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Repetitive Transcranial Magnetic Stimulation for the Treatment
of Lower Limb Dysfunction in Patients Poststroke: A Systematic
Review with Meta-Analysis

Mahboubeh Ghayour-Najafabadi, php,* Amir-Hossein Memari, Mp,t
Lida Hosseini, D, Ardalan Shariat, phD, and Joshua A. Cleland, 1, PhDf

Purpose: To investigate the effectiveness of repetitive transcranial magnetic stimula-
tion (rTMS) in recovery of lower limb dysfunction in patients poststroke. Partici-
pants and Methods: Cochrane Central Register of Controlled Trials, Medline, ISI web
of knowledge, EBSCO, Embase, Cumulative Index to Nursing and Allied Health
Literature and Scopus. Results: Fifteen trials with 385 patients were included.
Results showed that rTMS had a significant effect on balance (standard mean differ-
ence [SMD] = .38; 95% confidence interval [CI], .07: .69; ?=51%) and mobility
(SMD: —.67; 95% CI, —1.08: —.26; 12:72%). However, rTMS had no significant
immediate effects on the lower limb subscale of the Fugl-Meyer Assessment (FMA-
L) (SMD = .01; 95% CI, —.29: .31; I? = 0%). Continued effects of rTMS was also found
to be significant during the follow-up period (SMD = .46; 95% CI, .09: .84; I* = 14%).
Conclusion: rTTMS was found to result in positive effects on mobility, balance and
long-term prognosis of FMA-L. However data indicated that there is insufficient

evidence for the effectiveness of rTMS in improving lower limb function.
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Introduction

Stroke is one of the most frequent causes of death and
adult disability worldwide.” The burden of stroke will
increase over the next 20 years as a result of the aging of
population.” Approximately 80% of patients with stroke
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suffer from motor impairments that typically result in a
reduction in muscle strength and coordination.” Balance
and walking impairments commonly seen in people with
stroke can result in an increase in falls and a reduction in
the ability to independently perform activities of daily liv-
ing.”® There is an urgent need to identify strategies to
maximize function and reduce the social and economic
burden poststroke. Rehabilitation often includes the use
of different forms of physical and or occupational therapy
which focus on high-intensity, repetitive, task oriented
and task specific practice in all stages poststroke.”” Fur-
thermore, there are several benefits to recovering more
rapidly or gaining functional independence for patients
and their families. Thus, to facilitate neural recovery, new
rehabilitation techniques (e.g., brain stimulation) are
being developed to improve the quality of life of stroke
survivors.”” Recently repetitive transcranial magnetic
stimulation (rTMS), a noninvasive brain stimulation
method has been introduced in the field of stroke
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rehabilitation.'”"” Indeed rTMS is applied to target a par-
ticular area of the brain."” The rTMS can potentially mod-
ulate the cortical excitability of the brain by decreasing or
increasing the activity of neural synapses which can
improve motor control.” The rTMS method has been
examined in the treatment of several diseases such as
depression, tinnitus, movement disorders and obsessive
compulsive disorder.” '

To address the question of our study, there are only 2
published reviews'*'7; examining the clinical efficacy of
rTMS on motor recovery in patients poststroke. Existing
reviews are not typical systematic reviews or meta-analysis
and have shown conflicting results as some indicate no
support for rTMS use in motor function recovery, some rec-
ommend rTMS results in only short-term motor recovery
and the other suggests to use rTMS in combination as
adjunctive therapy in patients poststroke.”'® Hao et al, did
not find any significant improvement of motor function
poststroke using rTMS.” Ayache et al, found brain stimula-
tion in combination with noninvasive cortical stimulation
can provide short-term effects on various aspects of post-
stroke motor function.'” Hatem et al, also support the effec-
tiveness of brain stimulation on recovery of motor
function.'® Altogether, the potential therapeutic effect of
rTMS in patients poststroke has yet been debated.

Therefore the purpose of this systematic review was to
examine the latest evidence for the use of rTMS on lower
limb dysfunction in patients poststroke. The specific
research questions were as follows: Is the rTMS effective
in improving function of the lower limbs after stroke?
And which aspects of lower limb function have been
influenced by rTMS in patients poststroke?

Participants and Methods

This study was a systematic review and meta-analysis
written according to the preferred reporting items for sys-
tematic reviews and meta—analyses.18 Also, this review
was registered with PROSPERO a priori on 14.02.2018
(ID: CRD42018088598). We included clinical trials with
predefined characteristics in design, participants, inter-
vention, primary outcome measures and secondary out-
come measures. We included patients poststroke (not
later than 10 years after stroke) with any level of disabil-
ity, acuity and chronicity (Adults >18). The rTMS was as
a non-invasive treatment that transports repetitive pulses
of an MRI-strength magnetic field from a coil placed over
the scalp. Studies using ipsilateral or bilateral treatment
with different range of frequency or duration of rTMS in
patients poststroke were included. Sham treatment and
other conventional treatments were considered as alterna-
tive interventions. The location of rTMS had to be on the
primary motor cortex (M;) and or cerebellum. Compared
treatments could include a control, sham, or other inter-
vention (placebo), exercise group, etc. Studies had to
include primary and secondary outcomes that reported
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lower limb function reporting walking speed, mobility,
speed ability, balance, gait and disability. (e.g., 6-10 meter
walking test (MWT), timed up and go (TUG), Berg Bal-
ance Scale (BBS), postural assessment scale for stroke
patients (PASS), Barthel Index (BI), Fugle Meyer assess-
ment (FMA), Brunnstorm recovery stages (BRS), biodex
system, motion analysis, Modified Modified Ashworth
Scale (MMAS)).

