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Abstract
Purpose of review  This review aimed to evaluate the evidence of using non-invasive brain stimulation (NIBS) combined 
with mirror therapy (MT) for patients with stroke.
Recent findings  This systematic review included eight RCTs; four of them were of high quality. The meta-analyses revealed a 
significant effect of NIBS with MT on improving the hand grip strength (P = 0.0010), and gross manual dexterity (P = 0.0002), 
while sensorimotor function and cortical excitability were not significant. The timing-dependent effect of the tDCS with MT 
on the sensorimotor function was non-significant.
Summary  Findings of this review emphasize the use of MT in stroke rehabilitation with NIBS to improve hand grip strength 
and gross manual dexterity. Moderate evidence is present for the effect of transcranial magnetic stimulation with MT on 
balance and walking, and limited evidence for temporal-spatial gait parameters improvement. More high quality RCTs with 
longer follow-up are needed to strengthen the present evidence.
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Introduction

The effects and consequences of stroke are considered as 
major public health issues [1]. Guiraud et al., 2010 and Yaghi 
et al., 2017 stated that among the most common risk factors 
for stroke are smoking, hypertension, hypercholesterolemia, 
diabetes mellitus, and atrial fibrillation. They also stated that 
stroke resulting from undetermined etiology (Cryptogenic 
stroke) constitutes about one third of all stroke cases [2, 3]. 
One of the most common consequences of stroke is hemiple-
gia, in which paralysis affects muscles of the upper extremity 
more than those of the lower extremity [4], body functions [5] 
and patient’s ability to execute simple daily living tasks and, 
thereby reducing the overall quality of life [6].

Various physical therapy techniques are emerging 
to facilitate stroke rehabilitation that can redouble the 
motor recovery when combined [7]. One of these com-
bined approaches is the use of non-invasive brain stim-
ulation (NIBS) together with mirror therapy (MT). The 
NIBS technique has been an eminent technology used in 
to enhance post-stroke recovery. In stroke, they are used 
to reinforce “adaptive” plasticity after brain lesion and 
control “maladaptive” plasticity [8], therefore improve 
motor output when integrated with physical rehabilita-
tion. Protocols of NIBS in rehabilitation are based on sev-
eral models that explain the brain reorganization after an 
insult. Interhemispheric competition model that assumes 
increased inhibition of the affected hemisphere by reduced 
inhibition of the unaffected side [9]. Compensation for the 
impairment of the affected hemisphere by the unaffected 
hemisphere is called the vicariation model, subsequently 
adaptive changes occurs rather than maladaptive processes 
[9–11]. It is suggested that the bimodal balance model, 
which counts on the structural reserve, is more sufficient 
to explain the recovery after stroke [9]. In stroke, they are 
used to enhance cortical modifications triggered for recov-
ery after brain lesion and so improve motor output when 
integrated with physical rehabilitation [8].

Transcranial direct current stimulation (tDCS) and 
repetitive transcranial magnetic stimulation (rTMS) are 
the most common emerging approaches used in stroke 
rehabilitation. The tDCS is a neuromodulator paradigm; 
the stimulation is administered by weak electric current 
through cathodal and anodal application to induce change 
of brain polarity [12]. The rTMS is a painless brain stimu-
lation that modulates cortical excitability at the stimula-
tion site and trans-synaptically at distant sites [13]. This 
stimulation is applied via a magnetic field that induces an 
electric field in the brain [14].

Mirror therapy aids also in the rehabilitation of patients 
with stroke by placing a mirror in the patient's sagittal 
plane, reflecting the non-paretic side, while performing 

bilateral synchronized movements [15]. It makes the 
movement-related beta desynchronization, in the motor 
cortex, more symmetrical and normalized during bilateral 
movement, after the visual stimulation [16]. The activation 
of brain areas occurs through the illusion created by the 
mirror image of the non-paretic limb being superimposed 
on the affected limb behind the mirror [17].

Previous systematic reviews studied the therapeutic effect 
of either NIBS or MT and showed improvement of motor 
function [18•, 19]. The combination of NIBS with MT has 
shown additive effects on motor performance [20], however, 
the existing trials presented contradicted results [21, 22]. 
Therefore, the objectives of this review were to evaluate the 
evidence of using NIBS in combination with MT in patients 
with stroke.

