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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 |2 = 63%) or
associated with musculoskeletal intervention and/or cardiopulmonary intervention (0.37,
[0.19; 0.55], I? = 48%), electrostimulation (0.91, [0.49; 1.34], 12 = 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], I?
= 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], I? = 65% and
0.80, [0.46; 1.13], I = 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 PT's 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 the World 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 maximum movement 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 PT's
that may be used by physiotherapists during rehabilitation without restriction to only PT's that
had a stated objective of promoting recovery of balance or postural control. We included PT's
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
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Table 1. Categories of physical therapy.

Categories Component of categories
Assistive devices Cane and aid to stand or walk
Orthosis
Constraint-induced Weight, resistance
therapy Body or limb positioning
Wedge, lift
Cardiopulmonary Fitness, endurance, aerobic training

intervention

Functional task-training | Balance training
Gait training
Sit-to-stand training
Transfer training
Reach or upper limb training
Daily activity training
Other task-oriented training

Musculoskeletal Active Strengthening
intervention

Mobilization

Active assisted Mobilization

Electrostimulation

Passive Mobilization

Stretching

Immobilization

Verticalization

Massage

Neurophysiological Bobath, Proprioceptive neuromuscular
intervention facilitation and other neurodevelopmental
interventions

Sensory interventions Tactile, vibration, thermal, proprioception
Visual
Vestibular

Definition

Described in additional Table 2 in Pollock et al., 2014, p. 361 [40]:
“Devices to assist walking, including sticks and frames”

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

Passive and external constraint imposed on movements or mobility of
patients

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

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

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

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

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

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

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

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

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”
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”

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”

Electrical current used to produce a muscle contraction

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”

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

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

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

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

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

(Continued)
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Table 1. (Continued)

Categories

Other intervention Acupuncture

Aquatic therapy

Body awareness therapy

Other

Component of categories Definition

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

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

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

This classification was based on the classification reported in Pollock ef 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

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 by WBA 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
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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 (I*>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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Records identified through database searching and other sources
(n=13123)

I

[ Records after duplicates removed

Identification

| N —

(n=10663)

Records screened by the title
(n=10663)

Screening

Records screened by the abstract
(n=2318)

A

Records excluded (n=8345)

\

Abstracts excluded (n=1515) with
reasons:

» Age<18 years (1)

« Participants were not stroke or
not only stroke (189)

» No RCT (407)

* No PT (85)

« No outcome (714)

Full-text articles assessed for eligility
(n=803)

Il

Eligibility

ﬂjll-text articles  excluded with

reasons:

« Age<18 years (2)

« Participants were not stroke or
not only stroke (18)

» No RCT (100)

* No PT (25)

» No outcome (105)

« Major problem of quality (6)

» Studies published in journals

Studies comparing PT versus no treatment, sham treatment or usual care
and PT (n=298)

y

Studies included in qualitative synthesis comparing PT versus no

treatment and sham treatment or usual care (n=145)

Included

A

Studies included in quantitative synthesis (meta-analysis) comparing PT versus

no treatment and sham treatment or usual care (n=127)

\judged as stand-alone (127) /

Studies comparing PT versus PT
excluded (n=153)

Quantitative results not published or
not usable (e.g. median value with
interquartile range or only p-value

results) (n=18)
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Fig 1. Flow-chart.
https://doi.org/10.1371/journal.pone.0221700.9001

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).
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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 (12 = 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

