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ABSTRACT (300 words) 

 

Introduction: Balance disorders are frequently seen after stroke and lead to limited physical activities and worse 

autonomy. Current physical therapies (PT) aiming at reducing 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 postural imbalance in 

patients after stroke and to assess which PT is more effective. 

Methods and analysis:  

We will search Medline, Embase, Pedro, Cochrane Central Register of Controlled Trials, Pascal and Francis from 

inception to October 2015. There will be no restriction in language or publication type. Only randomised controlled trials 

assessing PT to recover from post-stroke postural imbalance in adults will be considered. 

Outcome measures will be the Berg Balance Scale (BBS), the Postural Assessment Scale for Stroke (PASS), static 

posturographic parameters (in sitting or standing conditions) and all other measurements of weight bearing distribution 

on the lower limbs.  

Two independent reviewers will screen titles, abstracts and full-text articles, evaluate the risk of bias, and will complete 

data extraction. In addition to the outcomes, measures of independence as the Barthel Index (BI), the Functional 

Independence Measure (FIM), the scale for Instrumental Activities of Daily Living (IADL) and the scale for Activities of 

Daily Living (ADL) will be analysed. This study will aim to determine effects of PT on the function (posturography), the 

activity (BBS, PASS) and the independence of patients. Subgroup analysis will be planned according to the location of 

brain lesions (hemispheric, brainstem or cerebellum), the type of approaches (top-down or bottom-up), the 

methodological quality of studies and the overall time of PT. 

Ethics and dissemination:  No ethic statement will be required. The results will be published in peer-reviewed journal. 

This meta-analysis aims to manage the rehabilitation of postural imbalance by PT after stroke.  

Trials registration number: Prospero CRD42016037966 

 

 

 

Strengths and limitations of this study: 

 

• To our knowledge, there is few systematic reviews and meta-analyses in literature that assess the evidence of the 

physical therapy for rehabilitation of postural imbalance after stroke.  

• This study compares the efficiency of all the rehabilitation’s techniques used after stroke to one another. 

• A series of subgroup analyses (localisation of brain lesion, side of supratensorial lesion, quality of studies) will 

address clinical relevant questions. 

• There are several posturographic outcomes to assess postural imbalance that may limit comparison across 

studies. 

• The results of this meta-analysis will be helpful for clinician to define strategies of rehabilitation to improve 

postural imbalance after stroke. 

 

 

Key words: meta-analysis, efficiency, physical therapy, postural imbalance, balance, stroke. 

Page 2 of 12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-013348 on 30 January 2017. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

3 

INTRODUCTION 1 

Background 2 

Stroke was defined as “rapidly developing clinical signs of focal (at times global) disturbance of cerebral function, 3 

lasting more than 24h or leading to death with no apparent cause other than that of vascular origin”.(1) Stroke is the third 4 

cause of death and the first cause of acquired adult disability in the world (WHO). In the USA, 795 000 people suffer 5 

from a stroke every year.(2) Stroke leads to a long-term limitation of activity and disability. In France, 80,5% of the 6 

people with self-report stroke relate a limitation (light or severe) in activities of daily living (ADL) and one in three 7 

stroke survivors are dependent.(3) In New-Zealand, 71% of 5 years poststroke patients present a neurologic impairment 8 

(NIH Stroke Scale). A restriction of activity was present in 31,4% of the patients assessed by the Modified Rankin Scale 9 

and in 35,4% assessed by the Barthel Index (BI).(4) Among limitations of activity, the postural imbalance is frequently 10 

found. 83% of acute stroke patients present a postural imbalance.(5) The fall risk is increased by 73% in the 6 months 11 

following a stroke.(6) At a chronic stage, the quality of life is associated with the postural imbalance.(7) The postural 12 

rehabilitation seems to be essential to achieve independence in activities of daily living after stroke. 13 

 14 

Human posture refers to the relative disposition of body parts.(8) Postural control aims to maintain body stabilization 15 

based on a sensory-motor complex skill and body orientation, based on internal representation of body scheme.(9, 10) 16 

Postural imbalance following stroke is defined by: i) a postural asymmetry characterized by a larger weight-bearing 17 

asymmetry toward the unaffected limb, in a quiet standing posture;(11-18) ii) an increased body sway of the center of the 18 

pression (COP);(12, 13, 15, 19) iii) limits of stability (LOS) decreased;(12, 20) iv) an excessive reliance on visual input 19 

and a loss of capacity to select the relevant sensory information;(21-24) and v) anticipatory postural adjustments and 20 

postural reactions after external perturbations impaired.(25, 26) 21 

 22 

State of the art  23 

Different physical therapies (PT) aim to reduce postural imbalance. Current recommendations are limited for daily 24 

clinical practice: the level of evidence is too low and they are based on few systematic reviews and meta-analyses. The 25 

recommendations in the French evidence-based clinical practice guidelines for PT in patients after stroke were based on 26 

only 16 clinical studies.(27) Furthermore, these guidelines are not specific to postural disability and propose a rather 27 

global rehabilitation.(28, 29) It is therefore necessary to assess the efficiency of PT in the recovery of postural control 28 

after stroke.   29 

Regarding the literature, some meta-analyses have evaluated the effects of one technique on postural imbalance like 30 

balance training using platform with biofeedback,(30) functional electrical stimulation,(31) repetitive task training,(32) 31 

water-based exercises,(33) virtual reality,(34-36) ankle-foot orthosis,(37) aerobic exercises,(38) physical fitness 32 

training,(39) whole body vibration(40, 41). In view of the tremendous growth in the number of randomised controlled 33 

trials, it seems to be essential to evaluate one PT compared to another or the association of PT compared to control or 34 

usual care. Veerbeek et al. (2014)(42) have evaluated the effects of PT after stroke on all outcomes based on the 35 