Methods

This systematic review was conducted based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement [23].

Database Search

Electronic databases; Pubmed, Cochrane library, Scopus, 
Web of science, EPSCOhost and PEDro, were searched for 
relevant studies using the keywords and Mesh terms shown 
in Appendix S1. Two authors searched the databases inde-
pendently from the earliest available dates up to April 2023.

Eligibility Criteria

The eligibility criteria of the included studies were as the 
following:

a)	 Randomized controlled studies that have been peer-
reviewed and published in English with full text avail-
able; b) Participants were adult stroke survivors; c) 
Interventions used were non-invasive brain stimulation 
combined with mirror therapy (alone or with general 
exercises) and compared to sham therapy, non-invasive 
brain stimulation alone or mirror therapy alone; and d) 
Functional outcomes of upper and/or lower extremities 
were assessed.

Studies Selection

To remove any duplicates, all of the searched literature 
was exported to Mendeley software [24] and the remain-
ing citations were uploaded to Abstract software [25] which 
allows for study organization and filtration. Then, a group 
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of authors, independently, double-screened each title and 
abstract. Full text filtration was performed on potentially 
eligible or confusing abstracts by a group of independent 
authors who then extracted the data from the included stud-
ies and scored the methodological quality. Any disagree-
ments between authors were discussed with senior author.

Quality Assessment

For methodological quality assessment, the included stud-
ies were graded using the Physiotherapy Evidence Database 
(PEDro) scale [26]. The PEDro scale has 11 items, the first 
of which is concerned with external validity and not included 
in the final score. Items 2–9 of PEDro help users in identify-
ing trials with strong internal validity, while items 10–11 
evaluates trials that present enough data to make their results 
interpretable. Based on the overall score; which ranges from 
0 to 10, the quality is rated as high or low; high quality for 
articles ≥ 6 points (6–7 is good and 8–10 is excellent qual-
ity), low quality for articles < 6 points (4–5 is fair and < 4 is 
poor quality) [27].

Data Extraction

Data were extracted from every relevant study by two 
authors independently into an Excel spreadsheet and 
included: a) Study characteristics: authors and year of pub-
lication; b) Participants’ characteristics: stroke type, onset 
and severity; c) Intervention characteristics: intervention and 
control modalities, timing, intensity, duration and follow-
up; and d) outcomes and results. Any disagreements were 
resolved by discussion with the senior author.

Data Synthesis

Data from the included studies were analyzed using 
Review Manager (RevMan – version 5.4.1, The Nordic 
Cochrane Center, The Cochrane Collaboration, Copenha-
gen, Denmark, 2021), and Microsoft Excel 2019 (Micro-
soft Corp., Redmond, WA, USA). A formal meta-analysis 
was conducted for all outcomes if the data were sufficient. 
Pooled continuous effect measures were expressed as the 
mean difference (MD) when the scale was unified or stand-
ardized mean difference (SMD) when the scales were dif-
ferent for the same outcome, with 95%CI and analyzed 
using Inverse-variance method. Between-study statistical 
heterogeneity was explored and quantified using the I2 test. 
By default, the fixed effect model was used in all analyses. 
If heterogeneity was statistically significant (p < 0.05) or 
I2 was > 50%, the Der Simonian and Laird random-effects 
model were used instead [28]. Subgroup analysis was con-
ducted for latency and amplitude of cortical excitability. 
Publication bias could not been assessed because of the 

small number of included studies in each meta-analysis. 
We considered 2-sided statistical analysis testing setting 
the α-error level at 0.05.

The strength of evidence was determined using Levels 
of evidence adapted from Sackett Appendix S2, in which 
the levels are ranked from 1 to 5 depending on the PEDro 
scores; with 1 being the strongest evidence and 5 has no 
evidence [29, 30].

