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Abstract

Background: Episodes of FOG is often a debilitating event occurring in patients with Parkinson’s disease (PD). TMS has
been studies as a treatment options for a number of neuropsychiatric disorders including depression, PD, dystonia, and
epilepsy.

Objectives: To assess systematically, the beneficial therapeutic effect of Transcranial magnetic stimulation (rTMS) on
freezing of gait (FOG) in PD patients.

Methods: A systematic literature search of the PubMed, Scopus and Cochrane databases was performed. Randomized
controlled trials, non-randomized controlled trials, retrospective studies and single arm studies of rTMS treatment on
FOG in PD patients. A descriptive analysis of published studies was performed. The PubMed online search identified 7
publications, second search through Scopus identified 18 publications, and a third search through Cochrane identified
17 publications.

Results: A total of 17 Full-text articles assessed for eligibility with 9 articles excluded. Altogether, the included studies
reported 96 patients with FOG. All trials implemented FOG Questionnaire being assessment tool for gait as primary and/
or secondary outcome, with few studies also used frequency of FOG episodes or TUG test to measure the improvement. A
sham stimulation was used in five studies, all of them were cross over design except one study. The FoG-Q score showed
significant improvement in (n = 3) studies, Meanwhile the UPDRS IIl and/or total score showed significant improvement
in majority of studies (n = 5).

Conclusion: From the descriptive analyses, and from the available data of relatively small sample sized studies, in spite
of the above limitations, rTMS had potential beneficial effect in improving the FOG in PD patients depending on the used
protocol.
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Introduction In terms of pathogenesis, FOG is still not clearly under-

o ) ) . stood due to complex clinical presentation, and lack of dis-
Gait disorders in Parkinson’s disease (PD) has several pre-

sentations including stooped posture, festination, shuffling

steps, freezing of gait (FOG) and falls [1]. Episodes of FOG is *Corresponding author: Wael Ibrahim, MD, Department of
often a debilitating event occurring mostly as a late feature Neurology, Kasr Alainy Hospital, Faculty of Medicine, Cairo Uni-
in patients with PD [2], which usually disturbs their balance versity, 37 Elhassan street, Dokki, Giza, 12411, Egypt, Tel: +20-
and results in subsequent falls [3]; and with prevalence within 1111919927

recent studies ranging from 21% to 38.2% [4]. FOG is defined Accepted: January 25, 2021
as “a brief episode during which patients find it impossible to

generate effective forward stepping movements, in the ab- AT i ey 277, 2020

sence of a cause other than Parkinsonism or higher cortical Citation: lbrahim W (2021) Effectiveness of Repetitive Tran-
deficits” [5]. Those events not only occur during turning and scranial Magnetic Stimulation on Freezing of Gait in Parkinson’s
step initiation but also in situations where patients features Disease Patients: A Systematic Review of the Literature. J Neu-
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tinctive pathological finding in postmortem specimens. How-
ever, FOG is not exclusive to PD and can be present in other
disorders as in primary progressive freezing of gait and also
more commonly encountered in other parkinsonian syn-
dromes such as normal pressure hydrocephalus or vascular
parkinsonism [3,6]. Meanwhile, responsiveness to dopami-
nergic medications in PD remains modest which may high-
lights the role of non-dopaminergic circuits in FOG pathogen-
esis in PD patients [7]. With the era of Multimodal neuroim-
aging; FOG seems to be related partially to interruption in the
executive-attention network along with regional tissue loss
including the premotor area, and inferior frontal gyrus [8].

There are three clinical patterns of FOG presentations:
First, Trembling in place, second, shuffling forward, and third,
total akinesia; all of them can be provoked by several situa-
tions which includes: 1) Freezing when turning and is referred
as Turning hesitation; 2) Freezing when gait is initiated and
is referred as Start hesitation; 3) Freezing when approaching
target and is referred as Reaching destination hesitation; and
4) Freezing in open and narrow space and is referred as Open
space hesitation and Tight quarter hesitation respectively
[3,6].

