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Background: Although repetitive transcranial magnetic stimulation (rTMS) has been

proven to be effective in the upper limb motor function and activities of daily living

(ADL), the therapeutic effects of different stimulation protocols have not been effectively

compared. To fill this gap, this study carried out the comparison of the upper limb motor

function and ADL performance of patients with stroke through a network meta-analysis.

Methods: Randomized controlled trials (RCTs) on the rTMS therapy for stroke

were searched from various databases, including PubMed, web of science, Embase,

Cochrane Library, ProQuest, Wanfang database, the China National Knowledge

Infrastructure (CNKI), and VIP information (www.cqvip.com). The retrieval period was

from the establishment of the database to January 2021. Meanwhile, five independent

researchers were responsible for the study selection, data extraction, and quality

evaluation. The outcome measures included Upper Extremity Fugl-Meyer Assessment

(UE-FMA), Wolf Motor Function Test (WMFT), Modified Barthel Index (MBI), the National

Institute of Health stroke scale (NIHSS), and adverse reactions. The Gemtc 0.14.3

software based on the Bayesian model framework was used for network meta-analysis,

and funnel plots and network diagram plots were conducted using Stata14.0 software.

Results: Ninety-five studies and 5,016 patients were included ultimately. The

intervention measures included were as follows: placebo, intermittent theta-burst

stimulation (ITBS), continuous theta-burst stimulation (CTBS),1Hz rTMS,3–5Hz rTMS,

and ≥10Hz rTMS. The results of the network meta-analysis show that different rTMS

protocols were superior to placebo in terms of UE-FMA, NIHSS, and MBI outcomes.

In the probability ranking results, ≥10Hz rTMS ranked first in UE-FMA, WMFT, and

MBI. For the NIHSS outcome, the ITBS ranked first and 1Hz rTMS ranked the second.

The subgroup analyses of UE-FMA showed that ≥10Hz rTMS was the best stimulation

protocol for mild stroke, severe stroke, and the convalescent phase, as well as ITBS

was for acute and subacute phases. In addition, it was reported in 13 included studies

that only a few patients suffered from adverse reactions, such as headache, nausea,

and emesis.

Conclusion: Overall, ≥10Hz rTMS may be the best stimulation protocol for improving

the upper limb motor function and ADL performance in patients with stroke. Considering
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the impact of stroke severity and phase on the upper limb motor function, ≥10Hz rTMS

may be the preferred stimulation protocol for mild stroke, severe stroke, and for the

convalescent phase, and ITBS for acute and subacute phases.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier

[CRD42020212253].

Keywords: stroke, motor function, activities of daily living, repetitive transcranial magnetic stimulation, meta-

analysis

INTRODUCTION

Stroke is a common disease that is detrimental to human health.
With high incidence, disability, and recurrence rates, as well as
mortality, it puts a heavy financial burden on patients and their
families. It has become a leading cause of long-term disability
worldwide (1). Post-stroke, patients often experience physical
signs, such as postural control abnormalities, impaired balance
function, muscular strength, and muscle tension, which will lead
tomotor dysfunction at different degrees. Studies (2) have proved
that about 55–75% of patients with stroke have limited motor
function of the upper limb, negatively affecting their activities
of daily living (ADL) and quality of life (QOL) (3). Therefore,
the difficulty in rehabilitation is based on how to improve the
upper limb motor function and ADL performance of patients
with stroke effectively and safely.

Based on the interhemispheric competition theory (4, 5),
the reciprocal inhibition between these two hemispheres is no
longer balanced after a stroke, i.e., the cortical excitability on
the affected side is weakened, while that on the unaffected side
is strengthened. Hence, the cortex on the contralateral damage
side can inhibit the one on the ipsilateral damage side more
fiercely, undermining the recovery of motor function in these
patients. However, a better overall prognosis can be reached by
restoring the balance of this cortical excitability between cerebral
hemispheres (6). Therefore, based on this theory, stroke can be
treated by inhibiting the excitability on the unaffected side or
enhancing it on the affected side.

Repetitive transcranial magnetic stimulation (rTMS) is a

neuroelectrophysiological technique that creates an induced
electric field in the brain through the time-varying magnetic field

of a certain intensity. In this process, neurons are depolarized

by the electric field to change the local cortical excitability (7).

