Journal of Physiotherapy 62 (2016) 182–187

Journal of

PHYSIOTHERAPY
journal homepage: www.elsevier.com/locate/jphys

Research

Increasing the amount of usual rehabilitation improves activity after stroke:
a systematic review
Emma J Schneider a,b, Natasha A Lannin a,b,c, Louise Ada d, Julia Schmidt a,e
a
Discipline of Occupational Therapy, School of Allied Health, College of Science, Health and Engineering, La Trobe University; b Occupational Therapy Department, Alfred Health,
Melbourne; c John Walsh Centre for Rehabilitation Research, Sydney Medical School (Northern), The University of Sydney; d Discipline of Physiotherapy, Faculty of Health Sciences,
The University of Sydney, Sydney, Australia; e Department of Physical Therapy, Faculty of Medicine, University of British Columbia, Vancouver BC, Canada

K E Y W O R D S

A B S T R A C T

Stroke
Rehabilitation
Occupational therapy
Physical therapy modalities
Review

Questions: In people receiving rehabilitation aimed at reducing activity limitations of the lower and/or
upper limb after stroke, does adding extra rehabilitation (of the same content as the usual rehabilitation)
improve activity? What is the amount of extra rehabilitation that needs to be provided to achieve a
beneﬁcial effect? Design: Systematic review with meta-analysis of randomised trials. Participants:
Adults aged 18 years or older that had a diagnosis of stroke. Intervention: Extra rehabilitation with the
same content as usual rehabilitation aimed at reducing activity limitations of the lower and/or upper
limb. Outcome measures: Activity measured as lower or upper limb ability. Results: A total of 14 studies,
comprising 15 comparisons, met the inclusion criteria. Pooling data from all the included studies showed
that extra rehabilitation improved activity immediately after the intervention period (SMD = 0.39, 95% CI
0.07 to 0.71, I2 = 66%). When only studies with a large increase in rehabilitation (> 100%) were included,
the effect was greater (SMD 0.59, 95% CI 0.23 to 0.94, I2 = 44%). There was a trend towards a positive
relationship (r = 0.53, p = 0.09) between extra rehabilitation and improved activity. The turning point on
the ROC curve of false versus true beneﬁt (AUC = 0.88, p = 0.04) indicated that at least an extra 240% of
rehabilitation was needed for signiﬁcant likelihood that extra rehabilitation would improve activity.
Conclusion: Increasing the amount of usual rehabilitation aimed at reducing activity limitations
improves activity in people after stroke. The amount of extra rehabilitation that needs to be provided to
achieve a beneﬁcial effect is large. Trial registration: PROSPERO CRD42012003221. [Schneider EJ,
Lannin NA, Ada L, Schmidt J (2016) Increasing the amount of usual rehabilitation improves activity
after stroke: a systematic review. Journal of Physiotherapy 62: 182–187]
ß 2016 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Stroke is the leading cause of disability worldwide.1 Difﬁculty
walking and using the arm to complete self-care tasks are the
most common activity limitations reported by stroke survivors.2,3 Practice is essential for motor learning and needs to be
structured to offer a progressive challenge to reduce activity
limitations.4–7 Consequently, clinical practice guidelines for
stroke rehabilitation worldwide recommend that programs
deliver a large amount of practice in order to maximise outcome
after stroke.8–10
Several systematic reviews have explored the effect of the
amount of practice on outcome after stroke.5–7,11–14 Three
systematic reviews with meta-analyses have speciﬁcally investigated the effect of extra practice on motor outcomes after stroke.
Kwakkel et al11 found that extra rehabilitation improved activities
of daily living (SMD 0.13, 95% CI 0.03 to 0.23, 24 randomised trials).
Verbeek et al6 found that extra lower limb rehabilitation within
6 months of stroke improved walking ability (SMD 0.32, 95% CI
0.11 to 0.52, 11 randomised trials) and walking speed (SMD 0.22,
95% CI 0.01 to 0.43, eight randomised trials). Most recently, Lohse