International Classification of Functioning, Disability and Health (ICF) and not only the balance. Pollock et al. 36 

(2014)(43) have investigated the function and mobility recovery by PT after stroke. They have investigated the different 37 

physical rehabilitation approaches and excluded single specific treatments as orthosis and functional electric stimulations. 38 

One of all outcomes have evaluated the functional balance (Berg balance Scale). No evaluation of PT on posturographic 39 

parameters has been carried out so far. Consequently, the measurement of the PT impact on different characteristics of 40 
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the postural imbalance, such as function (posturographic parameters), activity and ADL might be contributive. Lastly, the 41 

PT methods might be classified in two distinct types: the pragmatic ‘top-down’ methods, aiming to improve the postural 42 

imbalance by acting on the patient’s awareness of the deficit, and the physiological ‘bottom-up’ methods aiming to 43 

modify the sensory-motor dimension of posture, in bypassing the central awareness deficit. This distinction was applied 44 

in a recent Cochrane review assessing the effects of rehabilitation methods of spatial neglect.(44) 45 

  46 

OBJECTIVES 47 

The aims are: i) to determine the efficiency of PT on the recovery of postural imbalance in adult patients after stroke and 48 

ii) to assess which PT is more effective when compared with one another. 49 

 50 

METHODS 51 

We will use the guide from The Cochrane Collaboration entitled “Cochrane Handbook for Systematic Reviews of 52 

Interventions” (version 5.1.0)(45) and the software (RevMan 5.3) to construct this meta-analysis. The recommendations 53 

from PRISMA statement will also be used.(46) No ethic statement will be required for this review and meta-analysis.  54 

 55 

Criteria for considering studies for this review 56 

Types of studies   57 

We will include all randomised controlled trials. The allocation between two or several groups will have to be correctly 58 

randomised. Trials without control group or these with quasi-random allocation will be excluded.  59 

 60 

Types of participants 61 

We will included all trials which have included human adult patients (over 18 years old) after a first or recurrent stroke. 62 

Stroke is defined, according to the World Health Organisation, as “rapidly developing clinical signs of focal (at times 63 

global) disturbance of cerebral function, lasting more than 24 h or leading to death with no apparent cause other than that 64 

of vascular origin”.(1) Therefore, the positive diagnosis is based on the clinical examination. The imaging diagnostic is 65 

not compulsory to include. Transient ischemic accidents (TIAs) will be excluded because, all neurologic symptoms 66 

disappear (“TIAs are brief episodes of neurological dysfunction resulting from focal cerebral ischemia not associated 67 

with permanent cerebral infarction.”).(47) 68 

 69 

Types of interventions 70 

All types of PT will be included whatever the aim of therapy (upper-limb, lower-limb, posture, gait, spasticity …). The 71 

PT is defined by the World Confederation for Physical Therapy (WCPT) as “services to individuals and populations to 72 

develop, maintain and restore maximum movement and functional ability throughout the lifespan” and “physical therapy 73 

is concerned with identifying and maximising quality of life and movement potential within the spheres of promotion, 74 

prevention, treatment/intervention, habilitation and rehabilitation” (http://www.wcpt.org/policy/ps-descriptionPT). 75 

 76 

Types of outcome measures 77 

Outcomes will be selected in the mind of the International Classification of Functioning, Disability and Health (ICF). 78 

Immediate outcomes after the end of PT and delayed outcomes after a follow-up time will be included.  79 

Primary outcomes 80 
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The Berg Balance Scale (BBS) and the Postural Assessment for Stroke Scale (PASS) are defined as the primary 81 

outcomes.  82 

The BBS assesses the functional postural abilities of patients in several conditions (lying, sitting, standing, leaning 83 

forward, change of position …). This scale is composed of 14 items. The maximal score, reflecting the best functional 84 

postural abilities, is 56 points. The choice of the scale is based on its validation in stroke patients and on its good 85 

metrological qualities, doing it a reference scale.(48-52) 86 

The PASS also evaluates the functional postural abilities of patients in several conditions (lying, sitting, standing and 87 

during the changes between these positions). This scale is composed of 12 items. The maximal score, reflecting the best 88 

functional postural abilities, is 36 points. Its metrological qualities are good, particularly during the first 3 months.(53, 89 

54) 90 

The two scales exhibit a clinical relevance in assessment of postural imbalance in stroke patients. They express the level 91 

of activity. Therefore, changes measured by the these reflect modifications of postural abilities of patients in daily living.  92 