In accordance with different frequencies, conventional rTMS is
classified into low frequency stimulation (≤1Hz, low frequency
rTMS, LF-rTMS) and high frequency stimulation (>1Hz, high-
frequency rTMS, HF-rTMS) (8, 9). Theta burst stimulation (TBS)
is a new pattern of rTMS, which is divided into intermittent theta-
burst stimulation (ITBS) and continuous theta-burst stimulation
(CTBS), consisting of low-intensity and short bursts of rTMS
at 50Hz (10). Generally, the LF-rTMS and CTBS can cause
a long-term inhibition of synapses by inhibiting the motor
cortical excitability, while the HF-rTMS and ITBS will excite the
cerebral cortex through its facilitatory effect (11). However, this
consensus, which is reached based on physiological effects, is not
applicable to all conditions. Therefore, the specific effects are

also dependent on the active state of the stimulated site in the
brain (12).

Previous meta-analyses (13, 14) have indicated the influence
of various stimulation protocols on the upper limb motor
function and ADL performance of patients with stroke, but
the evidence were obtained by comparison with conventional
rehabilitation, while either direct or indirect comparison between
different rTMS protocols is missing. Network meta-analysis
can provide direct and indirect comparisons among multiple
interventions. Hence, we contrast the effects of different rTMS
protocols on such function and performance by network meta-
analysis so as to provide evidence for the clinical treatment
of stroke.

MATERIALS AND METHODS

The systematic review in this study was performed as per
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Statement (PRISMA) (15); and this study has
been registered in the international prospective register of
systematic reviews (PROSPERO), with the registration number
of CRD42020212253.

Inclusion and Exclusion Criteria
The inclusion criteria below were set based on patient,
intervention, comparison, outcome, and study design.
Inclusion criteria: (1) Patients who met the stroke diagnostic
criteria established by WHO (16) or The Fourth National
Cerebrovascular Disease Conference in 1995 (17) and were
confirmed with this disease through CT or MRI. Moreover, they
were in the age range of 18–75 years irrespective of gender and
had signed informed consent. (2) In the intervention groups,
patients received one of the following treatments: LF-rTMS
(1Hz), HF-rTMS (3, 5, 10, 12, and 20Hz), ITBS, and CTBS.
(3) The placebo comparison included no stimulation and sham
stimulation, of which the latter referred to the analog sound
without any effective magnetic stimulation. Conventional
rehabilitation, such as occupational therapy, physical therapy,
virtual reality, and orthosis, was acceptable as cointervention.
(4) Primary outcome measures in this study assessed the upper
limb motor function and ADL performance, including Upper
Extremity Fugl-Meyer Assessment (UE-FMA), Wolf Motor
Function Test (WMFT), and Modified Barthel Index (MBI). The
UE-FMA and WMFT are commonly used to assess the upper
limb motor function in patients with stroke, in the clinic (18, 19).
The higher the scores of UE-FMA and WMFT, the better the
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upper limb motor functions. Moreover, we also assessed the ADL
performance through the MBI scale. The MBI scale contains a
total of 10 items, with a full score of 100 points (20). A higher
MBI score means a better ADL performance. The secondary
outcome measures included the National Institute of Health
stroke scale (NIHSS) and adverse reactions. The NIHSS scale
has a total score of 42 points and is mainly adopted to assess
the overall function (21). A higher NIHSS score shows a worse
overall function. Meanwhile, adverse reactions were performed
to evaluate the security of rTMS.

The studies involving any of the following conditions would
be excluded: (1) Patients with upper limb motor dysfunction and
ADL impairment were not caused by stroke, but by diseases,
such as severe trauma, cerebral palsy, and Parkinson; (2) Quasi-
random articles, review studies, case reports; (3) Lack of outcome
measures related to the upper limb motor function and ADL
performance; (4) Data could not be extracted directly; and (5)
Repeatedly published studies.

