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Objective: The present study was carried out to examine the effectiveness of 
psychoneurotherapy (PNT) on reducing symptoms severity in treatment-naïve patients with 
obsessive-compulsive washing. This study evaluated a new form of psychotherapy based on 
neurobiological model of Obsessive-Compulsive Disorder Washing (OCD-W). 

Methods: The study was conducted as a quasi-experimental research. The statistical population 
of this study included 130 obsessive-compulsive washers. A total of 40 patients were selected 
using convenience sampling method and then were randomly divided into two groups: PNT group 
(n=20) and sham feedback control group (n=20). Both groups received drug treatment, in addition, 
the experimental group received 20 sessions (twice per week) of PNT. The Yale-Brown obsessive 
compulsive scale (Y-BOCS), Maudsley obsessional-compulsive inventory (MOCI), depression, 
anxiety, and stress scale-21 (DASS-21), subjective united distress scale (SUDS) were administered 
before and after treatment. Eelectroencephography (EEG) was recorded in eyes open provocation 
stimuli condition. All EEGs were recorded drug free. Participants were prescribed PNT protocol 
based on the results of their quantitative EEG (QEEG) and low-resolution electromagnetic 
tomography analyses. The effects of PNT were analyzed using 1-way analysis of covariance 
(ANCOVA) after controlling pretest scores. The effect size (Cohen’s d), paired t test, and clinically 
significant change were calculated and assessed for all the clinical instruments. 

Results: Thirty patients completed this study. Despite some methodological limitations, 
our results indicated that psychoneurotherapy is significantly efficient on treatment’s target. 
ANCOVA results supported that PNT could significantly improve the severity of OCD 
symptoms, depression, stress, anxiety symptoms, and subjective united distress scale compared 
to what was seen sham feedback control group (All P<0.001). 

Conclusion: Psychoneurotherapy showed preliminarily evidence for the effectiveness in the 
treatment of patients with obsessive-compulsive washing. The study is an attempt to provide 
a new non-invasive treatment of OCD-washing.  Further studies are necessary for confirming 
our findings.
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1. Introduction

CD is a complex neuropsychiatric ill-
ness that is characterized by obsessions 
and compulsions, that the patient in or-
der to prevent anxiety and  distress  or 
to neutralize the obsessions (American 

Psychiatric Association, 2013). OCD is a chronic and de-
bilitating illness and usually causes social, family, and oc-
cupational dysfunctions (Ruscio, Stein, Chiu, & Kessler, 
2010; Taylor, 2011). OCD-washing is one of the most 
common ritual behaviors in Iran’s clinical samples (Ghas-
semzadeh, Khamseh, & Ebrahimkhani, 2005). According 
to Rachman (2004), there are two kinds of contamination: 
contact and mental. Contact contamination refers to the 
situation in which the people come into contact with an 
item that they believe may threaten their physical or men-
tal health. 

On the other hand, mental contamination happens in the 
absence of physical contact and refers to feelings of in-
ternal dirt and therefore urge of washing; for example, a 
blasphemous thought may lead to ritualistic hand washing. 
OCD contamination/washing subtype is distinguishable 
from other OCD subtypes with regard to its neuropsycho-
logical, neurobiological, behavioral, and cognitive aspects 
(Broderick, Grisham, & Weidemann, 2013). Data collected 
from clinical fields, neuroelectrophysiology, psychosur-
gery, neuropharmacology, and neuroimaging research have 
indicated that the dysfunction of Cortico-Striato-Thalamo-
Cortical (CSTC) circuits, play a key role in the etiology 
and maintenance of OCD symptoms (Menzies et al., 2008; 
Milad & Rauch, 2012; Nakao, Okada, & Kanba, 2014). 
OCD is associated with hypermetabolism in orbitofrontal 
cortex, anterior cingulate gyrus, and caudate nucleus (Del 
Casale et al., 2011; Harrison et al., 2009; Mataix-Cols, 
Lawrence, Wooderson, Speckens, & Phillips, 2009). 

Over the past two decades, the rapid development of 
neuroimaging techniques has provided researchers with 
extraordinary opportunity to study the structure and func-
tion of the brain. Among these neuroimaging techniques, 
we can refer to Positron Emission Tomography (PET), 
Magnetic Resonance Imaging (MRI), Functional mag-
netic Resonance Imaging (fMRI), Electroencephography 
(EEG), and Single-Photon Emission Computed Tomog-
raphy (SPECT). Among functional neuroimaging tech-
niques, EEG has the best temporal resolution (Coburn 
et al., 2006) which qualifies and analyzes the waveforms 
that occur on the surface of the brain and subsequently 
makes the analysis of human brain functions (i.e. cogni-
tion, emotion, and behavior) possible. Moreover, hos-
pitals and private clinics can easily use it because of its 

conciseness and simplicity. Low-Resolution Electromag-
netic Tomography (LORETA) is a modern technique to 
localize electrical neuronal activity of the brain detected 
on the scalp from EEG recordings and computes them to 
3D distribution. LORETA inverse solutions provide clini-
cal researchers with a useful and cost-effective measure 
(Pascual-Marqui, 2002). 