Results

Study Selection

After initially searching the databases, 727 records were 
identified; of these records, 246 records were excluded 
as they were duplicated studies. Thus, 481 records were 
retrieved for title and abstract screening, which resulted in 
exclusion of 451 records which included different inter-
vention, different population, or those, were reviews or 
protocols. Consequently, 30 records were retrieved for 
detailed evaluation. Full-text assessment yielded to exclu-
sion of 22 records either for not meeting our inclusion 
criteria, as shown in Appendix S3, or because their full-
text was not available. Eventually, eight records [21, 22, 
31–36] were included in this review; five of them were 
involved in quantitative analysis [21, 22, 31–33]. D’Agata 
et al. [36] study was excluded from meta-analysis due to 
lack of sufficient data after emailing the corresponding 
author. The PRISMA flow chart of the systematic search 
and filtration was displayed in Fig. 1.

Study Characteristics

Quality Assessment

The PEDro score for each included study is illustrated in 
Table 1. After assessing the methodology of each study, 
four studies [21, 22, 34, 36] reached a good-quality 
score while the other four studies [31–33, 35] reached 
a fair-quality score. All studies showed randomization 
of subjects, however, the allocation concealment was 
achieved only in one study [22]. Blinding of subjects was 
achieved in two studies [21, 36], and blinding of assessors 
was achieved in five studies [21, 32–34, 36] while none 
of all achieved therapists blinding. In addition, subjects 
were similar at baseline assessment except in one study 
[33]. Three studies [21, 32, 36] did not obtain outcomes 
from 85% of their subjects, moreover, intention-to-treat 
analysis was not achieved in all of the included studies 
except in one study [22].
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Participants

The included participants’ characteristics were shown in 
Tables 2, 3, and 4. In total, 240 participants were involved 
across the eight studies. The range of participants within the 
studies was 20–36, all participants were adults with mean 
age 58.02 years including both sexes with the majority of 
male participants (n = 145). Six studies [21, 22, 31, 33, 35, 
36] included patients with chronic stroke (n = 184) while 
two studies [32, 34] included sub-acute stoke (n = 56). The 
causes of stroke were variable between ischemic (n = 125) 
and hemorrhagic (n = 71). The paretic side varied between 
left side (n = 97) and right side (n = 107) and the severity of 
the affection was mild to moderate as reported only in one 
study [21]. The majority of the studies assessed the motor 
function in the upper extremity [21, 22, 31–33, 36]. Balance 

was assessed in one study [34], and gait also in another one 
[35]. Three studies assessed the effect of tDCS [21, 22, 31] 
whereas four studies assessed the effect of rTMS [32–35] 
and one study assessed tDCS alongside with rTMS [36]; in 
combination with mirror therapy. Two studies used mirror 
box to deliver the mirror therapy [32, 36].

Interventions

The included interventions characteristics were demon-
strated in Tables 2, 3, and 4. The used interventions were 
as follows:

a) Transcranial Direct Current Stimulation (tDCS) com-
bined with Mirror Therapy (MT)

Fig. 1   PISMA flow chart
Identification of studies via databases and registers

Records identified from:

Databases (n = 727)
Pubmed (n= 148)

Cochrane library (n= 180)

Scopus (n= 104)

Web of Science (n= 76)

EPSCOhost (n= 216)

PEDro (n= 3)

Registers (n = 0)

Records removed before screening:

Duplicate records removed (n= 

246)

Records marked as ineligible by 

automation tools (n = 0)

Records removed for other reasons 

(n = 0)

Records screened

(n = 481)
Records excluded (n = 451)

Reports sought for retrieval

(n = 30)

Reports not retrieved

Not full-text (n = 8)

Not English (n=1)

Reports assessed for 

eligibility

(n = 21)

Reports excluded (n= 13):

Different intervention (n= 12)

Different population (n= 1)

Studies included in review

(n = 8)
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Three studies [21, 22, 31], carried out on 85 partici-
pants, examined the effect of tDCS combined with MT on 
the motor function of the upper extremity. Anodal tDCS 
was use in two studies [21, 31], while Jin et al. [22] used 
dual tDCS. The interventions were applied for 45 [31] or 
90 [21, 22] minutes in total, 3 [31] or 5 [21, 22] days/
week, for 2 [22], 4 [21] or 6 [31] weeks on chronic stroke 
survivors. Only Jin et al. [22] followed-up the participants 
after 2 weeks.

b) Repetitive Transcranial Magnetic Stimulation (rTMS) 
combined with Mirror Therapy (MT)