Data Sources and Retrieval Strategies
Two reviewers (Y.X and Y.J.L) separately searched for
randomized controlled trials (RCTs) about the treatment of
stroke by rTMS from PubMed, Embase, Cochrane Library,
Web of Science, ProQuest, CNKI, Wanfang database,
and VIP information. The retrieval period starts from the
establishment of the database to January 2021. Taking PubMed
as an example, the retrieval strategies are shown below:
(Stroke[Mesh]OR cerebrovascular accident[Title/Abstract]OR
CVA[Title/Abstract] OR Brain Vascular Accident[Title/Abstract]
OR hemiplegia[Title/Abstract] OR (apoplexy[Title/Abstract]
OR (hemiparesis[Title/Abstract]) AND (repetitive transcranial
magnetic stimulation[Title/Abstract] OR Transcranial Magnetic
Stimulation[Title/Abstract]OR TMS[Title/Abstract] OR
rTMS[Title/Abstract]OR Theta burst stimulation[Title/Abstract]
OR θ burst stimulation[Title/Abstract]). These search terms
and expressions with the same meanings were also retrieved in
Chinese databases.

Study Selection and Data Collection
After the duplicated data were eliminated by EndnoteX9,
two reviewers (Y.X and Y.X.X) filtered the references by
reading titles and abstracts. Then, they browsed the entire
article to further select those that could meet the inclusion
criteria, and the disagreements arising from this process were
settled through group discussion or by the reviewer with rich
consulting experience. All excluded studies and related reasons
were recorded.

The following data of references were extracted from each
study by two reviewers (Z.Y.W and Y.L) using preassigned tables:
the first author, year and country of publication, sample size, age,
interventions, parameters of stimulation (frequency and number
of pulses), course of disease, stimulation site, and outcome
measures. Then, the collected data were put into Excel sheets to
be cross-checked by two reviewers. Any disagreement should be
solved through discussion or by Li.

Risk of Bias
Cochrane Collaboration’s tool (22) for assessing the risk of bias
was used by two reviewers (Y.J.L and Y.X) separately to evaluate
the risk of bias in the included studies according to the contents
below: generation of random sequences, allocation concealment,
blinding of subjects and therapists, blind outcome assessment,
incomplete outcome data, selective reporting results, and other
biases. Then, the results were reviewed by three reviewers (Y.X.X,
Y.L, and Z.Y.W), who assessed these studies to be low, high,
or unclear risk of bias based on the Cochrane Handbook for
Systematic Reviews of Interventions. In case of any disagreement,
the research group would settle it through discussion.

Statistical Analysis
Network Meta-Analysis
In this study, the Stata14.0 software was used to draw the network
diagram for comparing various therapies. Since the outcome
indicators herein were continuous variables and were assessed
by the same scale, the weighted mean difference (WMD) and
95% confidence interval (CI) were taken as the effect size. In
addition, we conducted the network meta-analysis using the
GeMTC 0.14.3 software based on the Bayesian framework. The
specific parameter details were as follows: the initial value was
set to 2.5; four chains were built by Markov Chain Monte
Carlo (MCMC) method for the simulation that was iterated
50,000 times, of which the first 20,000 ones were used for
annealing (23). Meanwhile, the node-splitting method was
applied to verify the inconsistency between direct and indirect
evidence, with P > 0.05 indicating the non-significance of this
inconsistency. The convergence of the included studies was
represented by the potential scale reduced factor (PSRF), and
the value that was close to or equal to 1 indicated a good
convergence. Then, the consistencymodel was analyzed to obtain
high-reliability results (24).

The therapeutic effects of different interventions were
sequenced by drawing the figure of ranking probability, with
the probability of each grade ranging between 0 and 100%.
ForUE-FMA, WMFT, and MBI, in which higher score meant
better function, the higher the probability of the first grade,
the more probable the best intervention effects. Conversely, the
intervention was more likely to be optimal in the case of a higher
probability of the last grade, which was applicable to the NIHSS,
an indicator with a lower score representing better function.

Subgroup and Sensitivity Analyses
We carried out subgroup and sensitivity analyses to verify the
robustness of our results. Subgroup analyses were performed
according to phase of stroke and degree of stroke severity and
sensitivity analyses were carried out by removing the studies with
a sample size of <10.

Publication Bias
We evaluated the publication bias of these studies by visually
measuring the symmetry of funnel plots in Stata14.0 software.
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RESULTS

Search Results and Study Characteristics
A flowchart of the study selection process is shown in Figure 1.
A total of 6,387 studies were retrieved. Thereinto, we read the full
article from 214 studies, of which 119 studies were excluded as
they failed to meet the preassigned inclusion criteria. Ultimately,
95 RCTs, involving 5,016 patients, were qualified for the meta-
analysis. Among these trials, there were 11 studies related to
ITBS, 3 studies related to CTBS, 55 studies related to LF-rTMS,
and 26 studies related to HF-rTMS. Supplementary Table 1

presents the basic characteristics of all included studies.

