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Abstract

Repetitive transcranial megnetic stimulation (rTMS) has been widely used in patients with psychiatric disorders. Previous studies revealed
good efficacy of rTMS for patients with obsession-compulsive disorder (OCD) and Tic disorder (TD). OCD and TD are closely related
and considered to etiologically overlap. Patients with the co-occurrence of OCD and TD are often identified. Therefore, we conducted a
quick review of rTMS for the treatment of these two diseases to compare the similarities and differences of rTMS for OCD and TD, which
might provide an indication for the treatment of the co-occurrence of OCD and TD. We searched articles published in PubMed, Wanfang,
and Web of Science from January 2001 to January 2022. Both inclusion criteria and exclusion criteria were developed to identify the
relevant included studies. Data on the frequency, target area, sample size, and number of males, especially the rTMS treatment procedure
or parameters, were extracted in the included studies. We included 26 studies on OCD and 12 studies on TD in this quick review. A
total of 996 participants were included. Based on the review of the included studies, lowfrequency rTMS might be used more than high-
frequency rTMS, and the supplementary motor area (SMA) might show better efficacy than the dorsolateral prefrontal cortex (DLPFC)
in OCD. For patients with TD, low-frequency rTMS located in the SMA might show good efficacy both in OCD and TD. Our quick
review elaborated the treatment efficacy of rTMS for both patients with OCD and those with TD. It seems that the SMA is an important
target choice for both OCD and TD patients. Low-frequency rTMS might be used more than high-frequency rTMS in both OCD and TD
patients. In future studies, we should explore more about the efficacy of rTMS for patients with co-occurring OCD and TD, especially
for the efficacy of targeted SMA with low frequency.
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1. Introduction

As a noninvasive brain stimulation technique, repet-
itive transcranial magnetic stimulation (rTMS) has been
used broadly in patients with psychiatric disorders [1]. Its
potential therapeutic value and safety for psychiatric dis-
eases have been proven [2,3]. Notably, obsession compul-
sive disorder (OCD) is characterized by obsessions, which
consist of intrusive thoughts, urges or images and repeti-
tive behaviors or metal acts [4,5]. rTMS has been regarded
as a promising noninvasive brain stimulation technique for
OCD, even in patients with refractory OCD [6,7].

Some studies suggest that OCD is attributed to dys-
function of the dorsolateral prefrontal cortex (DLPFC), me-
dia prefrontal cortex (mPFC), orbitofrontal cortex (OFC),
bilateral supplementary motor area (SMA) and ante-
rior cingulate cortex (ACC), all of which belong to the
orbitofronto-striato-pallido-thalamic-circuitry pathway [8,
9]. Some studies found that rTMS located in the SMA
showed good efficacy but did not achieve such an effect in
the DLPFC [10-13]. Currently, two recent meta-analyses
have indicated that low-frequency rTMS located in the bi-
lateral supplementary motor area has good efficacy in pa-

tients with OCD [5,14]. For example, previous studies in-
dicated that 1 Hz rTMS with the target of the OFC and
SMA can improve refractory obsessive-compulsive symp-
toms [15,16]. However, high-frequency rTMS also applied
to the prefrontal cortex (PC) and anterior cingulate cor-
tex (ACC) in patients with OCD when they did not benefit
from pharmacological and cognitive behavior interventions
[17,18]. Taken together, the target regions and frequency
were two key factors for the efficacy of rTMS for OCD.

It should be noted that these two diseases (OCD and
TD) have a close relationship and overlap greatly in the eti-
ology of clinical symptoms and neural correlates. For ex-
ample, OCD and TD are often comorbid [19-22]. Some
studies found that OCD and TD overlap in many dimen-
sions, such as phenomenological and epidemiological fea-
tures [23-27]. This finding indicated that OCD and TD
were frequently associated with clinical features and treat-
ment. Tic disorder (TD) is a chronic neurodevelopmental
disorder characterized by rapid, nonrhythmic and abrupt
stereotyped movements and sounds [19,28]. Currently,
some studies have begun to pay attention to the treatments
beneficial for TD and OCD, as well as the co-occurrence of

Copyright: © 2022 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/JIN
https://doi.org/10.31083/j.jin2106172
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

OCD and TD [29-31]. Indeed, rTMS has been largely used
in tic disorders with good efficacy [32—34]. For example,
some studies have indicated that low-frequency rTMS tar-
geting the SMA showed good efficacy in the treatment of
tic disorders [35—-38]. Moreover, rTMS can also be used in
treating refractory TS [39]. More studies have shown that
both obsessive-compulsive disorder (OCD) and tic disor-
ders (TDs) have obtained benefits from rTMS, especially
low-frequency rTMS [5,14,33,34,40—43].

