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ABSTRACT
Introduction: Stroke frequently results in balance
disorders, leading to lower levels of activity and a
diminution in autonomy. Current physical therapies (PT)
aiming to reduce postural imbalance have shown a large
variety of effects with low levels of evidence. The
objectives are to determine the efficiency of PT in
recovering from postural imbalance in patients after a
stroke and to assess which PT is more effective.
Methods and analysis:We will search several
databases from inception to October 2015. Only
randomised controlled trials assessing PT to recover from
poststroke postural imbalance in adults will be
considered.
Outcome measures will be the Berg Balance Scale

(BBS), the Postural Assessment Scale for Stroke (PASS),
the ‘weight-bearing asymmetry’ (WBA), the ‘centre of
pressure’ (COP) and the ‘limit of stability’ (LOS). WBA,
COP and LOS are measured by a (sitting or standing)
static evaluation on force plate or another device.
Two independent reviewers will screen titles, abstracts

and full-text articles, evaluate the risk of bias and will
perform data extraction. In addition to the outcomes,
measures of independence will be analysed. This study
will aim at determining the effects of PT on the function
(WBA, COP, LOS), the activity (BBS, PASS) and the
independence of patients. Subgroup analyses will be
planned according to the location of brain lesion
(hemispheric, brainstem or cerebellum), the time since
stroke (early, late, chronic), the PT (type, main aim (direct
effect or generalisation), overall duration), the type of
approaches (top-down or bottom-up) and the
methodological quality of studies.
Ethics and dissemination: No ethical statement will be
required. The results will be published in a peer-reviewed
journal. This meta-analysis aims at managing the
rehabilitation after postural imbalance by PT after a stroke.
Trial registration number: Prospero CRD42016037966;
Pre-results.

INTRODUCTION
Background
A stroke is defined as ‘rapidly developing
clinical signs of focal (at times global)

disturbance of cerebral function, lasting
more than 24 h or leading to death with no
apparent cause other than that of vascular
origin’.1 Stroke is the third cause of death
and the first cause of acquired adult disabil-
ity in the world (WHO). In the USA, 795 000
people suffer from a stroke every year.2

Stroke leads to a long-term limitation of
activity and disability. In France, 80.5% of the
people with self-reported stroke declare a
limitation (light or severe) in activities of
daily living (ADL) and one in three stroke
survivors are dependent.3 In New Zealand,
71% of 5 years poststroke patients present a
neurological impairment, assessed by the
National Institutes of Health Stroke Scale. A
restriction of activity was present in 31.4% of
the patients assessed by the Modified Rankin
Scale and in 35.4% assessed by the Barthel
Index (BI).4 Among limitations of activity,
the postural imbalance is frequently found.
Eighty-three per cent of patients with acute
stroke present a postural imbalance.5 The
risk of fall is increased by 73% in the
6 months following a stroke.6 At a chronic

Strengths and limitations of this study

▪ To the best of our knowledge, there are few sys-
tematic reviews and meta-analyses in the litera-
ture that assess the evidence of physical
therapies (PT) for rehabilitation of postural
imbalance after a stroke.

▪ This study will compare the efficiency of all PT
used after a stroke to one another.

▪ A series of subgroup analyses will address rele-
vant clinical issues.

▪ There are several outcomes to assess postural
imbalance (function and activity) that may limit
comparison across studies.

▪ The results of this meta-analysis will be helpful
for clinicians to define rehabilitation strategies for
improving postural imbalance after stroke.
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stage, the quality of life is associated with the postural
imbalance.7 Postural rehabilitation seems to be crucial
to achieve independence in ADL after stroke.
Human posture refers to the relative disposition of

body parts.8 Postural control aims to maintain body sta-
bilisation based on a sensorimotor complex skill and
body orientation, based on internal representation of
body scheme.9 10 Postural imbalance following stroke is
defined by: (1) a larger weight-bearing asymmetry
(WBA) toward the unaffected limb, in a quiet standing
posture;11–18 (2) an increased body sway of the centre of
the pressure (COP);12 13 15 19 (3) a decrease in the
limits of stability (LOS);12 20 (4) an excessive reliance on
visual input21–24 and (5) an impairment of anticipatory
postural adjustments and postural reactions after exter-
nal perturbations.25 26

State of the art
Different physical therapies (PT) aim at reducing pos-
tural imbalance. Current recommendations are limited
for daily clinical practice: the level of evidence is too low
and it is based on few systematic reviews and
meta-analyses. The recommendations in the French
evidence-based clinical practice guidelines for PT in
patients after stroke were based on only 16 clinical
studies.27 Furthermore, these guidelines are not specific
to postural disability and propose a rather global rehabili-
tation.28 29 It is therefore necessary to assess the efficiency
of PT in the recovery of postural control after stroke.
Regarding the literature, some meta-analyses have eval-

uated the effects of a single technique on postural
imbalance like balance training using a platform with
biofeedback,30 functional electrical stimulation,31 repeti-
tive task training,32 water-based exercises,33 virtual
reality,34–36 ankle-foot orthosis,37 aerobic exercises,38

physical fitness training39 or whole body vibration.40 41

In view of the tremendous growth in the number of ran-
domised controlled trials, it seems to be essential to
evaluate one PT compared with another or the associ-
ation of PT compared with control or usual care.
Veerbeek et al42 have evaluated the effects of PT after
stroke on all outcomes based on the International
Classification of Functioning, Disability and Health
(ICF) and not only the balance. Pollock et al43 have
investigated the function and mobility recovery by PT
after stroke. Compared with previous studies, the aim of
this systematic review and meta-analysis is to perform a
review only focused on the effects of PT on postural
imbalance after stroke with identification of different
parameters.
Finally, in this review and meta-analysis, we also

propose to categorise the different PT according to the
involved ‘top-down’ and ‘bottom-up’ processing. This
processing refers to two types of interaction between sen-
sorimotor (implicit) and cognitive (explicit) representa-
tions involved in rehabilitation. Top-down approach aims
at training the patient to voluntarily compensate for his
deficit and requires awareness of the disorder although

bottom-up approach does not require awareness of the
disorder. This categorisation has already been used in a
previous Cochrane meta-analysis about cognitive
rehabilitation for another spatial cognition deficit
(spatial neglect).44–46

OBJECTIVES
The aims are: (1) to determine the efficiency of PT on
the recovery of postural imbalance in adult patients after
stroke and (2) to assess which PT is more effective when
compared with one another.

METHODS
We will use the guide from The Cochrane Collaboration
entitled ‘Cochrane Handbook for Systematic Reviews of
Interventions’ (V.5.1.0)47 and the software (RevMan 5.3)
to construct this meta-analysis. The recommendations
from Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement will also be fol-
lowed.(48) No ethical statement will be required for this
review and meta-analysis. Results of this research will be
published. These results will contribute to improve the
therapeutic strategy of patients with stroke.

Criteria for considering studies for this review
Type of studies
We will include all randomised controlled trials. The
allocation between two or several groups will have to be
correctly randomised. Trials without control group or
those with quasi-random allocation will be excluded.

Types of participants
We will include all trials which have included human
adult patients (over 18 years old) after a first or recur-
rent stroke. Stroke is defined, according to the WHO, as
‘rapidly developing clinical signs of focal (at times
global) disturbance of cerebral function, lasting more
than 24 h or leading to death with no apparent cause
other than that of vascular origin’.1 Therefore, the posi-
tive diagnosis is based on clinical examination. It is not
compulsory to include the imaging diagnosis. Transient
ischaemic accidents (TIAs) will be excluded because all
neurological symptoms disappear (‘TIAs are brief epi-
sodes of neurological dysfunction resulting from focal
cerebral ischaemia not associated with permanent cere-
bral infarction.’).49

Types of interventions
The selection process will not be based on the type or
the nature of the PT in trials. We will select all trials
assessing a PT whatever it may be and whatever its aim
(upper limb, lower limb, posture, gait, spasticity and so
on). This meta-analysis will not be limited to PT, the
direct and immediate objective of which is to reduce
postural imbalance. This possible expansion or general-
isation of effects may be observed after intervention in
rehabilitation.
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The PT is defined by the World Confederation for
Physical Therapy (WCPT) as ‘services to individuals and
populations to develop, maintain and restore maximum
movement and functional ability throughout the life-
span’ and ‘physical therapy is concerned with identifying
and maximising quality of life and movement potential
within the spheres of promotion, prevention, treatment/
intervention, habilitation and rehabilitation’ (http://
www.wcpt.org/policy/ps-descriptionPT).

Types of outcome measures
Outcomes will be selected following the recommenda-
tions of the ICF. Immediate outcomes after the end of
PT and delayed outcomes after a follow-up time will be
included.

Primary outcomes
The Berg Balance Scale (BBS) assesses the functional
postural abilities of patients in several conditions (lying
on the back, sitting, standing, leaning forward, change
of position and so on). This scale is composed of 14
items. The maximal score, reflecting the best functional
postural abilities, is 56 points. The choice of the scale is
based on its validation in patients with stroke and on its
good metrological qualities, making it a reference
scale.50–54

The Postural Assessment Scale for Stroke (PASS) also
evaluates the functional postural abilities of patients with
stroke in several conditions (lying on the back, sitting,
standing and while changing (these) positions). This
scale is composed of 12 items. The maximal score,
reflecting the best functional postural abilities, is 36
points. Its metrological qualities are good, particularly
during the first 3 months.55 56

The two scales exhibit a clinical relevance in assess-
ment of postural imbalance in patients with stroke. They
express the level of activity. Therefore, measured
changes reflect modifications of postural abilities of
patients in daily living.
The outcomes pertaining to balance and postural

control will be the WBA, the COP and the LOS. These
parameters will be measured by a (sitting or standing)
static evaluation on force plate or another device.17 51 52

Secondary outcomes
The outcomes will be the BI, the Functional
Independence Measure (FIM), the scale for instrumen-
tal activities of daily living (IADL) and the scale for
ADL, reflecting the level of autonomy.
Only the primary outcomes will be considered for

selection of trials.

Search methods for identification of studies
We will search the following electronic bases from their
inception to October 2015: Medline, Embase, PEDro,
Cochrane Central Register of Controlled Trials, Pascal
and Francis. The search strategy will involve three kinds

of terms: ‘stroke’, ‘posture’ and ‘physical therapy’. This
search strategy is described in table 1.
All published and unpublished studies, conferences or

presentations will be searched without restriction in lan-
guages. The library services of three universities
(Université Claude Bernard Lyon1, Université Paris 5
Descartes and Université Paris 6 Pierre et Marie Curie)
and two hospital centres (Hospices Civils de Lyon,
Assistance Publique-Hôpitaux de Paris) will be requested
to access the unpublished and published documents.

