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ARTICLE INFO ABSTRACT

This study aimed to investigate the efficacy of gamma transcranial
Article type: alternative current stimulation (y-tACS) in reducing compulsive checking
Research Article

symptoms in patients with obsessive—compulsive disorder (OCD). This
study was an applied, semi-experimental design with a pretest—posttest
structure and a control group. The research population was all clients with
Article History: obsessive checking at the Atieh Clinic Neuroscience Center in 2025. The
Received: 18 Feb 2026 sample consisted of 14 patients (11 females and 3 males), randomly assigned
Revised: 03 Jul 2026 . _ _ .

Accepted: 27 Jul 2026 to an exper.lmental group (n=7) and a control group (n=7). The exp.erlmental
Published: 15 Sep 2026 group received 10 sessions of real y-tACS at 40 Hz, 1.5 mA intensity, for 20
minutes per session, with the anode placed over F4 and the cathode over P4;
the control group received no intervention. Assessment tools included the
Yale-Brown Obsessive—Compulsive Scale (Y-BOCS) and the checking
subscale of the Padua Inventory (PI). Data were analyzed using analysis of
covariance (ANCOVA) in SPSS version 26. The experimental group showed
a significant reduction compared to the control group in the checking
subscale of the PI (F (1,11) =11.301, p=0.005, 1*=0.643) and total Y-BOCS
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neuromodulation scores (F (1,11) = 12.001, p<0.001, n>= 0.678). Moreover, 71.4% of
Obsessive—compulsive disorder participants in the experimental group were identified as treatment
y-tACS responders. The findings indicated that gamma-frequency tACS over the

right frontoparietal region could serve as a safe, tolerable and effective
adjunctive intervention for reducing compulsive checking symptoms,
particularly in treatment-resistant OCD patients.
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Efficacy of y-tACS Over the Right Frontoparietal Region on Checking Compulsions in
Patients with Obsessive-Compulsive Disorder

Extended Abstract

1. Introduction and Objectives Obsessive-compulsive disorder (OCD) is one of the most
prevalent and debilitating psychiatric conditions, characterized by intrusive, unwanted
obsessions and repetitive compulsions aimed at reducing associated anxiety (American
Psychiatric Association, 2013). Lifetime prevalence is approximately 2.3%, with onset often in
young adulthood, leading to significant impairments in quality of life, occupational, academic,
and interpersonal functioning. Among compulsions, compulsive checking is the most common
subtype, observed in 50-63% of OCD patients (Russell et al., 2013). Individuals with checking
compulsions repeatedly verify doors, locks, windows, stoves, electrical appliances, emails, or
messages to prevent perceived catastrophes, despite recognizing the irrationality of these
actions (Rachman, 2002). Research links compulsive checking to deficits in cognitive
inhibition, intolerance of uncertainty, and failure to terminate repetitive responses (van den
Hout & Kindt, 2003). Neuroscientific evidence highlights dysfunctions in the cortico-striato-
thalamo-cortical (CSTC) circuit, particularly involving the right dorsolateral prefrontal cortex
(r-DLPFC), frontal, and parietal regions critical for cognitive control and suppression of
maladaptive responses. Inefficiencies in the frontoparietal network appear to sustain checking
behaviors (Kar & Saxena, 2022).

First-line treatments for OCD include cognitive-behavioral therapy (CBT) with exposure
and response prevention (ERP) and selective serotonin reuptake inhibitors (SSRIs) such as
fluoxetine, sertraline, or clomipramine (American Psychiatric Association, 2013). However,
30-40% of patients achieve only partial response or remain treatment-resistant (Skapinakis et
al.,, 2016). Predictors of resistance include high symptom severity, comorbid depression,
personality disorders, or predominant checking compulsions (Perris et al., 2019). This
underscores the need for adjunctive or alternative interventions targeting disrupted neural
networks. In recent years, non-invasive neuromodulation techniques such as repetitive
transcranial magnetic stimulation (rTMS) and transcranial direct current stimulation (tDCS)
have gained attention for OCD (Kee et al., 2023). Transcranial alternating current stimulation
(tACS) offers a unique advantage by entraining endogenous neural oscillations at specific
frequencies. Unlike tDCS, tACS delivers sinusoidal alternating current that can synchronize
brain rhythms, particularly in the gamma band (40 Hz), which supports cognitive control,
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executive processing, and frontoparietal network coordination (Papi et al., 2024; Mansouri et
al., 2020). Reduced gamma oscillations in right frontoparietal regions have been associated
with impaired inhibition of intrusive thoughts and compulsions in OCD. Preliminary evidence
suggests gamma tACS over right DLPFC enhances decision-making accuracy and executive
functions in healthy individuals (Sahota & Singh, 2021).

Despite growing literature on neuromodulation, tACS applications in OCD remain nascent,
with most studies focusing on tDCS (Benussi et al., 2021). Checking compulsions are
specifically linked to right frontoparietal dysfunction (van den Hout & Kindt, 2004),
necessitating targeted protocols. The present study addressed this gap by examining the efficacy
of gamma-frequency tACS (40 Hz) over the right frontoparietal region (anode F4, cathode P4)
in reducing compulsive checking in OCD patients, using a quasi-experimental design without
sham to evaluate the genuine intervention effect. The primary hypothesis was that the
experimental group would exhibit significantly greater reductions in Padua Inventory checking
subscale scores and total Y-BOCS scores compared to controls.

2. Methods This quasi-experimental study employed a pretest—posttest control group design. It
was approved by the Ethics Committee of the University of Tehran
(IR.UT.PSYEDU.REC.1402.050) and conducted in accordance with the Declaration of
Helsinki.