Quantitative Electroencephalography (QEEG) provides 
some clear evidence about brain waves abnormalities in 
OCD. In the same vein, abnormal EEGs have been ob-
served in patients with OCD (Kuskowski et al., 1993; Lo-
catelli, Bellodi, Grassi, & Scarone, 1996; Bucci et al., 2004; 
Pogarell et al., 2006; Velikova et al., 2010; Koprivova et al., 
2011; Koprivova, Horacek, Raszka, Brunovsky, & Prasko, 
2013; Olbrich et al., 2013). Resting state EEG source lo-
calization studies reported that cingulate gyrus plays an 
important role in OCD (Koprivova et al., 2011; Sherlin & 
Congedo, 2005; Velikova et al., 2010). LORETA technique 
showed an increase in low-frequency and beta EEG activity 
in OCD patients at rest in cingulate gyrus (Pascual-Marqui, 
2002; Pascual-Marqui, Michel, & Lehmann, 1994). 

Increased resting-state beta activity in the cingulate 
gyrus in OCD individuals was reported (Velikova et 
al., 2010). Koprivova et al. (2011) found elevated low-
frequency activity (2-6 Hz) in the medial frontal cortex, 
especially anterior cingulate gyrus. Higher pretreatment 
delta in anterior cingulate was associated with a worse re-
sponse to SSIRs (Fontenelle, Mendlowicz, Ribeiro, Pie-
dade, & Versiani, 2006) and neurofeedback (Koprivova 
et al., 2013), also higher pretreatment beta in middle of 
posterior cingulate gyrus was associated with a better re-
sponse to neurofeedback (Koprivova et al., 2013). 

Over many decades, OCD was considered one of the 
most resistant mental disorders to treatment. OCD treat-
ment is unpredictable; 40% to 60% of patients have inad-
equate response to treatment (Pallanti & Quercioli, 2006; 
Bjorgvinsoon, Hart, & Heffelfinger, 2007). Currently, 
pharmacological treatment like Serotonin Reuptake In-
hibitors (SRIs) and Cognitive Behavior Therapy (CBT) 
are the selected treatments for OCD. Potential side ef-
fects of the drug and relapse rates (24% to 89%) are the 
main problems of pharmacological treatment in patients 
with OCD (Hollander et al., 2003; Koran, Hackett, Rubin, 
Wolkow, & Robinson, 2002). Relapse rate of the disease 
within three months after the CBT termination was higher 
than 50% (Simpson, Franklin, Cheng, Foa, & Liebowitz, 
2005; Anand, Sudhir, Math, Thennarasu, & Reddy, 2011). 
Besides, psychological and pharmacological methods usu-
ally use the same treatments, regardless of the content of 
the obsessions (e.g. contamination, religious) and whether 
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compulsions and the related rituals are overt (e.g. wash-
ing, checking) or covert (e.g. praying, counting). There-
fore, more studies should be conducted on safer and more 
effective treatments for obsessive-compulsive washers. 

Psychoneurotherapy (PNT) is based on Brain-Computer 
Interface (BCI) technology. It is a simple and noninvasive 
therapy based on clinical cognitive neuroscience to treat 
cognitive and emotional impairments. PNT offers the pos-
sibility to study the relation between clinical symptoms 
and localized brain activation. It enables us to study the 
influence of brain activity manipulation as an independent 
variable on clinical symptoms as the dependent variables 
(Paquettea, Beauregard, & Prévoste, 2009). Besides, the 
behavioral modification caused by the operant training of 
localized brain areas could suggest a novel noninvasive 
therapeutic approach for neuropsychiatric disorders. The 
only study examined PNT effectiveness was Paquettea et 
al. (2009), which showed that PNT had been effective on 
the normalization of high beta brain waves (18-30 Hz) and 
on reducing the rumination, negative thoughts, anxiety, 
and behavioral inhibition of major depression disorder. To 
the best of the authors’ knowledge, no study has been pub-
lished on the application of PNT in OCD so far. The ob-
jective of the present study was to conduct a preliminary 
investigation of the effectiveness of PNT for OCD-wash-
ing, by quasi-experimental method. We hypothesized that 
patients would show significant reductions in OCD symp-
toms by receiving Psychoneurotherapy. 

2. Methods

This research was a quasi-experimental study. Patients 
were recruited from the Pardis Center Clinical Psychol-
ogy Service in Mashhad, Iran (from 2013 to 2015). A to-
tal of 40 patients were selected using inconvenience sam-
pling method and then were randomly divided into two 
groups: PNT group (n=20) and sham feedback control 
group (n=20). PNT was applied for 20 sessions (twice per 
week). Both groups received drug treatment. The sham 
feedback group had the usual psychiatry treatments; be-
sides they were exposed to record EEG signals of other 
patients 10 times during the process. All patients were 
treatment-naïve at the time of assessment. 