Data collection and analysis
Selection of studies
The process of selecting the search results will be
carried out on the basis of the selection criteria in three
successive steps: (1) by reading the titles, (2) by reading
the abstracts and then (3) by reading the full texts. Each
one of these steps will be separately performed by two

Table 1 Search strategy in PubMed

1 exercise movement techniques OR physical therapy

modalities OR learning OR pract* OR train* OR

rehabilitation* OR therapeutic* OR therapy OR

therapies OR exercise* OR physiotherap* OR

neurorehabilitation OR neurophysiological OR

orthopaed* OR treatment OR approach* OR concept

OR home rehabilitation OR self-guided program* OR

fitness OR stretching OR sport OR program* OR

movement OR protocol* OR intervention OR activit*

OR regim* OR recovery

2 (occupational OR physical OR manual) AND (therapy

OR therapies OR therapist OR therapeutic OR

therapeutics)

3 #1 OR #2

4 posture OR equilibrium OR balance OR postural

balance OR weight bearing OR weight shift OR

lateropulsion OR pusher OR pushing OR postural

imbalance OR postural asymmetry OR postural

control OR postural stability OR postural instability OR

postural perturbation OR postural disorders OR

postural deficit OR postural trouble OR postural sway

OR postural tilt OR postural shift OR body sway OR

upright stance OR (weight AND (distribut* OR

transfer*))

5 (cerebrovascular OR cerebro-vascular OR cerebral

OR intracran* OR hemispheric) AND (accident OR

hemorrhag* OR haemorrhag* OR infarct* OR

ischemi* OR thrombotic OR thrombosis OR emboli*

OR hematoma OR haematoma OR bleed OR

damage OR lesion OR occlus*)

6 stroke OR poststroke OR post-stroke OR hemipleg*

OR hemipar* OR paretic OR paresis OR CVA

7 (right OR left) AND brain AND (lesion OR damage)

8 #5 OR #6 OR #7

9 meta-analysis OR review* OR animal* OR child* OR

cerebral pals* OR case-report OR traumatic brain

injury

10 #3 AND #4 AND #8 NOT #9
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independent authors (AH and JDM). For the selection
on the basis of titles, all studies, selected by one of these
two authors, will be accepted for the next step of the
selection process. For the two subsequent steps of selec-
tion, an agreement between the two authors will have to
be found. In case of disagreement, three more authors
(IB, FG, GR) will have to decide by consensus. The
authors of the trials will be contacted if information
needed for the selection process is unclear or missing.
The studies published in journals judged as

stand-alone according to the analysis of Jeffrey Beall
(https://scholarlyoa.com/individual-journals/), which is
based on objective and clearly identified criteria
(https://scholarlyoa.files.wordpress.com/2015/01/criteria-
2015.pdf), will be excluded.
Cross-over trials will be included if: (1) the order of

interventions has been randomised and if (2) the poten-
tial effects of the first intervention have not impacted the
potential effects of the second one. They will be consid-
ered as randomised controlled trials. Moreover, some
cross-over trials can present a special design: a single
assessment during the intervention instead of an assess-
ment before and one after, as is usually the case. These
types of design are specifically used for some types of
intervention (orthosis and so on). These cross-over trials
will be included if: (1) the conditions set above regarding
cross-over trials are validated (the randomised order and
the absence of impact of the first intervention on the
second one) and if (2) a spontaneous recovery is not pos-
sible during the time between the two interventions.
No study will be excluded because of the language of

the report. Those written in languages other than
French or English will be translated by the authors: YX
for those written in Chinese, HK for those written in
Persian, JP for those written in Portuguese.

Data extraction and management
Data extraction will be carried out independently by two
authors (AH and JDM). Agreement between these two
authors will have to be found. In case of disagreement,
three more authors (IB, FG, GR) will have to decide by
consensus. The authors of included trials will be con-
tacted if some data are unclear or missing. Data extrac-
tion will include:
1. the design of study;
2. the details of the population: size of the population,

age, gender, time since stroke, side of the paresis,
unilateral or bilateral stroke, first ever or the recur-
rent stroke, the imaging diagnostic with the aetiologic
and the localisation of stroke lesions;

3. the methodological quality of trials: details of
random process, blinding, dropout, reporting and
others;

4. the PT: overall duration of PT, the aims and the most
important characteristics of each PT;

5. the outcomes: all outcomes measured and specifically
the BBS, the PASS, the WBA, the COP, the LOS, the BI,
the FIM, the IADL and the ADL will also be extracted;

6. the prior submission to an ethics committee or the
respect of the declaration of Helsinki on human clin-
ical trials.

Assessment of the risk of bias in included studies
The methodological quality of all included trials will be
separately assessed by two independent authors (AH
and JDM). Agreement between these two authors will
have to be found. In case of disagreement, three more
authors (IB, FG, GR) will have to decide by consensus.
This evaluation will be based on the seven relevant
domains in the ‘risk of bias’ tool of Cochrane Handbook
for Systematic Review of Interventions: (1) random
sequence generation, (2) allocation concealment, (3)
blinding of participants and personnel, (4) blinding of
outcome assessment, (5) incomplete outcome data, (6)
selective reporting and (7) other biases.
The level of risk of bias will be determined for each

domain: (1) high level, (2) unclear level or (3) low level.

Measures of treatment effect
The statistical analysis will be performed according to
the recommendations of the Cochrane Handbook and
using the software of Cochrane Collaboration, RevMan
5.3, available from the Cochrane website (http://tech.
cochrane.org/revman). All outcomes will be continuous
variables. The measurement of effects will be deter-
mined based on the change scores from baseline.
Initially, a fixed-effect model will be used to compare
the outcomes expressed in the same scale. The hetero-
geneity of the effects of trials will be evaluated by the χ2

test and the I2 test. Heterogeneity will be considered as
substantial if the I2 statistic ≥50% and p<0.10. If hetero-
geneity is considered as substantial, reasons for this het-
erogeneity will be searched for and a random-effect
model could be used for comparison. So, the mean dif-
ference, which is the absolute difference between the
mean value in two groups in a trial, and its 95% CIs will
be calculated. To express the PT effects on the function
and the activity, it will be necessary to combine the out-
comes measured in a variety of scales (measures of
WBA, COP and LOS for the function, PASS and BBS for
the activity). Thus, the standardised mean difference
(SMD) and its 95% CIs will be calculated. The SMD
expresses the size of the intervention effect in each trial
relative to the variability observed in that trial. In
Revman, the SMD is calculated based on the Hedges’ g.
For the trials with more than two PT groups and to

prevent a group being counted twice, we will determine
which PT groups are relevant for pair-wise comparisons.
Or, if all are relevant, a further possibility will be to
include each pair-wise comparison separately and to
divide evenly the shared group among the comparisons.
For the trials for which results for a rehabilitation group
are stratified, the absence of substantial heterogeneity
will be verified before mixing the two subgroups of the
same PT.
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Data synthesis
The comparisons will focus on the effects of active PT
versus: (1) no PT, (2) usual care, placebo or control PT
and (3) another active PT. First, immediate outcomes
will be analysed, then delayed outcomes (follow-up
tests), if they have been evaluated.

Subgroup analysis and investigation of heterogeneity
Several subgroup analyses will investigate the effects of
PT according to:
1. the type/nature of PT (eg, electromechanical devices

including biofeedback, robotics and functional elec-
trical stimulation, virtual reality, task-oriented train-
ing, gait training, vibration, non-invasive cerebral
stimulation and so on);

2. the main therapeutic goal of PT; two groups will be
established: (1) PT aiming mainly at the recovery of
postural imbalance and (2) PT not specifically
focused on the recovery of postural imbalance;

3. the localisation of brain lesion; to this purpose, three
subgroups will be identified: (1) hemispheric stroke,
(2) brainstem stroke and (3) cerebellum stroke; a
subgroup analysis will also investigate the effects of
PT according to the side of the hemispheric lesion
(right/left);

4. the type of processing ‘bottom-up’ or ‘top-down’;
5. the methodological quality of trials; two subgroups will

be identified: (1) the trials in which all criteria of meth-
odological quality, detailed in the part entitled ‘assess-
ment of risk of bias in included studies’, will present a
low risk and (2) the trials in which at least one of these
criteria will present an unclear or high risk;

6. the trials assessing or not the level of autonomy (BI,
FIM, IADL, ADL);

7. the time since stroke; to this purpose, three sub-
groups will be identified: (1) early (≤30 days), (2)
late (<180 days) and (3) chronic stroke
(≥180 days).57

We will plan a metaregression of the effects according
to the overall duration of PT.
Considering the high risk of heterogeneity for the dif-

ferent PT investigated, a network meta-analysis is, at the
present, not envisaged.

DISCUSSION
Postural imbalance is frequent in patients with stroke at
early, late or chronic stage. It affects walking abilities,
independence and quality of life.7 Therefore, reduction
of postural imbalance in patients with stroke is a relevant
objective of PT, in order to increase the level of auton-
omy. This meta-analysis aims (1) at determining the effi-
ciency of PT on the recovery of postural imbalance in
adult patients after stroke and (2) at assessing which PT
is more effective when compared with one another. To
this purpose, this systematic review and meta-analysis
aims at upgrading and improving the rehabilitation of
postural imbalance by a complete analysis of all PT. But

our objective is to compare the effects of PT and to
improve the understanding of these PT effects, using
subgroup analyses.
Stroke leads to a large range of clinical subtypes of

postural imbalance and related underlying disorders.
One of the major issues regarding the rehabilitation of
postural imbalance after stroke is the heterogeneity of
stroke and the patients’ deficits. For example, postural
imbalance differs depending on the location and the
size of the brain damage.58 The patients with right hemi-
spheric lesions show a greater WBA and weaker balance
abilities.13 18 58 Moreover, a second major issue is the
variety of PT: human practice and/or electromechanical
devices, several different (re)learning methods (biofeed-
back, repetitive tasks, tasks oriented and so on),
‘top-down’ and ‘bottom-up’ approaches and so on.
Therefore, many relevant issues regarding the rehabili-

tation of postural imbalance after stroke are asked:
Which PT is the best? What is the most relevant between
specific PT focused on postural imbalance and general-
isation effects of non-specific PT? Does the postural
imbalance rehabilitation only involve a sensorimotor
approach? What is the advantage of technology? What is
the efficiency of PT according to the time since stroke?
Which intensity of PT is the most efficient? What are the
effects on the autonomy and the quality of life? The pre-
viously detailed subgroup analyses could describe the
effects of each PT and, thus, contribute to propose a
guideline for rehabilitation of postural imbalance in
patients with stroke. One relevant issue may be to better
identify the appropriate PT for one patient at one time
after stroke.
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Abstract

Background
Stroke results in balance disorders and these directly affect autonomy and quality of life.

The purpose of this systematic review and meta-analysis was to determine the efficacy of

physical therapy (PT) on balance and postural control after stroke.

Methods
We included all randomized controlled trials assessing the efficacy of PT on balance and

postural control in adult patients after stroke without language restriction. Medline, Embase/

Scopus, Cochrane Central Register of Controlled Trials, PEDro, Pascal, and Francis data-

bases were searched until January 2019. Primary outcomes were balance (Berg Balance

scale and Postural Assessment Scale for Stroke) and postural control with postural devia-

tion or stability measurement in sitting or standing static evaluation. A pair of independent
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reviewers selected studies, extracted data, and assessed risk of bias. Meta-analyses with

subgroups (categories of PT, time post-stroke, and lesion location) and meta-regression

(duration of PT) were conducted.

Results
A total of 145 studies (n = 5912) were selected from the 13,123 records identified. For bal-

ance, evidence was found in favor of the efficacy of functional task-training alone (standard-

ized mean difference 0.39, 95% confidence interval [0.09; 0.68], heterogeneity I2 = 63%) or

associated with musculoskeletal intervention and/or cardiopulmonary intervention (0.37,

[0.19; 0.55], I2 = 48%), electrostimulation (0.91, [0.49; 1.34], I2 = 52%) immediately after

intervention, compared to sham treatment or usual care (ST/UC). For postural deviation

eyes open, assistive devices were more effective than no treatment (-0.21, [-0.37; -0.05], I2

= 0%) immediately after intervention; for postural stability eyes open, functional task-training

and sensory interventions were more effective than ST/UC (0.97, [0.35; 1.59], I2 = 65% and

0.80, [0.46; 1.13], I2 = 37% respectively) immediately after intervention.

Conclusions
Functional task-training associated with musculoskeletal intervention and/or cardiopulmo-

nary intervention and sensory interventions seem to be immediately effective in improving

balance and postural stability, respectively. The heterogeneity of PT and the weak methodo-

logical quality of studies limited the interpretation and the confidence in findings.

Introduction
World-wide, approximately 25.7 million people suffered from stroke in 2013 [1], and this was

the third most common cause of disability in 2015 [2]. Stroke frequently results in postural dis-

orders characterized by a mediolateral deviation towards the unaffected lower limb and a

greater instability of the center of pressure [3–11]. These dysfunctions lead to balance disor-

ders [12] that are responsible for an increased risk of falls [13] and a lower level of activity and

participation in stroke patients [14,15]. Balance is associated with ambulation abilities [16–18]

and quality of life [19]. Moreover, balance is a predictor for achieving the ability to walk

[16,20,21] and is also found among the factors potentially modifiable by physical activity [22].

Therefore, developing physical therapy (PT) interventions for the improvement of balance is

relevant for patients with stroke.

PT includes interventions aiming to develop, maintain, and restore movement and func-

tional ability [23]. Current recommendations regarding PT for the improvement of balance

after stroke are based on a poor level of evidence [24–26]. Furthermore, most meta-analyses

selected only studies published in English language despite it having been established that sig-

nificant results are more often published in English-language journals [27,28], introducing

language bias into article selection. In addition, among the meta-analyses that have investi-

gated the effects of PT in patients with stroke these considered multiple outcomes or some spe-

cific approaches of PT [29–42]. Although these did include balance, to the best of our

knowledge no meta-analysis has investigated the effects of all PTs specifically on balance and

postural control after stroke without language restriction. Therefore, the objective of this
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systematic review and meta-analysis was to determine the efficacy of PT (overall and by cate-

gory of PT) on these parameters in adult patients with stroke.