Experimental Control Standardised Mean Weight  Weight Risk of bias
Study Total Mean  SD Total Mean  SD Differencs SMD 95%-Cl  (fixed) (random) A &8 c D E F G
Acupuncture ;
Chu etal., 2015 48 2210 1972 48 2063 18.11 —— 008  [0.32,048]  6.0% 53% e o
LinQeetal., 2015 32 3042 1053 32 3089 10.53 —_ 004  [0.53;045]  4.0% 40% ® T}
Xing et al., 2007 36 1116 12.41 36 607 14.45 F—— 038  [0.09,0.84]  45% 43% e o
Fixed effect model 116 116 = 014  [0.12;039]  145% -
Random effects model =t 014 [0.12;0.39] - 13.6%
Hatorogeneity: I = 0%, =0, p = 044 (
(
Constraint-induced therapy (
Pomeroy et al., 2001 12 017 233 12017 170 e 016 [-0.64;0.96] 1.5% 18% ® © ® 00O
Zhang et al., 2015 30 1572 11.02 30 935 7.95 —— 065  [0.13;1.17] 3.6% 3% @ e e
Fixed effect model 42 42 051 [0.07;0.94] 51% -
Random effects model 051 [0.06;0.95] - 5.5%
Hatorogeneity: 1= 2%, 7= < 0.01,p =0.31 :
Functional task-training |
Cho KH etal., 2012 1 400 118 1 281 040 — 130 [0.36;2.24] 11% 14% ® e e
Fritz et al., 2013 15 280 12.00 13030 842 —f—r— 023 [051:0.98 17% 2% 00000 ©
Ghanjal ef al., 2014 12 400 244 12 160 242 —_ 095 [0.10;1.81 13% 16% XKl
Heller et al., 2005 13 1592 895 13 1281 941 — 033 [0.45:1.10 16% 19% ® o o
Immink et al., 2014 1230 1107 11 440 17.09 —_— 014 [-0.98;0.70 14% 17% © - 0000 e
Karasu et al., 2018 121040 941 1310 941 A—— 072 [0.13;1.57 1.3% 16% 00000  ©
Kim JH et al., 2009 12 675 721 12 158 565 f—t— 077 [-0.06; 1.61 1.4% 1.7% °
Kunkel et al., 2013 4 830 1601 3 460 13.06 021 [1.301.72 0.4% 06% ©©© 0000
Lee CHetal.,, 2014 10 410 373 11170 4.00 059 [-0.28; 147] 1.3% 16% © - 000~ @
Lee SH et al., 2012 20 590 1168 20 170 969 et 038 [-0.24;1.01 25% 28% o e
Park DS et al., 2017 10 1420 426 10 740 578 — 128 [030;2.27 1.0% 13% 00000 ~ ©
Schmid et al., 2012 37 500 14.82 10 190 920 — 022 [-0.48;0.92) 2.0% 23% © 000 e
Song etal., 2014 10 710 389 5 580 269 034 [0.74:1.43 0.8% 11% e e
Song etal., 2014 10 760 269 5 580 269 —_— 063 [0.481.73 08% 1.0% o e
Tung et al., 2010 16 350 260 16 280  1.90 —1— 030 [-0.40; 1.00] 20% 23% 0000 O
Yu et Cho, 2016 10 400 124 10 280 042 B — 124 [0.27;2.22] 1.0% 1.3% oo o
Fixed effect model 213 173 < 054 [032,075]  21.7% -
Random effects model e 054 [0.32;0.75] - 26.2%
Heterogeneity: I° = 0%, * = 0, p = 0.57 :
ional task-training and i ion andlor !
Cabanas-Valdes et al., 2015 40 2302 1595 39 848 874 §—— 112 [0.64;1.59 43% °
Dujovic et al., 2017 8 1070 810 8 540  4.40 T+ 077 [-0.26; 1.80) 09% °
