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Abstract Repetitive transcranial magnetic stimulation
(rTMS) and transcranial direct current stimulation (tDCS)
are non-invasive brain stimulation methods that became wide-
ly used as therapeutic tools during the past two decades espe-
cially in cases of depression and schizophrenia. Low frequen-
cy r'TMS and cathodal effect of tDCS inhibits cortical func-
tioning while high frequency and anodal effect of tDCS have
the opposite effect. Prolonged and repetitive application of
either methods leads to changes in excitability of the human
cortex that outlast the period of stimulation. Both rTMS and
tDCS induce functional changes in the brain-modulating neu-
ral activity at cortical level. This paper reviews rTMS and
tDCS effects in clinical trials for obsessive-compulsive disor-
der (OCD). Low frequency rTMS, particularly targeting the
supplementary motor area and the orbital frontal cortex, seems
to be the most promising in terms of therapeutic efficacy while
older studies targeting the prefrontal dorsal cortex were not as
successful. tDCS clearly needs to be investigated in large scale
and sufficiently powered randomized control studies. From a
general point of view, these non-invasive techniques hold
promise as novel therapeutic tools for OCD patients.
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Introduction

The lifetime prevalence of obsessive-compulsive disorders
(OCD) is estimated to be around 3 % in the general popula-
tion. Selective serotonin reuptake inhibitors (SSRIs) are con-
sidered to be the primary treatment strategy of OCD beside
psychotherapy. Unfortunately, current medications, augmen-
tation strategies, and behavioral therapies fail to provide ade-
quate benefits in many cases. A notable percentage of patients
(40 to 60 %) do not show satisfactory response to the standard
treatments, some of them experiencing a chronically deterio-
rating course, leading to dramatic interpersonal and occupa-
tional impairments [1]. Brain imaging studies performed over
the past 20 years have generated new knowledge about spe-
cific brain areas involved in psychiatric diseases, including
OCD, leading researchers to investigate whether brain stimu-
lation might be a potential treatment for these disorders. Deep
brain stimulation (DBS) techniques show promising results
for severe and highly resistant OCD [2], but they cannot be
applied to a large number of patients for safety reasons.

In recent years, non-invasive neuromodulatory techniques
have been increasingly studied as potential adjunct or alterna-
tive therapies for a wide range of neurological and psychiatric
conditions including pain disorder, depression, and stroke re-
habilitation [3—5]. Two transcranial cortical stimulation
methods are currently used: repetitive transcranial magnetic
stimulation (rTMS) and transcranial direct current stimulation
(tDCS). Both of them are remarkable new tools for investigat-
ing brain function and have shown fast modification of neural
function underneath the coil and in connected brain regions [6,
7]. rTMS and tDCS are non-invasive techniques that deliver
low intensities of electromagnetic fields through the scalp
resulting in alterations of synaptic connections. Both of them
have shown efficacy in treating depression [5, 8] and schizo-
phrenia [9, 10]. Since 2000, several studies also assessed ther-
apeutic effects of transcranial stimulations in OCD patients. In
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this article, we review the research studies that have investi-
gated rTMS or tDCS as a putative treatment for OCD exam-
ining the efficacy of these brain stimulation technologies. For
this purpose, we searched the MEDLINE for relevant trials
including randomized controlled studies and open label trials
published to date. We used a combination of the following
terms: “obsessive compulsive disorder,” “OCD,” “tDCS,”
“rTMS,” and “‘stimulation”.

Transcranial Magnetic Stimulation

The principle of brain stimulation using rTMS is based on
Faraday’s law of inducing a time varying magnetic field gen-
erated by a current pulse through a coil placed over the scalp.
This magnetic field crosses the skull painlessly and unimped-
ed resulting in depolarization of cortical neurons. The rapid
change of the magnetic field induces a current flow in the
underlying brain tissue, reaching sub-cortical neural circuitry
through a trans-synaptic mechanism [11]. It is now well
established that stimulation frequency produces different ef-
fect on cortical areas: low frequency rTMS (LF-rTMS) (1 Hz
or less) has an inhibitory effect while high frequency rTMS
(HF-rTMS) (>5 Hz) has an excitatory effect [12, 13].

In fact, several neuroimaging studies have confirmed the
activation of underlying brain areas after TMS over the motor
cortex or over the prefrontal cortex [14]. Speer et al. [13]
found increased blood flow (measured with HO positron
emission tomography) after 10 Hz rTMS over the left DLPF
C, whereas 1Hz stimulation decreased blood flow.

