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ABSTRACT

The human brain is considered as a self-organizing system with self-similarities at various temporal and spatial
scales called “fractals”. In this scale-free system, it is possible to decode the complexity of information processing
using fractal behavior. For instance, the complexity of information processing in the brain can be evaluated by
fractal dimensions (FDs). However, it is unclear how over-elaboration of information processing impacts the di-
mensionality of its fractal behavior. In this study, we hypothesized that FDs of electroencephalogram (EEG) in
obsessive-compulsive disorder (OCD) should be higher than healthy controls (HCs) because of exaggeration of
information processing mainly in the frontal regions. Therefore, a group of 39 OCDs (age: 34.76+8.22, 25 female,
3 left-handed) and 19 HCs (age: 31.94+8.22, 11 female, 1 left-handed) were recruited and their brain activities
were recorded using a 19-channel EEG recorder in the eyes-open resting-state condition. Subsequently, fractal
dimensions of the cleaned EEG data were calculated using Katz’s method in a frequency band-specific manner.
After the test of normality, significant changes in the OCDs as compared to the HCs were calculated using a two-
sample t-test. OCDs showed higher FDs in the frontal regions in all frequency bands as compared to HCs. Alt-
hough, significant increases were only observed in the beta and lower gamma bands, mainly at the high beta.
Interestingly, neurophysiological findings also show association with severity of obsessive behaviors. The results
demonstrate that complexity of information processing in the brain follows an intimate nature of structural and
functional impairments of the brain in OCD.

Keywords: Electroencephalography (EEG), obsessive-compulsive disorder (OCD), fractal analysis, Katz fractal
dimension, complexity
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INTRODUCTION

The human organs and mainly the brain
could resemble a complex nonlinear system.
Therefore, nonlinear methods such as fractal
analysis could also help to better understand
the functionality of the brain and its related
dysfunctions (Iglesias-Parro et al., 2016). The
fractal theory has been used to study the na-
ture of behavioral and cognitive dysfunctions
using biological data. For instance, decrease
of FDs of heart-rate variations (Kojima et al.,
2008) and increase of fractal fluctuations of
gait temporal patterns (Aybek et al., 2012)
have been related to depressive behavior.
Also, lower FDs of mood time series in pa-
tients with affective instability have been doc-
umented using a visual analog mood scale
(Woyshville et al., 1999). Fractal theory has
also proven to be a suitable tool to analyze
EEG data in the frequency domain
(Phothisonothai and Nakagawa, 2008;
Zappasodi et al., 2014). For instance, the FDs
of EEG data from bipolar patients with a
manic episode are significantly augmented
(Bahrami et al., 2005). Higuchi FD is exten-
sively used in EEG signal processing to meas-
ure the complexity of the signals in the time
domain (Higuchi, 1988). Higuchi FDs of EEG
signals from people with major depressive
disorders (MDD) show higher complexity as
compared to HCs (Ahmadlou et al., 2012).
FDs of EEG data have been used to profile
mental disorders. For instance, a recent study
used EEG signal’s Higuchi FD as a nonlinear
feature to classify depressed individuals from
HCs (Hosseinifard et al., 2013).

Obsessive-compulsive disorder (OCD) is
a psychiatric condition (with usual onset be-
fore 35 years), distinguished as the patient
having particular thoughts repeatedly (termed
obsessions), performing specific “rituals”, or
feeling the need to execute a task over and
over again (termed compulsion) as to relieve
these thoughts; such as nail biting, bathing
and hand washing frequently. These recurring
thoughts and actions are difficult to manage
or stop for longer than a short amount of time.
Adult patients are usually aware that these ob-
sessions and compulsions are not rational. At

times, such aspects of OCD makes for a bur-
densome day to day life (Mancebo et al.,
2005). OCD is also linked to behavioral tics,
anxiety disorders, and a greater risk of suicide
(APA, 2013; Angelakis et al., 2015). Another
meta-analysis revealed that OCD patients
tend to have extensive, yet meager cognitive
deficiencies; conspicuously, vis-a-vis verbal
and spatial memory, decision making, flu-
ency, and processing speed. OCD patients ex-
hibit impairment in developing structured ap-
proaches to coding information, motor and
cognitive inhibition, and set-shifting (Abra-
movitch et al.,, 2013; Cetinay Aydin and
Gulec Oyekcin, 2013; Greisberg and McKay,
2003; Keefe, 1995; Kuelz et al., 2004; Rao et
al., 2008; Shin et al., 2008; Yazdi-Ravandi et
al., 2018b, ¢). These findings didn’t indicate
any significant auditory attention deficits
(Shin et al., 2013). Moreover, there have been
reported cases of some types of OCD having
a positive influence on specific tasks, namely
spatial working memory and pattern recogni-
tion (McKay et al., 2004).

