Xie et al. Systematic Reviews (2025) 14:47 Systematic Reviews
https://doi.org/10.1186/513643-025-02794-3

" : : : , ®
Repetitive transcranial magnetic stimulation ==

for motor function in stroke: a systematic review
and meta-analysis of randomized controlled
studies

Guanli Xie'®, Tao Wang?, Li Deng?, Liming Zhou?, Xia Zheng?, Chongyu Zhao?, Li Li?, Haoming Sun?,
Jianglong Liao®" and Kai Yuan"

Abstract

Objective This study aimed to systematically evaluate the safety and effectiveness of repetitive transcranial magnetic
stimulation (rTMS) in treating motor dysfunction in stroke patients.

Methods A systematic search was conducted in five online databases, namely, Medline, EMBASE, the Cochrane
Central Register of Controlled Trials (CENTRAL), CINAHL, and SPORTDiscus, from their inception to July 29, 2024. Stud-
ies meeting the predetermined inclusion criteria were included. The data were analyzed using RevMan 5.4.1 software
and Stata 15.0. The subgroup analysis was conducted based on various disease stages and intervention frequencies.
The overall effects were estimated using either the fixed effects model or the random effects model, with standard-
ized mean differences (SMDs). The level of evidence was assessed using the Grading of Recommendations, Assess-
ment, Development and Evaluation (GRADE) framework.

Results A total of 70 studies encompassing 2951 stroke survivors were included. The results of the quantitative
analysis revealed that the application of 1 Hz rTMS over the contralesional primary motor cortex (M1) significantly
improved motor function during both the early stage (< 1 month) with moderate effect size (n=443, SMD=0.44, 95%
C10.24 10 0.63, P<0.00001, I>=47%, fixed-effect model) and recovery period (1-6 months) with moderate effect size
(=233, SMD=0.61, 95% Cl 0.34 to 0.87, P<0.0001, I*=33%, fixed-effect model). In the context of activities of daily
living (ADLs), the application of 1 Hz rTMS over the contralesional M1 can lead to improvements in ADLs among indi-
viduals in the early stages of stroke with moderate effect size (=343, SMD=0.67, 95% Cl 0.44 to 0.89, 2=79%,

P <0.00001, fixed-effect model). However, evidence to support that 1 Hz rTMS over contralesional M1 can improve
motor dysfunction in the chronic phase of stroke (>6 months) is insufficient.

Conclusion Moderate- to high-quality evidence suggests that 1 Hz rTMS over the contralesional M1 may enhance
motor function and independence in ADL during the early stages of stroke and the recovery period (within
6 months) with moderate effect. Nonetheless, as for the efficacy of 3, 5, 10, and 20 Hz rTMS in the treatment of motor
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dysfunction after stroke, it needs to be further determined. It is important to interpret these findings with caution
in clinical practice due to the small sample sizes and low quality of the studies reviewed.

Systematic review registration INPLASY, Registration number is INPLASY202360042. DOl number is https://doi.org/

10.37766/inplasy2023.6.0042.
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Introduction
Stroke is a prominent contributor to mortality within
the realm of noncommunicable diseases, and simulta-
neously serving as a primary instigator of incapacitation
[1]. Approximately 34% of worldwide aggregate health
care expenditures are allocated to stroke. Stroke affects
individuals across various age groups, with over half of
patients experiencing motor dysfunction. This impair-
ment significantly impedes their ability to perform daily
activities, consequently placing an increased burden on
their families [1]. Approximately 80% of stroke patients
experience motor dysfunction in either their upper or
lower limbs following a stroke [2, 3]. Approximately 80%
of individuals with mild paresis attain full upper limb
function, whereas only 20% of those with severe paresis
achieve the same level of function [2]. Only 50% of indi-
viduals who initially experienced upper limb paralysis
exhibited partial motor recovery after a 6-month period
[4, 5]. Approximately 70% of individuals with lower limb
impairment are unable to walk independently soon fol-
lowing stroke, and only half of these individuals have
independent walking function after rehabilitation [4, 5].
Upper and lower limb paresis stands out as a significant
predictor of long-term functional recovery following a
stroke [4, 5]. Consequently, numerous innovative thera-
peutic interventions have been suggested with the objec-
tive of augmenting motor recuperation [6]. Nevertheless,
current medical interventions lack targeted therapies aim
to restore function by repairing damaged tissue.
Noninvasive brain stimulation (NIBS) has been
explored as a treatment for stroke populations [7-9].
There are several theoretical models that support the
use of noninvasive brain stimulation techniques. Among
them, the most prominent models are the interhemi-
spheric competition model, the vicariation model, and
the bimodal balance-recovery model. According to the
interhemispheric competition model, a model of hemi-
spheric interaction, mutual, balanced inhibition exists
between the two hemispheres of the brain in healthy
individuals [10, 11]. During stroke, damage to one hemi-
sphere disrupts this balance: The affected hemisphere’s
inhibition of the unaffected hemisphere weakens, and
inhibition of the unaffected hemisphere consequently
increases [12]. As a result, the affected hemisphere suf-
fers from “double-disabled” and is therefore too inhibited

[12]. In healthy individuals, interhemispheric inhibition
(IHI) decreases before unilateral index finger movement
begins, but reversibly shifts to promote movement [13,
14]. Stroke patients who have recovered relatively well
can use the affected hand for movement of the index
finger, and the lack of suppression-reversal promotion
may interfere with the movement of the affected side,
causing this mechanism to fail [13-15]. The vicariation
model suggests that the activity of the unaffected hemi-
sphere contributes to functional recovery after stroke,
and this recombination pattern is called the compensa-
tory model: That is, the activity of brain areas outside the
lesion compensates for the function of the damaged brain
area, including the activity of the contralateral undam-
aged hemisphere [16, 17]. The bimodal balance-recovery
model introduces a new concept of structural reserve
and defines it as the extent to which neural pathways and
relays spared by the lesion contribute to recovery in an
individual patient. The main idea of this model is that the
degree of structural retention (e.g., retention of motor
areas and the corticospinal tract) determines which of
the interhemispheric competition models or the com-
pensatory model is dominant. When degree of the struc-
ture retention is high, the interhemispheric competition
model can better predict the degree of restoration. When
the degree of structure retention is low, the compensa-
tory model is dominant [15].

Transcranial magnetic stimulation (TMS), a form of
NIBS, involves the application of an insulated coil to
the scalp and targets a precise region of the brain. Upon
the passage of an electrical current through this coil, the
resulting magnetic signal can traverse the scalp and skull
without any loss of intensity, thereby influencing brain
metabolism and neural activity [7, 8]. This phenomenon
induces the trans-synaptic activation of pyramidal cells,
resulting in the generation of descending volleys within
the pyramidal axons that project onto spinal motoneu-
rons, commonly referred to as the corticospinal tract
[18]. Motor neuron activation resulting from corticospi-
nal projections induced by TMS can be measured as
motor-evoked potentials (MEPs) using surface electro-
myography. The activation of motoneurons in response
to corticospinal volleys elicited by TMS leads to con-
traction in a specific muscle, thereby evoking an MEP
that is captured by electromyography (EMG) via surface
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electrodes placed over the muscle belly. The amplitude
of the MEP’s peak-to-peak measurement is employed to
estimate the excitability of the corticospinal tract [19, 20].
Substantial evidence suggests that the mechanism under-
lying the aftereffect of rTMS resembles to both long-term
potentiation (LTP) and long-term depression (LTD) [19,
21]. Since the introduction of rTMS, a substantial body of
research has been dedicated to investigating its impact on
motor dysfunction following stroke, as evidenced by the
growing number of scholarly publications over time. Cur-
rently, low-frequency rTMS (LE-rTMS, typically<1 Hz)
is commonly administered over the unaffected cortex,
whereas high-frequency rTMS (HF-rTMS, > 1 Hz) is typi-
cally administered over the affected cortex [22].

However, the findings of prior studies investigating
the efficacy of rTMS for addressing motor impairment
following stroke have yielded inconclusive and conflict-
ing results. The initial Cochrane review did not provide
support for the utilization of rTMS in stroke rehabilita-
tion [23]. Conversely, another systematic review and
meta-analysis conducted during the same time frame
concluded that rTMS has a favorable impact on motor
recovery among stroke patients [24]. The ongoing debate
surrounding the impact of rTMS on motor function fol-
lowing stroke persists. A recent systematic review, pub-
lished in 2022, highlighted the potential of rTMS therapy
to enhance the outcomes of poststroke sequelae, specifi-
cally by ameliorating upper limb function, hand dexter-
ity, and muscle tonicity [25]. However, a subsequent
systematic review conducted in the same year demon-
strated that NIBS, which includes rTMS, was unable
to effectively alter the Fugl-Meyer Assessment Upper
Limb (FMA-UL) subscale score among individuals with
chronic stroke [26]. Furthermore, significant variability
exists in the findings of contemporary research regard-
ing the optimal timing of rTMS intervention. A system-
atic review has suggested that the efficacy of excitatory
rTMS in promoting upper limb motor function recovery
is limited to the initial 3 months following a stroke [27].
Interestingly, another study revealed that the effects of
real and sham rTMS did not significantly differ within a
3-month period following a stroke [28]. According to a
recent systematic review, rTMS significantly improved
in upper limb and fine motor function in the short term
(0-1 month) and medium term (2—5 months). However,
no significant improvement was observed in long-term
upper limb function (6 months or more) [25].