Transcranial devices can deliver either single pulse, paired
pulses, or repeated pulses at frequencies up to 50 Hz. Single
pulse and paired pulses are useful for neurophysiological stud-
ies that help understand the pathophysiology of psychiatric
illnesses. However, for therapeutic applications, it is necessary
to create a long-lasting effect of the depolarized neurons [12,
15]. For this purpose, application of repetitive TMS (rTMS) is
needed.

Since the late nineties, several randomized controlled stud-
ies using rTMS demonstrated strong therapeutic effect espe-
cially in depression and schizophrenia. Regarding OCD and
considering the knowledge of the putative neural network un-
derlying OCD disorders, rTMS has been applied as a thera-
peutic tool over several cortical brain targets. These studies
will be reviewed below.

Transcranial Direct Current Stimulation
Direct current stimulation was studied in the 1960s to induce
modifications of cortical excitability in animal models [16]. It

was later probed as a therapeutic tool, mainly for depression.
However, due to conflicting results, it was not implemented in
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clinical routine practices [17, 18]. More recently, new stimu-
lation protocols were developed based on functional effects in
healthy subjects with reliable modulation of motor cortex ex-
citability attracting an increasing number of researchers in
adopting tDCS as a therapeutic and research tool for neuro-
logical and psychiatric conditions [17, 19]. Transcranial direct
current stimulation (tDCS) involves delivering a weak direct
current (1-2 mA) through two large electrodes fixed on the
scalp for a certain amount of minutes (1 to 30). Specific brain
regions can be targeted via specific electrode placement. tDCS
modulates the excitability of the human brain cortex depend-
ing on the current polarity, duration, or strength and is able to
induce after-effect excitability changes [20, 21]. Since the ef-
fects of tDCS are polarity specific, by assessing spontaneous
discharge rate or the amplitude of evoked potentials, mecha-
nisms of action at neuronal membrane level have been pro-
posed: a cathodal stimulation hyperpolarizes neurons whereas
anodal stimulation depolarizes them [15-17].

Current Knowledge on the Pathophysiology of OCD

The neurobiology and etiology of OCD are not completely
understood, however, a growing body of evidence suggests
that the illness is associated with dysfunctions in the
orbitofronto-striato-pallido-thalamic circuits [22]. Some com-
ponents of this pathway are subcortical and deep areas (basal
ganglia, ventral striatum), which are the targets of DBS tech-
niques, but other are more superficial and accessible to trans-
cranial modulations. Indeed, recent neurophysiological and
neuroimaging studies demonstrated that dorsolateral prefron-
tal cortex (DLPFC), orbitofrontal cortex (OFC), medial pre-
frontal cortices (MPFC), anterior cingulate gyrus, and supple-
mentary motor area (SMA) functioning are altered in OCD
[23-25]. Neurophysiological studies also showed that some
cortical areas are hyperactive in OCD in particular the SMA,
that has extensive connections and plays a central role in re-
sponse control [26, 27], the orbitofrontal cortex and the
DLPFC [28] while enhanced precentral somatosensory
evoked potentials and a tonic high level of cortical excitability
of motor and related areas were found [29]. These cortical
areas might be interesting rTMS and tDCS targets for the
treatment of OCD given their mechanism of action using
low frequency rTMS or cathodal effect to modulate their
activity.

Early rTMS Studies in OCD

The first trial using rTMS to treat OCD was published in 1997
[30]. Twelve patients were randomized to receive, on separate
days, a single session of active rTMS (20 Hz during two
seconds per minute for 20 min, 80 % of the MT) applied to
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the right dorsolateral prefrontal cortex (DLPFC), left DLPFC,
and mid occipital site (control group). Right DLPFC treatment
significantly reduced patient-rated compulsion but not obses-
sions during 8 h with a modest effect on mood lasting 30 min
after the session. Since then, several other trials have been
published targeting the DLPFC trying to corroborate
Greenberg’s results [31-35]. Conflicting results were found
especially in randomized sham-controlled studies (RCT) with
no difference between active and sham groups using high
frequency rTMS regardless of depressive symptoms [31,
33-35].