Due to the fact that FOG events are rarely encountered in
clinics, a freezing of gait questionnaire (FOG-Q) had been im-
plemented to increase accuracy of detecting the event rather
than simply asking about them [3]. Other tools for gait assess-
ment can be also implemented such as electromyography
(EMG) and gait analysis lab using a three-dimensional (3D)
camera [9]. In terms of medical treatments, it usually offers a
limited benefit. People who are undertreated increasing the
dopaminergic drugs dose is a reasonable option, while if FOG
is during off state, several treatment regimens can be used.
One regimen is additions of catechol-O-methyltransferase
(COMT) inhibitor and/or monoamine oxidase (MAOQ) type-B
inhibitor, others includes increase the frequency and/or dos-
age of levodopa, or performing deep brain stimulation (DBS)
surgery which usually provides a reduction in off state [3].

Transcranial magnetic stimulation (TMS) is a non-invasive
brain stimulation procedure that creates electrical energy
across the scalp and skull via placing a small coil of wire on
the scalp which produces a magnetic field that passes rela-
tively painlessly through the tissues of the brain in order to
modulates its activity [10,11].

Research on TMS has been growing worldwide in the last
few decades. TMS has been studies as a treatment options for
a number of neuropsychiatric disorders including depression,
Parkinson’s disease (PD), dystonia (writer’s cramp), and epi-
lepsy [11,12]. Although, there is limited knowledge about the
mechanisms of action of rTMS in PD [13], previous literature
[14] reported the effectiveness of rTMS in treatment of PD
motor symptoms. Different techniques and frequencies (both
low and high) had been tried in PD, and although basal gan-
glia is a deep structure away from reach of stimulating coil, it
still can be modulated via functional connections with cortical
areas [13].

However, there is few contraindications to TMS use in-
cluding cardiac pacemakers, implanted medication pumps,

and Metallic foreign body in skull or brain; also, Children
should not be enrolled as participants for rTMS studies with-
out compelling clinical rationale [10]. In general, TMS is a safe
procedure associated with few side effects including -but not
limited to- headache, burning scalp sensation, and neck pains
[10,14].

Methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement guidelines
[15] during the preparation of this systematic review.

Eligibility criteria
Inclusion criteria

Trial or study type: Eligible articles included for this re-
view: Randomized controlled trials (RCT), non-randomized
controlled trials, retrospective studies, single arm studies,
and case series of rTMS treatment on FOG in PD patients.

Intervention: Repetitive transcranial magnetic stimulation
(rTMS) with all frequencies and latencies, with any number of
sessions over any period of time, and applied to any site are
eligible, either administered alone or with other antiparkin-
sonian therapy, and/or rehabilitation therapy. To narrow the
heterogenicity among different TMS techniques; Continuous
theta burst stimulation (cTBS), intermittent theta burst stimu-
lation (iTBS), transcranial direct current stimulation (tDCS), or
Electroconvulsive therapy (ECT) patients were excluded from
this analysis.

Comparator: Placebo (sham control group) or no compar-
ator group.

Population: Idiopathic PD (IPD), Vascular Parkinsonism
(VP) or Parkinson plus syndromes (PPS) (progressive supranu-
clear palsy, multiple system atrophy, corticobasal degenera-
tion, and also diffuse Lewy body disease) patients diagnosed
with FOG, of any age group, and any gender is included.

Outcome: At least one of the following outcomes for
FOG * motor functions: frequency of freezing episodes,
Freezing of Gait Questionnaire (FOG-Q), FOG questionnaire
(FOG Q) short form (SF) and Timed Up and Go test (TUG),
and Movement Disorder Society Unified Parkinson's Disease
Rating Scale motor score (MDS-UPDRS 1lI) and/or total score
(MDS-UPDRS total score).

Exclusion criteria: Non-English language studies, animal
studies, studies whose full text article were not available,
theses and conference papers, as well as ongoing trials were
excluded.