Secondary outcomes 93 

The static posturographic evaluation is defined as a secondary outcome. This evaluation can be performed in sitting or 94 

standing position but only the posturographic results on a non-moveable platform will be included. The posturography 95 

assesses the evolution of the projection of the center of gravity on the floor (center of pression) by a force platform. This 96 

technique reflects the function of postural maintenance.(17, 49, 50) All other evaluations of the weight bearing 97 

distribution on the lower limbs are defined as secondary outcomes.  98 

The Barthel Index (BI), the Functional Independence Measure (FIM), the scale for instrumental activities of daily living 99 

(IADL) and the scale for activities of daily living (ADL), reflecting the level of autonomy, are defined as secondary 100 

outcomes.  101 

Only the two primary outcomes, the static posturographic evaluation and the other evaluations of the weight bearing 102 

distribution on the lower limbs are considered as the selection criteria of trials. The BI, IADL, ADL, and FIM will be 103 

analysed but they will not participate to selection trials.  104 

 105 

Search methods for identification of studies 106 

We will search the following electronic bases from their inception to October 2015: Medline, Embase, Pedro, Cochrane 107 

Central Register of Controlled Trials, Pascal and Francis. The search strategy will interest in three kinds of terms : these 108 

about « stroke », « posture » and « physical therapy». This strategy is described in table 1. 109 

 110 

Table 1. Search strategy in Pubmed 111 

 112 

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 
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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 

 113 

All published and unpublished studies, conferences or presentations will be searched without restriction of languages. 114 

The library services of three universities (Université Claude Bernard Lyon1, Université Paris 5 Descartes et Université 115 

Paris 6 Pierre et Marie Curie) and two hospital centers (Hospices Civils de Lyon, Assistance publique-Hôpitaux de Paris) 116 

will be requested to access to the unpublished and published documents. 117 

 118 

Data collection and analysis 119 

Selection of studies 120 

The process of selecting the results of the search will be carried out the base on the selection criteria during three 121 

successive steps: i) by reading the titles, ii) by reading the abstracts, and then iii) by reading the full study. Each one of 122 

these steps will be separately performed by two independent authors (AH and JDM). For the selection by reading the 123 

titles, all studies, selected by one of these two authors, will be accepted for the next step of selection. For the two others 124 

steps of selection, an agreement between the two authors will have to be found. In case of disagreement, three more 125 

authors (IB, FG, GR) will have to decide by consensus. The authors of trials will be contacted if some informations 126 

needed for the selection process are unclear or missed. 127 

The studies published in journals judged as standalone according to the analyse of Jeffrey Beall will be excluded 128 

(https://scholarlyoa.com/individual-journals/). Indeed, based on objective and clearly identified criteria 129 

(https://scholarlyoa.files.wordpress.com/2015/01/criteria-2015.pdf), he has determined a list of standalone journals, 130 

whose the methodological quality is not confident. 131 

Cross-over trials will be included if: i) the order of interventions has been randomised, and if ii) the potential effects of 132 

the first intervention have not impacted the potential effects of the second one. They will be considered as randomised 133 

controlled trials. Moreover, some cross-over trials can present a special design: One single assessment during the 134 

intervention instead of one assessment before and one after as usually. These types of design are specifically used for 135 

some kind of intervention (orthosis …). These cross-over trials will be included if: i) the conditions set above about 136 

cross-over trials are validated (the randomised order and the absence of impact of the first intervention on the second 137 

one) and if ii) a spontaneous recovery is not possible during the time between the two interventions. 138 
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No studies will be excluded because of the language of the rapport. The studies rapports written in other languages than 139 

the French or the English will be translated by the authors : YX for the Chinese studies, HK for the Persian studies, JP for 140 

the Portuguese studies.  141 

 142 

Data extraction and management 143 

Data extraction will be separately carried out by two independent authors (AH and JDM). Agreement between these two 144 

authors will have be found. In case of disagreement, three more authors (IB, FG, GR) will have to decide by consensus. 145 

The authors of included trials will be contacted if some data are unclear or missed. Data extraction will include : 146 

1. The design of study 147 

2. The details of population: size of population, age, gender, time since stroke, side of the paresis, unilateral or 148 

bilateral stroke, first ever or the recurrent stroke, the imaging diagnostic with the etiologic and the localisation of 149 

stroke lesions.  150 

3. The methodological quality of trials: details of random process, blinding and drop-out. 151 

4. The PT: overall time of PT, the aims and the most important characteristics of each PT. 152 

5. The outcomes: all outcomes measured and specifically the BBS, the PASS, the posturographic outcomes, all 153 

outcomes assessing the weight bearing on the lower limbs, BI, FIM, IADL and ADL will be also extracted.  154 

6. The prior submission to an ethics committee or the respect of the declaration of Helsinki on human clinical 155 

trials. 156 

 157 

Assessment of risk of bias in included studies 158 

The methodological quality of all included trials will be separately assessed by two independent authors (AH and JDM). 159 

Agreement between these two authors will have be found. In case of disagreement, three more authors (IB, FG, GR) will 160 

have to decide by consensus. This evaluation will be based on four quality criteria about: i) the random sequence 161 

generation, ii) the allocation concealment, iii) the blinding of outcome assessment and iv) the incomplete outcome data. 162 