Holmgren et al., 2010 15 090 1302 19 130 1368 —t 003 [-0.71;0.65) 2% °
Kunkel et al., 2013 7 440 638 3 460 1306 —_— 002 [-1.37,1.33 05% °
Nadeau et al., 2013 126 790 850 71 530 7.0 e 032 [003062]  11.3% °
Nadeau et al., 2013 139 880 810 72 530 7.0 —_ 045  [0.16;074]  11.7%
Ordahan et al., 2015 25 870 800 25 510  7.08 —— 047 [0.09;1.03 3.1% °
Park HK et al., 2018 14 479 559 15 286 569 ——t— 033 [0.40;1.07 1.8% °
Park J et al., 2017 13 608 210 13190 202 ( 196 [1.00;2.93 1.0% °
Vahiberg et al., 2017 34 410 910 33 006 280 e 061 [0.12;1.10 4.0% °
Yoo etal., 2010 28 1129 919 31 623 747 e 060  [0.08;1.12 3.5% ; °
Fixed effect model 449 329 & 052 [037;067]  44.3%
Random effects model = 057  [0.33;0.81 38.0%
Hotorogeneity: 1 = 51%, v = 0.07,p = 0.03 i
i on + body therapy i
Lindvall et Forsberg, 2014 24 358 379 2 091 297 —_ [047,1.37)  27% 0% ® 00000
Fixed effect model 24 2 D 077 [047;137]  27% -
Random effects model _— [0.47;1.37) - 3.0%
Hatorogenety: not appicable t
(
: active (
Katz-Leurer et al., 2006 10 1000  4.18 14 49 536 R 100 [0.13;1.87) 13% 16% ® e e
Kim DH et al., 2008 8 1142 79.49 8 381 2291 —t— 025  [-0.74;1.23] 1.0% 13% o e
Fixed effect model 18 2 == 067 [002132]  2.3%
Random effects model @ 0.66  [-0.08; 1.40] 2.8%
Hatorogenaity: 1 = 22%, v 0.06,p = 0.26 H
. . — ¢
Kim YM et al., 2009 16 1210 24.87 16 930  19.69 — et 012  [057,082)  20% 23% ® (K]
Lee D etal., 2016 14 600  7.94 13 169 17.12 B — 057 [-0.21;1.34] 16% 19% © - 000 @
You etal., 2014 19 3050 26,52 18 18.80 2500 -+ 044 [021:1.10]  2.3% 26% ® - 000 - @
Fixed effect model 49 47 = 037 [0.04;0.77] 5.9% -
Random effects model = 037 [0.04;077] - 6.9%
Heterogeneily: /= 0%, ' = 0, p = 067 !
Other t
Salgueiro et Marquez, 2018 6 1037 757 5 250 757 —_— 095 [0.34;224]  06% 08% ® o0
Fixed effect model 6 5 — 095 [034;224]  0.6% -
Random effects model — 095  [0.34; 2.24] - 0.8%
Hatorogenty: not appicabie H
(
Sensory intervention ;
Merkert et al., 2011 25 1220 1070 23 910 830 - 032 [0.25089  30% 32 - 000 @
Fixed effect model 25 2 - 032 [025089]  3.0% -~
Random effects model — 032 [0.25;0.89] - 3.2%
Heterogeneiy: not applicable t
t
Fixed effect model 942 779 $ 046  [037;056] 100.0% -
Random effects model > 0.48  [0.36;0.60] ~  100.0%
Heterogeneily: 1 = 19%, 1= 0.02,p = 0.15 r T T T T 1
Residual heterogeneity: I = 20%, p = 0.16 3 2 f 0 1 2 3
Tostfor subgroup diferences (fxed efect. = 961, df = 8 5 = 0.29) ‘avours control  Favours expefimental

