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Background: Limb hemiplegia is one of the common sequelae of stroke. Physical therapy-based 
rehabilitation training can rapidly improve limb functioning and muscle strength. This study investigated the 
effect of physical therapy on the recovery of upper limb motor function by employing a literature search and 
meta-analysis. 
Methods: We searched Embase, The Cochrane Central Register of Controlled Trials library, Wiley online 
library, PubMed, Ovid, and Clinicaltrials.org for randomized controlled trial (RCT) studies and performed 
an electronic search with the keyword combinations ‘physical therapy/rehabilitation’ & ‘stroke/post-stroke’ 
& ‘upper extremity/upper limb’. After screening the literature for inclusion criteria and assessing the risk of 
bias, Revman 5.4 software was used for the analysis and to obtain forest and funnel plots.
Results: A total of 15 RCTs with 1,081 patients were included in the quantitative analysis for this study. 
The meta-analysis results showed that compared with conventional therapy, physical therapy improved the 
upper limb Fugl-Meyer Assessment for Upper Extremity (FMA) scores in convalescent stroke patients (MD 
=7.27, 95% CI: 4.23–10.32, Z=4.68, P<0.00001), and increased the Functional Independence Measure (FIM) 
scores (MD =18.82, 95% CI: 6.34–31.30, Z=2.96, P=0.003), the Action Research Arm Test (ARAT) scores 
(MD =8.84, 95% CI: 6.53–11.15, Z=7.50, P<0.00001), and the Box and Block Test (BBT) scores (MD =6.11, 
95% CI: 1.18–11.04, Z=2.43, P=0.02) of patients during the rehabilitation period.
Discussion: The use of physical therapy-based rehabilitation training in the recovery period for stroke 
patients with hemiplegia can improve upper limb movement ability, increase muscle strength, reduce limb 
pain, and improve the quality of life.
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Introduction

Stroke is a common disease in neurology, with disability and 
mortality rates as high as 80% (1). The middle-aged and 
the elderly are the high incidence population of stroke. The 
function of tissues and organs of the elderly is declining, 
the autonomic nerve activity is disordered, the ability to 
regulate vasomotor and systolic is reduced, the degree of 
vascular wall sclerosis is aggravated, and the possibility of 
ischemic stroke is increased (2). After rescuing from death 
stroke patients nearly always have some kind of sequelae, 
such as coma, expression disorder, sensory disturbance, and 
limb hemiplegia, which create a self-care ability decline and 
affect their quality of life (3). Limb hemiplegia is a common 
sequela of stroke where patients present with loss of muscle 
strength and inability to perform free limb movements 
(4,5). Clinically, the primary treatments for hemiplegia after 
stroke include drugs and physical therapy. The drugs are 
mainly used to scavenge free radicals, improve brain function, 
and promote the recovery of limb function. Rehabilitation 
training can rapidly improve limb functioning and muscle 
strength, prevent muscle atrophy and joint stiffness, reduce 
the disability rate, and improve patients’ quality of life (6). 
Many different physical therapies are used clinically (7-9), 
and systematic analysis of these therapies is always focusing 
on just one kind of therapy. This study used a meta-analysis 
to quantitatively assess the effect of various physical therapy 
on limb hemiplegia during stroke rehabilitation. We present 
the following article in accordance with the PRISMA 
reporting checklist (available at https://apm.amegroups.com/
article/view/10.21037/apm-21-3710/rc).

Methods

Database and search strategy 

We searched Embase, The Cochrane Central Register of 
Controlled Trials library, Wiley online library, PubMed, 
and Ovid, as well as Clinicaltrials.org for clinical trial 
studies (clinical experimental research). We set the search 
time from the establishment of the databases to September 
2021 and performed the electronic search with the keyword 
combinations ‘physical therapy/rehabilitation’ & ‘stroke/
post-stroke’ & ‘upper extremity/upper limb’.

Inclusion criteria 

(I) Study types: we included English language articles of 
randomized controlled trial (RCT) clinical studies. (II) 

Study subjects: all patients were upper limb hemiplegic 
patients in the recovery period after acute stroke (whether 
ischemic or hemorrhagic stroke), and regardless of whether 
the hemiplegic site was on the left or right side. (III) The 
experimental group intervention measures used physical 
therapy as the primary rehabilitation method (limb 
movement, visual imagery induction, music relaxation, 
acupuncture, electrical nerve stimulation, etc.), and a 
control group was included that received conventional care 
or therapy. If there were other treatment or control groups, 
these were not included in the analysis. The experimental 
and control groups received the same drug and other basic 
treatments. (IV) At the very least, studies were required to 
contain an upper limb rehabilitation index and the ability to 
provide complete data.