The population comprised all clients referred to Atieh Clinic (Tehran) in 2023 with DSM-
5 diagnosed OCD, Y-BOCS total score >10, and predominant compulsive checking. Fourteen
adults (11 females, 3 males; age 18—60 years, mean 36.35 + 7.32) were selected via convenience
sampling and randomly assigned to experimental (n=7) or control (n=7) groups. Inclusion
criteria: age 18—60, stable psychotropic medication for >8 weeks, checking as primary symptom
(Padua checking subscale >10), informed consent capacity. Exclusion criteria: epilepsy history,
cranial metal implants, bipolar/schizophrenic/personality disorders, substance use, pregnancy,
recent neuromodulation, high suicide risk.

The experimental group received 10 real tACS sessions (5/week over 2 weeks) using a
Neurostim device: 40 Hz sinusoidal, 1.5 mA intensity, 20 min/session, anode over F4 (right
DLPFC), cathode over P4 (right parietal), per 10-20 EEG system. Ramp-up/down over 30 s
each. The control group received no stimulation but completed assessments.Outcome measures:
Yale-Brown Obsessive Compulsive Scale (Y-BOCS; Rajabi-Esfahani et al., 2011; Cronbach’s
a 0.95-0.97) for total, obsessions, and compulsions; Padua Inventory checking subscale (Shams
et al., 2010; Cronbach’s a 0.90). Assessments occurred 1 day pre-intervention and 24 h post-
final session. Data analyzed via ANCOVA (pretest as covariate) in SPSS v26; significance
p<0.05, effect size n>.

3. Findings Demographic and clinical characteristics were comparable between groups (Table
1). The experimental group comprised 6 females (85.7%) and 1 male (14.3%), mean age 39.71
+ 9.36 years; controls: 5 females (71.4%), 2 males (28.6%), mean age 31.86 = 5.11 years.

Table 1. Comparison of Demographic Characteristics Between Experimental and Control
Groups
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Variable Experimental (n=7) Control (n=7)
Gender — Female 6 (85.7%) 5(71.4%)
Gender — Male 1 (14.3%) 2 (28.6%)
Age (years) Mean + SD 39.71£9.36 31.86+5.11

Pre- and posttest means for key variables are presented in Table 2.

Table 2. Means and Standard Deviations of OCD Symptoms and Checking Compulsions

Variable Group Pretest M + SD Posttest M £+ SD

Total Y-BOCS Control 32.14+2.80 31.86 +£2.91
Compulsions (Y-BOCS) Control 1643 £1.72 16.00 £ 1.41
Obsessions (Y-BOCS) Control 15.71 £ 1.60 15.86 £1.68

Padua Checking Control 33.29+2.14 33.43+£1.99

Total Y-BOCS Experimental 33.00 £ 3.37 20.06 + 3.06
Compulsions (Y-BOCS) Experimental 15.57+1.27 9.86 +1.35
Obsessions (Y-BOCS) Experimental 17.43 £2.44 10.86 £ 1.86
Padua Checking Experimental 31.29 £4.54 20.57 £2.37

ANCOVA assumptions (normality, homogeneity of variances/covariances, regression slopes) were met
(Tables 3—4). Multivariate ANCOV A showed significant group differences (Pillai’s Trace F(2,9)=39.21, p=0.001,
1?=0.83). Univariate ANCOVA confirmed reductions in compulsions (F=42.43, p=0.001, n*=0.81), obsessions
(F=43.15, p=0.001, n*=0.81), total Y-BOCS (F=85.07, p=0.001, 1*>=0.89), and Padua checking (F=172.30,
p=0.001, n*=0.94) (Tables 1-2).

Table 3—8 Summary (Key ANCOVA Results):

e Levene’s test and slope homogeneity p>0.05 for all.
o Multivariate: significant group effect.
o Univariate: large effects for all outcomes, largest for checking (n*=0.94).

71.4% of experimental participants met clinical response criterion (>35% Y-BOCS
reduction); none in controls.

4. Conclusion and Discussion Gamma-frequency tACS (40 Hz) over the right frontoparietal
region (F4—P4) produced substantial, clinically meaningful reductions in compulsive checking
and overall OCD severity after 10 sessions. Effect sizes were large (1*=0.64—0.94), particularly
for checking (n?=0.94), with >70% response rate in the experimental group.

These results align with prior neuromodulation findings in OCD (Sahota & Singh, 2021;
Klimke et al., 2016). The mechanism likely involves gamma entrainment in the right
frontoparietal network, enhancing memory confidence and reducing uncertainty-driven
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checking (van den Hout & Kindt, 2004; Hermans et al., 2008). Gamma oscillations facilitate
inter-regional synchronization essential for cognitive-emotional regulation; their disruption
contributes to metamnestic deficits and compulsions (Parto-Dezfouli et al., 2023). tACS
entrains these rhythms, restoring network function (Voroslakos et al., 2018). Strengths include
subtype-specific focus on checking (most resistant form; Russell et al., 2013) and use of
dedicated Padua subscale. Large effects and high response suggest superiority over some rTMS
protocols (Kar & Saxena, 2022). Limitations: small sample (n=14), no sham (chosen to isolate
true effect), short follow-up. Future research should incorporate sham controls, long-term
follow-up, and neuroimaging (fMRI/EEG) to confirm gamma changes. Gamma tACS appears
safe, tolerable, cost-effective, and highly efficacious as an adjunct for treatment-resistant
checking OCD, paving the way for mechanism-based, personalized neuromodulation.

5. Keywords Obsessive-compulsive disorder, compulsive checking, transcranial alternating
current stimulation (tACS), gamma stimulation, neuromodulation, frontoparietal network,
non-invasive brain stimulation
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