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Purpose: Examining whether modulation of right orbitofrontal cortex (OFC) activity by 
continuous theta-burst stimulation (cTBS) affects obsessive-compulsive disorder (OCD) 
symptoms.
Patients and Methods: A total of 28 treatment-resistant OCD participants were treated 
with either active or sham cTBS of the OFC twice per day, for five days a week, for 2 weeks, 
in a double-blinded manner. Clinical response to treatment was determined using the Yale– 
Brown Obsessive-Compulsive Scale (Y-BOCS).
Results: There were no statistically significant differences between the 2 groups after two 
weeks of treatment in the Yale–Brown Obsessive-Compulsive Scale score (group*time 
interaction, F2,20=0.996, p=0.387) and other secondary outcome measures, including anxi-
ety symptoms and responder rates. Depressive symptoms improved significantly in the active 
group (p=0.027), but the significant difference disappeared at 6 weeks (p=0.089).
Conclusion: This is the first randomized controlled study using cTBS in the right OFC to 
observe the improvement of treatment-resistant OCD symptoms. It is safe to use cTBS, but 2 
weeks of treatment is not enough to achieve a curative effect. Future studies are needed to 
explore more advanced stimulation parameters suitable for the treatment of OCD.
Clinical Trial Registration: www.chictr.org.cn, identifier ChiCTR2000034814.
Keywords: obsessive-compulsive disorder, continuous theta-burst stimulation, orbitofrontal 
cortex, transcranial magnetic stimulation

Introduction
Obsessive-compulsive disorder (OCD) is a psychiatric disorder that has a high 
prevalence. It is characterized by pathological obsessions and compulsions, with 
a lifetime prevalence of 2.5%.1 Meanwhile, OCD seriously affects patients and 
their relatives’ daily lives, leading to a decline in the quality of life and often 
accompanied by anxiety and depression.2 Serotonin and cognitive-behavioral 
models are helpful in treatment, but the etiology of OCD remains unknown at 
present.3 Evidence-based treatments for OCD are selective serotonin reuptake 
inhibitors (SSRIs) and cognitive behavior therapy (CBT).4 The combination of 
pharmacotherapy and CBT in treating OCD has been reported as a more effective 
strategy than single treatments.5 Despite these treatment options, approximately 
40% of patients did not respond to the recommended drugs or CBT.6 Therefore, 
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there is an urgent need to find more safe and effective 
treatment for OCD. Different add-on stimulation techni-
ques could be effective for patients with severe OCD 
who were unresponsive to drugs and/or behavioral 
therapy.7

Transcranial magnetic stimulation (TMS) is a form of 
physical therapy that uses an electric current to create 
a magnetic field to stimulate specific brain regions by 
inducing neurophysiological changes. Low-frequency sti-
mulation generally induces lasting suppression of excit-
ability, while high-frequency stimulation generally induces 
lasting facilitation.8 Previous neuropsychological studies 
have shown that abnormalities of cortical-striatal- 
thalamic-cortical (CSTC) circuits may play a vital role in 
the pathogenesis of OCD.9 TMS can non-invasively and 
regularly modulate specific brain regions to dissipate 
symptoms in OCD, and it was relatively safe and well- 
tolerated in clinical practice. Meta-analysis showed that 
the therapeutic effect of TMS was better than sham TMS 
in the short term, however, the therapeutic effect is 
affected by the target, stimulation mode, and intensity.10 

Most of the previous rTMS studies on OCD use low- 
frequency, need more than 20 minutes each time, last 
about 4–6 weeks, and outpatients need to come to the 
hospital every day for treatment. The long period of treat-
ment makes patients poor compliance and a high drop-out 
rate. Previous studies revealed that an accelerated rTMS 
regimen is a tolerable and noninvasive procedure for short-
ening the course of treatment and can also improve OCD 
symptoms within a short period.11–14 Theta-burst stimula-
tion (TBS) is a form of TMS, which stimulates the cortex 
with continuous (cTBS) or intermittent (iTBS) to induce 
excitement or inhibition.15 TBS can be repeated two or 
more times a day, thus shortening the whole treatment 
course. At present, most of the studies on TBS in the 
treatment of OCD are preliminary exploratory studies. 
cTBS is typically assumed to have long-term depression- 
like inhibitory effects that can suppress cortical excitability 
in targeted regions and can be completed in a short time.16 

cTBS requires a shorter stimulation duration and lower 
intensity to induce longer-lasting effects than other rTMS 
protocols and is also regarded by some authors to be safer 
than traditional rTMS.17–19