Exclusion criteria

(I) We excluded patients with chronic stroke; (II) 
interventions using combined therapies (where the physical 
therapy was not described) were excluded in addition to 
any studies that did not describe the intervention frequency 
and intervention methods in detail; (III) investigations, case 
studies, and reviews of non-randomized controlled trials 
were excluded, as well as pilot studies; (IV) articles with 
missing rehabilitation indicators or data that could not be 
transformed and used were also excluded.

Literature screening 

After the literature retrieval, all articles were imported into 
Endnote X9 software. Duplicate articles were excluded by 
the software. Two researchers independently read the titles 
and abstracts for further screening. If the original text could 
not be obtained from the internet, the author of the original 
text was contacted.

Literature quality evaluation and risk-of-bias evaluation 

The Cochrane Handbook for Systematic Reviews of 
Interventions (Cochrane Collaboration) was used to evaluate 
the risk of bias in the included trials. The six aspects 
evaluated in the trials were as follows: (I) random allocation 
method; (II) blinding method; (III) implementation of 
allocation concealment; (IV) data integrity; (V) selective 
reporting bias; (VI) other biases. These six aspects were 
evaluated as either “low risk”, “unclear”, or “high risk”. If a 
study was evaluated as low risk in all six aspects, it was rated 

https://apm.amegroups.com/article/view/10.21037/apm-21-3710/rc
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as Level A; if there were one or more “unclear” evaluations, 
it was rated as Level B; if there were one or more “high 
risk” evaluations, it was rated as Level C.

Outcome indicators 

Because there are many efficacy indicators of upper 
limb recovery, we only counted the four most common 
indicators: (I) the Fugl-Meyer Assessment for Upper 
Extremity (FMA-UE); (II) the Functional Independence 
Measure (FIM); (III) the Action Research Arm Test (ARAT); 
(IV) the Box and Block Test (BBT).

Data extraction 

Two researchers independently extracted the data. The 
extracted data included title, author, publication year and 
month, grouping method, number of cases in each group, 
patient age, gender ratio, stroke time, primary hemiplegic 
side, intervention measures, observation time, follow-
up time, and rehabilitation indicators. Following the data 
extraction, the two researchers cross-checked each other’s 
results, and any differences of opinion were resolved by 
discussion. 

Statistical methods 

(I) RevMan 5.4 software (released by The Cochrane 
Collaboration) was used for the meta-analysis; (II) inverse 
variance statistics were used for the continuous variables, 
and the mean difference (MD) and 95% confidence 
interval (CI) were used to report the statistics where P<0.05 
indicated a statistically significant difference; (III) forest 
plot descriptive statistics were used to display the results; 
(IV) the I2 analysis and Q test were used to assess the degree 
of heterogeneity amongst studies. An I2 value >50% or a P 
value <0.1 was used to indicate significant heterogeneity, 
in which case a random-effects model was used to obtain 
the odds ratio (OR) value; otherwise, a fixed-effects model 
was used to obtain the OR value; (V) if the heterogeneity 
analysis suggested heterogeneity between studies, a case-by-
case exclusion method was used to investigate the source of 
the heterogeneity. A general description was adopted when 
the source of the heterogeneity could not be identified; 
(VI) a sensitivity analysis was performed by comparing the 
results of the random and fixed effects; and (VII) a funnel 
plot was used to display any potential publication bias.

Results

Literature screening results

Figure 1 illustrates the flow chart of the literature selection, 
where a final 15 studies with a total of 1,081 patients were 
included in the quantitative analysis. A list of the basic 
characteristics, intervention measures, and rehabilitation 
indicators for all studies is shown in Table 1.

Literature quality and bias evaluation

In this study, all included RCTs (10-24) described the 
method of random sequence generation (using the 
permuted block randomization method or the computer 
random sequence generation method). Two studies (14,22) 
failed to describe the allocation concealment method, and 
the remainder used the sealed opaque envelope concealment 
method. Only two studies (16,22) failed to describe the 
blinding implementation method. All of the RCTs recorded 
dropout cases in detail, without any obvious selective 
reporting bias or other biases, and the overall quality was 
excellent, as shown in Table 2.

Meta-analysis results

Effect of physical therapy on the upper limb FMA index 
(FMA-UE) 
Excepting two studies (13,23), a total of 13 studies 
reported FMA scores following the intervention. Statistical 
heterogeneity was evident in the FMA scores (I2=68%, 
P=0.0002), so a random-effects model was used. Meta-
analysis showed that physical therapy improved the upper 
limb FMA scores of stroke patients in the convalescent 
stage (MD =7.27, 95% CI: 4.23–10.32, Z=4.68, P<0.00001), 
as shown in Figure 2.

The studies were also divided according to the type of 
physical therapy intervention; a virtual reality game group, 
a constraint-induced movement (CIM) therapy group, a 
mirror therapy group, and a robotic-assisted therapy group. 
The results showed that there was no heterogeneity in the 
subgroup data. The meta-analysis results for each group are 
shown in Figure 2.