Methods
The protocol was developed using the PRISMA guidelines [43] and Cochrane recommenda-

tions [27], registered in PROSPERO (CRD42016037966), and published in BMJOpen [44] (S1

Checklist and S1 Protocol). Therefore, methods are described only briefly.

Definitions

According to theWorld Health Organization, stroke is defined as “rapidly developing clinical

signs of focal (at times global) disturbance of cerebral function, lasting more than 24 h or leading

to death with no apparent cause other than that of vascular origin” [45]. PT is defined by the

World Confederation for Physical Therapy as “services to individuals and populations to develop,

maintain and restore maximummovement and functional ability throughout the life-span” and

“physical therapy is concerned with identifying and maximizing quality of life and movement

potential within the spheres of promotion, prevention, treatment/intervention, habilitation and

rehabilitation” (http://www.wcpt.org/policy/ps-descriptionPT) [23]. Human posture is the posi-

tion of body parts relative to each other [46]. We defined postural control as the function of body

stabilization based on a sensorimotor complex skill, and of body orientation based on internal

representation of body scheme [47]. We further defined balance as a posture in which an ideal

body mass distribution is achieved and which provides the body carriage stability and conditions

for normal functions in stationary position or in movement (Medline Subject Heading; MeSH).

Eligibility criteria

All types of randomized controlled trials assessing the efficacy of PT on balance or postural

control in adult patients (18 years or above) with stroke were included without language

restriction. Inspired by the meta-analysis conducted by Pollock et al. [40], we included all PTs
that may be used by physiotherapists during rehabilitation without restriction to only PTs that

had a stated objective of promoting recovery of balance or postural control. We included PTs

using electric devices (such as functional electric stimulation), treadmills, and assistive devices

(such as a cane or orthosis). The classification of PT categories, based on that used by Pollock

et al. [40], included assistive devices, constraint-induced therapy, cardiopulmonary interven-

tion, functional task-training, musculoskeletal intervention, sensory interventions, and other

intervention (Table 1). Only the outcomes defined as primary in the following paragraph were

considered for selection of trials.

Outcomes

For this meta-analysis, we studied both balance and postural control. Based on the Interna-

tional Classification of Functioning, Disability and Health (ICF), we considered balance as a

level of activity reflecting functional abilities, and postural control as a body structure function

reflecting both orientation and stabilization body [47]. Therefore, the primary outcomes were:

balance measured by the Berg Balance Scale (BBS) or the Postural Assessment Scale for Stroke

(PASS); postural deviation measured by the weight bearing asymmetry (WBA) on lower limbs

or the mediolateral and anteroposterior position of the center of pressure (COP); and postural

stability measured by all COP sway or limit of stability (LOS) parameters. BBS and PASS are

two clinical scales measuring the functional abilities of patients for various balance skills [44]

(S1 Protocol). BBS is very widely used in studies and has metrological properties that make it

Limited evidence of physical therapy on balance after stroke
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Table 1. Categories of physical therapy.

Categories Component of categories Definition

Assistive devices Cane and aid to stand or walk Described in additional Table 2 in Pollock et al., 2014, p. 361 [40]:
“Devices to assist walking, including sticks and frames”

Orthosis Described in additional Table 2 in Pollock et al., 2014, p. 361 [40]:
“Externally applied orthoses to assist walking, including AFO, knee
braces”

Constraint-induced
therapy

Weight, resistance Passive and external constraint imposed on movements or mobility of
patientsBody or limb positioning

Wedge, lift

Cardiopulmonary
intervention

Fitness, endurance, aerobic training Described in additional Table 2 in Pollock et al., 2014, p. 361 [40]:
“Activities to improve cardiopulmonary fitness”

Functional task-training Balance training Task-oriented training specifically focus on balance in various
modalities.

Gait training Task-oriented training of specifically focus on gait in various
modalities.

Sit-to-stand training Task-oriented training of specifically focus on sit-to-stand in various
modalities.

Transfer training Task-oriented training of specifically focus on transfers in various
modalities.

Reach or upper limb training Task-oriented training of specifically focus on reach or function of
upper limb in various modalities.

Daily activity training Task-oriented training of specifically focus on activities of daily living
in various modalities.

Other task-oriented training Other task-oriented training in various modalities such as
coordination tasks

Musculoskeletal
intervention

Active Strengthening Described in additional Table 2 in Pollock et al., 2014, p. 362 [40]:
“Practice of activities to progressively increase the ability to generate
muscle force, including using body weight and external resistance”

Mobilization Described in additional Table 2 in Pollock et al., 2014, p. 362 [40]:
“Moving a limb through its range of movement, under the patient’s
active control without assistance”

Active assisted Mobilization Described in additional Table 2 in Pollock et al., 2014, p. 362 [40]:
“Moving a limb through its range of movement, under the patient’s
active control with assistance”

Electrostimulation Electrical current used to produce a muscle contraction

Passive Mobilization Described in additional Table 2 in Pollock et al., 2014, p. 362 [40]:
“Moving a limb through its range of movement, whilst the patient is
passive”

Stretching Lengthening of muscle to improve elasticity and control muscle tone.

Immobilization Described in additional Table 2 in Pollock et al., 2014, p. 362 [40]:
“placing a limb or body part in a supported position, to maintain
optimal alignment “

Verticalization Described in additional Table 2 in Pollock et al., 2014, p. 362 [40]: “To
promote early lower limb loading”

Massage Described in additional Table 2 in Pollock et al., 2014, p. 362 [40]:
“Manipulation of soft tissue, using the hands or a tool designed for the
purpose

Neurophysiological
intervention

Bobath, Proprioceptive neuromuscular
facilitation and other neurodevelopmental
interventions

Described in additional Table 1 in Pollock et al., 2014, p. 356–362 [40]:
“Intervention which is described as facilitation of movement”

Sensory interventions Tactile, vibration, thermal, proprioception Practice of stimulation, perturbation or modification of sensorial input
(e.g. tactile, thermal, proprioception, visual, vestibular) by different
methods.

Visual

Vestibular

(Continued)
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a gold standard to assess balance in patients with stroke. We included studies that assessed pos-

tural control with postural deviation or stability measurement in sitting or standing static eval-

uation on a force plate with eyes open (EO) or closed (EC). Postural deviation included

mediolateral postural deviation (measured byWBA and mediolateral position of COP) and

anteroposterior postural deviation (measured by anteroposterior position of COP). Addition-

ally, we included studies that measured WBA by means of another device than force plate,

such as weight scale, if the measure was done in static position. The secondary outcome was

autonomy measured by the Barthel Index, the Functional Independence Measure, the Activi-

ties of Daily Living or the Instrumental Activities of Daily Living scales.

Data sources

Medline, Elsevier databases (i.e. EMBASE until October 2015, SCOPUS thereafter), Cochrane

Central Register of Controlled Trials, PEDro, Pascal, and Francis databases were searched

from inception until January 14, 2019 (S1 Table and S1 Protocol for search strategy [44]). Sco-

pus was replaced by Embase because we had no longer access to it. These two databases are

both produced by Elsevier and the recall by Scopus of references found by Embase was optimal

or suboptimal that is considered as acceptable [48]. Unpublished studies, conferences, and pre-

sentations were searched without language restriction.

Study selection

Based on eligibility criteria, two authors (AH, JDM) independently selected the studies. The

judgment of three other authors (IB, FG, GR) was used to resolve potential conflicts [44] (S1

Protocol). No language restriction was applied.

Data extraction

Two authors (AH and JDM) independently extracted data; potential conflicts were resolved

with the help of three other authors (IB, FG, GR). In case of unclear or missing data, we con-

tacted the authors of the respective studies. Extracted data included: study design, participant

characteristics, risk of bias, PT characteristics, and outcomes (S1 Protocol [44]). All outcomes

were statistically treated as continuous measures. We extracted the mean value, the standard

deviation (SD), and the number of participants to the outcome measurements in each inter-

vention group. The change-from-baseline was used to determine the outcome. Due to poor,

variable or incomplete reporting of change score, different methods were used to obtain

the mean and SD of changes when necessary. The most parsimonious statistical treatment

was preferred. Finally, when only mean and SD values for before and after intervention

Table 1. (Continued)

Categories Component of categories Definition

Other intervention Acupuncture Described in additional Table 2 in Pollock et al., 2014, p. 362 [40]:
“Devices to assist walking, including sticks and frames”

Aquatic therapy Use of aquatic environment to assist or stimulate function or mobility
of body

Body awareness therapy Practice aimed at being aware of one owns body and reflect upon how
the body feels when performing the movements

Other

This classification was based on the classification reported in Pollock et al., 2014, a Cochrane meta-analysis (additional Table 1 p. 356–361 and additional Table 2

p. 361–363).

https://doi.org/10.1371/journal.pone.0221700.t001
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assessments were given, SD was imputed by using a correlation coefficient with respect to the

most conservative approach.

Risk of bias assessment

Two authors (AH and JDM) independently assessed the seven items of the risk of bias tool

from the Cochrane Collaboration [27] for each study, and used the Grades of Recommenda-

tion, Assessment, Development, and Evaluations (GRADE) as reported in Cochrane Hand-

book [27] to assess the overall quality of evidence of this meta-analysis. The judgment of two

other authors (MC, FG) was used to resolve potential conflicts.

Data synthesis and analysis

Statistical analyses were performed using R (R Foundation for Statistical Computing, Vienna,

Austria; available in http://www.R-project.org/; version 3.5.2). Concordance between authors

for the selection of studies was estimated using the Cohen’s Kappa coefficient and the recom-

mendations of Landis and Kock [49]. Post-intervention effects were investigated by calculating

the change from baseline to the immediate post-intervention assessment, and persisting effects

by computing the change from baseline to the last follow-up assessment. These changes were

compared between groups. The inverse-variance method was applied to summarize effects

across studies. The summary effect estimate for all scales was calculated as the mean difference

and its 95% confidence interval (95%CI). The estimate for outcomes was calculated as the stan-

dardized mean difference (SMD) and its 95%CI [44] because each outcome pooled several

scales. We used Hedges’g to calculate SMD. The fixed-effect model was applied by default and

the random-effect model was used in case of substantial heterogeneity (I2�50%) [44] (S1 Pro-

tocol). We summarize effects of crossover trials by following the recommendations of

Cochrane Handbook (chapter 16.4) [27]. When several scales were available for the same out-

come and to prevent any overweight of a study in a same SMD analysis, we ranked the scales

based on the frequency of use in all trials. We selected the most frequent scales.

We performed subgroup analyses according to categories of PT, time post-stroke, and loca-

tion of stroke lesion. We also performed sensitivity analyses to explore the effects of methodo-

logical quality according to appraisal of risk of bias. We investigated publication bias by funnel

plots, contour-enhanced funnel plot, and Egger tests [27,50,51]. If publication bias was sus-

pected, we performed the trim and fill method as a form of sensitivity analysis of the pooled

estimate [50,52,53]. To determine the impact of the dose of PT, effect estimates were correlated

with parameters of duration of PT using meta-regression. We compared PT versus no treat-

ment (NT) and PT versus sham treatment (ST) or usual care (UC), irrespective of the design

of study used (direct design, e.g. A versus B; or “add-on” design, e.g. A+C versus B+C). ST was

a placebo treatment or a control treatment different from a PT, such as music or relaxation,

delivered using the same protocol as that used in the experimental group. UC was various and

non-protocoled standard care freely defined by therapists according to practices at that time.

Results

Study selection

Among the 13,123 records identified, 10,663 single records were screened. For title screening,

8345 studies were excluded because they clearly did not address the topic of stroke or that did

not include human subjects, or that the design mentioned in the title was explicitly different

from a randomized controlled trial. The reasons for exclusion of records during the abstract

screening then the full-text assessment are reported in the flow chart (Fig 1). For assessment of
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full-text eligibility, 56 studies were translated by co-authors (Chinese: n = 27, German: n = 6,

Korean: n = 5, Spanish: n = 4, Russian: n = 3, Italian: n = 2, Persian: n = 2, Portuguese: n = 2,

Turkish: n = 2, Japanese: n = 1, Norwegian: n = 1, Polish: n = 1). A total of 145 studies were

selected (Fig 1 and S2 Table). The mean concordance between the two independent authors

for the three steps of selection process, was substantial (kappa = 0.64). The authors of 130 of

the 145 studies regarding unclear or missing data were contacted; answers were received for 20

studies.

