 3 and group 4 receiving 300 or 600 repetitions rather than 3 hours of mCIMT (group
2) or 3 hours traditional therapy (group 1)

5 tasks chosen were each practised either 20 or 40 times

Participants blinded to what others did and asked not to discuss

Participants 48 participants in 4 study groups (only 2 groups met the criteria for this Cochrane Review)

300 reps group: n = 12; mean age 59 (SD 14) years; mean 22 (SD 6) days poststroke

600 reps group: n = 11; mean age 58 (SD 10) years; mean 14 (SD 7) days poststroke

No differences on these or other characteristics

Interventions Intervention was mCIMT. The 300 reps group received 300 repetitions of shaping practice in 3 sessions
per day (100 repetitions per session) and constraint for 90% of the waking hours. The 600 reps group re-
ceived 600 repetitions of shaping practice in 3 sessions per day (200 repetitions per session) and con-
straint for 90% of the waking hours

Treatment was 5 days per week for 4 weeks

We do not know exactly how long this intervention took, as this was not measured in the study, but pre-
sumably the 600 group was approximately double the time of the 300 group

Outcomes Motor function subscale of the upper limb FMA

Abdullahi 2018 
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WMFT

Motor Activity Log

UPSET

Measurements were performed at baseline, 2 weeks, and 4 weeks after intervention

Notes For the purpose of the Cochrane Review, we only compared 2 of the 4 groups included in this study

Conflict of interest:  author stated no conflict of interest

Funding:  source unknown

Abdullahi 2018  (Continued)

 
 

Study characteristics

Methods RCT

Consent

Baseline testing of cohorts of 15

Stratification of walking speed organised into triplets and then randomised into group

Assessment

Intervention

Assessment and retention

Participants 102 participants in 3 study arms

Experimental group 1: n = 34; mean age 70 (SD 11) years; 71% male; 53% right-sided weakness; mean
chronicity 22 (SD 16) months 

Experimental group 2: n = 34; mean age 64 (SD 12) years; 82% male; 41% right-sided weakness; mean
chronicity 20 (SD 15) months 

All participants were within 5 years of their first stroke and had been discharged from formal rehabilita-
tion

Community setting in Australia

Interventions The intervention was a treadmill and overground walking programme

Experimental group 1: intervention provided for 30 minutes, 3 times per week for 16 weeks

Experimental group 2: intervention provided for 30 minutes, 3 times per week for 8 weeks

Control group: no intervention

Outcomes 6-minute walk test

10 metre walk test

EuroQol EQ-5D-5L

Adelaide Activities Profile

Walking Self-Efficacy Scale

Ada 2013 
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Number of falls

Measurements were taken at baseline, 2 months, 4 months, 6 months, and 12 months

Notes Control group was excluded from analysis, as they received no intervention

This study controlled the rehabilitation duration. The number of minutes per session and the frequency
of sessions were the same for each group

Conflict of interest: the authors declared there was no conflict of interest

Funding:  Heart Foundation of Australia and the University of Sydney

Ada 2013  (Continued)

 
 

Study characteristics

Methods RCT

Medical clearance to participate

Eligibility

Consent

Baseline testing

Stratification by FMA upper extremity score and randomised at each site into 3 groups. Hi dose Robot,
Lo dose Robot, and control (all extra to existing therapy)

Intervention

Testing and 6-month retention

For this Cochrane Review, we only compared the 2 robot groups

Participants 54 participants, in 3 study arms, completed the preintervention testing and at least 5 hours of treat-
ment

Robot-Lo group: n = 19; mean age 62.5 years; mean 17.3 days poststroke

Robot-Hi group: n = 17; mean age 58.6 years; mean 16.6 days poststroke

Gender of participants: not reported

No significant difference between the sites, other than in time since stroke

There was a significant difference in age between the groups

3 inpatient settings in the USA

Interventions The intervention was robot therapy. 

Robot-Lo group (and the control group): up to 15 × 1-hour therapy sessions over 3-weeks 

Robot-Hi group: 30 × 1-hour therapy sessions over 3 weeks 

Intervention was terminated when the participant received the maximum number of sessions, or when
they were discharged from acute inpatient rehabilitation

Outcomes FMA upper limb

Burgar 2011 
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Upper limb portion of the  FIM

Modified Ashworth Scale

WMFT

Measurements were taken before study initiation, after completion of training and at 6-month fol-
low-up

Notes Very few of the participants received the maximum number of additional input, as planned. Early dis-
charges, scheduling conflicts, and patient tolerance were among the factors that reduced the total
amount of therapy

Conflict of interest: authors declared no competing financial interests

Funding: supported by VA Rehabilitation and Service Development (B2695)

Burgar 2011  (Continued)

 
 

Study characteristics

Methods RCT

Potential participants assessed for eligibility

Consented to the study obtained

Baseline measurements taken 

Allocation was stratified by baseline scores for unilateral visual spatial neglect

6 weeks of intervention

Postintervention and follow-up measurements taken

Participants 109 participants in 3 groups (only 2  groups met the criteria for this Cochrane Review)

CPT group: n = 38; mean age 66.37 (SD 13.7) years; 55% males; mean 36.76 (SD 22.4) days poststroke 

CPT + CPT group: n = 35; mean age 67.46 (SD 11.3) years; 63% males; mean 32.43 (SD 21.29) days post-
stroke

Participants were initially seen as inpatients, but intervention was completed as outpatients, if they
were discharged before the end of the intervention period

4 clinical settings in the UK

Interventions Intervention was CPT for the lower limbs. There was no prespecified schedule for routine CPT.  Addi-
tional CPT was provided for up to 1 hour, 4 days per week, for 6 weeks.  The study authors reported that
the CPT group received a mean of 9.2 (SD 6.9) cumulative hours of treatment and the CPT + CPT group
received a mean of 23 (SD 10.4) cumulative hours of treatment.

Outcomes Walking speed (metres per second)

Ability to walk at ≥ 0.8 metres per second

Torque around the paretic knee

Modified RMI

Temporal-spatial gait parameters

Cooke 2010b 
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EuroQol

Measurements were taken at baseline, end of intervention, and 12-week follow-up

Notes Conflict of interests: none

Funding: Healthcare Foundation and the Dowager Countess Eleanor Peel Trust

Cooke 2010b  (Continued)

 
 

Study characteristics

Methods RCT

Baseline measurements taken, randomisation (group allocation was stratified by baseline ARAT
scores), intervention began the following day

Participants were randomised into 3 groups, 2 CPT groups and 1 group that received FST and CPT. For
this Cochrane Review, we only compared the 2 CPT groups

Participants 30 participants in 3 study arms

CPT group: mean age 72.6 years; 5 males; mean 13.4 days poststroke

CPT + CPT group: mean age 73.3 years; 5 males; mean 25.6 days poststroke

Inpatient setting in the UK

Interventions Intervention was CPT

CPT was provided to all participants in the study, using a standardised treatment schedule. There is no
evidence that there was a planned amount of CPT

The CPT + CPT group received additional CPT provided for up to 1 hour, 4 days per week for 6 weeks.
This was also recorded using a standardised treatment schedule

Outcomes ARAT

9 Hole Peg Test

Upper limb strength (measured with a myometer): grip, pinch, elbow flexion and extension

Recorded at baseline; 6 weeks (end of intervention), and 12 weeks (follow-up)

Notes Conflict of interest:  none declared

Funding:  The Wellcome Trust

Donaldson 2009 

 
 

Study characteristics

Methods RCT

Adaptively randomised balancing age, NIHSS score, pretest ARAT, and days from stroke

Dromerick 2009 
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Study compared 2 different CIMT protocols to control. For this Cochrane Review, we were interested in
the 2 different protocols for CIMT only (excluding control)

Participants 52 participants in 3 study arms

Low CIMT:  n= 19; mean age 62.8 years; 68% female; 8.8 days poststroke

High CIMT: n = 16; mean age 64.5 years; 44% female; 9.9 days poststroke

Inpatient rehabilitation setting

Interventions Intervention was CIMT

Prespecified treatment (pre-empted OT) based on Excite + RPT

Received extensive verbal and written feedback and review of prior day's achievements, day's goals
and reinforcement of new gains and maintenance

Low CIMT: 2 hours of shaping therapy per day and padded constraint mitt for 6 hours per day

High CIMT: 3 hours of shaping therapy per day and padded constraint mitt for 90% of waking hours

Study treatment occurred 5 days per week for 2 weeks (consecutively)

Outcomes NIHSS

ARAT

FIM

SIS hand function subscale

Pain ratings

Geriatric Depression Scale

All measures were taken on baseline, at 14 days (postintervention) and at 90 days

Notes Conflict of interests:  authors disclosed the following:  Dr Dromerick has received research support
from NIH, NINDS, and United States Veterans Affairs, and Intramural support from the United States
Army, Department of Defense. Dr Lang has received research support from NIH, NINDS, and the Mis-
souri Physical Therapy Association. Dr Miller has served on the Data and Safety Monitoring Board for
Ethicon. Dr Powers has received research support from University of North Carolina, Washington Uni-
versity, University of Iowa, University of Kentucky, Harvard University, Bowdoin College, NIH, Legatus
Emergency Services, LLC, Neutral, LLC, EDJ Associates, Hitchcock Foundation, Dartmouth-Hitchcock
Clinic, Certus International, Inc., Companion Baking Company, and Union Square Hospitality Group. Dr
Wolf is supported by NIH, Allergan, and AMES

Funding: NIH grant 1 RO1 NS41261-01A1 and James S. McDonnell Foundation grant 21002032

Dromerick 2009  (Continued)

 
 

Study characteristics

Methods RCT

Participants were recruited into the study, and randomised into 1 of 3 treatment arms

Assessment

Intervention

English 2015 
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Postintervention and follow-up assessment

Participants 283 participants in 3 study groups (only 2 study groups met the criteria for this Cochrane Review)

Usual care (5 day): n = 94; mean age 68.2 years; 52 males; 28.7 days between stroke and randomisation

7-day therapy: n = 96; mean age 71.9 years; 59 males; 25.0 days between stroke and randomisation 

All participants were 5–197 days poststroke on entry to the study

Inpatient setting in Australia

Interventions 7-day therapy: therapy provided 7 days per week for a maximum of 90 minutes per day (maximum of
630 minutes per week)

Usual care (5-day therapy): therapy provided 5 days per week for a maximum of 90 minutes per day
(maximum of 450 minutes per week)

Intervention was provided over 4 weeks

Outcomes FIM

WMFT

6-minute walk test

Walking speed

Functional Ambulation Classification

SIS physical subscale

Length of stay

AQoL Scale

Adverse events

Assessed at baseline, 4 weeks, 3 months and 6 months postrandomisation (SIS and the AQoL no base-
line)

Notes Study controlled for the number of minutes of rehabilitation provided each week and the frequency of
rehabilitation intervention

Conflict of Interests: none

Funding:  supported by a National Health and Medical Research Project Council Grant #631904

English 2015  (Continued)

 
 

Study characteristics

Methods RCT

Informed consent, randomised, stratified by study site, age, and level of severity

Randomised to AP or SP

Participants in both groups had normal access to all other interventions

Participants 70 participants in 2  study groups

GAPS 2004 
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AP group: n = 35; mean age 68 (SD 11) years; 31% female; 46% right hemisphere stroke

SP group: n = 35; mean age 67 (SD 10) years; 51% female; 43% right hemisphere stroke

All participants were 6–71 days poststroke on entry into the study

Inpatient settings in Scotland, UK

Interventions Intervention was RPT, based on the Normal Movement (Bobath) approach.

Ambition was to provide the AP group double the amount (60–80 minutes) of RPT compared to the SP
group (30–40 minutes), 5 days per week. Intervention continued for the duration of the participants' in-
patient stay

Outcomes Trunk Control Test

Motricity Index

Achievement of mobility milestones

RMI

Walking speed

Barthel Index

NEADL

EuroQol

Discharge home, length of stay in hospital, delays to discharges

Complications

Measures taken: baseline, 4 weeks, 3 months, and 6 months

Notes Study controlled for daily amount and frequency of rehabilitation, but not overall duration

Although the ambition was for the AP group to receive double the amount of therapy to the SP group,
the reality was they only received 62% more therapy

Conflict of interest: none declared

Funding: National Health and Medical Research Project Council Grant #631904

GAPS 2004  (Continued)

 
 

Study characteristics

Methods RCT

Eligibility

Consent

Randomisation by random number tables and sealed envelopes

Baseline testing

Intervention motor relearning for 5 days per week, for 6 weeks

Participants 32 participants in 3 study groups. 2 dropped out, so data analysed for 30

Han 2013a 
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Group A: n = 10; mean age 52.4 years; 7 males; mean 41.4 days to randomisation

Group B: n = 10; mean age 53.7 years; 8 males; mean 42.9 days to randomisation

Group C: n = 10; mean age 44.6 years; 8 males; mean 38.3 days to randomisation

No significant difference between the groups

Interventions Intervention was upper limb rehabilitation

Group A: 1 hour per day

Group B: 2 hours per day

Group C: 3 hours per day

Duration could be distributed throughout the day

All intervention was provided 5 days per week for 6 weeks

Outcomes FMA

ARAT

Barthel Index

Measured at baseline, 2 weeks, 4 weeks, and 6 weeks

Notes Han 2013a refers to the  following pair-wise comparison: group A (1 hour) (n = 5) vs group B (2 hours) (n
= 10)

Conflict of interest: none declared

Funding: no specific grant from any funding agency in the public, commercial, or not-for-profit sectors

Han 2013a  (Continued)

 
 

Study characteristics

Methods RCT

Eligibility

Consent

Randomisation by random number tables and sealed envelopes

Baseline testing

Intervention motor relearning for 5 days per week, for 6 weeks

Participants 32 participants in 3 study groups. 2 dropped out, so data analysed for 30

Group A: n = 10; mean age 52.4 years; 7 males; mean 41.4 days to randomisation

Group B: n = 10; mean age 53.7 years; 8 males; mean 42.9 days to randomisation

Group C:  n = 10; mean age 44.6 years; 8 males; mean 38.3 days to randomisation

No significant difference between the groups

Interventions Intervention was upper limb rehabilitation

Han 2013b 
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Group A: 1 hour per day

Group B: 2 hours per day

Group C: 3 hours per day

Duration could be distributed throughout the day

All intervention was provided 5 days per week for 6 weeks

Outcomes FMA

ARAT

Barthel Index

Measured at baseline, 2 weeks, 4 weeks, and 6 weeks

Notes Han 2013b refers to the  following pair-wise comparison: group A (1 hour) (n = 5) vs group C (3 hours) (n
= 10)

Conflict of interest: none declared

Funding: no specific grant from any funding agency in the public, commercial, or not-for-profit sectors

Han 2013b  (Continued)

 
 

Study characteristics

Methods Randomised block-controlled trial

Randomised using random numbers; stratification based on lesion side and motor deficit level

Robot therapy (RT) was Bi-Manu-Track (allows forearm supination/pronation and wrist flexion/exten-
sion) with duration control of 3 groups (90–105 minutes)

Repetitions were high or low intensity with high having twice the number of repetitions per unit time
than lower

Before RT, 5 minutes of mobilisation and afterwards 15–20 minutes of functional activities practice

Control group had intensive standard therapy

For this Cochrane Review, we only compared the 2 RT groups

Participants 54 participants in 3 study groups

High RT: n = 18; mean age 56.5 (SD 10) years; 11 males; 28.7 (SD 13.7) months between stroke and ran-
domisation

Low RT: n = 18; mean age 52.2 (SD 12) years; 13 males; 23.3 (SD 15.4) months between stroke and ran-
domisation

No differences between these or other characteristics

Participants were all > 6 months poststroke

Interventions Intervention was RT

All participants received a duration-matched intervention for 90–105 minutes of therapy per day, for 5
days per week for 4 weeks

Hsieh 2012 
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Higher-intensity RT: 600–800 repetitions of modes 1 and 2 for 15–20 minutes and 150–200 reps of mode
3 for 3–5 minutes

Lower-intensity RT: received half the number of repetitions as the higher-intensity group

Outcomes Upper extremity items of the FMA

Medical Research Council Scale (muscle power scale 0–5)

Motor Activity Log (amount of use and quality of movement)

4 physical domains on the SIS (strength, ADLs, mobility, and hand function)

Pain (scale 0–10)

Fatigue (scale 0–10)

All measures were administered at baseline and immediately after intervention. The primary outcome
was also administered 2 weeks after the treatment began

Notes Authors provided mean and SDs for the post-treatment Motor Activity Log (amount of use) and SIS
hand function, as these were presented as change scores in the paper

Conflict of interest: none

Funding:  supported in part by the National Health Research Institutes (NHRI-EX101-9920PI and
NHRI-EX101-10010PI), the National Science Council (NSC-100-2314-B-002-008-MY3 and NSC 99-2314-
B-182-014-MY3), and the Healthy Ageing Research Center at Chang Gung University (EMRPD1A0891) in
Taiwan

Hsieh 2012  (Continued)

 
 

Study characteristics

Methods RCT

Participants who satisfied selection criteria were randomised into 3 groups: high-NMES, low-NMES, or
control. For this Cochrane Review, we excluded the control group

Participants 66 participants in 3 study groups; 22 in each group

High-NMES group: mean age 60.2 years; 15% male; mean 23.3 days poststroke 

Low-NMES group: mean age 62 years; 15% male; mean 21 days poststroke

Study setting was not reported, but presumed to be inpatient

Interventions Intervention was NMES

All participants received standard rehabilitation. In addition to this, the 2 NMES groups received an ad-
ditional 4 weeks of NMES, 5 days a week. The high-NMES group received 60 minutes of treatment a day,
and the low-NMES group received 30 minutes of treatment a day

Outcomes FMA upper extremity motor section

ARAT

Motor Activity Log (only assessed at follow-up)

Measurements were taken at baseline, 4 weeks, and 2 months

Hsu 2010 
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Notes Conflict of interests:  none

Funding:  partially supported by the Bureau of Health Promotion, Department of Health, ROC (Taiwan),
through grants DOH93-HP-1114DOH94-HP-1114

Hsu 2010  (Continued)

 
 

Study characteristics

Methods RCT

Randomised (independent, concealed) to 4 groups. 3 groups received different amounts of the inter-
vention and the 4th was a control group. For this Cochrane Review, we excluded the control group

Stratified by clinical centre, severity of paresis, and spatial neglect

Participants 76 participants in 4 study groups. All participants were 8–84 days postevent

Group 2: n = 18;  mean age 73.3 years; 61% male

Group 3: n = 19; mean age 72.9 years; 42% male

Group 4: n = 20; mean age 72.5 years; 45% male

Inpatient setting (or at home if discharged) in the UK

Interventions The intervention was MTS of the forearm and hand. This intervention had specific components that
could be adapted to individual presentation

Group 2: up to 30 minutes per day of MTS

Group 3: up to 60 minutes per day of MTS

Group 4: up to 120 minutes per day of MTS

The intervention was provided every working day for 14 days

Outcomes Primary outcome: arm section of the Motricity Index

Secondary outcome: ARAT

Measurements were at baseline and end of intervention phase. Adverse events were monitored on
each working day

Notes Hunter 2011a reports the following pair-wise comparison: group 2 (n = 9) vs group 3 (n = 18)

Both the planned number of minutes and the actual number of minutes of therapy provided are
recorded

Paper reported change scores, but authors kindly provided raw data, so mean and SD could be calcu-
lated

Conflict of interest: no potential conflicts of interest with respect to the authorship or publication of
this article

Funding: the author(s) disclosed receipt of the following financial support for the research or author-
ship (or both) of this article. Quote: "We are grateful to The Stroke Association for the provision of fund-
ing for this study.  The Stroke Association had no role in the design, conduction, or interpretation of the
results of this study."

Hunter 2011a 
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Study characteristics

Methods RCT

Randomised (independent, concealed) to 4 groups. 3 groups received different amounts of the inter-
vention and the 4th was a control group. For this Cochrane Review, we excluded the control group

Stratified by clinical centre, severity of paresis, and spatial neglect

Participants 76 participants in 4 study groups. All participants were 8–84 days postevent

Group 2: n = 18; mean age 73.3 years; 61% male

Group 3: n = 19; mean age 72.9 years; 42% male

Group 4: n = 20; mean age 72.5 years; 45% male

Inpatient setting (or at home if discharged) in the UK

Interventions The intervention was MTS of the forearm and hand. This intervention had specific components that
could be adapted to individual presentation

Group 2: up to 30 minutes a day of MTS

Group 3: up to 60 minutes a day of MTS

Group 4: up to 120 minutes a day of MTS

The intervention was provided every working day for 14 days

Outcomes Primary outcome: arm section of the Motricity Index

Secondary outcome: ARAT

Measurements were at baseline and end of intervention phase. Adverse events were monitored on
each working day

Notes Hunter 2011b reports the following pair-wise comparison: group 2 (n = 9) vs group 4 (n = 20)

Both the planned number of minutes and the actual number of minutes of therapy provided are
recorded

Paper reported change scores, but authors kindly provided raw data, so mean and SD could be calcu-
lated 

Conflict of interest: no potential conflicts of interest with respect to the authorship or publication of
this article

Funding:  the author(s) disclosed receipt of the following financial support for the research or author-
ship (or both) of the article. Quote: "We are grateful to The Stroke Association for the provision of fund-
ing for this study.  The Stroke Association had no role in the design, conduction, or interpretation of the
results of this study."

Hunter 2011b 
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Methods RCT

Kowalczewski 2007 
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Participants who met the eligibility criteria for the study were randomised into either a low-intensity
FES-ET group or a high-intensity FES-ET group

As well as the experimental treatment, participants also received regular hand function therapy

Participants 19 participants in 2 study arms

High-intensity FES-ET: n = 10; mean age 59.4 years; 4 males; mean 1.6 months poststroke

Low-intensity FES-ET: n = 9; mean age 61.7 years; 6 males; mean 1.6 months poststroke

Canadian inpatient rehabilitation unit

Interventions Intervention was FES-ET

Both groups received intervention for 3–4 weeks in addition to regular hand therapy (1 hour per day 3–
4 days per week)

Low-intensity group: 15 minutes of sensory stimulation × 4 days per week and 60 minutes on day 5

High-intensity group: 60 minutes for 15–20 consecutive days 

on the workstation

Outcomes WMFT

FMA upper extremity 

Motor Activity Log

Assessed at baseline, post-treatment, and at 3 and 6 month follow-up

Kinematic data generated by the workstation not reported at follow-up for logistical reasons

Notes Conflict of interests: quote: "No commercial party having a direct financial interest in the results of the
research supporting this article has or will confer a benefit upon the author(s) or upon any organization
with which the author(s) is/are associated."

Funding:  the author(s) disclosed receipt of the following financial support for the research or author-
ship (or both) of this article:  "We are grateful to The Stroke Association for the provision of funding for
this study.  The Stroke Association had no role in the design, conduction, or interpretation of the results
of this study."