et al5 found that extra rehabilitation improved outcome (SMD 0.35,
95% CI 0.26 to 0.45, 34 randomised trials). Furthermore, previous
reviews have suggested that there is a dose-response relationship,
where the greater the extra rehabilitation, the greater the
beneﬁt,5–7,11,12,14 regardless of time after stroke.5
Importantly, however, these previous systematic reviews
included trials that did not investigate different doses of the same
content of rehabilitation. For example, some of the included trials
compared the effect of rehabilitation with no rehabilitation. Other
included trials provided extra rehabilitation that was of different
content to the usual rehabilitation, thereby confounding the
analysis of amount of rehabilitation with type of rehabilitation.
Cooke et al12 recognised these limitations and examined seven
trials where the extra rehabilitation was delivered on top of usual
rehabilitation and was of the same content. A meta-analysis of the
seven studies was not performed, but the effect sizes of several
trials with the same outcomes suggested that there was some
evidence supporting the hypothesis that extra rehabilitation on top
of usual rehabilitation improves outcomes after stroke.12
Rehabilitation is resource intensive, both on the part of the
patient and the healthcare system. It is therefore important to
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determine the effect of increasing the amount of usual rehabilitation after stroke, and to ensure that this estimate is not confounded
by the effect of extra rehabilitation of different content. Therefore,
the aim of this review was to examine the effect of extra
rehabilitation of the same content on top of usual rehabilitation.
Therefore, the research questions for this systematic review
were:
1. In people receiving rehabilitation aimed at reducing activity
limitations of the lower and/or upper limb after stroke, does
adding extra rehabilitation (of the same content as the usual
rehabilitation) improve activity?
2. What is the amount of extra rehabilitation that needs to be
provided to achieve a beneﬁcial effect?
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Box 1. Inclusion criteria.
Design
 Randomised or quasi-randomised trial
Participants
 Adults ( 18 years old)
 Diagnosis of stroke ( 80% participants with stroke, others
being stroke-like)
Intervention
 Extra rehabilitation (of the same content as usual
rehabilitation) aimed at reducing activity limitations (of
lower and/or upper limb)
Outcome measures
 Measures of activity
Comparisons
 Extra rehabilitation on top of usual rehabilitation versus
usual rehabilitation

Method
Identiﬁcation and selection of studies
A systematic review of randomised or quasi-randomised trials
was undertaken so that guidelines could be based on the highest
level of evidence. Searches were conducted of Medline, EMBASE,
CINAHL, and the Cochrane Register of Controlled Trials (CENTRAL)
databases, from the earliest date available until October 2015, for
relevant articles available in English. Search terms included words
related to stroke, physical therapy, occupational therapy, rehabilitation and intensity (such as dose, frequency, quantity, duration and
amount) (see Appendix 1 on the eAddenda for full search strategy).
Titles and abstracts were displayed and screened by one reviewer
to identify potentially relevant studies. Full paper copies of
potentially relevant papers were retrieved. Reference lists of
articles included in this review and of similar systematic reviews
were screened to determine any additional studies meeting the
inclusion criteria. The methods of retrieved papers were reviewed
independently by two reviewers (ES and JS) using predetermined
criteria (Box 1). An independent reviewer (NL or LA) adjudicated
any disagreements.
Assessment of characteristics of studies
Quality
The quality of the included studies was assessed by extracting
PEDro scores from the Physiotherapy Evidence Database (www.
pedro.org.au). The PEDro scale generates a score out of 10 depending on whether the quality of each study meets each item of the
tool.15 Where a study was not included on the database, two
review authors independently scored the study (ES and JS), and a
third review author resolved any disagreements (NL).
Participants
Studies were included if  80% participants were adults with
stroke (with the remainder being stroke-like conditions such as
cerebral aneurysm). Characteristics of participants, such as age,
gender, time since stroke and type of rehabilitation service, were
examined to assess the similarity of the studies.
Intervention
Studies were included if they examined the effect of an
increased dose of rehabilitation. That is, the experimental group
received extra rehabilitation (of the same content as usual
rehabilitation) on top of usual rehabilitation aimed at improving
lower limb activity or upper limb activity or both. The control
group received usual rehabilitation alone. The dose of usual
rehabilitation was calculated as the amount of time dedicated to
rehabilitation of the activity included in the extra rehabilitation.
For example, if the experimental group received 30 minutes of
extra upper limb rehabilitation, and the control group received
60 minutes of rehabilitation consisting of 30 minutes upper limb