Tost for subgroup diflerences (random effects): 73 = 9.65, df =8 (p = 0.29)

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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Limited evidence of physical therapy on balance after stroke

Experimental Control
Study Total Mean SD  Total Mean SD
Constraint-induced therapy
Zhang et al., 2015 30 16.40 8.93 30 2335 10.04
Fixed effect model 30 30

Random effects model
Heterogeneity: not applicable

Functional task-training

Buyukavci et al., 2016 32 2390 2051 32 1110 16.99
Fritz et al., 2013 15 200 1219 13 0.00 8.63
Karasu et al., 2018 12 9.90 8.35 1" 0.30 8.95
Kunkel et al., 2013 4 1280 1322 3 9.30  10.10
Fixed effect model 63 59

Random effects model

Heterogeneity: I = 0%, t* = 0, p = 0.46

Functional task-training and musculoskeletal intervention and/or cardiopulmonary intervention

Standardised Mean

Difference SMD 95%-Cl

t
—_— : 072 [-1.25;-0.20]
— || 0.72  [-1.25; -0.20]
| -0.72  [-1.25; -0.20]

t

t

t
- 0.67 0.17; 1.18)
— 0.18 0.56; 0.93
— 1.07 0.18; 1.96
—_— 0.24 1.27; 1.75
— 0.60 [0.23; 0.96
'<>l 0.60  [0.23; 0.96

(

t

t

Askim et al., 2010 30 20.30 16.47 32 21.40 17.13 —=T -0.06 0.56; 0.43
Cabanas-Valdes et al., 2015 36 5.80 7.95 32 2.50 4.64 l—r‘— 0.49 0.01; 0.98
Holmgren et al., 2010 15 -0.20 1464 19 020 16.46 — -0.02 0.70; 0.65
Kunkel et al., 2013 7 6.00 5.48 3 9.30 10.10 —_— -0.43 -1.80; 0.94]
Vahlberg et al., 2017 34 1.30 5.40 33 -0.60 3.40 T 0.41 -0.07; 0.90;
Fixed effect model 122 119 > 0.22 [-0.04; 0.47
Random effects model — 0.21 [-0.06; 0.49'
Heterogeneity: I = 10%, t* = 0.01, p = 0.35 :
Musculoskeletal intervention + body awareness therapy (
Lindvall et Forsberg, 2014 24 358  3.80 22 127 3413 L 0.65  [0.05 1.24]
Fixed effect model 24 22 0.65 [0.05; 1.24]
Random effects model 0.65 [0.05; 1.24]
Heterogeneity: not applicable (
Musculoskeletal intervention: active strengthening :
Katz-Leurer et al., 2006 10 12.40 3. 14 8.30 4.97 t—— 0.89 [0.03; 1.75]
Fixed effect model 10 14 ( — 0.89 [0.03; 1.75]
Random effects model [t 0.89 [0.03; 1.75]
Heterogeneity: not applicable t

(
Fixed effect model 249 244 <$ 0.27 [0.09; 0.45]
Random effects model = y 0.29 [-0.02; 0.59]

Heterogeneity: I° = 60%, t* = 0.16, p < 0.01 T T
Residual heterogeneity: /2 = 1%, p = 0.42 3

B -1 0 1 2 3
Test for subgroup differences (fixed effect): 73 = 20.57, df = 4 (p < 0.01) gavours control ~ Favours experimental

Test for subgroup differences (random effects): 1% = 20.58, df = 4 (p < 0.01)

Fig 3. Forest plot of PT versus NT. Outcome: Balance, persisting effects. Risk of bias: A, Random sequence generation; B, Allocation concealment; C,
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(fixed)
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Standardized mean difference.

https://doi.org/10.1371/journal.pone.0221700.9003

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 (I* = 60%). A sig-
nificant between-subgroup difference was found (p<0.01); there were significant positive
SMD:s 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 (I? = 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).
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Experimental Control Standardised Mean Weight  Weight Risk of bias

Study Total  Mean SD  Total  Mean sD Difference SMD 95%Cl  (fixed) (random) A B C D E F
Functional task-training I
Bunketorp-Kall et al., 2017 40 098 279 21 012 209 033 [0.20; 0.8 29% 25% ® o0
Bunketorp-Kall et al., 2017 41 180 230 20 012 209 074 [0.19; 129 26% 25% ® o0
Chen, 2018 8 450 647 8 088 682 077 [026;1.79 0.8% 14% °
Geiger et al., 2001 7 421 438 6 767 804 051 [163;061 06% 12% @ °
Ghanjal et al., 2014 12 400 244 12 210 325 064 [0.19; 1.46) 1.2% 1.8% °
Hosseini et al., 2012 15 790 379 15 350 398 140 [0.33; 1.8 1.3% 1.9% °
Huh etal., 2015 23 705 380 17 369 241 100 [0.33; 167 18% 21% ® °
In etal., 2016 13 362 185 12133 172 124 [037:2.11 1.1% 17% ® °
Knox ef al., 2018 51 900 13.89 24 400 1487 035 [0.14; 0.84 34% 26% ® o
Rajaratnam et al., 2013 10 800 1568 9 267 365 044 [0.48; 1.35) 1.0% 16% ® °
Schuster et al., 2012 13030 170 719 300 069  [-1.64;0.26 0.9% 15% ® °
Schuster et al., 2012 12 100 270 7 190 300 031 [-124; 063 0.9% 15% © °
Tripp and Krakow, 2014 12 1100 625 15 887  9.08 026 [0.50; 1.02 1.4% 19% ® °
Xie et al., 2018 120 800 889 124 900 667 013 [038;012]  12.8% 33% ® °
Fixed effect model 317 207 <! 024 [0.09;040]  32.6% -
Random effects model < 039 [0.09; 0.68] - 27.5%
Heterogeneiy: 1= 63%, 7 = 0.18, p < 0.01 I