Objective: To assess systematically, the beneficial thera-
peutic effect of rTMS treatment on FOG in PD and atypical
Parkinsonism patients.

Study design: Systematic review.

Information sources and search

We searched for all published clinical trials using the fol-
lowing search terms "transcranial magnetic stimulation" AND
"freezing of gait" AND "Parkinson’s disease" in the following

Ibrahim. J Neurodegener Disord 2021, 4(1):101-112

Open Access | Page 102 |



Citation: Ibrahim W (2021) Effectiveness of Repetitive Transcranial Magnetic Stimulation on Freezing of Gait in Parkinson’s Disease Patients:
A Systematic Review of the Literature. J Neurodegener Disord 4(1):101-112

electronic databases: PubMed, SCOPUS, and Cochrane, from  results will be performed in two steps:
inception till December, 2018. Also, to learn more about the

. . ! . . ® First, to screen title and abstracts against the selection
ongoing trials for rTMS in treatment of FOG in PD patients;

criteria. Articles that were unclear from their title or

A separate search was done to learn more about the on- abstract were reviewed against the selection criteria
going trials for rTMS in FOG; we searched clinicaltrials.gov through the full text;
“www clinicaltrials.gov” (using the same previous search e Second, to retrieve and screen full-text articles of eligi-
queries) for the following type of ongoing clinical trials: “Not ble abstracts for eligibility to systematic review.
yet recruiting, Recruiting, enrolling by invitation, Active & not
recruiting, completed (and unpublished)”. Data extraction

Authors will extract the following data independently;
) o ) ) First author, year of publication, study type, sample size,
The author will select eligible studies. Screening of search [ ,a3n age, frequency of freezing episodes, characteristics of

Selection of studies

Flow chart of included and excluded articles in the
systematic literature search
Y
g
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= (n=7) (n=18) (n=17)
@
o
Total Records I Duplicate Records removed
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) for eligibility
o (n=17) n =0 review
n =1 Full text not available
n =6 inclusion criteria not met
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Figure 1: Flow Chart of included and excluded articles in the systematic literature search.
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rTMS sessions (number, frequency, intensity, and duration),
and outcomes for FOG and motor functions using at least one
of the following assessment tools: frequency of freezing epi-
sodes, FOG-Q, FOG-Q SF, MDS-UPDRS Ill and/or UPDRS total
score, and TUG. Data will be exported from the online form
as MS excel sheet.

Statistical analysis

We calculated the mean age and SD for all patients by
using pooled mean and pooled SD equation according to
Cochrane handbook of systematic reviews of interventions
5.1.0 (updated March 2011) [16]. When data are expressed
as median and IQR, we used Hozo, et al. [17] at BMC Research
Methodology equation to calculate or estimate mean and SD.

Data are expressed as means with SD (unless stated oth-
erwise); Statistical results were considered to be significant
when the p-value was less than 0.05. Data analysis was per-
formed using Microsoft Office excel 2016 and Statistical Pack-
age for Social Science (SPSS) version 23 (IBM Corp., Armonk,
NY, USA).

Synthesis of data and analysis

Due to heterogeneity and low sample size of studies, no
statistically justified analyses - could be performed on the
provided data. Hence, a descriptive analysis of the published
studies was performed instead.

Summary measures

The search strings, list of relevant reviews, data coding,
and the quality criteria used in this review can be requested
from the corresponding author.

Patient and public involvement

Patients were not involved in setting the research ques-
tion or the outcome measures, developing plans for design,
or implementing the study. Also, no patients were asked to
advice on interpretation or writing up of results. There are
no plans to disseminate the results of this research to study
participants or the relevant patient community.