Study design was randomized controlled trials, cross-
over trials. Five electronic databases were searched up until
thel5th October 2018: Cochrane Central Register of Con-
trolled Trials (studies from 1970 in 15th October 2018),
Medline (studies from 1967 to 15th October 2018), Embase
and ISI web of science (studies from 1981 to 15th October
2018), EBSCO Cumulative Index to Nursing and Allied
Health Literature (studies from 1970 to 15th October 2018),
Scopus (studies from 1983 to 15th October 2018). The
search query was organized using following terms:

Cerebrovascular disorders, basal ganglia, cerebrovascular
disease, brain ischemia, poststroke, stroke, hemiplegia;
brain stimulation, repetitive transcranial magnetic stimula-
tion, rTMS, TMS; randomized controlled trials, random
allocation, controlled clinical trials, control groups, sham
intervention, clinical trials, double-blind method, cross-over
studies; gait, lower limb function, motor function, lower
extremity, balance, postural control, mobility and walking.

Two authors (M.Gh and L.H) independently reviewed
all identified trials based on titles, abstracts and keywords
of records and excluded duplicate and unrelated citations.
The full text articles for remaining studies were reviewed
based on the previously defined inclusion criteria. After
identifying any disagreements related to inclusion of
studies, a third author made the final decision (A.M).

For eligible studies in this systematic review, we
included individuals with stroke who had been treated
using r'TMS, compared with a control, sham, or other con-
servative interventions. In the current systematic review,
only randomized controlled trials were included. Studies
were included if the participants were more than 18 years
of age and if the full text was published in English. In addi-
tion, based on the Cochrane “risk of bias” tool, only moder-
ate to high-quality studies were included. Two reviewers
(L.H and M.GH) independently completed the quality
assessment. A third author (A.M) who was blinded to the
previous assessment scores, resolved any disagreements.

Examination of the quality of studies was performed
based on the Cochrane “risk of bias” tool.'” The Cochrane
risk of bias tool includes a report and a judgment (low-
risk of bias, high-risk of bias, or unclear risk of bias) for
each of the selected studies that are described in Figure 2.

Kappa statistics were used for interrater agreement
between the reviewers who screened the studies (kappa
values determine inter observer agreement with weighted
ranging from .688 to .912 that was good to excellent).”
Meta-analyses of study outcomes were executed wher-
ever possible using RevMan (The Nordic Cochrane
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Centre, Copenhagen, Denmark). Effect size was reported
by the standardized mean difference (SMD) with a 95%
confidence interval (CI). Effect size of .2 was considered
as small, .5 as moderate, and .8 as large.21 The heterogene-
ity among trials was examined with the I? statistic that the
score was classified as following: 25% as a small, 50% as a
moderate, and 75% as a large degree of heterogeneity.”

Additionally, 2 independent reviewers (M.GH and L.H)
used the Grading of Recommendations Assessment,
Development and Evaluation approach® to determine
the level of evidence of pooled findings; then each meta-
analysis was categorized as below.”*

¢ High-quality evidence: It is unlikely to modify our
confidence in the estimate of effect by more research.

® Moderate-quality evidence: It is likely to find a signifi-
cant change in our confidence in the evaluation of effect
and may modify the evaluation by further research.

¢ Low-quality evidence: It is expected to find a significant
change on our confidence in the estimate of effect and
can probably modify the estimate by additional research.

® Very low—quality evidence: All findings are very
uncertain.

To rate the overall quality of the evidence for each
meta-analysis, the evidence was downgraded by one level
for every following domain:

(1) Study design and risk of bias (decreased if > 25% of the
participants were from trials with a high-risk of bias
that was defined as the Cochrane Risk of bias scale)

(2) Findings variability (decreased if substantial heterogene-
ity was found on visual inspection or the 2 value > 50%)

(3) Indirectness (the results generalizability decreased if
> 50% of the participants were not in the target group)

(4) Reliability (decreased if < 400 participants were
assigned in the analysis for continuous data)

(5) Other (publication bias).>®

Results

We identified 18,475 articles from the initial electronic
search and 1940 of those were removed as duplicates. After
screening title/keyword an additional 16,410 were
removed. The remaining 125 records were assessed for full
text eligibility. Of these, after full-text review, 110 articles
were excluded for various reasons. Finally, we included 15
trials in this systematic review and meta-analyses (Fig. 1).
Of the included studies four were cross-over designs.””'*

Based on the Cochrane risk of bias tool, random
sequence generation was achieved in 86.6% of studies
(low-risk), allocation concealment was achieved in 53.3%
of trials (low-risk), blinding participants was achieved in
80% of trails (low-risk), blinding of outcome assessment
was achieved in 66.6% of trails (low-risk), 93.3% studies
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reported no attrition bias (low-risk). There was insuffi-
cient information provided in the articles for us to make a
judgment on other bias (Fig. 2). Results of Grading of Rec-
ommendations, Assessment, Development and Evalua-
tions system used in the review were shown in Figure 3.

Across the trials, a total of 385 participants aged
between 18 and 85° years old, were enrolled. Also,
63.3% of the participants were male. The mean time after
stroke ranged from 10 dalys25 to 1 year, with 53.3% of the
trials carried out after 6 months. 73.3% of studies included
patients with hemiparesis. Five studies included subjects
with walking ability between 6 and 20 m.*'*%*’

Fourteen trials”'**"***>** investigated rTMS on the pri-
mary motor cortex (M), and one trial** investigated *TMS
on the cerebellum. The length of 1'TMS sessions ranged from
10 minutes to 20 minutes. Frequency of sessions ranged
from 5 ***7! to 7 7 sessions per week. The duration of
intervention ranged from 5-days'*** to 15 weeks.'"” From
the 15 trials, 14 trials had experimental and sham groups
though one of them had 3 arms with 2 intervention groups
and a sham group and another trial had 2 active groups
(high rTMS group and low rTMS group).g‘1 There is also a
trial which used a single dose in terms of cross over study.”’