and 30 minutes lower limb, the comparison of the same content
would be 30 minutes extra upper limb rehabilitation plus
30 minutes usual upper limb rehabilitation (60 minutes) versus
30 minutes usual upper limb rehabilitation.
Outcome measures
Measures involving direct observation of upper or lower limb
activity were used, regardless of whether they produced continuous data (eg, Box and Block Test, 10-m Walk Test) or ordinal data
(eg, Action Research Arm Test, Functional Ambulation Category).
Data analysis
Information about the method (ie, design, participants,
intervention, measures) and results (ie, number of participants
and mean (SD) of outcomes) were extracted by one reviewer and
crosschecked by another reviewer. Data were converted, where
necessary, using methods recommended by the Cochrane Handbook of Systematic Reviews.16 Authors were contacted where
information was unavailable.
Post-intervention scores were used to obtain the pooled
estimate of the effect of extra rehabilitation using RevMan
5.1 software.17 Since different outcome measures were used, the
effect size was reported as Cohen’s standardised mean difference (SMD) with a 95% CI. A random-effects model was used and
in the case of signiﬁcant heterogeneity (I2 > 50%), a sensitivity
analysis was carried out to conﬁrm the source of heterogeneity.
Sub-group analyses according to the time after stroke (acute
versus chronic) and body part (upper versus lower limb)
were planned a priori where there were a sufﬁcient number
of comparable studies. The relationship between percentage of
extra rehabilitation provided and the effect size was calculated
using Pearson correlation coefﬁcient. The amount of extra
rehabilitation needed to provide a beneﬁcial effect was
determined from a receiver-operator characteristic (ROC)
curve.
Results
Flow of studies through the review
The electronic search strategy identiﬁed 5141 studies, of which
284 were duplicates. After screening titles, abstracts and reference
lists, 89 potentially relevant papers were retrieved. Among these,
74 papers failed to meet the inclusion criteria (see Appendix 2 on
the eAddenda for a summary of excluded papers), and therefore
15 papers reporting 14 studies were included in the review
(Figure 1).
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or both upper and lower limb activity (two comparisons). One
included study involved three trial arms; only the experimental
group receiving therapy 7 days per week and the control group
receiving usual care were included.19
Outcome measures
Upper limb activity was measured using the Wolf Motor
Function Test (two comparisons) or the Action Research Arm Test
(seven comparisons). Lower limb activity was measured using
timed tests of walking speed (ﬁve comparisons) and the Rivermead
Mobility Index (one comparison).
Effect of extra rehabilitation on top of usual rehabilitation

Figure 1. Flow of studies through the review.
a
Papers may have been excluded for failing to meet more than one inclusion
criterion.

Characteristics of included studies
The 14 studies included in this review involved 954 participants
in 15 comparisons investigating the effect of extra rehabilitation
on top of usual rehabilitation for improving activity (Table 1).18–32
Additional information was requested from the authors of four
studies.21,28,29,31
Quality
The mean PEDro score of included papers was 6.9 out of 10, with
individual study scores ranging from 5 to 8 (Table 2). All of the
papers reported random allocation, baseline similarity, betweengroup difference, and point estimate variability. The majority of
papers reported concealed allocation (80%), assessor blinding
(87%), and < 15% loss to follow-up (87%). No papers reported
participants or therapist blinding and 40% reported performing an
intention-to-treat analysis.
Participants
Across the studies, the mean age ranged from 49 to 75 years.
Time after stroke ranged from a few weeks to > 6 months, with
86% of the studies carried out within 6 months after stroke.
Intervention
All the studies involved the experimental group receiving extra
rehabilitation on top of usual rehabilitation, and the control group
receiving usual rehabilitation. Furthermore, the extra rehabilitation was the same content as usual (or a component of usual)
rehabilitation. Extra rehabilitation included upper limb activity
(nine comparisons), lower limb activity (four comparisons),