Study and participant characteristics

A total of 91 comparisons of PT versus NT in 76 studies and 81 comparisons of PT versus ST/

UC in 70 studies were analyzed; 1 study was included in both comparisons. Among these 145

studies, 18 were of crossover design and 127 parallel group design; they included a total of

5912 participants (mean: 40.8, SD: 42.9, range: 7–408). Weighted participant age was 60.8

years (SD: 44.3, range: 46.9–78.5; S3 Table).

Risk of bias

Risk of bias was low for random sequence generation in 55% of studies, for allocation conceal-

ment in 13% of studies, for blinding outcome assessment in 44% of studies, for incomplete

outcome data in 17% of studies, and for selective reporting in 16% of studies. Most studies had

a high or unclear risk of bias for blinding of patients and therapists (99%) but a low risk for

other bias (92%; S1 Fig and S4 Table). Funnel plots and Egger tests found no evidence of publi-

cation bias for PT versus NT on balance, mediolateral postural deviation EO, postural stability

EO, or autonomy; whereas for comparison PT versus ST/UC, there was a potential publication

bias on balance (post-intervention effects and persisting effects), postural stability EO (post-

intervention effects), and autonomy (post-intervention effects and persisting effects). The

number of unpublished studies estimated by the trim and fill method was 0 for post-interven-

tion effects on postural stability EO and post-intervention effects on autonomy, 1 for post-

intervention effects on balance, 4 for persisting effects on autonomy, and 9 for persisting

effects on balance (S2 Fig and S5 Table).

Physical therapy

Functional task-training (including balance training) and assistive devices were the most com-

mon categories of PT that were compared to NT. Functional task-training, musculoskeletal

interventions, and sensory interventions were the most common categories of PT that were

compared to ST/UC (S6 Table).

Expressed as median values, participants received an additional 300 minutes dispensed in

12 sessions of 20 minutes for 3 weeks (PT versus NT). When PT was compared to ST/UC,

treatment was delivered over 570 minutes, and dispensed in 16 sessions of 30 minutes for 5

weeks (S7 Table).

Outcomes/Measures

BBS was the most common scale of balance used in studies for both post-intervention and per-

sisting effects. For autonomy, the Barthel Index was the most frequent scale used. Sixty-four

different parameters for WBA, LOS, and COP were identified. Fifty-one of these were assessed

in�5 studies and the most common parameter was assessed in 23 studies (S8 Table).

Fig 1. Flow-chart.

https://doi.org/10.1371/journal.pone.0221700.g001
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Effects

Balance. PT had a significantly beneficial post-intervention effect compared to NT (37

studies, 1721 participants, SMD 0.46, 95%CI [0.37; 0.56]) with low heterogeneity (I2 = 19%).

Significant positive SMDs were found for constraint-induced therapy, functional task-training,

functional task-training associated with musculoskeletal intervention and/or cardiopulmonary

intervention, musculoskeletal intervention with body awareness therapy, and musculoskeletal

intervention by active strengthening; and non-significant SMDs for acupuncture, musculo-

skeletal intervention by electrostimulation, sensory interventions and other intervention (no

significant between-subgroup difference, p = 0.29; Fig 2). There were significant positive

SMDs for acute-subacute stroke patient and chronic stroke patient subgroups without signifi-

cant between-subgroup difference (p = 0.50; S9 Table). A significant positive SMD was found

for a subgroup of studies that included only supratentorial stroke patients (S10 Table). There

Fig 2. Forest plot of PT versus NT. Outcome: Balance, post-intervention effects. Risk of bias: A, Random sequence
generation; B, Allocation concealment; C, Blinding of outcome assessment; D, Incomplete outcome data; E, Blinding
of participants and therapists; F, Selective reporting; G, Other bias. Risk of bias: green color corresponds to low risk,
yellow color unclear risk, and red color high risk. Abbreviations: CI, Confidence interval; SD, Standard deviation;
SMD, Standardized mean difference.

https://doi.org/10.1371/journal.pone.0221700.g002
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was no significant meta-regression with duration of PT. For each item of bias, removing the

studies judged as having high or unclear risk found a similar direction of SMDs favoring PT

(except for blinding of patients and therapists because all studies showed a high or unclear

risk; S3 Fig).

There was a non-significant SMD between PT and NT for persisting effects (11 studies, 493

participants, SMD 0.29, 95%CI [-0.02; 0.59]) with substantial heterogeneity (I2 = 60%). A sig-

nificant between-subgroup difference was found (p<0.01); there were significant positive

SMDs for subgroups of functional task-training, of musculoskeletal intervention with body

awareness therapy and of musculoskeletal intervention by active strengthening; a significant

negative SMD for the subgroup of constraint-induced therapy; and non-significant SMDs for

the subgroup of functional task-training associated with musculoskeletal intervention and/or

cardiopulmonary intervention (Fig 3). There was a significant positive SMD for the subgroup

of chronic stroke patients and a non-significant SMD for the subgroup of acute-subacute

stroke patients, without significant difference between subgroups (p = 0.64; S9 Table).

PT had a significantly beneficial post-intervention effect compared to ST/UC (46 studies,

2051 participants, SMD 0.43, 95%CI [0.28; 0.59]) with substantial heterogeneity (I2 = 61%).

There was a significant between-subgroup difference (p<0.01). There were significant positive

SMDs for functional task-training alone or associated with musculoskeletal intervention and/

or cardiopulmonary intervention, musculoskeletal intervention by electrostimulation, and

respiratory training; and non-significant SMDs for musculoskeletal intervention by active

strengthening or by immobilization and sensory interventions (Fig 4). There were significant

positive SMDs for acute-subacute stroke patient and chronic stroke patient subgroups, without

between significant between-subgroup difference (p = 0.16; S9 Table). A non-significant SMD

was found for a subgroup of studies that included only supratentorial stroke patients (S10 Table).

Fig 3. Forest plot of PT versus NT. Outcome: Balance, persisting effects. Risk of bias: A, Random sequence generation; B, Allocation concealment; C,
Blinding of outcome assessment; D, Incomplete outcome data; E, Blinding of participants and therapists; F, Selective reporting; G, Other bias. Risk of bias:
green color corresponds to low risk, yellow color unclear risk, and red color high risk. Abbreviations: CI, Confidence interval; SD, Standard deviation; SMD,
Standardized mean difference.

https://doi.org/10.1371/journal.pone.0221700.g003
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There was a significant negative meta-regression between SMD and the number of weeks of PT

(p = 0.04; S4 Fig). Removing all studies judged as having high or unclear risk for random sequence

generation, blinding of participants and therapists, blinding of outcome assessment, incomplete

outcome data, and other bias found a similar direction of SMDs favoring PT, whereas for alloca-

tion concealment and selective reporting SMDs became non-significant (S5 Fig). The summary

post-intervention effect estimate adjusted for the potential publication bias concerning balance

for the comparison PT versus ST/UC was similar and still in favor of PT (1 missing point, SMD

0.43, 95%CI [0.27; 0.58], I2 = 61% according to the trim and fill method).

PT had a significantly beneficial persisting effect compared to ST/UC (18 studies, 1150

participants, SMD 0.18, 95%CI [0.06; 0.30]) with moderate heterogeneity (I2 = 49%). A signifi-

cant positive SMD was only found for the subgroup of musculoskeletal intervention by electro-

stimulation (Fig 5). There were significant positive SMDs for acute-subacute stroke patient

and chronic stroke patient subgroups (S9 Table); and a non-significant SMD for a subgroup of

Fig 4. Forest plot of PT versus ST/UC. Outcome: Balance, post-intervention effects. Risk of bias: A, Random
sequence generation; B, Allocation concealment; C, Blinding of outcome assessment; D, Incomplete outcome data; E,
Blinding of participants and therapists; F, Selective reporting; G, Other bias. Risk of bias: green color corresponds to
low risk, yellow color unclear risk, and red color high risk. Abbreviations: CI, Confidence interval; SD, Standard
deviation; SMD, Standardized mean difference.

https://doi.org/10.1371/journal.pone.0221700.g004
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studies that included only supratentorial stroke patients (S10 Table). The summary persisting

effect estimate adjusted for the potential publication bias on balance for the comparison PT

versus ST/UC became non-significant (9 missing points, SMD 0.03, 95%CI [-0.17; 0.23], I2 =

67%, according to the trim and fill method).

Mediolateral postural deviation. PT had a significantly beneficial post-intervention effect

EO compared to NT (11 studies, 329 participants, SMD -0.23, 95%CI [-0.36; -0.09]) without

heterogeneity (I2 = 0%). There were significant negative SMDs for assistive device and func-

tional task-training; and a non-significant SMD for constraint-induced therapy and musculo-

skeletal intervention by immobilization; with a significant between-subgroup difference

(p = 0.06; Fig 6). There was a significant negative SMD for the subgroup of acute-subacute

stroke patients and a non-significant SMD for the subgroup of chronic stroke patients (1

study), without between significant between-subgroup difference (p = 0.34). There was a non-

significant SMD for a subgroup of studies that included only supratentorial stroke patients (S9

and S10 Tables). We found no significant meta-regression with duration of PT. Removing all

studies judged as having high or unclear risk for incomplete outcome data and other bias

showed a similar direction of SMDs favoring PT, whereas for random sequence generation

and selective reporting, SMDs became non-significant (S6 Fig).

A non-significant SMD was found between PT and NT for persisting effects EO (3 studies,

50 participants, SMD -0.44, 95%CI [-1.05; 0.16]), without heterogeneity (I2 = 0%) and signifi-

cant difference between categories of PT (p = 0.96; Fig 6).

Fig 5. Forest plot of PT versus ST/UC. Outcome: Balance, persisting effects. Risk of bias: A, Random sequence generation; B, Allocation
concealment; C, Blinding of outcome assessment; D, Incomplete outcome data; E, Blinding of participants and therapists; F, Selective reporting; G,
Other bias. Risk of bias: green color corresponds to low risk, yellow color unclear risk, and red color high risk. Abbreviations: CI, Confidence interval;
SD, Standard deviation; SMD, Standardized mean difference.

https://doi.org/10.1371/journal.pone.0221700.g005
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A non-significant SMD was found between PT and ST/UC for post-intervention effects

EO (4 studies, 122 participants, SMD -0.15, 95%CI [-0.52; 0.21]) with moderate heterogeneity

(I2 = 38%). All category of PTs such as functional task-training associated with musculoskeletal

intervention and/or cardiopulmonary intervention, or with another intervention and sensory

interventions had non-significant SMDs (Fig 6). There was a significant negative SMD for

chronic stroke patients subgroup and a non-significant SMD for acute-subacute stroke

patients subgroup (1 study), without significant between-subgroup difference (p = 0.11; S9

Table). A non-significant SMD was found for a subgroup of study that included only supraten-

torial stroke patients (1 study; S10 Table). There was a positive meta-regression between SMD

and the overall duration of PT (5 studies, p = 0.052). Removing all studies judged as having

Fig 6. Forest plot of PT versus NT and versus ST/UC. Outcome: Mediolateral postural deviation EO. Risk of bias:
A, Random sequence generation; B, Allocation concealment; C, Blinding of outcome assessment; D, Incomplete
outcome data; E, Blinding of participants and therapists; F, Selective reporting; G, Other bias. Risk of bias: green color
corresponds to low risk, yellow color unclear risk, and red color high risk. Abbreviations: CI, Confidence interval; SD,
Standard deviation; SMD, Standardized mean difference.

https://doi.org/10.1371/journal.pone.0221700.g006
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high or unclear risk for blinding of outcome assessment and blinding of patients and therapists

changed the direction of SMDs favoring PT, whereas for incomplete outcome data and other

bias, SMDs still were non-significant (S7 Fig). No study investigated persisting effects of PT

compared to ST/UC.