The cortico-basal ganglia-thalamo-corti-
cal loop model (CBGTC) is originated from
the finding that the basal ganglia loops asso-
ciated with the orbitofrontal cortex (OFC) and
anterior cingulate cortex (ACC) are involved
in OCD (ergo referred to as the OFC/ACC
CBGTC loops) by means of neuroimaging
(Alexander et al., 1986; Maia et al., 2008).
Obsessions commence when the circuit
ceases to confine implicitly processed infor-
mation, causing that information to be pro-
cessed in explicit processing systems, namely
the dorsolateral prefrontal cortex (DLPFC)
and hippocampus, and eventually leading to
obsessions (Koen and Stein, 2015). The cir-
cuit’s failure to confine information results in
more complex EEG recordings from certain
channels.

While functional changes in the brain as-
sociated with OCD have been studied using
different neuroimaging methods, fairly less is
discovered using the EEG technique (Ortigue
et al., 2009). EEG recording of the brain
waves can be band-pass filtered and catego-
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rized into a number of frequency ranges in-
cluding delta [1-4 Hz], Theta [4-8 Hz] , Alpha
[8-13 Hz], Beta [13-30 Hz], and Gamma [>30
Hz] bands, and several sub-bands including
Alpha 1 [8-10 Hz], Alpha [10-12 Hz], Beta I
[12-15 Hz], Beta II [15-18 Hz], Beta III [18-
25 Hz], Beta IV [25-30 Hz] for more details.
These frequency bands correspond with cer-
tain mental states; for instance, the alpha
waves correspond with attentional processes
and the beta waves reflect emotional and cog-
nitive processes (Klimesch et al., 1998). Re-
lating to OCD, preceding EEG-based re-
searches have demonstrated that there is de-
creased beta and increased theta activity in the
frontal and frontotemporal regions of the
brain in OCD patients (Bucci et al., 2004;
Locatelli et al., 1996; Prichep et al., 1993).

In this paper, it is intended to perform
fractal analysis on the EEG data recorded
from OCD patients and healthy controls, as to
discover significant differences in various fre-
quency bands that would explain neurophysi-
ological data’s complexity and the channel lo-
cations that this complexity is most present in.
Finally, a correlation between fractal dimen-
sion which is a measure of self-similarity, and
ergo complexity, of the signal and the OCDs’
scores on the Yale-Brown obsessive-compul-
sive scale (Y-BOCS) would be studied.

MATERIALS AND METHODS

Participants

The raw data for this work has been col-
lected in the psychiatric ward of Farshchian
(Sina) hospital of the city of Hamadan in
2016. Out of the 39 OCD patients, 25 were
female (age: 34.76+8.22), who met DSM-5
criteria for obsessive-compulsive disorder.
Also, a group of 19 people, 11 of which were
female (age: 31.94+8.22), made up the
healthy control (HC) group. All patients had
taken selective serotonin reuptake inhibitors
(SSRIs). All participants signed informed
written consent before taking part in the
study. This study has been reviewed and
given approval by the local ethical committee

of the Hamadan University of Medical Sci-
ences.

Patients satistfying the following prerequi-
sites were admitted into the study: 1) diagnosis
of OCD (according to the DSM-5 criteria) by
a psychiatrist which is also confirmed at the
end of a clinical interview, ii) scoring at least
16 on the Yale-Brown obsessive-compulsive
scale (Y-BOCS) (Goodman et al., 1989), iii)
aging between 18 and 60. Additionally, par-
ticipants with the following conditions were
excluded from the study: i) any mental disor-
ders apart from OCD, ii) a history of sub-
stance abuse or dependency, iii) any grave ac-
companying medical disorders or neurologic
conditions, iv) history of severe head trauma,
v) intellectual impairment, vi) electroconvul-
sive therapy (ECT) in the span of one year
prior to the study, vii) physical handicap in-
cluding vision, hearing or speech impairment,
paralysis or amputation, viii) pregnancy or
any clinical condition affecting the EEG data
significantly.