However, although some studies revealed good effi-
cacy of rTMS for OCD and TD, some other studies re-
vealed that its effect was not much better than that of
placebo [33,34]. For example, one study suggested that
low-frequency rTMS over the left or right premotor cor-
tex had no effect on patients with TD [44,45]. The other
study for OCD suggested that 1 Hz frequency rTMS over
the bilateral DLPFC was not significantly different between
patients in the active group and those in the sham group
[46,47]. These studies indicated that the different frequen-
cies with different targets might show different efficacies
in OCD or TD patients. Most importantly, which target and
which kind of frequency might be used in the co-occurrence
of OCD and TD might need further evidence.

A previous review of rTMS elaborated its treatment
for OCD or TD, but the review did not investigate both TD
and OCD from a mutual comorbidity perspective. The two
diseases are closely related to each other, and a review of
rTMS for both TD and OCD might also provide new in-
dications of rTMS treatment for each other, especially in
patients with co-occurring OCD and TD. Therefore, we fur-
ther explored the rTMS efficacy for OCD and TD and pro-
vided a quick overview of rTMS for the treatment of these
two diseases.

2. Methods
2.1 Search Strategy

We searched articles published in PubMed, Wanfang,
and Web of Science from January 2001 to May 2021.
The key words were “tic”, “Tourette syndrome”, “rTMS”,
“repetitive transcranial magnetic stimulation”, “OCD”,
“obsession”, “obsessive-compulsive disorder”, and “ran-

domized controlled study”.

2.2 Inclusion Criteria and Exclusion Criteria

Both inclusion criteria and exclusion criteria were de-
veloped. Inclusion criteria: (1) All the studies on OCD were
RCTs; there were fewer studies on TD than on OCD, and
the included studies were not all RCTs. (2) Studies included
children, adolescents, and adults. (3) All the participants
underwent rTMS treatments. (4) Studies were from differ-
ent nations. (5) All the studies were written in English. Ex-
clusion criteria: (1) No mention of symptom changes after
rTMS treatment. (2) Studies based on animal experiments.
(3) Review article.

2.3 Data Extraction

We extracted the following data based on each in-
cluded study: (1) author; (2) year; (3) study design; (4) di-
agnosis; (5) sample size; (6) number of males; (7) rTMS
treatment procedure or parameters, including the coil,
sham, target, motor threshold, frequency, stimuli/session,
pulse/total pulse, treatment period, evaluation scales, and
follow-up; and (8) country.

In addition, if the change score of the active group
(from baseline to the end of the treatment) was significantly
higher than that of the sham group, the target was regarded
as an effective target. If the Yale-Brown Obsessive Com-
pulsive Disorder Scale (Y-BOCS) score changes between
the two groups were not significantly different, the target
area was regarded as useless.

3 Results
3.1 The Identification of Included Studies

We identified 238 records from the search database.
After 56 duplicate studies and 95 titles and abstracts were
excluded for eligibility, there were 87 records. After read-
ing the full text, a total of 49 studies were excluded. Finally,
we included 38 studies, 26 of which were about rTMS treat-
ment for OCD, and the remaining studies were about rTMS
therapy for tic disorders. The included studies involved 996
participants. Of the included studies, there were 31 RCTs
and 7 open-label trials. There were 4 studies with child
and adolescent patients, and the others were adult samples.
There were 5 studies from China and 33 studies from for-
eign countries. The identification of included studies and
the exclusion procedures are summarized in Fig. 1. For
more details, see Fig. 1.