The inclusion criteria adopted for this study included 
having OCD criteria as identified by DSM IV-IR in 
axis I and Y-BOCS-SR≥16 [scores are classified as 
mild subclinical (0-7), mild (8-15), moderate (16-23), 
severe (24-33), and extreme (34-40). Age between 
20-45 years, holding a degree of junior high school or 
higher and being medication free. All subjects were 
right handed and with normal vision.

The patients with the history of psychotic disorders, sub-
stance or alcohol abuse, other comorbid axis I disorders, 
as well as medical or neurological diseases, low IQ (lower 
than 90), and previous treatment with psychotropic medi-
cation least 10 sessions of psychotherapy were excluded or 
the study. After presenting the logic of the treatment, the 
written consent forms were given to the patients. The study 
was approved by the institutional review board. To deter-
mine the sample size, a significance level of 0.05, power 
of 0.08, and an error of 0.02 were set (Cohen & Manion, 
1992). Ten (24%) patients dropped out in process of the 
clinical trial (5 participants from the PNT and 5 from the 
sham feedback group), for various reasons, such as failure 
to comply with sessions, pregnancy, or dissatisfaction.

Participants’ demographics (sex, age, education, marital 
status, duration of illness, previous treatment) and intel-
ligence were recorded. For the assessment of intelligence, 
the Standard Progressive Matrices (SPM) (Raven, 1991) 
was used. The Edinburgh handedness inventory (Oldfield, 
1971) was used to determine handedness.

Structured Clinical Interview for Axis I was used in this 
study for the diagnosis of OCD-washing (First, Spitzer, 
Gibbon, and Williams 2002). This interview has a good 
reliability for the diagnosis of mental disorders. SCID-I 
deals with evaluation of major mental disorders. SCID-I 
was used in this study for the diagnosis of OCD-wash-
ing. This study used the translated and adapted version 
by Sharifi et al. (2004). Diagnostic agreements of Persian 
version of SCID-I is above 0.60, overall weighted κ is 
0.52 for current diagnosis, and 0.55 for all diagnosis of 
life-time (Sharifi et al. 2004). The other version used by 
this study was SCID-II, which was translated and adapted 
by Bakhtiari (2000). SCID-II deals with the evaluation of 
personality disorders (i.e. axis II in DSM IV). Bakhtiari 
(2000) obtained 0.95 for consistence coefficient of its test-
retest with one week interval.

The Yale Brown Obsessive Compulsive Scale Self-
Report (Y-BOCS-SR) (Goodman et al., 1989) is usually 
known as the gold measure of symptom improvement in 
OCD treatment studies (Steketee, Frost, & Bogart, 1996). 
Y-BOCS shows good reliability (a=0.88 to 0.91) and ex-
cellent internal consistency (Goodman et al., 1989). The 
Iranian version (Rajezi-Esfahani, Motaghipour, Ambiz-
Kamkari, Zahiredin, & Janbozorgi, 2012) has excellent 
internal consistency (Cronbach α=0.97). The Y-BOCS 
is a 10-item self-report measure of obsessions (items 
1–5) and compulsions (items 6–10). Each item is rated 
on a five-point Likert Scale ranging from 0 (0=none) to 4 
(4=extreme symptoms). Its score ranges between 0 and 40 
with a cut point score >16 revealing clinically important 
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symptoms (storch et al., 2010). Classification of scores is 
as follows: subclinical (0-7), mild (8-15), moderate (16-
23), severe (24-33), and extreme (34-40). 

Depression, Anxiety and Stress Scale-21 (DASS-21)Lovi-
bond & Lovibond, 1995) is a self-report questionnaire with 
21 items which measures symptoms of anxiety, depression, 
and stress. For a nonclinical sample, it has demonstrated 
excellent internal consistencies among its three subscales 
(Cronbach α=0.82-0.90), good convergent and discriminat-
ing validity (r=0.70-0.72), and adequate reliability (Cron-
bach α=0.90-0.95) (Henry & Crawford, 2005). This instru-
ment has been translated into Persian and its reliability and 
validity have been proved (Sahebi, Asghari, and Salari 2004).

Maudsley Obsessional-Compulsive Inventory (MOCI) 
is a true-false questionnaire with 30 items for the assess-
ment of obsessive and compulsive symptoms (Hodgson & 
Rachman, 1977). The MOCI has introduced as a golden 
measure in evaluation of treatment findings. The MOCI 
assesses OC symptoms across four factors: 1) washing; 
2) Checking; 3) Slowness-repetition; and 4) Doubting- 
conscientious. Studies have demonstrated good internal 
consistency for the subscales, ranging from 0.60 to 0.87 
(Clare, 2003). The validity and reliability have been ap-
proved by Rachman & Hodgson (1980), and Ghassemza-
deh et al. (2005). In Iran, Ghassemzadeh et al. (2005) 
have applied MOCI-30 in their investigations

Subjective Units of Distress Scale (SUDS) is a self-mon-
itoring scale applied to rank distress units degree from 0 to 
10. 0 represents no distress, while 10 indicates the highest 
level of distress (Wolpe & Lazarus, 1966). This scale is em-
ployed in this work to determine the level of distress in par-
ticipants. The presented study used this scale to determine 
the degree of distress among the participants.