Four studies [32–35] reported the effect of rTMS on 121 
patients with stroke. The high frequency rTMS combined 
with MT were applied on upper extremity in two studies 
[32, 33] that used the interventions 5 days/week, for 2 [32] 
or 6 [33] weeks, for 60 [33] or 65 [32] minutes on either sub-
acute [32] or chronic [33] patients of stroke. The other two 
studies used either low [34] or high [35] frequencies rTMS 
combined with MT on the lower extremities of patients with 
stroke (> 6 months). They used the same protocol of inter-
vention duration as follows; 5 days/week for 4 weeks, rTMS 
(20 min) and MT (20 min).

c) Both Repetitive Transcranial Magnetic Stimulation 
(rTMS) and Transcranial Direct Current Stimulation 
(tDCS) combined with Mirror Therapy (MT)

Lastly, D’Agata et al. [36] used two cycles of stimula-
tion either rTMS or tDCS with MT applied on the upper 

extremity with 6 months washout period in between the two 
stimulation cycles. Each cycle was applied 5 days/week for 
2 successive weeks; tDCS (20 min), MT (20 min) and rTMS 
(15 min), with multiple follow-up points; 3 and 6 months 
after both the 1st and 2nd stimulation cycle.

Outcomes

The measured outcomes and results were demonstrated in 
Tables 2, 3, and 4, with their level of evidence in Appendix S4.

1. Effect on Upper Extremities
a. Sensorimotor function of the upper extremity

The sensorimotor function of the upper extremity was 
evaluated by Fugl-Meyer Assessment Upper Extremity 
(FMA-UE) in four studies [21, 22, 31, 33]; that used NIBS 
with MT. The meta-analysis revealed a non-significant dif-
ference between groups post treatment (P = 0.06, MD = 4.94, 
95%CI = -0.28, 10.16, I2 = 0%), as shown in Fig. 2. Moreo-
ver, three of these studies [21, 22, 31] used tDCS in combi-
nation with MT and showed also a non-significant effect on 
the sensorimotor function of the upper extremity compared 
to the control group (P = 0.06, MD = 4.94, 95%CI = -0.28, 
10.16, I2 = 0%), as shown in Fig. 3.

b. Gross manual dexterity

The gross manual dexterity was assessed by Box and 
Block Test (BBT) in four studies [22, 31–33]; using either 

Table 1   Quality assessment of 
included studies

*  This item is not used to calculate the PEDro score
1)Eligibility criteria were specified; 2)Subjects were randomly allocated to groups; 3)Allocation was con-
cealed; 4)The groups were similar at baseline regarding the most important prognostic indicators; 5)There 
was blinding of all subjects; 6)There was blinding of all therapists who administered the therapy; 7)There 
was blinding of all assessors who measured at least one key outcome; 8)Measures of at least one key out-
come were obtained from more than 85% of the subjects initially allocated to groups; 9)Data for at least 
one key outcome was analyzed by “intention to treat”; 10)The results of between-group statistical compari-
sons are reported for at least one key outcome; 11)The study provides both point measures and measures of 
variability for at least one key outcome
Yes (Y), No (N)

Study Quality assessment using PEDro scale

1* 2 3 4 5 6 7 8 9 10 11 Total score Quality

(Liao et al. 2020) [21] Y Y N Y Y N Y N N Y Y 6 Good
(Jin et al. 2019) [22] Y Y Y Y N N N Y Y Y Y 7 Good
(Cho and Cha 2015) [31] Y Y N Y N N N Y N Y Y 5 Fair
(Kim and Yim 2018) [32] Y Y N Y N N Y N N Y Y 5 Fair
(Ji et al. 2014) [33] N Y N N N N Y Y N Y Y 5 Fair
(Cha and Kim 2015 a) [34] Y Y N Y N N Y Y N Y Y 6 Good
(Cha and Kim 2015 b) [35] Y Y N Y N N N Y N Y Y 5 Fair
(D’Agata et al. 2016) [36] Y Y N Y Y N Y N N Y Y 6 Good
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tDCS [22, 31] or rTMS [32, 33] in combination with MT. 
The meta-analysis demonstrated significant differences 
in favor of the NIBS, tDCS and rTMS when combined 

with MT, compared to the control group (P < 0.00001, 
MD = 11.21, 95%CI = 6.54, 15.89, I2 = 0%), (P = 0.003, 
MD = 9.52, 95%CI = 3.30, 15.74, I2 = 0%) and (P = 0.0002, 