Postural stability. PT had a significantly beneficial post-intervention effect EO compared

to NT (16 studies, 504 participants, SMD 0.47, 95%CI [0.29; 0.65]) with low heterogeneity

(I2 = 29%). There was a significant positive SMDs for acupuncture, functional task-training,

musculoskeletal intervention by mobilization, and sensory interventions; and non-significant

SMDs for functional task-training associated with musculoskeletal intervention and/or cardio-

pulmonary intervention and for other interventions; without significant between-subgroup

difference (p = 0.26; Fig 7). There was a significant positive SMD for acute-subacute stroke

patients subgroup, and a non-significant SMD for chronic stroke patients subgroup, without

significant between-subgroup difference (p = 1.00; S9 Table). A non-significant SMD was

found for a subgroup of study that included only supratentorial stroke patients (S10 Table).

There was no significant meta-regression with duration of PT. Removing all studies judged as

Fig 7. Forest plot of PT versus NT. Outcome: Postural stability EO. Risk of bias: A, Random sequence generation; B,
Allocation concealment; C, Blinding of outcome assessment; D, Incomplete outcome data; E, Blinding of participants and
therapists; F, Selective reporting; G, Other bias. Risk of bias: green color corresponds to low risk, yellow color unclear risk,
and red color high risk. Abbreviations: CI, Confidence interval; SD, Standard deviation; SMD, Standardized mean
difference.

https://doi.org/10.1371/journal.pone.0221700.g007
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having high or unclear risk for random sequence generation, blinding of outcome assessment,

incomplete outcome data and other bias showed a similar direction of SMD favoring PT,

whereas for concealment allocation and selective reporting, SMDs became non-significant (S8

Fig). For EC, PT had a significantly beneficial post-intervention effect compared to NT (9 stud-

ies, 229 participants, SMD 0.34, 95%CI [0.08; 0.61]) without heterogeneity (I2 = 0%; S9 Fig).

PT had a significantly beneficial post-intervention effect EO compared to ST/UC (15 stud-

ies, 574 participants, SMD 0.96, 95%CI [0.55; 1.37]) with substantial heterogeneity (I2 = 78%).

There were significant positive SMDs for functional task-training, musculoskeletal interven-

tion by mobilization, and sensory interventions; and non-significant SMDs for assistive

devices, functional task-training associated with musculoskeletal intervention and/or cardio-

pulmonary intervention or with another intervention, musculoskeletal intervention by active

strengthening and musculoskeletal intervention by immobilization; without significant

between-subgroup difference (p = 0.29; Fig 8). There was a significant positive SMD for

chronic stroke patients subgroup and a non-significant SMD for acute-subacute stroke

patients subgroup, with a significant between-subgroup difference (p = 0.09; S9 Table). We

found a non-significant SMD for a subgroup of study that included only supratentorial stroke

patients (1 study; S10 Table). There was a significant positive meta-regression between post-

intervention effects and the overall duration of PT for the subgroup of sensory interventions

(S4 Fig). Removing all studies judged as having high or unclear risk for random sequence gen-

eration, blinding of outcome assessment, and other bias showed a similar direction of SMD

favoring PT, whereas for incomplete outcome data, SMD became non-significant. All studies

showed a high or unclear risk of bias for concealment allocation and for blinding of patients

and therapists (S10 Fig). The summary post-intervention effect estimate adjusted on the

potential publication bias concerning postural stability EO for the comparison PT versus ST/

UC was not changed (0 missing point according to the trim and fill method). Considering the

atypical treatment effect of a study, Furnari et al. (2014) [54] compared to other studies, we

performed a sensitivity analysis that found a summary SMD still in favor of PT (14 studies, 534

participants, SMD 0.72, 95%CI [0.45; 0.98], I2 = 46%). For EC, there was a significantly benefi-

cial post-intervention effect of PT (10 studies, 352 participants, SMD 1.02, 95%CI [0.38; 1.67])

with substantial heterogeneity (I2 = 86%; S9 Fig). A sensitivity analysis removing one study,

Furnari et al. (2014) [54], found a summary SMD still in favor of PT (SMD 0.62, 95%CI [0.25;

0.98], I2 = 57%). For either EO or EC, the persisting effects of PT compared to NT and these of

PT compared to ST/UC are reported in Figs 7 and 8 and in S9 Fig.

Other outcomes and quality of evidence. The results of analyses on data extracted for

autonomy are presented in S11–S13 Figs and in S9 and S10 Tables. Moreover, the quality of

evidence according to GRADE for all outcomes is presented in S11 Table.

Discussion
The present study found that the overall post-intervention effects were in favor of PT compared

to NT for balance, mediolateral postural deviation EO, and postural stability (EO or EC), and

compared to ST/UC for balance and postural stability (EO or EC) after stroke. Few categories of

PT were more effective than NT in improving balance after stroke immediately after interven-

tion. However, caution should be taken when interpreting these results owing to a small num-

ber of studies, participants, or substantial heterogeneity within subgroups. The findings

therefore only support that functional task-training alone had a beneficial effect in improving

balance compared to NT, owing to the absence of heterogeneity and a sufficient number of trials

and participants. For instance, a beneficial effect for functional task-training associated with

musculoskeletal intervention and/or cardiopulmonary intervention could be concluded if there
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was less heterogeneity. The present study also found limited evidence for the effect on balance

compared to ST/UC in patients with stroke. The results allow only to conclude a beneficial effect

immediately after intervention of functional task-training associated with musculoskeletal inter-

vention and/or cardiopulmonary intervention but also the lack of efficacy of sensory interven-

tions (such as vibration or tactile stimulation); substantial heterogeneity precludes conclusions

as to the efficacy of functional task-training alone, or of musculoskeletal intervention by electro-

stimulation. Similarly, for persisting effects of PT, only the lack of efficacy for sensory interven-

tions compared to ST/UC could be concluded. Another point of interest of the present study is

the investigation of effects on postural control. We could conclude for post-intervention effects

that assistive devices were more effective than NT in reducing mediolateral postural deviation

EO, and that functional task-training alone and sensory interventions were, respectively, more

effective than NT and ST/UC in increasing postural stability (either EO or EC).

Fig 8. Forest plot of PT versus ST/UC. Outcome: Postural stability EO. Risk of bias: A, Random sequence
generation; B, Allocation concealment; C, Blinding of outcome assessment; D, Incomplete outcome data; E, Blinding
of participants and therapists; F, Selective reporting; G, Other bias. Risk of bias: green color corresponds to low risk,
yellow color unclear risk, and red color high risk. Abbreviations: CI, Confidence interval; SD, Standard deviation;
SMD, Standardized mean difference.

https://doi.org/10.1371/journal.pone.0221700.g008
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Another point is that the beneficial effect of functional task-training alone on both balance,

which is considered as activity according to the ICF, and postural stability (EO or EC), which

is considered as body structure function according to the ICF, could suggest a transfer of learn-

ing from body structure function to activity level. Van Duijnhoven et al. (2016) [42] found
ambiguous results for outcomes addressing body structure function and beneficial effects for

balance (considered as activity) and suggested an optimization of compensatory balance strate-

gies. Fewer studies (n = 36) were included in their meta-analysis than herein, which may go

some way to explain this difference. Another important finding of the present meta-analysis is

that with respect to comparisons made between PT and NT, those made between PT and ST/

UC had smaller effect sizes and/or greater heterogeneity, which leads us to question whether

or not there are specific effects of PT. It should be also noted that the reduction or the non-sig-

nificance of SMD, in most cases, between post-intervention and persisting effects supports a

short-term effect of PT.

Treatment modalities, such as the dose or the way to apply the PT, were very different

between studies within a category of PT. This could explain part of the heterogeneity, and a

better understanding of the mechanisms of action of the various categories of PT could

improve the interpretation of any potential effect. More generally, the weak methodological

quality of studies and the absence of significant effect when only studies at a low risk of bias

were considered indicates that caution should be taken when interpreting the results. There-

fore, implications of the present findings for clinical practice are limited. To address this issue,

priority should be given to conduct trials of better methodological quality, especially regarding

random sequence generation, allocation concealment [55], blinding outcome [56], and incom-

plete outcome data. It is also of note that data regarding the included population, therapies,

and the size and precision of effects were often unclear or missing in the studies identified

herein, and could be a source of the heterogeneity observed. This underlines the importance of

the quality of reporting, as also identified by the Stroke Recovery and Rehabilitation Roundta-

ble [57]. The sample size of studies was often too small, increasing the risk of overestimate the

effect size [58], and the outcome measures used to assess effects were too wide. Larger, multi-

center trials with standardization and consensus of outcome measures, as well as a rigorous

control of potential bias, should therefore be conducted to provide more robust data.

Conclusion
PT had beneficial overall post-intervention effects on balance and postural stability after

stroke. Only functional task-training associated with musculoskeletal intervention and/or car-

diopulmonary intervention and sensory interventions seemed to be immediately effective in

improving balance or postural stability respectively. The heterogeneity of PT studied and the

weak methodological quality of studies strongly limited the meaning and the confidence in

findings.
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Université Rennes 1, Rennes, France, 7 UMR 5558 CNRS Lyon, Université de Lyon, Université Lyon 1,
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Abstract

Background
Findings regarding the impact of language bias on treatment effect estimates (TEE) are con-

flicting, and very few studies have assessed these impacts in rehabilitation. The purpose

was to compare TEE between studies published in non-English language (SPNEL) and

those published in English language (SPEL) included in a previously published meta-analy-

sis assessing the effects of physical therapy on balance and postural control after stroke.

Methods
Six databases were searched until January 2019. Two independent reviewers selected ran-

domised trials, extracted data, and assessed risk of bias. We conducted subgroup meta-

analyses according to the language of study publication, then compared TEE between

SPEL and SPNEL subgroups by using a random-effects meta-regression model.

Results
From 13,123 records, 132 SPEL (n = 5219) and 13 SPNEL (n = 693) were included. SPNEL

had a weight in the pooled estimate (8.2%) significantly lower than SPEL (91.8%; p 0.001).

Compared to SPEL, SPNEL had both significantly worse methodological quality (p = 0.002)

and quality of reporting for blinding of outcome assessment (p 0.001); and a significantly

worse quality of reporting for incomplete outcome data (p 0.001). SPNEL had a significantly

worse precision (i.e. inverse of variance) of TEE than SPEL (p = 0.005). Overall, the TEE

was not significantly different between SPNEL and SPEL (standardised mean difference
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-0.16, 95% confidence interval [-0.53; 0.22], heterogeneity I2 = 78%). However, when PT

was compared to sham treatment or usual care, SPNEL significantly over-estimated treat-

ment effects (SMD -0.68, 95%CI [-1.03; -0.33], I2 = 39%) compared to SPEL. Restriction of

the search to SPEL only did not change the direction of TEE for 8 out of 9 comparisons.

Conclusions
SPNEL had a worse methodological quality than SPEL and were likely to over-estimate

treatment effect. If inclusion of SPNEL in a systematic review is considered to be relevant,

the impact of such studies on TEE should be explored by sensitivity analyses to ensure the

findings validity.

Introduction
After stroke, patients suffer frequently postural and balance disorders [1–5] leading to an

increased risk of falls [6] as well as a reduced level of activity and participation [7,8]. Balance

disorders have a negative impact on gait abilities [9–12] and quality of life [13]. Addressing the

issue of rehabilitation of stroke patients is therefore relevant. Owing to the large of number of

studies investigating rehabilitation after stroke, and particularly that of balance disorders,

meta-analyses evaluating the effects of physical therapy (PT) on balance after stroke are impor-

tant tools to help health professionals make decisions in clinical practice [14]. To ensure the

highest possible validity, the Cochrane Collaboration recommends to prevent publication bias

by performing a large and extensive literature search including grey literature and unpublished

studies [15]. This is supported by evidence of an association between direction of results and

publication; studies with positive or significant results are more likely to be published than

those with negative or non-significant results [16–24]. For example, Dechartres et al. (2018)
showed a treatment effect overestimation of 10% in favour of published trials compared to

unpublished trials [16]. The Cochrane Collaboration also recommends to prevent language

bias by not restricting the search to studies published in English language (SPEL) only [15].

However, studies investigating language bias report divergent results [18,25]. For instance,

Egger et al. (1997) found that non-statistically significant trials were more likely to be pub-

lished in a language other than English [26] whereas other studies found a treatment effect

overestimation (14 to 16%) in favour of studies published in non-English language (SPNEL)

compared to SPEL [16,27,28]. The impact of language could vary according to different spe-

cialties of medicine and health. The over-estimation of treatment effects by SPNEL was found

in complementary and alternative medicine but not in conventional medicine [27,28]. To the

best of our knowledge, the influence of publication language has not yet been described in the

field of rehabilitation, and more specifically in the evaluation of the effects of PT on postural

control and balance after stroke. The purpose of the present study was therefore to determine

the contribution and impact of SPNEL and SPEL on estimates of treatment effects and conclu-

sions of such analyses.