At present, the commonly used stimulation targets of 
OCD are dorsolateral prefrontal cortex(DLPFC),orbito-
frontal cortex(OFC), and supplementary motor 
area(SMA).6 The stimulation parameters used for those 
targets are usually low-frequency stimulation or cTBS, 

with suppressive effects on cortical excitability. However, 
studies involving DLPFC and SMA areas had reported 
inconsistent results.7,18,20 Neuroimaging studies have 
found that the excitability of OFC and other cortical/sub-
cortical structures are increased in patients with OCD.21 

Further evidence links the improvement in OCD to 
decreased hypometabolism in the prefrontal cortex (PFC) 
and OFC.22 Among patients with treatment-resistant OCD, 
deep brain stimulation (DBS) of the ventral portion of the 
interior limb of the internal capsule leads to a decrease in 
overall brain metabolism and, more specifically, in OFC 
hypermetabolism, after three months of treatment.23 

Increased resting-state functional connectivity between 
striatal and prefrontal brain regions (including the OFC 
and the frontal pole) is closely related to OCD, and the 
OFC is more accessible to reach than the striatum.24–26 

Furthermore, TMS targeting the OFC has been found to 
improve OCD symptoms in patients suffering from drug- 
resistant OCD in some small sample studies.27–29 Thus, we 
speculate that the right OFC may be an important thera-
peutic target for OCD. Based on evidence reported in 
previous studies, the present 2-week, double-blind, rando-
mized, sham-controlled trial had the aim to explore the 
efficacy and safety of cTBS over the right OFC in 
a sample of treatment-resistant OCD patients.

Patients and Methods
Subjects
The subjects were all OCD patients who came to the 
outpatient clinic of the Department of Clinical 
Psychology, General Hospital of Tianjin Medical 
University from September 2019 to June 2020. Right- 
handed outpatients aged between 18 and 60 years with 
DSM-V OCD diagnosed using the Mini-International 
Neuropsychiatric Interview (MINI) were enrolled in the 
study. To be eligible, patients had to have a total Y-BOCS 
score of 16 or more, a total duration of the disease of at 
least 2 years, and they should have received at least two 
12-week adequate sequences and dose of treatment with 
selective serotonin reuptake inhibitors (SSRIs) but not 
responding (treatment-resistant). All the psychotropic 
medications had to be at stable doses for at least 3 months 
before enrolling in the study, and the current medication 
regimen (included benzodiazepines) was maintained 
throughout the treatment and follow-up visits. Exclusion 
criteria were as follows: diagnosis of other psychiatric 
disorders (except for depressive or anxious disorders), 
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current major depressive disorder (MDD), history of TMS, 
history of epilepsy or other neurological illness, preg-
nancy, and any contraindication to TMS. The sample size 
was estimated using the G*Power 3.1 software. In the 
previous study,28 the effect size (Cohen’s d value) for the 
efficacy of rTMS in OCD was 0.44 (which converts to 
partial eta squared value of 0.05). With modest effect size 
in our study, a power of 95%, alpha of 0.05, 2 groups and 
3 repeated measurements, 25% dropout rate, the proposed 
study required 18 participants per group. The expected 
sample size of 36 could not be recruited due to COVID- 
19 restrictions. We enrolled a total of 30 eligible patients, 
two patients (A man, a woman) withdrew before the trial 
began due to personal reasons. The rest of the 28 patients 
have fully understood this study’s purpose and steps and 
signed informed consent forms. A researcher used 
a random number table, 28 patients were randomly divided 
into the active group and the sham group, 14 patients in 
each group. The numbers were written in a sealed Kraft 
envelope, patients were kept blind to the sequence they 
were assigned, and the allocation sequence was concealed 
from recruiters.The envelope was opened immediately 
before the first session’s commencement by the clinician 
administering the cTBS for each patient.