Results

Selection of articles

The systematic literature search and subsequent selection
are summarized in a flow diagram (Figure 1). The PubMed
database online search identified 7 publications, a second
database search through Scopus identified 18 publications,
and a third database search through Cochrane identified 17
publications. After 16 duplicate publications were removed, a
total of 26 publications were screened for title and abstract.
All pre-clinical/animal studies, review articles, articles not
written in the English language, as well as conference papers
were excluded (n = 9 articles). A total of 17 full-text articles
were assessed for eligibility, with 9 being excluded for the fol-
lowing reasons: Full text not available (n = 1), ongoing trial (n
= 1), non-English language (n = 1), and inclusion criteria not
met (n = 6).

Study characteristics

Characteristics of the included studies and patient out-
come(s) are summarized in Table 1 and Table 2. A total of 8
studies from 2007 through 2018 were included in the descrip-
tive analysis and systematic review. All trials were prospective
studies. Among all trials, three studies were non-controlled/
single arm; and five were sham-controlled with crossover (n =
4) and without crossover (n = 1).

Baseline characteristics of included studies

There were 96 participants in the total eight studies in-
cluded in this systematic review. The number of patients per
study ranged from 4 to 19. Patients were mostly older age,
with mean sample ages ranging from 63.70 to 74.57 years,
and the pooled mean age for all participants in the total eight
studies was 68.30 years.

Almost all studies recruited IPD patients except Chang and
colleague [18] study, and Lee and colleague [19] study were
both recruited Parkinson plus syndromes, with the former
enrolled no IPD patients. From the total 96 participants in-
cluded, IPD represented most of patients with 79.1% (n = 76),
while remaining patients either VP representing 11.4% (n =
11) or parkinsonian plus syndromes representing the minori-
ty of patients with 9.3% (n = 9).

The rTMS current aim to target different regions among
our review including motor cortex (MC), supplementary mo-
tor area (SMA), medial prefrontal cortex (mPFC) or dorsolat-
eral prefrontal cortex (DLPFC). The leg and/or hand area are
the targets within primary MC. The MC is the most common
region of rTMS target present in 7 out of 8 studies; with less
targeted regions -regarding number of studies- in descending
manner is DLPFC (n = 2), SMA (n = 2), and mPFC (n = 1). The
frequency of rTMS used range from 1Hz up to 25Hz with most
commonly used frequency used is 10Hz (used in 5 studies).
The intensity of stimulation used is reported in 6 studies, all
of them used 90% intensity with exception of Thomassen and
Arns [20] study used 120%. The number of rTMS sessions giv-
en range from one session up to 16 sessions with calculated
median value of 5 sessions; and usually given in frequency of
3-4 times per week, day after day or even daily sessions as in
Rektorova and colleague [21] study.

A comparator or sham stimulation was used in five stud-
ies, all of them was cross over design except in El-tamawy and
colleague [22] study were patient was randomized to either
a real or sham stimulation group. Lee and colleagues [19]
approached the patients differently in his study, were all pa-
tients had received real and sham stimulation in a cross over
successive manner separated by interval period of 24 hour be-
tween each, with real stimulation to three different brain re-
gions (total 4 sessions, one for each). The other three studies
were non-controlled, both Kim S. J and colleague [23] study,
and Rektorova and colleague [21] study assigned different pa-
tients for stimulation in different brain region for each group,
with former stimulated MC or SMA, and latter stimulated MC
or DLPFC region. Thomassen and Arns [20] study was the only
single arm study to target single brain region (MC for both
hand and leg area), and all over only three studies targeted a
single brain region were (n = 2) studies are controlled.
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Table 2: Outcome summary of included studies.