I
Functional task-training + other I
Goliwas et al., 2017 20 580 1651 17 310 1791 —tH— 0.15 [-0.49; 0.80] 1.9% 22% L LJ
Fixed effect model 20 17 — 045 [-0.49; 0.80] 19% -
Random effects model —_— 045 [-0.49; 0.80] - 22%
Heterogeneity: not applicable |

I
Functional task-training and i ion andlor cardi i i H
Arabzadeh et al., 2018 10 1280  4.93 10 940 526 o B 064 [027; 154 1.0% 1.6% ®
Duncan et al., 2003 44 436 471 48 170 360 He— 063 [021;1.05) 46% 2.8% ®©
Globas et al., 2012 18 180 912 18 090 1621 —r— 020 [0.45;0.86) 1.9% 22% ®
Han et al., 2016 30 1624 1395 26 1322 1510 —r— 021 [032073 29% 25% @
Kim JY et al., 2018 25 1430 2256 23 960 2093 —r— 021 [036;0.78 25% 24% °
Langhammer et al., 2009 32 280 2633 35 1000 2274 —at- 029 [0.77:0.19 35% 27% ®
Liu-Ambrose et Eng, 2015 10 130 150 14 180 350 —tr= 017 [0.98;0.64 12% 18% ®
Shatil et al., 2005 10 320 1209 8 110 17.97 —tr— 013 [0.80; 1.06 0.9% 1.5%
Stein et al., 2014 12 250 1552 12 020 820 —r— 021 [059;101 1.3% 1.8% ®
Wang TC etal., 2015 25 450 601 26 080 601 r—— 087 [029; 1.4 2.4% 24% ®
Yadav et al., 2015 12 302 172 12 150 080 — 109 [023;1.96 1.1% 1.7% °
Yun etal, 2018 18 700 572 18 200 347 — 103 [033;1.73 1.6% 21% °
Fixed effect model 246 250 < 037 [0.19;0.55]  24.9% -
Random effects model e 038 [0.12; 0.64] - 25.4%
Heterogenely: = 48%, * = 0.10, p = 0.03 i

N

i ion: active i N

Fernandez-Gonzalo etal, 2016 14 377 ~ 223 15 164 223 N —_— 36 [1.38;3.34] 0.8% 15% @ o0
Kamps et Schule, 2005 16 440 1206 15 187 1589 — 018 [0.53;0.88 1.6% 20% ®
Knox et al., 2018 45 600 1273 24 400 1487 —1er— 015  [035;0. 3.3% 26% ® ®
Page et al., 2008 4 400 150 3 100 170 ———————> 266 [0.07;524 0.1% 03% ® °
Fixed effect model 79 57 - 052 [0.15; 0.90] 5.9% -
Random effects model —_— 105  [0.08;2.18 6.4%
Hotorogenelty: I = 84%, v = 0.99, p < 0.01 W