Fig. 2   Effect of NIBS with MT on Sensorimotor function assessed by FMA-UE

Fig. 3   Effect of tDCS with MT on sensorimotor function assessed by FMA-UE

Fig. 4   Effect of NIBS with MT on gross manual dexterity assessed by BBT

Fig. 5   Effect of tDCS with MT on gross manual dexterity assessed by BBT
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MD = 13.42, 95%CI = 6.32, 20.52, I2 = 0%), respectively, as 
shown in Figs. 4, 5, 6.

c. Hand grip strength

The hand grip strength was assessed by hand dynamom-
eter in two studies; [31, 32] the meta-analysis showed sig-
nificant difference between groups post treatment in favor of 
the NIBS with MT group when compared with the control 
group (P = 0.0010, MD = 3.06, 95%CI = 1.24, 4.87, I2 = 0%), 
as shown in Fig. 7.

2. Effect on Lower Extremities

One study [34] administered rTMS with MT and found 
significant differences between groups in favour of the 
intervention group, for walking and balance results when 
assessed by the balance measurement system, while the 
Berg Balance Scale (BBS) result was not significant. The 
other study [35]; revealed significant differences between 
groups for the gait spatiotemporal parameters that included 
single support phase, step length, stride length and velocity 
in favour of the intervention group.

3. Effect on Cortical excitability

The meta-analysis of the cortical excitability in the two 
studies [32, 33], that used rTMS in combination with MT, 
showed non-significant differences between groups post 
treatment (P = 0.95, SMD = -0.03, 95%CI = -1.18, 1.12, 
I2 = 84%). For the subgroup analysis, regarding the latency 
and amplitude; meta-analysis revealed also a non-significant 

difference between groups post treatment (P = 0.44, 
SMD = -0.73, 95%CI = -2.56, 1.11, I2 = 87%), (P = 0.26, 
SMD = 0.65, 95%CI = -0.48, 1.77, I2 = 69%), respectively, 
as shown in Fig. 8.

4. Timing-depended effects

The timing-depended effects of the tDCS with MT were 
examined in two studies [21, 22]; with contradictory find-
ings between outcomes. The results showed that there was a 
significant improvement in the Nottingham Extended Activi-
ties of Daily Living Scale (NEADL) scores in favor of the 
sequential group as compared to the concurrent [21]; how-
ever, the concurrent tDCS showed significant improvement 
in Action Research Arm Test (ARAT) in relation to sequen-
tial [22]. There were no significant differences between any 
of the studied groups regarding the Kinematic assessment 
scores [21].

Comparing the timing-dependent effect of the sequential 
and concurrent interventions on the FMA-UE, involved in 
two studies [21, 22]; revealed also non-significant differ-
ence between groups post treatment (P = 0.54, MD = 2.92, 
95%CI = -6.33, 12.16, I2 = 0%), as shown in Fig. 9.

Discussion

The main objective of this systematic review and meta-anal-
ysis was to evaluate the effectiveness of NIBS technique 
combined with MT on the motor functions of both the upper 
and lower extremities in patients with stroke. Eight stud-
ies were included in this systematic review; half of them 
were of high quality, while the other studies were of low 

Fig. 6   Effect of rTMS with MT on gross manual dexterity assessed by BBT

Fig. 7   Effect of NIBS with MT on hand grip strength assessed by Hand Dynamometer
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quality. Five studies were included in the meta-analysis and 
revealed that NIBS with MT have a significant effect on 
the hand grip strength and gross manual dexterity, whereas, 
the improvements in the sensorimotor function and corti-
cal excitability were not significant. On the other hand, the 
timing-dependent effect of the tDCS with MT on the senso-
rimotor function, assessed by FMA-UE, was non-significant 
for both sequential and concurrent groups.