Quantitative Electroencephalography (QEEG) was re-
corded in an eyes-open provocation stimuli condition, 
using 19 surface electrodes (Electro-Cap, Eaton, Ohio, 
USA) based on the international 10-20 system. The EEG 
was amplified by Mitsar EEG 201 System (Mitsar Medi-
cal Diagnostic Equipment, Russia). The data were record-
ed using a sampling rate of 250 Hz with a frequency band 
of 1 to 30 Hz. In the present study, 19 EEG channels (Fp1, 
Fp2, F7, F8, F3, F4, Fz, T3, T4, C3, C4, Cz, T5, T6,Pz, 
P3, P4, O1, O2) were used for the analysis. All electrodes 
were referred to linked ears. The resistance of electrodes 
was maintained below 5 kΩ.  

Processing of EEG signals were performed utilizing 
NeuroGuide Delux (version 2.3.8). In order to obtain 
Artifact-free epochs, they were visually analyzed by an 

expert. In total, 30 to 40 artifact-free EEG epochs (60 
seconds) were selected for analysis. Using a Fast Fourier 
Transformation (FFT) algorithm, the EEG epoch time 
domain was converted into frequency domain. The defi-
nition of frequency bands are as follows: delta (1-4 Hz), 
theta (4-8 Hz), alpha (8-12 Hz) and beta (12-30 Hz) for 
which absolute and relative powers were calculated in 
each frequency band. By application of NeuroGuide nor-
mative database, all power values were then transformed 
into Z scores. Data analysis was performed by the Low 
Resolution Electromagnetic Tomography (LORETA) 
and a normative EEG database. In this study, we used the 
LORETA-Key software package 2003 (Key Institute for 
Brain-Mind Research, Zurich, Switzerland). 

LORETA is a modern technique to localize electrical 
neuronal activity of the brain detected on the scalp from 
EEG recordings and computes them to 3D distribution. 
LORETA inverse solutions provide clinical studies with 
a useful and cost-effective measure (Pascual-Marqui, 
2007). Based on LORETA, the Z score of ≤-1.5 or ≥1.5 
was considered as an indicator for abnormality in score 
localization. Provoking EEG was recorded between 3 PM 
to 7 PM for all participants in a dimly lit (approximately 
40 Lux), sound attenuated room with the average tem-
perature of 20°C to 23°C. The participants were comfort-
ably seated in a reclining chair in half lying position (ap-
proximately 45° inclination). No smoking and no caffeine 
consumption were allowed up to 3 hours before EEG 
recording. According to Salinsky, Oken, and Morehead 
(1991) repeated samples of EEG had high reliability; at 
20-seconds, 40 seconds, and 60 seconds, they were ap-
proximately 82%, 90%, and 92% reliable respectively.

Pictures depicting contamination/washing (washing 
subset) were chosen from the Berlin COD-picture set 
(BOCD-PS) (Simon, Kischkel, Spielberg, & Kathmann, 
2012). The stimulus set has demonstrated good validity 
and has shown to reliably provoke symptoms in patients 
with OCD (Saremi et al. In Press). Twenty pictures were 
chosen for this dimension in the current study. The neutral 
pictures (NE; e.g. nature scenes) have been selected from 
the International Affective Picture System (IAPS) (Lang, 
Bradley, & Cuthbert, 2005). The pictures were shown to 5 
clinicians with experience in OCD to ensure cross cultural 
validation of images. In case an image was perceived as 
culturally inappropriate, it was replaced with a similar pic-
ture from Iranian background to increase cultural validity. 
Pictures that were too simple or too complex were also 
excluded. Stimuli were presented on a Samsung 19-inch 
monitor with a graphic resolution of 1024×768 pixels at 
a distance of approximately 70 cm from the participants. 
The trial started with a gray fixation cross (3000 ms) fol-
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lowed by the target pictures which lasted on the screen for 
4000 ms and intervals of either 11000, 12000, or 13000 
ms and ended with a white fixation cross. The pictures 
order was pseudo-randomized with no more than 3 pic-
tures of each stimulus set in a row. The trial took about 9 
minutes and the EEG was recorded for each patient.

Psychoneurotherapy (PNT) is based on Brain-Computer 
Interface (BCI) technology. It is a clinical and noninvasive 
therapy based on clinical cognitive neuroscience to treat 
cognitive and emotional impairments. In this study, PNT 
was developed based on the relationship between the lo-
calization of abnormal EEG activity and OCD symptom-
atology. Our PNT plan for OCD comprised three stages; 
assessment, socialization, and intervention. The first stage 
included OCD-washing specific diagnostic and question-
naire, which was an OCD hierarchy creation on a scale 
ranging from 0 (no urge) to 9 (very strong urge), instructions 
to photograph personal OCD triggers and EEG recording in 
eyes-open condition while exposing to contamination-relat-
ed stimuli from Berlin OCD (Simon et al., 2012). 