Kowalczewski 2007  (Continued)

 
 

Study characteristics

Methods Parallel RCT

Participants who met the selection criteria were randomised into 4 groups, each received a different
number of repetitions

Participants 85 participants in 4 study groups

3.2k reps group: n = 21; mean age 59.9 years; 7 females; 12.0 months poststroke

6.4k reps group: n = 22; mean age 62.1 years; 5 females; 13.0 months poststroke

9.6k reps group: n = 21; mean age 60.0 years; 10 females; 13.0 months poststroke

Individualised maximum group: n = 21; mean age 60.9 years; 8 females; 11.5 months poststroke

Lang 2016a 
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Outpatient setting

Interventions Intervention was supervised, massed practice of functional upper limb daily tasks, e.g. reaching, grasp-
ing, moving/manipulating, and releasing object. The participants in the 4 groups were encouraged to
perform a certain number of repetitions of exercise, dependent on their group allocation

Number of reps per session were: 100, 200, or 300. The individualised maximum group aimed for 300
reps per session, but to continue receiving therapy until certain criteria had been met

Outcomes ARAT (primary outcome measurement)

SIS (hand and ADL subscales)

COPM

7-point Likert scale to evaluate if the participant though they had changed, and if that change was
meaningful

Measures taken at baseline (prior to randomisation, postintervention, and then 2 months later

Notes Lang 2016a refers to the following pair-wise comparison: 3.2k rep (n = 7) vs 6.4k rep (n = 19)

This study specified repetitions of exercise, as opposed to time spent, but also report the number of
minutes of 'active practice' undertaken in each group

Conflict of interest: none

Funding: NIH R01 HD068290

Lang 2016a  (Continued)

 
 

Study characteristics

Methods Parallel RCT

Participants who met the selection criteria were randomised into 4 groups, each received different
number of repetitions

Participants 85 participants in 4 study groups

3.2k reps group: n = 21; mean age 59.9 years; 7 females; 12.0 months poststroke

6.4k reps group: n = 22; mean age 62.1 years; 5 females; 13.0 months poststroke

9.6k reps group: n = 21; mean age 60.0 years; 10 females; 13.0 months poststroke

Individualised maximum group: n = 21; mean age 60.9 years; 8 females; 11.5 months poststroke

Outpatient setting

Interventions Intervention was supervised, massed practice of functional upper limb daily tasks, e.g. reaching, grasp-
ing, moving/manipulating, and releasing object. The participants in the 4 groups were encouraged to
perform a certain number of repetitions of exercise, dependent on their group allocation

Number of reps per session were: 100, 200, or 300. The individualised maximum group aimed for 300
reps per session, but to continue receiving therapy until certain criteria had been met

Outcomes ARAT (primary outcome measurement)

SIS (hand and ADL subscales)

Lang 2016b 
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COPM

7-point Likert scale to evaluate if the participant though they had changed, and if that change was
meaningful

Measures taken at baseline (prior to randomisation, postintervention, and then 2 months later

Notes Lang 2016b refers to the following pair-wise comparison: 3.2k rep (n = 6) vs 9.6k reps (n = 17)

This study specified repetitions of exercise, as opposed to time spent, but also report the number of
minutes of 'active practice' undertaken in each group

Conflict of interest: none

Funding:  NIH R01 HD068290

Lang 2016b  (Continued)

 
 

Study characteristics

Methods Parallel RCT

Participants who met the selection criteria were randomised into 4 groups, each received different
number of repetitions

Participants 85 participants in 4 study groups

3.2k reps group: n = 21; mean age 59.9 years; 7 females; 12.0 months poststroke

6.4k reps group: n = 22; mean age 62.1 years; 5 females; 13.0 months poststroke

9.6k reps group: n = 21; mean age 60.0 years; 10 females; 13.0 months poststroke

Individualised maximum group: n = 21; mean age 60.9 years; 8 females; 11.5 months poststroke

Outpatient setting

Interventions Intervention was supervised, massed practice of functional upper limb daily tasks e.g. reaching, grasp-
ing, moving/manipulating, and releasing object. The participants in the 4 groups were encouraged to
perform a certain number of repetitions of exercise, dependent on their group allocation

Number of reps per session were: 100, 200, or 300. The individualised maximum group aimed for 300
reps per session, but to continue receiving therapy until certain criteria had been met

Outcomes ARAT (primary outcome measurement)

SIS (hand and ADL subscales)

COPM

7-point Likert scale to evaluate if the participant though they had changed, and if that change was
meaningful

Measures taken at baseline (prior to randomisation, postintervention, and then 2 months later

Notes Lang 2016c refers to the  following pair-wise comparison: 3.2k rep (n = 6) vs individualised maximum-
 group (n = 18)

This study specified repetitions of exercise, as opposed to time spent, but also report the number of
minutes of 'active practice' undertaken in each group

Lang 2016c 
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Conflict of interest: none

Funding: NIH R01 HD068290
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Study characteristics

Methods RCT

Participants who met the inclusion criteria for the study were assessed and randomised into 1 of 3
groups; RPT, QPT, and APT. For this Cochrane Review, we excluded the group treated by the assistant

Participants 282 participants in 3 study groups

RPT: n = 95; median age 73 years; 45 males

QPT: n = 94; median age 73 years; 51 males

All participants were 1–5 weeks poststroke on entry to study

Interventions Intervention was physiotherapy, using a Bobath approach

RPT group received approximately 30–45 minutes 5 days per week for 5 weeks – analysed for amount of
upper limb therapy post hoc from notes

QPT group received an additional 2 hours of therapy, 5 days per week

Outcomes RMA arm scale

ARAT

10-hole peg test

Grip strength (dynamometer)

RMA gross function scale

Barthel Index

Extended ADL Scale

Measurements taken at baseline; 5 weeks (post-treatment); 3 and 6 months poststroke

Notes Only 56% of participants in the QPT group and 46% in the APT group completed the intervention. The
most common reasons for this were inability to tolerate the additional therapy and full upper limb re-
covery

Conflict of interest: not reported

Funding: NHS Executive, NHS Research and Development Programme on Cardiovascular Disease and
Stroke

Lincoln 1999 

 
 

Study characteristics

Methods RCT

Page 2011 
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Participants were screened for inclusion and signed consent. Baseline assessments were performed on
2 occasions, 1 week apart

Randomised using computer-generated method

Each group received RTP and then varying amounts of MP. For this Cochrane Review, we excluded the
sham MP group

Participants 29 participants in 4 treatment arms

Mean age 61 (SD 12) years; 23 males; 35 months poststroke

Groups did not differ except gender: MP40: 6 females; MP60: 7 females and 6 males

Distribution of participants: MP20: n = 8; MP40: n = 6; MP60: n = 7

Outpatient/laboratory setting

Interventions Experimental intervention was MP

All participants received 30 minutes of repetitive task practice, 3 days per week for 10 weeks (15–30
minutes with optional 1–10 minutes stretching). The treatment groups then received 20, 40, or 60 min-
utes of MP, as per their group allocation

Outcomes Upper limb section of the FMA

ARAT

Measurements were taken pre- (average of 2 measures) and postintervention

Only within-group analyses reported

Notes Conflict of interest: none

Funding: quote: "We are grateful to The Stroke Association for the provision of funding for this study.
  The Stroke Association had no role in the design, conduction, or interpretation of the results of this
study."

Page 2011  (Continued)

 
 

Study characteristics

Methods RCT

Power analysis undertaken

Recruitment via adverts

2 baselines

Randomisation from computer-generated random numbers table (concealed envelope). 4 groups (3
different amounts of intervention and a home exercise group)

Education session COPM and H200 fitted

For this Cochrane Review, we excluded the group who only received a home exercise programme

Participants 36 participants in 4 study arms. 4 participants did not complete, so analysis is of 32

30 minutes per day: n = 9

Page 2012a 
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60 minutes per day: n = 8

120 minutes per day: n = 8

Overall characteristics: mean age 57.6 years; age range 38–75 years; 15 men; mean 53.8 months post-
stroke; range of onset: 7–324 months; 19 participants exhibiting le*-sided lesions

Outpatient setting

Interventions Intervention was RTP with ESN

The participant carried out most of the intervention. However, they did also participate in a 30-minute,
1-hour, or 2-hour home-based therapy session (based on their group allocation) and subsequent thera-
py session for 30 minutes × 2 days a week, every other week, during the intervention phase of the study

The groups received:

RTP and ESN for 30 minutes per day

RTP and ESN for 60 minutes per day

RTP and ESN for 120 minutes per day

All intervention was undertaken every weekday for 8 weeks

Outcomes FMA Upper Extremity section

AMAT

Box and Blocks

ARAT

Measurements taken 1 week before and 1 week after the period of intervention

Only within-group analysis reported

Notes Page 2012a reports the following pair-wise comparison from this study: 30 minutes group (n = 5) vs 60
minutes group (n = 8)

Conflicts of interest: none

Funding:  award from the American Heart Association.

Page 2012a  (Continued)

 
 

Study characteristics

Methods RCT

Power analysis undertaken

Recruitment via adverts

2 baselines

Randomisation from computer-generated random numbers table (concealed envelope). 4 groups (3
 different amounts of intervention and a home exercise group)

Education Session COPM and H200 fitted

For this Cochrane Review, we excluded the group who only received a home exercise programme

Page 2012b 
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Participants 36 participants in 4 study arms. 4 participants did not complete, so analysis is of 32

30 minutes per day: n = 9

60 minutes per day: n = 8

120 minutes per day: n = 8

Overall characteristics: mean age 57.6 years; age range 38–75 years; 15 men; mean 53.8 months post-
stroke; range of onset: 7–324 months; 19 participants exhibiting le*-sided lesions

Outpatient setting

Interventions Intervention was RTP with ESN

The participant carried out most of the intervention. However, they did also participate in a 30-minute,
1-hour, or 2-hour home-based therapy session (based on their group allocation) and subsequent ther-
apy session for 30 minutes × 2 days per week, every other week, during the intervention phase of the
study

The groups received:

RTP and ESN for 30 minutes per day

RTP and ESN for 60 minutes per day

RTP and ESN for 120 minutes per day

All intervention was undertaken every weekday for 8 weeks

Outcomes FMA Upper Extremity section

AMAT

Box and Blocks

ARAT

Measurements taken 1 week before and 1 week after the period of intervention

Only within-group analysis reported

Notes Page 2012b reports the following pair-wise comparison from this study: 30 minutes group (n = 4) vs 120
minutes group (n = 8)

Conflicts of interest: none

Funding: award from the American Heart Association.

Page 2012b  (Continued)

 
 

Study characteristics

Methods RCT

Participants deemed eligible for the study by applying the selection criteria. They then undertook base-
line assessments before randomisation

Participants 144 participants in 2 study arms

Mean age 76.5 years; age range 60–94 years; 62 (54%) females

Partridge 2000 
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30-minute group: n = 60

60-minute group: n = 54

Stroke unit setting in Canterbury, UK

Interventions Intervention was physiotherapy based on Bobath principles

30 minutes per day or 60 minutes per day

Although not explicitly stated, it is assumed that the treatment was 5 days per week. It appears that du-
ration of treatment was not controlled (i.e. participants continued to receive the treatment to which
they were allocated for the duration of their inpatient stay)

Outcomes POR Scale (gross body movement and underlying function)

Functional reach

Step:time ratio

5-metre timed walk

Timed sit-to-stand

HADS

Recovery Locus of Control Scale

Measurements were taken at baseline, 6 weeks, and 6 months

Notes Study authors believed that it would be beneficial to identify subgroups of participants, who would
benefit most from intensive input

Conflicts of Interest:  not reported

Funding:  jointly funded by South East Thames R&D Directorate and East Kent Health Authority

Partridge 2000  (Continued)

 
 

Study characteristics

Methods RCT

Recruited postdischarge and randomised to 1 of 3 groups to receive variable intensities of rehabilita-
tion

Group 1: intensive 4 days a week

Group 2: conventional 3 half-days a week

Group 3: no attendance but visited by health visitor at home encouraged to do exercises

For this Cochrane Review, we excluded the group that were visited at home

Participants 133 participants in 3 study arms

Group 1: n = 46; mean age 63 years; 67% male; mean 35 days poststroke

Group 2: n = 43; mean age 66 years;  73% male; mean 41 days poststroke

Outpatient setting in the UK

Smith 1981 
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Interventions Intervention was physiotherapy and OT

Participants were required to attend the outpatient department for whole or half days, for up to 6
months, but shorter if full recovery achieved

Group 1: 4 days a week

Group 2: 3 half days a week

Group 1 received double amount as group 2

Outcomes ADL Index (17 item covering mobility, self-care, and household tasks)

Clinical examination

Outcome measures recorded at baseline, 3 months, 6 months, and 12 months; i.e. 1 follow-up at 12
months

Deaths and re-occurrences of stroke were also recorded

Notes Written in 1981 when there was little evidence from RCTs about effect of stroke rehabilitation

Study indicated that intensive therapy may only be tolerated by a small percentage of stroke survivors
(11% in this instance)

Conflict of interest: not reported

Funding: not reported

Smith 1981  (Continued)

 
 

Study characteristics

Methods RCT

Patients screened for inclusion

Baseline characteristic collected for eligible participants

Eligible participants randomised into 3 groups, VEIM, EIM, and ERM.  For this Cochrane Review, we only
compared the EIM group and ERM group  

Delivery of intervention, depending on group, commenced 24–48 hours poststroke for 10–14 days dura-
tion

Data collection 3 months poststroke

Participants 100 participants randomised to each of the 3 trial groups, but data reported only for those who had
confirmed diagnosis of stroke, and received the intervention as planned

ERM: n = 80; mean age: 62.1 years; 71.3% male; mean 41.0 hours since stroke to first mobilisation; base-
line NIHSS 6.0 (scale 0–16)

EIM: n = 86; mean age: 60.9 years; 76.7% males; mean 38.0 hours since stroke to first mobilisation; base-
line NIHSS 5.8 (scale 0–16)

Study conducted at the Stroke unit of the Department of Neurology, Beijing Luhe Hospital, China

Interventions Intervention was out-of-bed mobilisation included sitting, standing, and walking with or without assis-
tance. No special equipment. Individualised to participant

Tong 2019 
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Intervention was provided according to the AVERT protocol

Outcomes mRS

Notes VEIM group was excluded from this review, as participants received a different treatment (i.e. earlier in-
tervention)

Conflict of interest: authors declared that the research was conducted in the absence of any commer-
cial or financial relationships that could be construed as a potential conflict of interest

Funding: the work was supported in part by Beijing Municipal Science Technology Commission
(Z151100003915134), the National Natural Science Foundation of China (81501141), Science and Tech-
nology Project of Beijing Municipal Education Commission (KM201610025028), the Beijing NOVA pro-
gram (xx2016061), and Science and Technology Plan of Beijing Tongzhou District (KJ2017CX043)

Tong 2019  (Continued)

 
 

Study characteristics

Methods RCT

Pre- and postmeasurement

Participants 74 participants in 2 treatment arms

Experimental group: n = 38; mean age 65.13 (SD 8.86) years, 21 males, 11 aphasic

Control group: n = 36; mean age 65.72 (SD 8.68) years; 19 males; 9 aphasic

Acute inpatient setting

Interventions Intervention was rehabilitation therapy

In the first month, the 2 groups of participants were given the same rehabilitation intensity, 2 times per
day and 40 minutes per session; starting from the second month: treatment group: once or twice per
day, 40 minutes per session; control group: 3 times per week, 40 minutes per session

Treatment lasted for 6 months

Outcomes Functional Rating Scale

NIHSS

FMA

Modified Barthel Index

Western Aphasia Battery

Measurements taken before rehabilitation and at the end of 6 months after treatment

Notes It is not certain if the intervention was provided 7 days per week or 5 days per week

Conflict of interest:  not reported 

Funding:  not reported

Wang 2004 
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Study characteristics

Methods RCT

Participants were recruited into study and randomised

Baseline assessment

Intervention: all groups received OT, no mention of physiotherapy

Assessment 2 weeks postrandomisation (halfway through the intervention)

Assessment postintervention

Purpose of study was to compare mCIMT to ICR, using CR as a control. For this Cochrane Review, we
compared ICR and CR only

Participants 30 participants in 3 study arms

CR: n = 10; mean age 67 (SD 7.45) years; 50% male; mean 9.4 (SD 5.38) weeks poststroke; 80% infarct

ICR: n = 10; mean 63.5 (SD 9.63) years; 70% male; mean 12.7 (SD 9.72) weeks poststroke; 80% infarct

Inpatient setting in China

Interventions All intervention took place 5 days a week over 4 weeks. Amount per-day was as follows: CR group: 45
minutes;  ICR group: 3 hours

Outcomes WMFT

Measurement taken at baseline, and 2 and 4 weeks after initiation of treatment

Notes Conflict of interest:  not reported

Funding: grant from the Ministry of Human Resources and Social Security of the People’s Republic of
China

Wang 2011 

 
 

Study characteristics

Methods RCT

Randomisation was stratified by severity (FMA) and chronicity (time since stroke)

Intervention was provided following a train-wait-train-wait-train pattern

Testing was undertaken pre, post, and during intervention

Participants 41 participants in 4 study groups (for this Cochrane Review, we only included 3 of these study groups)

15 hours group: n = 10; mean age 57.0 (SD 12.77) years; male/female 9/1; mean 2.93 (SD 2.68) years
poststroke 

30 hours group: n = 10; mean age 61.3 (SD 13.69) years; male/female 7/3; mean 2.45 (SD 2.01) year-
s poststroke 

60 hours group: n = 11; mean age 60.64 (SD 14.12) years; male/female 8/3; mean 1.96 (SD 1.49) year-
s poststroke 

Winstein 2019a 

The e�ect of time spent in rehabilitation on activity limitation and impairment a�er stroke (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

74



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Interventions Intervention was the ASAP, a "personalized task-oriented training program that incorporates elements
of skill acquisition, capacity building, with intrinsic motivational enhancements." 

Intervention was provided in 3-week sessions of 4 consecutive visits each separated by 1 month

Intervention was provided at different durations: 0, 15, 30, or 60 hours, depending on group alloca-
tion. These figures are the total amount of intervention provided in the study

Outcomes Motor Activity Log

WMFT time score

Measurements were taken at baseline and at the end of intervention. Further measures were taken at
the end of each weeklong bout of treatment

Notes Winstein 2019a reports the following pair-wise comparison: 15 hours group (n = 5) vs 30 hours group (n
= 10)

For the purpose of the Cochrane Review, we excluded the group that received no therapy

Conflict of interest: none

Funding: supported by the NIHSS of the NIH under R01 HD065438 and R56 NS100528

Winstein 2019a  (Continued)

 
 

Study characteristics

Methods RCT

Randomisation was stratified by severity (FMA) and chronicity (time since stroke)

Intervention was provided following a train-wait-train-wait-train pattern

Testing was undertaken pre, post, and during intervention

Participants 41 participants in 4 study groups (for this Cochrane Review, we only included 3 of these study groups)

15 hours group: n = 10; mean age 57.0 (SD 12.77) years; male/female 9/1; mean 2.93 (SD 2.68) years
poststroke 

30 hours group: n = 10; mean age 61.3 (SD 13.69) years; male/female 7/3; mean 2.45 (SD 2.01) year-
s poststroke 

60 hours group: n = 11; mean age 60.64 (SD 14.12) years; male/female 8/3; mean 1.96 (SD 1.49) year-
s poststroke

Interventions Intervention was the ASAP, a "personalized task-oriented training program that incorporates elements
of skill acquisition, capacity building, with intrinsic motivational enhancements."