For better understanding of these results, it is important 
to know how this combination works. Normally, the trans-
callosal connections, between the two brain hemispheres, 
mediate a mutual inhibitory control which is reduced with 
brain injury. This inter-hemispheric imbalance could be 
improved by modulating cortical activity with NIBS that 
is used to increase cortical activity of the ipsilesional cor-
tex or to decrease the activity of contralesional areas [37]. 
Depending on the rTMS frequency set during the applica-
tion; using high frequency rTMS (> 1 Hz) on the ipsile-
sional hemisphere will facilitate cortical excitability, and 
controversy low frequency rTMS (≤ 1 Hz) on contralesional 
hemisphere will inhibit cortical excitability [38], however, 
applying high frequency rTMS over the contralesional hemi-
sphere showed more positive effects than the conventional 
application of rTMS [39]. Such that, cerebral excitability 

is decreased by tDCS cathodal stimulation, which hyper-
polarizes neurons, whereas it is increased by anodal stimu-
lation, which depolarizes neurons [40]. Additionally, two 
hypotheses for MT mechanism of action are adopted. One 
of them is that MT potentially normalizes the asymmetrical 
pattern of movement-related beta desynchronisation in the 
primary motor cortex, while, the other is the motor neuron 
hypothesis which suggests that mirror neurons excitation 
during MT facilitates functional recovery [41]. Combining 
the non-specific NIBS effect with other techniques makes it 
more specific [42]; and in this case it is the MT.

The significant results for both hand gross manual dexter-
ity and hand grip strength in favour of the NIBS combined 
with MT group are consistent with the results of the study 
reported by Yavuzer et al. [43] which revealed that MT 
improved functional recovery in the upper extremity and per-
formance of daily living activities of stroke patients. Tosun 
et al. [44] demonstrated a significant motor enhancement of 
the affected upper extremities when using inhibitory rTMS 
and neuromuscular electrical stimulation. In addition, Aşkın 
et al. [45] reported that the combination of rTMS and physi-
cal therapy was considerably better to traditional physical 
therapy in terms of spasticity reduction and improvements 
in motor and cognitive skills. Moreover, Lee et al. [46•] 

Fig. 8   Effect of rTMS with MT on cortical excitability

Fig. 9   Timing-dependent effect of tDCS with MT on sensorimotor function assessed by FMA-UE
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stated that in stroke patients, tDCS paired with therapy can 
improve upper extremity function. Transcranial direct cur-
rent stimulation paired with occupational/physical therapy, 
in particular, had a much larger effect on upper extremity 
function recovery in stroke patients with hemiplegia. These 
results were attributed to the optical illusion of movement 
of the non-paretic side activating the frontal or parietal lobe 
mirror neurons in the corresponding motor region through 
mirror reflection, thereby improving the movement of the 
paretic side and acts as a cognitive intervention to stroke 
patients [47]. NIBS of patients with stroke can elicit struc-
tural changes in neuroplasticity; thereby it helps them to 
recover the motor function of upper extremity [48].

In regard to the results of the FMA-UE; improvement 
of the sensorimotor function of the upper extremity was 
not significant between the groups post treatment. Moreo-
ver, receiving tDCS stimulation either followed by MT or 
concurrently with MT had a statistically significant differ-
ence when compared with the sham groups. In line with our 
results, systematic reviews of randomized controlled trials, 
used either tDCS [12] or added robot-assisted therapy to 
NIBS [49], also found a non-significant homogeneous sum-
mary effect size for FMA scores, but rather benefits of tDCS 
on enhancing ADL capacity [12]. The NIBS may serve as 
a priming stimulus to enhance the activity of the affected 
cortex. This stimulus would create an excitable environment 
of the brain which is beneficial for activating higher-order 
motor-cognitive processes during the consecutive MT [50]. 
By contrast, applying tDCS concurrently with MT might 
generate motor/cognitive interference during the MT prac-
tice, and consequently affect the cognitive-motor relearn-
ing processes and generalization of learned skills to daily 
activities [51].