For each one of them, a risk of bias will be determined: i) high level, ii) unclear level, or iii) low level. 163 

 164 

Measures of treatment effect 165 

The statistical analysis will be performed using the software, RevMan 5.3. All outcomes will be continuous variables. 166 

The heterogeneity of the effects of trials will be evaluated by the chi-squared test and the I2 test. Heterogeneity will be 167 

considered as substantial if the I2 statistic ≥ 50% and p < 0,10. If heterogeneity is not considered as substantial, a fixed-168 

effect model will be used. If heterogeneity is considered as substantial, explications of this heterogeneity will be searched 169 

and a random-effect model will be used to compare. A analysis will interest to each outcome measurements made on the 170 

same scale. So, the mean difference (MD) and 95% confidence intervals (CIs) will be calculated. To express the size of 171 

the PT effect on the function and the activity, it will be necessary to combine the outcomes from some different scales 172 

(all static posturographic outcomes and the other evaluations of the weight bearing distribution on the lower limbs for the 173 

function, PASS and BBS for the activity). Thus, the standardised mean difference (SMD) and 95% confidence intervals 174 

(CIs) will be calculated. 175 

For the trials with results displayed with stratification into subgroups within a same rehabilitation group, no substantial 176 

heterogeneity will be checked before mixing the two subgroups of the same PT. 177 

 178 

Page 7 of 12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-013348 on 30 January 2017. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

8 

Data synthesis 179 

Because of a diversity of PT, we will plan to group some PT according to their aim and their characteristics. The 180 

comparisons will interest the effects of active PT versus: i) no PT, ii) usual care, placebo or control PT and iii) another 181 

active PT. They will interest immediate outcomes and delayed outcomes. 182 

 183 

Subgroup analysis and investigation of heterogeneity 184 

One first subgroup analysis will be carried out according to the localisation of brain lesion. For this purpose, three 185 

subgroups will be identified: i) supratentorial stroke, ii) cerebellum stroke and iii) brainstem stroke. A subgroup analysis 186 

will also investigate the effects of PT according to the side of the supratensorial lesion (right/left). A second subgroup 187 

analysis will determine the effects of PT based on their types of action: « bottom-up » or « top-down » action. A third 188 

subgroup analysis of effects will be carried out according to the methodological quality of trials. Two subgroups will be 189 

identified: i) the trials in which all criteria of methodological quality, detailed in the part « Assessment of risk of bias in 190 

included studies », will present a low risk, and ii) the trials in which at least one of these criteria will present a unclear or 191 

high risk. We will plan a meta-regression of the effects according to the overall time of PT.  192 

Considering the high risk of heterogeneity for the different PT, the network meta-analysis is, at this moment, not studied. 193 

 194 

DISCUSSION 195 

This meta-analysis aims i) to determine the efficiency of PT on the recovery of postural imbalance in adult patients after 196 

stroke and ii) to assess which PT is more effective when compared with one another.  197 

Postural imbalance is frequent in stroke patients at initial or chronic stage. It affects walking abilities, independency and 198 

quality of life.(7) Therefore, reduction in postural imbalance of patients after stroke is a relevant objective of PT, in order 199 

to increase the level of autonomy.  200 

For this purpose, this systematic review and meta-analysis aim to upgrade and improve the rehabilitation of postural 201 

imbalance by purposing a complete analysis of all PT. In an evidence-based practice approach, we would participate to 202 

increase the level of evidence about rehabilitation of postural imbalance by PT. Our purpose is not only to compare the 203 

effects of PT but also to improve the understanding of these PT, using subgroup analyses.  204 

Stroke leads to a large range of clinical subtypes of postural imbalance and related underlying disorders. For example, 205 

postural imbalance differs depending on the location and the size of the brain damage.(55) The patients with right 206 

supratentorial lesions show a greater weight bearing asymmetry and weaker postural functional abilities.(13, 18, 55) 207 

Therefore, it will be interesting to determine the effects of PT, not only according to the therapy per se, but also, to the 208 

location of the brain lesion. This subgroup analyses could improve the understanding of the key characteristics of each 209 

PT, and thus, upgrade the therapeutic aims.  210 

In the same way, examining the effects of PT based on both the function and the activity of the patient will offer an 211 

additional asset.  212 

Lastly, the effects of different PT will been analysed according to their ‘top-down’ and ‘bottom-up’ approaches in order 213 

to better understand the theory behind postural rehabilitation. 214 
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ABSTRACT (287 words) 40 

 41 

Introduction: Stroke frequently results in balance disorders, leading to lower levels of activity and a diminution in 42 

autonomy. Current physical therapies (PT) aiming to reduce postural imbalance have shown a large variety of effects 43 

with low levels of evidence. The objectives are to determine the efficiency of PT in recovering from postural imbalance 44 

in patients after a stroke and to assess which PT is more effective. 45 

Methods and analysis:  46 

We will search several databases from inception to October 2015. Only randomised controlled trials assessing PT to 47 

recover from post-stroke postural imbalance in adults will be considered. 48 

Outcome measures will be the Berg Balance Scale (BBS), the Postural Assessment Scale for Stroke (PASS), the weight 49 

body asymmetry” (WBA), the “centre of pressure” (COP) and the “limit of stability” (LOS). WBA, COP and LOS are 50 

measured by a (sitting or standing) static evaluation on force-plate or another device.  51 