The socialization stage included the treatment, inform-
ing the patient of OCD diagnosis (providing OCD book-
lets), presenting the logic of PNT with emphasis on EEG 
and cognitive emotional information processing theory 
(providing PNT booklets). Finally, the intervention in-
cluded preparing a list of signs and symptoms which trig-
ger obsessive thoughts (internal - external) and ritual be-
haviors and avoided situations, asking the subjects to take 
pictures of provocative stimuli of OCD personal, evalu-
ation of subjects, case formulations, providing subjects 
with homework and review at the beginning of each ses-
sion and allowing them to know the agenda and purpose 
of each session before the start of the session. 

All patients received 20 sessions of PNT (60 minutes 
each) twice a week for 10 weeks.This study included 10 
sessions of training neurofeedback based on brain waves 
pattern and 10 sessions of the presenting neurofeedback 
contamination-related animations followed by two ses-
sions of booster. In the first ten sessions, every subject 
received neurofeedback training considering their QEEG 
pattern. Neurofeedback training which rewards or repress-
es electrical brain activity, is a kind of operant condition-
ing (Demos, 2005). Each first 10 neurofeedback sessions 
was composed of eight to ten blocks of 3-4 minutes of ac-
tive neurofeedback training separated by 1-minute breaks. 
During these sessions, the participants were asked to focus 
their visual attention on the computer screen, while the 
therapist motivated them to actively work on brain activ-
ity variations and associate them with their mental statues.

In the second 10 sessions of PNT, each participant was 
gradually exposed to individualized animations (Exi-
miousSoft GIF Creator V7.21) based on the hierarchy of 
obsessions, anxiety-provoking, and avoided situations. 
The animations were on trigger contamination obses-
sions/washing compulsions in order to challenge the pa-
tients’ ability to self-regulate brain activity. In intervening 
stage by receding brain waves from the desired target (e.g. 
the increase of theta waves), the animation stops moving.

To achieve the desired objectives, the patients had to 
change their brain waves in the determined direction. 
By repeating treatment sessions, the brain was gradually 
conditioned to make changes. Providing neurofeedback 
protocol was based on each individual’s QEEG pattern. 
The PNT protocol of each participant aimed at decreasing 
excessive beta power at central and frontal brain areas. 
The most commonly trained brain areas were for mono-
polar: Fz, F4, F3, CZ, Fcz, Pz and for bipolar: FP1-FP2, 
C3-C4, F3-F4, C3-Fz. 

In fact, QEEG-guided neurofeedback aimed to normal-
ize deregulated brain regions that were related to specific 
clinical symptoms. Procomp Infiniti-2 software (Canadi-
an Thought Technology Co.) was applied for neurofeed-
back training.

After being briefed about the research purpose, partici-
pants signed the consent forms. All participants complet-
ed a demographic questionnaire. The participants were 
interviewed and afterwards Y-BOCS questionnaire and 
MOCS, SUDs, DASS assessments and QEEG recording 
were undertaken before the therapy. Ten days after the last 
treatment session, the same assessments were conducted. 
It must be noted that all percipients voluntary contributed 
in the study and ethical considerations of the research 
were investigated and approved by the institutional re-
view board (Institute for Cognitive Science Studies, Teh-
ran, Iran). All information was kept confidential.

All statistical analyses were done using SPSS version 
20 (Chicago, IL) for Windows. To determine the homo-
geneity of the experimental and control group, Chi-square 
tests and t (independent) tests were used. Paired samples t 
tests were used to compare pre-and post-treatment values 
for all scales on both groups. The effects of PNT were 
analyzed using 1-way analysis of covariance (ANCO-
VAs) after controlling pretest scores. The homogeneity of 
variance and covariance pre-assumptions were tested us-
ing Levene’s test and Mauchly’s test, and the assumptions 
were met. Effect size (Cohen’s d, 1988) and mean percent-
age reduction (MPR) (A%=A0-A1/A0 ×100: A0=initial; 
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A1=final) were calculated for all clinical instruments. The 
EEG data processed to QEEG with Neuroguide software. 

3. Results

Demographic and clinical features of each patient are 
shown in Table 1. There were no significant differences 
between the experimental and control groups regarding 
age, gender, education level, IQ, marital status, age at 
onset of symptoms, and duration of OCD-washing. The 
mean age of the participants was 32.16 years (SD=6.07). 
Mean age of OCD onset was 20.67 years (SD=3.62) and 
patients suffered from OCD for almost 11.17 years on 
average (SD=4.75). The mean Y-BOCS total score was 
24.07 (SD=3.34) indicating marked psychopathology. 
The majority of the participants were female. The female 
to male ratio was 12:3 in the PNT group and 13:2 in the 
sham feedback group. The BDI-II scores of the OCD 
patients (Table 1) represent minimal severity. Scores are 
classified as minimal (BDI: 0-13), mild (BDI: 14-19), 
moderate (BDI: 20-28), or severe (BDI>29). 