Table 1 depicts statistical data on the two
groups taking part in the study. As the table
shows, the p-values cross the threshold of
0.05; and therefore it could be concluded that
the participants’ gender, right/left handed-
ness, and age don’t dramatically change be-
tween subjects, thus the effects of the afore-
mentioned characteristics have not been taken
into account in the analysis.

EEG recording

The EEG data were recorded from the two
groups of subjects, in the Farshchian (Sina)
hospital of Hamadan, from 9 to 11 am. A
Cadwell Easy II Amplifier along with 19
Ag/AgCl surface electrodes, namely: Fpl,
Fp2, F3, F4, F7, F8, Fz, C3, C4, Cz, T3, T4,
T5, T6, P3, P4, Pz, O1, and O2 (with Cz as
the reference electrode) were utilized in a 10-
20 formation (international system) via Elec-
tro-Caps (Electro-Cap International, Inc.).
With a sampling frequency of 200 Hz, the
EEG data were acquired from participants in
a resting state with open eyes. The electrode
impedance was less than 5 k€ for the duration
of the experiment.
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Table 1: Demographic characteristics of the participants

Groups och HC Statistical analysis
Characteris- (n = 39) (n= T- P- 95%
tics 19) value | value  CI
-0.338
Gender -
(MIF) 14 /25 8/11 0.450 0.654 2)0214
-0.120
Handedness 54, 5 18/1 0337 0737 to
(RIL) 0.169
31.94 -2.627
Age (years) | 34.76 £ 10.35 . 1.037 | 0.304 | to
+8.22 8 271
Medication n (%) Dosage range
Medication Sertraline 21 (53.8) 50-150
at time of Citalopram 7(17.9) 20-60
study, n (%), @ Escitalopram | 5 (12.9) 10-20
dosage Fluoxetine 3 (7.70) 20-80
range Fluvoxamine | 2 (5.1) 50-200
Paroxetine 1(2.6) 20-60
Obsession Compulsion | Total Score - - - -
Y-BOCS 11.89+247 | 1041+£3.01 | 22.30+5.11
Max =17.00 | Max =18.00 | Max = 34.00 - - - -
Min = 8.00 Min = 6.00 Min = 16.00

Figurel illustrates the experimental de-
sign. The study steps are described in the fol-
lowing sections.

i 5 . . Y
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a
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raw EEG data from each : preprocessing
participant {bandpass filtering & ICA)

EEG recording

: . two-sample t-test pp———
correlation between OCDs between OCDs' & HCs' computing Katz fractal

Katz FD and scores on YBOCS dimension
Katz FD

Figure 1: Experimental design
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Preprocessing

Using a simple FIR filter with zero phase
shift, the EEG data were bandpass filtered be-
tween 1 to 40 Hz. After segmenting into 3-
second trials, artifacts were removed from the
data, using the ICA technique, followed by
visual inspection. Bad channels, according to
the kurtosis method, were interpolated. Fi-
nally, EEG data were re-referenced to aver-
age. EEG data processing was performed us-
ing MATLAB R2016b (The MathWorks Inc.,
Natick, USA) and the EEGLAB vl14.1.2b
toolbox.

Katz fractal dimension

A fractal is a natural or mathematical set
that showcases a recurrent pattern in every in-
creasingly small scale (Verma, 2016). Fractal
dimension calculates the effective number of
degrees of freedom in a dynamical system
(Clark, 1990) and is a ratio that represents a
statistical index of complexity (Falconer,
2003). There are several approaches to com-
pute the fractal dimension of EEG time series,
including Higuchi’s method (Higuchi, 1988),
Katz’s method (Katz, 1988), box counting
(Liebovitch and Toth, 1989). In this study,
Katz fractal dimension is computed and used
for fractal analysis. Katz FD is computed
from:

FD = log(n) /(log(n) + log(d/L))
(Katz, 1988)

Katz FD =1
T

where “n” is the number of steps in the
waveform (one less than the number of data
points), “d” is the planar extent (diameter) of
the waveform, and “L” is the total length of
the waveform. With this formulation, Katz
FD ranges from 1.0 for straight lines, to about
1.15 for random-walk waveforms, and 1.5 for
the most convoluted waveforms (Katz, 1988).