Two independent reviewers will screen titles, abstracts and full-text articles, evaluate the risk of bias, and will perform 52 

data extraction. In addition to the outcomes, measures of independence will be analysed. This study will aim at 53 

determining the effects of PT on the function (WBA, COP, LOS), the activity (BBS, PASS) and the independence of 54 

patients. Subgroup analyses will be planned according to the location of brain lesion (hemispheric, brainstem or 55 

cerebellum), the time since stroke (early, late, chronic), the PT (type, main aim (direct effect or generalization), overall 56 

duration), the type of approaches (top-down or bottom-up), and the methodological quality of studies. 57 

Ethics and dissemination:  No ethical statement will be required. The results will be published in a peer-reviewed 58 

journal. This meta-analysis aims at managing the rehabilitation after postural imbalance by PT after a stroke.  59 

Trials registration number: Prospero CRD42016037966 60 

 61 

 62 

 63 

Strengths and limitations of this study: 64 

 65 

• To our knowledge, there are few systematic reviews and meta-analyses in the literature that assess the evidence 66 

of PT for rehabilitation of postural imbalance after a stroke.  67 

• This study will compare the efficiency of all PT used after a stroke to one another. 68 

• A series of subgroup analyses will address relevant clinical issues. 69 

• There are several outcomes to assess postural imbalance (function and activity) that may limit comparison 70 

across studies. 71 

• The results of this meta-analysis will be helpful for clinicians to define rehabilitation strategies for improving 72 

postural imbalance after stroke. 73 

 74 

 75 

 76 

Key words: meta-analysis, efficiency, physical therapy, postural imbalance, balance, stroke. 77 
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INTRODUCTION 78 

Background 79 

A stroke was defined as “rapidly developing clinical signs of focal (at times global) disturbance of cerebral function, 80 

lasting more than 24h or leading to death with no apparent cause other than that of vascular origin”.(1) Stroke is the third 81 

cause of death and the first cause of acquired adult disability in the world (WHO). In the USA, 795 000 people suffer 82 

from a stroke every year.(2) Stroke leads to a long-term limitation of activity and disability. In France, 80,5% of the 83 

people with self-report stroke declare a limitation (light or severe) in activities of daily living (ADL) and one in three 84 

stroke survivors are dependent.(3) In New-Zealand, 71% of 5 years post-stroke patients present a neurological 85 

impairment, assessed by the NIH Stroke Scale. A restriction of activity was present in 31,4% of the patients assessed by 86 

the Modified Rankin Scale and in 35,4% assessed by the Barthel Index (BI).(4) Among limitations of activity, the 87 

postural imbalance is frequently found. Eighty-three percent of acute stroke patients present a postural imbalance.(5) The 88 

risk of fall is increased by 73% in the 6 months following a stroke.(6) At a chronic stage, the quality of life is associated 89 

with the postural imbalance.(7) Postural rehabilitation seems to be crucial to achieve independence in activities of daily 90 

living after stroke. 91 

 92 

Human posture refers to the relative disposition of body parts.(8) Postural control aims to maintain body stabilisation 93 

based on a sensory-motor complex skill and body orientation, based on internal representation of body scheme.(9, 10) 94 

Postural imbalance following stroke is defined by: i) a larger weight-bearing asymmetry (WBA) toward the unaffected 95 

limb, in a quiet standing posture;(11-18) ii) an increased body sway of the centre of the pressure (COP);(12, 13, 15, 19) 96 

iii) a decrease in the limits of stability (LOS);(12, 20) iv) an excessive reliance on visual input,(21-24) and v) an 97 

impairment of anticipatory postural adjustments and postural reactions after external perturbations.(25, 26) 98 

 99 

State of the art  100 

Different physical therapies (PT) aim at reducing postural imbalance. Current recommendations are limited for daily 101 

clinical practice: the level of evidence is too low and it is based on few systematic reviews and meta-analyses. The 102 

recommendations in the French evidence-based clinical practice guidelines for PT in patients after stroke were based on 103 

only 16 clinical studies.(27) Furthermore, these guidelines are not specific to postural disability and propose a rather 104 

global rehabilitation.(28, 29) It is therefore necessary to assess the efficiency of PT in the recovery of postural control 105 

after stroke.   106 

Regarding the literature, some meta-analyses have evaluated the effects of a single technique on postural imbalance like 107 

balance training using a platform with biofeedback,(30) functional electrical stimulation,(31) repetitive task training,(32) 108 

water-based exercises,(33) virtual reality,(34-36) ankle-foot orthosis,(37) aerobic exercises,(38) physical fitness 109 

training,(39) or whole body vibration(40, 41). In view of the tremendous growth in the number of randomised controlled 110 

trials, it seems to be essential to evaluate one PT compared to another or the association of PT compared to control or 111 

usual care. Veerbeek et al. (2014)(42) have evaluated the effects of PT after stroke on all outcomes based on the 112 