In addition, the rapid expansion of publications and
ongoing research have exacerbated the challenge of
remaining current with empirical contributions and
extensive research trajectories. As a result, synthesiz-
ing definitive evidence from previous studies is increas-
ingly intricate. Within this framework, reviews play a
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crucial role in aggregating literature findings, enhancing
the knowledge base, identifying theoretical, practical,
and methodological gaps, and refining research agendas.
However, the issue of ensuring reliability and objectivity
in systematic reviews remains a significant challenge that
necessitates resolution. To enhance the reliability and
transparency of systematic reviews, numerous ongoing
studies advocate for the integration of both quantitative
and qualitative methodologies. These approaches aim to
improve systematic reviews by systematically reorgan-
izing and synthesizing the findings from existing litera-
ture [29]. Thus, this study carried out systematic review
and meta-analysis to assess the effectiveness and safety of
rTMS in addressing motor dysfunction following stroke
which is imperative, with the aim of offering valuable
insights for the healthcare decisions, patients, and their
families.

Methods

Protocol and registration

The protocol for this systematic review was registered
with the International Platform of Registered Systematic
Review and Meta-analysis Protocols (INPLASY, Regis-
tration number is INPLASY202360042. DOI number is
https://doi.org/10.37766/inplasy2023.6.0042). The entire
study was conducted in strict adherence to the guide-
lines outlined in the Cochrane Handbook for Systematic
Reviews of Interventions.

Retrieval strategy

A systematic search was conducted in five online elec-
tronic databases, namely, EMBASE (via embase.com),
Medline (via PubMed), the Cochrane Central Register of
Controlled Trials (CENTRAL) in the Cochrane Library,
CINAHL, and SPORTDiscus (via EBSCO host), from
their inception to September 27, 2023, without any lan-
guage limitations. Following the completion of the data
analysis, the literature was updated until July 29, 2024.
Additionally, other research reports were identified by
examining the reference lists of the articles. The search
strategy employed for Medline via PubMed is presented
in Table 1. The search strategy employed for additional
databases can be found online in the Supplementary
Information (SI).

Inclusion and exclusion criteria
The inclusion and exclusion criteria for the studies were
defined as follows:

(1) Population

Studies that exclusively examined adult stroke
patients, without any limitations on the type, sever-
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Table 1 Search strategy of Medline (via PubMed)

NO Search strategy

#1 “cerebrovascular disorders'[Mesh]
or“brain injuries’[Mesh] or “brain
injury, chronic”[Mesh]

#2 “stroke$” [Text Word] or “cva” [Text
Word] or “poststroke” [Text Word]
or “post-stroke”[Text Word]

#3 “cerebrovascs$” [Text Word] or “cer-
ebral vascular” [Text Word]

#4 “cerebral”[Text Word] or “cerebellar”
[Text Word] or “brain$” [Text Word]
or "vertebrobasilar’[Text Word]

#5 “infarct$” [Text Word] or “isch?emi$”
[Text Word] or “thrombo$” [Text
Word] or “emboli$” [Text Word]
or “apoplexy”[Text Word]

#6 #4 and #5

#7 “cerebral” [Text Word] or “brain” [Text
Word] or “subarachnoid"[Text Word]

#8 “haemorrhage” [Text Word] or “hem-
orrhage” [Text Word] or "haematoma”
[Text Word] or "hematoma” [ Text
Word] or “bleed$"[Text Word]

#9 #7 and #8

#10 "hemiplegia’[Mesh]
or “paresis’[Mesh]

#11 "hempars$” [TW]or "hemipleg$” [TW]
or“brain injur$” [TW]

#12 “Gait Disorders, Neurologic”"[Mesh]

#13 #1 or#2 or#3 or#6 or#9 or #10
or#11 or#12

#14 Transcranial Magnetic
Stimulation[Text Word]

#15 Magnetic Field Therapy[Text Word]

#16 Magnetics[Text Word]

#17 Electromagnetic Fields[Text Word]
or Electromagnetic Phenomena[Text
Word]

#18 (("magnet$” or “electromagnet$”
or “electro-magnet$”) adj5 (“stimu-
latS” or “fieldS” or “coil$"))[Text Word]

#19 (TMS or rTMS)[Text Word]

#20 #14or#150r#160r#17 or #18
or#19

#21 randomized controlled trial [pt]

#22 controlled clinical trial [pt]

#23 randomized [tiab]

#24 placebo [tiab]

#25 clinical trials as topic [mesh: noexp]

#26 randomly [tiab]

#27 trial [ti]

#28 #21 OR #22 OR #23 OR #24 OR #25
OR#26 OR #27

#29 humans [mh]

#30 #28 AND #29

#31 #13 AND #20 AND #30
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ity, location, or progression of the disease, were
included. Studies that included multiple conditions,
such as stroke combined with Parkinson’s disease or
spinal cord injury, were excluded from considera-
tion.

(2) Intervention

The intervention utilized in this study involved the
application of simple rTMS, specifically low-fre-
quency rTMS or high-frequency rTMS. Patterned
rTMS techniques, such as theta burst stimulation
(6TBS), continuous TBS (cTBS), intermittent TBS
(iTBS), paired pulse stimulation (PPS), quadripulse
stimulation (QPS), and paired associative stimu-
lation (PAS), were not included. Importantly, the
intervention consisted of a single mode of rTMS
and did not involve the combination of two or more
different rTMS techniques (e.g., LF-r'TMS com-
bined with HF-rTMS). Only studies that utilized
r'TMS, rTMS combined with rehabilitation therapy,
or rTMS combined with conventional medication
therapy were included in the experimental group.
Studies that combined rTMS with electrical stimu-
lation (e.g., transcranial direct current stimulation
(tDCS) or transcutaneous electrical nerve stimula-
tion (TENS)) or rTMS with specific drugs (exclud-
ing routine medications for stroke) were excluded.
The intervention parameters, including time, coil
position, frequency, intensity, and duration, were
not restricted.

(3) Comparison

Control groups included sham-rTMS, sham plus
rehabilitation, rehabilitation, or no treatment. Stud-
ies that did not have appropriate control groups
or sham intervention groups were excluded from
the analysis [30]. Studies that utilized patterned
rTMS as an intervention for the sham group were
excluded from the analysis [31].

(4) Outcome

The primary outcome of this study was motor func-
tion, with no limitations on the instruments used
for measurement (e.g, FMA-UL, Fugl-Meyer
Assessment for lower limb (FMA-LL), and grip
strength). The secondary outcomes included activi-
ties of daily living (ADLs), adverse events, and
dropout, with no restrictions on the measurement
tools employed.

(5) Study

In terms of study design, only randomized controlled
trials (RCTs) were included in this study. In the case
of cross-over studies, only the initial segment that
adhered to the study protocol was considered. The
minimum requirement for total participants was set
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to 6. The inclusion criteria were restricted to publi-
cations in the English language.

Study selection and data extraction

Acquisition, screening, and data extraction were per-
formed between March 2023 and September 2023, and
this process was updated to July 29 2024. All acquired
documentation was carried out using Endnote X7. Fol-
lowing the removal of duplicate references, two authors
(XGL and TW) independently assessed the title and
abstract of the literature reports to identify potentially
eligible studies. The final selection of included studies
was based on reading the full text, in accordance with the
preestablished inclusion criteria.

The data extraction process was conducted by a single
researcher (DL) using a preestablished table, which was
subsequently reviewed by another researcher (ZLM).
The extracted data encompassed various components,
including but not limited to the following: (1) Funda-
mental details (such as authors, title, publication date,
number of participants, sex, age, duration, stroke loca-
tion, and severity). (2) Methodological quality indicators
(such as the randomization method, allocation conceal-
ment, operator blinding, presence of a sham stimulation
group, statistician blinding, and intention-to-treat analy-
sis). (3) The interventions included various parameters,
such as the placement and shape of the coil, as well as
the intensity, frequency, duration, and follow-up period.
(4) The outcomes of interest included both primary and
secondary outcomes, which were assessed using specific
evaluation tools. Additionally, follow-up assessments,
drop-out rates, and adverse events were also considered.
In cases where raw data were not provided, data extrac-
tion software (Getdata 2.2) was used to obtain relevant
information from statistical charts, such as line charts
or bar charts (SHM and LL). To ensure the precision of
data extraction, data were exclusively employed for anal-
ysis when the consistency of independently extracted
data by two authors surpasses 95%. Any missing data
were acquired through communication with the original
author via email. If no mean was reported, the median
was considered as the mean. If no standard deviation
was reported, then the standard deviation was calculated
from the confidence interval or interquartile range. Data
were managed and transformed using Microsoft Excel.
Data were analyzed using RevMan 5.4 and Stata (version
15.0). In instances of incongruity during the literature
screening and data extraction process, consensus was
reached after consulting with a third author possessing
substantial expertise (LJL).
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Research quality assessment

The methodological quality of the included studies was
assessed by two independent reviewers (ZCY and LL)
using the “Risk of Bias 2” table. This table evaluated six
domains, namely, selection bias, performance bias, detec-
tion bias, attrition bias, reporting bias, and other biases.
Each domain consisted of one or more entries. Selection
bias included random sequence generation and alloca-
tion concealment, whereas performance bias involved
the blinding of participants, rTMS intervention opera-
tors, and rehabilitation therapists. Detection bias encom-
passes the blinding of outcome assessments and data
analysts, whereas attrition bias encompasses incomplete
outcome data, reporting bias, and selective reporting. To
evaluate the extent of bias, each entry in every study was
categorized as low risk, high risk, or unclear. In instances
of incongruity during process of risk assessment, consen-
sus was reached after consulting with a third author pos-
sessing substantial expertise (LJL).