cTBS Method
The treatment was administered with the MagPro® X100 
with Option stimulator (MagVenture, Inc) using the cool 
B-65 coil configured inactive or sham mode by flipping 
the coil over. The stimulus site was Fp2, which corre-
sponds to the right OFC according to the 10–20 
International EEG localization system.30 The participant’s 
resting motor threshold (RMT) was determined before the 
first treatment. The RMT was measured as the lowest 
stimulus intensity capable of eliciting at least 5 motor 
responses with amplitude of at least 50 µV in a series of 
10 consecutive trials of single-pulse TMS in the relaxed 
abductor pollicis brevis muscle. The active treatment 
group received cTBS at 80% of RMT, consisting of 
a burst of three pulses delivered at 50 Hz, repeated every 
200ms (at 5 Hz) for a total of 600 pulses per session. 
A total of 20 sessions were delivered twice a day (a total 
of 1200 pulses were delivered per day), with an interval of 
15 minutes, 5 days a week, for a total of 2 weeks. The 
sham treatment group received treatment by flipping the 
coil over, with identical technical parameters, which 
induced scalp sensations without penetrating the electric 
field into the brain. It has a sound and scalp contact similar 

to those experienced during active stimulation. Adverse 
events will be carefully monitored during all the study 
steps by asking patients whether they had experienced 
any adverse events and the relationship of these events to 
treatment with TMS.

Outcome Measures
Subjects were rated at baseline, post-cTBS treatment (2 
weeks after baseline, W2), and 4-week follow-up (6 weeks 
after baseline, W6). They were rated on clinical measures 
by an independent rater blind to the randomization of TBS 
groups into active and sham. Our study’s severity of 
obsessions and compulsions was assessed using the 
Yale–Brown Obsessive-Compulsive Scale (Y-BOCS). 
Concomitant depressive and anxiety symptoms were 
assessed using the 17-item Hamilton Depression Rating 
Scale (HAMD-17) and Hamilton Anxiety Rating Scale 
(HAMA). Treatment response was defined as a decrease 
of 25% on the score than baseline after treatment.31

Blind
In this study, the patients were blind to the arm of treat-
ment, and they were rated on clinical measures by an 
independent rater who was blind to the randomization of 
cTBS groups into active and sham. After all treatments, 
participants were asked to guess whether they had received 
active or sham stimulation, then they were asked to rate 
their perceived therapeutic effect on a scale from “0” to 
“9”, with “0” indicating “not effective at all” and “9” 
indicating “highly effective”. For blinding effectiveness, 
the self-report ratings were compared using the Kruskal– 
Wallis Test with group as a factor, and it displayed no 
significant main effect of group (P=0.987).

Statistical Analysis
Statistical analysis was conducted using SPSS version 24.0 
and STATA version 16.0. X2 analysis/fisher exact test was 
used to compare the groups on categorical variables, and 
t-test was used on continuous variables. Repeated mea-
sures analysis of variance was used to compare the pri-
mary outcome variable (Y-BOCS score) and other 
secondary outcome variables (HAMA score and HAMD 
score) with the scores at 0, 2, and 6 weeks as a within- 
group factor and the between-group factor having two 
active or sham levels cTBS. Statistical testing was two- 
sided, with 0.05 as the criterion for significance.
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Results
A total of 28 patients with OCD participated in the treatment. 
They were randomly divided into two groups, of which 2 
people dropped out in the active treatment group (one patient 
could not come to the hospital due to time problems, another 
due to COVID-19 prevention and control), three patients with-
drew during the treatment period in the sham group (2 patients 
due to time problems, one patient did not follow the protocol 
for personal reasons). Finally, 23 patients were included in the 
analysis, and the total drop-out rate was 17.9%. There was no 
significant difference in the drop-out rate between the two 
groups (Figure 1). During the treatment period, two patients 
in the treatment group reported scalp pain in the target area, 

relieved after rest, while the rest had no serious adverse events 
and no seizures.