The results of the latest double blind sham controlled study
over the right DLPFC assessing the efficacy of HF-rTMS
(10 Hz, 110 % of the MT, 200 pulses per session during
6 weeks with 6 weeks of follow up) in 30 treatment-resistant
OCD patients also provided non-conclusive results. The pri-
mary outcome measure was a positive response (30 % im-
provement in Y-BOCS score) but no significant differences
between active and sham groups. The authors concluded that
in treating resistant OCD, active rTMS over the right DLPFC
does not appear to be superior to sham rTMS, raising the issue
of a probable placebo effect [36]. Table 1 summarizes RCT
studies of rTMS over the DLPC for the treatment of OCD. A
total of five RCT [31, 33—35] that included 141 patients found

no significant differences between groups. These results sug-
gest that HF-r'TMS stimulation of the DLPFC does not seem
to be the appropriate target area to alleviate obsessive-
compulsive disorder symptoms. Even though significant im-
provement was found in some studies [31, 34-36], no differ-
ences were found between active and sham stimulation.

Recent Interventions (SMA and OFC)

The available data from RCT studies have produced non-
conclusive or negative results on the efficacy of rTMS over
the DLPFC, leading researchers to investigate other cortical
targets (SMA and OFC). Early studies targeting the SMA, a
region found to be hyperactive in OCD, were initially con-
ducted by Montovani et al. [37, 38<¢]. Based on pathophysi-
ology and neuroimaging findings, they hypothesized that the
inhibition of the SMA could be effective in treating OCD.
They carried out an open trial of 10 patients with OCD and
Tourette’s syndrome using LF-rTMS (1 Hz, 100 %MT,
10 days). A progressive reduction in Yale-Brown Obsessive
Compulsive Scale (Y-BOCS) score was found after 2 weeks
of treatment [37]. The subsequent trial conducted by
Montovani et al. [38¢¢] was the first randomized sham-

Table 1 RCT of repetitive transcranial magnetic stimulation over the DLPFC for the treatment of obsessive-compulsive disorder
Author Design N (A/S) Target Parameters Results
Alonso [31] Double blind randomized 18 (10/8) RDLPFC 1 Hz, 110 % MT 20 mn 18  No significant improvement between
sessions active and sham groups on
Sham controlled Circular coil Y-BOCS scores
Sachdev [32] Single blind 12 (6/6) RDLPFC 10 Hz, 110 % MT Reduction in Y-BOCS scores no
Non-Sham controlled LDLPFC 10 sessions significant difference between
Active ITMS Figure 8 coil the two groups
Prasko [34] Double blind, randomized 33(18/12) LDLPFC 1 Hz, 110 % MT Reduction in Y-BOCS scores
Sham controlled 10 sessions No significant difference between
Figure 8 coil active and sham groups at the end
Sham: coil angled 90° of the treatment
Sachdev [33] Double blind, randomized 18 (10/8) LDLPFC 10 Hz, 110 % MT Negative results: no significant
Sham controlled study 10 sessions difference between active and
Followed by open-label phase Figure 8 coil sham groups at the end of the
sham-controlled phase
Sarkhel [35] Randomized single-blind 42 (21/21)  RDLPFC 10 Hz, 110 % MT No significant improvement in either
Sham-controlled 10 sessions, figure 8§ coil groups
Sham: coil angled 45° Effect over time for HDRS and HARS
Mansur [36] Randomized double-blind 30 (15/15)  RDLPFC 10 Hz, 110 % MT No significant difference in Y-BOCS
Sham controlled study for 30 sessions, figure 8 coil scores between active and sham
6 week followed by a Sham: deactivated coil groups at 6 weeks and 12 weeks
6 weeks open phase
Xiaoyang [60°] Double-blind 46 (25/21)  Bilaterally «-EEG frequency Significant difference between

Sham-controlled study
Alpha-EEG rTMS

25 «-r'TMS DLPFC
21 sham

80 % MT, 10 sessions

9 cm circular coil

«-1'TMS frequency and sham groups
on obsessions but not compulsions

HARS Hamilton Anxiety Rating Scale, HDRS Hamilton Depression Rating Scale, LDLPFC left DLPFC, MT motor threshold, N (4/S) number of patients
(active/sham), OFC orbito-frontal cortex, RCT randomized controlled studies, RDLPFC right dorsolateral prefrontal cortex, SMA supplementary motor
area, Y-BOCS Yale-Brown obsessive compulsive scale
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controlled study of SMA stimulation in the treatment of OCD
patients. After four weeks of treatment using low frequency
parameters (1 HZ, 100%MT, 1200 stimuli per day), patients
receiving active treatment showed a mean reduction of 25 %
in the Y-BOCS versus 12 % in the sham group with a response
rate of 67 % for active and 22 % for sham rTMS.

