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Abstract
Introduction: Motor function is essential in our daily lives. Over 70% of stroke survivors have motor or other neurological functional disabilities. However,
rehabilitation of motor function suffered from a stroke is rather difficult due to various reasons. Moreover, previous evidence for the effectiveness of physiotherapy
for people with stroke that recover motor function is varied and limited in the chronic phase and therefore has never been reviewed systematically. With the
progress of study in neurology and development of novel tools for rehabilitation, we can easily collect data from clinical trials now, so justifying conducting a
systematic review.
Methods and analysis: This systematic review protocol is developed in accordance with the methodology recommended by the Preferred Reporting Items
for Systematic Review and Meta-Analysis Protocols, as well as the Cochrane handbook for systematic reviews of interventions. Relevant studies,including
Randomized controlled trials (RCTs) published in English, published between January 2001 and January 2021, will be identified by searching the databases. We
will perform searches for relevant studies in databases, including PubMed, Embase, CINAHL, and Web of Science, Physiotherapy Evidence Database and Cochrane
Library databases. The reference lists of included articles and reviews will be searched manually. The GRADE (Grading of Recommendations, Assessment,
Development and Evaluation system from the Cochrane Handbook for Systematic Reviews of Interventions) approach will be used to systematically appraise
the quality of methodology. We will assess the risk of bias of the RCTs included using the Cochrane Collaboration’s tool and provide a qualitative synthesis and
consider conducting a meta-analysis if the final data across outcomes shows sufficient homogeneity.
Ethics and dissemination: No ethical approval is needed as the proposed study does not involve the collection of primary data, and the results of this review
will be disseminated via peer-reviewed publications and conference presentations.
Trial registration number: CRD42021267069.
Strengths and limitations of this study
•

The main strength of the present study is that this is the first systematic review that different commonly used types of physiotherapy were included,
which makes a big difference from the other trials that mostly focused on specific areas of physiotherapy.

•

By systematic review, all relevant high-quality evidence will be identified and effect of interventions to promote motor recovery, including recovery
of impairment or related function, after stroke will be investigated. Such that we can identify areas for which interventions show promise of efficacy
according to the results of this review.

•

It is anticipated that a limited meta-analysis may be conducted since there may be significant heterogeneity among the identified trials due to a wide
range of outcome measures, the amount and methods of intervention, and the duration and frequency of training.

•

It’s possible that the current review does not identify all evidence or limitations relevant to the research question because there are restrictions on both
language and year of the articles included.
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Introduction
Stroke is the leading cause of long-term even permanent
disability and a second leading cause of death worldwide[1].
Moreover, the incidence of stroke occurred as an increasing trend
in the young[2]. In the long term, 25–74% of patients have to rely
on human assistance for basic ADLs like feeding, self-care, and
mobility[3]. Because of declining fatality, together with the aging
population and improvements in acute care[4], the prevalence of
stroke is likely to increase in the future, and a growing number of
individuals will have to deal with stroke-related disability[5]. The
most widely recognized impairment caused by stroke is motor
impairment, which restricts function in muscle movement or
mobility[6]. Over 70% of stroke survivors have motor or other
neurological functional disabilities[7], almost 64% cannot walk
independently, even after rehabilitation[8], up to 85% of stroke
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survivors have hemiparesis that affects gait speed, among a
hardy group of stroke survivors, much of the improvement in
impairment and disability occurs during the first month and then
reaches a plateau[9]. And thus handicap continues to be the main
issue that results in difficulties in daily life, greater dependence
and social isolation, as well as poorer quality of life. As we know,
motor function plays a critical role in human daily lives. Stroke is a
serious health issue that requires both immediate and long-term
medical attention. It is expected that the burden of stroke further
increases until effective stroke prevention strategies are more
widely implemented. Most people (83%) survive but experience
damage to their motor skills[10]. Physiotherapy (PT) is one of
the key disciplines in interdisciplinary poststroke rehabilitation.
Complementary to pharmacotherapy and neurosurgical
treatments, the aim of physiotherapy is to improve multiple
damaged-function, including physical capacity or activity, gait,
posture, strength, transfers, coordination, endurance, balance
and flexibility and so on[11-17].
It is assumed that interdisciplinary complex rehabilitation
interventions[18, 19] would play a role as the mainstay of
poststroke care[20, 21]. Physical therapy, as one of the key
disciplines in interdisciplinary stroke rehabilitation[21].
Physiotherapy is composed of many different modalities and
novel physiotherapy interventions are continuously being
developed and applied in the clinic. Examples include Tai
Chi[22] and Yoga[23] .We can found many small, randomized,
clinical trials (RCT) that have studied interventions in the acute
rehabilitation phase, but can barely read the reports focused on
the chronic recovery phase in people with stroke[24, 25]. The
recommendations in the first Dutch evidence-based ‘Clinical
Practice Guideline for physical therapy in patients with stroke
were based on meta-analyses of 123 randomized controlled trials
(RCTs) and date back to 2004, in none of the studies was blinding
possible for patient or therapist, and only 72 of the 123 RCTs had
blinded the observer[26]. In view of the tremendous growth in
the number of RCTs in this field and the methodological quality
for RCTs is markedly improved, therefore, it is now necessary to
update the ‘‘state of the art’’ concerning the evidence for physical
therapy interventions in stroke rehabilitation. This aim is in
line with the 2006 Helsingborg Declaration on European Stroke
Strategies, which states that stroke rehabilitation should be
based on evidence as much as possible[27, 28] .
During the past few decades, numerous studies have
evaluated the effectiveness of the various physiotherapy
modalities[17], in comparisons across different interventions
on different limbs. For example, Electromechanical-assisted gait
training for walking[6, 29] and Task-oriented physical fitness
training for walking[30, 31] have been reported to be beneficial
for the lower paretic limb. However, the methodologies applied
in these studies were highly variable and many different even
controversial outcomes for motor function were delivered in the
program of different timing and intensity of acute rehabilitation.
Due to these inconsistencies, it is necessary to up-to-date the
understanding of this field for interpreting the available evidence
and providing clear and concise treatment recommendations
to people with stroke, which would help to refine strategies for
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primary intervention and to inform the design of future clinical
trials.