Study ID Primary Outcome(s)
Chang, 2016 Mean change in the FoG-Q score is by -2.3 points in real arm and -0.4
[18] in sham arm

Mean FoG-Q score in post-real rTMS arm 13 (4.2) (p = 0.049)
Mean FoG-Q score in post-sham rTMS arm 15 (4.5)

Mean change in TUG task from 53.75 (31.88) to 46.12 (24.60) in real
rTMS arm (p = 0.049)

Dagan, 2017 [32] | Mean change in the FoG-Q score from 19.67 (1.86) to 18.67 (3.27) in
real rTMS arm (p = 0.197)

Mean change in the FoG-Q score from 19.86 (3.13) to 21.29 (3.15) in
sham rTMS arm (p = 0.063)

El-Tamawy, 2013 | Mean Freezing episodes/day in real rTMS arm and sham rTMS arm was
[22] 11.87 (6.81) and 30 (16.81) respectively (p = 0.013)

Mean FOG-Q in real rTMS arm and sham rTMS arm was 10 (3.42) and
20 (4.63) respectively (p = 0.001)

Kim M. S., 2015 change of FOG-Q at post-rTMS showed a significant improvement in
[12] the real arm compared with the sham condition (p < 0.05)

Kim SJ, 2018 [23] | Significant reduction in the number of freezing episodes from baseline
were seen in the SMA group (p < 0.05) but non-significant change in
MC group

No significant difference in the relative change of FOG-Q post
stimulation between MC and SMA group.

Lee, 2014 FOG-Q scores changed from 13.2 (3.4) to

[19] 13.0(3.3) in the M1-LL, from 13.0 (3.2) to 13.0 (3.2) in the SMA, from
13.1(3.1) to 12.9 (3.2) in the DLPFC, and from 13.1 (3.2) to 13.0 (3.3)
in sham stimulation, respectively; with no significance of any between
pre and post stimulation.

Secondary Outcome(s)

Improvement in mean UPDRS-III from 20.1
(12.0) pre-stimulation to 17.3(12.8) post-
stimulation in real rTMS arm (p = 0.030)

significant differences were observed in the
motor part of the UPDRS in real rTMS arm (p
=0.028), and not significantly affected by the
sham arm.

Total UPDRS score was not affected in either
study arms.

No serious adverse events were detected. n =
3 patients reported mild transient headaches
(one patient received real rTMS and the
other two were on the sham arm)

At post-rTMS, the change of the UPDRS in the
real arm showed significant improvements
compared with the sham arm (p < 0.05)

TUG and UPDRS-III at post-rTMS significantly
improved compared with a pre-rTMS in real
arm (p < 0.05) and no significant changes in
the sham arm

No significant difference score between

MC arm and SMA arm in mean UPDRS total
score 55.5 (17.4), 55.7 (11.9) respectively (p
=0.873)

No significant difference score between MC
arm and SMA arm in mean UPDRS Ill score
28.1(11.7), 29.0 (8.5) respectively (p = 0.631)

Mean average time for TUG test decreased
when stimulating M1-LL from 52.7 (13.0) sec
to 38.0 (5.8) sec, DLPFC (from 47.3 (9.7 sec)
to 42.0 (8.6) sec and SMA from 38.9 (7.9) sec
to 37.0 (6.1) sec with P =0.003, P = 0.046,
and P > 0.05 respectively.

Mean UPDRS-IIl scores were significantly
decreased after both M1-LL from 22.0 (2.5)
to 20.7 (2.5) and DLPFC from 22.5 (2.6) to
21.5 (2.5) stimulation (P=0.002 and P =
0.005 respectively). After SMA and sham
stimulation non-significant change (P > 0.05).

PD sub-type analysis, only in IPD, there was a
significant improvement in TUG after M1-LL
stimulation only (P = 0.046).

’
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Rektorova, 2007 | FOG-Q scores changed from 20.5 (10;22) to

(21] 18.0 (12;24) in the M1-LL, and from 14.0 (12;18) to 17.0 (12;18) in the
DLPFC stimulation, respectively; with no significance of any between

pre and post stimulation”

UPDRS Il changed from 23.0 (9;40) to 21.0
(9;40) in the M1-LL, and from 26.0 (13;40)
to 22.0 (7;40) in the DLPFC stimulation,
respectively; with no significance of any
between pre and post stimulation”

FOG episodes frequency changed from 10.0 (7;14) to 14.0 (1;14) in the
M1-LL, and from 15.5 (11;16) to 15.0 (15;20) in the DLPFC stimulation,
respectively; with no significance of any between pre and post-

stimulation”

Thomassen and

Arns, 2010 [20] to 6.7 (6.4) post-stimulation (P = 0.795).