International Classification of Functioning, Disability and Health (ICF) and not only the balance. Pollock et al. 113 

(2014)(43) have investigated the function and mobility recovery by PT after stroke. Compared to previous studies, the 114 

aim of this systematic review and meta-analysis is to perform a review only focused on the effects of PT on postural 115 

imbalance after stroke with identification of different parameters.  116 
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Lastly, in this review and meta-analysis, we also propose to categorize the different PT according to the involved “top-117 

down” and “bottom-up” processing. This processing refers to two types of interaction between sensori-motor (implicit) 118 

and cognitive (explicit) representations involved in rehabilitation. Top-down approach aims at training the patient to 119 

voluntarily compensate for his deficit and requires awareness of the disorder although bottom-up approach does not 120 

require awareness of the disorder. This categorization has already been used in a previous Cochrane meta-analysis about 121 

cognitive rehabilitation for an another spatial cognition deficit (spatial neglect).(44-46) 122 

  123 

OBJECTIVES 124 

The aims are: i) to determine the efficiency of PT on the recovery of postural imbalance in adult patients after stroke and 125 

ii) to assess which PT is more effective when compared with one another. 126 

 127 

METHODS 128 

We will use the guide from The Cochrane Collaboration entitled “Cochrane Handbook for Systematic Reviews of 129 

Interventions” (version 5.1.0)(47) and the software (RevMan 5.3) to construct this meta-analysis. The recommendations 130 

from PRISMA statement will also be followed.(48) No ethical statement will be required for this review and meta-131 

analysis.  132 

 133 

Criteria for considering studies for this review 134 

Type of studies   135 

We will include all randomised controlled trials. The allocation between two or several groups will have to be correctly 136 

randomised. Trials without control group or those with quasi-random allocation will be excluded.  137 

 138 

Types of participants 139 

We will include all trials which have included human adult patients (over 18 years old) after a first or recurrent stroke. 140 

Stroke is defined, according to the World Health Organisation, as “rapidly developing clinical signs of focal (at times 141 

global) disturbance of cerebral function, lasting more than 24 h or leading to death with no apparent cause other than that 142 

of vascular origin”.(1) Therefore, the positive diagnosis is based on clinical examination. It is not compulsory to include 143 

the imaging diagnosis. Transient ischemic accidents (TIAs) will be excluded because all neurological symptoms 144 

disappear (“TIAs are brief episodes of neurological dysfunction resulting from focal cerebral ischemia not associated 145 

with permanent cerebral infarction.”).(49) 146 

 147 

Types of interventions 148 

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 149 

whatever it may be and whatever its aim (upper-limb, lower-limb, posture, gait, spasticity …). This meta-analysis will 150 

not be limited to PT, the direct and immediate objective of which is to reduce postural imbalance. This possible expand 151 

or generalization of effects may be observed after intervention in rehabilitation.  152 

The PT is defined by the World Confederation for Physical Therapy (WCPT) as “services to individuals and populations 153 

to develop, maintain and restore maximum movement and functional ability throughout the lifespan” and “physical 154 

therapy is concerned with identifying and maximising quality of life and movement potential within the spheres of 155 
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promotion, prevention, treatment/intervention, habilitation and rehabilitation” (http://www.wcpt.org/policy/ps-156 

descriptionPT). 157 

 158 

Types of outcome measures 159 

Outcomes will be selected following the recommendations of the International Classification of Functioning, Disability 160 

and Health (ICF). Immediate outcomes after the end of PT and delayed outcomes after a follow-up time will be included.  161 

Primary outcomes 162 

The BBS assesses the functional postural abilities of patients in several conditions (lying on the back, sitting, standing, 163 

leaning forward, change of position …). This scale is composed of 14 items. The maximal score, reflecting the best 164 

functional postural abilities, is 56 points. The choice of the scale is based on its validation in stroke patients and on its 165 

good metrological qualities, doing it a reference scale.(50-54) 166 

The PASS also evaluates the functional postural abilities of stroke patients in several conditions (lying on the back, 167 

sitting, standing and while changing (these) positions). This scale is composed of 12 items. The maximal score, reflecting 168 

the best functional postural abilities, is 36 points. Its metrological qualities are good, particularly during the first 3 169 

months.(55, 56) 170 

The two scales exhibit a clinical relevance in assessment of postural imbalance in stroke patients. They express the level 171 

of activity. Therefore, measured changes reflect modifications of postural abilities of patients in daily living.  172 

The outcomes pertaining to balance and postural control will be the WBA, the COP and the LOS. These parameters will 173 

be measured by a (sitting or standing) static evaluation on force-plate or another device (17, 51, 52).  174 

Secondary outcomes 175 

The outcomes will be the Barthel Index (BI), the Functional Independence Measure (FIM), the scale for instrumental 176 

activities of daily living (IADL) and the scale for activities of daily living (ADL), reflecting the level of autonomy. 177 

Only the primary outcomes will be considered for selection of trials.  178 

 179 

Search methods for identification of studies 180 

We will search the following electronic bases from their inception to October 2015: Medline, Embase, PEDro, Cochrane 181 