The mean scores and standard variations at the post-
treatment stage are tabulated in Table 2. There were no 
significant baseline differences for mean clinical out-
come measures between the PNT and sham feedback 
(SFB) groups (Y-BOCS total: t=-0.643, P=0.526; MOCS: 
t=0.174, P=0.863; DASS: t=-0.688, P=0.497; SUDS: 
t=0.254, P=0.801). The results of Levene’s test showed a 
significant Y-BOCS total score [F(28, 1)=1.13, P=0.96].

To analyze the effect of each treatment condition on 
outcome measures, the paired t test was used. These re-
sults indicated a significant difference between the pre-
test and posttest scores of each outcome measure in the 
PNT and SFB conditions, meaning that PNT reduced 
the severity of OCD symptoms, as well as depressive, 
anxiety, and stress symptoms. ANCOVA was used with 
pretest scores as the covariate. The ANCOVA results, 
effect size (Cohen’s d) and the mean percentage reduc-
tion of the outcome measures at the pretest and posttest 
points are presented in Table 3. ANCOVA results showed 
that PNT led to a more significant improvement in the 
severity of OCD symptoms, depression, stress, anxiety 
symptoms, and subjective united distress (All P<0.001) 
than sham feedback control group. After treatment, 
symptoms were significantly reduced regarding Y-BOCS 
(PNT=52.97%, SFB=29.17%), MOCS (PNT=59.88%, 
SFB=22.37%), SUDS (PNT=43.85%, SFB=19.25%), 
and DASS (PNT=47.97%, SFB=36.43%). The ef-
fect size (Cohen’s d) between initial and final Y-BOCS 
(PNT=2.67, SFB=1.77), MOCS (PNT=1.94, SFB=0.72), 
SUDS (PNT=1.15, SFB=0.55), and DASS (PNT=2.72, 
SFB=2.63) with significant statistical difference between 
treatments. Large effect sizes were observed for differ-
ences between the PNT and SFB groups. 

4. Discussion

Clinical, epidemiological, neuropsychological, and in-
tervention studies have demonstrated the heterogeneous 
nature of OCD. This study was mainly aimed to find an 

Table 1. Demographic and clinical characteristics of the participants.

Variable
PNT=15 SFB=15 T/χ2 Sig.

Mean SD Mean SD

Age (y) 31.53 5.37 32.80 6.78 -0.567 0.57

Gender (female/male) 12:3 13:2 χ2 (0.42) 0.62

Marital status (single/married) 6:9 4:11 χ2 (0.85) 0.72

Education (y) 14.33 3.41 14.60 2.69 -0.237 0.81

Age at onset of symptoms 20.07 3.73 21.27 3.51 -0.907 0.37

Duration of symptoms (y) 11.27 4.68 11.07 4.83 0.115 0.90

IQ (general) 111.07 5.02 112.33 3.18 -0.826 0.416

BDI-II 13.20 1.70 12.93 1.71 0.428 0.672

Abbreviations: PNT: Psychoneurotherapy; SFB: Sham Feedback; SD: Standard Deviation; IQ: Intelligence Quotient; BDI-II: 
Beck Depression Inventory- Second Edition.
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answer to this question; “Is PNT an effective treatment for 
OCD-washing?”. This was the first study in Iran addressing 
effectiveness of PNT for OCD-washing. Both treatments 
(PNT and SFB) were shown to be effective in reducing 
obsessive–compulsive symptoms. Findings have indicated 
a reduction of the obsessive-compulsive symptoms sever-
ity in PNT group. The improvement percentage of the ob-
session-compulsion scores was significantly greater in the 
PNT group compared to sham feedback group.  

The only study examining PNT effectiveness was Pa-
quettea et al. (2009), which indicated that PNT was effective 
on the normalization of high beta brain waves (18-30Hz) 
and reducing the rumination, negative thoughts, anxiety, 
and behavioral inhibition of major depression disorder. The 
present study findings are in line with previous research 
in effectiveness of neurofeedback on improving the OCD 
symptoms (Hammond, 2003, 2004; Lazarov, Dar, & Oded, 
2010; Ye, An & Wang, 2010; Koprivova et al., 2013; Deng 
et al., 2014). In this study, patients with OCD showed sig-

nificantly reduced symptoms after treatment, with a large 
effect size. The average Y-BOCS for PNT recovered or im-
proved at post-treatment was 12.53 (SD=4.90).