Data analysis

Overall effects

The Cochrane Review Manager (RevMan 5.4) and Stata
15.0 software programs were used for data analysis.
To evaluate the overall effects, standardized mean dif-
ferences (SMDs) or mean differences (MDs) with 95%
confidence intervals (95% Cls) were employed for con-
tinuous data. According to Cochrane guidelines and
literature [32, 33], the SMD should be used to evaluate
overall effects in specific scenarios to mitigate the impact
of inter-study variability on results. These scenarios
include as follows: firstly, when different measurement
units are used to assess the same outcome; secondly,
when diverse measurement tools and methodologies are
applied to the same outcome; and thirdly, when there is
significant variability or a doubling in outcome values
across different studies. In situations not characterized
by these conditions, the MD is recommended for data
synthesis. In this study, although a consistent measure-
ment tool was used for assessing the primary outcome
of motor function (encompassing both upper and lower
limbs), the reported values across studies demonstrated
considerable variability. Consequently, the SMD was
employed as the index for data synthesis. Furthermore,
for outcome measures such as motor function assessed
via the Modified Ashworth Scale (MAS) or Ashworth
Scale (AS), activities of daily living (ADLs) (via Modi-
fied Barthel Index(MBI) or Barthel Index (BI)), and
neurological function (via National Institute of Health
stroke scale (NHISS), resting motor threshold (RMT),
or motor evoked potentials(MEPs)), the use of differing
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measurement units or tools necessitated the selection
of SMD for these outcomes as well. According to the
Cochrane criteria, an absolute SMD value of approxi-
mately 0.2 is indicative of a small effect, around 0.5 rep-
resents a moderate effect, and a value of 0.8 or higher
indicates a large effect size. The pooled effect was esti-
mated using either the fixed-effect model or random-
effect model, depending on the results of chi-square
test and Higgins I* value. Statistical heterogeneity was
assessed using the chi-square test and Higgins /* value. A
significant level of statistical heterogeneity was observed:
if a chi-square test results P<0.1 and I*>75%, in which
case a random effects model is used; otherwise, a fixed
effects model is used.

Subgroup analysis

Subgroup analysis was conducted to identify clinical het-
erogeneity based on the varying frequencies of rTMS
(1 Hz, 3 Hz, 5 Hz, 10 Hz, 20 Hz) and different disease
periods (<1 month, 1-6 months, >6 months). The dura-
tion of early rehabilitation was defined as less than
1 month from stroke onset, the recovery period was con-
sidered to be between 1 and 6 months, and chronic reha-
bilitation was defined as more than 6 months, following
the guidelines [34]. In studies encompassing patients
with stroke episodes spanning multiple time periods as
defined by our study, we calculated the mean stroke time
or percentage of the population in each period to ascer-
tain the specific time period under consideration.

Sensitivity analysis

The robustness of results was assessed using sensitivity
analysis. In this study, a comprehensive sensitivity analy-
sis was conducted at each decision node, encompassing
literature search, literature inclusion, data extraction, and
data analysis, to evaluate the impact of these decisions
on the study results. Detailed analytical procedures and
corresponding processing methods are documented in
Supplementary Information (SI) Table S1. At the statisti-
cal method selection stage, either a random effects model
or fixed effects model was applied to evaluate the over-
all effect. Furthermore, Stata software (Version 15.0) was
utilized to sequentially exclude studies one by one and
subsequently re-perform the meta-analysis to evaluate
the robustness of the results. A significant alteration in
the pooled effect size following the exclusion of a specific
study suggested its considerable impact on the overall
findings.

Publication bias
In cases where the reported outcomes consisted of more
than five studies or involved a participant pool exceeding
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250 individuals, Egger’s test was conducted to investigate
the presence of publication bias.

Grading the quality of evidence

The evidence level was evaluated via the GRADEprofile
software version 3.6, in accordance with the Grading of
Recommendations, Assessment, Development and Eval-
uation (GRADE) framework. The assessment considered
five factors for downgrading the evidence (risk of bias,
inconsistency, indirectness, imprecision, publication
bias) and three factors for upgrading the evidence (large
effect, plausible confounding that could alter the effect,
dose-response gradient). Based on this evaluation, the
evidence quality was categorized as high, moderate, low,
or very low.

Results

Study identification

A comprehensive search of online databases yielded a
total of 7006 articles. Among these, 3069 records were
identified as duplicate reports, while 3937 records were
deemed irrelevant based on abstracts and titles by two
reviewers. Subsequently, 176 full texts were carefully
screened, resulting in the exclusion of 111 records that
did not meet the inclusion criteria. Additionally, five
records were included in this study through reference
screening. A total of 70 RCTs meeting the predetermined
inclusion criteria were ultimately included in this sys-
tematic review. Not all studies included in this research
reported the necessary outcome indicators for quanti-
tative analysis, specifically FMA-UL, FMA-LL, MAS/
AS, MBI/BI, NIHSS, and RMT. To address this gap, the
original authors of these studies were contacted via email
to inquire about the availability of the relevant data. By
the time of revision, responses were received from nine
authors, all of whom indicated that they had not col-
lected the specified outcome indicators. Ten authors did
not respond. As a result, the 19 studies lacking these indi-
cators were included exclusively in the qualitative analy-
sis, while the remaining 51 papers were incorporated into
both qualitative and quantitative analyses. The complete
procedure of the literature screening is depicted in Fig. 1.

Study characteristics

(1) Population

The pertinent details of the studies included in this analy-
sis are presented in Table 2 and Table 3. The aggregate
number of participants encompassed 2951 individu-
als, with participant counts varying between 9 and 240.
Within the experimental group, the number of partici-
pants ranged from 4 to 132, whereas the control group
included participants ranging from 5 to 160. The female
proportion ranged from 13.33 to 78.38%, and the mean
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age of participants ranged from 49.7 to 79 years. The
study included patients with illness durations ranging
from 6 h to more than 12 months, with 5 studies failing
to report the type of stroke [35-39], 30 studies including
only ischemic stroke patients [28, 40—68], and 35 studies
including both ischemic and hemorrhagic stroke patients
[39, 69-102]. Among the included studies, 19 studies did
not provide information on the severity of the patients
[36, 37, 39-41, 43, 45, 49, 54-57, 60, 61, 63, 65, 68, 86,
90], while the remaining studies reported the sever-
ity of the included patients. Of these, seventeen stud-
ies included patients with mild to moderate or to severe
impairment [28, 38, 42, 45-48, 58, 59, 69, 77, 81-83, 95,
98, 99], and various assessment methods, such as inde-
pendent walking of 10 m [80, 102], or walk 10 m with
assistance [80], minimum 10° of volitional flexion and
extension of fingers and wrist in the affected limb [67],
the Brunnstrom scale [28, 51, 62, 71, 77, 97, 99-101],
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Fugl-Meyer Assessment (FMA) [58, 74, 91, 99, 103],
functional ambulation classification (FAC) [72, 79, 96],
National Institute of Health stroke scale (NHISS) [46, 64,
92, 98], Modified Rankin Scale (MRS) [35], Timed Up and
Go Test (TUGT) [78], Movement-related cortical poten-
tial (MRCP) [58], the Medical Research Council (MRC)
Scale [59], Glasgow Coma Scale (GCS) [87], Chedoke—
McMaster [44], Modified Ashworth Scale (MAS) [62, 70,
71, 88], Lovett scale [52], and Bruininks—Oseretsky Test
(BOT) [94], were employed to determine the functional
status of the included patients in other studies.

(2) Intervention

In the experimental group, eight studies used transcra-
nial magnetic stimulation alone [41, 44, 48, 58, 72, 80,
85, 88]. Other studies integrated a combination of rTMS
with diverse rehabilitation training approaches, includ-
ing physical therapy (PT), occupational therapy (OT),
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L . full text (n=15)
PR Studies included in
qualitative synthesis
(n="70)

T

= 19 studies did not have available data

E v

= Studies included in

quantitative synthesis
(meta-analysis)
(n=51)

Fig. 1 Flow diagram of the study selection process
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pinching tasks, and constraint-induced therapy, aug-
mented reality gait adaptive training, and augmented
reality gait adaptive training. The types of TMS coils used
in these studies included 8-figure collars, H-type coils
[80], double-cone coils. One trial did not report the type
of coil used [44]. The frequencies used in rTMS included
0.1 Hz, 0.5 Hz, 1 Hz, 3 Hz, 5 Hz, 10 Hz, and 20 Hz. The
coil was positioned over the primary motor cortex (M1)
in 58 studies, over the dorsal premotor cortex (PMd)
(located 3 cm anterior to the M1 cortex) in one study
[89], over the surface of the scape of the left dorsolat-
eral prefrontal cortex (DLPFC) in one study [102], 2 cm
below the inion and 2 cm lateral to the midline on the
cerebellar hemisphere ipsilateral to the ataxic side, with
the handle pointing superiorly, targeting the posterior
cerebellar lobe in one study [57], and over the dorsal pre-
motor (the site 2.5 cm anterior to the motor “hot spot”
area of the first dorsal interosseous (FDI) muscle) in one
study [88]. Specifically, in a total of 55 studies employ-
ing 1 Hz rTMS, the stimulation site was the contralateral
ML. Four studies utilized 3 Hz rTMS, with two studies
stimulating the contralateral M1 and two studies stimu-
lating the ipsilesional M1. Furthermore, eight studies
employed 5 Hz transcranial magnetic stimulation, with
five studies stimulating the ipsilesional M1, two studies
stimulating the ipsilesional M1, and one study stimu-
lated the DLPFC. Ten studies utilized 10 Hz rTMS, with
three studies stimulated the contralateral M1, five studies
stimulated the ipsilesional M1, one study stimulated the
bilateral leg motor areas, and one study stimulated the
EDI. The three studies employing 20 Hz rTMS stimulated
the ipsilesional M1. The intensity of stimulation varied
between 200 and 7500 pulses. The times of intervention
sessions ranged from twice per week to six times per
week, whereas the total number of intervention sessions
ranged from one to 40 sessions. Two studies employed
the active motor threshold (AMT) to determine inter-
vention intensity [45, 78], whereas other studies used the
resting motor threshold (RMT). The intervention inten-
sity used in the two AMT studies was set at 120% AMT
and 90% AMT. The intervention intensity in the other
studies varied from 80 to 120% of RMT. The duration of
each intervention varied between 2 and 30 min. Thirty-
three studies conducted interventions without any sub-
sequent follow-up [35, 38—40, 45, 46, 51, 58-62, 65, 67,
71,73,74,79, 84, 86, 87,89-91, 93-97, 99, 101-103]. The
remaining studies had follow-up periods ranging from
7 days to 18 months.