Figure 2 shows three different data series,
arranged from simplest to most complex. The
first data series is a simple horizontal straight
line, whose Katz FD is equal to one. Next, the
Katz FD of a periodic linear data series, which
is marginally more complex than the first, is
calculated to be 1.0842. Finally, the Katz FD
of'a completely random data series is equal to
1.3635. It can be deduced that as the complex-
ity of a given data series increases, so does the
Katz FD of that data series.

It should be mentioned that since the data
recorded from electrode T4 was noisy almost
for all the subjects, we had to remove it in the
preprocessing stage and we only had 18 elec-
trodes in our analysis. The cleaned EEG data
was also filtered in 12 frequency bands prior
to FD calculation including Delta [1-4 Hz],
Theta [4-8 Hz] , Alpha I [8-10 Hz], Alpha II
[10-12 Hz], Alpha [8-13 Hz], Beta I [12-15
Hz], Beta II [15-18 Hz], Beta III [18-25 Hz],
Beta IV [25-30 Hz], Beta [13-30 Hz], lower
Gamma [30-40 Hz], and Total band [1-40
Hz].
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Figure 2: Katz FD and complexity of three different data series
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Statistical analysis

In this study, group differences in Katz
FD between OCD patients and HCs were sta-
tistically evaluated. After checking the nor-
mality assumption for the Katz FD, using the
Kolmogorov—Smirnov test, a two-sample t-
test was applied. A threshold of p<0.05
(Fisher permutation) was considered to distin-
guish the significant variations of Katz FD in
the two groups of participants.

A 3-way ANOVA was also performed to
present the influences of electrodes, fre-
quency bands, and the group on the EEG frac-
tal dimension.

RESULTS

The fractal dimension of preprocessed
EEG signals from 39 OCD patients and 19
healthy controls were separately computed
for each frequency band, using Katz’s
method. Figure 3 illustrates the boxplots of
HCs’ and OCDs’ band-specific Katz FDs (at
channel locations where there are significant
differences between the two groups of partic-
ipants).

Afterward, a two-sample t-test (two-
tailed) was performed on the Katz FDs of the
two groups. Figure 4 illustrates topological
plots of t-values from statistical comparisons
in various frequency bands. The encircled

channels are those which show significant dif-
ferences between the two groups of partici-
pants. It could be inferred that the EEG sig-
nals from frontal channels (specifically F3)
are more complex in high and very high beta
band (beta III and beta IV).

Additional statistical parameters of signif-
icant channels (encircled) are reported in Ta-
ble 2 in a band-specific manner. These results
are consistent with previous findings, and re-
affirm the role of frontal regions of the brain
in patients with OCD.

The results of three-way ANOVA, pre-
sented in Table 3, showed that there was no
significant influences of electrodes (18 chan-
nels), frequency bands (Delta, Theta, Alpha I,
Alpha II, Alpha, Beta I, Beta I, Beta III, Beta
IV, Beta, lower Gamma, and Total band), and
the group (OCD, and HC) on the EEG fractal
dimension (F=0.18, df=187, SS=0.0712,
p=1). In addition, no significant interaction
between electrodes sites and frequency bands
on the EEG fractal dimension was observed
(F=1.05, df=187, SS=0.4177, p=0.3). Never-
theless, the results showed significant interac-
tion of electrodes sites and groups (F=5.94,
df=17, SS=0.2144, p=0.00), as well as influ-
ence of interaction of frequency bands and
groups (F=2.14, df=11, SS=0.05, p=0.0148)
on the EEG fractal dimension.

Betal Betalll Beta Gamma Total band
T
115 + . . —
+ + N
E 1.1 = . + + N _
1 = —
14— + |
N $
1.3 4 I + + |
1 + N + % % * + + +
a + % + 1
o 12 $ + .
Q = +
1+ _
F3 F3 F7 F3 Fz F4 ] F7 F3 Fz F7 F3 Fz F4 F7 F3 Fz F3

Figure 3: Box plot of HCs’ and OCDs’ Katz fractal dimension
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Figure 4: Statistical differences between OCD’s and HC’s Katz FD in various frequency bands;* denotes
p value < 0.05.