I
Chen Detal., 2014 18  37.00 8.00 8 2100 11.00 : — 173 [0.75; 2.70) 0.8% 1.5% °
Chen D etal., 2014 15 3100 1000 72100 1100 r— 093 [001; 1.88 0.9% 1.5% ®
Cho MK et al., 2015 10 230 587 1n 170 781 — 008 [0.77:0.94 1.4% 17% ® ®
Cho MK et al., 2015 10 5.20 841 10 2.30 5.87 -TrTr 0.38 [-0.50; 1.27] 1.0% 1.6% ® °
Chung et al., 2014 9 1460 390 9 590 260 o —————> 250 [1.19;381 05% 1.0% ®
Hwang etal., 2015 15 1213 344 15 800 298 J— 125 [0.46;2.04 1.3% 18% ® ®
Janssen et al., 2008 6 420 1138 6 200 686 —_— 022 [0.92; 135 06% 1.2% ®
Suh etal., 2014 21 175 152 21 040 088 — 107 [0421.72) 1.9% 22% ® °
Tan etal, 2014 16 2190 2011 15 890 24.77 T 056 [0.16; 1.28 1.6% 20% ® °
Fixed effect model 120 102 = 089 [0.60; 1.17] 9.7%
Random effects model j— 091 [0.49;1.34] - 14.5%
Hoterogenely: I = 52%, v = 0.21, p = 0.04 H

: ) s I

Bae etal, 2015 15 275 310 15 075 402 At— 54 [0.19;1.27] 15% 20% o e
Fixed effect model 15 15 — 054 [0.19;1.27] 1.5% -
Random effects model ~ .54 [0.19;127] 20%
Heterogeneity: not applicable 1
Respiratory training !
Lee HJ etal., 2018 10 280 155 10 110 110 I S— 121 [024;2.18) 0.9% 1.5% e e
Fixed effect model 10 10 —— 121 [0.24;2.18] 0.9%
Random effects model Y 121 [0.24;2.18] 1.5%
Hoterogeneity: not applicable H
Sensory intervention 4
Brogardh et al., 2012 16 210 344 15 030 280 f—— 074 [001;147) 1.5% 20% ®
Hsu'etal,, 2013 11 110 270 12 020 150 —J— 040  [-043;123] 1.2% 18% ® ®
Kwong et al., 2018 40 220 576 40 250 526 —aL: 005  [-049;0.38] 42% 28% ® =S
Lau RWK et al., 2012 41 150 1058 4 120 721 —p 003 [-040;047] 43% 2.8% ©
Liang et al., 2012 15 1590  11.07 15 2100 881 —_— 050 [122023] 1.5% 20% ® °
Lynch et al, 2007 10 240 1108 1100 1849 —el— 021 [-065 107] 1.1% 17% ® ®
Marin et al., 2013 20 230 628 20 280 1550 —h- 004 [-0.66;0.58] 21% 23% ® S
Ngetal, 2016 37 990 949 39 882 1322 L 009 [036;0. 4.0% 27% °
VanNes et al., 2006 27 1670 19.57 26 1740 2346 —ii 003 [057:051] 2.8% 25% ®
Fixed effect model 217 219 <" 005 [0.14;024]  22.7% -
Random effects model <! 005 [-0.14;0.24] 20.5%
Heterogeneity: 1 = 0%, v/ =0, p = 055 5
Fixed effect model 1084 967 & 032 [023;041]  100.0% -
Random effects model <> 043 [0.28;0.59] ~  100.0%
Heterogenelty: /2 = 61%, v = 0.17, p < 0.01 r T T T T 1
Residual hoterogenaily: /* = 57%, p < 0.01 3 2 2 0 1 2
Testfor subgroup diferences (fxed effect)- 12 = 28.81, df=7 (p < 0.01) Favours control  Favours experirmental

Test for subgroup differences (random effects): 7} = 21.05, df = 7 (p < 0.01)

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.0221700.9004

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], I> = 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 (I* = 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
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Experimental Control Standardised Mean Weight Weight Risk of bias