Intervention was provided in 3-week sessions of 4 consecutive visits each separated by 1 month

Intervention was provided at different durations: 0, 15, 30, or 60 hours, depending on group alloca-
tion. These figures are the total amount of intervention provided in the study

Outcomes Motor Activity Log

WMFT time score

Winstein 2019b 
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Measurements were taken at baseline and at the end of intervention.  Further measures were taken at
the end of each weeklong bout of treatment

Notes Winstein 2019b reports the following pair-wise comparison: 15 hours group (n = 5) vs 60 hours group (n
= 11)

For the purpose of the Cochrane Review, we excluded the group that received no therapy

Conflict of interest: none

Funding: supported by the NIHSS of the NIH under R01 HD065438 and R56 NS100528

Winstein 2019b  (Continued)

ADL: activities of daily living; APT: assistant physiotherapy; AQoL: Australian Quality of Life Scale; AMAT: Arm Motor Ability Test;
AP: augmented physiotherapy; ARAT: Action Research Arm Test; ASAP: Accelerated Skill Acquisition Program; AVERT: A Very Early
Rehabilitation Trial; CIMT: constraint-induced movement therapy; COPM: Canadian Occupational Performance Measure; CPT: conventional
physiotherapy; CR: conventional rehabilitation; EIM: early intensive mobilisation; ERM: early routine mobilisation; ESN: electrical
stimulation neuroprosthesis; FES-ET: functional electrical stimulation-assisted exercise therapy; FIM: Functional Independence Measure;
FMA: Fugl-Meyer Assessment; FST: functional strength training; HADS: Hospital Anxiety and Depression Scale; ICR: intensive conventional
rehabilitation; mCIMT: modified constraint-induced movement therapy; MP: mental practice; mRS: modified Rankin Scale; n: number
of participants; NEADL: Nottingham Extended Activities of Daily Living; NHS: National Health Service; NIH: National Institutes of Health;
NIHSS: National Institutes of Health Stroke Scale; NINDS: National Institute of Neurological Disorders and Stroke; NMES: neuromuscular
electrical stimulation; MTS: mobilisation and tactile stimulation; OT: occupational therapy; POR: Profiles of Recovery Scale; QPT: qualified
physiotherapy; RCT: randomised controlled trial; RMA: Rivermead Motor Assessment; RMI: Rivermead Mobility Index; RPT: routine
physiotherapy; RT: robot therapy; RTP: repetitive task-specific practice; SD: standard deviation; SIS: Stroke Impact Scale; SP: standard
physiotherapy; UPSET: Upper Limb Self-E(icacy Test; VEIM: very early intensive mobilisation; WMFT: Wolf Motor Function Test.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abdullahi 2021 Did not compare different time spent in rehabilitation

Abraha 2017 Not an RCT

Afridi 2021 Compared time spent in rehabilitation to repetitions

Agarwal 2008 Not an RCT

Ardestani 2020 Compared different types of intervention (dose-matched)

Askim 2004 Compared different interventions

Askim 2010 Compared different interventions

Bai 2008 Control group received no intervention

Bowden 2020 Compared different interventions

Boyd 2016 Compared different interventions

Brusco 2014 Included non-stroke participants

Byblow 2020 Compared different types of therapy

Byl 2008 Not an RCT

Chen 2006 Control group received no intervention
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Study Reason for exclusion

Daly 2019 Compared different interventions

de Sousa 2019 Compared different interventions

Di Lauro 2003 Compared different interventions

DRKS00023235 Compared different types of intervention

Du( 2013 Compared different interventions

Duncan 2003 Compared different interventions

Fasoli 2004 Compared different interventions

Forster 1992 Compared different interventions

Foucher 2017 Control group received no intervention

Galloway 2017 Not an RCT

Gobbato 2012 Compared early onset to later onset therapy

Green 2004 Did not investigate dose–response in terms of time spent

Henriksen 1992 Compared different interventions

Hesse 2011 Compared different interventions

Hogg 2020 Compared different interventions

Hornby 2015 Did not investigate dose–response in terms of time spent

Hornby 2016 Compared different interventions

Host 2014 Included non-stroke participants

Hsu 2016 Did not compare different amounts of the same intervention. Used a different definition of 'intensi-
ty'

Hubbard 2010 Compared different interventions

Huijben-Schoenmakers 2014 Not an RCT

Kissela 2013 Did not investigate dose–response in terms of time spent

Klassen 2020 Compared different interventions: the difference in the 2 treatment arms that were considered for
this review were not only amount of time, but also intensity, in terms of exercise repetitions

Kosak 1998 Compared different interventions

Krebs 1997 Compared different interventions

Lamberti 2017 Compared different interventions

Langhammer 2007 Some control group participants received no therapy

The e�ect of time spent in rehabilitation on activity limitation and impairment a�er stroke (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

77



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study Reason for exclusion

Langhammer 2014 Control group received no intervention

Langhorne 2010 Compared different interventions

Langhorne 2017 Compared different interventions (early as well as more intensive)

Lee 2012 Compared different interventions

Lewthwaite 2018 Some of the control participants received no therapy. We considered comparing usual care with
dose-matched usual care. However, although the dose-matched usual care group received a stan-
dard amount of therapy (30 hours over 16 weeks), the usual care group did not (0–46 hours range
over 16 weeks)

Li 2000 Compared different interventions

Lin 2017 Compared different interventions

Lo 2010 Compared different interventions

Logan 1997 Intervention group received input earlier than control group

Malouin 1992 Not an RCT (case report)

Malouin 1993 Compared different interventions (early as well as more intensive)

Martinsson 2003 Compared different interventions

Marzolini 2016 Compared different (dose-matched) interventions

McDonnell 2017 Compared different interventions

Mickelborough 1999 Compared different interventions

Mikulecka 2005 Compared different interventions

Outermans 2010 Compared different interventions

Ozdemir 2001 Compared different interventions

Raghavan 2016 Compared different interventions

Richards 2006a Compared different interventions

Richards 2006b Study withdrawn

Roderick 2001 Compared different interventions

Rodgers 2019 Compared different interventions

Ru( 1999 Not an RCT

Ryan 2006 Included non-stroke participants

Sanchez-Sanchez 2015 Compared different (dose-matched) interventions
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Study Reason for exclusion

Scrivener 2012 Not an RCT

Sheil 2001 Included non-stroke participants

Sivenius 1985 Compared different interventions

Slade 2002 Included non-stroke participants

Sonoda 2004 Not an RCT

Sterr 2002 Included non-stroke participants

Sunderland 1992 Compared different interventions

Tomic 2017 Compared different interventions

van Wijck 2020 Compared different interventions

Wu 2016 Compared different interventions

Wuennemann 2020 Included non-stroke participants

Xu 2008 Compared different interventions

Yau 2010 Compared different interventions

Yelnik 2017 Compared different interventions

Yu 2008 Control group received no intervention

Zhang 2005 Compared different interventions: early vs later

RCT: randomised controlled trial.
 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods RCT

Participants 20 acute stroke patients in 3 study groups

Interventions Exercises chosen from a Bobath neurodevelopmental approach

Group 1 received 4 exercises

Group 2 received 6 exercises

Group 3 received 8 exercises

Outcomes Stroke Rehabilitation Assessment of Movement

Notes The above is taken from conference proceedings and there is insufficient information available to
include at this stage. Contacted authors to request full details of study and we are awaiting their re-
sponse

Aksu 2001 
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Methods RCT

Participants 30 participants in 3 study groups

Interventions Intervention is bilateral movements and NMES (or sham stimulation)

High-intensity group: bilateral training moving both arms coupled with NMES; 4 × 90-minute ses-
sions per week for 2 weeks

Low-intensity group: bilateral training moving both arms coupled with NMES; 2 × 90-minute ses-
sions per week for 2 weeks

Control group: bilateral training moving both arms coupled with sham NMES; 2 sessions per week
for 2 weeks.

Outcomes Box and Block Test

Fugl-Meyer Upper Extremity Motor Test

Fractionated reaction time

Measurements were taken before and after intervention and outcomes reported for 14 of the par-
ticipants recruited

Notes Study reported on ClinicalTrials.gov as completed; however, unable to locate a full paper and avail-
able information is limited.  Contacted authors regarding publication of full paper; currently await-
ing a response

Cauraugh 2006 

 
 

Methods Pilot RCT

Participants 18 participants in 3 study groups

All participants were > 6 months poststroke

Recruited from 3 medical centres in Taiwan

Interventions High-intensity RT: using the robot-assisted arm trainer, Bi-Manu-Track, participants practiced 600–
800 repetitions of mode 1 for 15 minutes, 600–800 repetitions of mode 2 for 15–20 minutes, and
150–200 repetitions of mode 3 for 5 minutes for forearm and wrist movements

Low-intensity RT: intervention for this group was the same as for the high-intensity group, but half
the number of repetitions were practiced

Control: structured protocol of conventional occupational therapy

All participants received training sessions (90–105 minutes per day, 5 days per week for 4 weeks)

Outcomes Fugl Meyer Assessment Upper Extremity Subscale 

Medical Research Council Scale

Motor Activity Log

ABILHAND scale

Urinary 8-hydroxydeoxyguanosine

Hsieh 2011 
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General subscale of the Multidimensional Fatigue Symptom Inventory

Assessments were administered before and after treatment

Notes Unable to include as it appears that the recruitment dates of this study may cross with the study
described in Hsieh 2012. We are waiting for confirmation from the authors regarding whether there
was any participant overlap between these 2 studies

Hsieh 2011  (Continued)

 
 

Methods Possibly an RCT

Participants 89 participants in 2 study groups

Interventions Conventional rehabilitation (occupational therapy and physiotherapy)

Group 1: 1 session per day of rehabilitation training

Group 2: 2 sessions per day of rehabilitation training

Outcomes Korean Berg Balance Scale

Functional Independence Measure

Mini Mental State Examination-Korea

Measurements were taken at 2-week intervals and between group differences were assessed at the
beginning of treatment and at the peak of Korean Berg Balance Scale

Notes The above is taken from conference proceedings and there is insufficient information available to
include at this stage. Contacted authors and requested full details of the study and we are awaiting
their response

Jung 2008 

 
 

Methods RCT

Participants 55 participants in 2 study arms

Interventions Intervention was conventional physiotherapy

Intensive group: 10–14 sessions of physiotherapy over 10 days

Conventional group: < 5 sessions

Outcomes NIHSS

Motricity Index

Notes The above is taken from conference proceedings and there is insufficient information available
to include at this stage. Contacted authors to request full details of the study and we are awaiting
their response

Kreisel 2005 
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Methods RCT

Participants 25 participants in 3 study groups

Interventions Group 1: intensity-oriented exercise programme

Group 2: duration-oriented exercise programme

Group 3: standard care group

Outcomes Peak oxygen consumption

Time to exhaustion

Maximum workload

Submaximal oxygen cost

Blood pressure

Heart rate

Lipid profile

Notes The above is taken from conference proceedings and there is insufficient information available to
include or exclude. Contacted authors and we are awaiting their response

Rimmer 2004 

 
 

Methods Probably an RCT

Participants 30 participants in 2 treatment groups

Interventions Intervention was robotic therapy using the Reo Go therapy system comparing a low-intensity train-
ing group with a high-intensity training group

Outcomes Unspecified upper limb measurements

Notes The above is taken from conference proceedings and there is insufficient information available to
include or exclude. Contacted authors and we are awaiting their response

Takebayashi 2015 

 
 

Methods RCT

Participants 32 participants planned, in 3 study groups

Interventions Intervention is robot-assisted training

High-intensity RT group: each robot-assisted training session will include 400–600 repetitions of
mode 1 and 800–1000 repetitions of mode 2, totalling 1200–1600 repetitions for the forearm and
the wrist movements. In addition, the participants will practice 100–200 repetitions in mode 3. In
addition, this group received functional training

Low-intensity RT group: same intervention as the high-intensity robot therapy group, but half the
number of repetitions

Wu 2013 
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Conventional therapy group: functional training (no robot therapy)

Outcomes Fugl-Meyer Assessment

Motor Status Scale

Modified Ashworth Scale

MyotonPRO

Muscle metabolism

Box and Block Test

Revised Nottingham Sensory Assessment

Functional Independence Measure

Motor Activity Log*

ABILHAND Questionnaire*

Adelaide Activities Profile*

EQ-5D-5L

Accelerometers*

Functional magnetic resonance imaging

Kinematic analysis

Inflammatory markers

Oxidative stress markers

Erythrocyte deformability

Blood glucose indicators

All measures were taken at baseline and completion of intervention. Those marked with a * were
also taken at 6-month follow-up

Notes The above is taken from ClinicalTrials.gov, which reports that the study was completed in May
2015. However, there are no results or full publications available. Contacted authors and we are
awaiting their response

Wu 2013  (Continued)

NIHSS: National Institutes of Health Stroke Scale; NMES: neuromuscular electrical stimulation; RCT: randomised controlled trial; RT: robot
therapy.
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name AVERT DOSE

Methods RCT

Participants Study aims to recruit 2700 participants

Interventions Intervention was mobility training, delivered at an intensity tolerable to the participant, noted as-
 mild, moderate or vigorous  as determined by BORG and physiological measures (heart rate, respi-
ratory rate, oxygen saturations, and blood pressure)

Bernhardt 2019 
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Group 1: 1 session per day

Group 2: 2 sessions per day

Group 3: 3 sessions per day

Group 4: 4 sessions per day

Outcomes mRS, safety (adverse events or serious adverse events), 6-metre walk test, EQ-5D-5L

Starting date 22/09/2019

Contact information julie.bernhardt@florey.edu.au

Notes This study is currently ongoing.  Inclusion will likely depend upon there being a similar proportion
of intensity of training (mild, moderate, or vigorous) across the 4 intervention groups

Bernhardt 2019  (Continued)

 
 

Study name Effect of intensive cognitive rehabilitation in subacute stroke patient

Methods RCT (according to ClinicalTrials.gov)

Participants 150 participants planned in 2 study groups

Interventions Intervention is cognitive rehabilitation

Group 1: cognitive rehabilitation for 1 hour, every working day for 4 weeks

Group 2: cognitive rehabilitation for 30 minutes, every working day for 4 weeks

Outcomes Korean-Montreal Cognitive Assessment

Starting date 1 November 2016

Contact information Department of Physical and Rehabilitation Medicine, Center for Prevention and Rehabilitation,
Heart Vascular and Stroke Institute, Samsung Medical Center, Sungkyunkwan University School of
Medicine, 50 Ilwon-dong, Gangnam-gu, Seoul, 135-710, Republic of Korea

Notes Above information is taken from www.ClinicalTrial.gov

There is an associated paper for this study, which states it is a prospective cohort study (not an
RCT). Until the study is published, we will not know if it meets the criteria for this review

Chang 2015 

 
 

Study name RESTORE

Methods RCT

Participants 132 participants planned in 5 study arms

Interventions Intervention is robotic rehabilitation using a robotic exoskeleton

Group 1: early low intensity (1 hour per day)

Dukelow 2019 
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Group 2: early high intensity (2 hours per day)

Group 3: late low intensity (1 hour per day)

Group 4: late high intensity (2 hours per day)

Group 5: control

For the purpose of this review, we would include a comparison of the 2 early groups and a separate
comparison of the 2 late groups

Outcomes FMA upper extremity

FIM

mRS

ARAT

Robotic assessments

Starting date 1 May 2019

Contact information spdukelo@ucalgary.ca, mark.piitz@albertahealthservices.ca

Notes Above information is taken from www.ClinicalTrial.gov

Dukelow 2019  (Continued)

 
 

Study name Impact of more frequent PT services

Methods RCT

Participants 150

Interventions Group 1: increased frequency of PT services within the first 3–5 days of admission, followed by daily
PT services for the duration of their inpatient stay

Group 2: PT services 3–5 times per week during their hospitalisation

Outcomes None reported

Starting date March 2021

Contact information holmstedt@musc.edu

Notes  

Holmstedt 2021 

 
 

Study name Effects of the Accelerated Skill Acquisition Program (ASAP) training duration on reach-to-grasp per-
formance in individuals with subacute stroke (effects of ASAP duration on UE training for stroke)

Methods RCT

Kanlaya 2018 
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Participants 14 planned

Interventions Group 1: task-oriented training of upper extremity for 2 hours

Group 2: task-oriented training of upper extremity for 1 hour

Outcomes Corticospinal excitability and kinematics

Starting date 19 March 2018 (not yet recruiting)

Contact information Wanida.kae@mahidol.ac.th, Sirinapatopaz@gmail.com

Notes Limited availability from trial registries. Have contacted authors and awaiting response

Kanlaya 2018  (Continued)

 
 

Study name Dose–response of rPMS for upper limb hemiparesis after stroke

Methods RCT

Participants Target sample size of 50

Interventions The intervention is rPMS

Group 1: control

Group 2: 2400 pulses

Group 3: 4800 pulses

Groups 2 and 3 could be included in the analysis

Outcomes FMA Upper Extremity

modified Ashworth Scale

Active ROM Goniometry

FIM

Starting date 20 January 2020

Contact information kinoshita@jikei.ac.jp

Notes Although amount is measures in number of pulses of rPMS, the protocol explains that "Each train
of rPMS stimuli will be applied at 20 Hz for 3 seconds followed by a 27 second rest interval. Eighty
such trains of rPMS stimuli will be applied as the daily 4800 pulses of rPMS therapy, and 40 such
trains of rPMS stimuli will be applied as the daily 2400 pulses of rPMS, in the respective treatment
groups."

Therefore, intervention for group 3 will take twice as long as intervention for groups 2

Kinoshita 2020 

 
 

Study name Effect of different intensity rehabilitation training on hemiplegic patients after stroke

Ling 2018 
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Methods Uncertain – possibly an RCT

Participants 24 participants planned in 2 study groups

Interventions Intervention is rehabilitation training

Group 1: low-intensity rehabilitation training

Group 2: high-intensity rehabilitation training

Outcomes Sicam 1n (svcam1n) D-dimer

Cardiopulmonary exercise test

6-minute walking distance

Quality of life (36-item Short Form)

Walking speed (10-metre walking test)

Balance (Berg Balance Scale)

Evaluation index of lower limb strength and FMA scale

Starting date 1 June 2018

Contact information lydhzw@126.com

Notes This information is taken from a trial registry. There is insufficient information to make a decision
regarding inclusion of this study and currently no results available. We have contacted the study
authors and await their response

Ling 2018  (Continued)

 
 

Study name Determining the optimal dose of reactive balance training after stroke

Methods RCT

Participants 36 planned; 12 in each intervention group

Interventions Intervention was RBT

Group 1: 1 session of RBT

Group 2: 3 sessions of RBT

Group 3: 6 sessions of RBT

Each session will be 45 minutes long

Outcomes Chedoke-McMaster Stroke Assessment

Mini-Balance Evaluation Systems Test

Activities-specific Balance Confidence

Novel unpredictable perturbation

Starting date June 2020 (according to ClinicalTrials.gov)

Mansfield 2020 
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Contact information Dr Avril Mansfield; avril.mansfield@uhn.ca

Notes Above information taken from published protocol and registration of study on ClinicalTrials.gov

Mansfield 2020  (Continued)

ARAT: Action Research Arm Test; FIM: Functional Independence Measure; FMA: Fugl-Meyer Assessment; mRS: modified Rankin Scale; PT:
physiotherapy; RBT: reactive balance training; RCT: randomised controlled trial; rPMS: repetitive peripheral magnetic stimulation.
 

R I S K   O F   B I A S

Legend:     Low risk of bias      High risk of bias      Some concerns     

 
Risk of bias for analysis 3.1 Activities of daily living outcomes: long-term outcomes

Bias

Study Randomisation
process

Deviations
from intended
interventions

Missing
outcome data

Measurement
of the outcome

Selection of
the reported

results

Overall

Ada 2013

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Objective one: more time spent in rehabilitation vs less time spent in rehabilitation – immediate
outcomes

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Activities of daily living out-
comes

19 864 Std. Mean Difference (IV, Ran-
dom, 95% CI)

0.13 [-0.02, 0.28]

1.2 Activity measures of the upper
limb

18 426 Std. Mean Difference (IV, Ran-
dom, 95% CI)

0.09 [-0.11, 0.29]

1.3 Activity measures of the lower
limb

5 425 Std. Mean Difference (IV, Ran-
dom, 95% CI)

0.25 [-0.03, 0.53]

1.4 Motor impairment measures of
the upper limb

12 287 Std. Mean Difference (IV, Ran-
dom, 95% CI)

0.32 [0.06, 0.58]

1.5 Motor impairment measures of
the lower limb

1 51 Std. Mean Difference (IV, Ran-
dom, 95% CI)

0.71 [0.15, 1.28]

1.6 Serious adverse events/death 2 379 Risk Ratio (M-H, Random, 95%
CI)

1.20 [0.51, 2.85]
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Analysis 1.1.   Comparison 1: Objective one: more time spent in rehabilitation vs less time
spent in rehabilitation – immediate outcomes, Outcome 1: Activities of daily living outcomes

Study or Subgroup

Abdullahi 2018
Ada 2013
Burgar 2011
Dromerick 2009
English 2015
GAPS 2004
Han 2013a
Han 2013b
Hsieh 2012
Kowalczewski 2007
Lang 2016a
Lang 2016b
Lang 2016c
Lincoln 1999
Page 2012a
Page 2012b
Wang 2004
Winstein 2019a
Winstein 2019b

Total (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 19.38, df = 18 (P = 0.37); I² = 7%
Test for overall effect: Z = 1.71 (P = 0.09)
Test for subgroup differences: Not applicable

More time
Mean

3.47
22

21.5
26.93
96.2
16.6

88
89.5
1.08
0.04
61.5
67.8
65.4

12
1.62
2.19

88.24
3.66
3.5

SD

0.64
10

8.66
4.84
20.3
2.8

10.33
6.85
0.72

0.054
22.24
22.25
22.05
5.93
0.71
0.93

17.95
0.71
0.82

Total

11
34
17
16
88
32
10
10
18
10
19
17
18
87
8
8

38
10
11

462

Less time
Mean

3.57
22

17.7
30.21
94.8
16.1

85
85

0.95
0.035

58
58
58
13

1.25
1.25

74.42
3.11
3.11

SD

0.9
9

8.28
4.84
20.4
3.3

11.79
11.79
0.96

0.036
21.8
21.8
21.8
7.41
0.29
0.29
24.7
1.05
1.05

Total

12
33
19
19
85
33
5
5

18
9
7
6
6

90
5
4

36
5
5

402

Weight

3.1%
8.4%
4.7%
4.4%

18.5%
8.2%
1.8%
1.8%
4.8%
2.6%
2.8%
2.4%
2.4%

18.8%
1.6%
1.2%
8.8%
1.7%
1.9%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.12 [-0.94 , 0.70]
0.00 [-0.48 , 0.48]
0.44 [-0.22 , 1.10]

-0.66 [-1.35 , 0.02]
0.07 [-0.23 , 0.37]
0.16 [-0.33 , 0.65]
0.26 [-0.82 , 1.34]
0.49 [-0.60 , 1.58]
0.15 [-0.50 , 0.80]
0.10 [-0.80 , 1.00]
0.15 [-0.71 , 1.02]
0.43 [-0.51 , 1.37]
0.32 [-0.60 , 1.25]

-0.15 [-0.44 , 0.15]
0.58 [-0.57 , 1.73]
1.09 [-0.22 , 2.41]
0.64 [0.17 , 1.10]

0.62 [-0.48 , 1.73]
0.41 [-0.66 , 1.48]

0.13 [-0.02 , 0.28]

Std. Mean Difference
IV, Random, 95% CI
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Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Analysis 1.2.   Comparison 1: Objective one: more time spent in rehabilitation vs less time
spent in rehabilitation – immediate outcomes, Outcome 2: Activity measures of the upper limb

Study or Subgroup

Abdullahi 2018
Burgar 2011
Donaldson 2009
Dromerick 2009
Han 2013a
Han 2013b
Hsieh 2012
Hsu 2010
Hunter 2011a
Hunter 2011b
Kowalczewski 2007
Lang 2016a
Lang 2016b
Lang 2016c
Page 2012a
Page 2012b
Winstein 2019a
Winstein 2019b

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 16.18, df = 17 (P = 0.51); I² = 0%
Test for overall effect: Z = 0.92 (P = 0.36)
Test for subgroup differences: Not applicable

More time
Mean

3.71
0.9

41.8
33.93

8.7
10.9

51.14
8.5

13.72
14.1
1.87
35.3
35.7
36.9

13
22.3
7.87
7.47

SD

0.54
1.24

17.83
16.64
4.62
3.6

23.07
13.2

16.03
19.09
0.44
14.9
14.3
12.6
14.9
14.1

14.55
11.9

Total

11
17
10
16
10
10
18
22
18
20
10
19
17
18
8
8

10
11

253

Less time
Mean

3.79
0.7
45

42.1
5.3
5.3

46.14
8.6

12.44
12.44
1.39
37.8
37.8
37.8
8.3
8.3

10.12
10.12

SD

0.92
0.87

13.93
16.66

3.4
3.4

23.24
11.3

19.25
19.25
0.57
8.8
8.8
8.8
6.5
6.5

9.64
9.64

Total

12
19
8

19
5
5

18
22
9
9
9
7
6
6
5
4
5
5

173

Weight

6.0%
9.4%
4.6%
8.8%
3.2%
2.6%
9.4%

11.5%
6.3%
6.5%
4.4%
5.3%
4.6%
4.7%
3.2%
2.4%
3.5%
3.6%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.10 [-0.92 , 0.72]
0.18 [-0.47 , 0.84]

-0.19 [-1.12 , 0.74]
-0.48 [-1.16 , 0.20]
0.75 [-0.37 , 1.87]
1.49 [0.25 , 2.73]

0.21 [-0.44 , 0.87]
-0.01 [-0.60 , 0.58]
0.07 [-0.73 , 0.87]
0.08 [-0.70 , 0.87]
0.91 [-0.05 , 1.86]

-0.18 [-1.05 , 0.69]
-0.15 [-1.09 , 0.78]
-0.07 [-1.00 , 0.85]
0.35 [-0.78 , 1.48]
1.05 [-0.26 , 2.35]

-0.16 [-1.24 , 0.92]
-0.22 [-1.28 , 0.84]

0.09 [-0.11 , 0.29]