Table 2: Significant statistical differences in EEG FDs between OCD patients and HCs

Frequency Chan- p-value t-value Cohen'sd Confidence Confidence
band nel interval interval
lower bound upper bound

Beta F7 0.0380 2.1268 0.50 0.0016 0.0544

(13-30Hz) F3 0.0062* 2.8506 0.60 0.0118 0.0685

Fz 0.0380 2.1266 0.46 0.0011 0.0391

F4 0.0494 2.0104 0.43 6.3143e-05 0.0511

Beta | F3 0.0314 2.2077 0.51 0.0019 0.0393
(12-15Hz)

Beta Il F3 0.0115 -2.6134 0.57 0.0065 0.0497
(15-18Hz)

Beta lll F7 0.0369 -2.1395 0.50 0.0116 0.0650

(18-25Hz) F3 0.0057* -2.8830 0.60 0.0015 0.0372

Fz 0.0333 -2.1839 0.47 0.0006 0.0488

F4 0.0446 -2.0576 0.43 9.5948e-06 0.0531

F8 0.0499 -2.0052 0.47 -0.0509 0.0341

Beta IV F7 0.0276 -2.2617 0.51 0.0035 0.0580

(25-30Hz) F3 0.0062* -2.8618 0.59 0.0129 0.0740

Fz 0.0295 -2.2382 0.47 0.0023 0.0423

Gamma F7 0.0408 -2.0930 0.47 0.0011 0.0535

(30-40Hz) F3 0.0095* -2.7006 0.55 0.0097 0.0663

Fz 0.0433 -2.0702 0.44 0.0005 0.0379

Total (1-40 Hz) F3 0.0074* -2.7782 0.60 0.0147 0.0908

Abbreviations: OCD — Obsessive-compulsive disorder, HC — Healthy control, FD — Fractal dimension,
* p-value < 0.05, FDR corrected (the correction was performed for all p values).

648



EXCLI Journal 2021;20:642-654 — ISSN 1611-2156
Received: August 11, 2020, accepted: March 09, 2021, published: March 15, 2021

Table 3: The influences of electrodes, frequency bands, and the group on the fractal dimension using
a 3-way ANOVA

Critical
P value (F) Prob>F value
(alpha=0.05)
Channel 1.2739 17 0.07493 35.3 1.3 e-113 0 1.62
Frequency 5.7331 11 0.52119 | 245.5 0 0 1.79
Group 0.0924 1 0.09243 43.54 4.3 e-11 0 3.84
Channel*Fre- 0.4177 187 | 0.00223 | 1.05 0.29996 0.29996 1.18
quency
Channel*Group 0.2144 17 0.01261 5.94 6.7 e-14 0 1.62
Frequency*Group 0.05 11 0.00455 | 2.14 0.01476 0.01476 1.79
Channel*Fre- 0.0712 187 | 0.00038 0.18 1 1 1.18
quency*Group
Error 25.6793 12096 @ 0.00212
Total 34.8037 12527

Association of brain complexity and
behavioral performance

In this study, the Pearson correlation has
been used to discover the strength of correla-
tion between Katz FD and the OCD patients’
scores on the Y-BOCS. Results reveal a sig-

Figures 5, 6 and 7 show the scatter plots of
obsession scores versus Katz FDs of EEG sig-
nals from OCD patients, along with Pearson
correlation coefficients (r). This correlation
can be interpreted as the link between behav-
ioral and cognitive dysfunctions (obsession

nificant positive correlation between Katz FD  scores), and the structural changes in the brain

and obsession scores on the Y-BOCS in beta  (Katz FD).
I11, beta IV, and total beta band of F7 channel.
17 — v v
16 [~ v v
© 15 vy
©
Q
ﬁ 14 - Yy v v
2
[72]) —_
$ 13- v v v v vy v p_0'0379
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=
o
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@
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s Ly v \ | \ |
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Katz Fractal Dimension in 3 Ill band in OCD patients (channel:F7)

Figure 5: Correlation between obsession scores and Katz FD in high beta frequency band; r denotes
Pearson’s correlation coefficient, and p denotes the related p value.
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Figure 6: Correlation between obsession scores and Katz FD in very high beta frequency band; r de-
notes Pearson’s correlation coefficient, and p denotes the related p value.
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Figure 7: Correlation between obsession scores and Katz FD in beta frequency band; r denotes Pear-
son’s correlation coefficient, and p denotes the related p value.