Methods
The study presented herein is a secondary analysis of a previously published meta-analysis,

Hugues et al., 2019 [29]. For the latter, we established a protocol following the recommenda-

tions of the PRISMA statement [30] and the Cochrane Collaboration [15], which was
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registered in PROSPERO (CRD42016037966), and published [31]. We therefore only briefly

report herein the method used.

Selection criteria

We included all randomised controlled trials (RCTs) assessing the efficacy of PT on postural

control and balance in adult stroke patients (�18 years) without language restriction. Only the
primary outcomes were considered for the selection of trials. One of the outcomes was balance

measured by the Berg Balance Scale (BBS) or the Postural Assessment Scale for Stroke (PASS)

that reflected functional ability of patients. The other outcomes assessed postural control and

were postural deviation and postural stability. Autonomy was the secondary outcome, mea-

sured by the Barthel Index, the Functional Independence Measure, the Activities of Daily Liv-

ing, or the Instrumental Activities of Daily Living scales.

Sources

We searched MEDLINE, Elsevier databases (i.e. EMBASE until October 2015, SCOPUS there-

after), Cochrane Central Register of Controlled Trials, PEDro, Pascal, and Francis databases

from inception until 14 January 2019. The search strategy and keywords are described in the

published protocol and the meta-analysis [29,31]. Unpublished trials and grey literature were

searched by contacting experts, reading conference proceedings, and with the help of a librar-

ian. Unpublished studies, conference abstracts, and presentations were searched without lan-

guage restriction.

Study selection, data extraction, and risk of bias assessment

Two independent authors (AH, JDM) selected all records according to the selection criteria,

then conducted data extraction and assessed risk of bias for each study included. In case of dis-

agreement for the selection and the extraction, we requested the judgement of three other

authors (GR, IB, FG) to resolve conflicts [31]. In case of disagreement for the assessment of the

risk of bias, we also asked the judgement of two other authors (MC, FG) to resolve conflicts

[31]. We extracted data related to study design, participant characteristics, risk of bias, PT

characteristics, and outcomes [29,31]. We assessed risk of bias for each study following the risk

of bias scale of the Cochrane Collaboration [15]. The risk of bias for each item (i.e. random
sequence generation, allocation concealment, blinding of outcome assessment, incomplete

outcome data, blinding of patients and personnel, selective reporting, and other bias) was

judged as low, high, or unclear. All outcomes were continuous measures. We determined

treatment effect estimates of each study for each outcome by extracting the number of partici-

pants, the mean value and the standard deviation (SD) in each group.

Data synthesis and analysis

In Hugues et al. [29], we compared PT to no treatment and PT to sham treatment or usual

care. For each outcome, we determined the post-intervention effect by the change from base-

line to the immediate post-intervention assessment, and the persisting effect by the change

from baseline to the last follow-up assessment. To estimate the mean and SD values of the

change score when they were not reported by authors in the published article, we used the

most parsimonious statistical treatment. When we needed to perform an imputation of the

change SD, we used the most conservative correlation coefficient [15]. The treatment effect

estimate was based on the difference between groups of changes from baseline in each group.

The pooled estimate of treatment effects was based on the inverse variance method and was
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expressed for each outcome by the standardised mean difference (SMD) and its 95% confi-

dence interval (95%CI).

To evaluate the impact of language, we performed subgroup meta-analyses according to

language of publication (SPEL and SPNEL) and using a random-effects model. We then com-

pared the weight, the variance, the precision (i.e. inverse of variance), the SMD (expressed in

absolute value indicating the magnitude of effect, and in real number with the sign indicating

in addition the direction of effect), the number of studies, and the number of participants of

pooled estimates between SPEL and SPNEL subgroups. We subsequently calculated the differ-

ence of treatment effect between study subgroups for each outcome by means of the standard-

ised difference between pooled treatment effect estimates of each subgroup meta-analysis,

using a random-effects meta-regression model to incorporate heterogeneity between studies.

We then performed a meta-analysis of theses treatment effect differences by using a random-

effects model to estimate the overall effect of language.

We investigated differences of methodological quality between SPEL and SPNEL by com-

paring the number of studies judged as having a low risk of bias to that having an unclear or

high risk. To better understand effects of language, we investigated whether the difference

between the treatment effect estimate from all studies without restriction of publication lan-

guage and that from SPEL only depended on the weight of SPNEL subgroup. To estimate the

difference of quality of reporting between SPEL and SPNEL, we compared the number of stud-

ies judged as having an unclear risk of bias in each group. After having assigned a discrete

value to three levels of judgement for all items of risk of bias (high: 0, unclear: 1, low: 2), the

overall score for the risk of bias was compared between SPEL and SPNEL. We assessed the risk

of publication bias by funnel plots, contour-enhanced funnel plot, and Egger tests [15,32,33].

We compared characteristics of studies, PT, and outcomes between SPEL and SPNEL.

Categorial or qualitative measures were compared using Fisher’s exact test or Chi2 test, and

continuous measures were compared by non-parametric tests, if the hypothesis of normal dis-

tribution was rejected or by parametric tests, otherwise. We considered a p-value�0.05 as sta-
tistically significant. We performed all statistical analyses using R software (R Foundation for

Statistical Computing, Vienna, Austria; available in http://www.R-project.org/; version 3.6.1).

Results

Study selection

The selection process is reported in Fig 1. Briefly, among the 13,123 records identified, we

selected 145 studies for the qualitative synthesis. Data were available for 127 studies. For full-

text eligibility, 56 of 803 studies were translated by co-authors (Chinese: n = 27, German:

n = 6, Korean: n = 5, Spanish: n = 4, Russian: n = 3, Italian: n = 2, Persian: n = 2, Portuguese:

n = 2, Turkish: n = 2, Japanese: n = 1, Norwegian: n = 1, Polish: n = 1). Among the 145 studies

selected, 132 were SPEL and 13 were SPNEL (Chinese: n = 7, Korean: n = 3, Persian: n = 1,

Portuguese: n = 1, Spanish: n = 1; S1 Fig and S1 Table).

Study and participant characteristics

The date of publication for SPEL ranged from 1988 to 2019, and that for SPNEL ranged from

2004 to 2018 (S2 Fig). All SPNEL were parallel group RCTs and 14% of SPEL were cross-over

RCTs, without significant difference between groups. The number of intervention groups in

the study were significantly different between SPEL and SNPEL (p = 0.03). The number, the

sex, and the age of participants included were not significantly different between SPEL and

SNPEL. There was also no significant difference in terms of stroke lesion characteristics (loca-

tion, number of episodes, side, aetiology and time post-stroke), and the use of brain imagery to
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Fig 1. Study flow diagram.

https://doi.org/10.1371/journal.pone.0229822.g001
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explore the stroke lesion. SPEL reported significantly more frequently the consultation of an

ethics committee than SPNEL (p<0.001), whereas no significant difference was found for the

reporting of the respect of the Helsinki declaration (Table 1).

Risk of bias

SPEL had a significantly better methodological quality than SPNEL for blinding of outcome

assessment (p = 0.002; Fig 2). The quality of reporting was significantly better in SPEL than

SPNEL for blinding of outcome assessment (p<0.001) and incomplete outcome data

(p<0.001; Fig 2; S3 Fig and S2 Table). There was a trend towards a higher overall score for risk

of bias in SPEL than SPNEL (p = 0.07; S4 Fig and S3 Table). In case of PT compared to NT,

funnel plots and Egger tests showed no suspicion of publication bias for SPEL only and for all

studies together (SPEL and SPNEL). When PT was compared to ST/UC, a potential publica-

tion bias was suspected for post-intervention effects on balance, postural stability eyes open

(EO), and autonomy, as well as for persisting effects on balance and autonomy when assess-

ment included all studies together (SPEL and SPNEL); when SPEL only were assessed, the

same potential publication bias was found except for post-intervention effects on autonomy

(S5 and S6 Figs and S4 and S5 Tables).

SPEL, studies published in English language; SPNEL, studies published in non-English

language.

Physical therapy and outcomes

SPNEL used more frequently an “on-top” comparison than SPEL (S6 Table). Among the cate-

gories of PT the most frequently investigated in SPNEL, there were categories of PT also fre-

quently investigated in SPEL (such as functional task-training) and traditional PTs of the

countries where the investigations took place (such as acupuncture in China). For instance,

acupuncture was a category of PT frequently assessed in SPNEL (24%), and theses SPNEL con-

tributed to 80% of assessments of acupuncture (S7 Table). The mean duration of session, num-

ber of weeks, and total duration of PT delivered were not significantly different between SPEL

and SPNEL. SPNEL provided a significantly greater number of sessions per week (mean±SD:
4.6±1.6) and a greater total number of sessions (mean±SD: 20.2±10.8) than SPEL (respectively

mean±SD: 3.1±1.9, p = 0.04; and mean±SD: 13.6±14.7, p = 0.04; S8 Table). Balance was the

most frequent outcome assessed in both SPEL and SPNEL, and BBS was the scale of balance

the most frequently used in both subgroups (S9 Table).

Impact of language on estimation of effects

The SPEL subgroup included significantly more studies and participants (respectively, mean:

11.8, SD: 11.2, range: 0–44; and mean: 549.4, SD: 536.8, range: 0–1979) than the SPNEL sub-

group (respectively, mean: 1.4, SD: 2.1, range: 0–8; p<0.001; and mean: 65.4, SD: 97.0, range

0–375; p<0.001; Fig 3). The weight of the SPEL subgroup in pooled estimates (mean: 91.8%,

SD: 8.4%, range: 77–100%) was significantly greater than that of the SPNEL subgroup (mean:

8.2%, SD: 8.4%, range: 0–23%; p<0.001; Fig 3). The SMD of pooled estimates in the SPEL sub-

group (mean: 0.35, SD: 0.21, range: 0.08–0.92) was not significantly different to that in the

SPNEL subgroup (mean: 0.51, SD: 0.59, range: -0.72–1.41; p = 0.22; Fig 3). Using the absolute

value, the SMD of pooled estimates in the SPEL subgroup (mean: 0.35, SD: 0.21, range: 0.08–

0.92) was significantly lower than that in the SPNEL subgroup (mean: 0.67, SD: 0.38, range:

0.28–1.41; p = 0.03; Fig 3). The precision (inverse of variance) of pooled estimates in the SPEL

subgroup (mean: 8.8, SD: 4.0, range 3.2–15.3) was significantly higher than that in the SPNEL

subgroup (mean: 4.3, SD: 2.0, range: 2.0–8.4; p = 0.005; Fig 3).
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Table 1. Summary of characteristics of studies and participants.