The patients’ general data are shown in Table 1, and the 
difference is not statistically significant. The patient main-
tained the previous drug dose during the treatment period. 
Among them, 11 (91.67%) in the active group used anti-
depressants, 2 (16.67%) used antipsychotics, and 1 (8.33%) 
used benzodiazepines. In the sham group, 11 (100%) used 
antidepressants, 3 (27.27%) used antipsychotics, and 2 
(18.18%) used benzodiazepines. There was no significant 
difference in drug use between the two groups.

Comparing the two groups’ efficacy at different time 
points is shown in the table below (Table 2). There was no 

Figure 1 Consort diagram.
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significant difference in the Y-BOCS score between the active 
and sham groups at the baseline (p=0.275). Depending on 
different time points, the Y-BOCS score of the two groups 
decreased. Compared with the baseline, there was 
a significant difference (p=0.021), but there was no statistical 
difference between the two groups (p=0.387). Although there 
was no group * time interaction (F=0.584, P=0.567), the 
repeated measures analyses indicated that the HAMA score 
decreasing significantly compared with the baseline 
(F=9.509, P=0.001). Besides, there were significant differ-
ences in HAMD scores per time, group (F=16.544, P<0.001), 
and the group * time interaction (F=4.132, P=0.031).

We compared the effective rate of the two groups, the 
scale score reduced by 25% as applicable, and the total 

effective rate = improve number/total number of patients. 
The three outcome indicators calculated the effective rate 
and carried out the chi-square test and fisher exact prob-
ability test, as detailed in Table 3. There was only 
a significant difference in the effective rate between the 
two groups in the depression score after two weeks 
(p=0.027), consistent with our previous results.

Figure 2 shows the mean Y-BOCS scores of the active 
and sham groups at different time points, and there is no 
significant difference between the two groups (P> 0.05).

There was no significant difference in HAMA and 
HAMD scores at baseline. With the prolongation of treatment 
time, HAMA scores decreased significantly after two weeks 
of treatment (p=0.001), but there was no statistical difference 
between the two groups (p=0.567). The changing trend of 
HAMA scores is shown in Figure 3. Within two weeks, the 
decrease of HAMD score in the active group was more 
evident than that in the sham group, the decrease of HAMD 
score in the two groups was statistically significant, and the 
changing trend of the HAMD score was shown in Figure 4.

Discussion
The efficacy studies of TMS in OCD, including open 
trials, sham-controlled studies and comparison studies, 
have involved different methodological designs using var-
ious stimulation parameters (eg, frequency, intensity, sti-
mulation site, number of pulse, duration of treatment).32 In 
our study, the treatment option and target selection were 
innovative. To the best of our knowledge, it was the first 
randomized, double-blind study on the efficacy of cTBS 

Table 1 Baseline Characteristics

Variable Active Group 
(n = 12) Mean 

(SD), n(%)

Sham Group 
(n = 11) Mean 

(SD), n(%)

p

Age, y 28.17 (9.81) 31(7.50) 0.296

Sex (male/female) 5/7 5/6 1.000
Age at onset, y 19.92(6.01) 20.72(5.31) 0.241

Duration of illness, y 8.25(7.66) 10.27(5.10) 0.573

Medication in use
Antidepressant 11(91.67) 11(100) 1.000
Antipsychotics 2(16.67) 3(27.27) 0.640

Benzodiazepine 1(8.33) 2(18.18) 0.590

Y-BOCS 26.33(2.81) 28.27(5.00) 0.275
HAMA 10.08(5.47) 10.91(6.99) 0.754

HAMD 13.58(6.37) 9.45(4.99) 0.100

Table 2 Clinical Outcome

Scale Active, Mean(SD) Sham, Mean (SD) ANOVA Time Effect ANOVA Group*Time Interaction