"numbers are expressed as median estimates.

The dominant hemisphere was stimulated in six studies
(one study stimulated contralateral to more affected side);
the other two studies reported stimulation over both hemi-
spheres. neuro-navigational approach was not implemented
in any of the included studies in our analysis.

Adverse effects (AE) from rTMS were reported in six stud-
ies. The AE reported is mainly headache as most common
AE reported (n = 5), discomfort during the stimulation (n =
4), forehead pain (n = 1), and nausea (n = 1); although all of
them are mild and self-limiting, it led to some patients drop
out. Four studies reported a total of 7 drop out patients due
to different reasons including acute aggravation of previous
heart disease -that was unrelated to the study- (n = 1), un-
bearable forehead pain (n = 1), unexpected elbow and shoul-
der movement (n = 1), and transient headache and nausea (n
= 1), while Rektorova and colleague [21] study reported drop
out not related to AE which was consent withdrawal (n = 2).

All trials implemented FOG-Q being assessment tool for
gait as primary and/or secondary outcome, with three studies
[21-23] also used frequency of FOG episodes to measure the
improvement. TUG test was used as assessment tool for FOG
in two studies [18,19].

Assessments of motor functions by MDS-UPDRS were
implemented in all studies as secondary outcome. Among
UPDRS scale, UPDRS Il was used solely in five studies, while
UPDRS total score were used in just two studies, and only
study by Kim S.J and colleague [23] implemented both UPDRS
scores (part Ill and total score). Other assessment tools were
used less frequently as secondary outcome among included
studies such as PD-QolL questionnaire (PDQ-39), geriatric de-
pression scale (GDS), and Hoehn and Yahr (H&Y) stage but
was not included in our analysis.

The FoG-Q score showed significant improvement in only
three studies, while majority of studies (n = 5) showed no
statistically significant changes. Meanwhile the UPDRS motor
part and/or total score showed significant improvement in
majority of studies (n =5), and only three studies reporting no
improvement; with two of them showed no improvement in
nearly all of primary and/or secondary outcomes measured.
The TUG test reported in three studies with improvement in
2/3 of them.

Most of studies (n = 5) failed to implement or report fol-

FOG-Q scores changed non-significantly from 6.4 (5.5) pre-stimulation

Significant improvement in mean UPDRS total
score 38.3 (15.8) before to 33.8 (17.2) after
stimulation (P = 0.001).

low up assessment, and even the remaining three studies
reported reassessment after short period of post-stimulation
(12 days), with only El-tamawy and colleague [22] study im-
plemented a relatively long follow up period of 3 months.

Finally, there are few ongoing clinical trials (registered
on clinicaltrials.gov) for rTMS in treatment of FOG episodes
in PD patients. First trial is entitled “rTMS for the Treatment
of Freezing of Gait in Parkinson's Disease” [24] a double blind
comparative study examining the effectiveness of the rTMS
treatment on FOG in 30 PD patients; with estimated Study
Completion Date in June, 2019. The second trial is entitled
“Repetitive Transcranial Magnetic Stimulation for Freezing
of Gait” [25] a Randomized Parallel Assignment of twelve PD
patients with FOG to receive rTMS either to MC or SMA (ac-
tive comparator group); with study Completion Date was July,
2018.

Discussion

To our knowledge, this is the first systematic review that
discusses the effect of rTMS in treatment of FOG in PD pa-
tients.

The aim of rTMS treatment in PD is to improve motor
symptoms such as bradykinesia, FOG and dyskinesia [13];
however, non-motor symptoms were focus of interest in
some trials involving rTMS for depression [26], cognition [27]
and speech [28] symptoms in PD patients. Overall, there is
a recent growing interest in study the effect of rTMS on PD
(motor and non-motor symptoms), other neurodegenerative
disorders, and neuropsychiatric diseases [13].