3.2 rTMS for OCD

All included studies of rTMS for OCD were RCTs. A
total of 84.6% of the studies included patients who were di-
agnosed according to DSM-1V criteria, while other studies
included patients who were diagnosed according to ICD-
10. There was only one study on children and adolescents
[48], aged 14.4-15.6 years, and the other 25 studies in-
cluded adults aged 27.1-48.2 years. Three of the studies
had no sham group [46,49,50]. A total of 65.4% of the stud-
ies used figure-8 coils. A total of 3.8% of the studies used
the A/P coil. A total of 7.7% of the studies used the H-coil.
A total of 7.7% of the studies used the circular coil. A total
of 11.5% of the studies used a double air film coil. A to-
tal of 3.8% of the studies used a double cone coil. For the
targets, more than half of the included studies were in the
dorsolateral prefrontal cortex (DLPFC). The main evalua-
tions used in the studies were the Yale-Brown Obsessive-
Compulsive Scale (YBOCS) and Clinical Global Impres-
sion Scale (CGI). The treatment periods ranged from 1 to
6 weeks. One of the studies performed low-frequency and
high-frequency stimuli separately [51]. The total number
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Fig. 1. Flow diagram for this quick review.

of pulses ranged from 750 to 60,000. The treatment peri-
ods ranged from 1 to 6 weeks. Most studies had a follow-up
period.

A total of 2/26 studies showed that the efficacy of 1
Hz rTMS applied to the SMA was useless. A total of 1/26
studies showed that the treatment efficacy of the 50 Hz fre-
quency over the SMA was useless. A total of 5/26 stud-
ies showed that low-frequency (1 Hz) rTMS over the SMA
was effective. A total of 4/26 studies suggested that high-
frequency (20 Hz or 8-12 Hz) rTMS over the BL-DLPFC
was effective. A total of 1/26 of the studies showed that
high-frequency (10 Hz) rTMS over the R-DLPFC had no
significant effect, but 3.8% of the study results showed the
opposite. A total of 2/26 studies showed that low-frequency
rTMS over the R-DLPFC had no significant clinical ef-
ficacy, but 2/26 studies showed that low-frequency rTMS
brought beneficial efficacy for OCD. A total of 3/26 high-
frequency studies and 1/26 low-frequency rTMS studies
over the L-DLPFC had no effect. A total of 2/26 stud-
ies showed that the high frequency over the m-PFC could
improve OCD symptoms. A total of 2/26 studies showed
that YBOCS scores significantly decreased during low-
frequency rTMS over the OFC. For more details, See Sup-
plementary Table 1 in the supplementary materials.
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3.3 rTMS for TD

A total of 12 studies included 7 OLT studies and 5 RCT
studies. A total of 10/12 of the studies involved patients di-
agnosed according to DSM-IV. One of the studies involved
patients who were diagnosed according to DSM-III. The
other one involved patients who were diagnosed according
to ICD-10. Nine of 12 of the studies used a figure-8 coil.
A total of 2/12 of the studies used Nostim-coil. One of the
studies used an HBDL coil. A total of 6/12 studies had sham
groups. The YBOCS and YGTSS score reductions com-
pared to the baseline score were mainly used to evaluate
the effective treatment. Seventy-five percent of the studies
showed good efficacy. A total of 9/12 of the studies used
SMA as the stimulation target, and the efficacy was signifi-
cant. A total of 11/12 of the studies involved low-frequency
stimulation. We found in TD studies that the main effective
region was the bilateral supplementary motor area (SMA),
and low-frequency treatment was more effective for DSM
for these patients [11,36-38,52,53]. There was a study in-
cluding not only high-frequency but also low-frequency
rTMS for tic disorder [54]. Participants in half of the 12
studies received 1200 stimuli per day [35,36,42,52,53,55].
Participants in only one study underwent low frequency 200
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ms stimulation [56]. The only common evaluation of all
studies was based on the Yale Global Tic Severity Scale
(YGTSS). See Supplementary Table 2 in the supplemen-
tary materials.

4. Discussion

This review mainly summarizes rTMS for TD and
OCD. From this review, we found some important informa-
tion about rTMS treatment for the two diseases. First, we
found that the SMA region had targeted both TD and OCD.
In TD studies, 58.3% of studies showed that the rTMS tar-
gets were SMA, and 85.7% of studies showed that rTMS
over the SMA regions resulted in clinical improvement.
In the OCD studies, 30.8% of the studies showed that the
rTMS targets were SMA, and 62.5% of the studies demon-
strated good efficacy. Second, the YBOCS was used both
in the OCD studies and the TD studies. This finding in-
dicated that both TD and OCD comorbid with each other
and OCD symptoms in TD patients might also be an im-
portant issue that needs to be addressed. Third, in the OCD
studies, 53.8% of the studies suggested that low frequency
rTMS was applied, and 64.3% of the studies suggested that
rTMS showed good efficacy. Meanwhile, 58.3% of high-
frequency rTMS studies suggested clinical efficacy.