Central Register of Controlled Trials, Pascal and Francis. The search strategy will interest in three kinds of terms: these 182 

about « stroke », « posture » and « physical therapy». This search strategy is described in Table 1. 183 

 184 

Table 1. Search strategy in Pubmed 185 

 186 

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 
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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 

 187 

All published and unpublished studies, conferences or presentations will be searched without restriction in languages. 188 

The library services of three universities (Université Claude Bernard Lyon1, Université Paris 5 Descartes and Université 189 

Paris 6 Pierre et Marie Curie) and two hospital centres (Hospices Civils de Lyon, Assistance Publique-Hôpitaux de Paris) 190 

will be requested to access the unpublished and published documents. 191 

 192 

Data collection and analysis 193 

Selection of studies 194 

The process of selecting the search results will be carried out on the base of the selection criteria in three successive 195 

steps: i) by reading the titles, ii) by reading the abstracts, and then iii) by reading the full texts. Each one of these steps 196 

will be separately performed by two independent authors (AH and JDM). For the selection on the basis of titles, all 197 

studies, selected by one of these two authors, will be accepted for the next step of the selection process. For the two 198 

subsequent steps of selection, an agreement between the two authors will have to be found. In case of disagreement, three 199 

more authors (IB, FG, GR) will have to decide by consensus. The authors of the trials will be contacted if information 200 

needed for the selection process is unclear or missing. 201 

The studies published in journals judged as standalone according to the analysis of Jeffrey Beall 202 

(https://scholarlyoa.com/individual-journals/), which is based on objective and clearly identified criteria 203 

(https://scholarlyoa.files.wordpress.com/2015/01/criteria-2015.pdf), will be excluded. 204 

Cross-over trials will be included if: i) the order of interventions has been randomised, and if ii) the potential effects of 205 

the first intervention have not impacted the potential effects of the second one. They will be considered as randomised 206 

controlled trials. Moreover, some cross-over trials can present a special design: a single assessment during the 207 

intervention instead of an assessment before and one after, as is usually the case. These types of design are specifically 208 

used for some types of intervention (orthosis …). These cross-over trials will be included if: i) the conditions set above 209 

regarding cross-over trials are validated (the randomised order and the absence of impact of the first intervention on the 210 

second one) and if ii) a spontaneous recovery is not possible during the time between the two interventions. 211 

No study will be excluded because of the language of the report: Those written in languages other than French or English 212 

will be translated by the authors: YX for those written in Chinese, HK for those written in Persian, JP for the for those 213 

written in Portuguese.  214 
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 215 

Data extraction and management 216 

Data extraction will be carried out independently by two authors (AH and JDM). Agreement between these two authors 217 

will have to be found. In case of disagreement, three more authors (IB, FG, GR) will have to decide by consensus. The 218 

authors of included trials will be contacted if some data are unclear or missing. Data extraction will include: 219 

1. The design of study 220 

2. The details of the population: size of the population, age, gender, time since stroke, side of the paresis, unilateral 221 

or bilateral stroke, first ever or the recurrent stroke, the imaging diagnostic with the etiologic and the localisation 222 

of stroke lesions.  223 

3. The methodological quality of trials: details of random process, blinding, dropout, reporting and others. 224 

4. The PT: overall duration of PT, the aims and the most important characteristics of each PT. 225 

5. The outcomes: all outcomes measured and specifically the BBS, the PASS, the WBA, the COP, the LOS, the 226 

BI, the FIM, the IADL and the ADL will also be extracted.  227 

6. The prior submission to an ethics committee or the respect of the declaration of Helsinki on human clinical 228 

trials. 229 

 230 

Assessment of the risk of bias in included studies 231 

The methodological quality of all included trials will be separately assessed by two independent authors (AH and JDM). 232 

Agreement between these two authors will have to be found. In case of disagreement, three more authors (IB, FG, GR) 233 

will have to decide by consensus. This evaluation will be based on the seven relevant domains in the “risk of bias” tool of 234 

Cochrane Handbook for Systematic Review of Interventions: i) random sequence generation, ii) allocation concealment, 235 

iii) blinding of participants and personnel, iv) blinding of outcome assessment, v) incomplete outcome data, vi) selective 236 

reporting and vii) others bias. 237 

The level of risk of bias will be determined for each domain: i) high level, ii) unclear level, or iii) low level. 238 

 239 

Measures of treatment effect 240 

The statistical analysis will be performed according to the recommendations of the Cochrane Handbook and using the 241 

software of Cochrane Collaboration, RevMan 5.3, available from the Cochrane website 242 

(http://tech.cochrane.org/revman). All outcomes will be continuous variables. The measurement of effects will be 243 

determined based on the change scores from baseline. Initially, a fixed-effect model will be used to compare the 244 

outcomes expressed in the same scale. The heterogeneity of the effects of trials will be evaluated by the chi-squared test 245 

and the I2 test. Heterogeneity will be considered as substantial if the I2 statistic ≥50% and p<0,10. If heterogeneity is 246 

considered as substantial, reasons for this heterogeneity will be searched for and a random-effect model could be used for 247 

comparison. So, the mean difference, which is the absolute difference between the mean value in two groups in a trial, 248 

and its 95% confidence intervals will be calculated. To express the PT effects on the function and the activity, it will be 249 

necessary to combine the outcomes measured in a variety of scales (measures of WBA, COP and LOS for the function, 250 