The immediate effect of extra rehabilitation on top of usual
rehabilitation was examined by pooling post-intervention data
using a random effects model from 11 comparisons that measured
activity immediately after the intervention period. These comparisons were from studies of good quality (PEDro score 7.2 out of 10)
and comprised 577 participants. Extra rehabilitation improved
activity immediately after the intervention period (SMD = 0.39,
95% CI 0.07 to 0.71) (Figure 2); see Figure 3 on the eAddenda for a
detailed forest plot. Four comparisons could not be included in the
analysis: one because there was no immediate data,31 one because
there was no post-intervention data,18 and two because the data
were too skewed to enable conversion from non-parametric data
to parametric data.26,28(upper limb) There was substantial statistical
heterogeneity (I2 = 66%), indicating that the variation between the
results of the trials was above the variation expected by chance. A
sensitivity analysis revealed that the heterogeneity was not
explained by the quality of the trials (PEDro score > 6/10),
assessor blinding (yes or no), sample size (> 20 participants per
trial), severity of participants (> 20% normal activity), chronicity of
participants (> 6 months post stroke) or limb rehabilitated (upper
versus lower). However, heterogeneity was partially explained by
the amount of extra practice. In order to standardise extra
rehabilitation across the comparisons, it was expressed as
percentage increase per week. When re-analysed, separating trials
into small ( 100%) or large (> 100%) increases in amount of
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SMD (95% CI)
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Cooke19
Donaldson20
English21
GAPS22
Han23
Kim24
Kowalczewski25
Kwakkel27 (LL)
Page29
Partridge30
Ross32
Pooled
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Figure 2. Standardised mean difference (95% CI) of the effect of extra rehabilitation
on top of usual rehabilitation compared with usual rehabilitation for activity
immediately after the period of intervention (n = 577 participants). LL = lower limb.
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Table 1
Summary of included studies (n = 14).
Study