A double blind sham-controlled study investigated the pos-
sible therapeutic effects and safety of sequentially combined
LF-rTMS to the right DLPFC (1 Hz, 110 % ofthe MT) and the
SMA (1 Hz, 100 % of the MT) in 20 patients with refractory
OCD. In this study, treatments were applied during 2 weeks
and patients were rated using Y-BOCS, the Montgomery-
Asberg Depression Rating Scale (MADRS), and the
Hamilton Anxiety Rating Scale (HARS) after 1 and 2 weeks
of stimulation and 2 weeks after the final session. Y-BOCS,
MADRS, and HARS severity scores were significantly re-
duced at treatment endpoint (2 weeks) and at two weeks
post-treatment but without any statistically significant differ-
ences between the groups. The lack of efficacy in this study
might be explained by a partial real stimulation effect in the
sham-treatment group because sham treatment was applied
with the coil angled at 45° from the scalp over the same area
as the active group. It is thus not possible to completely ex-
clude a partial magnetic field effects in the cortical area [39].

In 2011, Kumar and Chadda [1] used rTMS as an add-on
treatment in twelve subjects with treatment-resistant OCD in a
non-controlled design. Mean scores on Y-BOCS after 10 ses-
sion of LF-rTMS decreased between baseline (mean scores
26.17) and the end of the treatment (mean scores 17.17) show-
ing a significant improvement.

Gomes et al. [40e¢], also using low frequencies, random-
ized 22 patients to receive active (N=12) or sham rTMS (N=
10) over the pre-SMA area (bilaterally) during 2 weeks.
Patients were rated before treatment, immediately after treat-
ment and 3 months thereafter. After 3 months, the response
rate was 41 % with active and 10 % with sham treatment.
Patients receiving active rTMS showed, on average, a 35 %
reduction on the Y-BOCS as compared with a 6.2 % reduction
in those receiving sham treatment.

More recently, Montovani et al. [41] assessed the efficacy
of LFrTMS (1 Hz, 100 % of the MT, 1200 pulses per day
during 4 weeks) stimulation of the SMA bilaterally in 18
patients with OCD. After 4 weeks of treatment, clinical re-
sponse rate (defined as Y-BOCS reduction of 25 % or more)
was 67 % in the active and 22 % in the sham rTMS with an
average reduction of 25 % in Y-BOCS scores in the active
group versus 12 % in the sham group. The difference
remained significant after controlling for baseline depressive
scores. Clinical improvement in the active rTMS group was
correlated with a normalization of the hemispheric asymmetry
and an increase of the right MT.

Another recently conducted RCT in patients with severe
and refractory OCD treated with 4-weeks rTMS on the
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SMA found no significant differences between rTMS and
sham stimulation (Pelissolo et al., in preparation).

The other region of interest in the field of TMS in the
treatment of OCD is the OFC. This region plays a major role
in the pathophysiology of OCD since obsessions and compul-
sions seem to be mediated by functional hyperactivity of the
orbito-frontal cortex either bilaterally [42] or restricted to the
left side [43, 44]. Ruffini and colleagues [45] conducted the
only study on rTMS over the left OFC in drug-resistant OCD
patients supposing that stimulating this cortical area could be
OCD specific. In a sham-controlled study, patients were ran-
domly administered real (n=16) or sham (n=7) LF-rTMS
during three consecutive weeks (1 Hz, 80 % of the MT). A
significant reduction of Y-BOCS scores comparing active ver-
sus sham treatment was found at 3 weeks and at 10 weeks after
the end of the rTMS with loss of significance after 12 weeks.
Anxiety and depression symptoms were reduced but with no
significant differences between the two groups. This study
suggests that low frequency rTMS of the OFC may only tem-
porarily improve obsessive-compulsive symptoms.