(3) Comparison

Among the 68 studies included, nine studies com-
pared rTMS with sham rTMS [41, 48, 58, 72, 80, 85, 88,
94, 95], whereas sixteen studies compares rTMS with
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rehabilitation [37, 39, 40, 45, 51, 52, 62, 67, 71, 74, 92,
93, 96, 97, 99, 103]. Additionally, other studies compared
rTMS with a combination of sham and rehabilitation.
The rehabilitation interventions included physical ther-
apy (PT), occupational therapy (OT), motor task practice,
hand motor training, pinching task, and conventional
rehabilitation, augmented reality gait adaptive training,
and augmented reality gait adaptive training.

(4) Outcome

Motor function was assessed using a variety of measures,
including the FMA, FMA-UL, FMA-LL, MAS, Box and
Block test (BBT), Brunnstrom Recovery Stages (BRS),
range of motion (ROM), ten-meter walking test (10MT),
six-min walking test (6MWT), Jebsen-Taylor Hand Func-
tion Test (JHFT), RMT, grip strength, Pegboard Tasks,
Ankle dorsiflexion, Hip flexion, Berg Balance Scale (BBS),
Action Research Arm Test (ARAT), Postural Assessment
Scale for Stroke (PASS), balance subscale of the Tinetti
Performance Oriented Mobility (POMA-b), Wolf Motor
Function Test (WMFT), TUGT, and pinch strength. The
assessment of ADLs involved the utilization of the Modi-
fied Barthel Index (MBI) and Barthel Index (BI). Addi-
tionally, the evaluation of quality of life involved the use
of various instruments, such as NHISS, Stroke Impact
Scale (SIS), Stroke Specific Quality of Life Scale (SSQOL),
and Euro-QoL Five Dimensions Questionnaire (EQ-5D).

Methodological quality of the studies

The risk of bias summary for the included studies
is presented in Fig. 2. Among the included studies,
twenty-eight trials did not provide information on ran-
domization allocation [36, 41, 43, 45, 48, 55, 58, 60-63,
65, 66, 72, 74, 76, 78-81, 84, 85, 87, 91, 95, 98, 100,
103]. As a result, these studies were evaluated as hav-
ing an “unclear” risk of bias concerning the “Random
Sequence Generation (Selection Bias)” criterion. In
contrast, forty-one studies reported employing various
randomization methods, such as sealed envelopes [28,
35, 46, 47, 50, 54, 56, 57, 82, 83, 89, 99], blank-coded
magnetic cards [80], random number computerized
generator [37, 39, 40, 42, 44, 49, 51, 53, 59, 67, 69, 73,
75, 77, 88, 90, 92-94, 96, 97, 101], website [70], tables
of random number [68, 71, 102], and simple random
sampling method [38, 38]. These studies were identified
as having a “low” risk of bias in the “Random sequence
generation (selection bias)” category. One trial, which
assigned patients based on the date of admission, was
identified as having a high risk of bias [86]. A total of
twenty-three studies provided information regarding
the concealment of allocation, employing methods such
as sealed envelopes [28, 35-37, 43, 46, 47, 49, 50, 54,
56, 57, 64, 73, 82, 88, 89, 97, 99], locked cabinet [42],
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and independent secretary [76]. Therefore, these stud-
ies were assessed as having a “low” risk of bias in the
domain of “Allocation concealment (selection bias)”
Conversely, other studies were identified as having
unclear risks in this area. Thirty-two studies reported
the blinding of participants [36, 39, 42—-44, 47, 49, 50,
55-57, 59, 63, 64, 69, 70, 73-76, 78, 79, 82, 85-88, 92,
95, 98], indicating a low risk of bias in the domain of
“Blinding of participants (performance bias)” Further-
more, five trials implemented rTMS operator blind-
ness [39, 57, 73, 80, 90], demonstrating a low risk of
bias in the category of “Blinding of rTMS intervention
operators (performance bias)” Additionally, twenty-
two studies implemented the blinding of rehabilita-
tion therapists [36, 42, 43, 47, 49, 57, 64, 69-71, 75-79,
82-84, 86, 89, 92, 98], demonstrating a low risk of bias
in the area of “Blinding of rehabilitation therapists (per-
formance bias)” However, eight studies focused solely
on comparing the efficacy difference between rTMS
and sham interventions, without conducting any reha-
bilitation intervention [41, 48, 58, 72, 80, 85, 88, 95].
Consequently, these studies were categorized as not
applicable in terms of “blinding of rehabilitation thera-
pists’, resulting in a blank box in the risk of bias sum-
mary. A total of forty-four studies provided explicit
documentation of the blinding of the outcome assess-
menter [28, 35, 36, 39, 40, 42-44, 47-50, 53-58, 62-64,
67, 69-71, 74-79, 81-83, 86-88, 90, 92, 95-98, 102],
indicating a low risk of bias in the category of “Blinding
of outcome assessment (detection bias)” In contrast,
only nineteen studies reported the blinding of the data
analyst [36, 40, 43, 47, 59, 63, 65-67, 70, 75, 76, 79, 81,
88, 90, 97, 98, 100], demonstrating a low risk of bias in
the item of “Blinding of data analysts (detection bias)”
category. Regarding incomplete outcome data, one trial
reported that thirteen participants were excluded from
the analysis, primarily because of incomplete data sets
[35], which presents a high risk of bias in the “Incom-
plete outcome data (attrition bias)” category. Further-
more, nineteen studies were considered as having a
high risk for other biases, due to factors such as small
sample size, poor randomization and lack of blinding
[38, 40-42, 45, 46, 48, 59, 60, 62, 68, 71, 72, 76, 78, 80,
86, 98, 99].

Effects of intervention

Motor function of the upper limb

Twenty-two studies, involving a total of 950 stroke
patients, examined the effects of 1 Hz rTMS over the
contralesional M1 on the motor function of the upper
limb in stroke survivors measured using FMA-UL. The
findings of these studies revealed that 1 Hz rTMS over
the contralesional M1 was associated with improvements
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in motor function among stroke patients in the early
stage (<1 month) with a moderate effect size (study
number: 10, n=443, SMD =0.44, 95% CI 0.24 to 0.63,
P<0.00001, ?=47%, fixed-effect model) as well as the
recovery phase (1-6 months) with a moderate effect size
(study number: 8, n=233, SMD=0.61, 95% CI 0.34 to
0.87, P<0.00001, >=33%, fixed-effect model). However,
the available evidence does not support the notion that
1 Hz rTMS can enhance motor function in individuals
with chronic stroke (>6 months) with a small effect size
(study number: 4, n=274, SMD=0.13, 95% CI-0.11 to
0.36, P=0.28, I’=0%, the fixed-effect model) by increas-
ing FMA-UL scores (as shown in Fig. 3A and the SI
Table S2). Moreover, six trials investigated the effects
of 10 Hz rTMS on stroke patients. The overall results
showed that 10 Hz rTMS over the ipsilesional M1 can
improve the motor function of upper limbers among
stroke patients in the early stage (<1 month) with a large
effect size (study number: 3, n=229, SMD=0.75, 95%
CI 0.49 to 1.02, P<0. 00001, I*=0%, fixed-effect model,
Fig. 3B and SI Table S2) using the FMA-UL score. The
included studies employed various assessment tools
to evaluate upper limb motor function, such as the
grip strength of limb, JTHFT, the Nine-Hole Peg Test
(NHPT), the Purdue Pegboard test (PPT), WMEFT, BBT,
and the Action Research Arm Test (ARAT).

Motor function of the lower limb

Eight trials were conducted to investigate the impact
of 1 Hz rTMS over the contralesional M1 on the motor
function of the lower limb in stroke survivors, as meas-
ured by FMA-LL. The findings of these trials revealed
that 1 Hz rTMS has the potential to increase the FMA-
LL score in both early-stage stroke patients (<1 month)
with a moderate effect size (=166, SMD=0.67, 95%
CI 0.35 to 0.99, P<0.0001, >=60%, fixed-effect model,
Fig. 3C and SI Table S2) and recovery phase patients
(1-6 months) with a moderate effect size (1=223,
SMD=0.59, 95% CI 0.32 to 0.86, P<0.0001, I*=0%,
fixed-effect model, Fig. 3C and SI Table S2). The included
studies employed additional measures to evaluate lower
limb motor function, including thelOMW T, the 6MW T
and the Brunnstrom-Low test, with small samples.

Motor function using MAS/AS

MAS/AS was used to assess motor function in six stud-
ies. The results did not support that 1 Hz rTMS over
the contralesional M1 could improve the MAS score for
stroke less than 1 month with a small effect size (n=58,
SMD =0.03, 95% CI—0.49 to 0.54, P=0.39, >=0%, the
fixed-effect model, SI Table S2), for the stroke with a
small effect size (1-6 months) (=107, SMD= —-0.15,
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95% CI—0.54 to 0.23, P=0.25, I>=28%, the fixed-effect
model, SI Table S2), and for stroke more than 6 months
with a moderate effect size (=21, SMD= —0.49, 95%
CI-1.36 to 0.39, P=0.27, the fixed-effect model, SI
Table S2).

Activities of daily living (ADLs)

Fifteen studies were conducted to investigate the effects
of 1 Hz rTMS over the contralesional M1 on ADLs in
individuals with stroke using the MBI or BIL. The results
indicated that 1 Hz rTMS over the contralesional M1
was found to significantly improve ADLs in individu-
als with stroke within 1 month of onset with a moder-
ate effect size (n=343, SMD=0.67, 95% CI 0.44 to 0.89,
PP=79%, P<0.00001, fixed-effect model, Fig. 4A and
SI Table S2). However, no significant improvement in
ADL was observed for individuals with stroke beyond
1 month (Fig. 4A and SI Table S2). Additionally, five stud-
ies examined the effect of 10 Hz rTMS on stroke and the
results demonstrated that 10 Hz rTMS over the ipsile-
sional M1 can improve ADLs in individuals with stroke
within 1 month of stroke onset with a large effect size
(n=160, SMD=1.98, 95% CI 1.60 to 2.36, P<0. 00001,
fixed-effect model, Fig. 4B and SI Table S2) and with the
relatively small sample size. However, evidence suggest-
ing that 3 Hz or 5 Hz rTMS can improve the ADLs for
stroke patients between the 1-6 months is a lacking (SI
Table S2).