a

Design

Participants

Intervention

Outcome measures

Burgar

QRCT

RCT

Donaldson20

RCT

English21

RCT

GAPS22

RCT

Han23

RCT

Kim24

RCT

Kowalczewski25

RCT

Kwakkel26,27

RCT

Lincoln28

RCT

Page29

RCT

Partridge30

RCT

Rodgers31

RCT

Ross32

RCT

Extra = UL rehabilitation
60 min x 5/wk x 3 wk (" 100%)
Usual = UL rehabilitation
60 min x 5/wk x 3 wk
Extra = LL rehabilitation
60 min x 4/wk x 6 wk (" 240%)
Usual = LL rehabilitation
20 min x 5/wk x 6 wk
Extra = UL rehabilitation
60 min x 4/wk x 6 wk (" 240%)
Usual = UL rehabilitation
20 min x 5/wk x 6 wk
Extra = LL rehabilitation
12 min x 2/wk x 4 wk (" 40%)
Usual = LL rehabilitation
12 min x 5/wk x 4 wk
Extra = UL + LL rehabilitation
30 to 40 min x 5/wk x 10 wk (" 100%)
Usual = UL + LL rehabilitation
30 to 40 min x 5/wk x 10 wk
Extra = UL rehabilitation
120 min x 5/wk x 6 wk (" 200%)
Usual = UL rehabilitation
60 min x 5/wk x 6 wk
Extra = LL rehabilitation
30 min x 5/wk x 4 wk (" 300%)
Usual = LL rehabilitation
10 min x 5/wk x 4 wk
Extra = UL rehabilitation
60 min x 4/wk x 3 to 4 wk (" 400%)
Usual = UL rehabilitation
60 min x 1/wk x 3 to 4 wk
Extra 1 = UL rehabilitation
30 min x 5/wk x 20 wk (" 200%)
Extra 2 = LL rehabilitation
30 min x 5/wk x 20 wk (" 200%)
Usual = LL rehabilitation
15 min x 5/wk x 20 wk
UL rehabilitation
15 min x 5/wk x 20 wk
Extra = UL rehabilitation
24 min x 5/wk x 5 wk (" ?%)
Usual = UL + LL rehabilitation
30 to 45 min x 5/wk x 5 wk
Extra = UL rehabilitation
90 min x 5/wk x 8 wk (" 300%)
Usual = UL rehabilitation
30 min x 5/wk x 8 wk
Extra = UL + LL rehabilitation
30 min x 5/wk x 6 wk (" 100%)
Usual = UL + LL rehabilitation
30 min x 5/wk x 6 wk
Extra = UL rehabilitation
30 min x 5/wk x 6 wk (" ?%)
Usual = UL + LL rehabilitation
45 min x 5/wk x 6 wk
Extra = UL rehabilitation
60 min x 5/wk x 6 wk (" 200%)
Usual b = UL rehabilitation
30 min x 5/wk x 6 wk

 UL activity = Wolf Motor Function Test (ability, 0 to 5)
 Timing = 0, 3, 26 wk

Cooke19

n = 36
Age (yr) = 61 (SD n/s)
Gender = n/s
Time since stroke < 6 mth
n = 73
Age (yr) = 67 (SD 13)
Gender = 59% male
Time since stroke < 6 mth
n = 20
Age (yr) = range 44 to 90
Gender = 50% male
Time since stroke < 6 mth
n = 190
Age (yr) = 69 (SD 13)
Gender = 58% male
Time since stroke < 6 mth
n = 70
Age (yr) = 68 (SD 11)
Gender = 59% male
Time since stroke < 6 mth
n = 20
Age (yr) = 49 (SD 6)
Gender = 75% male
Time since stroke < 6 mth
n = 22
Age (yr) = 51 (SD 9)
Gender = 59% male
Time since stroke > 6 mth
n = 19
Age (yr) = 61 (SD 16)
Gender = 53% male
Time since stroke < 6 mth
n = 101
Age (yr) = 66 (SD 12)
Gender = 43% male
Time since stroke < 6 mth

18

n = 189
Age (yr) = 73 (SD n/s)
Gender = 51% male
Time since stroke < 6 mth
n = 17
Age (yr) = range 38 to 75
Gender = 59% male
Time since stroke > 6 mth
n = 55
Age (yr) = range 60 to 94
Gender = n/s
Time since stroke = n/s
n = 105
Age (yr) = 75 (SD n/s)
Gender = 55% male
Time since stroke < 6 mth
n = 37
Age (yr) = 59 (SD 19)
Gender = 57% male
Time since stroke < 6 mth

 LL activity = 10-m Walking Test (comfortable speed, m/s)
 Timing = 0, 6, 12 wk

 UL activity = Action Research Arm Test (0 to 57)
 Timing = 0, 6, 12 wk

 LL activity = 6-min Walking Test (m/s)
 Timing = 0, 4, 26 wk

 LL activity = Rivermead Mobility Index (0 to 15)
 Timing = 0, 12, 26 wk

 UL activity = Action Research Arm Test (0 to 57)
 Timing = 0, 6 wk

 LL activity = 10-m Walking Test (comfortable speed, m/s)
 Timing = 0, 4 wk

 UL activity = Wolf Motor Function Test (ability, 0 to 5)
 Timing = 0, 4, 26 wk

 UL activity = Action Research Arm Test (0 to 57)
 LL activity = 10-m Walking Test (comfortable speed, m/s)
 Timing = 0, 20, 26 wk