Std. Mean Difference
IV, Random, 95% CI
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Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 1.3.   Comparison 1: Objective one: more time spent in rehabilitation vs less time
spent in rehabilitation – immediate outcomes, Outcome 3: Activity measures of the lower limb

Study or Subgroup

Ada 2013
Cooke 2010b
English 2015
GAPS 2004
Partridge 2000

Total (95% CI)
Heterogeneity: Tau² = 0.05; Chi² = 7.68, df = 4 (P = 0.10); I² = 48%
Test for overall effect: Z = 1.77 (P = 0.08)
Test for subgroup differences: Not applicable

More time
Mean

289
0.55

134.8
9.7

49.2

SD

131
0.49

106.6
3.3
32

Total

34
32
88
32
33

219

Less time
Mean

253
0.3

150.1
8.1

39.9

SD

137
0.35

154.1
3.6

29.9

Total

34
31
85
34
22

206

Weight

18.9%
17.8%
28.6%
18.4%
16.3%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.27 [-0.21 , 0.74]
0.58 [0.07 , 1.08]

-0.12 [-0.41 , 0.18]
0.46 [-0.03 , 0.95]
0.29 [-0.25 , 0.84]

0.25 [-0.03 , 0.53]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours more time
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Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Analysis 1.4.   Comparison 1: Objective one: more time spent in rehabilitation vs less time spent in
rehabilitation – immediate outcomes, Outcome 4: Motor impairment measures of the upper limb

Study or Subgroup

Abdullahi 2018
Burgar 2011
Donaldson 2009
Han 2013a
Han 2013b
Hsieh 2012
Hsu 2010
Hunter 2011a
Hunter 2011b
Kowalczewski 2007
Page 2012a
Page 2012b

Total (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 12.17, df = 11 (P = 0.35); I² = 10%
Test for overall effect: Z = 2.44 (P = 0.01)
Test for subgroup differences: Not applicable

More time
Mean

49.27
14.4
52.6
19.7
24.5

48
25.5

38.89
35.75
14.2
26.6
27.1

SD

6.23
14.83

45.218
7.09
7.96
8.22

20
25.42

30
8.22
10.4
7.5

Total

11
17
10
10
10
18
22
18
20
10
8
8

162

Less time
Mean

52.5
6.8
30
13
13

46.33
28.1

32.06
32.06

9.6
21
21

SD

8.54
8.28
25.9
6.38
6.38

10.27
18

31.27
31.27
8.85
3.3
3.3

Total

12
19
8
5
5

18
22
9
9
9
5
4

125

Weight

8.7%
12.5%
6.7%
4.8%
4.2%

13.1%
15.5%
9.2%
9.5%
7.2%
4.7%
3.9%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.41 [-1.24 , 0.42]
0.63 [-0.04 , 1.30]
0.57 [-0.39 , 1.52]
0.92 [-0.22 , 2.06]
1.44 [0.21 , 2.67]

0.18 [-0.48 , 0.83]
-0.13 [-0.73 , 0.46]
0.24 [-0.56 , 1.04]
0.12 [-0.67 , 0.91]
0.52 [-0.40 , 1.43]
0.61 [-0.54 , 1.76]
0.86 [-0.41 , 2.13]

0.32 [0.06 , 0.58]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours more time

Risk of Bias
A

+
+
+
+
+
?
?
+
+
?
+
+

B

+
-
+
+
+
+
+
+
+
+
+
+

C

+
+
+
+
+
+
+
+
+
+
+
+

D

+
+
+
+
+
+
+
+
+
+
+
+

E

+
?
?
?
?
?
?
?
?
?
?
?

F

+
-
?
?
?
?
?
?
?
?
?
?

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 1.5.   Comparison 1: Objective one: more time spent in rehabilitation vs less time spent in
rehabilitation – immediate outcomes, Outcome 5: Motor impairment measures of the lower limb

Study or Subgroup

Cooke 2010b (1)

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.47 (P = 0.01)
Test for subgroup differences: Not applicable

More time
Mean

34

SD

23.1

Total

26

26

Less time
Mean

19

SD

17.8

Total

25

25

Weight

100.0%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.71 [0.15 , 1.28]

0.71 [0.15 , 1.28]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours more time

Risk of Bias
A

+

B

+

C

-

D

+

E

?

F

-

Footnotes
(1) Cooke 2010: knee flexion peak torque.

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Cochrane Database of Systematic Reviews

Analysis 1.6.   Comparison 1: Objective one: more time spent in rehabilitation vs less time
spent in rehabilitation – immediate outcomes, Outcome 6: Serious adverse events/death

Study or Subgroup

English 2015
Lincoln 1999

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.36, df = 1 (P = 0.55); I² = 0%
Test for overall effect: Z = 0.42 (P = 0.68)
Test for subgroup differences: Not applicable

More time
Events

6
5

11

Total

96
94

190

Less time
Events

6
3

9

Total

94
95

189

Weight

62.1%
37.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.98 [0.33 , 2.93]
1.68 [0.41 , 6.85]

1.20 [0.51 , 2.85]

Risk Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours more time Favours less time

Risk of Bias
A

+
+

B

+
?

C

+
+

D

+
+

E

+
?

F

+
?

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Comparison 2.   Objective one: more time spent in rehabilitation vs less time spent in rehabilitation – medium-term
outcomes

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Activities of daily living outcomes:
medium-term outcomes

12 673 Std. Mean Difference (IV,
Random, 95% CI)

0.01 [-0.15, 0.16]

2.2 Activity measures of the upper limb:
medium-term outcomes

9 218 Std. Mean Difference (IV,
Random, 95% CI)

-0.02 [-0.36, 0.33]

2.3 Activity measures of the lower limb:
medium-term outcomes

4 243 Std. Mean Difference (IV,
Random, 95% CI)

0.10 [-0.30, 0.49]

2.4 Motor impairment measures of the
upper limb: medium-term outcomes

5 115 Std. Mean Difference (IV,
Random, 95% CI)

-0.02 [-0.39, 0.35]

2.5 Motor impairment measures of the
lower limb: medium-term outcomes

1 37 Std. Mean Difference (IV,
Random, 95% CI)

0.62 [-0.04, 1.28]

2.6 Serious adverse events/death: medi-
um-term outcomes

3 344 Risk Ratio (M-H, Random,
95% CI)

1.32 [0.63, 2.76]
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Analysis 2.1.   Comparison 2: Objective one: more time spent in rehabilitation vs less time spent in rehabilitation
– medium-term outcomes, Outcome 1: Activities of daily living outcomes: medium-term outcomes

Study or Subgroup

Abdullahi 2018
Ada 2013
Burgar 2011
Dromerick 2009
GAPS 2004
Hsu 2010
Kowalczewski 2007
Lang 2016a
Lang 2016b
Lang 2016c
Lincoln 1999
Tong 2019

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 9.71, df = 11 (P = 0.56); I² = 0%
Test for overall effect: Z = 0.07 (P = 0.94)
Test for subgroup differences: Not applicable

More time
Mean

4.65
21

27.5
29.12
16.9
0.56

0.073
69
74
70
14

2.41

SD

0.43
10

9.96
4.64
2.7

0.87
0.085

24
17
20

7.41
1.12

Total

11
34
11
16
31
19
10
19
15
17
84
86

353

Less time
Mean

4.55
21

24.2
31.41
16.2
0.6

0.006
67
67
67
14

2.63

SD

0.37
10

10.85
4.53
4.2

1
0.012

27
27
27

6.67
1.22

Total

12
33
14
17
34
18
9
7
6
6

84
80

320

Weight

3.5%
10.3%
3.7%
4.9%
9.9%
5.7%
2.5%
3.1%
2.6%
2.7%

25.8%
25.3%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.24 [-0.58 , 1.06]
0.00 [-0.48 , 0.48]
0.30 [-0.49 , 1.10]

-0.49 [-1.18 , 0.21]
0.19 [-0.29 , 0.68]

-0.04 [-0.69 , 0.60]
1.03 [0.05 , 2.00]

0.08 [-0.79 , 0.95]
0.33 [-0.62 , 1.29]
0.13 [-0.80 , 1.06]
0.00 [-0.30 , 0.30]

-0.19 [-0.49 , 0.12]

0.01 [-0.15 , 0.16]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours more time

Risk of Bias
A

+
+
+
+
+
?
?
?
?
?
+
+

B

+
+
-
+
+
+
+
+
+
+
-
+

C

+
+
-
+
+
+
+
+
+
+
?
+

D

+
+
+
+
+
+
+
-
-
-
+
+

E

+
+
?
-
?
?
?
?
?
?
?
-

F

+
+
-
-
?
?
?
-
-
-
-
-

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 2.2.   Comparison 2: Objective one: more time spent in rehabilitation vs less time spent in rehabilitation
– medium-term outcomes, Outcome 2: Activity measures of the upper limb: medium-term outcomes

Study or Subgroup

Abdullahi 2018
Burgar 2011
Donaldson 2009
Dromerick 2009
Hsu 2010
Kowalczewski 2007
Lang 2016a
Lang 2016b
Lang 2016c

Total (95% CI)
Heterogeneity: Tau² = 0.08; Chi² = 11.51, df = 8 (P = 0.17); I² = 30%
Test for overall effect: Z = 0.09 (P = 0.93)
Test for subgroup differences: Not applicable

More time
Mean

4.97
1.8

41.83
38

15.9
1.96
33.3

34
37.1

SD

0.07
2.32

15.02
15.04
18.4
0.54
14.7
15.2
13.2

Total

11
11
6

16
19
10
19
15
17

124

Less time
Mean

4.9
1.2

53.4
46.86
17.2
1.35
37.2
37.2
37.2

SD

0.22
1.5

6.71
14.46
19.1
0.51
9.2
9.2
9.2

Total

12
14
5

17
18
9
7
6
6

94

Weight

11.7%
12.3%
6.0%

14.5%
16.0%
9.1%

10.9%
9.6%
9.9%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.41 [-0.42 , 1.23]
0.31 [-0.49 , 1.10]

-0.88 [-2.15 , 0.39]
-0.59 [-1.29 , 0.11]
-0.07 [-0.71 , 0.58]

1.11 [0.12 , 2.09]
-0.28 [-1.15 , 0.59]
-0.22 [-1.17 , 0.73]
-0.01 [-0.94 , 0.92]

-0.02 [-0.36 , 0.33]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours more time

Risk of Bias
A

+
+
+
+
?
?
?
?
?

B

+
-
+
+
+
+
+
+
+

C

+
-
?
+
+
+
+
+
+

D

+
+
+
+
+
+
+
+
+

E

+
?
?
-
?
?
?
?
?

F

+
-
?
-
?
?
?
?
?

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Cochrane Database of Systematic Reviews

Analysis 2.3.   Comparison 2: Objective one: more time spent in rehabilitation vs less time spent in rehabilitation
– medium-term outcomes, Outcome 3: Activity measures of the lower limb: medium-term outcomes

Study or Subgroup

Ada 2013
Cooke 2010b
GAPS 2004
Partridge 2000

Total (95% CI)
Heterogeneity: Tau² = 0.09; Chi² = 7.08, df = 3 (P = 0.07); I² = 58%
Test for overall effect: Z = 0.48 (P = 0.63)
Test for subgroup differences: Not applicable

More time
Mean

276
0.59
10.2
35.8

SD

132
0.48
3.1

16.5

Total

34
28
30
27

119

Less time
Mean

243
0.44
9.1

49.4

SD

126
0.39

4
32.1

Total

33
24
34
33

124

Weight

26.2%
23.4%
25.7%
24.7%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.25 [-0.23 , 0.73]
0.34 [-0.21 , 0.88]
0.30 [-0.19 , 0.80]

-0.51 [-1.03 , 0.01]

0.10 [-0.30 , 0.49]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours more time

Risk of Bias
A

+
+
+
?

B

+
+
+
-

C

+
?
+
-

D

+
+
+
-

E

+
?
?
?

F

+
?
?
-

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 2.4.   Comparison 2: Objective one: more time spent in rehabilitation vs less time spent in rehabilitation
– medium-term outcomes, Outcome 4: Motor impairment measures of the upper limb: medium-term outcomes

Study or Subgroup

Abdullahi 2018
Burgar 2011
Donaldson 2009
Hsu 2010
Kowalczewski 2007

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 3.99, df = 4 (P = 0.41); I² = 0%
Test for overall effect: Z = 0.12 (P = 0.90)
Test for subgroup differences: Not applicable

More time
Mean

62.24
23.6

71.17
32.8

17

SD

3.05
19.26
38.32
23.7

12.01

Total

11
11
6

19
10

57

Less time
Mean

63.2
15.9
94.8
36.7
12.3

SD

1.85
13.09
31.57
19.5
10.5

Total

12
14
5

18
9

58

Weight

20.1%
21.4%
9.1%

32.9%
16.5%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.37 [-1.20 , 0.46]
0.46 [-0.34 , 1.27]

-0.61 [-1.84 , 0.62]
-0.18 [-0.82 , 0.47]
0.40 [-0.52 , 1.31]

-0.02 [-0.39 , 0.35]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours more time

Risk of Bias
A

+
+
+
?
?

B

+
-
+
+
+

C

+
-
?
+
+

D

+
+
+
+
+

E

+
?
?
?
?

F

+
-
?
?
?

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Cochrane Database of Systematic Reviews

Analysis 2.5.   Comparison 2: Objective one: more time spent in rehabilitation vs less time spent in rehabilitation
– medium-term outcomes, Outcome 5: Motor impairment measures of the lower limb: medium-term outcomes

Study or Subgroup

Cooke 2010b

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.83 (P = 0.07)
Test for subgroup differences: Not applicable

More time
Mean

41.7

SD

28.8

Total

19

19

Less time
Mean

25.2

SD

22.9

Total

18

18

Weight

100.0%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.62 [-0.04 , 1.28]

0.62 [-0.04 , 1.28]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours more time

Risk of Bias
A

+

B

+

C

-

D

+

E

?

F

-

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 2.6.   Comparison 2: Objective one: more time spent in rehabilitation vs less time spent in
rehabilitation – medium-term outcomes, Outcome 6: Serious adverse events/death: medium-term outcomes

Study or Subgroup

GAPS 2004
Lincoln 1999
Smith 1981

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.01; Chi² = 2.05, df = 2 (P = 0.36); I² = 2%
Test for overall effect: Z = 0.74 (P = 0.46)
Test for subgroup differences: Not applicable

More time
Events

2
8
7

17

Total

35
92
46

173

Less time
Events

0
9
3

12

Total

35
93
43

171

Weight

6.0%
62.1%
31.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

5.00 [0.25 , 100.53]
0.90 [0.36 , 2.23]
2.18 [0.60 , 7.90]

1.32 [0.63 , 2.76]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours more time Favours less time

Risk of Bias
A

+
+
?

B

+
?
?

C

+
+
+

D

+
+
+

E

?
?
?

F

?
?
-

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Comparison 3.   Objective one: more time spent in rehabilitation vs less time spent in rehabilitation – long-term
outcomes

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Activities of daily living outcomes:
long-term outcomes

1 67 Std. Mean Difference (IV,
Random, 95% CI)

0.09 [-0.39, 0.57]

3.2 Activity measures of the lower limb:
long-term outcomes

1 67 Std. Mean Difference (IV,
Random, 95% CI)

0.16 [-0.32, 0.64]
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Cochrane Database of Systematic Reviews

Analysis 3.1.   Comparison 3: Objective one: more time spent in rehabilitation vs less time spent in
rehabilitation – long-term outcomes, Outcome 1: Activities of daily living outcomes: long-term outcomes

Study or Subgroup

Ada 2013

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.37 (P = 0.71)
Test for subgroup differences: Not applicable

More time
Mean

23

SD

12

Total

34

34

Less time
Mean

22

SD

10

Total

33

33

Weight

100.0%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.09 [-0.39 , 0.57]

0.09 [-0.39 , 0.57]

Std. Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1
Favours less time Favours more time

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 3.2.   Comparison 3: Objective one: more time spent in rehabilitation vs less time spent in
rehabilitation – long-term outcomes, Outcome 2: Activity measures of the lower limb: long-term outcomes

Study or Subgroup

Ada 2013

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.52)
Test for subgroup differences: Not applicable

More time
Mean

250

SD

130

Total

34

34

Less time
Mean

230

SD

122

Total

33

33

Weight

100.0%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.16 [-0.32 , 0.64]

0.16 [-0.32 , 0.64]

Std. Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1
Favours less time Favours more time

Risk of Bias
A

+

B

+

C

+

D

+

E

+

F

+

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Comparison 4.   Objective two: e�ect of total time spent in rehabilitation

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.1 Activities of daily living outcomes: imme-
diately after intervention

17 805 Std. Mean Difference (IV,
Random, 95% CI)

0.15 [-0.02, 0.32]

4.1.1 Median split – studies with a larger dif-
ference in total amount of therapy between
treatment arms

9 251 Std. Mean Difference (IV,
Random, 95% CI)

0.40 [0.14, 0.66]

4.1.2 Median split – studies with a smaller
difference in total amount of therapy be-
tween treatment arms

8 554 Std. Mean Difference (IV,
Random, 95% CI)

0.01 [-0.18, 0.20]

4.2 Activity measures of the upper limb: im-
mediately after intervention

16 367 Std. Mean Difference (IV,
Random, 95% CI)

0.10 [-0.13, 0.33]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.2.1 Median split – studies with a larger dif-
ference in total amount of therapy between
treatment arms

8 129 Std. Mean Difference (IV,
Random, 95% CI)

0.45 [0.03, 0.88]

4.2.2 Median split – studies with a smaller
difference in total amount of therapy be-
tween treatment arms

8 238 Std. Mean Difference (IV,
Random, 95% CI)

-0.07 [-0.34, 0.19]

4.3 Activity measures of the lower limb: im-
mediately after intervention

4 370 Std. Mean Difference (IV,
Random, 95% CI)

0.26 [-0.09, 0.60]

4.3.1 Median split – studies with a larger dif-
ference in total amount of therapy between
treatment arms

2 131 Std. Mean Difference (IV,
Random, 95% CI)

0.41 [0.07, 0.76]

4.3.2 Median split – studies with a smaller
difference in total amount of therapy be-
tween treatment arms

2 239 Std. Mean Difference (IV,
Random, 95% CI)

0.14 [-0.42, 0.69]

4.4 Motor impairment measures of the up-
per limb: immediately after intervention

10 228 Std. Mean Difference (IV,
Random, 95% CI)

0.41 [0.14, 0.68]

4.4.1 Median split – studies with a larger dif-
ference in total amount of therapy between
treatment arms

5 74 Std. Mean Difference (IV,
Random, 95% CI)

0.82 [0.32, 1.32]

4.4.2 Median split – studies with a smaller
difference in total amount of therapy be-
tween treatment arms

5 154 Std. Mean Difference (IV,
Random, 95% CI)

0.24 [-0.09, 0.56]
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Analysis 4.1.   Comparison 4: Objective two: e�ect of total time spent in rehabilitation,
Outcome 1: Activities of daily living outcomes: immediately a�er intervention

Study or Subgroup

4.1.1 Median split – studies with a larger difference in total amount of therapy between treatment arms
Ada 2013
Han 2013a
Han 2013b
Lang 2016c
Page 2012a
Page 2012b
Wang 2004
Winstein 2019a
Winstein 2019b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 5.09, df = 8 (P = 0.75); I² = 0%
Test for overall effect: Z = 2.99 (P = 0.003)

4.1.2 Median split – studies with a smaller difference in total amount of therapy between treatment arms
Burgar 2011
Dromerick 2009
English 2015
GAPS 2004
Kowalczewski 2007
Lang 2016a
Lang 2016b
Lincoln 1999
Subtotal (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 7.82, df = 7 (P = 0.35); I² = 10%
Test for overall effect: Z = 0.11 (P = 0.91)

Total (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 19.04, df = 16 (P = 0.27); I² = 16%
Test for overall effect: Z = 1.78 (P = 0.08)
Test for subgroup differences: Chi² = 5.53, df = 1 (P = 0.02), I² = 81.9%

More time
Mean

22
88

89.5
65.4
1.62
2.19

88.24
3.66
3.5

21.5
26.93
96.2
16.6
0.04
61.5
67.8

12

SD

10
10.33
6.85

22.05
0.71
0.93

17.95
0.71
0.82

8.66
4.84
20.3
2.8

0.054
22.24
22.25
5.93

Total

34
10
10
18
8
8

38
10
11

147

17
16
88
32
10
19
17
87

286

433

Less time
Mean

22
85
85
58

1.25
1.25

74.42
3.11
3.11

17.7
30.21
94.8
16.1

0.035
58
58
13

SD

9
11.79
11.79
21.8
0.29
0.29
24.7
1.05
1.05

8.28
4.84
20.4
3.3

0.038
21.8
21.8
7.41

Total

33
5
5
6
5
4

36
5
5

104

19
19
85
33
9
7
6

90
268

372

Weight

9.4%
2.3%
2.2%
3.0%
2.0%
1.6%
9.8%
2.2%
2.3%

34.8%

5.5%
5.2%

17.7%
9.2%
3.2%
3.4%
3.0%

17.9%
65.2%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.00 [-0.48 , 0.48]
0.26 [-0.82 , 1.34]
0.49 [-0.60 , 1.58]
0.32 [-0.60 , 1.25]
0.58 [-0.57 , 1.73]
1.09 [-0.22 , 2.41]
0.64 [0.17 , 1.10]

0.62 [-0.48 , 1.73]
0.41 [-0.66 , 1.48]
0.40 [0.14 , 0.66]

0.44 [-0.22 , 1.10]
-0.66 [-1.35 , 0.02]
0.07 [-0.23 , 0.37]
0.16 [-0.33 , 0.65]
0.10 [-0.80 , 1.00]
0.15 [-0.71 , 1.02]
0.43 [-0.51 , 1.37]

-0.15 [-0.44 , 0.15]
0.01 [-0.18 , 0.20]

0.15 [-0.02 , 0.32]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
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+
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+

+
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+
+
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+
?
?
?
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-
-
+
?
?
-
-
-

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Analysis 4.2.   Comparison 4: Objective two: e�ect of total time spent in rehabilitation,
Outcome 2: Activity measures of the upper limb: immediately a�er intervention

Study or Subgroup

4.2.1 Median split – studies with a larger difference in total amount of therapy between treatment arms
Han 2013a
Han 2013b
Kowalczewski 2007
Lang 2016c
Page 2012a
Page 2012b
Winstein 2019a
Winstein 2019b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.07; Chi² = 8.69, df = 7 (P = 0.28); I² = 19%
Test for overall effect: Z = 2.08 (P = 0.04)

4.2.2 Median split – studies with a smaller difference in total amount of therapy between treatment arms
Burgar 2011
Donaldson 2009
Dromerick 2009
Hsu 2010
Hunter 2011a
Hunter 2011b
Lang 2016a
Lang 2016b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.45, df = 7 (P = 0.93); I² = 0%
Test for overall effect: Z = 0.53 (P = 0.59)