Quality Evaluation
Supplementary Table 2 shows the results of the quality
evaluation of the included studies. Thereinto, 59 studies reported
the specific random mode; 24 revealed the detailed allocation
concealment; 51 applied the double-blind or single-blind trials;
13 studies showed a small probability of selection bias; and only
1 study did not explain the concrete causes of missing data.

Network Meta-Analysis
Upper Extremity Fugl-Meyer Assessment
Sixty-eight studies and 3,470 patients were included. The network
evidence diagram is presented in Figure 2A.The PSRF value was
1, indicating satisfactory convergence (Supplementary Table 3).
According to Supplementary Table 4, the good consistency
could be verified by the node-splitting method. The funnel
plot was basically symmetrical, as shown in Figure 2B. Besides,
the network meta-analysis results in the forest plot are shown
in Figure 2C. Compared with the placebo, ITBS [WMD =

−8.28, 95% CI (−13.36, −3.32)], 1Hz rTMS [WMD = −4.95,
95% CI (−6.84, −3.03)] and ≥10Hz rTMS [WMD = −9.44,
95%CI (−12.33,−6.64)] had better curative effects. Also,≥10Hz
rTMS on the ipsilateral damage side had better curative effects
than 1Hz rTMS on the contralateral damage side [WMD =

−4.51, 95% CI(−7.77, −1.27)]. In the meantime, the ranking
probability of grades (Figure 2D) proved that the ≥10Hz rTMS
was the best protocol to enhance the UE-FMA score. Here,
we also performed the sensitivity analysis by removing the
studies with a sample size of <10 to verify the robustness of
our results. Since network meta-analysis results in forest plot
(Supplementary Figure 1A), as well as the ranking probability
of grades (Supplementary Figure 1B), were not significantly
different from the overall results, we verified the stability and
reliability of our results.

Wolf Motor Function Test
There were 11 studies and 772 patients with respect to
WMFT. Figure 3A shows the network evidence diagram.
The PSRF value moved close to 1, indicating satisfactory
convergence (Supplementary Table 3). The good consistency
could be verified by the node-splitting method (P > 0.05),
as presented in Supplementary Table 4. The funnel plot in
Figure 3B was almost symmetrical. Forest plot in Figure 3C

showed that compared with the placebo, 1Hz rTMS [WMD =

−2.24, 95% CI (−4.64, −0.48)] and ≥10Hz rTMS [WMD =

−2.52, 95% CI (−7.05, −0.03)] were significantly more effective.
However, there was no statistical difference between the different
rTMS protocols. In addition, according to the ranking probability
(Figure 3D), the ≥10Hz rTMS was the best protocol.

Modified Barthel Index
Fifty-five studies involving 2,862 patients were included. The
network evidence diagram is presented in Figure 4A.The
PSRF value was 1, indicating satisfactory convergence
(Supplementary Table 3). As shown in Supplementary Table 4,
the good consistency could be verified by the node-splitting
method (P > 0.05), and funnel plot was almost symmetrical
(Figure 4B). According to the Forest plot results in Figure 4C,
ITBS [WMD = −8.12, 95% CI (−13.66, −2.54)], 1Hz rTMS
[WMD=−8.52, 95% CI (−10.94,−6.14)], 3–5Hz rTMS [WMD
= −5.60, 95% CI (−10.56, −0.52)] and ≥10Hz rTMS [WMD
= −11.33, 95% CI (−14.27, −8.33)] were significantly more
effective than placebo. Also, ≥10Hz rTMS on the ipsilateral
damage side had better curative effects than 3–5Hz rTMS on
the ipsilateral damage side [WMD = −5.76, 95% CI (−11.54,
−0.10)].The picture of ranking probability in Figure 4D shows
that the rTMS at≥10Hz could enhance the MBI score effectively
and was considered as the most effective protocol.

Meanwhile, to verify the robustness of our results, we
excluded the studies with a sample size of <10 for the
sensitivity analysis and found that network meta-analysis results
(Supplementary Figure 2A) and probability ranking of grades
(Supplementary Figure 2B) were in line with the overall results,
indicating the stability and reliability of results.