 UL activity = Action Research Arm Test (0 to 57)
 Timing = 0, 6, 26 wk

 UL activity = Action Research Arm Test (0 to 57)
 Timing = –1, 9 wk

 LL activity = 5-m Walking Test (comfortable speed, m/s)
 Timing = 0, 6, 26 wk

 UL activity = Action Research Arm Test (0 to 57)
 Follow up = 0, 26 wk

 UL activity = Action Research Arm Test (0 to 57)
 Timing = 0, 6 wk

LL = lower limb, n/s = not stated, QRCT = quasi-randomised controlled trial, RCT = randomised controlled trial, UL = upper limb, ? = unknown.
a
Outcome measures and their timing listed are those analysed in the review. There may have been other measures reported in the paper.
b
Information was provided by authors.

practice, the large increase in rehabilitation improved activity
(SMD 0.59, 95% CI 0.23 to 0.94, I2 = 44%) (Figure 4); see Figure 5 on
the eAddenda for a detailed forest plot.
Amount of extra rehabilitation needed to achieve a beneﬁcial
effect
There was a trend towards a positive relationship (r = 0.53,
p = 0.09) between the amount of extra rehabilitation and improved
activity when examining the 11 comparisons with data available
immediately after the intervention period. Extra rehabilitation was
expressed as percentage increase per week and deemed beneﬁcial
when the SMD was 0.5 in favour of the experimental group. The

turning point on the ROC curve of false versus true beneﬁt
(AUC = 0.88, p = 0.04) indicated that at least an extra 240%
rehabilitation is needed for signiﬁcant likelihood that the amount
of rehabilitation will improve activity in stroke survivors
(Figure 6). That is, the amount of practice required would need
to be more than tripled from what is usually provided.
Discussion
This review provides evidence that extra rehabilitation aimed at
reducing activity limitations in either the upper or lower limb,
added to usual rehabilitation, improves activity in people after
stroke. Furthermore, given that the extra practice was of the same
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Table 2
PEDro criteria and scores for included papers (n = 15).
Study

Random
allocation

Concealed
allocation

Groups
similar at
baseline

Participant
blinding

Therapist
blinding

Assessor
blinding

< 15%
dropouts

Intentionto-treat
analysis

Between-group
difference
reported

Point estimate
and variability
reported

Total
(0 to 10)

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

N
Y
Y
Y
Y
Y
Y
N
N
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Y
Y
Y
Y
N
Y
Y
Y
N
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
N
Y
Y
Y
N
Y
Y
Y
Y

N
Y
Y
N
Y
Y
N
N
N
N
N
N
N
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

6
8
8
7
7
8
6
6
5
7
6
7
7
8
8

Burgar18
Cooke19
Donaldson20
English21
GAPS22
Han23
Kim24
Kowalczewski25
Kwakkel27
Kwakkel26
Lincoln28
Page29
Partridge30
Rodgers31
Ross32
N = no, Y = yes.

content as usual rehabilitation, the effect was purely a result of an
increase in the amount of rehabilitation. The amount of extra
rehabilitation that needs to be provided to achieve a beneﬁcial
effect is large – in the order of 240%.
The effect size of 0.59 for a large (> 100%) increase in extra
rehabilitation is encouraging. In order to compare the amount of
extra rehabilitation across studies, the extra was presented as a
percentage increase. This method, while accurate, produces high
numbers. For example, if usual rehabilitation involved 15 minutes
of walking practice, and the extra amount of walking delivered was