Total (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 15.84, df = 15 (P = 0.39); I² = 5%
Test for overall effect: Z = 0.87 (P = 0.38)
Test for subgroup differences: Chi² = 4.19, df = 1 (P = 0.04), I² = 76.2%

More time
Mean

8.7
10.9
1.87
36.9

13
22.3
7.87
7.47

0.9
41.8

33.93
8.5

13.72
14.1
35.3
35.7

SD

4.62
3.6

0.44
12.6
14.9
14.1

14.55
11.9

1.24
17.83
16.64
13.2

16.03
19.09
14.9
14.3

Total

10
10
10
18
8
8

10
11
85

17
10
16
22
18
20
19
17

139

224

Less time
Mean

5.3
5.3

1.39
37.8
8.3
8.3

10.12
10.12

0.7
45

42.1
8.6

12.44
12.44
37.8
37.8

SD

3.4
3.4

0.57
8.8
6.5
6.5

9.64
9.64

0.87
13.93
16.66

11.3
19.25
19.25

8.8
8.8

Total

5
5
9
6
5
4
5
5

44

19
8

19
22
9
9
7
6

99

143

Weight

3.9%
3.2%
5.3%
5.7%
3.9%
2.9%
4.2%
4.4%

33.5%

10.7%
5.6%

10.2%
13.0%
7.4%
7.7%
6.4%
5.6%

66.5%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.75 [-0.37 , 1.87]
1.49 [0.25 , 2.73]

0.91 [-0.05 , 1.86]
-0.07 [-1.00 , 0.85]
0.35 [-0.78 , 1.48]
1.05 [-0.26 , 2.35]

-0.16 [-1.24 , 0.92]
-0.22 [-1.28 , 0.84]

0.45 [0.03 , 0.88]

0.18 [-0.47 , 0.84]
-0.19 [-1.12 , 0.74]
-0.48 [-1.16 , 0.20]
-0.01 [-0.60 , 0.58]
0.07 [-0.73 , 0.87]
0.08 [-0.70 , 0.87]

-0.18 [-1.05 , 0.69]
-0.15 [-1.09 , 0.78]
-0.07 [-0.34 , 0.19]

0.10 [-0.13 , 0.33]

Std. Mean Difference
IV, Random, 95% CI
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Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Analysis 4.3.   Comparison 4: Objective two: e�ect of total time spent in rehabilitation,
Outcome 3: Activity measures of the lower limb: immediately a�er intervention

Study or Subgroup

4.3.1 Median split – studies with a larger difference in total amount of therapy between treatment arms
Ada 2013
Cooke 2010b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.78, df = 1 (P = 0.38); I² = 0%
Test for overall effect: Z = 2.33 (P = 0.02)

4.3.2 Median split – studies with a smaller difference in total amount of therapy between treatment arms
English 2015
GAPS 2004
Subtotal (95% CI)
Heterogeneity: Tau² = 0.12; Chi² = 3.83, df = 1 (P = 0.05); I² = 74%
Test for overall effect: Z = 0.48 (P = 0.63)

Total (95% CI)
Heterogeneity: Tau² = 0.07; Chi² = 7.50, df = 3 (P = 0.06); I² = 60%
Test for overall effect: Z = 1.46 (P = 0.14)
Test for subgroup differences: Chi² = 0.68, df = 1 (P = 0.41), I² = 0%

Greater time
Mean

289
0.55

134.8
9.7

SD

131
0.49

106.6
3.3

Total

34
32
66

88
32

120

186

Less time
Mean

253
0.3

150.1
8.1

SD

137
0.35

154.1
3.6

Total

34
31
65

85
34

119

184

Weight

23.2%
22.1%
45.3%

32.0%
22.7%
54.7%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.27 [-0.21 , 0.74]
0.58 [0.07 , 1.08]
0.41 [0.07 , 0.76]

-0.12 [-0.41 , 0.18]
0.46 [-0.03 , 0.95]
0.14 [-0.42 , 0.69]

0.26 [-0.09 , 0.60]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours greater time

Risk of Bias
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+
+
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+
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Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 4.4.   Comparison 4: Objective two: e�ect of total time spent in rehabilitation,
Outcome 4: Motor impairment measures of the upper limb: immediately a�er intervention

Study or Subgroup

4.4.1 Median split – studies with a larger difference in total amount of therapy between treatment arms
Han 2013a
Han 2013b
Kowalczewski 2007
Page 2012a
Page 2012b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.56, df = 4 (P = 0.82); I² = 0%
Test for overall effect: Z = 3.20 (P = 0.001)

4.4.2 Median split – studies with a smaller difference in total amount of therapy between treatment arms
Burgar 2011
Donaldson 2009
Hsu 2010
Hunter 2011a
Hunter 2011b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 3.36, df = 4 (P = 0.50); I² = 0%
Test for overall effect: Z = 1.41 (P = 0.16)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 8.57, df = 9 (P = 0.48); I² = 0%
Test for overall effect: Z = 2.93 (P = 0.003)
Test for subgroup differences: Chi² = 3.65, df = 1 (P = 0.06), I² = 72.6%

More time
Mean

19.7
24.5
14.2
26.6
27.1

14.4
52.6
25.5

38.89
35.75

SD

7.09
7.96
8.22
10.4
7.5

14.83
45.218

20
25.42

30

Total

10
10
10
8
8

46

17
10
22
18
20
87

133

Less time
Mean

13
13

9.6
21
21

6.8
30

28.1
32.06
32.06

SD

6.38
6.38
8.85
3.3
3.3

8.28
25.9

18
31.27
31.27

Total

5
5
9
5
4

28

19
8

22
9
9

67

95

Weight

5.8%
5.0%
8.9%
5.7%
4.6%

29.9%

16.6%
8.3%

21.4%
11.6%
12.1%
70.1%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.92 [-0.22 , 2.06]
1.44 [0.21 , 2.67]

0.52 [-0.40 , 1.43]
0.61 [-0.54 , 1.76]
0.86 [-0.41 , 2.13]
0.82 [0.32 , 1.32]

0.63 [-0.04 , 1.30]
0.57 [-0.39 , 1.52]

-0.13 [-0.73 , 0.46]
0.24 [-0.56 , 1.04]
0.12 [-0.67 , 0.91]
0.24 [-0.09 , 0.56]

0.41 [0.14 , 0.68]

Std. Mean Difference
IV, Random, 95% CI
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Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Comparison 5.   Objective three: e�ect of rehabilitation schedule 

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.1 Activities of daily living outcomes: imme-
diately after intervention

13 671 Std. Mean Difference (IV,
Random, 95% CI)

0.15 [-0.06, 0.36]

5.1.1 Median split – studies with a larger dif-
ference in minutes of rehabilitation provid-
ed per week

6 170 Std. Mean Difference (IV,
Random, 95% CI)

0.26 [-0.26, 0.78]

5.1.2 Median split – studies with a smaller
difference in minutes of rehabilitation pro-
vided per week

7 501 Std. Mean Difference (IV,
Random, 95% CI)

0.04 [-0.14, 0.22]

5.2 Activity measures of the upper limb: im-
mediately after intervention

13 300 Std. Mean Difference (IV,
Random, 95% CI)

0.17 [-0.15, 0.50]

5.2.1 Median split – studies with a larger dif-
ference in minutes of rehabilitation provid-
ed per week

6 125 Std. Mean Difference (IV,
Random, 95% CI)

0.58 [-0.16, 1.31]

5.2.2 Median split – studies with a smaller
difference in minutes of rehabilitation pro-
vided per week

7 175 Std. Mean Difference (IV,
Random, 95% CI)

-0.03 [-0.35, 0.28]

5.3 Activity measures of the lower limb: im-
mediately after intervention

4 357 Std. Mean Difference (IV,
Random, 95% CI)

0.26 [-0.09, 0.62]

5.3.1 Median split – studies with a larger dif-
ference in minutes of rehabilitation provid-
ed per week

2 121 Std. Mean Difference (IV,
Random, 95% CI)

0.38 [0.02, 0.75]

5.3.2 Median split – studies with a smaller
difference in minutes of rehabilitation pro-
vided per week

2 236 Std. Mean Difference (IV,
Random, 95% CI)

0.20 [-0.48, 0.88]

5.4 Motor impairments of the upper limb:
immediately after intervention

9 192 Std. Mean Difference (IV,
Random, 95% CI)

0.40 [0.09, 0.72]

5.4.1 Median split – studies with a larger dif-
ference in minutes of rehabilitation provid-
ed per week

4 71 Std. Mean Difference (IV,
Random, 95% CI)

0.69 [0.10, 1.28]

5.4.2 Median split – studies with a smaller
difference in minutes of rehabilitation pro-
vided per week

5 121 Std. Mean Difference (IV,
Random, 95% CI)

0.26 [-0.11, 0.63]
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Analysis 5.1.   Comparison 5: Objective three: e�ect of rehabilitation schedule ,
Outcome 1: Activities of daily living outcomes: immediately a�er intervention

Study or Subgroup

5.1.1 Median split – studies with a larger difference in minutes of rehabilitation provided per week
Dromerick 2009
Han 2013a
Han 2013b
Kowalczewski 2007
Page 2012b
Wang 2004
Subtotal (95% CI)
Heterogeneity: Tau² = 0.22; Chi² = 11.25, df = 5 (P = 0.05); I² = 56%
Test for overall effect: Z = 0.97 (P = 0.33)

5.1.2 Median split – studies with a smaller difference in minutes of rehabilitation provided per week
English 2015
GAPS 2004
Lang 2016a
Lang 2016b
Lang 2016c
Lincoln 1999
Page 2012a
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 3.76, df = 6 (P = 0.71); I² = 0%
Test for overall effect: Z = 0.44 (P = 0.66)

Total (95% CI)
Heterogeneity: Tau² = 0.04; Chi² = 16.76, df = 12 (P = 0.16); I² = 28%
Test for overall effect: Z = 1.37 (P = 0.17)
Test for subgroup differences: Chi² = 0.60, df = 1 (P = 0.44), I² = 0%

More time
Mean

26.93
88

89.5
0.04
2.19

88.24

96.2
16.6
61.5
67.8
65.4

12
1.62

SD

4.84
10.33
6.85

0.054
0.93

17.95

20.3
2.8

22.24
22.25
22.05
5.93
0.71

Total

16
10
10
10
8

38
92

88
32
19
17
18
87
8

269

361

Less time
Mean

30.21
85
85

0.035
1.25

74.42

94.8
16.1

58
58
58
13

1.25

SD

4.84
11.79
11.79
0.038
0.29
24.7

20.4
3.3

21.8
21.8
21.8
7.41
0.29

Total

19
5
5
9
4

36
78

85
33
7
6
6

90
5

232

310

Weight

7.2%
3.4%
3.3%
4.6%
2.4%

12.3%
33.1%

19.2%
11.7%
4.9%
4.3%
4.4%

19.4%
3.0%

66.9%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.66 [-1.35 , 0.02]
0.26 [-0.82 , 1.34]
0.49 [-0.60 , 1.58]
0.10 [-0.80 , 1.00]
1.09 [-0.22 , 2.41]
0.64 [0.17 , 1.10]

0.26 [-0.26 , 0.78]

0.07 [-0.23 , 0.37]
0.16 [-0.33 , 0.65]
0.15 [-0.71 , 1.02]
0.43 [-0.51 , 1.37]
0.32 [-0.60 , 1.25]

-0.15 [-0.44 , 0.15]
0.58 [-0.57 , 1.73]
0.04 [-0.14 , 0.22]

0.15 [-0.06 , 0.36]

Std. Mean Difference
IV, Random, 95% CI
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Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Analysis 5.2.   Comparison 5: Objective three: e�ect of rehabilitation schedule ,
Outcome 2: Activity measures of the upper limb: immediately a�er intervention

Study or Subgroup

5.2.1 Median split – studies with a larger difference in minutes of rehabilitation provided per week
Dromerick 2009
Han 2013a
Han 2013b
Hunter 2011b
Kowalczewski 2007
Page 2012b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.58; Chi² = 16.95, df = 5 (P = 0.005); I² = 70%
Test for overall effect: Z = 1.53 (P = 0.13)

5.2.2 Median split – studies with a smaller difference in minutes of rehabilitation provided per week
Donaldson 2009
Hsu 2010
Hunter 2011a
Lang 2016a
Lang 2016b
Lang 2016c
Page 2012a
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.80, df = 6 (P = 0.99); I² = 0%
Test for overall effect: Z = 0.22 (P = 0.83)

Total (95% CI)
Heterogeneity: Tau² = 0.13; Chi² = 19.71, df = 12 (P = 0.07); I² = 39%
Test for overall effect: Z = 1.06 (P = 0.29)
Test for subgroup differences: Chi² = 2.22, df = 1 (P = 0.14), I² = 55.1%

Greater time
Mean

33.93
8.7

10.9
14.1
1.87
22.3

41.8
8.5

13.72
35.3
35.7
36.9

13

SD

12.61
4.62
3.6

19.09
0.31
14.1

17.83
13.2

16.03
14.9
14.3
12.6
14.9

Total

16
10
10
20
10
8

74

10
22
18
19
17
18
8

112

186

Less time
Mean

42.1
5.3
5.3

12.44
1.39
8.3

45
8.6

12.44
37.8
37.8
37.8
8.3

SD

11.58
3.4
3.4

19.25
0.4
6.5

13.93
11.3

19.25
8.8
8.8
8.8
6.5

Total

19
5
5
9
9
4

51

8
22
9
7
6
6
5

63

114

Weight

10.6%
5.9%
5.1%
9.2%
6.8%
4.7%

42.2%

7.5%
12.1%
9.0%
8.2%
7.5%
7.6%
5.8%

57.8%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.66 [-1.35 , 0.02]
0.75 [-0.37 , 1.87]
1.49 [0.25 , 2.73]

0.08 [-0.70 , 0.87]
1.29 [0.28 , 2.30]

1.05 [-0.26 , 2.35]
0.58 [-0.16 , 1.31]

-0.19 [-1.12 , 0.74]
-0.01 [-0.60 , 0.58]
0.07 [-0.73 , 0.87]

-0.18 [-1.05 , 0.69]
-0.15 [-1.09 , 0.78]
-0.07 [-1.00 , 0.85]
0.35 [-0.78 , 1.48]

-0.03 [-0.35 , 0.28]

0.17 [-0.15 , 0.50]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours greater time

Risk of Bias
A

+
+
+
+
?
+

+
?
+
?
?
?
+

B

+
+
+
+
+
+

+
+
+
+
+
+
+

C

+
+
+
+
+
+

+
+
+
+
+
+
+

D

+
+
+
+
+
+

+
+
+
+
+
+
+

E

-
?
?
?
?
?

?
?
?
?
?
?
?

F

-
?
?
?
?
?

?
?
?
?
?
?
?

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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Analysis 5.3.   Comparison 5: Objective three: e�ect of rehabilitation schedule ,
Outcome 3: Activity measures of the lower limb: immediately a�er intervention

Study or Subgroup

5.3.1 Median split – studies with a larger difference in minutes of rehabilitation provided per week
GAPS 2004
Partridge 2000
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.19, df = 1 (P = 0.66); I² = 0%
Test for overall effect: Z = 2.07 (P = 0.04)

5.3.2 Median split – studies with a smaller difference in minutes of rehabilitation provided per week
Cooke 2010b
English 2015
Subtotal (95% CI)
Heterogeneity: Tau² = 0.20; Chi² = 5.38, df = 1 (P = 0.02); I² = 81%
Test for overall effect: Z = 0.58 (P = 0.56)

Total (95% CI)
Heterogeneity: Tau² = 0.08; Chi² = 7.55, df = 3 (P = 0.06); I² = 60%
Test for overall effect: Z = 1.46 (P = 0.15)
Test for subgroup differences: Chi² = 0.22, df = 1 (P = 0.64), I² = 0%

Greater time
Mean

9.7
49.2

0.55
134.8

SD

3.3
32

0.49
106.6

Total

32
33
65

32
88

120

185

Less time
Mean

8.1
39.9

0.3
150.1

SD

3.6
29.9

0.35
154.1

Total

34
22
56

31
85

116

172

Weight

23.4%
21.3%
44.7%

22.8%
32.5%
55.3%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.46 [-0.03 , 0.95]
0.29 [-0.25 , 0.84]
0.38 [0.02 , 0.75]

0.58 [0.07 , 1.08]
-0.12 [-0.41 , 0.18]
0.20 [-0.48 , 0.88]

0.26 [-0.09 , 0.62]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours greater time

Risk of Bias
A

+
?

+
+

B

+
?

+
+

C

+
+

?
+

D

+
+

+
+

E

?
?

?
+

F

?
-

?
+

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias

 
 

Analysis 5.4.   Comparison 5: Objective three: e�ect of rehabilitation schedule ,
Outcome 4: Motor impairments of the upper limb: immediately a�er intervention

Study or Subgroup

5.4.1 Median split – studies with a larger difference in minutes of rehabilitation provided per week
Han 2013a
Han 2013b
Hunter 2011b
Page 2012b
Subtotal (95% CI)
Heterogeneity: Tau² = 0.07; Chi² = 3.66, df = 3 (P = 0.30); I² = 18%
Test for overall effect: Z = 2.31 (P = 0.02)

5.4.2 Median split – studies with a smaller difference in minutes of rehabilitation provided per week
Donaldson 2009
Hsu 2010
Hunter 2011a
Kowalczewski 2007
Page 2012a
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 3.44, df = 4 (P = 0.49); I² = 0%
Test for overall effect: Z = 1.38 (P = 0.17)

Total (95% CI)
Heterogeneity: Tau² = 0.02; Chi² = 8.55, df = 8 (P = 0.38); I² = 6%
Test for overall effect: Z = 2.53 (P = 0.01)
Test for subgroup differences: Chi² = 1.51, df = 1 (P = 0.22), I² = 33.8%

Greater time
Mean

19.7
24.5

35.75
27.1

52.6
25.5

38.89
14.2
26.6

SD

7.09
7.96

30
7.5

45.218
20

25.42
5.78
10.4

Total

10
10
20
8

48

10
22
18
10
8

68

116

Less time
Mean

13
13

32.06
21

30
28.1

32.06
9.6
21

SD

6.38
6.38

31.27
3.3

25.9
18

31.27
6.22
3.3

Total

5
5
9
4

23

8
22
9
9
5

53

76

Weight

7.3%
6.3%

14.5%
5.9%

34.0%

10.2%
24.2%
14.0%
10.5%
7.1%

66.0%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.92 [-0.22 , 2.06]
1.44 [0.21 , 2.67]

0.12 [-0.67 , 0.91]
0.86 [-0.41 , 2.13]
0.69 [0.10 , 1.28]

0.57 [-0.39 , 1.52]
-0.13 [-0.73 , 0.46]
0.24 [-0.56 , 1.04]
0.73 [-0.20 , 1.67]
0.61 [-0.54 , 1.76]
0.26 [-0.11 , 0.63]

0.40 [0.09 , 0.72]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours less time Favours greater time

Risk of Bias
A

+
+
+
+

+
?
+
?
+

B

+
+
+
+

+
+
+
+
+

C

+
+
+
+

+
+
+
+
+

D

+
+
+
+

+
+
+
+
+

E

?
?
?
?

?
?
?
?
?

F

?
?
?
?

?
?
?
?
?

Risk of bias legend
(A) Bias arising from the randomization process
(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data
(D) Bias in measurement of the outcome
(E) Bias in selection of the reported result
(F) Overall bias
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A D D I T I O N A L   T A B L E S
 

Study Minutes per session Session frequency Duration of reha-
bilitation

Abdullahi 2018 Not controlled

(control received half the number of repeti-
tions to the intervention group)

5 days per week 4 weeks

Ada 2013  30 3 × weekly  8 weeks (control)

16 weeks (interven-
tion)

Burgar 2011  60 Up to 15 over 3 weeks (control)

Up to 30 over 3 weeks (intervention)

 3 weeks

Cooke 2010b 23 (control)

57.5 (intervention)

4 days per week 6 weeks

Donaldson 2009 6.4 (control)

36.4 (intervention)

4 days per week 6 weeks

Dromerick 2009 120 (control)

180 (intervention)

5 days per week 2 weeks

English 2015 Up to 90 5 days per week (control)
7 days per week (intervention)

4 weeks

GAPS 2004 35 (control)

63 (intervention)

5 days per week Uncontrolled

Han 2013a 60 (control) 

120 (intervention 1)

180 (intervention 2)

5 days per week 6 weeks

Hsieh 2012 Not controlled

(control received half the number of repeti-
tions to the intervention group)

5 days per week 4 weeks

Hsu 2010 30 (control)

60 (intervention)

5 days per week 4 weeks

Hunter 2011a 30 (control)

60 (intervention 1)

120 (intervention 2)

7 days per week 2 weeks
 

Kowalczewski 2007 60  1 day per week (control) 3–4 weeks

Table 1.   Intervention regimens by study 
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5 days per week (intervention)

Lang 2016a 25.5 (control)

37.5 (intervention 1)

49.3 (intervention 2)

54.7 (intervention 3)

4 days per week 8 weeks (control,
intervention 1 and
2)

9 weeks (median –
intervention group
3)

Lincoln 1999 30–45 (control)

54–69 (intervention)

5 days per week
 

5 weeks
 

Page 2012a 30 (control)

60 (intervention 1)

120 (intervention 2)

5 days per week 8 weeks

Partridge 2000 30 (control)

60 (intervention)

5 days per week
 

Uncontrolled
 

Smith 1981 3 half-days

4 full days

3 days per week (control)

4 days per week (intervention)

Up to 6 months

Tong 2019 < 90 (control)

> 180 (intervention)

7 days per week 10–14 days

Wang 2004 40 (control)

40 (intervention)

2 sessions per day, 5 days per week in
the first month, 3 days per week there-
after (control)

2 sessions per day, 5 days per week in
the first month, 1 or 2 sessions per day,
5 days per week thereafter (interven-
tion)

6 months

Winstein 2019a 60 (control)

120 (intervention 1)

240 (intervention 2)

5 days per week (for 1 week in every
month)

3 months 

Table 1.   Intervention regimens by study  (Continued)

 
 

Study  Mean age

(years)

Gender

(% male)

Mean time poststroke Side of weakness (%
right-sided weakness)

Abdullahi 2018 300 reps: 59.42

600 reps: 57.60

Unable to establish
from information giv-
en 

300 reps: 22 days

600 reps: 14 days

Unable to establish from
information given 

Ada 2013 2-month group: 64  2-month group: 28%  2-month group: 20 months 2-month group: 14% 

Table 2.   Characteristics of study participants 
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4-month group: 70  4-month group: 24%  4-month group: 22 months  4-month group: 18% 