Neurological function

There is no evidence to suggest that 1 Hz rTMS over
contralesional M1 can improve the NHISS score for the
stroke-related neurological impairment with a small
effect (P=0.18, P=0.61 and P=0.73, respectively, as
shown in Fig. 5A and SI Table S2). However, four stud-
ies examining the effects of 3 Hz rTMS on stroke patients
within 1 month of onset indicated that 3 Hz can improve
the NHISS score with a large effect (n=154, SMD=
—-0.73, 95% CI—1.06 to—0.41, ?=0%, P<0.0001, fixed-
effect model, as shown in Fig. 5B and SI Table S2).

Using RMT of unaffected hemisphere, 1 Hz rTMS
over the contralesional M1 has a supportive effect on the
recovery of unaffected hemispheres in stroke patients
within 1 month of onset with a moderate effect (n=123,
SMD =0.67, 95% CI 0.30 to1.03, I*=0%, P=0.0003, fixed-
effect model, Fig. 6A and SI Table S1). The results suggest
that 1 Hz rTMS over the contralesional M1 can improve
the amplitude of contralesional motor evoked poten-
tials (MEPs) in individuals with stroke within 1 month of
onset with a moderate effect (n=167, SMD = —0.58, 95%
CI-0.90 to—0.27, > =0%, P=0.0003, fixed-effect model,
Fig. 6B and SI Table S2). Furthermore, the study revealed

Page 35 of 48

that 1 Hz rTMS improve the amplitude of ipsilesional
MEDPs in individuals with stroke within 1 month of onset
with a large effect (n=121, SMD=1.09, 95% CI 0.70 to
1.48, P=50%, P<0.0001, fixed-effect model, Fig. 6C and
SI Table S2).

Drop out

Information for the drop-offs in each study is shown
in Table 3. A total of twenty-seven studies carried out
intent-to-treat analyze [28, 39, 44, 48, 51, 52, 54-57,
64, 67, 74-76, 83, 84, 86, 87, 90-92, 94, 99, 100, 102,
103]. Eight studies did not report information of on
drop-off [45-47, 65, 66, 69, 71, 85]. Twenty-seven
studies reported that all patients completed protocols
[39-41, 51, 52, 55, 58, 60, 67, 78, 81, 82, 84—-86, 88-90,
92, 94, 98, 99, 102, 103].

Adverse events

Twenty-two studies did not report information on
adverse events [39-41, 45, 46, 50-52, 61-63, 69, 71, 72,
78, 81, 83, 95, 98, 99, 102, 104], whereas twenty-three
studies reported that no patients experienced any adverse
reactions [49, 54, 56-58, 65—-67, 70, 74, 76, 81-83, 85—89,
94, 100, 101, 103]. However, 21 studies reported various
adverse events, such as epileptic seizures, headaches,
anxiety, tiredness, pain, spasm, myalgia, paresthesia, and
drowsiness [28, 35-37, 42—-44, 47, 48, 53, 59, 60, 64, 73,
75, 77-80, 90, 96].

Sensitivity analysis

The detailed analysis process and the treatment taken
are shown in the SI Table S1. The random-effects model
was employed instead of the fixed-effects model for sub-
groups exhibiting substantial heterogeneity across stud-
ies. The robustness of the findings was evaluated via a
sensitivity analysis, in which each included study was
systematically excluded, and the effect sizes were recal-
culated to detect any variations. This approach also ena-
bles the identification of studies that exert significant
influence on the overall results and assists in examining
clinical heterogeneity. The analysis demonstrated that the
effect sizes remained largely consistent upon the exclu-
sion of individual studies, thereby indicating the stabil-
ity of the study’s findings (Fig. 7A-D and SI Table S3 to
Table S6).

Publication bias

Despite the Cochrane Handbook’s recommendation to
apply publication bias for outcomes reported in more
than 10 studies, Egger’s test was still conducted for 1 Hz
r'TMS on MBI/BI due to the inclusion of more than 5
studies and a total participant count exceeding 250. The
findings suggest that there is no evidence of publication
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Fig. 2 Risk of bias graph: review authors’ judgements about each risk
of bias item presented as percentages across all included studies
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bias in relation to the FMA-UL at a frequency of 1 Hz for
stroke patients within the first month of onset (P=0.94),
as well as for stroke patients between 1 and 6 months
post onset (P=0.831). Similarly, the same lack of publica-
tion bias was observed for the MBI at a frequency of 1 Hz
for stroke patients within the first month of onset (P=0.
508), and for stroke patients between 1 to 6 months post
onset (P=0.418).

The quality of evidence

The level of evidence supporting the use of 1 Hz rTMS
over the contralesional M1 for stroke (within 1 month)
using FMA-UL and MBI was increased as a result of
a substantial sample size exceeding 300 participants.
However, for other outcomes, the level of evidence was
decreased due to imprecision resulting from a small sam-
ple size and publication bias. Consequently, the level of
evidence was downgraded. Finally, the quality of evidence
for the effect of 1 Hz rTMS over the contralesional M1
on motor function (FMA-UL) in stroke patients within
1 month was determined to be “high quality” The qual-
ity of evidence for other outcomes, such as 1 Hz rTMS
over the contralesional M1 for stroke between 1 and
6 months on FMA-UL and 1H z rTMS over the contral-
esional M1 for stroke patients within 1 month on MBI/
BI, were downgraded to “moderate quality’, whereas for
other outcomes, not mentioned above, the quality of evi-
dence were also downgraded to “low” or “very low qual-
ity” (Table 4).

Discussion

This research adhered to the rigorous methodological
guidelines outlined in the Cochrane intervention Hand-
book. As reported in the previous literature [105], the
scope of this study was limited to English literature but
considers all health-related areas. The databases were
selected cross-disciplinary research, which can provide
a wide range of opinions. The process of study selection
comprises a systematic search of literature sources fol-
lowed by three iterative stages of screening and filter-
ing. In the initial stage, duplicate articles are excluded,
and relevant articles are collected using Endnote soft-
ware. The second stage involves screening titles and
abstracts to exclude articles that fall outside the scope
of the research domain. Finally, the third stage entails a
thorough full-text review to exclude articles that do not
meet the specified domain and criteria. And additional
records identified through reference of full text. All itera-
tions adhere to consistent eligibility criteria and are sub-
sequently subjected to a process of screening and review.
During the data extraction process, the initial data were
independently extracted by one researcher and sub-
sequently verified by another. For the studies that did
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report the raw data, data extraction software (Getdata
2.2) was used to obtain relevant information from sta-
tistical charts by two well trained authors. Any missing
data were acquired through communication with the
original author via email. The above process ensures the
completeness, accuracy and reliability of the data, which
are core elements of high-quality data. In the context of
healthcare decision-making, the availability of accurate
and reliable predictions is of paramount importance,
underscoring the crucial role of data quality [106]. For
this reason, our findings can aid healthcare practitioners
in making educated decisions.

Prior to commencing the study, a well-structured study
protocol was developed, reviewed by experts, and made
available online, thereby ensuring the reliability and
validity of the findings. The process of literature screen-
ing, data extraction, and data analysis was independently
conducted by two authors, with a consensus reached
through the involvement of a third author to ensure
internal consistency. Following the completion of data
analysis, the literature was updated until July 29, 2024, to
ensure the timeliness of the results. This review specifi-
cally included studies that focused on the use of simple
r'TMS either alone or in combination with rehabilitation,
excluding studies involving complex-pattern rTMS. This
approach aimed to establish a clear association between
rTMS and its impact on motor function and ADLs. The
subgroup analysis of different frequencies of rTMS and
durations of stroke explained the clinical heterogeneity
and methodological heterogeneity.

The study included a total of seventy RCTs that involved
2951 patients across various stages of stroke, including
early-stage stroke, recovery-phase stroke, and chronic
stroke. The existing evidence indicates that the efficacy
of different frequencies of rTMS in ameliorating motor
dysfunction among stroke patients varies inconsistently
across different stages. The results derived from the
FMA-UL suggest that rTMS at frequencies of 1, 10, and
20 Hz may exert a beneficial effect on upper limb motor
function in patients with early-stage stroke (<1 month).
Specifically, the SMD analysis suggests that 1 Hz rTMS
has a moderate effect on enhancing upper limb motor
function, whereas 10 and 20 Hz rTMS demonstrate a
large effect size. Nonetheless, these conclusions should
be interpreted with caution in clinical practice due to
limitations such as the small sample size, the low qual-
ity of the included studies, and other confounding fac-
tors. The moderate effect size observed for 1 Hz rTMS
over the contralesional M1 suggests its potential to posi-
tively influence upper limb motor function recovery dur-
ing the stroke recovery phase. However, the results of
grip strength assessments did not indicate that 1 Hz over
the contralesional M1 or 10 Hz rTMS over ipsilesional
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M1 provides positive benefits for individuals in the early
stages of stroke. In terms of ADLs, the overall results
suggest that 1 Hz over the contralesional M1, 3 Hz over
the ipsilesional M1, 10 Hz over the ipsilesional M1, and
20 Hz over the ipsilesional M1 rTMS may offer poten-
tial benefits for early-stage stroke patients. Specifically,
the SMD result suggests that 1 Hz stimulation over the
contralesional M1 exerts a moderate effect on improving
upper limb ADLs, whereas 10 and 20 Hz rTMS over the
ipsilesional M1 exhibit a large effect size. However, these
findings should be approached with caution in clinical
practice due to limitations such as small sample sizes, the
low quality of the included studies, and other confound-
ing variables. However, the current evidence does not
support the notion that rTMS can improve neurological
function scores as measured by the NHISS. The primary
outcomes, namely FMA-UL, FMA-LL, grip strength, and
MAS/AS, exhibited varying levels of evidence. Specifi-
cally, the evidence supporting the efficacy of 1 Hz rTMS
over the contralesional M1 for early-stage stroke motor
function was upgraded to a “high-quality” rating. Con-
versely, the evidence pertaining to other outcomes was
downgraded to “moderate-quality’, “low-quality’, and
“very low-quality” ratings. This decision was influenced
by the presence of substantial clinical heterogeneity and
limited sample sizes.