Here, we aim to evaluate the effectiveness of multiple
physiotherapy modalities, conventional physiotherapy, resistance
training, treadmill training, strategy training, dance, martial arts,
environmental enrichment, aerobic exercises, hydrotherapy,
balance and gait training, dual tasking, exergaming, and Nordic
walking by means of a meta-analysis and focus on motor function
recovery of the motor function of stroke survivors.

According to our knowledge of the literature, ample summary
of the efficacy of various interventions in stroke patients can be
found in published systematic reviews and meta-analysis. In
addition, since 2014 the most comprehensive meta-analysis so
far was published[17], many new studies have been reported,
creating a much larger body of evidence. We can find some
guidelines of different physical activities for stroke servivors,
however, the guideline of Physiotherapy for stroke in the chronic
recovery phase cannot be found so far. Even in the most recent
Guidelines for Adult Stroke Rehabilitation and Recovery released
by the American Heart Association and the American Stroke
Association in 2016[32], we cannot find the recommendation
in the subacute recovery phase following stroke which greatly
increased the difficulty of clinical work.
In short, the goal of our comprehensive review is to provide
an overview involving: (1) To evaluate the effectiveness of
various physiotherapy interventions on motor function; (2) To
identify which areas require further research.

Methods and analysis
Study design

The systematic review protocol was written and reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Protocols (PRISMA-P) (see the
Preferred Reporting Items for Systematic Reviews and MetaAnalysis (PRISMA-P) checklist in online supplementary table 1)
[33, 34]. For the results of this systematic review, we will publish
it following the PRISMA statement[35, 36].

Eligibility criteria

Identification of study: The findings from randomised
controlled trial (RCT) is likely to be closer the true effect than the
ones from the other research methods[37] because the unique
characteristics of RCT[38], so we will include all randomized
controlled trials (RCTs)[39] that studied the efficacy of a
physiotherapy intervention on the motor function in individuals
with stroke who experienced a stroke, before 6 months, named as
the chronic phase[17], and only articles written in English were
include for this review. Quasi-RCTs or trials without control group
such as case series and case reports will be excluded. Preliminary
and pilot studies as well as abstracts published in congress and
conferences will also be excluded. All trials that published from
2010 to 2021 were included.
Participants: We will include all RCTs which have recruited
adult patients aged 18 years or over who had a single, mono-
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hemispheric stroke over 6 months and were confirmed by
neuroimages. The definition of stroke is described as ‘a clinical
syndrome consisting of rapidly developing clinical signs of focal
(or global in case of coma) disturbance of cerebral function lasting
more than 24 hours or leading to death with no apparent cause
other than a vascular origin’ by WHO[40]. Participants in all trials
should be evaluated as meet either higher- or lower-functioning
motor criteria derived from the recognized assessments related
to motor function, such as Fugl-Meyer and the streamlined Wolf
Motor Function Test (WMFT)[41, 42]. This systematic review
does not need Patient and Public involvement statement as the
proposed study does not involve the collection of primary data.