The rTMS studies in general implement different scales or
scores for assessment of response to stimulation. The scales
include gait assessment (subjective and objective tests) such
as FoG-Q, frequency of FOG episodes, and TUG test; scales
for motor function assessment such as UPDRS (part Ill and/or
total score) and although UPDRS Il contains a single question
about FOG it was never used in any study; and other scales
for severity/grading of PD such as H&Y, scales for quality of
life such as PDQ-39, or scales for comorbidities such as GDS.
This great variability in assessment tools represents a great
challenge for researchers. A review article by Snijders and
colleagues [29] summarizes the difficulties to elicit FOG and
available assessment tools with pros and cons of each, and
perhaps the most reliable, objective test is quantitative gait
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analysis which was never implemented in any rTMS trial. This
can partially explain the contradictory results between studies
were for example some studies showed significant improve-
ment in FoG-Q and/or UPDRS scores or even no significant
improvement in neither, other studies showed improvement
in different implemented scales as outcome measures.

In regards of brain stimulation region, different sites were
stimulated in our included studies and in previous literature.
The DLPFC region was stimulated in two trials [19,21] with no
significant benefits on FOG; this is expected since previous tri-
als found that stimulating DLFC region has beneficial effect on
executive function [30] or depressive symptoms in patients
with major depressive disorder [31] rather than on FOG. Da-
gan and colleague study [32] were the sole study to stimulate
the mPFC and no significant improvement on FoG-Q score,
with significant improvement in UPDRS Il scores; no previous
trials for effect of mPFC stimulation on FOG, and only previ-
ous literature [33,34] suggest a role in FOG pathophysiology.
The dual-mode non-invasive brain stimulation (NIBS) involves
simultaneous rTMS and tDCS stimulation had shown great-
er degree of improvement in terms of FOG-Q outcome com-
pared to rTMS alone in previous studies [35,36], possibly due
to their synergistic effect, and whether it should be imple-
mented as superior technique to rTMS alone needs further
studies. Another approach never implemented in the includ-
ed studies is the neuro-navigational approach using MRl scan,
while previous studies [37,38] showed enhanced responses
to rTMS treatment in setting of the use of neuro-navigational
methods to target a specific site.

The different rTMS protocol among studies represented
a major challenge and probably the main cause of variability
in improvement rate to stimulation. Elahi and colleague [39]
review concluded that high-frequency rTMS trials showed
significant improvement, meanwhile low frequency trials
showed variable results; but this was not the case in our re-
view since all studies used frequency of at least 1Hz or more,
also frequency was not just the sole factor in influencing the
variability in results, this probable due to other cofounding
factors in rTMS techniques such as the intensity and duration
which affects the response. The sessions number ranged from
single session to 16 session with application over variable du-
ration, however in our analysis, the three trials [20,22,32]
implemented 10 sessions or more all showed significant im-
provement in primary and/or secondary outcomes. In final,
Elahi and colleague [39], and Fregni and colleagues [14] re-
views concluded that different rTMS protocols is an import-
ant limitation.

Most of included studies reported the AE from stimula-
tion, and mostly were mild and transient with self-limiting
course. The most striking about AE reporting is that Dang
and colleague [32] study reported AE in two patients causing
drop out from the study, and El-Tamawy and colleague [22]
study reported highest number of patient developing AE (3/8
patients in real rTMS arm) were both studies used highest
number of rTMS session of 16, and 12 sessions respectively.
Previous studies [40] concluded that following appropriate
guideline for rTMS stimulation, the results are safe. Mean-
while, increasing the stimulation frequency is associated with

more AE including seizures [11]. The international federation
of clinical neurophysiology endorsed a number of precautions
and recommendations for safe use of rTMS to minimize AE
and maximize benefits [10,11].