[(Figure_4)TD$IG]
Subgroup
SMD (95% CI)
Random

Study
Small increase in practice
English21
GAPS22
Partridge30
Subtotal

30 minutes, then the increase was 200%. Also, these calculations
used ‘intended’ increase in rehabilitation, because this was
consistently reported across the studies. It is possible that the
‘intended’ increase in rehabilitation did not match the ‘actual’
amount delivered. However, in those studies that reported both
(intended and actual), 93% of the intended amount was actually
delivered. Of the studies that delivered a large increase in
rehabilitation amount, the average dose of usual rehabilitation
was approximately 25 minutes per day in the control group and
the average dose of extra rehabilitation provided was 260% (ie,
90 minutes per day) in the experimental group. These numbers
align well with the ﬁndings from the ROC curve analysis,
suggesting that at least a 240% increase in rehabilitation is
necessary to result in an improvement in activity. Clinically, for
example, if a therapy service usually provides 30 minutes of reach
and grasp rehabilitation per day, in order to ensure a better
outcome, approximately 100 minutes of reach and grasp rehabilitation per day would be required.
Overall, the results of this review are in line with previous
meta-analyses that investigated ‘dose’, which suggest a beneﬁcial effect of extra rehabilitation after stroke.5,6,11 The ﬁnding
from our meta-analysis, with all studies included, produced an
effect size of 0.39, which is similar to the small effect sizes
ranging from 0.13 to 0.35 found previously. However, when

[(Figure_6)TD$IG]

Large increase in practice
Cooke19

1

Donaldson20
0.9

Han23

0.8
True positive rate (Sensitivity)

Kim24
Kowalczewski25
Kwakkel27 (LL)
Page29
Ross32
Subtotal
Total

0.7
0.6
0.5
0.4
0.3
0.2

–2

–1
Favours usual

0

1

2

Favours extra

Figure 4. Standardised mean difference (95% CI) of the effect of the extra
rehabilitation on top of usual rehabilitation compared with usual rehabilitation for
activity, subgrouped by the relative amount of extra practice into small (100%) or
large (>100%) increase.
LL = lower limb.

0.1

ROC Curve / 240 / AUC = 0.880

0
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0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

False positive rate (1 - Specificity)
Figure 6. ROC curve of the true versus false beneﬁt for amount of extra
rehabilitation per week immediately after the period of intervention
(n = 11 comparisons).
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excluding studies that delivered only a small increase in
rehabilitation, we found a larger effect size of 0.59. We used
speciﬁc criteria to deﬁne ‘extra rehabilitation’ to mean
additional practice of exactly the same activity provided in
usual practice. Because of this tight deﬁnition of ‘extra’
rehabilitation, we excluded some studies that had been included
in previous reviews;5,6,11 this may account for our ﬁnding of a
larger effect size than the previous reviews.
Our meta-analyses may have been affected by small study bias,
with an average number of 35 participants per study. Also, the
number of comparisons included in the meta-analysis was reduced
by the reporting of medians in clinical trials where there were
highly skewed data that could not be converted to means (SD).
However, the mean PEDro score (> 7/10) showed that the included
studies were of high quality and the ﬁndings therefore were robust.
The strengths of this review were that by using these high-quality
studies, we have estimated the effect of extra rehabilitation after
stroke unconfounded by type of practice, and used this to estimate
a threshold amount of extra practice needed to improve activity
after stroke.
This review suggests that the provision of extra rehabilitation is
feasible, and that programs need to provide a substantial amount
of rehabilitation to guarantee an improvement in activity. Future
randomised trials investigating substantial increases in practice
(ie, more than 240% extra rehabilitation) would further clarify the
relationship between increasing the amount of rehabilitation and
activity after stroke. The challenge now is to determine how to
increase the amount of rehabilitation. Implementation will
demand a change in clinical practice that is far-reaching; models
of delivery, patient expectations, and therapist beliefs should be
guided by our ﬁndings.
What is already known on this topic: After stroke, difficulties with walking and using the arm for self-care are common,
but rehabilitation can reduce these activity limitations. Previous systematic reviews have not distinguished the effect of
increasing the amount of the same type of rehabilitation from
the effect of adding extra rehabilitation of a different type.
What this study adds: Increasing the amount of rehabilitation
after stroke improves activity, but a large amount of extra
rehabilitation needs to be provided to achieve a beneficial
effect.

eAddenda: Figures 3 and 5, and Appendices 1 and 2 can be
found online at doi:10.1016/j.jphys.2016.08.006
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