Types of interventions

We will select all trials assessing a physiotherapy intervention
that aimed to improve motor functions and/or activities in
people with stroke. These interventions should be compared
with a control intervention (e.g. no intervention, sham therapy,
active therapy, standard care, conventional training or the same
intervention method with different parameters).

Based on the previous report[17], we modified mildly and then
divided the physiotherapy interventions for stroke rehabilitation
into the following categories: (1) interventions related to gait and
mobility-related functions and activities, including the strategy
training for complex motor sequences and cueing interventions,
exercise or training interventions with a therapeutic goal; (2)
interventions related to arm-hand activities; (3) interventions
related to activities of daily living; (4) interventions related to
physical fitness; and (5) other interventions which could not
be classified into one of the other categories. We will not place
limitation on the timing, frequency and duration of interventions.

Type of outcome measures

The primary outcomes of this systematic review will focus on
changes in patients’ motor function using various assessments
from baseline to the last available follow-up. According to the
International Classification of Functioning, Classification, and
Health (ICF), the following outcome domains were selected:
(1) muscle and movement functions: such as muscle power
functions[43],muscle tone functions[44]; (2) arm-hand activities:
including hand and arm use[25]; (3) Balance outcomes: including
kinematic balance and static balance; (4) Gait outcomes: including
gait speed and gait pattern[45].
Secondary outcome assessments will include the following
outcome domains: (1) Activities of daily living (ADL): including
basic ADL(e.g. toileting, eat and drink unassisted) [46-48] and
extended ADL(e.g. preparing meals)[49]; (2) Mental health
improvements associated with the motor function recovery. We
will also consider and analyze the adverse events related to the
indicated interventions.

Search strategy for relevant studies

For this review, we will perform electronic searches for
relevant publications with full texts written in English in the
PubMed, Wiley/Cochrane Library, EMBASE, CINAHL and
Physiotherapy Evidence Database. The articles published from
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January 2001 to January 2021 in the database will be included.

We also searched grey literature and clinical trials registers.
This will be performed by two independent researchers after all
of the researchers developed the search string. The databases
will be searched by indexing terms and free-text terms used with
synonyms and related terms in the title or abstract, we list these
terms in Table 1.
Table 1: Search strategy in Cochrane Library Database.

#1 MeSH descriptor: [Stroke] explode all trees

#2 Stroke:ti OR Cerebrovascular Accident:ti OR CVA:ti OR
Cerebrovascular Event:ti OR Cerebrovascular Insult:ti
OR Brain:ti Vascular Accident:ti OR Apoplexy:ti OR Brain
Infraction:ti OR Poststroke:ti
#3 MeSH descriptor: [Hemiplegia] OR [Paresis] explode all trees
#4 (Hemiplegia OR Paresis OR hemipleg OR hemipar OR paresis OR
paretic):ti,ab,kw
#5 search #1OR #2OR #3OR #4
#6 MeSH descriptor: [Rehabilitation] explode all trees
#7 MeSH descriptor: [physiotherapy] explode all trees
#8 MeSH descriptor: [Exercise Therapy] explode all trees
#9 (Rehabilitati* OR physiotherap* OR (physical AND (therapy OR
therapies OR activity OR activities[tiab])) OR exercis* OR
training):ti, ab, kw
#10 search #6 OR #7 OR #8 OR #9
#11 ((electrical stimulation) OR FES OR (mirror therapy) OR
(constraint-induced movement therapy) OR CIMT OR robot OR
(brain-computer interface) OR BCI OR (repetitive transcranial
magnetic stimulation) OR rTMS OR (transcranial direct current
stimulation) OR tDCS OR (task-oriented training) OR (taskbased training) OR acupuncture OR (bilateral treatment) OR
(motor relearning) or (manual therapy) OR orthosis OR stretch
OR biofeedback OR (virtual reality) OR VR OR (motor imagery)
OR (action observation)):ti,ab,kw
#12 (randomized controlled trial) OR (controlled clinical trial) OR
(systematic review) OR (guideline):ti,ab
#13 search (#11 OR #12)
#14 search (#10 AND #11 AND #13
MeSH, medical subject headings