The frequency of the electrical stimulation was 1 **** or
10 *” Hz, and pulse width ranged from 900°*** to 2000**
ms (Table 1). The sham intervention was the same activity
as the experimental intervention without real stimulation.

Results showed that lower limb function was assessed
as primary and secondary outcomes using 10MWK,*"**
TUG,” BBS,”*"**** PASS,” BL,**** FMS,”' BRS,'” motion
analysis,” MMAS,” and FAC.” Finally, side effects of
TMS were reported by 9 trials.®*"**?70723 Results indi-
cated that in only 1 study, participants experienced tin-
gling scalp pain and dizziness as side effects after the
intervention.™

The effect of rTMS on balance in 200 participants was
examined by pooling data after intervention from 5
trials®***!*3** and one of them was cross-over study in
which we pooled data at the end of second period of the
study® and they used same balance measures including
Performance-Oriented Mobility Assessment (POMA),
PASS, BBG (Fig. 4a). Meta-analysis showed that rTMS
improved balance compared to sham (SMD =.38; 95% CI,
07:.69; I> =51%).

The effect of rTMS on mobility of patients on 100 partic-
ipants was examined by pooling data after intervention
from 3 trials****”” that one of them was a cross-over study
% and they used TUG as an outcome measure (Fig. 4b). In
one trial we pooled data related to real and sham sepa-
rately after the second period of the study.”” Meta-analy-
sis revealed that there was a significant improvement in
rTMS group compared to sham group on mobility (SMD:
—.67;95% CI, —1.08: —.26; I> = 72%).

The effect of rTMS on the lower limb subscale of the
Fugl-Meyer Assessment (FMA-L) was examined on 177
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Figure 1. PRISMA flow chart. Abbreviation: PRISMA, preferred reporting items for systematic reviews and meta-analyses.

participants by pooling data after interventions from 6
trials >"***77%°0% (Fig. 4c). Meta-analysis revealed that
there was no significant improvement in rTMS compared
to sham on FMA-L (SMD =.01; 95% CI, —.29: .31; P= 0%).
Two of included studies had cross-over design in which
we pooled data related to real and sham separately after
the second period of the study.”"”* The long-term effect of
rTMS on FMA-L in 117 participants was examined by
pooling data from 4 trials, 2 of them were cross-over stud-
ies and all used the FMA with a follow-up duration of 1
to 3 months. In cross-over trials, we pooled data related to
real and sham separately after the second period of the
study. Meta-analysis revealed that there was significant
improvement in rTMS group compared to sham group on
FMA-L at the follow-up (SMD =.46; 95% CI, .09: .84;
I* = 14%) (Fig. 4d).

Discussion

We completed a systematic review with meta-analysis
to investigate the effects of rTMS on improving lower

limb function in patients poststroke. Our results showed
that 'TMS resulted in improved balance and mobility.
Our findings also showed rTMS can result in long-term
improvements over sham in some variable. Finally, the
result of this systematic review found rTMS to be more
beneficial than sham on mobility and balance with a large
effect size. Our findings also provide preliminary evi-
dence that rTMS is more beneficial than sham on mobility,
balance and long-term effects in FMA-L with a high effect
size. However, results provided evidence that rTMS did
not have a positive effect on FMA-L compared to sham.

Although previous meta-analyses examined the effect
of rTMS on upper limb function in stroke patients,”''” as
far as we know, this is the first review to show the effects
of rTMS on lower limb function specially on mobility and
FMA-L in patients poststroke.™

Results showed that rTMS had a positive effect on bal-
ance and mobility. The results were in agreement with
Ayache et. al. found that r'TMS with a frequency (from
1HZ to 10HZ) could be safe and effective on motor func-
tion in patients poststroke.'” However, these effects only
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Bias

| Authors’ judgement

| Support for judgement

Chieffo et al. 2014

Random sequence generation
(selection bias)

Low risk

2 blank-coded magnetic cards (A and
B)

Allocation concealment Low risk Active or sham modes were
(selection bias) determined by a switch controlled
through the assigned magnetic Card.
Blinding of participants and Low risk Participants and examiner
personnel (performance bias)
All outcomes
Blinding of outcome assessment | Low risk Assessor and treating personnel
(detection bias All outcomes
Incomplete outcome data Low risk 1 subject left the study because of
(attrition bias) All outcomes cardiac disease and was therefore
not included in the statistical analysis
Selective reporting (reporting Low risk The study protocol is available and all
bias) of the study’s pre -specified (primary
and secondary) outcomes that are of
interest in the review have been
reported in the pre-specified way
Other bias High risk Short washout period, with a carryover

effect up to the second baseline
measurements for the real treatment.