PASS and BBS for the activity). Thus, the standardised mean difference (SMD) and its 95% confidence intervals will be 251 

calculated. The SMD expresses the size of the intervention effect in each trial relative to the variability observed in that 252 

trial. In Revman, the SMD is calculated based on the Hedges' g. 253 
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For the trials with more than two PT groups and to prevent a group being counted twice, we will determine which PT 254 

groups are relevant for pair-wise comparisons. Or, if all are relevant, a further possibility will be to include each pair-255 

wise comparison separately and to divide evenly the shared group among the comparisons. For the trials for which results 256 

for a rehabilitation group are stratified, the absence of substantial heterogeneity will be verified before mixing the two 257 

subgroups of the same PT. 258 

 259 

Data synthesis 260 

The comparisons will focus on the effects of active PT versus: i) no PT, ii) usual care, placebo or control PT and iii) 261 

another active PT. First, immediate outcomes will be analysed, then, delayed outcomes (follow-up tests) if they have 262 

been evaluated. 263 

 264 

Subgroup analysis and investigation of heterogeneity 265 

Several subgroup analyses will investigate the effects of PT according to: 266 

1. the type/nature of PT (For example: electromechanical devices including biofeedback, robotics, and functional 267 

electrical stimulation, virtual reality, task-oriented training, gait training, vibration, non-invasive cerebral 268 

stimulation …). 269 

2. The main therapeutic goal of PT. Two groups will be established: i) PT aiming mainly at the recovery of 270 

postural imbalance and ii) PT not specifically focused on the recovery of postural imbalance.  271 

3. the localisation of brain lesion. To this purpose, three subgroups will be identified: i) hemispheric stroke, ii) 272 

brainstem stroke and iii) cerebellum stroke. A subgroup analysis will also investigate the effects of PT according 273 

to the side of the hemispheric lesion (right/left). 274 

4. the type of processing “bottom-up” or “top-down”.  275 

5. the methodological quality of trials. Two subgroups will be identified: i) the trials in which all criteria of 276 

methodological quality, detailed in the part entitled « Assessment of risk of bias in included studies », will 277 

present a low risk, and ii) the trials in which at least one of these criteria will present an unclear or high risk.  278 

6. the trials assessing or not the level of autonomy (BI, FIM, IADL, ADL). 279 

7. the time since stroke. To this purpose, three subgroups will be identified: i) early (≤30 days), ii) late (<180 days) 280 

and iii) chronic stroke (≥180 days).(57)  281 

We will plan a meta-regression of the effects according to the overall duration of PT.  282 

Considering the high risk of heterogeneity for the different PT investigated, a network meta-analysis is, at the present 283 

time, not envisaged. 284 

 285 

DISCUSSION 286 

Postural imbalance is frequent in stroke patients at early, late or chronic stage. It affects walking abilities, independence 287 

and quality of life.(7) Therefore, reduction of postural imbalance in stroke patients is a relevant objective of PT, in order 288 

to increase the level of autonomy. This meta-analysis aims i) at determining the efficiency of PT on the recovery of 289 

postural imbalance in adult patients after stroke and ii) at assessing which PT is more effective when compared with one 290 

another. To this purpose, this systematic review and meta-analysis aims at upgrading and improving the rehabilitation of 291 

postural imbalance by a complete analysis of all PT. But our objective is not only to compare the effects of PT but also to 292 

improve the understanding of these PT effects, using subgroup analyses.  293 
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Stroke leads to a large range of clinical subtypes of postural imbalance and related underlying disorders. One of the 294 

major issues regarding the rehabilitation of postural imbalance after stroke is the heterogeneity of stroke and the patients’ 295 

deficits. For example, postural imbalance differs depending on the location and the size of the brain damage.(58) The 296 

patients with right hemispheric lesions show a greater WBA and weaker balance abilities.(13, 18, 58) Moreover, a 297 

second major issue is the variety of PT: human practice and/or electromechanical devices, several different (re)learning 298 

methods (biofeedback, repetitive tasks, tasks oriented, …), “top-down” and “bottom-up” approaches, …  299 

Therefore, many relevant issues regarding the rehabilitation of postural imbalance after stroke are asked: Which PT is the 300 

best? What is the most relevant between specific PT focused on postural imbalance and generalization effects of non-301 

specific PT? Does the postural imbalance rehabilitation only involve a sensory-motor approach? What is the advantage of 302 

technology? Which efficiency according to the time since stroke? Which intensity of PT is the most efficient? What are 303 

the effects on the autonomy and the quality of life? The previously detailed subgroup analyses could describe the effects 304 

of each PT, and thus, contribute to propose a guideline for rehabilitation of postural imbalance in stroke patients. One 305 

relevant issue may be to better identify the appropriate PT for one patient at one time after stroke?  306 

 307 
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