The National Institute of Health Stroke Scale
Seventeen studies and 841 patients were included. Figure 5A
shows the network evidence diagram. The PSRF value was
1, indicating satisfactory convergence (Supplementary Table 3).
The consistency was proved to be good by the node-splitting
method (P > 0.05) in Supplementary Table 4. The funnel plot
(Figure 5B) was basically symmetrical. Forest plot in Figure 5C

showed that, compared with the placebo, ITBS [WMD = 4.06,
95% CI (2.08, 6.00)], 1Hz rTMS [WMD = 2.09, 95% CI (1.14,
3.04)], 3–5Hz rTMS [WMD = 1.25, 95% CI (0.06, 2.51)] and
≥10Hz rTMS [WMD = 1.71, 95% CI (0.39, 2.98)] had better
curative effects. Also, ITBS on the ipsilateral damage side had
better curative effects than 3–5Hz rTMS [WMD = −2.82, 95%
CI (−5.05, −0.50)] and ≥10Hz rTMS [WMD = −2.36, 95% CI
(−4.57, −0.19)] on the ipsilateral damage side. Among them,
the ITBS was the optimal one in this aspect, as shown by the
ranking probability in Figure 5D. Besides, we carried out the
sensitivity analysis by excluding the studies with a sample size
of <10 to verify the robustness of our results, which were stable
and reliable because there was no obvious change in the network
meta-analysis results (Supplementary Figure 3A) and ranking
probability (Supplementary Figure 3B).

Subgroup Analyses
In our opinion, different levels of stroke severity may cause
rTMS to have different therapeutic effectiveness. A previous
study (25) has used half of the UE-FMA score as the boundary
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FIGURE 1 | Flowchart of the study selection process.

between mild and severe stroke. For this reason, we set
two subgroups for UE-FMA: mild stroke group (UE-FMA
score ≥33) and severe stroke group (UE-FMA score <33). In
the mild stroke group (UE-FMA score ≥33), network meta-
analysis results in the forest plot (Supplementary Figure 4A)
demonstrated that compared with the placebo, 1Hz rTMS and
≥10Hz rTMS had better curative effects, with a statistically
significant difference (P < 0.05). There was no statistical
difference between the different rTMS protocols. According
to the ranking probability in Supplementary Figure 4B, the
≥10Hz rTMS was the best protocol. In the severe stroke
group (UE-FMA score<33), network meta-analysis results in

the forest plot (Supplementary Figure 5A) demonstrated that
compared with the placebo, ITBS, 1Hz rTMS,3–5Hz rTMS,
and ≥10Hz rTMS had better curative effects, with a statistically
significant difference (P < 0.05). Also, ≥10Hz rTMS on the
ipsilateral damage side had better curative effects than 1Hz
rTMS on the contralateral damage side. According to the ranking
probability in Supplementary Figure 5B, the ≥10Hz rTMS was
the best protocol.

Moreover, we performed a subgroup analysis for UE-FMA
according to the phase of stroke, including the acute phase
and subacute phase group (<1 month) and convalescent phase
group (>1 month) (26, 27). In the acute phase and the
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FIGURE 2 | Network meta-analysis results for Upper Extremity Fugl-Meyer Assessment (UE-FMA). (A): Network plot; (B): Funnel plot; (C): Forest plot; (D): The figure

of ranking probability.

subacute phase groups, network meta-analysis results in forest
plot (Supplementary Figure 6A) demonstrated that compared
with the placebo, the ITBS,1Hz rTMS and ≥10Hz rTMS had
better curative effects, with a statistically significant difference
(P < 0.05). The ITBS on the ipsilateral damage side had
better curative effects than 3-5Hz rTMS on the ipsilateral
damage side (P < 0.05). According to the ranking probability
in Supplementary Figure 6B, the ITBS was the best protocol. In
the convalescent group, forest plot in Supplementary Figure 7A

shows that ≥10Hz rTMS had better curative effects than
placebo,1Hz rTMS and ITBS (P < 0.05). Among them, the
≥10Hz rTMS was the optimal one in this aspect, as shown by
the ranking probability in Supplementary Figure 7B.