Chang et al. 2010

Random sequence generation Low risk Using the table of random sampling

(selection bias) numbers

Allocation concealment Low risk 2:1 raito

(selection bias)

Blinding of participants and Low risk participate

personnel (performance bias)

All outcomes

Blinding of outcome assessment | Low risk assessor

(detection bias) All outcomes

Incomplete outcome data Low risk All patients completed their rTMS

(attrition bias) All outcomes sessions

Selective reporting (reporting Low risk The study protocol is available and

bias) all of the study’s pre -specified
(primary and secondary) outcomes
that are of interest in the review have
been reported in the pre-specified
way

Other bias Unclear None known

Kim et al. 2014
Random sequence generation | Low risk | by a computer

Figure 2. Cochrane risk of bias.
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(selection bias)

Allocation concealment Low risk opaque envelopes (2-to-1 ratio)

(selection bias)

Blinding of participants and Low risk patients

personnel (performance bias)

All outcomes

Blinding of outcome assessment | Low risk assessor

(detection bias All outcomes

Incomplete outcome data Low risk 2 patients in the real rTMS group and

(attrition bias) All outcomes 4 in the sham rTMS group were lost
to follow-up for reasons not related to
the intervention

Selective reporting (reporting Low risk The study protocol is available and

bias) all of the study’s pre -specified
(primary and secondary) outcomes
that are of interest in the review have
been reported in the pre-specified
way

Other bias High risk patients in our study are

heterogeneous in the baseline
function and anatomical structures
involved in PCS

Rastgoo et al. 2016

Random sequence generation
(selection bias)

Low risk

through random assignment by
individuals

Allocation concealment unclear Insufficient information

(selection bias)

Blinding of participants and Low risk Patients and physiotherapist

personnel (performance bias)

All outcomes

Blinding of outcome assessment | Unclear Insufficient information

(detection bias All outcomes

Incomplete outcome data Low risk Six patients (3 in each group) refused

(attrition bias) All outcomes to do second intervention

Selective reporting (reporting Low risk The study protocol is available and

bias) all of the study’s pre -specified
(primary and secondary) outcomes
that are of interest in the review have
been reported in the pre-specified
way

Other bias High risk assessments and treatment were done
by a same physiotherapist and the
localisation of the cerebral lesion was
not same and this may affect the
patients’ response to the
intervention

Choi et al. 2016
Random sequence generation Low risk | randomized by other healthcare

Figure 2. Continued
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(selection bias)

professional who did not
participate in this study

Allocation concealment unclear Insufficient in formation

(selection bias)

Blinding of participants and Low risk patients

personnel (performance bias)

All outcomes

Blinding of outcome assessment | High risk No one

(detection bias All outcomes

Incomplete outcome data Low risk were excluded from the

(attrition bias) All outcomes study due to the following reasons

Selective reporting (reporting Low risk The study protocol is not available

bias) but it is clear that the published
reports include all expected
outcomes, including those that were
pre-specified

Other bias Unclear None known

Lin et al. 2015

Random sequence generation low risk 1:1 ratio (with a block of 2)

(selection bias)

Allocation concealment unclear Insufficient information

(selection bias)

Blinding of participants and Low risk Patients and physical therapists

personnel (performance bias)

All outcomes

Blinding of outcome assessment | Low risk assessor

(detection bias All outcomes

Incomplete outcome data Low risk One patient was transferred to

(attrition bias) All outcomes another hospital for personal reasons
before treatment completion

Selective reporting (reporting High risk At the pre-test, all the participants

bias) were unable to finish the TUG
test within 2 min. At the post-test, 11
Group E patients and 4
Group C patients could complete the
TUG test within 2 min

Other bias High risk The PT was customized for each
individual patient. Thus, the extent of
similarity between the therapies
administered to both groups, as well
as the contribution of this factor to
the present results, remains unclear.

Sasaki et al. 2017

Random sequence generation High risk according to the date of admission

(selection bias)

Allocation concealment Unclear Insufficient information

Figure 2. Continued
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(selection bias)

Blinding of participants and Low risk Therapists and patients

personnel (performance bias)

All outcomes

Blinding of outcome assessment | Low risk physical therapist

(detection bias All outcomes

Incomplete outcome data Low risk All patients completed their rTMS

(attrition bias) All outcomes sessions

Selective reporting (reporting Low risk The study protocol is not available

bias) but it is clear that the published
reports include all expected
outcomes, including those that were
pre-specified

Other bias High risk patients represented a heterogeneous
group with regard to stroke type and
baseline stroke
severity

Wang et al. 2012

Random sequence generation Low risk Block randomization (with a block

(selection bias) size of 2)

Allocation concealment Low risk Sealed envelopes

(selection bias)

Blinding of participants and Low risk participants

personnel (performance bias)

All outcomes

Blinding of outcome assessment | Low risk assessor

(detection bias All outcomes

Incomplete outcome data Low risk 4 did not complete the intervention (2

(attrition bias) All outcomes in the control group and 2 in the
experimental group)

Selective reporting (reporting Low risk The study protocol is available and

bias) all of the study’s pre -specified
outcomes that are of interest in the
review have been reported in the pre-
specified way

Other bias Unclear None known

Cha & Kim 2015

Random sequence generation Low risk blindly drawing cards

(selection bias)

Allocation concealment Low risk envelope containing two cards that

(selection bias) were each marked as EG and CG

Blinding of participants and high risk subjects and their therapists were

personnel (performance bias) aware of their groups

All outcomes

Blinding of outcome assessment | Low risk assessor

(detection bias All outcomes

Incomplete outcome data Low risk All patients completed their rTMS

(attrition bias) All outcomes sessions

Selective reporting (reporting Low risk The study protocol is available and

Figure 2. Continued
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bias) all of the study’s pre -specified
(primary and secondary) outcomes
that are of interest in the review have
been reported in the pre-specified
way

Other bias High risk the subjects in this study were
recruited from a selfselected
group of patients, who are able to
walk independently
and are highly motivated. Thus, the
findings of this
study may not be generalized to the
entire stroke population
with a variety of functional levels