Burgar 2011 Robot low: 62.5 

Robot high: 58.6 

No information Robot low: 17.3 days

Robot high: 16.6 days

Robot low: 53% 

Robot high: 47%

Cooke 2010b CPT: 66.37 

CPT+CPT: 67.46 

CPT: 55%

CPT+CPT: 63%

CPT: 36.76 days

CPT+CPT: 32.43 days

CPT: 45%

CPT+CPT: 37%

Donaldson 2009 CPT: 72.6 

CPT+CPT: 73.3 

CPT: 50%

CPT+CPT: 50%

CPT: 13.4 days

CPT+CPT: 25.6 days

CPT: 50% 

CPT+CPT: 40% 

Dromerick 2009 Low CIMT: 62.8 

High CIMT: 64.5 

Low CIMT: 32% 

High CIMT: 56% 

Low CIMT: 8.8 days

High CIMT: 9.94 days

Low CIMT: 47.4% 

High CIMT: 56.3%

English 2015 5 day: 68.2

7 day: 71.9 

5 day: 55%

7 day: 61%

5 day: 28.7 days

7 day: 25.0 days

5 day: 40.4%

7 day: 42.7%

GAPS 2004 Standard physiothera-
py: 67

Augmented physiother-
apy: 68

Standard physiother-
apy: 49%

Augmented physio-
therapy: 69%

Standard physiotherapy: 25
days

Augmented physiotherapy: 22
days

Standard physiotherapy:
57%

Augmented physiothera-
py: 54%

Han 2013a Group A (1 hour): 52.4

Group B (2 hours): 53.7

Group C (3 hours): 44.6

Group A: 70%

Group B: 80%

Group C: 80%

Group A: 41.4 days

Group B: 42.9 days

Group C: 38.3 days

Group A: 10%

Group B: 10%

Group C: 20%

Hsieh 2012 Low RT: 52.2

High RT: 56.5

Low RT: 72%

High RT: 61%

Low RT: 23.3 months

High RT: 28.7 months

Low RT: 50%

High RT: 50%

Hsu 2010 Low NMES: 62

High NMES: 60.2

Low NMES: 15%

High NMES: 15%

Low NMES: 21 days

High NMES: 23.3 days

Low NMES: 54.5%

High NMES: 40.9%

Hunter 2011a 30 minutes: 73.3

60 minutes: 72.9

120 minutes: 72.5

30 minutes: 61%

60 minutes: 42%

120 minutes: 45%

All participants were within 8–
84 days postevent

30 minutes: 22%

60 minutes: 21%

120 minutes: 35%

Kowalczewski
2007

 

Low-intensity FES-ET:
61.7

High-intensity FES-ET:
59.4

Low-intensity FES-
ET: 67%

High-intensity FES-
ET: 40%

Low-intensity FES-ET: 1.6
months

High-intensity FES-ET: 1.6
months

Low-intensity FES-ET:
22%

High-intensity FES-ET:
40%

Lang 2016a 3.2k reps group: 59.9

6.4k reps group: 62.1

9.6k reps group: 60.0

Individualised maxi-
mum group: 60.9

3.2k reps group: 67%

6.4k reps group: 77%

9.6k reps group: 52%

Individualised maxi-
mum group: 62%

3.2k reps group: 12.0 months

6.4k reps group: 13.0 months

9.6k reps group: 13.0 months

Individualised maximum group:
11.5 months

3.2k reps group: 52%

6.4k reps group: 45%

9.6k reps group: 48%

Individualised maximum
group: 62%

Table 2.   Characteristics of study participants  (Continued)
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Lincoln 1999 Routine physiotherapy:
73

Qualified physiothera-
py: 73

Routine physiothera-
py: 47%

Qualified physiother-
apy: 54%

All participants were between 1
and 5 weeks poststroke on en-
try to the study

 

Routine physiotherapy:
40%

Qualified physiotherapy:
50%

Page 2012a 57.6 47% 53.8 months 59%

Partridge 2000 76.5 46% Unable to establish, but setting
was acute inpatient

46%

Smith 1981 Group 1: 63 

Group 2: 66

Group 1: 67%

Group 2: 73%

Group 1: 35 days

Group 2: 41 days

Unable to establish from
information given

Tong 2019 ERM: 62.1

EIM: 60.9

ERM: 71.3%

EIM: 76.7%

ERM: 41.0 hours

EIM: 38.0 hours

Unable to establish from
information given

Wang 2004 Experimental: 65.13

Control: 65.72

Experimental: 55%

Control: 53%

Unable to establish, but setting
was acute inpatient

Unable to establish from
information given

Winstein 2019a 15 hours: 57.0

30 hours: 61.3

60 hours: 60.64

15 hours: 90%

30 hours: 70%

60 hours: 73%

15 hours: 2.93 years

30 hours: 2.45 years

60 hours: 1.96 years

15 hours: 60%

30 hours: 70%

60 hours: 27%

Table 2.   Characteristics of study participants  (Continued)

Information provided either by included study group, or overall study, dependent on what was reported in the paper.
CPT: conventional physiotherapy; CIMT: constraint-induced movement therapy; EIM: early intensive mobilisation; ERM: early routine
mobilisation; FES-ET: functional electric stimulation-assisted exercise therapy; NMES: neuromuscular electrical stimulation; reps:
repetitions; RT: robot-assisted therapy.
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Synthesis assessed for risk of non-reporting bias

ADL outcomes Activity mea-
sures: UL

Activity mea-
sures: LL

Motor impair-
ment: UL

Motor impair-
ment: LL

SAE/death

Study ID Greater
amount
(n)

Lesser
amount
(n)

Imm FU Imm FU Imm FU Imm FU Imm FU Imm FU

Ada 2013 34 34 + + – – + + – – – – – –

GAPS 2004 35 35 + + ? ? + + – – – – – +

English 2015 96 94 + – – – + – – – – – + –

Lang 2016a 21 (3.2) 22 (6.4)

21 (9.6)

21 (IM)

+ + + + – – – – – – – –

Abdullahi 2018 11 12 + + + + – – + + – – – –

Dromerick 2009 16 19 + + + + – – – – – – – –

Hunter 2011a 19 (60)

20 (120)

12 (30) – – + – – – + – – – – –

Hsu 2010 22 22 – + + + – – + + – – – –

Partridge 2000 54 60 ? ? ? ? + + ? ? ? ? – –

Lincoln 1999 94 95 + + – – – – ? ? – – + +

Page 2012a 8 (60)

8 (120)

9 (30) + ? + ? – – + ? – – – –

Han 2013a 10 (120)

10 (180)

10 (60) + ? + ? – – + ? – – – –

Wang 2004 36 38 + ? ? ? ? ? – ? – ? – –

Table 3.   Assessment of non-reporting bias in studies 
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Donaldson 2009 10 10 – – + + – – + + – – – –

Cooke 2010b 35 38 ? ? – – + + – – + + – –

Burgar 2011 17 19 + + + + – – + + – – – –

Kowalczewski 2007 10 9 + + + + – – + + – – – –

Smith 1981 46 43 – – ? ? – – – – – – – +

Hsieh 2012 18 18 + ? + ? – – + ? – – – –

Winstein 2019a 11 (60
hours)

10 (30
hours)

10 (15
hours)

+ 0 + 0 – – 0 0 – – – –

Tong 2019 86 80 ? + ? 0 ? 0 ? 0 ? 0 – –

Table 3.   Assessment of non-reporting bias in studies  (Continued)

Key:
+ = a study result is available for inclusion in the synthesis.
0 = no study result is available for inclusion, (probably) because the P value, magnitude, or direction of the results generated were considered unfavourable to the study
investigators.
– = no study result is available for inclusion, (probably) because the outcome was not assessed, or for a reason unrelated to the P value, magnitude, or direction of the results.
? = no study result is available for inclusion, and it is unclear if the outcome was assessed in the study.
ADL: activities of daily living; FU: follow-up; IM: individualised maximum; Imm: immediate; LL: lower limb; n: number of participants; SAE: serious adverse events; UL: upper limb.
 

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

Outcome High overall risk excluded High risk due to effect of ad-
herence excluded

Both high overall risk and high
risk due to effect of adherence
excluded 

1.1 ADL outcomes  SMD 0.15, 95% CI −0.04 to 0.33;P =

0.12; I2 = 0%; 9 studies, 469 partici-
pants

SMD 0.32, 95% CI 0.11 to

0.52; P = 0.002; I2 = 0%; 8 stud-
ies, 401 participants

SMD 0.26, 95% CI −0.04 to 0.55; P

= 0.09; I2 = 0%; 5 studies, 189 par-
ticipants

1.2 Activity mea-
sures of the upper
limb 

SMD 0.18, 95% CI −0.05 to 0.41; P =

0.13; I2 = 0%; 9 studies, 324 partici-
pants

SMD 0.20, 95% CI −0.11 to 0.52;

P = 0.21; I2 = 4%; 5 studies,
195 participants 

SMD 0.30, 95% CI −0.07 to 0.67; P

= 0.12; I2 = 14%;  4 studies,
164 participants

1.3 Activity mea-
sures of the lower
limb

SMD 0.26, 95% CI −0.09 to 0.60; P =

0.14; I2 = 60%; 4 studies, 370 partici-
pants

SMD 0.36, 95% CI 0.02 to 0.70;

P = 0.04; I2 = 0%; 2 studies,
134 participants

SMD 0.36, 95% CI 0.02 to 0.70; P

= 0.04; I2 = 0%; 2 studies, 134 par-
ticipants

1.4 Motor impair-
ment measures of
the upper limb

SMD 0.28, 95% CI 0 to 0.56; P = 0.05; I2 =
10%; 8 studies, 251 participants

SMD 0.60, 95% CI 0.15 to 1.05;

P = 0.008; I2 = 0%; 3 studies,
91 participants

SMD 0.60, 95% CI 0.15 to 1.05; P

= 0.008; I2 = 0%; 3 studies, 91 par-
ticipants

1.5 Motor impair-
ment measures of
the lower limb

 N/A N/A N/A 

1.6 Serious adverse
events/death

RR 1.20, 95% CI 0.51 to 2.85; P =

0.68; I2 = 0%; 2 studies, 379 partici-
pants

N/A N/A

Table 4.   Sensitivity analyses to assess the e�ect of excluding studies at high risk of bias 

ADL: activities of daily living; CI: confidence interval; N/A: not applicable; RR: risk ratio; SMD: standardised mean di(erence.
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1
1

2

Study Subacute/

chronic

Measure MCID for
measure

More therapy
group
change from
baseline

MCID
reached?

Less therapy
group
change from
baseline

MCID
reached?

Abdullahi 2018 Subacute FM-UE 9 18.82 Yes  17.33 Yes

Burgar 2011 Subacute FM-UE
 

9 14.4 Yes  6.8 No

Donaldson 2009 Subacute Upper Limb
Strength
(myometer)

 5 kg  19.3 kg  Yes 34.75 kg Yes

Han 2013a (1 hour vs 2 hours) Subacute FM-UE  9  11.5  Yes 6.3 No

Han 2013b (1 hour vs 3 hours) Subacute FM-UE  9  18  Yes 6.3 No

Hsieh 2012 Chronic FM-UE  4.25  5.22  Yes 3.22 No

Kowalczewski 2007 Subacute FM-UE  9  6.4  No 3.6 No

Page 2012a (30 minutes vs 60 minutes) Chronic FM-UE  4.25  1.3  No 1.9 No

Page 2012b (30 minutes vs 120 minutes) Chronic FM-UE  4.25  4.2  No 1.9 No

Hsu 2010 Subacute FM-UE  9  18  Yes 19.8 Yes

Table 5.   Minimal clinically important di�erence: outcome 1.4 

FM-UE: Fugl-Meyer Upper Extremity: MCID: minimal clinically important di(erence.
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Subgroup analysis Outcome Studies included Significance of
subgroup differ-
ence

ADL outcomes  First 6 months: Abdullahi 2018; Burgar 2011; Dromerick 2009;
English 2015; GAPS 2004; Han 2013a; Kowalczewski 2007; Lin-
coln 1999; Wang 2004

After 6 months:  Ada 2013; Hsieh 2012; Lang 2016a; Page 2012a;
Winstein 2019a  

P = 0.39

Activity measures
of the upper limb

First 6 months: Abdullahi 2018; Burgar 2011; Donaldson 2009;
Dromerick 2009; Han 2013a; Hsu 2010; Hunter 2011a; Kowal-
czewski 2007

After 6 months: Hsieh 2012; Lang 2016a; Page 2012a; Winstein
2019a

P = 0.71

Activity measures
of the lower limb

First 6 months: Cooke 2010b; English 2015; GAPS 2004; Par-
tridge 2000

After 6 months: Ada 2013

P = 1.00

Effect of time since
stroke

(studies within the
first 6 months since
stroke vs studies af-
ter 6 months since
stroke)

 

 

 

Motor impairment
measures of the up-
per limb

 First 6 months: Abdullahi 2018; Burgar 2011; Donaldson 2009;
Han 2013a; Hsu 2010; Hunter 2011a; Kowalczewski 2007

After 6 months: Hsieh 2012; Page 2012a

P = 0.85

ADL outcomes   < 5 hours: Ada 2013; English 2015; Kowalczewski 2007; Lang
2016a

5 hours to < 10 hours: Burgar 2011; GAPS 2004; Lincoln 1999;
Wang 2004

10 hours to < 20 hours: Dromerick 2009; Han 2013a; Page 2012a

≥ 20 hours:  Winstein 2019a

P = 0.72

Activity measures
of the upper limb

 < 5 hours: Donaldson 2009; Kowalczewski 2007; Lang 2016a

5 hrs to < 10 hours: Burgar 2011; Hsu 2010; Hunter 2011a

10 hours to < 20 hours: Dromerick 2009; Han 2013a; Page 2012a

≥ 20 hours: Winstein 2019a

P = 0.61

Activity measures
of the lower limb

 < 5 hours: Ada 2013; Cooke 2010b; English 2015 

5 hrs to < 10 hours: GAPS 2004; Partridge 2000

10 hours to < 20 hours: none

≥ 20 hours: none

P = 0.52

Hours of interven-
tion provided per
week

Grouped as: < 5
hours, 5 hours to <
10 hours, 10 hours
to < 20 hours, ≥ 20
hours intervention-
al therapy to the ex-
perimental group
per week

 

 

 

Motor impairment
measures of the up-
per limb

< 5 hours: Donaldson 2009; Kowalczewski 2007

5 hours to < 10 hours: Burgar 2011; Hsu 2010; Hunter 2011a

10 hours to < 20 hours: Han 2013a; Page 2012a

≥ 20 hours: none

 P = 0.09

Table 6.   Subgroup analyses 
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 Upper limb therapy
vs other therapy

 ADL outcomes  Upper limb therapy: Abdullahi 2018; Burgar 2011; Dromerick
2009; Han 2013a; Hsieh 2012; Kowalczewski 2007; Lang 2016a;
Lincoln 1999; Page 2012a; Winstein 2019a

Other therapy: Ada 2013; English 2015; GAPS 2004; Wang 2004

P = 0.41

 ADL outcomes  Electromechanical technology: Ada 2013; Burgar 2011; Hsieh
2012; Kowalczewski 2007; Page 2012a 

No electromechanical technology: Abdullahi 2018; Dromerick
2009; English 2015; GAPS 2004; Han 2013a; Lang 2016a; Lincoln
1999; Wang 2004; Winstein 2019a

P = 0.56

Activity measures
of the upper limb

Electromechanical technology: Burgar 2011; Hsieh 2012; Hsu
2010; Kowalczewski 2007; Page 2012a

No electromechanical technology: Abdullahi 2018; Donaldson
2009; Dromerick 2009; Han 2013a; Hunter 2011a; Lang 2016a;
Winstein 2019a

P = 0.14

Activity measures
of the lower limb

Electromechanical technology: Ada 2013

No electromechanical technology: Cooke 2010b; English 2015;
GAPS 2004; Partridge 2000

P = 1.00

Electromechanical
technology vs no
electromechanical
technology

 

 

 

Motor impairment
measures of the up-
per limb

 Electromechanical technology: Burgar 2011; Hsieh 2012; Hsu
2010; Kowalczewski 2007; Page 2012a

No electromechanical technology: Abdullahi 2018; Donaldson
2009; Han 2013a; Hunter 2011a

P = 0.84

Table 6.   Subgroup analyses  (Continued)

ADL: activities of daily living.
 
 

Review Type of rehabilita-
tion

Key findings (in relation to time spent in reha-
bilitation)

Agreement/disagreement with
this review

Langhorne 1996 Physiotherapy There was a non-significant reduction in the
chance of death.

The pooled measures of impairment and disabil-
ity found no significant results.

This review found no difference
in the risk of SAE/death with addi-
tional therapy.

There is limited comparison with
the pooled measures.

Kwakkel 1997 Rehabilitation Small effect in favour of additional treatment
seen for ADLs.

Effect seen for functional outcomes in favour of
additional treatment.

No effect seen for neuromuscular outcomes;
however, following post hoc analysis to control
for organisational setting and blinding, there
was an effect.

This review found no effect for
ADLs and no effect for activity
measures of the ULs and LLs. This
disagrees with Kwakkel 1997.

Kwakkel 2004 Exercise therapy Small effect found for ADL and walking speed. This review found no effect for ADL
and LL activity measures (such as

Table 7.   Summary of other systematic reviews with meta-analysis to address time spent in rehabilitation 
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No effect seen for UL outcomes (measured with
the Action Research Arm Test).

For the ADL outcomes, a cumulative meta-analy-
sis was undertaken. This found that at least an
additional 16 hours of exercise therapy is re-
quired to elicit a 4–5% change in outcome mea-
sure.

walking), which disagrees with
Kwakkel 2004

This review found no effect for ac-
tivity measures of the UL (such as
the Action Research Arm Test), in
agreement with Kwakkel 2004

Galvin 2008 Exercise therapy No effect found for UL measures (pooled func-
tional and impairment measures).

No effect found for LL measures (pooled func-
tional and impairment measures).

Effect seen in favour of additional therapy for
ADL measures (as measured using the Barthel
Index).

This review split functional and im-
pairment measures of the UL and
LL, so this outcome is not compa-
rable.

This review saw no effect for ADL
measures, in contrast with the
Galvin 2008 review.

Cooke 2010a Exercise-based
therapy

Meta-analysis was undertaken for hand grip
force/strength at end of treatment. This
favoured the control treatment.

For Motricity Arm measured at first follow-up,
there was an effect in favour of experimental
treatment.

There was no effect for measures of UL function
(Action Research Arm Test).

Comfortable walking speed showed an effect in
favour of control treatment at first time point,
but a non-significant finding at second time
point.

Rivermead mobility showed a non-significant ef-
fect.

This review found an effect for mo-
tor impairment of the UL, which is
in contrast with some findings of
Cooke 2010 (which split measures
of motor impairment of the UL).

This review found no effect for
measures of UL function, in agree-
ment with Cooke 2010.

This review found no effect for ac-
tivity measures of the LL, which is
in contrast to the findings of Cooke
2010 at the first time point.

Veerbeek 2011 Lower-limb exer-
cise therapy

Beneficial effect of more therapy seen for walk-
ing ability, comfortable walking speed, and max-
imum walking speed.

No effect seen for basic ADLs, but an effect seen
for extended ADLs.

This review did not find an effect
for LL activity or ADLs, as Veerbeek
2011 did. 

Lohse 2014 Therapy There was an overall beneficial effect of receiv-
ing more therapy than receiving less (all out-
comes combined). A meta-regression was per-
formed using 4 different models, which con-
trolled for the linear and non-linear effects of
time and time since stroke.

They concluded that there was a significant,
positive relationship between amount of time
scheduled for therapy and improvement on out-
come measures. This relationship was not af-
fected by time since stroke, but there was a po-
tentially non-linear effect of time.

There is limited comparison with
this review, as Lohse 2014 com-
bined outcomes.

The findings of the scatter dia-
grams in this review agree with the
findings of Lohse 2014.

Pollock 2014a Physical rehabilita-
tion

Subgroup analyses found that there was a
greater effect size in studies with a greater
amount of time spent in rehabilitation, with an

This study found no evidence
that supported a specific therapy
schedule.

Table 7.   Summary of other systematic reviews with meta-analysis to address time spent in rehabilitation  (Continued)
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indication that 30–60 minutes once per day for
5–7 days per week was beneficial, but that more
than once-daily intervention may provide even
greater benefit.

Sehatzadeh 2015 Physiotherapy Greater amount of therapy led to greater im-
provements in UL activity.

No significant difference in measures of mobility
with increased amount of therapy.

No significant difference in ADL.

This review found no effect for UL
activity with more rehabilitation,
as Sehatzadeh 2015 did.

This review agrees with Se-
hatzadeh 2015 about lack of effect
for mobility (LL activity) and ADL.

Schneider 2016 Rehabilitation  Found that additional therapy had a beneficial
effect on UL and LL activity immediately after
training.

Subgroup analysis showed that there was a
greater effect in studies that provided a large in-
crease in therapy, compared to a small increase.

This review found no beneficial ef-
fect on UL and LL activity, as Sch-
neider 2016 did.

This review found a greater effect
when there was a larger difference
in amount of rehabilitation be-
tween study groups, which agrees
with Schneider 2016.

French 2016 Repetitive task
training

There was no difference between subgroups for
trials that delivered 0–20 hours of therapy or ≥
20 hours of therapy for UL function or LL func-
tion.

This trial found no effect for addi-
tional time spent in rehabilitation
for activity measures of the UL and
LL, which agrees with French 2016.

Table 7.   Summary of other systematic reviews with meta-analysis to address time spent in rehabilitation  (Continued)

ADL: activities of daily living; LL: lower limb; SAE: serious adverse event; UL: upper limb.
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Appendix 1. Cochrane Stroke Group Trials Registry search strategy

Keywords:

Intensity

Intensive

Augment

Augmented

Additional

Dosage

Dose

Frequent

Frequency

 Amount

Quantity  

Duration

Conditions:
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Stroke, Cerebral Vascular Accident, CVA (cerebrovascular Accident), Cerebellar Stroke, Subarachnoid Hemorrhage (SAH), SAH, Brain
Infarction, Ischemic Brain Injury, Cerebral Hemorrhage, Carotid Artery Disease

Interventions:

Physiotherapy, Occupational Therapy, Exercise, Rehabilitation, Rehabilitation program, rehabilitation therapy, therapy.