 According to Fisher and Wells (2005), a cutoff score of 
14 on the Y-BOCS is considered as a clinically signifi-
cant change and of 10 as a reliable change. Rufer, Fricke, 
Moritz, Kloss, and Hand (2006) stated that regarding Y-
BOCS score, patients with a decrease of ≥35% may be 
classified as responders while those with a decrease of 
35% can be classified as non-responders. Patients with 
OCD demonstrate significant reduction in cerebral metab-
olism in the orbitofrontal cortex, anterior cingulate cortex, 
caudate nucleus, cerebellum, and thalamus post-treatment 
(Saxena et al., 1999, 2009; Schwartz et al., 1996). 

Previous before and after treatment Comparative studies 
facilitate the estimation of correlation between changes 
of brain function and clinical symptoms improvement 
for both  pharmacological and  psychological treatments 

Table 2. Means, standard deviations and paired t results for the outcome measures.

Groups PNT=15 SFB=15

Stages Pretest Posttest Paired 
t=(14) P

Pretest Posttest Paired 
t=(14) P

Measures Mean SD Mean SD Mean SD Mean SD

Y-BOCS 23.67 5.01 11.13 4.40 9.912 0.000 24.47 3.67 17.33 4.37 7.389 0.000

MOCS 8.80 3.18 3.53 2.13 9.471 0.000 8.67 3.02 6.73 2.28 3.194 0.006

SUDS 7.00 2.69 3.93 2.62 6.227 0.000 7.27 2.79 5.87 2.25 2.881 0.012

DASS 67.27 7.33 35.00 12.13 32.663 0.000 68.07 7.03 43.27 11.28 19.892 0.000

Abbreviations: Y-BOCS: Yale Brown Obsessive Compulsive Scale; MOCS: Maudsley Obsessional-Compulsive Inventory; 
SUDS: Subjective Units of Distress Scale; DASS: Depression, Anxiety, and Stress Scale.

Table 3. Mean percentage reduction, effect size (Cohen’s d), and ANCOVA results for the outcome measures.

MPR Effect Size (Cohen’s d) ANCOVA

Groups
PNT SFB PNT SFB F P η2

Measures

Y-BOCS 52.97 29.17 2.76 1.77 23.559 0.000 0.997

MOCS 59.88 22.37 1.94 0.72 52.651 0.000 1.000

SUDS 43.85 19.25 1.15 0.55 13.165 0.001 0.938

DASS 47.97 36.43 2.72 2.63 21.453 0.000 0.994

Abbreviations: MPR: Mean Percentage Reduction; ANCOVA: Analysis of Covariance.
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(Baxter et al., 1992; Saxena et al., 1999, 2009; Schwartz 
et al., 1996; Nakao et al., 2005; Yamanishi et al., 2009; 
Apostolova et al., 2010). Moderate to large effect sizes 
were reported by Lack and Storch (2008), when applying 
computer-administered CBT for OCD. Tot, Ozge, Come-
lekoglu, Yazici, and Bal (2002) reported decreased beta 
activity in left frontal during hyperventilation for OCD 
treatment responders.

QEEG research suggests that individuals with OCD 
show a different pattern of brain waves activity. An in-
crease in alpha and beta waves (Velikova et al., 2010; 
Bolwig, Hansen, Hansen, Merkin, & Prichep, 2007), 
decrease in alpha and beta waves (Bucci et al., 2004; 
Serra, Palma, Nolfe, & Buscaino, 1994) and delta or 
theta waves increase (Koprivova et al., 2011; Velikova 
et al., 2010; Pogarell et al., 2006; Karadag et al., 2003; 
Tot, Ozge, Comelekoglu, Yazici, & Bal, 2002; Simpson, 
Tenke, Towey, Liebowitz, & Bruder, 2000) were reported 
in OCD patients. For instance, the results of Bucci et al., 
(2004) suggests a relative decrease of  alpha band activity 
among OCD patients  before treatment, which was then 
normalized following  the treatment. Patients with OCD 
have shown an increase in the theta band at frontotempo-
ral regions (Karadag et al., 2003). 

The results of different EEG studies in OCD patients 
have so far been mostly inconsistent. The reason for these 
inconsistencies is varied and includes lack of a control 
group, difference in EEG methods, medication differenc-
es, and heterogeneity of the samples. Based on neuroim-
aging data, Nakao et al. (2005) reported that CBT changed 
brain activity in patients with OCD when responding 
to symptom provocation and neuropsychological tasks. 
Based on the QEEG, Prichep et al. (1993) diagnosed two 
clusters of OCD: cluster 1 included excess relative power 
in theta (on frontal and fronto-temporal areas) and cluster 
2 included excess relative power in alpha (especially on 
T5, P3, O1 areas), which responded differently to SRIs. 
While 20% of cluster 1 showed a positive response to 
SRIs, 82.4% of cluster 2 showed a positive response to 
SRIs. A case study conducted by Hammond (2003) and 
(2004) has reported the effect of neurofeedback training 
on the improvement of OCD symptoms.