Effect of physical therapy on the FIM index 
A total of three articles (10,13,17) reported the FIM index 
following intervention, with statistical heterogeneity evident 
between the articles (I2=76%, P=0.02). Using the random-
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effects model, the meta-analysis results showed that physical 
therapy increased the FIM score of patients during the 
rehabilitation period (MD =18.82, 95% CI: 6.34–31.30, 
Z=2.96, P=0.003), as shown in Figure 3.

Effect of physical therapy on the ARAT index 
Three articles (13,14,16) reported the ARAT index scores, 
with no statistical heterogeneity evident between them 
(I2=0%, P=0.73). Meta-analysis showed that physical therapy 
increased the ARAT score during the rehabilitation period 
(MD =8.84, 95% CI: 6.53–11.15, Z=7.50, P<0.00001), as 
shown in Figure 4.

Effect of physical therapy on BBT index scores
Three articles (17,21,23) reported BBT scores, with no 
statistical heterogeneity evident among them (I2=0%, 
P=0.69). Using a fixed-effects model, the meta-analysis 
results indicated that physical therapy increased the BBT 
score of patients during the rehabilitation period (MD =6.11, 
95% CI: 1.18–11.04, Z=2.43, P=0.02), as shown in Figure 5.

Source of heterogeneity and sensitivity analysis
In the analysis of FMA indicators, there was statistical 
heterogeneity among the results of the studies (I2=68%, 
P=0.0002). However, when the studies were divided into 
four subgroups according to the intervention method, 
there was no heterogeneity, indicating that the intervention 
method was the largest source of heterogeneity. The 
analyses of the ARAT and BBT scores showed no significant 
differences in the results between the random- and fixed-
effects models, indicating that the results had good stability 
(good sensitivity).

Analysis of publication bias
The funnel plot of the meta-analysis for the FMA-UE scores 
shows that the two sides of the funnel are almost symmetrical, 
suggesting that the publication bias is small (see Figure 6).

Discussion

Stroke is very common in the elderly population, and 
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Table 2 Risk of bias and quality assessment based on the Cochrane Handbook for Evaluation of Randomized Interventions

Study
Random sequence 

generation
Classification 

Hiding
Blind method Data integrity

Optional 
reporting

Other bias Grade

Kiper et al. (10), 2018 Low Low Low Low Low Low Class A

Thrane et al. (11), 2015 Low Low Low Low Low Low Class A

Wu et al. (12), 2007 Low Low Low Low Low Low Class A

Invernizzi et al. (13), 2013 Low Low Low Low Low Low Class A

Thieme et al. (14), 2013 Low Unclear Low Low Low Low Class B

Madhoun et al. (15), 2020 Low Low Low Low Low Low Class A

Rodgers et al. (16), 2019 Low Low Unclear Low Low Low Class B

Ikbali Afsar et al. (17), 2018 Low Low Low Low Low Low Class A

Park et al. (18), 2019 Low Low Low Low Low Low Class A

Jung et al. (19), 2019 Low Low Low Low Low Low Class A

Mao et al. (20), 2020 Low Low Low Low Low Low Class A

Dehem et al. (21), 2019 Low Low Low Low Low Low Class A

Lee et al. (22), 2018 Low Unclear Unclear Low Low Low Class B

Schuster-Amft et al. (23), 2018 Low Low Low Low Low Low Class A

Sale et al. (24), 2014 Low Low Low Low Low Low Class A

hemiplegia is the main sequela after stroke, accounting for 
approximately 50–70% of all sequelae (25). In the recovery 
period after acute stroke, physical rehabilitation therapy 
can gradually reactivate the neuronal cells in the patient's 
brain by squeezing, weight-bearing, traction, stimulation, 
and other movement methods. These activities promote 
muscle contraction and improve muscle strength so that the 
function of the hemiplegic limbs can be recovered (26). In 
this study, 15 high-quality RCT studies with a total of 1,081 
participants were included. The results showed that physical 
therapy-based rehabilitation training significantly improved 
the upper limb function assessment scores, thereby not only 
improving the symptoms of limb hemiplegia but also the 
mobility and quality of life for stroke patients. After stroke, 
the balance of mutual influence and restriction between the 
two cerebral hemispheres is broken. Due to the denervation 
of the lesion area of the damaged cerebral hemisphere, the 
ability to receive and transmit descending motor signals 
is much lower than before, and the motor function of 
controlling limbs is weakened. At this time, the affected 
cerebral nerve will also be inhibited and interfered by the 
opposite neurons from the healthy cerebral hemisphere 
through the corpus callosum, resulting in further inhibition 
of the repair of the damaged cerebral nerve on the affected 

side and affecting the recovery of limb motor function 
on the affected side. The rehabilitation training based on 
physical therapy reduces the mutual inhibition between 
cerebral hemispheres, helping patients recover limb 
function as soon as possible (27).