In sub-group analysis of PD subtypes, only two studies
enrolled PPS and VP patients. Lee and colleagues [19] includ-
ed IPD, VP, and PPS and performed sub-group analysis, and
results were significant improvement in IPD and VP groups
but not PPS. The other study by Chang and colleagues [18]
enrolled only PPS patients without comparative analysis to
IPD patients, and results showed significant improvement in
both FoG-Q score and UPDRS Il compared to sham stimula-
tion. FOG is common in PPS with over 50% frequency [41] and
although it is usually associated with postural instability and
falls, the relatively good response in our included studies may
be due to the fact that FOG can occur early in PPS [6]. Unfor-
tunately, no enough trials for the effect of rTMS on FOG in
literature with sub-group analysis of IPD and VP/PPS patients.

Another important point to be discussed is the long-term
clinical relevancy and benefits from rTMS for FOG. All patients
were assessed pre and post stimulation immediately and up
to 12 days, with only one study by El-tamawy and colleague
[22] reassessed patient after 3 months and reported a evi-
dent response during follow-up. Unfortunately, there is no
enough data from literature about the long term beneficial
effect of rTMS on FOG in PD patients, and a systematic review
by Elahi and colleague [39] recommended further trials with
appropriate follow-up period to determine the long term ef-
fect on PD motor symptomes.

The timing of examining the patients was not discussed
in depth in most of studies. El-tamawy and colleague [22] re-
ported patients to be assessed during “On state”. Lee and col-
leagues [19] managed to examine patients at the same time
of day while their medications remained unchanged.

Another reason for the contradictory or different results
in studies in response to rTMS stimulation in spite of rela-
tively matching population characteristics can be explained
by small and limited population size and may be variations in
rTMS techniques (number of sessions, frequency, and dura-
tion). A meta-analysis by Fregni and colleagues [14] conclud-
ed that positive effect from the stimulation was not observed
in all trials due to small population size of the negative stud-
ies.

Strength and limitation points to the review

The first strength of this review is that it identifies gaps in
our current knowledge about therapeutic effect of rTMS on
FOG in PD patients. Second, we collected all available articles
from inception till December 2018. Third, this review act as
a model for future studies investigating the beneficial thera-
peutic effect of rTMS specifically on FOG in PD patients.

Research in this topic has important limitations that need
to be discussed. Firstly, studies vary greatly in samples, meth-
odologies and outcomes measured. Secondly, the FOG as-
sessment tool(s) used varies between studies, with different
other tools used as measures of secondary outcome. Third,
variability in rTMS protocols including frequency, latency, du-
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ration and number of sessions, and site of application among
studies. Fourth, some studies failed to report duration or se-
verity of PD, medications used, and/or timing of examination.

Furthermore, the difficulties encountered in the current
systematic review is that articles reviewed included single
arm/non-controlled or non-randomized/pseudorandomized
controlled trials, and all studies including RCT enrolled limited
numbers of participants.

The result of this systematic review opens up an avenue
for the exploration of rTMS effect on FOG among PD patients.
To improve the result, further RCT trials enrolling larger num-
ber of participants with long follow up period is needed to
determine the adequate frequency, duration, number of ses-
sions, and suitable targeted brain region for rTMS in PD pa-
tients with FOG.

Conclusion

Our purpose was to assess the potential beneficial thera-
peutic effect of rTMS on FOG in PD patients; and due to het-
erogeneity and low sample size of available studies, and lack
of high-quality evidence; only a descriptive analysis of pub-
lished studies was performed.

From the descriptive analyses, and from the available data
of relatively small sample sized studies, it can be concluded
that in spite of the above limitations, rTMS had potential ben-
eficial effect in improving the FOG in PD patients with mild AE,
depending on the used protocol, but we are unable answer
whether or not the effect will be sustained for long term.
However, our findings encourage further in-depth study of
potential clinical value of rTMS on FOG in PD patients.
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