In the OCD studies, approximately 62.5% of stud-
ies on rTMS over the SMA demonstrated good efficacy.
OCD is mainly related to the dysfunctional connectivity of
corticostriatal-thalamocortical circuitry, and the SMA, as
an important part of the frontal cortex, plays an important
role in response inhibition and motor planning [8,57]. It
seems that stimulation of other targets, such as the dorsolat-
eral prefrontal cortex (DLPFC), may mainly improve symp-
toms of depression and anxiety. Low-frequency stimulation
seemed to show better efficacy than high-frequency stimu-
lation, but further evidence is needed [6]. In addition, we
found that in the OCD studies, all studies suggested a treat-
ment period of at least 1 week, mostly ranging from 2—6
weeks. Twenty studies mentioned that the effective stimuli
were administered once a day, 5 days per week, and each
stimulation time was 10-30 minutes. It should be noted
that although the review found rTMS therapeutic benefits
in patients in the OCD group, rTMS seems to be an add-on
augmentation in real-world clinical practice.

rTMS treatment for TD has been developed in recent
years [33]. rTMS has shown good efficacy in patients with
tic disorders, even in refractory cases [39,58]. A previous
meta-analysis confirmed that low frequency was more ef-
fective in the treatment of TD [33], which is consistent with
the results of our review. The rTMS targets were mainly the
SMA, but other targets included the parietal cortex, motor
area or premotor area [35,45,54—56]. The review showed
that the ratio of low frequency rTMS of the SMA was of-
ten used in many studies because the SMA plays an im-
portant role in the connection of the cortical, basal ganglia,
and thalamic regions, which are related to the motor circuit.

In TD studies, more than half of the studies showed that
the rTMS targets were SMA, and approximately 85.7% of
the studies about rTMS over the SMA regions resulted in a
meaningful clinical improvement. In our review, one study
indicated that a participant underwent low frequency stim-
ulation briefly for just 200 s, and tic symptoms improved
[56]. In TD and OCD studies, more than half of the studies
suggested effective low-frequency rTMS treatment. In the
two diseases, the ratio of the low frequency rTMS over the
SMA seemed to have better efficacy, but further evidence
is needed.

OCD and TD are frequently associated with one an-
other, and they are a cooccurring combination [59]. They
overlap in epidemiology, etiology, and phenomenology
[24,31,60]. People with a family history of tic disorder
have a higher prevalence of OCD [61]. OCD and tic
disorder share frontal-striatal circuits [62—-64]. The SMA
plays a critical role in the occurrence of tics and obsessive-
compulsive symptoms [7,65—69]. This review provides im-
portant evidence for the development of rTMS for both
TD and OCD, especially for the co-occurrence of OCD
and TD. In addition, rTMS is also used for children and
adolescents with psychiatric diseases, such as obsessive-
compulsive disorder, tic disorders, attention deficit hyper-
activity disorder, autistic spectrum disorder, and depression
[70,71]. TMS has been regarded as one of the most promis-
ing noninvasive brain stimulation techniques for the treat-
ment of pediatric disorders. We also need further evidence
of the efficacy of rTMS in different age groups in future
studies.

This study had three limitations. First, half of the stud-
ies about tics were not RCTs, which may have influenced
the accuracy of the results. Second, the participants in the
included studies were almost all adults; in the OCD stud-
ies, only one child-adolescent study was included. In fu-
ture research, we will include more child-adolescent stud-
ies. Third, we did not perform a meta-analysis due to the
lack of data for the included studies.

5. Conclusions

Our quick review elaborated the treatment efficacy of
rTMS for both patients with OCD and those with TD. It
seems that the SMA is an important target choice for both
OCD and TD patients. Low-frequency rTMS might be used
more than high-frequency rTMS in both OCD and TD pa-
tients. In future studies, we should explore more about the
efficacy of rTMS for patients with co-occurring OCD and
TD, especially for the efficacy of targeted SMA with low
frequency.
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