In a study conducted by Koprivova et al. (2013), 20 pa-
tients with OCD were selected and randomly divided into 
two groups, neurofeedback (n=10) and sham feedback 
(n=10). The treatment protocol was based on the QEEG 
findings. The results indicated that the reduction percent-
age of compulsive behaviors of neurofeedback group was 
significant compared to feedback sham group, but there 
was not a significant difference in the obsessive thoughts, 

depression, and anxiety scales between two groups. Be-
sides, after the treatment, a decrease of the relative alpha1 
power (8-10) was reported on posterior cingulate gyrus 
and also a decrease of absolute beta3 power. 

Baioui et al. (2013) showed that after improving clinical 
symptoms of obsessive-compulsive washers with CBT, 
the hyperactivity of frontostriatal circuit reduced. Further-
more after the treatment, the analysis of fMRI results of 
OCD patients showed a reduction in the nucleus accum-
bens and posterior supramarginal gyrus activities during 
symptoms provocation of individualized stimulus OCD 
(washing/contamination) and a reduction in the orbito-
frontal cortex, nucleus caudatus, ventrolateral prefrontal 
cortex and anterior supramarginal gyrus activities during 
symptoms provocation of standardized Maudsley Obses-
sive Compulsive Stimuli Set (MOCSS). This confirms the 
validity of symptoms provocation.

A neuroscientific review study for OCD by Nakao et al. 
(2014) has reported that CBT reduced compulsive behav-
iors and improved cognition by acting on the cortical re-
gions, (especially the dorsolateral prefrontal cortex). Also 
selective serotonin reuptake inhibitors and neuroleptics 
cause the emotions improvement and reduction of obses-
sions by acting on the limbic system and the basal ganglia 
areas. Clinical expertise often turn toward strategies that en-
hance the therapeutic effect thereby they can optimize the 
improvement rate of OCD symptoms. Deng et al. (2014) 
demonstrated that the neurofeedback adjunctive with CBT 
and pharmacological treatment not only reduced OCD 
symptoms, but also improved neurocognitive functions.

Review of previous researches reveals lack of the stud-
ies focused on efficacy of PNT for OCD patients. How-
ever, in accordance with the result of the present study,  
there are some studies which show the effectiveness of 
CBT on OCD treatment (Otte, 2011; Olatunji, Cisler, & 
Deacon, 2010). Although neuroimaging studies of OCD 
psychotherapy are limited, some research on the effects 
of psychotherapy on brain structure and function have had 
promising results. Psychotherapy decreases the hyperac-
tivity of brain regions that are associated with compulsive 
behaviors (Nakao et al., 2014), also decreases the activ-
ity in the amygdalohippocampal subcortical region (i.e. 
bottom-up processing), and increases the activity in the 
frontal cortical regions (i.e. top-down processing) (Clark 
& Beck, 2010). Finally, in explaining the results obtained, 
we can argue that the changes in overt behaviors are in fact 
a reflection of the changes in the brain (covert behavior). 

Attempts to change brain waves through methods such 
as PNT lead to changes in the brain functioning. Any 
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changes following the treatment in the electrical activ-
ity of the brain reorganize the whole electrophysiologi-
cal system. This reorganization creates a comprehensive 
normalization, reflective and natural reaction on the brain 
that leads to improvement. Therefore, EEG changes are 
likely the results of complex reorganization of EEG activ-
ity. As a result, PNT by modifying abnormal brain waves 
can be considered as one treatment option for patients 
with OCD. The most important point of this study is the 
application of psychoneurotherapy method based on the 
clinical cognitive neuroscience for the first time in Iran.

Patient-specific treatment protocols could enhance the 
effectiveness of PNT. However, one of the limitations of 
this paper was that such treatment protocol was designed 
and applied for the first time on OCD-washing in Iran, the 
fore restricting generalization of these results. Moreover as 
the sample size of this study was relatively small selected 
via convenient sampling, it is recommended to apply ran-
dom sampling and consider larger sample sizes in future 
works in order to be able to generalize the results. Also, 
the sample included specific, highly educated people, so 
the findings might be limited to this group people. The 
clinical variables of this study were based on dimensional 
self-report questionnaires, which limit their validity. Also 
as OCD-washing patients with no other comorbid condi-
tions were the subject of present study, results could not 
be generalize for the all OCD-washing patient who suffer 
from the comorbid conditions. Also, future studies have 
better to investigate the rate of recovery and improvement 
at short- and long-term follow-ups. The comparison be-
tween the clinical impacts of PNT and those of traditional 
treatments for OCD is also of crucial importance.

In conclusion, PNT is a non-invasive treatment which 
could improve the obsessive-compulsive, depressive, and 
anxiety symptoms effectively in patients with OCD. PNT 
could adjust the patient’s abnormal brain electrical activity 
resulting in improving clinical OCD symptoms. This is the 
first study carried out in Iran, which adopted PNT in the 
management of patients with OCD-washing. The results of 
this preliminary investigation focused on more controlled 
assessment researches addressing effectiveness of OCD 
are necessary. The study has some significant implications.
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