DISCUSSION

Under the assumption that EEG signals
show underlying neural processing, nonlinear
analysis of the EEG data could help to study
the dynamical properties of information pro-
cessing, since the underlying neural systems
generate EEG potentials (Molle et al., 1999).
In this paper, the complexity of EEG data in

OCD individuals and healthy controls was
evaluated by calculation of the Katz fractal di-
mension of EEG data. Our findings high-
lighted a significant increase of Katz FD in
the frontal regions - of the brain in OCDs as
compared to HCs. The pattern of changes in
FDs was observed in all frequency bands;
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however, significant changes were only iden-
tified in the beta and gamma bands. The most
significant difference was observed at the
high beta frequency band, and more specifi-
cally at the F3 channel location. Since higher
values of Katz FD point to higher complexity
in the dynamics of EEG, it can be stated that
information processing in the frontal regions
in OCD is getting more complex as compared
to HCs. Previous studies have also pointed to
a link between OCD and functions of the
frontal brain regions. These results indicate
that OCD affects the entire brain in all fre-
quency bands and is not locally restricted, yet
it seems to have a stronger influence on the
frontal regions at high beta. Previous works
denote that the striatum dysfunction influence
the implicit learning in the OCD patients
(Koen and Stein, 2015) and a repetitive stim-
ulation of projection between orbitofrontal
cortex and ventral striatum might be used to
compensate this failure. Therefore, origin of
obsessions in OCD can be traced back to the
fronto-striato-thalamic circuit (cortico-basal
ganglia-thalamo-cortical loop’s) inability to
restrict implicitly processed information
(Koen and Stein, 2015). This inability could
cause the information to be processed in ex-
plicit information processing systems. This
description of obsessions is consistent with
our finding that higher Katz FD is connected
to exaggerated information processing in
OCD patients. For instance, an exaggerated
fixation on unimportant cues might increase
the involvement of the frontal regions and
cause failure to filter out extraneous infor-
mation in OCD individuals (Antony and
Stein, 2008).

Additionally, dysfunction of the frontal
cortex could also compromise the inhibitory
mechanism (Garcia-Junco-Clemente et al.,
2017), which is a major indication of OCD
(Chamberlain et al., 2005). Moreover, the de-
cision making process is also impaired in
OCD (Abramovitch and Cooperman, 2015;
Aydin et al., 2014), which is also related to
the role of frontal regions and striatum. An in-
creased activity is generally seen in the left

frontal region and is presumed to be asym-
metric (Griitzmann et al., 2017). Although
findings on the dysfunctions of the frontal
cortex in OCD patients are varying
(Gongalves et al., 2016; Lewin et al., 2014;
Nakao et al., 2014; van den Heuvel et al.,
2005; Wong et al., 2015), a rather fair in-
crease of the beta band activity has been ob-
served in numerous studies (Purcell et al.,
1998; Rubia et al., 2011). As a result, we be-
lieve that exaggerated information processing
in the frontal regions of the brain would in-
crease the complexity of information pro-
cessing in this region in OCD patients.

The particular distribution of Katz FD
along frontal and temporal regions in OCD
patients can be used as a potential neuro-
marker as a means to better understand OCD
and to provide patient-tailored treatments. A
recent study points to a hyper-connectivity
between frontal and temporal brain regions in
OCD patients, representing complex pro-
cessing of information in these areas (Yazdi-
Ravandi et al., 2018a). However, the in-detail
specifics of variations of the dynamic com-
plexity of information processing in these re-
gions were not discussed. Here, we further
scrutinized how the complexity of the afore-
mentioned information processing changes in
the frontal and temporal regions. We hope
that our findings help to improve the theoret-
ical understanding of brain function in OCD
and encourage future research on the inner-
workings of OCD.

As limitations of this study, by consider-
ing the ethical issues, we only recruited the
OCD patients under medication in our study.
However, the medication could influence the
functionality of the brain. Therefore, the re-
sults may not be directly extended to all OCD
patients. Moreover, since the EEG captures
cortical activities, we have only discussed
cortical regions in our findings, while accord-
ing to the cortico-basal ganglia-thalamo-cor-
tical loop model, other areas are involved as
well. In terms of data analysis, recording with
higher number of channel will also provide
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the opportunity to combine individual elec-
trodes into electrode clusters and reduce the
number of individual tests.

CONCLUSION

In this study we presented how complex-
ity of information processing at the frontal re-
gions is increased in OCD patients. The pat-
tern of increase mainly was observed at beta
and gamma bands and more significantly at
the higher beta band frequencies. Interest-
ingly, the significant changes of EEG FDs
were positively correlated with the severity of
obsessions. These results indicate that repeti-
tive activations of the orbitofrontal cortex
might be a compensatory mechanism for the
ventral striatum dysfunction in OCD patients.
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