Cha & Kim 2017

Random sequence generation Unclear This randomization was performed

(selection bias) by a third party
unaware of the nature of the study

Allocation concealment Low risk sealed envelopes

(selection bias)

Blinding of participants and Low risk Physicians

personnel (performance bias)

All outcomes

Blinding of outcome assessment | Unclear Insufficient information

(detection bias All outcomes

Incomplete outcome data Low risk All patients completed their rTMS

(attrition bias) All outcomes sessions

Selective reporting (reporting Low risk The study protocol is available and

bias) all of the study’s pre -specified
(primary and secondary) outcomes
that are of interest in the review have
been reported in the pre-specified
way

Other bias Unclear None known

Kakuda et al. 2013

Random sequence generation Low risk random

(selection bias)

Allocation concealment Unclear Insufficient information

(selection bias)

Blinding of participants and Low risk Participants and examiner
personnel (performance bias)

All outcomes

Blinding of outcome assessment | Low risk assessor

(detection bias All outcomes

Incomplete outcome data Low risk All patients completed their rTMS
(attrition bias) All outcomes sessions

Selective reporting (reporting Low risk The study protocol is available and

bias)

all of the study’s pre -specified
(primary and secondary) outcomes

Figure 2. Continued
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that are of interest in the review have
been reported in the pre-specified
way

Cha et al. 2014

Random sequence generation Low risk blindly draw one of the cards

(selection bias)

Allocation concealment Low risk envelope with two cards

(selection bias)

Blinding of participants and Unclear Insufficient information

personnel (performance bias)

All outcomes

Blinding of outcome assessment | Unclear Insufficient information

(detection bias All outcomes

Incomplete outcome data Low risk All patients completed their rTMS

(attrition bias) All outcomes sessions

Selective reporting (reporting Low risk The study protocol is available and

bias) all of the study’s pre -specified
(primary and secondary) outcomes
that are of interest in the review have
been reported in the pre-specified
way

Other bias Unclear None known

Other bias Unclear None known

Forogh et al. 2017

Random sequence generation Low risk Insufficient information

(selection bias)

Allocation concealment unclear None known

(selection bias)

Blinding of participants and Low Risk Insufficient information

personnel (performance bias)

All outcomes

Blinding of outcome assessment | Low risk Insufficient information

(detection bias All outcomes

Incomplete outcome data Low risk 11 patients withdraw from study

(attrition bias) All outcomes

Selective reporting (reporting Low risk The study protocol is available and

bias) all of the study’s pre -specified
(primary and secondary) outcomes
that are of interest in the review have
been reported in the pre-specified
way

Other bias Unclear None known

Guan 2017

Random sequence generation Low risk computer

(selection bias)

Allocation concealment Low risk Sealed envelop

(selection bias)

Blinding of participants and Low Risk Insufficient information

Figure 2. Continued
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personnel (performance bias)

All outcomes

Blinding of outcome assessment | Low risk Insufficient information

(detection bias All outcomes

Incomplete outcome data Low risk 15 patients withdraw from study in

(attrition bias) All outcomes follow up

Selective reporting (reporting Low risk The study protocol is available and

bias) all of the study’s pre -specified
outcomes that are of interest in the
review have been reported in the pre-
specified way

Other bias Unclear None known

Vaziri et al.2014

Random sequence generation Low risk Simple random

(selection bias)

Allocation concealment unclear None Known

(selection bias)

Blinding of participants and High risk None known

personnel (performance bias)

All outcomes

Blinding of outcome assessment | High risk None known

(detection bias All outcomes

Incomplete outcome data Low risk 15 patients withdraw from study in

(attrition bias) All outcomes follow up

Selective reporting (reporting Low risk The study protocol is available and

bias) all of the study’s pre -specified
outcomes that are of interest in the
review have been reported in the pre-
specified way

Other bias Unclear None known

Figure 2. Continued

remained for short time (several weeks) beyond the time
of stimulation on various motor aspects. Similarly, Hatem
et al., indicated that rTMS could be combined with other
rehabilitation therapies for patients with stroke with an
emphasis to improve motor limb function.'® However
there was further result which our meta-analysis could
not indicate the benefits of rTMS on some of the motor
assessment scale.” Furthermore, although never reported
so far, we showed the continued effects of rTMS by identi-
fying a significant improvement on FMA-L in follow-up
period.

Sample size and number of participants were small and
may not have adequate power to detect a difference
between the groups. There were different stimulation

protocols across studies; however the most appropriate
rTMS protocol for motor recovery in patients poststroke is
still unclear. The comparability of some outcomes was
questionable due to diversity of motor function assess-
ment measures used across trails. Length of follow-up
was primarily short-term. Most of the trails only reported
the outcome at the end of the intervention period or
within 1 month of being treated with rTMS. Indeed, the
long-term effects of *TMS have not been clarified yet.
Although we included 15 trials in the review, we pooled
only 3-6 trails for meta-analysis for FMA, balance, walk-
ing speed and follow-up in 2 groups (rTMS and sham).
Thus the pooled subjects were under 400 in each meta-
analysis.
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Quality assessment
Summary of finding
Included | Risk
Patients RCT of bias Overall
outcomes (n) (n) inconsistency | indirectness | imprecision | Publication | quality of SMD
bias evidence
Balance 200 SRCTs | Not Serious detected low 0.38
Cha2013 | serious | serious Not serious {(0.07)-(0.68)}
Cha Risk
2015 of bias
Forogh
Kim
lin
Walk 100 3RCTs Not serious Serious undetected | low -/67
evaluation Cha2015 | serious Not serious {(-.1.08)-(-0.29)}
Elkhoy | Risk
rastgoo | of bias
FMA-L 177 6RCTs Not Not serious Serious undetected | low 0.01
Change | serious Not serious {(-0.29)-(0.31)}
Cheffio | Risk
Guan of bias
Lin
Rastgoo
wang
Follow-up | 117 4RCTs | Not Not Serious Serious detected low 0.46
in FMA-L Chang serious Not serious {(0.09)-(0.84)}
Cheiffo | Risk
Guan of bias
Rastgoo

Figure 3. Quality assessment and summary of findings using the GRADE approach.