Despite successfully demonstrating the benefits of
r'TMS for stroke patients, this study has notable limita-
tions that warrant attention. Importantly, significant
clinical heterogeneity was observed across studies, which
stemmed from variations in disease periods, injury sites,
intervention timing, intervention type, frequency, control
measures, site of application, duration, and assessment
instruments. The second concern pertains to the inclu-
sion of patients in certain studies who were unaware of
rTMS and were exposed to simulated sounds or counter-
feit coils, albeit not in an entirely identical manner. While
the sensation experienced on the scalp may be similar
similarities, it cannot be considered identical to that of
the rTMS group. The third point of consideration per-
tains to the challenging nature of implementing rTMS
operator blinding, thereby categorizing operator blind-
ness as a high-risk factor. Furthermore, the fourth aspect
to contemplate involves the limited sample size, absence
of intention-to-treat analysis reporting, and methodolog-
ical deficiencies, all of which contributed to a reduction
in the quality of our evidence. The final and paramount
inquiry that warrants our attention pertains to the lim-
ited ability to ascertain the safety of implementing rTMS
due to inadequate and inconsistent documentation of
adverse events, such as epileptic seizures, headaches,
anxiety, fatigue, pain, spasms, myalgia, paresthesia, and
drowsiness, which have only been partially reported in
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A Experimental Control

1.1.1 1HZ rTMS over contralesional M1 for stroke (<1 month)

Conforto 2012 3 15.03 15 2 1761 15 3.4%
Du 2016 26.3 11.62 23 127 1299 23 45%
Du 2019 32.78 15.07 20 2273 14.99 20  43%
Gong 2021 273 431 15 453 437 15 3.3%
Jia 2024 10.78 45 18 1042 4.94 19 4.2%
Juan 2022 35.59 13.71 17 24.42 14.26 14 3.2%
Long 2018 6.29 52 21 485 321 20  46%
Lv 2023 16.77 5.77 54 104 555 18 5.7%
Matsuura2015 793 9.69 10 149 104 10 22%
Sharma 2020 372 767 47 22 314 49  10.8%
Subtotal (95% Cl) 240 203 46.3%

Heterogeneity: Chi? = 16.93, df = 9 (P = 0.05); I = 47%
Test for overall effect: Z = 4.42 (P < 0.00001)

1.1.2 1HZ rTMS over contralesional M1 for stroke (1-6 months)

El-Tamawy 2019 10.7 455 20 465 464 20 37%
Gottlieb 2021 6.43 23.92 14 35 2238 14 3.2%
Luk 2022 10.3 12.33 12 45 157 12 27%
Qin 2021 22.87 1364 23 11.72 11.47 18 4.2%
Qin 2023 993 893 15 493 732 14 31%
Seniow 2012 11.6 1229 16 122 15 17 3.8%
Tosun 2017 222 1341 9 47 191 9 1.8%
Wang 2022 98 477 10 6.1 4.8 10 21%
Subtotal (95% CI) 119 114 24.5%

Heterogeneity: Chi?
Test for overall effect:

046, df =7 (P=0.16); 1= 33%
4.45 (P <0.00001)

1.1.3 1 HZ rTMS over contralesional M1 for stroke (> 6 months)
Barros Galvéo 2014 57 11.39 10 8.7 1465 10 2.3%
Chervyakov 2018 11.61 14 11 381 1872 10 2.3%

Edwards 2023 517 824 31 5 729 29 6.8%
Harvey 2018 11.3 2325 113 7.6 1349 60 17.8%
Subtotal (95% Cl) 165 109 29.2%

Heterogeneity: Chiz
Test for overall effect:

42, df =3 (P = 0.70); I = 0%
1.07 (P=0.28)

Total (95% CI) 524 426 100.0%
Heterogeneity: Chi? = 35.76, df = 21 (P = 0.02); I = 41%

Test for overall effect: Z = 5.79 (P < 0.00001)

Test for subgroup differences: Chi? = 6.95, df = 2 (P = 0.03), 1> = 71.2%

Experimental Control
4.1.1 10 HZ rTMS over ipsilesional M1 for stroke (< 1 month)
Du 2019 32.0402 14.99 20 2273 14.999 20 12.9%
Juan 2022 3421 12715 15 24.42 14.256 14 92%
Wang C 2023 1135 675 80 6.16 6.15 80 50.1%
Subtotal (95% CI) " 14 721%

Heterogeneity: Chi* = 0.29, df = 2 (P = 0.86); I = 0%
Test for overall effect: Z = 5.50 (P < 0.00001)

4.1.2 10 HZ rTMS over ipsilesional M1 for stroke (1 - 6 months)

Shim 2023 922 856 14 756 11.38 16 10.1%
Wu 2023 19.26 48 15 1677  5.02 15 95%
Subtotal (95% Cl) 29 31 19.6%

Heterogeneity: Chiz = 1.02, df = 1 (P = 0.31); 2= 2%
Test for overall effect: Z = 1.59 (P = 0.11)

4.1.3 10 HZ rTMS over ipsilesional M1 for stroke ( > 6 months)

Chervyakov 2018 7.628 22543 16 3.814 18718 10 83%
Subtotal (95% CI) 16 8.3%
Heterogeneity: Not applicable

Test for overall effect: Z = 0.43 (P = 0.67)

Total (95% Cl) 160 155 100.0%
Heterogeneity: Chi* = 4.05, df = 5 (P = 0.54); I = 0%

Test for overall effect: Z = 5.50 (P < 0.00001)

Test for subgroup differences: Chi? = 2.74, df = 2 (P = 0.25), I = 26.9%

Experimental Control

1.2.1 1 HZ rTMS over contralesional M1 for stroke ( <1 month)

Du 2016 17.28 551 23 12.21 6.05 23 11.4%
Gong 2021 473 4.96 15 533 533 15 82%
Huang 2018 8.7 6.12 18 52 6.71 20 10.0%
Wang 2024 12.86 3.89 27 752 532 25 121%
Subtotal (95% CI) 83 83 41.8%

Heterogeneity: Chi? = 7.54, df = 3 (P = 0.06); I* = 60%
Test for overall effect: Z = 4.14 (P < 0.0001)

1.2.2 1 HZ rTMS over contralesional M1 for stroke (1-6 months)

Chen 2023 11.34 6.45 30 7.8 557 30 157%
Fang 2024 6 259 18 4 296 18 92%
Lin 2015 6.5 5.04 16 5 514 15 84%
Sharma 2020 2.68 268 47 12 1.74 49 24.9%
Subtotal (95% CI) 11 112 58.2%

Heterogeneity: Chi? = 0.90, df = 3 (P = 0.83); I = 0%
Test for overall effect: .29 (P < 0.0001)

Total (95% CI) 194 195 100.0%
Heterogeneity: Chi? = 8.60, df = 7 (P = 0.28); 1> = 19%

Test for overall effect: Z = 5.95 (P < 0.00001)

Test for subgroup differences: Chi? = 0.15, df = 1 (P = 0.70), I> = 0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants(performance bias)

(D) Blinding of rTMS intervention operators (performance bias)

() Blinding of rehabilitation therapists(performance bias)

(F) Blinding of outcome assessment (detection bias)

(G) Blinding of Data analysts(detection bias)

(H) Incomplete outcome data (attrition bias)

(1) Selective reporting (reporting bias)

(J) Other bias
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Fig. 3 A Meta-analysis of 1 Hz rTMS over contralesional M1 for stroke on FMA-UL. B Meta-analysis of 10 Hz rTMS over ipsilesional M1 for stroke
on FMA-UL. € Meta-analysis of 1 Hz rTMS over contralesional M1 for stroke on FMA-LL
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A Experimental Control

1.3.1 1 HZ rTMS over contralesional M1 for stroke (< 1 month)

Du 2016 36.33 16.63 23 29.28 20.92 23 88%
Gong 2021 12 13.89 15 599 828 15 57%
Huang 2018 39.8 17.49 18 338 25.14 20 7.3%
Jia 2024 19.22 1276 18 1811 114 19 72%
Khedr 2009 2225 12 12 -4.85 22.98 12 36%
Sharma 2020 4.96 4.06 49 265 325 47 17.9%
Wang 2020 44 1175 10 14 769 10 3.9%
Wang 2024 3447 843 27 1263 843 25 5.4%
Subtotal (95% CI) 172 171 59.8%

Heterogeneity: Chi = 33.70, df = 7 (P < 0.0001); I = 79%
Test for overall effect: Z = 5.83 (P < 0.00001)

1.3.2 1 HZ rTMS over contralesional M1 for stroke ( 1-6 months)

Lin 2015 10 14.91 16 7.5 1364 15 6.0%
Qin 2021 35.7 16.35 23 19.34 14.15 18 6.9%
Qin 2023 15.67 15.36 15 9.07 1297 14 55%
Tosun 2017 26.7 20.35 9 111 2849 9 33%
Wang 2022 8 10 15 94 463 15 5.8%
Wang T 2023 11.04  6.26 23 1391 6.25 23 8.8%
Subtotal (95% CI) 101 94 36.4%