Adverse Reactions
Adverse reactions were reported in 13 of the 95 included
studies (Supplementary Table 5). Among the 3 cases of epilepsy
identified, 2 cases had epileptic seizures after the first treatment,
and the reason was that the researcher did not fully notice the
epileptic signs during the initial screening; the other 1 case
developed epilepsy symptoms after the fourth treatment, which
may be related to phenytoin treatment. Also, there were 15
cases of mild headache, 3 cases of dizziness, and 2 cases of
scalp discomfort, all of which disappeared after the treatment.
In addition, a study noted that a small number of patients
experienced numbness in the facial muscles during treatment,
and the numbness disappeared after treatment.

DISCUSSION

This study provides evidence for the recovery of the upper

limb motor function and ADL performance in patients with
stroke who were treated with rTMS. The network meta-analysis

showed that the TBS, LF-rTMS, and HF-rTMS could improve
the upper limb motor function more effectively than the

placebo; and among them, the rTMS at ≥10Hz achieved the

best efficacy in this regard. Moreover, the ADL performance
of the stimulation groups was improved more obviously than
that of the placebo group; and the ≥10Hz rTMS may be
the optimal protocol to promote the recovery of patients with
stroke. The subgroup analysis of UE-FMA confirmed that

≥10Hz rTMS had a greater efficacy in patients with mild
and severe strokes and in the convalescent phase, and ITBS

provided more benefits during the acute and subacute phases.
Meanwhile, by summarizing the adverse reactions mentioned

in all included studies, we found that only a few patients
suffered from mild headache and dizziness. Therefore, the

rTMS, with high safety, deserves to be generalized in the
clinical practice.

Post-stroke, patients often experience multiple dysfunctions,

mostly in upper limbs, which will seriously affect their QOL

(28). Besides, compared with lower extremities, the upper ones
are recovered relatively slowly, with unsatisfactory rehabilitation

effects. Hence, the rehabilitation of these patients mainly lies in
the recovery of upper extremities (29). UE-FMA and WMFT,
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FIGURE 3 | Network meta-analysis results for Wolf Motor Function Test (WMFT). (A): Network plot; (B): Funnel plot; (C): Forest plot; (D): The figure of ranking

probability.

FIGURE 4 | Network meta-analysis results for Modified Barthel Index (MBI). (A): Network plot; (B): Funnel plot; (C): Forest plot; (D): The figure of ranking probability.
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FIGURE 5 | Network meta-analysis results for the National Institute of Health stroke scale (NIHSS). (A): Network plot; (B): Funnel plot; (C): Forest plot; (D): The figure

of ranking probability.

with good reliability and validity, have been widely used to
assess the upper limb motor function (30). Therefore, we also
adopted these two scales to evaluate such functions in patients
with stroke and finally found that the HF-rTMS at ≥10Hz and
the LF-rTMS could achieve better effects in this respect than
placebo. Meanwhile, the HF-rTMS at ≥10Hz showed better
efficacy than the LF-rTMS. However, our findings were slightly
different from the results of previous meta-analysis on RCTs
(31). For the consistent part, both analyses indicated that the
motor function of patients with stroke could be improved by
HF-rTMS and LF-rTMS; but contrary to our results, Hsu et al.
(32) believed that the LF-rTMS on the unaffected side was more
effective than the HF-rTMS on the affected side. The difference
between these two analyses was that we integrated the direct
and indirect comparisons and included more studies to expand
the sample size. Besides, in our view, the motor function of
patients after a severe stroke could not be recovered effectively
by correcting the imbalance between hemispheres through the
inhibitory effect of LF-rTMS on the excitability of the unaffected
side. This is because the inhibition is weak across the corpus
callosum when the cerebral hemispheres are seriously injured,
causing the residual neurons on the affected side to be unable
to supplement the lost function; and accordingly, the functional
recovery of patients with stroke is more dependent on the
hemisphere of the unaffected side (33–35). Thus, inhibiting this

side may interfere with the motor function recovery on the
affected side (36).