F p F p

Y-BOCS
Week 0 26.33(2.81) 28.27(5.00) *F2,20=4.743 0.021 *F2,20=0.996 0.387

Week 2 24.75(2.38) 25.09(4.32)

Week 6 23.50(3.97) 24.82(3.82)

HAMD-17

Week 0 13.58(6.37) 9.45(4.99) *F2,20=16.544 <0.001 *F2,20=4.132 0.031
Week 2 6.42(4.58) 7.09(2.21)

Week 6 5.17(2.66) 6.64(2.50)

HAMA

Week 0 10.08(5.47) 10.91(6.99) *F2,20=9.509 0.001 *F2,20=0.584 0.567

Week 2 7.17(2.82) 8.36(4.99)
Week 6 6.08(2.91) 8.00(4.56)

Note: *Correction for nonsphericity. 
Abbreviation: ANOVA, analysis of variance.
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over the right OFC in treatment-resistant OCD patients. 
Both groups improved significantly in depression and 
anxiety, and the Y-BOCS score decreased significantly 
after two weeks of treatment. However, except for the 
HAMD score, there was no significant difference in 
Y-BOCS and HAMA scores between the active and 
sham groups. Previous studies demonstrated that TBS 
could induce a more prominent and longer-lasting effect 
on cortical excitability than standard rTMS.33,34 Among 
the published randomized-controlled trials, only two have 
reported cTBS in treatment-resistant OCD, and the results 
showed that cTBS was not effective in treating obsessive 
symptoms, which was consistent with ours.17,18

Studies in refractory depression have found that accel-
erated rTMS could reduce treatment response time.35 

A previous open-label study found that low-frequency 
rTMS twice a day could improve the symptoms of treat-
ment-resistant OCD in 10 days, while traditional rTMS 
needed at least four weeks.36 Neuroimaging studies had 
shown that accelerated rTMS requires at least a 10-minute 
interval, otherwise, the additional neuroplasticity effects 
may not occur.37 However, the optimal time interval is 
still a topic to be researched through clinical trials. In 
our study, 15-minute intervals were set during the twice- 
daily cTBS protocol. Among all the patients who com-
pleted the treatment, two in the active group reported scalp 
pain in the target area, but the pain was relieved after rest, 
and no serious adverse events occurred, indicating that the 
twice-daily cTBS regimen is safe and well-tolerated.

According to current neurobiological models, the OFC 
is one of the core features in the pathophysiology of OCD. 
Effective treatments for OCD lead to a decrease in the 
hypermetabolism observed in the OFC.22 The previous 
investigation in OCD patients showed reduced functional 
connectivity in the right DLPFC and the right OFC, and 
activity in the right OFC had an inhibitory on the right 
DLPFC.38 There have been previous studies on the left, 

Table 3 Comparison of the Effective Rate After Treatment in 
Active and Sham Groups

Time Active (%) Sham (%) x2 p

Y-BOCS 2w 16.67 9.09 0.290 1.000
6w 25 18.18 0.157 1.000

HAMA 2w 41.67 45.45 0.034 1.000
6w 58.33 63.64 0.068 1.000

HAMD 2w 91.67 45.45 5.789 0.027
6w 83.33 45.45 3.630 0.089

Figure 2 Y-BOCS scores in active and sham cTBS groups.
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right, and bilateral OFC, and the results are not consistent 
because of the different protocols used in treatment.27,39–42 

A double-blind cross-over study evaluated the efficacy of 
low-frequency rTMS over the right OFC with a double- 
cone coil in patients suffering from OCD. The study 
observed a significant decrease from baseline in the 
Y-BOCS scores after both active and sham stimulation. 
This decrease tended to be more prominent after active 
stimulation than after sham stimulation. Active versus 
sham PET scan contrasts showed that stimulation was 

related to a bilateral decrease in the metabolism of the 
OFC.29 We selected the less studied right OFC as the 
target area, which might be a more theoretically appropri-
ate target based on the previous study. The stimulus inten-
sity of the traditional rTMS regimen ranges from 80% to 
120% of RMT, and we used 80% of RMT in the trial, 
which is consistent with the safety intensity used in pre-
vious studies by Huang et al.15 A randomized non- 
inferiority trial found that high-intensity iTBS (120% 
RMT) exhibited the same efficacy as traditional rTMS 

Figure 3 Comparison of mean HAMA scores in active and sham groups.