Appendix 2. CENTRAL search strategy

#1    MeSH descriptor: [Cerebrovascular Disorders] this term only   
#2    MeSH descriptor: [Basal Ganglia Cerebrovascular Disease] this term only   
#3    MeSH descriptor: [Brain Ischemia] explode all trees  
#4    MeSH descriptor: [Carotid Artery Diseases] explode all trees  
#5    MeSH descriptor: [Cerebral Small Vessel Diseases] explode all trees  
#6    MeSH descriptor: [Intracranial Arterial Diseases] explode all trees   
#7    MeSH descriptor: [Intracranial Embolism and Thrombosis] explode all trees  
#8    MeSH descriptor: [Intracranial Hemorrhages] explode all trees  
#9    MeSH descriptor: [Stroke] explode all trees  
#10    MeSH descriptor: [Vasospasm, Intracranial] this term only  
#11    MeSH descriptor: [Vertebral Artery Dissection] this term only   
#12    (stroke* or poststroke or apoplex* or cerebral vasc* or brain vasc* or cerebrovasc* or cva* or SAH):ti,ab,kw  (Word variations have
been searched)  
#13    ((brain* or cerebr* or cerebell* or intracran* or intracerebral) near/5 (isch?emi* or infarct* or thrombo* or emboli* or occlus*)):ti,ab,kw
 (Word variations have been searched)  
#14    ((brain* or cerebr* or cerebell* or intracerebral or intracranial or subarachnoid) near/5 (haemorrhage* or hemorrhage* or haematoma*
or hematoma* or bleed*)):ti,ab,kw  (Word variations have been searched)  
#15    MeSH descriptor: [Hemiplegia] this term only  
#16    MeSH descriptor: [Paresis] explode all trees   
#17    MeSH descriptor: [Gait Disorders, Neurologic] explode all trees  
#18    (hemipleg* or hemipar* or paresis or paraparesis or paretic):ti,ab,kw  (Word variations have been searched)  
#19    {or #1-#18}   
#20    MeSH descriptor: [Physical Therapy Modalities] this term only  
#21    MeSH descriptor: [Physical Therapy Specialty] this term only  
#22    MeSH descriptor: [Exercise Movement Techniques] explode all trees  
#23    MeSH descriptor: [Exercise Therapy] explode all trees  
#24    MeSH descriptor: [Hydrotherapy] this term only  
#25    MeSH descriptor: [Kinesiology, Applied] this term only   
#26    MeSH descriptor: [Rehabilitation] this term only  
#27    MeSH descriptor: [Activities of Daily Living] this term only  
#28    MeSH descriptor: [Occupational Therapy] this term only  
#29    MeSH descriptor: [Recreation Therapy] explode all trees   
#30    MeSH descriptor: [Rehabilitation, Vocational] this term only  
#31    MeSH descriptor: [Recovery of Function] this term only  
#32    MeSH descriptor: [Movement] this term only  
#33    MeSH descriptor: [Motor Activity] this term only  
#34    MeSH descriptor: [Exercise] this term only  
#35    MeSH descriptor: [Circuit-Based Exercise] this term only   
#36    MeSH descriptor: [Muscle Stretching Exercises] this term only  
#37    MeSH descriptor: [Physical Conditioning, Human] this term only  
#38    MeSH descriptor: [Plyometric Exercise] this term only  
#39    MeSH descriptor: [Resistance Training] this term only  
#40    MeSH descriptor: [Running] explode all trees  
#41    MeSH descriptor: [Swimming] this term only  
#42    MeSH descriptor: [Walking] this term only  
#43    MeSH descriptor: [Warm-Up Exercise] this term only   
#44    MeSH descriptor: [Exercise Test] this term only  
#45    MeSH descriptor: [Sports] explode all trees  
#46    MeSH descriptor: [Physical Exertion] this term only  
#47    MeSH descriptor: [Physical Endurance] explode all trees  
#48    MeSH descriptor: [Physical Fitness] this term only  
#49    MeSH descriptor: [Muscle Stretching Exercises] this term only  
#50    MeSH descriptor: [Resistance Training] this term only  
#51    MeSH descriptor: [Muscle Contraction] this term only  
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#52    MeSH descriptor: [Isometric Contraction] this term only  
#53    MeSH descriptor: [Isotonic Contraction] this term only  
#54    (exercise near/3 (train* or intervention* or protocol* or program* or therap* or activit* or regim*)):ti,ab,kw  (Word variations have
been searched)  
#55    (fitness near/3 (train* or intervention* or protocol* or program* or therap* or activit* or regim* or centre* or center*)):ti,ab,kw  (Word
variations have been searched)  
#56    ((training or conditioning) near/3 (intervention* or protocol* or program* or activit* or regim*)):ti,ab,kw  (Word variations have been
searched)  
#57    (sport* or recreation* or leisure or cycling or bicycl* or rowing or treadmill* or running or circuit training or swim* or walk* or dance*
or dancing or tai ji or tai chi or yoga):ti,ab,kw  (Word variations have been searched)  
#58       ((endurance or aerobic or cardio*) near/3 (fitness or train* or intervention* or protocol* or program* or therap* or activit* or
regim*)):ti,ab,kw  (Word variations have been searched)   
#59    (muscle strengthening or progressive resist*):ti,ab,kw  (Word variations have been searched)  
#60    ((weight or strength* or resistance) near/3 (train* or li** or exercise*)):ti,ab,kw  (Word variations have been searched)  
#61    ((isometric or isotonic or eccentric or concentric) near/3 (action* or contraction* or exercise*)):ti,ab,kw  (Word variations have been
searched)  
#62    {or #20-#61}   
#63    MeSH descriptor: [Cerebrovascular Disorders] this term only and with qualifier(s): [Rehabilitation - RH]  
#64    MeSH descriptor: [Basal Ganglia Cerebrovascular Disease] explode all trees and with qualifier(s): [Rehabilitation - RH]   
#65    MeSH descriptor: [Brain Ischemia] explode all trees and with qualifier(s): [Rehabilitation - RH]  
#66    MeSH descriptor: [Carotid Artery Diseases] explode all trees and with qualifier(s): [Rehabilitation - RH]   
#67    MeSH descriptor: [Intracranial Arterial Diseases] explode all trees and with qualifier(s): [Rehabilitation - RH]   
#68    MeSH descriptor: [Intracranial Embolism and Thrombosis] explode all trees and with qualifier(s): [Rehabilitation - RH]   
#69    MeSH descriptor: [Intracranial Hemorrhages] explode all trees and with qualifier(s): [Rehabilitation - RH]  
#70    MeSH descriptor: [Brain Infarction] explode all trees and with qualifier(s): [Rehabilitation - RH]   
#71    MeSH descriptor: [Stroke, Lacunar] this term only and with qualifier(s): [Rehabilitation - RH]   
#72    MeSH descriptor: [Vasospasm, Intracranial] this term only and with qualifier(s): [Rehabilitation - RH]   
#73    MeSH descriptor: [Vertebral Artery Dissection] this term only and with qualifier(s): [Rehabilitation - RH]   
#74    MeSH descriptor: [Hemiplegia] this term only and with qualifier(s): [Rehabilitation - RH]  
#75    MeSH descriptor: [Paresis] explode all trees and with qualifier(s): [Rehabilitation - RH]  
#76    {or #63-#75}   
#77       (time or timing or intensive or intensity or augment* or accelerate* or additional or dosage or dose or frequency or amount or
quantity):ti,ab,kw  (Word variations have been searched)  
#78    #76 and #77   
#79    #19 and #62 and #77   
#80    #78 or #79   

Appendix 3. MEDLINE search strategy

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 stroke, lacunar/ 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. 1 or 2 or 3 or 4 or 5 or 6

8. physical therapy modalities/ or physical therapy specialty/ or exp exercise movement techniques/ or exp exercise therapy/ or
hydrotherapy/ or kinesiology, applied/

9. "Physical and Rehabilitation Medicine"/

10. rehabilitation/ or "activities of daily living"/ or occupational therapy/ or recreation therapy/ or rehabilitation, vocational/ or "Recovery
of Function"/
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11. movement/ or motor activity/ or exercise/ or circuit-based exercise/ or cool-down exercise/ or muscle stretching exercises/ or physical
conditioning, human/ or plyometric exercise/ or resistance training/ or exp running/ or swimming/ or walking/ or warm-up exercise/ or
exercise test/

12. exp sports/

13. physical exertion/ or exp physical endurance/ or physical fitness/

14. muscle stretching exercises/ or resistance training/

15. muscle contraction/ or isometric contraction/ or isotonic contraction/

16. (physiotherap$ or (physical adj3 (mobilis$ or mobiliz$ or exercise$ or exertion or endurance or therap$ or conditioning or activit$ or
fitness))).tw.

17. (rehabilitation or recovery of function or exercise$ or mobilis$ or mobiliz$ or motion therap$ or motor activit$ or motor skill$ or activities
of daily living or adl or manipulat$ or (occupational adj3 (train$ or rehab$ or therap$ or activit$ or regim$))).tw.

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

19. (fitness adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$ or centre$ or center$)).tw.

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

21. (sport$ or recreation$ or leisure or cycling or bicycl$ or rowing or treadmill$ or running or circuit training or swim$ or walk$ or dance
$ or dancing or tai ji or tai chi or yoga).tw.

22. ((endurance or aerobic or cardio$) adj3 (fitness or train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.

23. (muscle strengthening or progressive resist$).tw.

24. ((weight or strength$ or resistance) adj3 (train$ or li*$ or exercise$)).tw.

25. ((isometric or isotonic or eccentric or concentric) adj3 (action$ or contraction$ or exercise$)).tw.

26. or/8-25

27. cerebrovascular disorders/rh or exp basal ganglia cerebrovascular disease/rh or exp brain ischemia/rh or exp carotid artery diseases/
rh or cerebrovascular accident/rh or exp brain infarction/rh or exp cerebrovascular trauma/rh or exp hypoxia-ischemia, brain/rh or exp
intracranial arterial diseases/rh or intracranial arteriovenous malformations/rh or exp "intracranial embolism and thrombosis"/rh or exp
intracranial hemorrhages/rh or vasospasm, intracranial/rh or vertebral artery dissection/rh or (hemiplegia/rh or exp paresis/rh)

28. (intensive or intensity or augment$ or accelerate$ or additional or dosage or dose-response or frequency or amount or quantity).tw.

29. 27 and 28

30. 7 and 26 and 28

31. 29 or 30

32. Randomized Controlled Trials as Topic/

33. random allocation/

34. Controlled Clinical Trials as Topic/

35. control groups/

36. clinical trials as topic/ or clinical trials, phase i as topic/ or clinical trials, phase ii as topic/ or clinical trials, phase iii as topic/ or clinical
trials, phase iv as topic/

37. double-blind method/

38. single-blind method/

39. Therapies, Investigational/

40. Research Design/
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41. randomized controlled trial.pt.

42. controlled clinical trial.pt.

43. clinical trial.pt.

44. random$.tw.

45. (controlled adj5 (trial$ or stud$)).tw.

46. (clinical$ adj5 trial$).tw.

47. ((control or treatment or experiment$ or intervention or surgical) adj5 (group$ or subject$ or patient$)).tw.

48. (quasi-random$ or quasi random$ or pseudo-random$ or pseudo random$).tw.

49. ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or manage$)).tw.

50. ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or mask$)).tw.

51. (coin adj5 (flip or flipped or toss$)).tw.

52. latin square.tw.

53. versus.tw.

54. controls.tw.

55. or/32-54

56. 31 and 55

Appendix 4. Embase search strategy

1. cerebrovascular disease/ or exp basal ganglion hemorrhage/ or exp brain hemangioma/ or exp brain hematoma/ or exp brain
hemorrhage/ or exp brain infarction/ or exp brain ischemia/ or exp carotid artery disease/ or exp cerebral artery disease/ or exp
cerebrovascular accident/ or exp cerebrovascular malformation/ or exp intracranial aneurysm/ or exp occlusive cerebrovascular disease/
or exp vertebrobasilar insu(iciency/   
2. (stroke$ or poststroke or apoplex$ or cerebral vasc$ or brain vasc$ or cerebrovasc$ or cva$ or SAH).tw.   
3. ((brain or cerebr$ or cerebell$ or vertebrobasil$ or hemispher$ or intracran$ or intracerebral or infratentorial or supratentorial or middle
cerebral artery or MCA$ or anterior circulation or posterior circulation or basilar artery or vertebral artery or space-occupying) adj5 (isch?
emi$ or infarct$ or thrombo$ or emboli$ or occlus$ or hypoxi$)).tw.   
4. ((brain$ or cerebr$ or cerebell$ or intracerebral or intracran$ or parenchymal or intraparenchymal or intraventricular or infratentorial
or supratentorial or basal gangli$ or putaminal or putamen or posterior fossa or hemispher$ or subarachnoid) adj5 (h?emorrhag$ or h?
ematoma$ or bleed$)).tw.   
5. exp hemiplegia/ or exp paresis/ or neurologic gait disorder/   
6. (hemipleg$ or hemipar$ or paresis or paraparesis or paretic).tw.   
7. 1 or 2 or 3 or 4 or 5 or 6   
8. therapy/   
9. exp kinesiotherapy/   
10. exp exercise/   
11. rehabilitation/ or cognitive rehabilitation/ or community based rehabilitation/ or constraint induced therapy/ or functional training/
or home rehabilitation/ or muscle training/ or exp neurorehabilitation/ or occupational therapy/ or psychosocial rehabilitation/ or
recreational therapy/ or rehabilitation care/ or sociotherapy/ or exp "speech and language rehabilitation"/ or telerehabilitation/ or
vocational rehabilitation/   
12. exp muscle exercise/   
13. physical activity/ or climbing/ or cycling/ or jogging/ or running/ or stretching/ or swimming/ or exp walking/ or weight li*ing/   
14. sport/   
15. exp muscle contraction/   
16. (physiotherap$ or (physical adj3 (mobilis$ or mobiliz$ or exercise$ or exertion or endurance or therap$ or conditioning or activit$ or
fitness))).tw.   
17. (rehabilitation or recovery of function or exercise$ or mobilis$ or mobiliz$ or motion therap$ or motor activit$ or motor skill$ or activities
of daily living or adl or manipulat$ or (occupational adj3 (train$ or rehab$ or therap$ or activit$ or regim$))).tw.   
18. (exercise adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.   
19. (fitness adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$ or centre$ or center$)).tw.   
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20. ((training or conditioning) adj3 (intervention$ or protocol$ or program$ or activit$ or regim$)).tw.   
21. (sport$ or recreation$ or leisure or cycling or bicycl$ or rowing or treadmill$ or running or circuit training or swim$ or walk$ or dance
$ or dancing or tai ji or tai chi or yoga).tw.   
22. ((endurance or aerobic or cardio$) adj3 (fitness or train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.   
23. (muscle strengthening or progressive resist$).tw.   
24. ((weight or strength$ or resistance) adj3 (train$ or li*$ or exercise$)).tw.   
25. ((isometric or isotonic or eccentric or concentric) adj3 (action$ or contraction$ or exercise$)).tw.   
26. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25   
27. cerebrovascular disease/rh or exp basal ganglion hemorrhage/rh or exp brain hemangioma/rh or exp brain hematoma/rh or exp brain
hemorrhage/rh or exp brain infarction/rh or exp brain ischemia/rh or exp carotid artery disease/rh or exp cerebral artery disease/rh or exp
cerebrovascular accident/rh or exp cerebrovascular malformation/rh or exp intracranial aneurysm/rh or exp occlusive cerebrovascular
disease/rh or exp vertebrobasilar insu(iciency/rh   
28. time factor/ or treatment duration/   
29. (time or timing or intensive or intensity or augment$ or accelerate$ or additional or dosage or dose or frequency or amount or
quantity).tw.   
30. 28 or 29   
31. 7 and 26 and 30   
32. 27 and 30   
33. 31 or 32   
34. Randomized Controlled Trial/ or "randomized controlled trial (topic)"/   
35. Randomization/   
36. Controlled clinical trial/ or "controlled clinical trial (topic)"/   
37. control group/ or controlled study/   
38. clinical trial/ or "clinical trial (topic)"/ or phase 1 clinical trial/ or phase 2 clinical trial/ or phase 3 clinical trial/ or phase 4 clinical trial/   
39. Crossover Procedure/   
40. Double Blind Procedure/   
41. Single Blind Procedure/ or triple blind procedure/   
42. placebo/ or placebo e(ect/   
43. (random$ or RCT or RCTs).tw.   
44. (controlled adj5 (trial$ or stud$)).tw.   
45. (clinical$ adj5 trial$).tw.   
46. ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or patient$)).tw.   
47. (quasi-random$ or quasi random$ or pseudo-random$ or pseudo random$).tw.   
48. ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or manage$)).tw.   
49. ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or mask$)).tw.   
50. (cross-over or cross over or crossover).tw.   
51. (placebo$ or sham).tw.   
52. trial.ti.   
53. (assign$ or allocat$).tw.   
54. controls.tw.   
55. or/34-54   
56. 33 and 55

Appendix 5. CINAHL search strategy

S1      (MH "Cerebrovascular Disorders") OR (MH "Basal Ganglia Cerebrovascular Disease+") OR (MH "Carotid Artery Diseases+") OR (MH
"Cerebral Ischemia+") OR (MH "Cerebral Vasospasm") OR (MH "Intracranial Arterial Diseases+") OR ( (MH "Intracranial Embolism and
Thrombosis") ) OR (MH "Intracranial Hemorrhage+") OR (MH "Stroke") OR (MH "Vertebral Artery Dissections") OR (MH "Stroke Patients")
OR (MH "Stroke Units")
S2    TI ( stroke or poststroke or post-stroke or cerebrovasc* or brain vasc* or cerebral vasc or cva or apoplex or SAH ) or AB ( stroke or
poststroke or post-stroke or cerebrovasc* or brain vasc* or cerebral vasc or cva or apoplex or SAH)
S3    TI ((brain or cerebr* or cerebell* or vertebrobasil* or hemispher* or intracran* or intracerebral or infratentorial or supratentorial or
middle cerebral artery or MCA* or anterior circulation or posterior circulation or basilar artery or vertebral artery or space-occupying)
N5 ( ischemi* or ischaemi* or infarct* or thrombo* or emboli* or occlus*)) OR AB ((brain or cerebr* or cerebell* or vertebrobasil* or
hemispher* or intracran* or intracerebral or infratentorial or supratentorial or middle cerebral artery or MCA* or anterior circulation or
posterior circulation or basilar artery or vertebral artery or space-occupying) N5 ( ischemi* or ischaemi* or infarct* or thrombo* or emboli*
or occlus*))
S4    TI (( brain* or cerebr* or cerebell* or intracerebral or intracran* or parenchymal or intraparenchymal or intraventricular or infratentorial
or supratentorial or basal gangli* or putaminal or putamen or posterior fossa or hemispher* or subarachnoid ) N5 ( haemorrhage* or
hemorrhage* or haematoma* or hematoma* or bleed* )) OR AB (( brain* or cerebr* or cerebell* or intracerebral or intracran* or parenchymal
or intraparenchymal or intraventricular or infratentorial or supratentorial or basal gangli* or putaminal or putamen or posterior fossa or
hemispher* or subarachnoid ) N5 ( haemorrhage* or hemorrhage* or haematoma* or hematoma* or bleed* ))
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S5    (MH "Hemiplegia") or (MH "Gait Disorders, Neurologic+")
S6    TI (hemipleg* or hemipar* or paresis or paretic) OR AB (hemipleg* or hemipar* or paresis or paretic)
S7    S1 OR S2 OR S3 OR S4 OR S5 OR S6
S8    (MH "Therapeutic Exercise+")
S9    (MH "Applied Kinesiology")
S10    (MH "Recreational Therapy") OR (MH "Rehabilitation+")
S11    (MH "Movement") OR (MH "Motor Activity")
S12    (MH "Exercise+")
S13    (MH "Sports")
S14    (MH "Physical Endurance+") OR (MH "Exertion") OR (MH "Exercise Intensity")
S15    (MH "Physical Fitness")
S16    TI ( (exercise n3 (train* or intervention* or protocol* or program* or therap* or activit* or regim*)) ) OR AB ( (exercise n3 (train* or
intervention* or protocol* or program* or therap* or activit* or regim*)) )
S17    TI ( (fitness n3 (train* or intervention* or protocol* or program* or therap* or activit* or regim* or centre* or center*)) ) OR AB ( (fitness
n3 (train* or intervention* or protocol* or program* or therap* or activit* or regim* or centre* or center*)) )
S18    TI ( ((training or conditioning) n3 (intervention* or protocol* or program* or activit* or regim*) ) OR AB ( ((training or conditioning)
n3 (intervention* or protocol* or program* or activit* or regim*) )
S19    TI ( (sport* or recreation* or leisure or cycling or bicycl* or rowing or treadmill* or running or circuit training or swim* or walk* or
dance* or dancing or tai ji or tai chi or yoga) ) OR AB ( (sport* or recreation* or leisure or cycling or bicycl* or rowing or treadmill* or running
or circuit training or swim* or walk* or dance* or dancing or tai ji or tai chi or yoga) )
S20    TI ( ((endurance or aerobic or cardio*) n3 (fitness or train* or intervention* or protocol* or program* or therap* or activit* or regim*)) )
OR AB ( ((endurance or aerobic or cardio*) n3 (fitness or train* or intervention* or protocol* or program* or therap* or activit* or regim*)) )
S21    TI ( (muscle strengthening or progressive resist*) ) OR AB ( (muscle strengthening or progressive resist*) )
S22    TI ( ((weight or strength* or resistance) n3 (train* or li** or exercise*)) ) OR AB ( ((weight or strength* or resistance) n3 (train* or li**
or exercise*)) )
S23    TI ( ((isometric or isotonic or eccentric or concentric) n3 (action* or contraction* or exercise*)) ) OR AB ( ((isometric or isotonic or
eccentric or concentric) n3 (action* or contraction* or exercise*)) )
S24    S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23
S25    TI ( (time or timing or intensive or intensity or augment* or accelerate* or additional or dosage or dose or frequency or amount or
quantity) ) OR AB ( (time or timing or intensive or intensity or augment* or accelerate* or additional or dosage or dose or frequency or
amount or quantity) )
S26    S24 AND S25
S27    MH Random Assignment or MH Single-blind Studies or MH Double-blind Studies or MH Triple-blind Studies or MH Crossover design
or MH Factorial Design
S28       TI ("multicentre study" or "multicenter study" or "multi-centre study" or "multi-center study") or AB ("multicentre study" or
"multicenter study" or "multi-centre study" or "multi-center study") or SU ("multicentre study" or "multicenter study" or "multi-centre
study" or "multi-center study")
S29    TI random* or AB random*
S30    AB "latin square" or TI "latin square"
S31    TI (crossover or cross-over) or AB (crossover or cross-over) or SU (crossover or cross-over)
S32    MH Placebos
S33    TI ( ((singl* or doubl* or trebl* or tripl*) N3 (blind* or mask*)) ) OR AB ( ((singl* or doubl* or trebl* or tripl*) N3 (blind* or mask*)) )
S34    TI Placebo* or AB Placebo* or SU Placebo*
S35    MH Clinical Trials
S36    TI (Clinical AND Trial) or AB (Clinical AND Trial) or SU (Clinical AND Trial)
S37    S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36
S38    S7 AND S26 AND S37