Screening of the studies

Data management: The reference management software,
Endnote (V.X9; Thomson Reuters, New York, USA), will be used
to help upload and keep the literature search results and relevant
PDF files. Duplicate records will be automatically removed by the
EndNote software. A separate library group will be created to
store all original search results from one database. All separate
library group copies will then merge into a new library group
and duplicate checking will be carried out in the new library
group using a Find Duplicates dialogue box in the Endnote. Two
independent reviewers (SHZ, HYX) will screen all the retrieved
titles and abstracts according to the previously determined
inclusion and exclusion criteria and the full text will be screened to
further confirm the final selection of the publications. Additional
articles might be included by reference list check of the selected
studies and relevant published systematic reviews mentioned in
the search strategy. In case of any difference among reviewers,
all the reviewers will discuss the discrepancies and/or send them
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to the authors of the articles. The PRISMA flow of information
through the different phases of a systematic review will be filled
in, to record the whole screening process in detail[50, 51]. Fulltext articles, published abstracts, and conference proceedings
were included. In addition, reference lists were hand searched to
identify further relevant articles.
We will also identify randomized controlled trials of a
physical therapy intervention (compared with no intervention
or standard care/practice) where people with stroke practiced
activities of daily living, or where performance in activities of
daily living was the focus of the physical therapy intervention.

Data extraction

According to the recommendations from the PRISMA
statement[52], data extraction will be conducted by two
independent reviewers (SHZ and HYX). A third reviewer (XW)
will be response to the discrepancies between the former two
reviewers and make the final decision during the review. We will
contact the corresponding authors for further information, if the
required data are missing from the selected publications.

Data items

The extracted data from incorporated studies will include
the following information: 1) general study information (first
author, year of publication, title of journal), 2) characteristics
of participants (types, sample size, inclusion/ exclusion criteria,
random process and allocation, age, gender, ethnic group and the
onset time), 3) interventions (type of intervention, study design
and setting, supervision and comparison/control group), 4)
consequences (primary and secondary outcome measures).

Risk of bias in included studies

The checklist of the Cochrane Collaboration’s tool will be
used to evaluate the risk of each RCT included[53]. The checklist
contains six items of bias, which are as follows: 1) selection
bias, 2) performance bias, 3) detection bias, 4) attrition bias, 5)
reporting bias, and 6) other bias. The risk of bias in each item
will be categorized as low (meet all criteria), high (meet none of
the criteria) risk of bias, or unclear (insufficient detail reported
in the publications). The information for each potential source of
bias will be reported to demonstrate the results and details of
the assessment. The same two researchers (SHZ and HYX) will
conduct an assessment for the risk of bias of each included study
independently. If there is any disagreement, we will discussion
and make a conclusion. A third reviewer (Fengfeng Wu) will be
response to resolve the disagreement if consensus is still not
reached after discussion.

Strategy for data synthesis

We will assess heterogeneity between studies included
using the Cochran Q statistic and the I2 test. The data with the
P-value of the Q statistic < 0.1 or an I2 > 50% will be considered
as statistically significant heterogeneity between included
studies[54]. We will only perform a qualitative synthesis if there
is substantial heterogeneity. We will use the Review Manager
software (RevMan, V.5.3) to synthesize the results from the
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studies with sufficient data and homogeneous features about
the interventions and outcome measures. The main results of
the publications selected will be summarized and presented as a
qualitative synthesis.

Quality of evidence

According to the recommendations from the Cochrane
Handbook for Systematic Reviews of Interventions[55], the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) system will be used to evaluate the body of
the scientific evidence and outcome[56]. GRADE system involves
rating evidence for a given outcome, including two main domains:
1) indications for upgrading the evidence (having a large effect
size and dose–response gradient), 2) indications for downgrading
the evidence (serious risk of bias, serious inconsistency between
studies, serious indirectness, serious imprecision of effects and
likely publication bias).
The overall quality of scientific evidence will be classified into
the following four levels: high, moderate, low, or very low (Table
2).
Table 2 Quality of evidence and definitions.

(1) High quality: Very confident that the estimate of effects is as close
as possible to the true effect and is almost impossible changed by
further research.
(2) Moderate quality: Moderately confident that the estimate
of effects is likely to be close to the true effect but there is
a possibility that it is substantially different and is possible
changed by further research.
(3) Low quality: Limited confidence that the estimate of effect may
be substantially different from the true effect and is very likely to
be changed by further research.
(4) Very low quality: Very little confidence that any estimate of effect
is very uncertain.

Ethics and dissemination

Ethics considerations: This systematic review does not
need ethical approval because that the proposed study does not
involve the collection of primary data. Findings of this review will
be disseminated via peer-reviewed publications and conference
presentation(s).

Dissemination plan

This systematic review protocol was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO) on 01 July 2021 (registration number
CRD42021267069).
Findings of this review will be disseminated through peerreviewed publications and conference presentations.
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