Figure 4 Comparison of mean HAMD scores in active and sham groups.*p<0.05.
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protocols in patients with depression and were well 
tolerated.43 However, there is no evidence that higher 
intensity of cTBS is more effective in treating OCD, 
which may serve as a direction for future research.

Patients with MDD and/or suicidal ideation were 
excluded from the study. There was no significant differ-
ence in the HAMD scores between the two groups before 
treatment, and depressive symptoms were significantly 
relieved after treatment (the score decreased by 25% was 
defined as treatment response). Previous studies have 
found that the marginal structure of the frontal lobe- 
striatum-thalamic emotional loop is abnormal in MDD 
patients.44 We speculate that this loop may also be acti-
vated when we stimulate the OFC, leading to the improve-
ment of depression symptoms. There were significant 
differences in time for depressive symptoms of the active 
group, and these were significantly lower at W2 but not at 
W6, suggesting that the effects may be short-term. 
A cross-sectional study showed that public anxiety, 
depression, and psychological disturbances were wide-
spread, and symptoms significantly increase during the 
current COVID-19 pandemic.45 Patients were exposed to 
a continuous social stressor (COVID-19) during the trial, 
resulting in impaired therapeutic effectiveness. In addition, 
the baseline depressive symptoms were low and may thus 
be subsyndromal. It may be possible to conduct a larger 
randomized controlled trial in the future.

The failure of our trial may can be explained by the 
following aspects: a. This study’s objects are treatment- 
resistant OCD patients whose treatment is difficult due to 
early-onset and a prolonged disease course;46 b. Although 
we have increased the frequency of treatments per day, the 
2-week treatment cycle may not be sufficient to cause sig-
nificant and continuous changes in OCD symptoms; c. The 
intensity of stimulation is also an essential factor affecting 
the efficacy. It is not clear whether increasing the intensity of 
stimulation can enhance the efficacy. This study chose 
a stimulus intensity of 80% RMT used in most cTBS studies, 
but it may be somewhat insufficient in treatment-resistant 
OCD; d. We locate the OFC target convenient and straight-
forward through the international 10–20 EEG system, and 
this method is not as accurate as neuronavigation because of 
each person’s brain’s anatomical differences; e. The sample 
size of this study was small, and there may be high indivi-
dual differences between responses to noninvasive brain 
stimulation regimens, including routine rTMS and TBS;47 

f. We used was a commonly used figure-of-8 shaped coil, 
which was also used in the studies of Dutta et al and Harika- 

Germaneau et al,17,18 but did not achieve clinical efficacy. It 
may be due to the shallow penetration depth of the magnetic 
field, which cannot reach the depth of the target stimulation. 
A study by Carmi et al showed that high-frequency dTMS 
on the mPFC and ACC could significantly improve OCD 
symptoms. They used a special H-coil that allows magnetic 
stimulation to penetrate the brain more deeply and exten-
sively, thus achieving therapeutic effects.48 Although the 
dTMS study showed more promising results, there are sev-
eral methodological differences (such as coil type, sample 
size, and symptom provocation before TMS application), 
and further research is needed in the future.

Conclusion
The results of this study suggest that two weeks of cTBS 
may not be optimal for improving OCD symptoms in 
treatment-resistant OCD, but twice-daily cTBS for OCD 
patients is safe, well-tolerated, without apparent side 
effects. Future studies should recruit a larger sample size 
and investigate whether treatment duration should be 
extended to facilitate the maintenance of treatment gains.
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