SPEL SPNEL Subgroup difference (p-value)

Studies / comparisons, n 132 / 155 13 / 17 NA

Date of publication From 1988 to 2019 From 2004 to 2018 NA

Crossover / parallel group, n (%) 18 (14%) / 114 (86%) 0 (0%) / 13 (100%) p = 0.33a

Studies with 2 / 3 / 4 groups, n (%) 113 (86%) / 16 (12%) / 3 (2%) 8 (62%) / 5 (38%) / 0 (0%) p = 0.03a

Participants, sum / mean±sd / range 5219 / 39.5±43.6 / 7–408 693 / 53.3±37.6 / 12–145 p = 0.08b

Age in years, mean±sd / range 60.8±6.3 / 46.9–78.5 58.3±4.4 / 50.9–67.0 p = 0.15b

Men / Women, % 61% / 39% 61% / 39% p = 1a

Time post-stroke in days, mean±sd / range 528.7±570.7 / 11.0–1985.6 374.9±544.4 / 4.5–1568.7 p = 0.12b

Location of stroke lesion p = 1c

Only supratentorial stroke, n (%) 17 (13%) 1 (8%)

Only brainstem stroke, n (%) 0 (0%) 0 (0%)

Only cerebellum stroke, n (%) 0 (0%) 0 (0%)

Only other stroke, n (%) 0 (0%) 0 (0%)

Mixed location of stroke or not determined, n (%) 115 (87%) 12 (92%)

Episode of stroke p = 0.90a

Only first episode, n (%) 63 (48%) 5 (38%)

Only multiple episodes, n (%) 1 (1%) 0 (0%)

First or multiple episodes, n (%) 11 (8%) 1 (8%)

Not determined, n (%) 57 (43%) 7 (54%)

Side of stroke lesion p = 0.68c

Only unilateral stroke, n (%) 107 (81%) 10 (77%)

Only bilateral stroke, n (%) 0 (0%) 0 (0%)

Unilateral or bilateral stroke, n (%) 6 (5%) 0 (0%)

Not determined, n (%) 19 (14%) 3 (23%)

Aetiology of stroke p = 0.53c

Only ischemic stroke, n (%) 10 (8%) 2 (15%)

Only haemorrhagic stroke, n (%) 0 (0%) 0 (0%)

Only ischemic or haemorrhagic stroke, n (%) 82 (62%) 8 (62%)

Other stroke or not determined, n (%) 40 (30%) 3 (23%)

Stage of stroke for eligibility or inclusion of participants in studies p = 0.31a

Only acute stroke, n (%) 10 (8%) 1 (8%)

Only subacute stroke, n (%) 7 (5%) 1 (8%)

Only chronic stroke, n (%) 55 (42%) 2 (15%)

Mixed stages or not determined, n (%) 60 (45%) 9 (69%)

Description of stroke lesion using brain imagery p = 0.12a

No imagery used, n (%) 84 (64%) 6 (46%)

Use of imagery reported but without description of lesion, n (%) 37 (28%) 7 (54%)

Imagery used with description of lesion in text, n (%) 11 (8%) 0 (0%)

Ethics

Consultation of ethics committee, n (%) 111 (84%) 4 (31%) p<0.001a�

Respect of Helsinki declaration, n (%) 24 (18%) 0 (0%) p = 0.20a

a Chi2 test
b Wilcoxon rank sum test
c Fisher’s exact test
� Significant difference (p�0.05) between SPEL and SPNEL.

NA, not applicable; NT, no treatment; PT, physical therapy; SPEL, studies published in English language; SPNEL, studies published in non-English language; ST, sham

treatment; sd, standard deviation; UC, usual care

https://doi.org/10.1371/journal.pone.0229822.t001
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Six of the 9 comparisons including 2 languages of publication subgroups showed a higher

SMD in the SPNEL subgroup compared to the SPEL subgroup, whereas 2 others showed a

higher SMD in the SPEL subgroup than in the SPNEL subgroup. In 4 comparisons, there was

substantial heterogeneity (I2�50%) between SPNEL and SPEL subgroups (Fig 4). We found

that the SPNEL subgroup had a significantly greater SMD than the SPEL subgroup for immedi-

ate effects on autonomy when PT was compared to ST/UC; the treatment effect was signifi-

cantly in favour of PT in the SPNEL subgroup and non-significant in the SPEL subgroup. For

persisting effects on balance when PT was compared to NT, we found that the SPEL subgroup

had a significantly greater SMD than the SPNEL subgroup; the treatment effect was significantly

in favour of PT in the SPEL subgroup and significantly in favour of the control group in the

SPNEL subgroup. For all other comparisons, including both SPEL and SPNEL subgroups, the

direction of treatment effects in subgroups was similar (Figs 4 and 5). Overall, the treatment

effect estimate was not significantly different between the SPNEL subgroup and the SPEL sub-

group (SMD -0.16, 95%CI [-0.53; 0.22], Fig 5) with substantial heterogeneity (I2 = 78%). A sub-

group meta-analysis according to outcome, comparator group or type of effects assessed found

that SPNEL had significantly greater effects than SPEL with moderate heterogeneity when the

PT was compared to ST/UC (SMD -0.68, 95%CI [-1.03; -0.33], I2 = 39%; Fig 5). The difference

between SMDs from all studies without restriction of publication language (SPEL+SPNEL) and

these from SPEL only was not significantly correlated with the weight of SPNEL subgroup

(p = 0.77). We found a significant linear regression between SMDs from all studies without

restriction of publication language (SPEL+SPNEL) and these from SPEL (estimate 0.68, R2 =

0.71, p = 0.003; S7 Fig). Among the 96 studies which contributed to the 9 comparisons including

both SPEL and SPNEL subgroups, 38 contributed to two different comparisons, 2 to 3 and 11 to

4. Sensitivity analyses found that removing the SPNEL subgroup from the 9 comparisons which

Fig 2. Comparison of risk of bias between SPEL and SPNEL. � Significant difference (p�0.05) for the quality of studies (low risk versus both unclear and
high risks); ‡ Significant difference (p�0.05) for the quality of reporting (amount of unclear risk).

https://doi.org/10.1371/journal.pone.0229822.g002
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included both SPNEL and SPEL subgroups did not change the direction of treatment effect for

8 of them; only the estimation of persisting effects of PT compared to NT on balance became

significantly in favour of PT after exclusion of SPNEL (S8 and S9 Figs).

Discussion
The present study found that there were fewer SPNEL than SPEL in analyses reported in

Hugues et al. (2019) [29], and that their overall weight was lower than that of SPEL. The preci-

sion of treatment effect estimates from SPNEL was worse than that from SPEL, which could be

explained by the lower number of SPNEL. The effect size magnitude from SPNEL was larger

than that from SPEL. However, the weighted analysis of treatment effect estimates found that,

overall, there was no significant difference between SPEL and SPNEL, although the substantial

heterogeneity limits interpretation of results. This led to subgroup analyses that allowed to

conclude that when PT was compared to ST/UC, the treatment effect estimate was overesti-

mated by SPNEL compared to SPEL. Jüni et al. (2002; a pooled analysis of 50 meta-analyses)

and Dechartres et al. (2018; a pooled analysis of 147 meta-analyses) have reported that the

treatment effect estimate from SPNEL was, respectively, a mean 16% (ratio of odds ratios 0.84,

95%CI [0.74; 0.97], I2 = 66%) and 14% (ratio of odds ratios 0.86, 95%CI [0.78; 0.95], I2 = 0%)

more beneficial than that from SPEL [16,28]. In subgroup analyses across medical specialities,

Jüni et al. found a significantly greater treatment effect from SPNEL than SPEL in the comple-

mentary medicine subgroup (4 meta-analyses) and a non-significant difference of treatment

effect between SPEL and SPNEL in the conventional medicine subgroup (46 meta-analyses),

Fig 3. Comparison of treatment effect estimates between SPEL and SPNEL. SE, standard error; SMD, standardised mean difference;
SPEL, studies published in English language; SPNEL, studies published in non-English language.

https://doi.org/10.1371/journal.pone.0229822.g003
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without significant difference between subgroups [28]. After having found a non-significant

difference between SPEL and SPNEL and a substantial heterogeneity in the overall analysis,

Pham et al. (2005; pooled analysis of 42 meta-analyses) reported a treatment effect from

SPNEL significantly greater than that from SPEL in the complementary medicine subgroup (8

meta-analyses), and a non-significant difference between SPNEL and SPEL in the conven-

tional medicine subgroup (34 meta-analyses); the between-subgroup difference was not

reported in the publication [27]. Although results presented in the present study do not lead to

clear and unequivocal interpretations, they suggest that there was a language bias in the field of

rehabilitation of balance and postural disorders after stroke. The results were, however, based

on a lower number of studies than those of the analyses cited above, and therefore, a lack of

statistical power could explain the non-significance of certain comparisons.

Another interesting point of the present study is that SPNEL were worse than SPEL for

methodological quality and reporting quality regarding blinding of outcome assessment, and

for reporting quality regarding incomplete outcome data. Other studies also reported a lower

Fig 4. Summary forest plot of subgroup analyses for all outcomes according the language of study publication.
Weight is expressed in percent. EO, Eyes open; Med, mediolateral; NA, not applicable; Num, number; NT, no
treatment; PT, physical therapy; SPEL, studies published in English language; SPNEL, studies published in non-English
language; ST/UC, sham treatment and usual care; vs, versus.

https://doi.org/10.1371/journal.pone.0229822.g004
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Fig 5. Forest-plot of estimates of treatment effects from studies published in non-English language compared to
those published in English language for analyses of all outcomes. EO, eyes opened; Imm, immediate; MPD,
mediolateral postural deviation; NT, no treatment; Per, persisting; PT, physical therapy; seTE, standard error of
treatment effect; SMD, standardised mean difference; SPEL, studies published in English language; SPNEL, studies
published in non-English language; STUC, sham treatment and usual care; TE, treatment effect; vs, versus.

https://doi.org/10.1371/journal.pone.0229822.g005
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methodological quality of SPNEL compared to SPEL [16,28,34]. A low methodological quality

of studies limits the validity of evidence reported and could explain the overestimation of

effects by SPNEL. Indeed, it has been previously established that a high risk of bias for blinding

outcome assessment and an inadequate or unclear allocation concealment were correlated

with an overestimated treatment effect [35–37].

The current recommendations for systematic reviews promote searches without language

restriction and the inclusion of SPNEL to limit language bias [15]. This approach increases the

workload and costs, and therefore whether or not it is useful and relevant to search for SPNEL

to estimate treatment effects of intervention may be questioned. In the study presented herein,

limiting the search to the SPEL only would not have changed the direction of treatment effect

for 8 out of 9 comparisons performed [29]. However, for 1 of the comparisons, the direction of

treatment effect would have been changed by restricting the search to SPEL only, from a non-

significant effect towards a significantly beneficial effect of PT. Therefore, the present study

found that the exclusion of SPNEL from the literature search would have led to a weak, but not

inexistent, risk of misinterpretation of effects. In addition, SPNEL were the main source of

information concerning some particular topics of rehabilitation (e.g. acupuncture in studies

published in Chinese language), despite the low weight of SPNEL in the summary treatment

effect estimate. In particular cases, it therefore seems that to consider SPNEL in reviews on

rehabilitation could be relevant in view of regional specificities of some categories of PT.

Conclusion
The present study found that the methodological quality of SPNEL was worse than that of

SPEL, and were likely to over-estimate treatment effect. If inclusion of SPNEL in a systematic

review is considered to be relevant, the impact of such studies on treatment effect estimates

should therefore be explored by sensitivity analyses to ensure the validity of findings.
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SHORT REPORT

Long-lasting reduction in postural asymmetry by prism
adaptation after right brain lesion without neglect

Aurélien Hugues1,2 • Julie Di Marco1,2 • Marine Lunven4 • Sophie Jacquin-Courtois1,2,3 •

Yves Rossetti2,3 • Isabelle Bonan5 • Gilles Rode1,2,3

� Marta Olivetti Belardinelli and Springer-Verlag Berlin Heidelberg 2015

Abstract

Background Right brain damage (RBD) involves postural

asymmetry and spatial frame disorders. In acute RBD

patients, postural asymmetry is immediately reduced after

one single session of prism adaptation (PA), without

assessment of effects on spatial frames.

Aim To assess long-term effects of PA on posture and

spatial frames in chronic RBD patients, without neglect.

Method Six chronic RBD patients without neglect (mean

delay 45 months) were included. Each patient sustained 10

PA sessions of 20 min during 2 weeks. Outcome measures

were: (1) posturographic analysis (mediolateral position of

centre of pressure (Xcop), (2) subjective straight ahead

(SSA) and perception of longitudinal body axis (LBA).

Each parameter was assessed by three pretests and three

post-tests (?2 h, day ? 3 and day ? 7).

Results In pretests, patients showed a shift of the Xcop and

SSA. In post-tests, results displayed (1) a significant

reduction in mediolateral postural asymmetry at D ? 7; (2)

a significant left deviation of SSA at D ? 3 and enduring at

D ? 7; and (3) no significant modification of LBA. The

mean curves of Xcop and SSA between pre- and post-tests

were similar.

Conclusions PA involves persistent reduction in postural

asymmetry in RBD patients without neglect. These find-

ings were obtained at a chronic stage. This new effect

cannot be explained by reduction in spatial attentional

shift. Improvement may be explained by a better calibra-

tion of extra personal space frames used for posture,

without effect on personal space frame. Findings argue in

favour of a bottom-up effect of PA on mechanisms

underlying spatial cognition.

Keywords Stroke � Spatial representation � Prism
adaptation � Posture � Egocentric reference � Subjective
straight ahead

Introduction

Right brain damage (RBD) involves postural asymmetry

and spatial frame disorders. This asymmetry is character-

ized by a larger weight-bearing asymmetry (WBA) on the

paretic limb, leading to worse functional recovery (Rode

et al. 1997; Perennou et al. 1999; Genthon et al. 2008).