Appendix 6. AMED search strategy

1. cerebrovascular disorders/ or cerebral hemorrhage/ or cerebral infarction/ or cerebral ischemia/ or cerebrovascular accident/ or stroke/   
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$)).tw.   
5. hemiplegia/   
6. (hemipleg$ or hemipar$ or paresis or paraparesis or paretic).tw.   
7. or/1-6   
8. physical therapy modalities/ or exp exercise therapy/ or hydrotherapy/ or physical medicine/ or physical therapy speciality/   
9. exp applied kinesiology/ or rehabilitation/ or "activities of daily living"/ or therapy/   
10. rehabilitation modalities/ or exp occupational therapy modalities/ or rehabilitation psychosocial/ or exp rehabilitation vocational/ or
rehabilitation techniques/   
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11. exp movement/   
12. exercise/ or weight training/ or physical fitness/ or exp sports/ or exp exercise testing/   
13. exertion/ or exp physical endurance/   
14. exp muscle contraction/   
15. (physiotherap$ or (physical adj3 (mobilis$ or mobiliz$ or exercise$ or exertion or endurance or therap$ or conditioning or activit$ or
fitness))).tw.   
16. (rehabilitation or recovery of function or exercise$ or mobilis$ or mobiliz$ or motion therap$ or motor activit$ or motor skill$ or activities
of daily living or adl or manipulat$ or (occupational adj3 (train$ or rehab$ or therap$ or activit$ or regim$))).tw.   
17. (exercise adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.   
18. (fitness adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$ or centre$ or center$)).tw.   
19. ((training or conditioning) adj3 (intervention$ or protocol$ or program$ or activit$ or regim$)).tw.   
20. (sport$ or recreation$ or leisure or cycling or bicycl$ or rowing or treadmill$ or running or circuit training or swim$ or walk$ or dance
$ or dancing or tai ji or tai chi or yoga).tw.   
21. ((endurance or aerobic or cardio$) adj3 (fitness or train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.   
22. (muscle strengthening or progressive resist$).tw.   
23. ((weight or strength$ or resistance) adj3 (train$ or li*$ or exercise$)).tw.   
24. ((isometric or isotonic or eccentric or concentric) adj3 (action$ or contraction$ or exercise$)).tw.   
25. or/8-24   
26. (time or timing or intensive or intensity or augment$ or accelerate$ or additional or dosage or dose or frequency or amount or
quantity).tw.   
27. 25 and 26   
28. clinical trials/   
29. randomized controlled trial.pt.   
30. controlled clinical trial.pt.   
31. placebo.ab.   
32. random$.ab.   
33. trial.ab.   
34. groups.ab.   
35. or/28-34   
36. 7 and 27 and 35

Appendix 7. PsycINFO search strategy

1. cerebrovascular disorders/ or cerebral hemorrhage/ or exp cerebral ischemia/ or cerebral small vessel disease/ or cerebrovascular
accidents/ or subarachnoid hemorrhage/   
2. (stroke$ or poststroke or apoplex$ or cerebral vasc$ or brain vasc$ or cerebrovasc$ or cva$ or SAH).tw.   
3. ((brain or cerebr$ or cerebell$ or vertebrobasil$ or hemispher$ or intracran$ or intracerebral or infratentorial or supratentorial or middle
cerebral artery or MCA$ or anterior circulation or posterior circulation or basilar artery or vertebral artery or space-occupying) adj5 (isch?
emi$ or infarct$ or thrombo$ or emboli$ or occlus$ or hypoxi$)).tw.   
4. ((brain$ or cerebr$ or cerebell$ or intracerebral or intracran$ or parenchymal or intraparenchymal or intraventricular or infratentorial
or supratentorial or basal gangli$ or putaminal or putamen or posterior fossa or hemispher$ or subarachnoid) adj5 (h?emorrhag$ or h?
ematoma$ or bleed$)).tw.   
5. hemiparesis/ or hemiplegia/   
6. 1 or 2 or 3 or 4 or 5   
7. rehabilitation/ or cognitive rehabilitation/ or neuropsychological rehabilitation/ or neurorehabilitation/ or occupational therapy/ or
physical therapy/ or exp psychosocial rehabilitation/   
8. "activities of daily living"/   
9. recreation therapy/ or psychotherapy/   
10. exp exercise/   
11. exp motor performance/   
12. exp sports/   
13. physical fitness/ or physical endurance/ or physical strength/   
14. (physiotherap$ or (physical adj3 (mobilis$ or mobiliz$ or exercise$ or exertion or endurance or therap$ or conditioning or activit$ or
fitness))).tw.   
15. (rehabilitation or recovery of function or exercise$ or mobilis$ or mobiliz$ or motion therap$ or motor activit$ or motor skill$ or activities
of daily living or adl or manipulat$ or (occupational adj3 (train$ or rehab$ or therap$ or activit$ or regim$))).tw.   
16. (exercise adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.   
17. (fitness adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$ or centre$ or center$)).tw.   
18. ((training or conditioning) adj3 (intervention$ or protocol$ or program$ or activit$ or regim$)).tw.   
19. (sport$ or recreation$ or leisure or cycling or bicycl$ or rowing or treadmill$ or running or circuit training or swim$ or walk$ or dance
$ or dancing or tai ji or tai chi or yoga).tw.   
20. ((endurance or aerobic or cardio$) adj3 (fitness or train$ or intervention$ or protocol$ or program$ or therap$ or activit$ or regim$)).tw.   
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21. (muscle strengthening or progressive resist$).tw.   
22. ((weight or strength$ or resistance) adj3 (train$ or li*$ or exercise$)).tw.   
23. ((isometric or isotonic or eccentric or concentric) adj3 (action$ or contraction$ or exercise$)).tw.   
24. 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23   
25. (time or timing or intensive or intensity or augment$ or accelerate$ or additional or dosage or dose or frequency or amount or
quantity).tw.   
26. 24 and 25   
27. clinical trials/ or treatment e(ectiveness evaluation/ or placebo/   
28. (random$ or RCT or RCTs).tw.   
29. (controlled adj5 (trial$ or stud$)).tw.   
30. (clinical$ adj5 trial$).tw.   
31. ((control or treatment or experiment$ or intervention) adj5 (group$ or subject$ or patient$)).tw.   
32. (quasi-random$ or quasi random$ or pseudo-random$ or pseudo random$).tw.   
33. ((control or experiment$ or conservative) adj5 (treatment or therapy or procedure or manage$)).tw.   
34. ((singl$ or doubl$ or tripl$ or trebl$) adj5 (blind$ or mask$)).tw.   
35. (cross-over or cross over or crossover).tw.   
36. (placebo$ or sham).tw.   
37. trial.ti.   
38. (assign$ or allocat$).tw.   
39. controls.tw.   
40. or/27-39   
41. 6 and 26 and 40

Appendix 8. Open Grey search strategy

(stroke OR cereb* OR cva* OR subarachnoid OR brain) AND (physio* OR physical OR exercise* OR therap* OR rehab*) AND (Intens* OR
augment* OR additional OR dosage OR dose OR frequen* OR amount OR quantity) 

Appendix 9. OT Seeker search strategy

(stroke OR cereb* OR cva* OR subarachnoid OR brain) AND (physio* OR physical OR exercise* OR therap* OR rehab*) AND (Intens* OR
augment* OR additional OR dosage OR dose OR frequen* OR amount OR quantity) 

Appendix 10. PEDro search strategy

1. neurology in the <Subdiscipline> field

2. clinical trial in the <Method> field

3. (tim* OR intens* OR augment* OR accelerate* OR additional* OR dosage OR dose OR frequency OR amount OR quantity) in the <Title
& Abstract> field

4. 1 AND 2 AND 3

Appendix 11. REHABDATA search strategy

Key Concept 1 - Stroke:

stroke OR cereb* OR cva* OR subarachnoid OR brain

Key Concept 2 - Physio/ OT/Rehab Exercise Interventions

physiotherap* OR physical OR exercise* OR therap* OR rehab*

Key Concept 3 - Frequency/Intensity

Intens* OR augment* OR additional OR dosage OR dose OR frequen* OR amount OR quantity  

The method for search was to run the three key concept searches, then combined the queries.  This had to be done by the sta( at the
company who manage REHABDATA, as it was a ‘back end’ search – the website doesn’t currently have the functionality to conduct a search
using the method required.

Appendix 12. ProQuest Dissertations & Theses search strategy

Set#: S1
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Searched for: ti,ab(stroke or poststroke or "post-stroke" or cerebrovasc* or brain next vasc* or cerebral next vasc* or cva* or apoplex*
or SAH) OR ti,ab((brain* or cerebr* or cerebell* or intracran* or intracerebral) NEAR/5 (isch*emi* or infarct* or thrombo* or emboli* or
occlus*)) OR ti,ab((brain* or cerebr* or cerebell* or intracerebral or intracranial or subarachnoid) NEAR/5 (haemorrhage* or hemorrhage*
or haematoma* or hematoma* or bleed*)) OR ti,ab(hemipleg* or hemipar* or paresis or paretic)

Set#: S2
Searched for: ti,ab(exercise OR rehabilit* OR physiotherapy OR therapy)

Set#: S3
Searched for: ti,ab(time OR timing OR intensive OR intensity OR dosage OR dose OR quantity OR amount)

Set#: S4
Searched for: S1 AND S2 AND S3

Appendix 13. ClinicalTrials.gov search strategy

(exercise OR physical therapy OR rehabilitation ) AND ( time OR timing OR intensive OR intensity OR quantity OR amount OR dose ) AND
( Brain Infarction OR Intracranial Hemorrhages OR Carotid Artery Diseases OR Brain Ischemia OR Cerebral Hemorrhage OR Cerebrovascular
Disorders OR Stroke ) [DISEASE]

Appendix 14. EU Clinical Trials Register search strategy

Six separate searched run:

Stroke AND Rehabilitation AND Intensity

Stroke AND Rehabilitation AND Amount

Stroke AND Rehabilitation AND Dose

Stroke AND therapy AND Intensity

Stroke AND therapy AND Amount

Stroke AND therapy AND Dose

Appendix 15. ISRCTN Registry search strategy

Filtered the database for all “Nervous system diseases” and included all results. 

Unable to run a more precise search

Appendix 16. WHO ICTRP search strategy

stroke AND therapy AND dose
Synonyms:
stroke, ACCIDENT CEREBROVASCULAR, accident; cerebral, accident; cerebrovascular, Apoplexy, Apoplexy Cerebrovascular, apoplexy;
cerebral, Brain Attack, Brain Vascular Accident, Brain Vascular Accidents, Cerebral vascular accident, Cerebral vascular events,
cerebral; accident, cerebral; apoplexy, Cerebrovascular accident, Cerebrovascular accident (disorder), Cerebrovascular accident NOS,
Cerebrovascular accident NOS, Cerebrovascular Accidents, Cerebrovascular Apoplexy, cerebrovascular; accident, CVA, CVA (cerebral
vascular accident), CVA (Cerebrovascular Accident), CVA NOS, CVAs (Cerebrovascular Accident), Neuro: Cerebrovascular accident, Vascular
Accident Brain, Vascular Accidents Brain AND therapy, disease management, THER, Therapeutic, therapeutic aspects, therapeutic method,
Therapeutic proced, Therapeutic procedure, Therapeutic procedure (procedure), Therapeutic procedure NOS, Therapeutic Procedures,
Therapeutics, therapies, TREAT, treatment, treatment method, Treatments AND dose, Dosage, Dosage (attribute), Dosages, Dosages
(qualifier value), TRTDOS

stroke AND rehabilitation AND dose
Synonyms:
stroke, ACCIDENT CEREBROVASCULAR, accident; cerebral, accident; cerebrovascular, Apoplexy, Apoplexy Cerebrovascular, apoplexy;
cerebral, Brain Attack, Brain Vascular Accident, Brain Vascular Accidents, Cerebral vascular accident, Cerebral vascular events,
cerebral; accident, cerebral; apoplexy, Cerebrovascular accident, Cerebrovascular accident (disorder), Cerebrovascular accident NOS,
Cerebrovascular accident NOS, Cerebrovascular Accidents, Cerebrovascular Apoplexy, cerebrovascular; accident, CVA, CVA (cerebral
vascular accident), CVA (Cerebrovascular Accident), CVA NOS, CVAs (Cerebrovascular Accident), Neuro: Cerebrovascular accident, Vascular
Accident Brain, Vascular Accidents Brain AND rehabilitation, Physical Therapy, rehab.asistnce, REHABIL AND dose, Dosage, Dosage
(attribute), Dosages, Dosages (qualifier value), TRTDOS

stroke AND therapy AND intensity
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Synonyms:
stroke, ACCIDENT CEREBROVASCULAR, accident; cerebral, accident; cerebrovascular, Apoplexy, Apoplexy Cerebrovascular, apoplexy;
cerebral, Brain Attack, Brain Vascular Accident, Brain Vascular Accidents, Cerebral vascular accident, Cerebral vascular events,
cerebral; accident, cerebral; apoplexy, Cerebrovascular accident, Cerebrovascular accident (disorder), Cerebrovascular accident NOS,
Cerebrovascular accident NOS, Cerebrovascular Accidents, Cerebrovascular Apoplexy, cerebrovascular; accident, CVA, CVA (cerebral
vascular accident), CVA (Cerebrovascular Accident), CVA NOS, CVAs (Cerebrovascular Accident), Neuro: Cerebrovascular accident, Vascular
Accident Brain, Vascular Accidents Brain AND therapy, disease management, THER, Therapeutic, therapeutic aspects, therapeutic method,
Therapeutic proced, Therapeutic procedure, Therapeutic procedure (procedure), Therapeutic procedure NOS, Therapeutic Procedures,
Therapeutics, therapies, TREAT, treatment, treatment method, Treatments AND intensity, Intense, Severity

stroke AND rehabilitation AND intensity
Synonyms:
stroke, ACCIDENT CEREBROVASCULAR, accident; cerebral, accident; cerebrovascular, Apoplexy, Apoplexy Cerebrovascular, apoplexy;
cerebral, Brain Attack, Brain Vascular Accident, Brain Vascular Accidents, Cerebral vascular accident, Cerebral vascular events,
cerebral; accident, cerebral; apoplexy, Cerebrovascular accident, Cerebrovascular accident (disorder), Cerebrovascular accident NOS,
Cerebrovascular accident NOS, Cerebrovascular Accidents, Cerebrovascular Apoplexy, cerebrovascular; accident, CVA, CVA (cerebral
vascular accident), CVA (Cerebrovascular Accident), CVA NOS, CVAs (Cerebrovascular Accident), Neuro: Cerebrovascular accident, Vascular
Accident Brain, Vascular Accidents Brain AND rehabilitation, Physical Therapy, rehab.asistnce, REHABIL AND intensity, Intense, Severity

stroke AND rehabilitation AND amount
Synonyms:
stroke, ACCIDENT CEREBROVASCULAR, accident; cerebral, accident; cerebrovascular, Apoplexy, Apoplexy Cerebrovascular, apoplexy;
cerebral, Brain Attack, Brain Vascular Accident, Brain Vascular Accidents, Cerebral vascular accident, Cerebral vascular events,
cerebral; accident, cerebral; apoplexy, Cerebrovascular accident, Cerebrovascular accident (disorder), Cerebrovascular accident NOS,
Cerebrovascular accident NOS, Cerebrovascular Accidents, Cerebrovascular Apoplexy, cerebrovascular; accident, CVA, CVA (cerebral
vascular accident), CVA (Cerebrovascular Accident), CVA NOS, CVAs (Cerebrovascular Accident), Neuro: Cerebrovascular accident, Vascular
Accident Brain, Vascular Accidents Brain AND rehabilitation, Physical Therapy, rehab.asistnce, REHABIL AND amount, 050-051 QUANTITIES,
QUANTITIES, Quantity, Quantity (attribute), Quantity finding, Quantity finding (finding)

stroke AND therapy AND amount
Synonyms:
stroke, ACCIDENT CEREBROVASCULAR, accident; cerebral, accident; cerebrovascular, Apoplexy, Apoplexy Cerebrovascular, apoplexy;
cerebral, Brain Attack, Brain Vascular Accident, Brain Vascular Accidents, Cerebral vascular accident, Cerebral vascular events,
cerebral; accident, cerebral; apoplexy, Cerebrovascular accident, Cerebrovascular accident (disorder), Cerebrovascular accident NOS,
Cerebrovascular accident NOS, Cerebrovascular Accidents, Cerebrovascular Apoplexy, cerebrovascular; accident, CVA, CVA (cerebral
vascular accident), CVA (Cerebrovascular Accident), CVA NOS, CVAs (Cerebrovascular Accident), Neuro: Cerebrovascular accident, Vascular
Accident Brain, Vascular Accidents Brain AND therapy, disease management, THER, Therapeutic, therapeutic aspects, therapeutic method,
Therapeutic proced, Therapeutic procedure, Therapeutic procedure (procedure), Therapeutic procedure NOS, Therapeutic Procedures,
Therapeutics, therapies, TREAT, treatment, treatment method, Treatments AND amount, 050-051 QUANTITIES, QUANTITIES, Quantity,
Quantity (attribute), Quantity finding, Quantity finding (finding)

H I S T O R Y

Protocol first published: Issue 3, 2017

C O N T R I B U T I O N S   O F   A U T H O R S

BC initiated and co-ordinated the review, but it was undertaken with the full support of all the review authors.

All authors contributed to the conception and design of this review.

BC, JB, and JW screened titles and abstracts of publications identified by the searches.

BC, JB, JW, and SE extracted trial and outcome data from the selected trials and analysed outcome data.

BC, JW, and JB assessed risk of bias in the included studies.

All review authors contributed to the interpretation of results and to the final presentation of this study.

D E C L A R A T I O N S   O F   I N T E R E S T

BC
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◦ Health Education Wessex: paid tuition fees for academic years 2013/2014, 2014/2015, and 2015/2016, and contributed to tuition fees
for academic year 2016/2017 for Doctorate in Clinical Practice Studies at the University of Southampton. Contributed to tuition fees
for academic year 2019/2020 for Philosophical doctorate (transferred from Doctorate in Clinical Practice Program) at the University
of Southampton (funds paid to institution).

◦ Poole Hospital NHS Foundation Trust: contributed to tuition fees for academic year 2016/2017 for Doctorate in Clinical Practice
Studies at the University of Southampton (funds paid to institution).

◦ Elizabeth Casson Trust: contributed to tuition fees for academic year 2016/2017 for Doctorate in Clinical Practice Studies at the
University of Southampton. Provided full tuition fees for academic year 2020/2021 for Philosophical doctorate (transferred from
Doctorate in Clinical Practice Program) at the University of Southampton (funds paid to institution).

• Employment
◦ Poole Hospital NHS Foundation Trust: employed by Poole Hospital prior to July 2019 (although 13 months of unpaid leave taken

prior to this date).

◦ University of Southampton: currently I am employed by the University of Southampton as a Senior Research Fellow on an unrelated
project.

JW: none.

JB: none.

GK

• Board memberships: European Managing Editor NeuroRehabilitation and Neural Repair; Co-editor Stroke; Co-editor Journal of
Rehabilitation Medicine; Co-editor International Journal of Stroke (money received by author).

JM: none.

SE: none.

S O U R C E S   O F   S U P P O R T

Internal sources

• No sources of support provided

External sources

• No sources of support provided

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Title

• Title reworded, to enhance clarity.

Background

• Changes made to update the background section (including updating references) and enhance readability.

Objectives

• Objectives have undergone some rewording to clarify and enhance readability and to conform with the preferred Cochrane format. The
nature of the objectives has not changed.

Methods

The following minor changes were made to the methods between protocol and review.

• Under 'criteria for considering trials for this review' we altered the wording under 'type of intervention' to enhance clarity. We added
that we included studies that varied in the time spent in rehabilitation, but did not report a specific time-related measurement. This
had not been anticipated when writing the protocol.

• We removed 'Participant experience' as a secondary outcome as it does not relate to the objectives of this review.

• Electronic searches:
◦ CIRRIE (cirrie.bu(alo.edu/database/) was not included, as it has been amalgamated with REHABDATA;

◦ planned to include the Australian and New Zealand Clinical Trials Registry (ANZCTR), but this registry was excluded, as we were
unable to export results;
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◦ planned to include the UK Clinical Trials Gateway (UKCTG), but excluded, as this registry obtains data from ISCRTN and
ClinicalTrials.gov, both of which were searched in this review.

• RoB 2 tool used (had planned to use the risk of bias tool). Therefore, this section has been re-written in accordance with the editorial
checklist for the RoB 2 tool.

• RevMan Web was used (had planned to use Review Manager 5).

• Protocol stated that two review authors would independently screen the titles and abstracts of the studies retrieved. Owing to the very
large number of records found, the first step of study selection was that one person screened titles and excluded any studies that were
clearly irrelevant, before moving on to two people screening titles and abstracts.

• Detail added regarding how we would deal with studies with more than two intervention groups, as this was not clear in the protocol.

• We added that we would only undertake funnel plots when there were 10 or more studies. This is based on the advice in the Cochrane
Handbook.

• We added an assessment of non-reporting bias, in accordance with Chapter 13 of the Cochrane Handbook for Systematic Reviews of
Interventions.

• We added two subgroup analyses, to compare the e(ect of time spent in therapy dependent on the type of intervention provided. We
reasoned that the type of intervention may a(ect outcomes and, therefore, more time spent in one type of therapy may have greater
benefit than more time spent in another type of therapy. These analyses were determined post hoc, as they were dependent on the types
of studies found in the literature search. The two analyses undertaken (upper limb therapy versus other therapy and electromechanical
technology versus no electromechanical technology) were chosen, as there were studies in each category to enable a comparison and
both comparisons were considered likely to be of interest to readers.

Sensitivity analyses

• We did not perform a sensitivity analysis to determine the e(ect of any unit of analysis issues, as we believe we had mitigated for unit
of analysis issues within the review.

• We did not perform a sensitivity analysis to determine the e(ect of inclusion of cluster-randomised controlled trials, as none were
included.

• We performed sensitivity analyses to assess the e(ect of excluding studies of overall high risk of bias, in accordance with the guidelines
for use of the RoB 2.

• We added a sensitivity analysis, excluding studies that were at high risk of bias due to deviations in adherence to interventions. This
addition was made due to the change in RoB tool used.

Measurement of treatment e�ects

We did not undertake a meta-regression, as planned for objective two. The advice in the Cochrane Handbook for Systematic Reviews of
Interventions, Chapter 10  is that meta-regression should not be undertaken when there are fewer than 10 studies (Deeks 2021). Meta-
regression was considered for the two outcomes that did have more than 10 studies, but, given the small number of studies, we considered
it was su(icient to use a consistent descriptive approach across all outcomes. Instead, we undertook subgroup analyses and created scatter
plots using Microso* Excel to provide a descriptive analysis.

We were unable to address the third objective as planned. Due to limited similarities in the rehabilitation schedules between studies, we
were unable to group studies as planned, to undertake meta-analyses for the di(erent groups. As an alternative, we compared studies with
a larger di(erence between groups in terms of number of minutes of rehabilitation provided per week to those with a smaller di(erence
between groups in terms of number of minutes of rehabilitation provided per week.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Activities of Daily Living;  Physical Therapy Modalities;  *Stroke;  *Stroke Rehabilitation;  Upper Extremity

MeSH check words

Adult; Humans
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