Furthermore, Takeuchi et al. (37) also indicated that the
low-frequency stimulation on the unaffected side of patients
with stroke affected the coordination of their hands. Meanwhile,
by building the mouse models with stroke, Gao et al. (38) et
al. found that the HF-rTMS inhibited the neuronal apoptosis
and glucose maintenance in the diseased hemisphere. Besides,
considering the effects of the disease course of the patients on
the efficacy of rTMS at different protocols, we also carried out the
subgroup analysis. A previous study (25) has used half of the UE-
FMA score as the boundary between mild and severe stroke. In
order to validate the above conjectures, we classified the patients
with more than 33 UE-FMA score as those with severe stroke
and found that the HF-rTMS at ≥10Hz was superior to other
stimulation protocols in improving the upper limb movements
of patients with mild and severe stroke. At the same time,
we performed the sensitivity analysis by excluding the studies
whose sample size of a single group was <10, and the results
also proved that the HF-rTMS at ≥10Hz was the optimal one.
Therefore, based on existing evidence, the upper limb motor
function of patients with stroke can be positively affected by
different stimulation protocols, of which the ≥10Hz HF-rTMS
is the best intervention. In addition, we also performed subgroup
analysis according to the phase of stroke. The results showed that
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in the acute phase and in the subacute phase groups, ITBS was the
optimal stimulation protocol in improving the upper limb motor
function in patients with stroke. However, in the convalescent
phase group, ≥10Hz rTMS was the best protocol which was
superior to ITBS. Previous studies (39, 40) indicated that HF-
rTMS enhanced only the cortical excitability of the affected M1.
In contrast, ITBS could modulate interhemispheric imbalance
by increasing the cortical excitability of the affected M1 and
suppressing that of the unaffected M1. It is also worth noting
that compared with traditional HF-rTMS, ITBS is closer to the
natural neuron firing protocol of the brain, which can better
regulate the cortical environment, thereby improving the motor
function (41, 42). Therefore, in the case of severe excitatory
imbalance between the two hemispheres in the acute phase of
stroke, ITBS can adjust the excitatory(E)/inhibitory(I) balance to
a more optimal ratio. In the convalescent phase, the excitability
of the bilateral hemispheres of the brain tends to be balanced,
and ITBSmay reduce the compensatory effect of the contralateral
hemisphere by inhibiting the excitability of the contralateral
hemisphere (33), thereby hindering the functional recovery after
stroke, so its efficacy may be worse than ≥10Hz HF-rTMS.
Chou et al. (43) also recommended the application of HF-rTMS
in patients with stroke patients during the convalescent phase,
considering its mechanism of action and potential adverse effects.

Usually, post-stroke, patients have motor dysfunction of
varying degrees, affecting their ADL performance frequently.
MBI is the most widely used method to evaluate this
performance, with good reliability, validity, and sensitivity (44).
Results showed that the ITBS, as well as the rTMS at 1Hz, 3–
5Hz and ≥10Hz, could enhance the MBI score more effectively
than the placebo. In the meantime, the ranking probability
results also indicated that the ≥10 HzrTMS was the optimal
protocol to improve the MBI of patients with stroke, which
was consistent with the UE-FMA. Branco et al. (45) and
Fujita et al. (46) pointed out that the upper limb motor
function had an obvious positive correlation with the ADL
performance. Therefore, the HF-rTMS at ≥10Hz could further
promote the recovery of this performance by improving these
motor functions.

The NIHSS showed good reliability and validity in evaluating
the stroke severity (47). According to the ranking probability
in our results, the ITBS had the best effect on relieving this
severity. However, there was no statistical difference among
intervention groups, and only a few studies were included,
meaning that the ranking results should be treated critically.
Besides, to ensure the objectivity of research results, more
high-quality RCTs with larger sample sizes are needed for
further verification.

LIMITATIONS

Although we included all intervention measures in the network
meta-analysis to obtain comprehensive results, our study had
certain limitations. First, the intervention duration, stimulated
parts, frequency, and pulse were not precisely identical in the
included studies, resulting in potential heterogeneity. Second,

despite the inclusion of complete stimulation protocols in
this analysis, the intervention data about the rTMS at 1Hz
and ≥10Hz accounted for 57.89 and 27.37%. In comparison,
those of ITBS and CTBS merely contributed to 11.57 and
3.16% of the total data, respectively. The shortage of direct
evidence probably undermined the validity. Therefore, the results
should be treated with caution. Third, since the references
were either in English or Chinese, there may be a problem of
language bias.

CONCLUSION

Overall, ≥10Hz rTMS may be the greatest stimulation protocol
for improving the upper limb motor function and ADL
performance of patients with stroke. Considering the impact of
stroke severity and phase on upper limb motor function, ≥10Hz
rTMS may be the preferred stimulation protocol for mild and
severe strokes and in the phase of convalescent and ITBS for acute
and subacute phases. However, due to research limitations, the
conclusion drawn by this study needs to be further verified by
more high-quality studies.
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