In this study, the articles were divided into four 
subgroups according to the different interventions: a virtual 
reality game group, a CIM therapy group, a mirror therapy 
group, and a robot-assisted therapy group. Meta-analysis 
showed that the upper limb function assessment scores of 
the different interventions were higher than those of the 
control group. Virtual reality technology involves using 
computer-based programs designed to simulate real-life 
objects and events by using virtual interactions and feedback 
provided through the senses, such as vision, hearing, touch, 
smell, and movement. Patients complete the task training 
and repetitive training in the virtual environment and 
complete physical exercise therapy under the premise of 
ensuring safety (28). Mirror therapy reproduces an inverse 
image of the unaffected limb to allow the patient to imagine 
movement and perform rehabilitation training through a 
combination of visual illusion and visual feedback (29). CIM 
therapy constrains the movement of the healthy upper limb 
while requiring mandatory use of the hemiplegic upper limb 
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Study or subgroup
Mean difference Mean difference

Figure 2 Effect of physical therapy on FMA-UE scores of stroke patients during rehabilitation. FMA-UE, Fugl-Meyer Assessment Upper 
Extremity Scale.

Mean difference Mean difference
Study or subgroup

Figure 3 Effect of physical therapy on FIM scores of stroke patients during rehabilitation. FIM, Functional Independent Measure.

Study or subgroup
Mean difference Mean difference

Figure 4 Effect of physical therapy on ARAT scores of stroke patients during rehabilitation. ARAT, Action Research Arm Test.
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for the rehabilitation techniques (30). Due to the advances 
in artificial intelligence control technology in recent years, 
robot-assisted therapy is now being applied in rehabilitation 
therapy for stroke patients. Robot-assisted therapy can aid 
in the active movement, passive traction, and resistance 
movement of the patient’s limbs by using robotic devices 
and provides visual and auditory feedback, thus providing a 
more motivating and enjoyable experience of rehabilitation 
training for the patient (31). 

Study (32) has suggested that improving exercise 
intensity enables better patient outcomes. However, we 
believe that although physical therapy-based rehabilitation 
training can benefit patients, the training process still needs 
to be performed under the guidance of a physiotherapist.

Although combination therapy (33,34) may achieve 
better efficacy than single physical therapy, we did not 
include combination therapy in the study, given the 

heterogeneity that may arise. A previous study (35) reported 
that physical therapy also benefited hemiplegia in chronic 
stroke patients, but given the potential for heterogeneity, 
we did not include chronic stroke patients in this study and 
only included patients in the recovery period after acute 
stroke. In addition, some studies (36,37) have shown that 
electrical nerve stimulation treatment also has a good effect, 
but due to the different outcome measures used, no relevant 
studies were included in the present meta-analysis. Action 
observation therapy (AOT) is a new method grounded on 
neuroscience and mirror neuron system which is the basis 
of mirror therapy, too. This method requires patients to 
form accurate motion images in their minds, learn and 
practice actions after observing behaviors and actions, so 
as to restore cognitive activity and limb movement (38). 
However, there are few studies on this method, and we have 
not included any literature, which may become the research 
direction in the future.

In addition, patients of different ages and educational 
levels have different needs for rehabilitation training 
guidance and rehabilitation training knowledge publicity, 
and their compliance in the process of rehabilitation 
training also different. Patients with younger age and 
higher educational level have higher needs for rehabilitation 
training guidance and knowledge, while patients with older 
age need detailed guidance, in the meanwhile correcting the 
depressive state of mind (39).

In this study, the primary source of heterogeneity 
between studies arose from the different types of physical 
therapy used. The funnel plot showed a symmetrical 
distribution, suggesting that the publication bias was 
negligible. Although the quality of the studies included in 
this meta-analysis was high, the sample size was relatively 
small. Therefore, future research should consist of RCTs 
with larger sample sizes to comprehensively explore this 
topic.

Study or subgroup
Mean difference Mean difference

Figure 5 Effect of physical therapy on BBT scores of stroke patients during rehabilitation. BBT, Box and Block Test.
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Figure 6 Funnel plot of the effect of physical therapy on FMA-UE 
scores of stroke patients during rehabilitation. FMA-UE, Fugl-
Meyer Assessment Upper Extremity Scale.
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Conclusions

A total of 1,081 patients were included in 15 studies in this 
meta-analysis. The results showed that physical therapy-
based rehabilitation training during the recovery period 
of stroke patients with hemiplegia improves upper limb 
activity, increases muscle strength, reduces limb pain, and 
improves the quality of life. However, due to the small 
number of articles included in this study, further RCTs with 
larger sample sizes are required to comprehensively explore 
this area of research.
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