Furthermore, the meta-analysis of cortical excitability 
showed non-significant differences between high frequency 
rTMS with MT and control groups post treatment for both 
latency and amplitude. In contrast, Kang et al. [52] revealed 
that the two sets of stimulation techniques, tDCS and rTMS, 
demonstrated substantial favourable effect sizes. Increasing 
cortical excitability in the ipsilesional hemisphere, through 
anodal tDCS and high frequency rTMS, and reducing corti-
cal excitability in the contralesional hemisphere, through 
cathodal tDCS and low frequency rTMS, enhance paretic 
limb force generation. Navarro-López et al. [53] reported 
that single tDCS treatments set altered cortical excitability 
for a few minutes, but many treatment sessions altered cor-
tical excitability for hours, even a day. This is therapeuti-
cally useful for usage in conjunction with physical therapy 
because a long-term state of enhanced (or decreased) excit-
ability is required to promote neuroplastic brain changes.

According to this systematic review and meta-analysis, 
up to this moment; there are conflicting results between out-
comes of upper extremity; sensorimotor function, hand grip 

strength, gross manual dexterity and cortical excitability, 
indicating a further need to explore the interaction effects 
and timing of NIBS with MT, to determine the optimal 
effective combination strategy.

Regarding the effect of NIBS on the lower extremities, 
only two studies of the same authors assessed the effects of 
rTMS with MT on walking, balance [34] and gait spatiotem-
poral parameters [35] and showed significant results in favor 
of the intervention groups. Vaz et al. [54] suggested that gait 
recovery can be achieved by employing NIBS to rebalance 
inter-hemispheric competition while the patient is undergo-
ing another exercise-based therapy. In addition, Fan et al. [55] 
confirmed the valuable benefits of rTMS on stroke patients' 
lower limb motor skills (e.g., walking and balance). Fur-
thermore, Navarro-López et al. [53] reported that in stroke 
patients, the application of tDCS in conjunction with PT 
improves gait metrics, static and dynamic balance, and lower 
limb functions. The settings that have showed benefits include 
2 mA for at least 10 min with anodic or bihemispheric stimu-
lation. These parameters have shown benefits at any stage of 
stroke in single or multiple session procedures.

The effects of NIBS techniques were comparable as 
reported by D’Agata et al. [36] but there are some advan-
tages of using tDCS vs. rTMS in stroke rehabilitation. More 
than one NIBS cycle (2–4 weeks) should be employed in 
rehabilitation to achieve a clinical meaningful data after a 
washout period in responder patients only.

It is also important to consider the adverse effects of 
NIBS combined with MT. Only one study mentioned that 
none of the patients reported discomfort or severe side 
effects [22]. The other studies didn't report if adverse events 
occurred or not.

Limitations and Implications for Future Research

The current systematic review has some limitations, such as 
the small number of included studies with only half of them 
being of high quality. In addition, the included studies had 
a wide variety of the clinical characteristics of the stroke 
participants, intervention protocols, parameters of outcome 
measures, thus, the findings couldn't be generalized to the 
entire stroke population. Moreover, the absence of follow-up 
and adverse effects reporting in many studies, didn’t grant 
discussing the long-term effects of the current interventions 
combination. Furthermore, the results of NIBS with MT on 
lower extremities functions couldn't be affirmed due to the 
lack of the studies on the lower extremities.

The acquired results of this systematic review and 
meta-analyses could aid in improving the future trials on 
combined interventions, specifically NIBS and MT, to be 
implemented in routine stroke rehabilitation programs. More 
RCTs are recommended with higher quality, larger num-
ber of participants, longer duration and follow-up periods. 
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Studies have to focus on the optimal aspects of the inter-
vention protocols including location, duration timing and 
intensity. Standardized outcome measures should be used 
in addition to the neuroimaging outcomes to provide more 
precise result. Comparison of the intervention effects on dif-
ferent stroke population and different body functions, struc-
tures, activities and participation.

Conclusion

Our results emphasize that adding MT to NIBS has a benefi-
cial effect on improving hand grip strength and gross manual 
dexterity of patients with stoke. Conversely, it has no effect 
on sensorimotor function of the upper extremity and cortical 
excitability. For the effect of NIBS with MT on the functions of 
lower extremities of the patients with stoke; there is moderate 
evidence on the effect of TMS with MT on balance and walk-
ing, and limited evidence on temporo-spatial gait parameters 
improvement. More high quality RCTs for longer follow-up 
duration are needed to ensure the effects of this combination on 
body functions, structures, activities and participation.

Registration and Protocol

The protocol of this systematic review was registered at the 
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