Table 2 summarizes the RCT of rTMS over the SMA and
OFC for the treatment of OCD. The results from RCT over
these two cortical areas are promising, showing a statistically
significant effect in favor of active compared to sham low
frequency rTMS.

tDCS in the Treatment of OCD

The use of tDCS protocols in the treatment of depression and
schizophrenia resulted in significant benefits in treating depres-
sion symptoms [8] as well as auditory hallucinations [46]. It is
noteworthy that clinical improvements in those studies were cor-
related with increased excitability of the left DLPFC using anodal
tDCS in depression and a reduction of cortical excitability of the
left temporo-parietal cortex in schizophrenia using cathodal
tDCS. These promising results did not however generate more
enthusiasm among researchers studying OCD, and it is surprising
to note that only a single case was reported in the literature [47¢].
In this case, the effect of tDCS and rTMS on obsessive and
compulsive symptoms and resting state brain activity was
assessed. tDCS and rTMS had no effect on obsessive and com-
pulsive symptoms but improved depression and anxiety.
Functional neuro-imaging found an interhemispheric asymmetry,
which was restored after tDCS but not rTMS treatment, thus
raising the question whether tDCS is more effective than rTMS
in restoring interhemispheric imbalance.

Discussion

Clinical findings from trials using rTMS or tDCS show prom-
ising results. For TMS use, the overall results show that HF-
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Table 2 RCT of repetitive transcranial magnetic stimulation over the SMA and OFC for the treatment of obsessive-compulsive disorder

Author Design N (A/S) Target Parameters Results
Montovani [38e¢] Randomized Bilaterally 10 sessions In active versus sham
Sham-controlled Figure 8 coil groups in Y-BOCS scores
Montovani [41] Double-blind randomized 18 (9/9) SMA 1 Hz, 100 % MT, 25 % reduction on Y-BOCS in
20 sessions active group versus 12 % in
sham group.
Sham-controlled Bilaterally Figure 8 coil Normalization of inter-hemispheric
With study of cortical CSP, SICI asymmetry. Increased right SICI
excitability ICF, RMT correlated with Y-BOCS scores
change
Kang [39] Double-blind randomized 20 (10/10) RDLPFC 1 Hz, 110 % MT, No significant improvement of
10 sessions, OCD in both groups
figure 8 coil
Sham-controlled Followed by Sham: coil angled
bilaterally
SMA at 45°
Gomes [40e¢] Double-blind randomized 22 (12/10) Pre-SMA 1 Hz, 100 % MT, At 14 weeks: response rate active
10 sessions (41 %) versus sham (10 %)
Sham-controlled Bilaterally Figure 8 coil Y-BOCS scores reduction 35 %
2 weeks treatment Sham coil versus 6.2 %
3-month follow-up
Ruffini [45] Single-blind randomized 23 (16/7) Left-OFC 1 Hz, 80 % MT, Significant reductions of Y-BOCS

Sham-controlled

scores in active versus sham at
3 weeks and 10 weeks
post-treatment

15 sessions
Figure 8 coil

CSP cortical silent period, /CF intra-cortical facilitation, N (4/S) number of patients (active/sham), OFC orbito-frontal cortex, RCT randomized
controlled studies, RDLPFC right dorsolateral prefrontal cortex, RMT resting motor threshold, SICI short-interval cortical inhibition, SMA supplementary

motor area, Y-BOCS Yale-Brown obsessive compulsive scale

rTMS over the DLPFC does not seem to be an effective option
for the treatment of OCD. Even if the reductions of Y-BOCS
scores are significant, no differences were found with sham
stimulation [31, 33-35]. Conversely, stimulation of SMA and
OFC using LF-rTMS provides statistically significant superi-
ority of active compared to sham stimulation in several studies
[41, 38ee, 39, 40e]. Early meta-analysis [48—50] concluded
that there were insufficient data from RCT to recommend
rTMS as a therapeutic tool in the treatment of OCD. A likely
explanation of these conclusions is the lack of statistical power
among the RCT [51].

Adding recent studies published from RCT, Berlim and his
colleagues [52¢] conducted an updated systematic review and
meta-analysis on this topic. The overall results demonstrated
that RCT on LF-rTMS vyielded statistically significant im-
provement in Y-BOCS scores and only a trend toward im-
provements in HDRS/MADRS scores while in contrast RCT
on HF-rTMS did not result in significant overall improvement
in Y-BOCS, HDRS/MADRS, or HADRS. Concerning the site
of stimulation, subgroups analysis indicated that HF-rTMS
applied over the DLPFC did not appear to be more effective
than sham rTMS. However, LF-rTMS targeting the SMA and
OFC seem to be the most promising for treating OCD-related

symptoms.

The efficacy of LF-rTMS on OC symptoms might be ex-
plained by the inhibitory effect of low frequencies on hyper-
active orbitofronto-striatal circuits that seem to underlie defi-
cient inhibition of irrelevant information and response control
in OCD [26, 51, 52¢, 53, 54].