That WBA is found in RBD patients with unilateral spatial

neglect or not (Genthon et al. 2008; Tilikete et al. 2001).

Motor and/or somatosensory deficits and asymmetric

muscular tone participate in WBA. In addition, spatial

frame disorders, such as displacement of egocentric refer-

ence (orientation of the body longitudinal axis), may

account for that WBA (Rode et al. 1997; Barra et al. 2009).

That WBA can be immediately reduced by prism
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adaptation (PA) in acute and chronic RBD patients with

neglect or not (Tilikete et al. 2001; Padula et al. 2009;

Nijboer et al. 2014). This improvement was reported after

one single session of PA. A long-term reduction was

observed after 8 weeks of PA in neglect RBD patients

(Shiraishi et al. 2008). No study was carried out with the

evaluation of egocentric reference frame. These effects

could be explained by an action of PA on spatial frame

disorders due to RBD. The aim of study was to test this

hypothesis by assessing long-term effects of PA on posture

and spatial frames in chronic RBD patients without neglect.

Methods

A pilot and prospective study without control group was

carried out in the neurological rehabilitation department of

Hospices Civils de Lyon from February to December 2014.

The inclusion criteria were : (1) a single RBD, (2) no

neglect, (3) an imbalance characterized by a persistent and

invaliding WBA on the paretic limb, (4) a post-stroke time

C6 months and (5) the ability to stay during 30 s in

standing position with eyes opened (EO) and closed (EC)

without help. The exclusion criteria were : (1) bilateral

brain lesions, (2) other neurological or psychiatric disease,

(3) osteo-articular disease, (4) visual deficit and (5)

inability to understand instructions.

Participants

Six right-handed patients (five males, one female) with

chronic RBD (mean delay post-onset 44.8 months, SD

32.6) were included. All showed left hemiparesis and

incomplete somatosensory deficit of left hemibody. One

patient exhibited a left hemianopia. No participant showed

a cephalic and ocular deviation. No auditory or visual

extinction to double simultaneous stimulation was noted.

All showed no neglect. All patients were aware of their

motor and somatosensory deficits. No global cognitive

disorder was present (mean MMS 25.8, SD 2.4). All

showed a postural imbalance characterized by a WBA on

paretic limb, involving a functional limitation (posture and

walking). Lesions were assessed by clinical MRI and for

one patient by CT scan. Four patients had a ischaemic

lesion, and two had a haemorrhagic lesion. Lesion masks of

patients were first drawn on the native brain images by

using the MRIcron software (Rorden et al. 2007). Brain

images were normalized to a standard brain template

(Montreal Neurological Institute) using rigid and elastic

deformation tools (SPM8, http://www.fil.ion.ucl.ac.uk/

spm), except for the voxels contained in the lesion mask.

Finally, patients’ lesions were segmented a second time on

the normalized images by ML, who was naı̈ve as to the

patients’ deficit, and checked by AH and GR. Figure 1

shows the lesions of each patient and the lesions’ overlap

of the six patients. The maximum overlap was located in

the subcortical white matter; moreover, 5 out of 6 patients

showed common lesions including the superior temporal

cortex, inferior frontal and posterior parietal cortices.

Parameters

Posturographic parameters included the mean mediolateral

(Xcop) and anteroposterior (Ycop) positions of centre of

pressure (COP) (expressed in mm), the mean sway surface

of COP (expressed in mm2), the mean mediolateral and

anteroposterior variability of COP (standard deviation of

Xcop and Ycop) and the mean weight bearing (WB) on the

right and left lower limbs (expressed in % of body weight).

These parameters were measured on posturographic plat-

form (Techno concept�) with 4 repeated measurements of

30 s each one (2 EO and 2 EC) without help nor support by

upper limbs.

Subjective spatial frames of reference were assessed by

the subjective straight ahead (SSA) and the perception of

longitudinal body axis (LBA). The SSA position was

assessed by the right hand in the darkness. The patient was

comfortably seated, the trunk and the head in vertical

position in front of a graduated table as a protractor (zero

position was ahead of belly button). The starting position of

the hand was different at each trial according to a sequence

(30�, -20�, 10�, -30�, 20�, -10�). The patient was asked

to point straight ahead (see Rode et al. 2015). The LBA

perception was performed according to the procedure

proposed by Barra et al. (2009). The patient was in supine

position in the darkness. The patient was asked to indicate

when a luminous rod was adjusted in the frontal plane to

align with his LBA. The starting position of the rod was

different at each trial according to a sequence (30�, 20�,
-30�, 10�, -20�, -10�). By convention, a negative value

corresponded to a left position and a positive value corre-

sponded to a right position for both tests. Six trials were

executed for both tests.

Clinical parameters included the Scale for Controversive

Pushing (SCP), the Postural Assessment Scale for Stroke

Patients (PASS) and the Berg Balance Scale (BBS).

All parameters were measured before (pretests at day-

18, day-16 and day-14) and after intervention (post-tests at

?2 h, day ? 3 and day ? 7), excepted for PASS and BBS

(pretest day-18 and post-test day ? 7). Day 0 corresponded

to the last day of intervention.

Prism adaptation

PA was carried out by wearing a pair of glasses producing

a 10� rightward optical deviation of the visual field. During
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123



prism exposure, the participant had to execute quickly

rapid pointing movements towards visual targets without

vision of the initial position of the right hand. Targets were

located 10� to the left or to the right of the middle of his

body, the targets being made to pseudo-randomly alternate.

The procedure included one daily PA session of 20 min

during 2 weeks. Thus, patients sustained 10 PA sessions

(see Rossetti et al. 1998; Rode et al. 2015).

Statistical analysis

Each post-test has been compared with the mean of three

pretests (or the single pretest for PASS and BBS). Differ-

ences were analysed by a Student test or an analysis of

variance with repeated measures (rmANOVA) (normality

was checked with Kolmogorov–Smirnov test). RmA-

NOVA was completed by additional planned comparisons

by univariate tests. When the distribution was not normal,

differences were analysed by an nonparametric Friedman

ANOVA and/or by a Wilcoxon matched-pair signed-rank

test. As regards posturographic parameters, rmANOVA

was performed with four main factors [pre–post; sessions

(1–3); eyes opened or closed; trials (1, 2)]. For LBA and

SSA, rmANOVA was executed with three main factors

[pre–post; sessions (1–3); trials (1–6)].

Results

All mean values and SD of 6 patients in pre- and post-tests

in EO condition are described in Table 1. No significant

difference between three pretests was found, in EO or EC

conditions for all parameters.

In the pretests, patients showed a rightward shift of the

mean Xcop, with a WBA on the paretic lower limb. In the

post-tests, a progressive reduction in mean Xcop was shown

from ?2 h (-1.6 mm) and was significant at D ? 7

(-11.3 mm), without significant modification of mean

Fig. 1 Patients’ lesions description. a Reconstruction of the brain lesions for each patient in MNI space. b Overlap of the six brain lesions. The

colour range indicates the number of patients’ lesion for each voxel
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Ycop, and sway area in EO condition. In the same way, the

WB on the non-paretic limb was reduced from ?2 h (-0.7)

and significantly at D ? 7 (-3.2). This significant reduc-

tion in WBA after PA was associated with a significant

increase in functional scores: SCP (p\ 0.05), PASS

(p\ 0.001) and BBS (p\ 0.001). In pretests, the mean

SSA was 0.1� (SD 13.1). In post-tests, the mean values

were, respectively, –5.0� (SD 16.8) at ?2 h, -6.8� (SD

14.3) at D ? 3 and –12.0� (SD 12.0) at D ? 7, reflecting a

significant shift (at D ? 3 and D ? 7) of SSA towards the

left side after PA. For LBA, comparison showed no dif-

ference between pre- and post-tests. Lastly, the mean of six

patients of SSA was correlated with the mean of six

patients of Xcop (EO) for the three pretests and the three

Table 1 Mean and SD of parameters EO before (pretests D-18, D-16 and D-14) and after PA (post-tests ?2 h, D ? 3 and D ? 7)

Pretests Post-tests

Pretest 1 Pretest 2 Pretest 3 Mean ?2 h D ? 3 D ? 7

Posturographic parameters

Xcop 50.4 (32.8) 55.5 (33.5) 53.0 (28.8) 52.9 (10.7) 51.4 (34.2) 45.6 (42.0) 41.7 (31.2)***

Ycop 52.5 (8.3) 55.2 (11.7) 50.9 (12.3) 52.9 (10.7) 49.4 (9.8) 55.3 (15.0) 59.7 (17.1)

Sway area 809.2 (749) 803.5 (762.2) 682.0 (625.7) 764.9 (696.8) 724.3 (573.1) 499.9 (317.6) 886.7 (1103.8)

Xcop variability 7.7 (4.9) 7.0 (4.3) 6.0 (4.5) 6.9 (4.5) 6.5 (3.3) 4.8 (2.0) 7.5 (7.0)

Ycop variability 7.8 (3.8) 7.0 (3.0) 7.5 (3.5) 7.4 (3.4) 7.0 (3.1) 6.7 (2.5) 6.6 (3.5)

WB on right LL (%) 68.4 (11.3) 70.8 (11.7) 69.7 (10.0) 69.6 (10.7) 68.9 (12.2) 66.2 (14.2) 66.5 (11.7)**

WB on left LL (%) 31.6 (11.3) 29.2 (11.7) 30.3 (10.0) 30.4 (10.6) 31.1 (12.2) 33.8 (14.2) 33.5 (11.7)**

Spatial frame parameters

SSA -0.5 (16.5) 1.1 (11.7) -0.4 (10.7) 0.1 (13.1) -5.0 (16.8) -6.8 (14.3)* -12.0 (12.0)*

LBA -0.9 (6.4) -1.3 (7.5) -0.4 (7.5) -0.9 (7.1) -0.8 (7.4) -2.2 (7.2) -1.2 (8.6)

Clinical parameters

SCP 2.9 (1.9) 2.6 (1.7) 2.3 (1.3) 2.6 (1.6) 2.4 (1.6) 1.6 (1.1)** 1.6 (1.3)*

PASS 27.8 (5.7) 30.7 (3.9)*

BBS 34 (12.4) 38.8 (11.8)***

LL lower limbs

* p\ 0.05, ** p\ 0.01, *** p\ 0.001

Fig. 2 Mean Xcop (EO), SSA

and LBA of six chronic RBD

patients measured before

(pretests D-18, D-16 and

D-14) and after PA (post-tests

?2 h, D ? 3 and D ? 7).

Linear modelling of Xcop (EO)

and SSA curves shows very

close tilts (-2.1 (R2 = 0.62)

and -2.4 (R2 = 0.85),

respectively)
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post-tests (Rs = 0.94; p = 0.02), reflecting the same

chronological evolution (see Fig. 2).

In EC condition, patients showed no significant differ-

ence in pretests compared to EO condition. They displayed

a rightward postural shift (51.1 mm, SD 29.3) and forward

(56.7 mm, SD 15.7) with an increased WB on the non-

paretic limb (69.1 %, SD 10.2). After PA, the mean values

of Xcop were 55.7 mm (SD 33.6) at ?2 h, 42.7 mm (SD

30.4) at D ? 3 and 44.9 mm (SD 31.8) at D ? 7, without

significant difference compared to pretests.

Discussion

In six chronic RBD patients, PA treatment resulted in a

reduction in postural asymmetry. Unlike previous studies,

this pilot study also reports long-lasting effects (7 days

after the intervention) in RBD patients without spatial

neglect. These findings confirm that long-term generaliza-

tion effects of PA may concern symptoms independent

from neglect (Jacquin-Courtois et al. 2013). Consequently,

reduction in WBA after PA cannot be explained by

reduction in spatial attentional shift, nor by the displace-

ment of neglected space into the dysfunctional work space.

The dissociated effects of PA on spatial frame parameters

(significant shift of SSA without modification of LBA)

suggest reduction in WBA may be explained by an action

on extra personal space frame used for posture, without

effect on personal space frame. These findings therefore

support the hypothesis that egocentric spatial frames of

reference perturbations are involved in postural imbalance

in RBD patients. This observation further supports the

notion of bottom-up effects of PA on spatial cognition,

involving a modification of motor (postural) responses as a

centrally mediated indirect effect. Double-blind essays will

be required to confirm the potential impact of these results

for the clinical rehabilitation of postural imbalance on RBD

patients.
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