Study Total Mean sD Total Mean sD Difference SMD 95%-Cl (fixed) (random) A B C D E F G
Functional task-training ; H
Bunketorp-Kall et al., 2017 40 1.21 4.00 21 0.20 2.09 + 0.29 -0.24; 0.82 5.1% 56% © © © 0000
Bunketorp-Kall et al., 2017 41 1.12 3.66 20 0.20 2.09 0.28 -0.26; 0.82] 5.0% 55% © ©®© ®© 00 00
Hosseini et al., 2012 15 6.90 3.70 15 3.90 4.19 0.74 0.00; 1.48] 2.6% 3.8% ° o [ J
Knox et al., 2018 51 10.00 13.74 24 5.00 15.35 0.35 -0.14; 0.84 6.0% 60% ® L J [ ] [ J
Noh et al., 2008 10 7.60 6.20 10 220 4.00 0.99 0.05; 1.93 1.6% 27% © ©® ®© 0 @ [ J
Xie etal., 2018 120 8.00 11.85 124 10.00 8.15 -0.20 -0.45; 0.05] 22.6% 90% @ o0 000
Fixed effect model 277 214 0.09  [-0.09; 0.28 42.8% -
Random effects model 0.30  [-0.05; 0.65] - 32.7%
Heterogeneity: 1> = 63%, t* = 0.1, p = 0.02
Functional task-training and musculoskeletal intervention and/or cardiopulmonary intervention
Erbil et al., 2018 29 270 1.90 14 0.70 0.90 1.19 0.50; 1.88] 3.0% 4.2% L4
Langhammer et al., 2009 19 220 2633 18 840 2338 -0.24 -0.89; 0.40] 3.4% 45% @ @ @
Stein et al., 2014 10 6.30 12.89 10 3.10 7.47 0.29 -0.59; 1.17] 1.8% 3.0% [
Yun etal., 2018 18 13.00 6.82 18 6.10 4.84 1.14 0.43; 1.85 2.8% 4.0% e
Fixed effect model 76 60 0.59 0.23; 0.95] 1.1% -
Random effects model 0.60  [-0.13; 1.32] - 15.8%
Heterogeneity: 1> = 75%, t* = 0.41, p < 0.01
Musculoskeletal intervention: active strengthening
Knox et al., 2018 7.00 11.22 24 5.00 15.35 0.15 [-0.34; 0.65] 5.8% 60% @ [ ] @ [ J
Fixed effect model 45 24 0.15  [-0.34; 0.65] 5.8% -
Random effects model 0.15  [-0.34; 0.65] - 6.0%
Heterogeneity: not applicable
Musculoskeletal intervention: electrostimulation
Tan etal., 2014 2550 18.64 15 1640  25.00 045  [-0.27; 1.16] 2.8% 40% ® L4 °
Tan et al.,, 2016 29 11.00 9.22 7 3.00 6.40 0.89 [0.04;1.74 2.0% 32% @ o000
Tan et al., 2016 15 7.00 7.81 7 3.00 6.40 0.52 [-0.39; 1.43 1.7% 29% @ L
Fixed effect model 60 29 0.60 [0.13; 1.07 6.5% -
Random effects model 0.60 [0.13; 1.07, - 10.0%
Heterogeneity: 1> = 0%, * =0, p = 0.72
Sensory intervention
Hsuetal., 2013 1 0.80 2.40 12 0.00 2.30 0.33 [-0.50; 1.15] 2.1% 33% © 0000 L d
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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.0221700.9005

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], I’=
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 (I” = 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 (56 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 (I* = 0%) and signifi-
cant difference between categories of PT (p = 0.96; Fig 6).
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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.0221700.9006

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
(I” = 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
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A: PT versus no treatment, post-intervention effects.
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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.0221700.9007

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
(I> = 29%). There was a significant positive SMDs for acupuncture, functional task-training,
musculoskeletal intervention by mobilization, and sensory interventions; and non-significant
SMD:s 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
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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 (I = 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 (12 = 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
(54 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 ef 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], I* = 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 (I = 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], I = 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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A: PT versus sham treatment/usual care, post-intervention effects.
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Fig 8. Forest plot of PT versus ST/UC. Outcome: Postural stability EO. Risk of bias: A, Random sequence
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https://doi.org/10.1371/journal.pone.0221700.9008

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).
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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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