Heterogeneity: Chi? = 13.12, df = 5 (P = 0.02); I2 = 62%
Test for overall effect: Z = 1.44 (P = 0.15)

1.3.3 1 HZ rTMS over contralesional M1 for stroke (> 6 months)
Chervyakov 2018 12.94 21.87 1 -05 153 10 3.8%
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Risk of Bias

Std. Mean Difference

00722202002

Subtotal (95% CI) 11 10 3.8% 0.68 [-0.21, 1.56] -
Heterogeneity: Not applicable

Test for overall effect: Z = 1.50 (P = 0.13)

Total (95% CI) 284 275 100.0% 0.50 [0.33, 0.68] ¢

Heterogeneity: Chi? = 52.98, df = 14 (P < 0.00001); I? = 74%
Test for overall effect: Z = 5.68 (P < 0.00001)
Test for subgroup differences: Chiz = 6.16, df = 2 (P = 0.05), I = 67.5%

B Experimental Control
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Wang C 2023 1866 1043 80 271 445 80 525% 1.98 [1.60, 2.36] -3

Subtotal (95% CI) 80 80 52.5% 1.98 [1.60, 2.36] *

Heterogeneity: Not applicable

Test for overall effect: Z = 10.22 (P < 0.00001)

4.2.2 10 HZ rTMS over contralesional M1 for stroke (< 1 month)

Wang 2020 117 625 15 14 769 15 11.4% 1.43[0.62, 2.24] e 2000222002
Subtotal (95% CI) 15 15 11.4% 1.43[0.62, 2.24] >

Heterogeneity: Not applicable
Test for overall effect: Z = 3.44 (P = 0.0006)

4.2.3 10 HZ rTMS over ipsilesional M1 for stroke (1 - 6 months)

Shim 2023 1214 1991 14 1219 1716 16 147% -0.00 [0.72,0.71] - 222222220
Wu 2023 4834 7.29 13 426 727 10 10.3% 0.76 [-0.10, 1.62] P 20222200272
Subtotal (95% CI) 27 26 25.0% 0.31 [-0.24, 0.86] <>

Heterogeneity: Chi? = 1.78, df = 1 (P = 0.18); I = 44%

Test for overall effect: Z = 1.11 (P = 0.27)

4.2.4 10 HZ rTMS over ispilesional M1 for stroke (> 6 months)

Chervyakov 2018 398 1977 13 05 153 10 11.1% 0.24 [-0.59, 1.07] - 990222020072
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Fig.4 A Meta-analysis of 1 Hz rTMS over contralesional M1 for stroke on MBI. B Meta-analysis of 10 Hz rTMS (contralesional M1 or ipsilesional M1)

for stroke on MBI

certain studies. Consequently, it is imperative to exercise
caution when evaluating the robustness of the evidence.

Future research directions

This study significantly contributes to our compre-
hension of the impact of rTMS on the motor func-
tion of stroke patients. Furthermore, it offers valuable
insights and recommendations for future investiga-
tions. The recovery of motor function in stroke patients
is intricately linked to the specific location and type
of stroke. However, the present studies encompassed

the utilization of comparable interventions in stroke
patients with diverse site injuries (cortical, subcorti-
cal, or others) and distinct types (ischemic and hem-
orrhagic stroke). Importantly, the baseline motor
function following a stroke serves as a significant indi-
cator of eventual functional recovery post-stroke. The
initial motor function status of stroke patients should
be taken into account during the assessment of treat-
ment effectiveness. For example, ensuring that groups
are matched for initial motor function impairment can
enhance the assessment of the effectiveness of rTMS.
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Fig. 5 A Meta-analysis of 1 Hz rTMS over contralesional M1 for stroke on NHISS. B Meta-analysis of 3 Hz rTMS over ipsilesional M1 for stroke

on NHISS

Hence, patient stratification becomes imperative when
formulating treatment plans for future studies. Trials
evaluating rTMS focused on the motor domain should
carefully consider selecting endpoint measures that
are tailored to assess motor impairment, capacity, and
performance. In early-phase exploratory trials, the use
of measures at all three levels could provide valuable
insights, whereas later-phase trials may benefit from
prioritizing measures of capacity and performance

that effectively capture the impact of the intervention
on patients’ daily activities and participation. Broad
measures of independence or disability, such as the
modified Rankin scale, may lack the necessary sensitiv-
ity to serve as primary endpoint measures. Therefore,
carefully selecting domain-specific endpoint measures
that align with the intervention objectives, the patient’s
stage of stroke recovery, and the stroke phase is cru-
cial. Moreover, previous studies on rTMS have focused



Xie et al. Systematic Reviews (2025) 14:47

A

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias

; o ixed, 95% Cl ABCDEFGH
1.8.1 1 HZ FTMS over contralesional M1 for stroke (< 1 month)
Du 2016 1425 705 23 635 1123 23 275% 0.83[0.22, 1.43] - 2000000 ?
Du 2019 5 646 16 -055 672 13 17.1% 0.82[0.05, 1.59] — 2000006 @
Gong 2021 538 584 15 32 485 15 192% 0.40[-0.33, 1.12] T @9222272000
Mello 2015 04 968 9 42 747 9 11.3% 0.51[-0.44, 1.45] - 0202220 ®
Subtotal (95% CI) 63 60 75.2% 0.67[0.30, 1.03] *
Heterogeneity: Chi? = 1.08, df = 3 (P = 0.78); I = 0%
Test for overall effect: Z = 3.58 (P = 0.0003)
1.8.3 1 HZ FTMS over contralesional M1 for stroke( > 6 months)
Askin 2017 102 66 20 615 607 20 24.8% -0.63[-1.26,0.01] —=— 0222200020
Subtotal (95% Cl) 20 20 248%  -0.63[-1.26,0.01] L 4
Heterogeneity: Not applicable
Test for overall effect: Z = 1.93 (P = 0.05)
Total (95% CI) 83 80 100.0% 0.35[0.03, 0.66] *

Heterogeneity: Chiz = 13.01, df = 4 (P = 0.
Test for overall effect: Z = 2.14 (P = 0.03)

.01); 12 = 69%

Test for subgroup differences: Chi? = 11.93, df = 1 (P = 0.0006), I* = 91.6%

B

Experimental

Control

1.6.1 1 HZ rTMS over contralesional M1 for stroke(< 1 month)

4 2 0 2 4
Favours [experimental] Favours [control]

Std. Mean Difference

Std. Mean Difference
i o

Du 2016 -840.78 116385 23 -66.08 767.98 23 20.8%  -0.77[-1.37,-0.17] —

Du 2019 088 267 16 -064 165 13 140%  -0.10[-0.83,0.63] —
Gong 2021 913 6531 15 -234 8598 15 133%  -0.87[162,-0.11] -
Huang 2018 207 3081 18 152 40801 20 18.0%  -0.46[-1.11,0.18] T
Khedr 2009 06 106 12 03 141 12 109%  -0.70[-1.53,0.13] ]
Subtotal (95% CI) 84 83 77.0%  -0.58[-0.90,-0.27] L 4
Heterogeneity: Chi? = 2.78, df = 4 (P = 0.60); I = 0%

Test for overall effect: Z = 3.66 (P = 0.0003)

1.6.2 1 HZ rTMS over contralesional M1 for subacute stroke(1 - 6 months)

Luk 2022 584 21508 12 3794 3496 12 89%  -146[237,-0.54] —

Wang 2022 031 041 15 01 032 15 14.1% 0.56 [-0.18, 1.29] ~
Subtotal (95% CI) 27 27 23.0%  -0.23[-0.80,0.35] >
Heterogeneity: Chi? = 11.28, df = 1 (P = 0.0008); I = 91%

Test for overall effect: Z = 0.77 (P = 0.44)

Total (95% Cl) 111 110 100.0%  -0.50 [-0.78, -0.23] *
Heterogeneity: Chi? = 15.22, df = 6 (P = 0.02); I = 61% . 5 5 5 "

Test for overall effect: Z = 3.58 (P = 0.0003)

Test for subgroup differences: Chi = 1.16, df = 1 (P = 0.28), I* = 13.9%

C

Experimental

Control

Std. Mean Difference

1.11.1 1 HZ rTMS over contralesional M1 for stroke(< 1 month)

Favours [experimental]

Favours [control]

Std. Mean Difference

Risk of Bias

Ri

sk of Bias

Du 2016 917 666 23 299 419 23 20.9% 1.09[0.47, 1.71] — @ !1 D!i D!!!!l
Du 2019 053 162 16 153 356 13 18.8%  -0.37[-1.10,0.37] T 2000000006
Huang 2018 03 187 18 06 2 20 207% 0.15 [-0.49, 0.79] b 20006 '!lll!
Jia 2024 115 08 18 -1.1 0.86 19 205%  -0.06[0.70, 0.59] - 2000000666
Wang 2020 092 162 15 025 21 15 191% -0.35[-1.07, 0.37) Y 200020200
Subtotal (95% CI) 90 90 100.0% 0.11[-0.42, 0.65] >

Heterogeneity: Tau? = 0.26; Chi? = 12.86, df = 4 (P = 0.01); I = 69%

Test for overall effect: Z = 0.41 (P = 0.68)

Total (95% CI) 20 90 100.0% 0.11[-0.42, 0.65] >

Heterogeneity: Tau? = 0.26; Chi = 12.86, df = 4 (P = 0.01); I = 69% . 5 "

Test for overall effect: Z = 0.41 (P = 0.68)

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants(performance bias)

(D) Blinding of rTMS intervention operators (performance bias)
(E) Blinding of rehabilitation therapists(performance bias)
(F) Blinding of outcome assessment (detection bias)

(G) Blinding of Data analysts(detection bias)

(H) Incomplete outcome data (attrition bias)

(1) Selective reporting (reporting bias)

(J) Other bias

Favours [experimental] ~ Favours [control]