Results from cortical excitability studies found that 1-Hz
rTMS to the pre-SMA area increased inhibition in primary
motor cortex as measured by resting motor threshold (RMT)
and short interval cortical inhibition (SICI). On the other hand,
interhemispheric asymmetry found prior to treatment, was
normalized over the course of trial, which is correlated with
clinical improvement [41, 55]. The SMA area is related to
motor planning and response-inhibition [56, 57] and is also
connected with several regions widely implicated in cognitive
and emotional processes [58]. The hypothesis is that inhibiting
areas such as pre-SMA or OFC may alleviate OCD related-
symptoms by modulating hyperactivity of cortico-striato-
thalamo-cortical circuitry [41]. In other words, LF-rTMS in-
duced normalization of SMA/OFC activity could have en-
hanced the ability of patients with OCD to inhibit intrusive
thoughts, impulses and repetitive motor responses [38¢, 39,
400, 41-45].

Major considerations still remain to outline the optimum
protocol for OCD especially for DLPFC stimulation. Further
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studies should investigate new ways of enhancing the effect of
rTMS on OCD with clinically relevant stimulation parame-
ters. Recently, novel stimulation paradigms have been de-
signed such as alpha-electroencephalogram (x-EEG) guided
rTMS or theta-burst stimulation. Low intensity of theta-burst
rTMS at 50 Hz showed a more consistent and longer lasting
effect in a case of OCD with concomitant depression [59].

Xiaoyang [60°] performed an «-EEG guided rTMS
randomizing 46 OCD patients to receive active versus
sham stimulation during 2 weeks, adjusting the frequen-
cy to the « frequency, which was found to be abnormal
in left and right frontal regions and temporal lobes.
Bilateral stimulation of frontal regions significantly im-
proved obsessions but not compulsions raising the issue
of a differential effect of stimulation parameters. A dif-
ferential effect on compulsions was found as well using
HF-rTMS over the right DLPFC [30]. The majority of
the studies targeting DLPFC used 10 Hz frequency with
negative results [32, 33, 35, 36]. Thus, Greenberg’s [30]
and Xiaoyang [60¢] studies are of clinical relevance
suggesting that a differential effect on specific symp-
toms would probably be obtained when considering dif-
ferent stimulation parameters. The treatment status and
placebo effect of sham stimulation are other major is-
sues to be considered. It is important to note that most
of the studies recruited treatment resistant OCD patients
[32, 34-37]. Refractoriness could be a confounding fac-
tor limiting the effectiveness of this technique. However,
rTMS is difficult to apply as a first line treatment be-
cause drugs and psychotherapy are simpler therapeutic
strategies.

On the other hand, as the improvement of symptoms
is often noted during sham conditions, it would be in-
teresting to investigate neural alteration caused by sham
rTMS stimulation. Since a considerable number of stud-
ies titled the coil to an angle of 45 or 90° [31, 34-37,
38ee, 39, 40, 41-46, 47+, 48-51, 52+, 53-59, 60-, 61],
it cannot be guaranteed that no cortical stimulation, al-
beit minimal, occurs. A real sham coil should be used
in order to control sham effect.

As for tDCS, very few data are available making it difficult
to draw clear conclusions. However, because tDCS has been
shown to have an impact on functional cortico-subcortical
networks including cortico-striatal and cortico-thalamic loops
involved in the pathophysiology of OCD [62], this technique
holds great promise as a novel tool in the treatment of OCD.
There is also an emerging literature on the priming ef-
fect of tDCS on TMS which suggest that tDCS may
modulate neurons in a way that makes them more or
less sensitive to subsequent TMS. Preconditioning the
motor cortex with tDCS (1 mA, 10 min) enhances sub-
sequent effects of rTMS (1 or 5 Hz) within the same
stimulation session [63, 64].
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Conclusion

This paper reviews the clinical trials conducted so far in the
treatment of OCD using rTMS and tDCS. In general, the re-
sults are promising even though further research is still need-
ed. Both rTMS and tDCS induce functional changes in the
brain and modulate neural activity at cortical levels. LF-
rTMS (particularly targeting the SMA and OFC) seems to
be the most promising in terms of therapeutic efficacy while
tDCS clearly needs larger scale and sufficiently powered RCT
to better understand its therapeutic role.
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