Since the existing level of evidence is not yet satisfac-
tory, practitioners should use rTMS in lower limb dys-
function cautiously. The findings of this study have a
number of important implications for future practice or
research. However, by using more rigid including criteria,
practitioners may find patients who will benefit more
from brain stimulation trials. Furthermore it would be
interesting for researchers to consider the following rec-
ommendations in their future studies:

1) Examining the effects of high- and low-frequency
rTMS on lower limb motor function patients post-
stroke. (Noted that the underlying mechanisms of
high- and low-frequency rTMS are quite different).

2) Comparing subgroups under different phases of
stroke on effects of rTMS.

3) Exploring the long-term effects of rTMS on motor
function during the follow-up phase in patients post-
stroke.

4) Recruiting larger sample sizes to examine the cost ben-
efit analysis on rTMS therapy in patients with stroke.

A major limitation was the relatively small number of
pooled studies for each meta-analysis that may affect the
level of evidence of our findings. Another limitation of
this review was that the included cross over studies did
not report the results by different periods. Thus we had to
use the final results for meta-analysis. Another caveat of
the existing literature was a lack of sufficient data on time-
line of rTMS used for either short-term or long-term bene-
fits. Furthermore the adverse effects were not reported by
all studies included in the review. Finally, most of studies
did not discuss the possible mechanisms underlying
effects of stimulation on lower limb function.

In conclusion, pooling a variety of rTMS conditions in
poststroke, suggests that rTMS may be more effective
than no treatment or sham for improving lower limb
motor function in the immediate post-therapy to 30 day
follow-up period. Although there are large effect sizes
that support a recommendation for rTMS intervention,
the existing level of evidence is still poor and further
trials are mandatory to strengthen this preliminary
finding.




Table 1. Summary of included trials (N = 15)

Study Design Participants Intervention Primary outcome Secondary outcome Adverse effects
Chieffo et al (2014) Cross-over trial Randomized = 10, remained ~ Exp: Deep rTMS on hand or Lower limb motor perfor- Walking distance No subject reported
(CTh) after last Test/assessment=9  leg motor cortex; mance (FMA) (10 MWT, 6 MWT) any adverse
Real - sham =4 11 sessions 20 HZ Timing: 0, 3 weeks, effects
Sham-real = 5 1500 pulses 1 mon (washout) 3 weeks,
Age =25-80 90% of motor threshold until 1 mon (washout) follow-up
Sex=10M 82% in cross-over study

Kim et al (2014)

Rastgoo et al (2016)

Choi et al (2016)

RCT

CT Cross-over
study

CT Cross-over
study

Time since stroke:
more than 6 months

Randomized = 32, remained
after last
test/assessment = 32

Real =22 Sham =10

Age =64-67

Sex=17 M/15F

Time since stroke: less than
6 months

Randomized = 20, remained
after last

test/assessment = 20

Real-sham = 10

Sham-real = 10

Age >18

Sex = 10M/10F

Time since stroke:

more than 6 months

Randomized = 30, remained
after last

test/assessment = 30

Real-sham =15

Sham-real = 15

Age =60-85

Sex =27M/3F

Time since stroke:

more than 6 months

30 trains at 20 Hz, 60-s inter-
train interval
Sham: sham-real and

real-sham
Exp: low r'TMS on Functional outcomes
cerebllum (10MWTand BBS)
15 min*5/wk Timing: 0, 5 days,
1HZ 35 days
900 pulses
100% of motor threshold
Sham: the coil was placed
perpendicular to the scalp
with the same
parameters of stimulation to
minimize current flow into
the skull
Exp: r'TMS the LE motor 1) Muscle Spasticity 1) Gait (TUG)
cortex (MMAS) 2) Lower limb sub-
20min*5/wk 2) Motor neurone excitability  scale of the Fugl-
1 HZ (Hmax/Mmax ratio) Meyer Assessment
1000 pulses Timing: 0, 5 days, 1 week (FMA)

90% of motor threshold after intervention, 1 mon

(washout),

5 days, 1 week after

intervention

Exp: r'TMS the leg motor area Balance function (BBS)

10 min *10/wk *2 weeks Timing: 0, 2 weeks,1 mon
10 HZ 2 weeks, 1 mon

1000 pulses follow-up

90% of motor threshold

Sham: real-sham, sham-real

Sensory limitation
assessment (SOT)

No adverse events
were reported in
either group

No adverse events
were reported by
any of the
patients

None of the patient
experienced seri-
ous adverse event

(Continued)
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Table 1 (Continued)