Fig. 6 A Meta-analysis of 1 Hz rTMS over contralesional M1 for stroke on rMT of unaffected hemisphere. B Meta-analysis of 1 Hz over contralesional
M1 for stroke on amplitude of contralesional MEPs. (C) Meta-analysis of 1 Hz over contralesional M1 for stroke of Latency of contralesional MEPs

primarily on factors such as suitability, patient comfort,
availability of stimulation devices, and impact on corti-
cospinal excitability, without considering the underly-
ing mechanism of action. Therefore, an optimal rTMS
regimen should be contingent upon the patient’s func-
tional preservation, the specific type of stroke (sub-
cortical or cortical; ischemic or hemorrhagic), and the
stage of stroke (early stage, convalescence, or chronic
period). The use of rTMS exhibits considerable inter-
individual variability. This variability is often attributed
to the stimulation parameters employed to enhance
corticospinal excitability, because the protocol’s impact
on a diverse population of cortical neurons can result
in an inhibitory effect. The clinical heterogeneity

observed in rTMS trials for stroke primarily stems from
variations in stimulus programs, such as the number of
sessions administered and the duration of concurrent
physical therapy. These variations have constrained
the outcomes of rTMS trials for stroke. Intervention
parameters, such as location of the coil, intensity, cycle
treatment, and stroke type, increased the variability
of the study. Few studies have examined the relation-
ships between stimulation parameters and neurophysi-
ological assessments of the motor system, as well as the
impact of the interventions on excitation connectiv-
ity and clinical outcomes. Consequently, the selection
of rTMS intervention parameters should be guided by
test findings, such as functional magnetic resonance
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Fig. 7 A Sensitivity analysis of 1 Hz rTMS over contralesional M1 for stroke (<1 month) on FMA-UL. B Sensitivity analysis of 1 Hz rTMS
over contralesional M1 for stroke (1-6 months) on FMA-UL. C Sensitivity analysis of 1 Hz rTMS contralesional M1 for stroke (< 1 month) on MBI/BI. D
Sensitivity analysis of 1 Hz rTMS contralesional M1 for stroke (1-6 months) on MBI/BI

imaging (fMRI), magnetic resonance spectroscopy, near
infrared spectroscopy (NIR), EEG, and other detection
methods. These tools provide a comprehensive under-
standing of the specific mode of operation employed
by patients and the natural activities occurring during
rTMS intervention. This understanding is crucial for
the successful implementation of personalized rTMS
programs. Additionally, the preceding study failed to
establish a definitive correlation between the efficacy
of rTMS and the degree of stimulation, thereby high-
lighting the significance of investigating this crucial
aspect in subsequent research endeavors. Notably,
during the acute phase, MEPs are frequently not elic-
ited on the affected side even when the stimulation
intensity is at its maximum [15]. In patients who retain

MEDPs, it was observed that the threshold for move-
ment on the affected side is typically elevated, whereas
the threshold for MEPs is reduced compared with that
on to the unaffected or healthy side [107, 108]. Within
the initial months, MEPs may resurface and progres-
sively amplify, whereas the motion threshold tends to
diminish [104, 109]. Numerous scholars have proposed
that the evaluation of early corticospinal tract integ-
rity and the enhancement of corticospinal tract integ-
rity through rTMS during the early recovery phase are
linked to enduring functional outcomes [110]. Hence,
acknowledging the potential influence of the integrity
of the spinal cord cortex on the effectiveness of TMS
is imperative and warrants further investigation in
subsequent research endeavors. Moreover, the issue of
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Table 4 The level of GRADE for outcomes

Page 43 of 48

Outcomes/subgroup Comments No of participants Quality of the
(studies) evidence(GRADE)

FMA-UL

1 Hz rTMS over contralesional M1 for stroke (< 1 month) SMD 044 (0.24 to 0.63) 443 (10 studies) CODD
high'?

1 Hz rTMS over contralesional M1 for stroke ( 1-6 months) SMD 0.61 (0.34 to 0.87) 233 (8 studies) DDDO
moderate’?

1 Hz rTMS over contralesional M1 for stroke (>6 months) SMD 0.13 (=0.11 t0 0.38) 274 (4 studies) DDOO
low'”

10 Hz rTMS over ipsilesional M1 for stroke (<1 month) SMD 0.75 (049 to 1.02) 229 (3 studies) DOOO
very low'**

10 Hz rTMS over ipsilesional M1 for stroke ( 1-6 months) SMD 042 (-0.10t0 0.93) 60 (2 studies) DOOO
very low'**

Grip strength of affected limb

1 Hz rTMS over contralesional M1 for stroke (< 1 month) SMD 0.37 (-0.15 t0 0.88) 62 (3 studies) OO0
very low'**

1 Hz rTMS over contralesional M1 for stroke ( 1-6 months) SMD 032 (-0.27 t0 0.92) 44 (2 studies) POOO
very low'**

FMA-LL

1 HZ rTMS over contralesional M1 for stroke (< 1 months) SMD 0.67 (0.35 to 0.99) 166 (4 studies) DOOO
very low'**

1 HZ rTMS over contralesional M1 for stroke ( 1-6 months) SMD 0.59 (0.32 to 0.86) 223 (4 studies) [SXSICXS]
very low'**

MBI/BI

1 Hz rTMS over contralesional M1 for stroke (< 1 month) SMD 0.67 (0.44 to 0.89) 343 (8 studies) OODO
moderate'??

1 Hz rTMS over contralesional M1 for stroke ( 1-6 months) SMD 0.21 (- 0.08 to 0.50) 195 (6 studies) OO
very low'>*

MAS/AS

1 Hz rTMS over contralesional M1 for stroke (< 1 month) SMD 0.03 (—0.49 to 0.54) 58 (2 studies) [CXCICXS)
very low'**

1 Hz rTMS over contralesional M1 for stroke ( 1-6 months) SMD-0.15 (-0.54 t0 0.23) 107 (3 studies) [CXCICXS)
very low'**

1 Hz rTMS over contralesional M1 for stroke (> 6 months) SMD—-0.49(-1.36 t0 0.39) 21 (1 study) DPOOO
very low'**

NHISS

1 Hz rTMS over contralesional M1 for stroke (< 1 month) SMD-0.19 (- 0.09 to 0.46) 223 (5 studies) POOO
very low'**

1 Hz rTMS over contralesional M1 for stroke (>6 months) SMD-0.05 (-0.31 t0 0.22) 233 (2 studies) POOO
very low'**

3 Hz rTMS over contralesional M1 for stroke (< 1 month) SMD-0.73 (-1.06to—041) 154 (4 studies) DPOOO
very low'**

Amplitude of ipsilesional of MEPs

1 Hz rTMS over contralesional M1 for stroke (< 1 month) SMD 1.09 (0.70 to 1.48) 121 (4 studies) DOOO
very low'**

Amplitude of Contralesional MEPs

1 Hz rTMS over contralesional M1 for stroke (< 1 month) SMD-0.58 (-0.90 to—0.27) 167 (5 studies) OO0
very low'?

1 Hz rTMS over contralesional M1 for stroke ( 1-6 months) SMD-0.23 (-0.80to—0.35) 54 (2 studies) ®OO0O
very low'%*

rMT of affected hemisphere

1 Hz rTMS over contralesional M1 for stroke (< 1 month) SMD-0.48 (—0.87 to—0.09) 105 (3 studies) [CXCICXS)
very low'**

BBT affected hand

1 Hz rTMS over contralesional M1 for stroke ( 1-6 months) SMD 0.00 (- 0.59 to 0.59) 44 (2 studies) DOOO

very low'**
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Table 4 (continued)

Page 44 of 48

Outcomes/subgroup Comments No of participants Quality of the
(studies) evidence(GRADE)
1 Hz rTMS over contralesional M1 for stroke (> 6 months) SMD 0.03 (—=0.54 to 0.60) 48 (2 studies) [CXSXCXC)
very low'**

“The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate

Very low quality: We are very uncertain about the estimate
! High risk of bias, Downgrade quality of evidence (— 1)

2 Less than 10 studies, Downgrade quality of evidence (— 1)
3 More than 300 patients, Upgrade quality of evidence (+1)

4 Small sample size, Downgrade quality of evidence (— 1)

spatial and temporal sensitivity has long been a promi-
nent consideration in the realm of non-invasive inter-
ventions for stroke treatment. Precise spatial sensitivity
cannot be quantified with absolute precision because of
the variability in factors such as the number of coils in
the device and the magnitude of the stimulus current,
which determine the precise positioning and depth of
the stimulus. Notably, circular and figure-8 coils yield
distinct magnetic field ranges and stimulation points.
Therefore, forthcoming studies should allocate greater
consideration to this particular facet.

Conclusion

The application of rTMS in stroke patients, especially in
improving the motor function of patients, brings hope
to patients. However, the current research findings have
introduced considerable ambiguity for health policymak-
ers, clinicians, patients, and their families. This study
adhered to a meticulously structured protocol, thereby
ensuring the reliability and validity of the findings. After
rigorous literature screening, data analysis, and evalua-
tion of evidence quality, the results of this study showed
that 1 Hz rTMS over the contralesional M1 may enhance
motor function during the early stages of stroke and the
recovery period and 1 Hz rTMS over the contralesional
M1 can improve ADLs for stroke patients (1-6 months)
of the event. Despite the inability to locate certain
sources of “grey” literature, their inclusion is unlikely
to have significantly impacted our results. It is crucial
to interpret these findings with caution in clinical prac-
tice due to the small sample sizes and the low quality of
the studies reviewed. The efficacy of 3, 5, 10, and 20 Hz
rTMS in the treatment of motor dysfunction follow-
ing stroke requires further investigation. To be specific,
meticulously planned, multi-center, large-scale trials are

needed to assess the safety and clinical efficacy of 3, 5, 10,
and 20 Hz rTMS in individuals afflicted by stroke.
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