Study Design Participants Intervention Primary outcome Secondary outcome  Adverse effects
Sasaki et al (2017) RCT Randomized =21, remained Exp: r'TMS the leg motor area 1) Lower limb Motor Author does not
after last 10 min*10/wk*5 days function mention to
test/assessment = 21 10 HZ (BRS) adverse event
Real=11 1000 pulses 2) Trunk function
Sham =10 90% of motor threshold (ABMS 1)
Age =25-85 Sham: without stimulation ~ 3) Cognitive
Sex = 13M/8F Function (MMSE)
Time since stroke: Timing: 0, 5 days
less than 6 months
Chang et al (2010) RCT Randomized =28, remained ~ Exp: rTMS motor cortex 1) Motor function of upper 1) Mobility and func- No adverse side
after last 50s*10/wk*10 days limb and hand tional independence  effects were
test/assessment = 28 10 HZ (MI-A, BBT and FMA-UL), (FAC, and MBI) reported
Age=27-78 1000 pulses 2) Motor function of lower
Sex=17M/11F 90% of motor threshold limb (MI-L and FMA-LL)
Time since stroke: Con: sham Timing: 0,10 days, 3 mon
less than 6 months after post- test for follow-up
Real =18
Control = 10
Wang et al (2012) RCT Randomized =28, remained ~ Exp: rTMS leg area of the 1) Corticomotor excitability None of the
after last motor cortex (MEPs) participants
test/assessment = 24 10 min*10/wk*14 days 2) Motor Performance (FMA reported any
Age =40-60 1HZ and spatial and adverse events
Sex = 15M/9F 600 pulses temporal parameters
Time since stroke: 90% of motor threshold of gait performance)
more than 6 months Con: sham 3)Walking performance
Exp=12 (GAITRIite system) Timing:
Con=12 0, 2 weeks
Cha and kim et al RCT Randomized =24, remained =~ Exp: HrTMS bilateral leg 1) Motor Authors does not

(2014)

after last test/assessment = 24
Age =40-57
Sex = 14M/10F
Time since stroke:
More than 6 months
Real=12
Sham =12

motor areas
20 min*5/wk*4 weeks
10 HZ
2000 pulses
90% of motor
Con: LiITMS
20 min*5/wk*4 weeks
1 HZ , 1200 puls

mention to
adverse events

cortex excitability( MEP)

2) balance function (BI and
the BBS)

Timing: 0, 4 weeks

L
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Table 1 (Continued)

Study

Design

Participants

Intervention

Primary outcome

Secondary outcome

Adverse effects

Kakuda et al (2013)

Lin et al (2015)

Cha and Kim et al
(2015)

Cha and Kim et al
(2016)

RCT Cross-over
study

RCT

RCT

RCT

Randomized = 18, remained
after last test/assessment = 18

Real-sham =9

Sham-real =9

Age =30-70

Sex = 13M/5F

Time since stroke:

more than 6 months

Randomized = 32, remained
after last

test/assessment = 31

Age =18-80

Sex=21M/11F

Time since stroke:

less than 6 months

Exp=16

Con=15

Randomized = 36, remained
after last test/assessment = 36

Exp=19
Con=17
Age =45-67;

Sex = 19M/17F

Time since stroke more than 6
months

Randomized = 30, remained
after last test/assessment = 30

Expl =10

Exp2=10

Con=10

Age =45-60

Sex = 14M/16F

Time since stroke:

stroke within more than
6 months

Exp: rTMS bilateral leg
motor areas and sham
20 min*2session in 24 h

10 HZ
2000 pulses
90% of motor threshold
Sham: sham and rTMS

Exp: rTMS M1

15 min*15/wk*2 weeks
1HZ

900 pulses

130% of motor threshold
Con: sham group

EXP: rTMS on

2#10 min(20 min rTMS and
20 min MT) + mirror
therapy

10 min* 5 days *4 weeks

Con; sham + mirror therapy

Expl: just ankle strengthen-
ing exercise

Exp2: rTMS motor cortex
and ankle strengthening
exercise

10 times*5/wk*8weeks
10 HZ

90% of motor threshold

Con: rTMS group

1)Walking function ( walking
velocity)

2) Energy efficiency of walk-
ing (PCI)

Timing: before, immediately
after, and 10 and

20 min after each stimulation
with 24 h wash out

Not report

1) Ability of a patient to
maintain or change a given
posture (PASS)

Timing: 0, 2 weeks

1) Motor recovery ( balance
index, DLOS), BBS, and
TUG)

Timing: 0,4 weeks

1) Motor recovery (MEP)

2) Maximal muscle strength
(Test of ankle joint muscle
strength)

3) Walking (I0MWT)

Timing: 0, 8 weeks,

9 weeks

1) Static and dynamic
balance (POMA-b)

2) Ability to perform
advanced mobility
tasks ( TUG)

3) ADL independence
(BI)

4) neurological recov-
ery of LE (FMA-LE)

Authors does not
mention to
adverse events

A Group E patient
reported dizzi-
ness, and a Group
C patient reported
tingling scalp
pain

NOILVINWILS DILINDVIN TVINVIDSNV AL IALLILIdTY

Authors does not
mention to
adverse

Authors does not
mention to
adverse
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Table 1 (Continued)
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Study Design Participants Intervention Primary outcome Secondary outcome Adverse effects
Forogh et. al (2017) RCT Randomized =26, remained ~ Exp: rTMS on M1 Static postural stability(BI), Author does not
after last test/assessment=15 1 HZ muscle strength: (MRC), mention to
Exp=8 1200 pulses Static and dynamic balance adverse effect
Sham =7 20 min*5wk*3 weeks ability (BBS), Motor recov-
Age =53-79 Con: sham ery (FMA)
Sex = 16M/10F 0,3 weeks, 15 weeks
years; 61.5% were male
Time since stroke:
more than 6 months
Gane et al 2017 Randomized = 42, remained Exp: M1 consecutive 10-day (NIHSS,BI, FMA-UL/LL), 0,10days, 1 month, None of the
after last test/assessment =42 rTMS the degree of disability or 3 months, 6 months,  patients com-
Real =21 10 HZ dependence in the daily and 1 year plained of dis-
Sham =21 Con: sham activities: (mRS), individu- comfort after
Sex =30M/12F ally adjust the intensity rTMS or sham
Age =43-67 (TMS, RMT) rTMS
Time since stroke:
less than 6 months
Vaziri et al 2014 RCT Randomized = 12, remained ~ Exp: r'TMS + rehabilitation =~ Dynometers: BI and FMI No adverse side

after last test/assessment =12  program on M1
Age =30-65
Time since stroke:
more than 6 month
Real=6
Sham =6

Con: placebo rITMS

20 min*3wk*10 sessions

+ rehabilitation program

effects were
reported during or
after the study

Abbreviations: ABMS II, Ability for Basic Movement Scale Revised; BBS, Berg Balance Scale; BBT, grip strength and the Box and Block test; BRS, Brunnstrom recovery stages; DLOS,
dynamic limits of stability; FAC, functional ambulatory category; FMA, Fugl-Meyer assessment; FMA-LL, lower limb score in FMA; FMA-UL, score in the Fugl-Meyer assessment; FMA UL/LL,
Fugl-Meyer assessment upper limb/lower limb; MBI, modified Barthel index; MEP, motor evoked potentials; MI-A, arm score in the Motricity Index; MI-L, leg score in MI; MMAS, modified mod-

ified Ashworth scale; MMSE, mini-mental state examination; MRC, Medical Research Council; MRS, modified rank score; NIHSS, National Institutes of Health Stroke Scale; PASS, Postural
Assessment Scale for Stroke Patients; PCI, Physiological Cost Index; POMA-b, Tinetti Performance-oriented mobility assessment; RMT, resting motor threshold; SOT, sensory organization test;

TUG, timed up and go; TMS, transcranial magnetic stimulation; 6MWT, the 6-minute walk test; IOMWT, 10 m walk speed test.
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cha and Kim 2013 58 10.99 12 46 7.52 12 12.3% 1.23[0.34,212)
Cha and Kim 2015 56.76 10.96 19 53.06 9.63 17 221% 0.35[-0.31,1.01] b
Farogh 2017 496 44 13 46 44 13 149% 0.79[-0.01, 1.60] T
Kim 2014 308 158 22 326 72 30 31.7% -0.15[-0.70, 0.40] —
Lin 2015 285 113 16 24 10 15 19.0% 0.41[-0.30,1.12] e e —
Total (95% CI) 82 87 100.0% 0.38 [0.07,0.69] ‘
Heterogeneity: Chi*= 8.15, df= 4 (P = 0.09); F=51% t + t

ol { -2 Rl 0 1
Testfor overall effect Z= 2.37 (P = 0.02) Favours [experimental] Favours [control]

a. SMD (95%) of the effect of rTMS compared with Sham group on balance by pooling data from 5 trails

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
ChaandKim 2015 2386 4.51 19 2882 307 17 327% -1.24[1.97,-052) & ——
Elkhoy 2014 146 299 15 174 288 15 296% -0.93[-1.69,-017) —— &
Rastgoo 2016 2355 1436 17 2289 1611 17 377% 0.04 [-0.64, 0.71] —_—
Total (95% CI) 51 49 100.0% -0.67 [-1.08, -0.26] oo
Heterogeneity: Chi*= 7.11, df= 2 (P = 0.03); F=72% _l1 _05‘5 0:5 1:

Testfor overall effect 7= 3.17 (P = 0.002) Favours [experimental] Favouré [control]

b. SMD (95%) of the effect of rTMS compared with Sham group on mobility evaluation by
pooling data from 3 trails

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chang 2010 246 91 18 243 101 10 14.9% 0.03[-0.74,0.80]
Cheiffo 2014 268 15 9 267 1.4 9 104% 0.07 [-0.86, 0.99]
Guan 2017 284 38 21 304 44 21 236% -0.48[-1.09,0.14] —_—
Lin 2018 21 6.8 16 20 g 15 17.9% 0.13[-0.57,0.84] — =
Rastgoo 2016 26.87 433 17 254 445 17 19.4% 0.33[-0.35,1.00] -1
Wang 2012 2292 499 12 2192 712 12 138% 0.16 [-0.64, 0.96]
Total (95% CI) 93 84 100.0% 0.01[-0.29,0.31] ,

Heterogeneity: Chi*= 3.52, df=5 (P =0.62), F=0% B 5 ) G H

Test for overall effect: Z= 0.05 (P = 0.86) Favours [experimental] Favours [control]

¢. SMD (95%) of the effect of rTMS compared with Sham group on (FMA-L) by pooling data
from 6 trails

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chang 2010 275 986 18 263 106 10 23.6% 0.12[-0.66, 0.89] -
Cheiffo 2014 277 15 9 258 141 9 13.0% 1.30[0.26, 2.35]
Guan 2017 299 24 19 292 18 18 33.5% 0.32[-0.33,087) —
Rastgoo 2016 27.01 412 17 2487 37 17 30.0% 0.53[-0.15,1.22] T
Total (95% CI) 63 54 100.0% 0.46 [0.09, 0.84] B
Heterogeneity: Chi*=3.49, df= 3 (P=0.32), F=14% _52 _l1 b 1? é

Testforaverall effect 2= 2.42 (P=0.02 Favours [experimental] Favours [control]
d. SMD (95%) of the effect of follow-up for rTMS compared with Sham group on lower extremity
function by pooling data from 4 trails Abbreviations: IV, Inverse variance.

Abbreviations: IV, Inverse variance.

Figure 4. SMD based on comparison.
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