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ABSTRACT

Obsessive Compulsive Disorder (OCD) is characterized by problems of
control over behavior and cognition. Although almost all of the studies
on pathogenesis of OCD point out fronto-striatal dysfunction, it is still
not possible to reveal mechanisms to explain the entire clinical course
of OCD through these circuits. A more holistic explanation can be given
through the Embodied Cognition (EC) perspective, which suggests that
the alteration/dysfunction of low-level sensory-motor process may
appear as a multifarious extent of dysfunction of high-level cognitive
processes. Fronto-striatal circuits play fundamental role in behavioral
control. These circuits also have a central role for the feed-forward motor
control (FFMC). In FFMC, the internal model of movement is driven
by efference copies as templates for motor behavior, without being
adjusted by sensory information. If impairment of low-level sensory-
motor processing is crucial to occurrence of compulsions, one possible
hypothesis about this impairment is the problem which emerges from

occurrence of efference copy in FFMC. On the other hand, the efference
copy has also pivotal role for subject’s feeling of the agency of an action.
Therefore, there may be role of failure in successfully reproduction of
the efference copy in the background of subjects’ experience of losing
control on compulsive behaviors. In this paper, we will discuss how the
embodied cognition (EC) perspective which can be one of the biological
bases of computationalism, which brings neuroscientific explanations
on the functioning of nervous system to a more symbolic perspective,
may contribute to our understanding of etiopathogenesis of OCD. In
this perspective, our method will be to integrate the theoretical basis
provided by EC perspective to the current models for OCD, rather than
falsifying them.
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INTRODUCTION

Obsessive compulsive disorder (OCD) is a mental disorder the main
symptoms of which are obsessions and compulsions and which can
progress with severe disability. While obsessions are identified as repetitive
and intrusive thoughts, impulses, or images, which can cause significant
distress or anxiety in the person, which cannot be prevented despite all
the efforts of the person; compulsions, on the other hand, are repetitive
movements or mental acts that the person feels compelled to do, often
associated with the distress caused by the obsession. Many compulsions
are quantitatively exaggerated forms of activities of daily life, such as
washing hands and locking doors. Although intended to neutralize the
anxiety created by the obsession, compulsions are either unrealistically
associated with the situations they are designed to neutralize/protect, or
are clearly excessive. In the fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM 5), of the American Psychiatric
Association, a diagnosis of OCD requires the presence of obsessions and/
or compulsions, and these symptoms should keep the person occupied
for a significant part of the day and cause a significant impairment in
functionality. Additionally, obsessions and compulsions should not be
related to another mental or medical illness or substance use (1). The
prevalence of OCD, which is considered to be among the most common
mental disorders, has been reported as 1%-3% in different studies (2,
3). Although the effectiveness of antidepressants, especially serotonin
reuptake inhibitors, and cognitive behavioral therapies have been
demonstrated in the treatment, the fact that 40%-60% of patients do not

Highlights
+ Dysfunctional fronto-striatal circuits has been
consistently shown in OCD.

» Embodied cognition emphasizes relationship of sensori-
motor processes with cognition.

+ This theory can fill the gaps left by fronto-striatal
dysfunction in OCD.

benefit from the treatment sufficiently increases their curiosity about the
neurobiology of OCD (4-6).

Many models has been proposed to explain the neurobiology of OCD.
Although all of these models have an important place in explaining
the etiopathogenesis of OCD, in terms of current findings and clinical
presentation, every theoretical approach based on the updated and
expanding literature and enriched information has remained far from
explaining the whole puzzle, even made the puzzle more complex. In this
context, there is still a need to integrate the existing literature and clinics
with a more holistic approach to explain the etiopathogenesis of OCD.

The idea of computationalism draws neuroscientific explanations of the
functioning of the nervous system into a more symbolic perspective.
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The view that the ‘embodied cognition’ (EC) approach, which is on the
biological basis of the idea of computationalism, can provide a significant
advantage in illuminating the etiopathogenesis of OCD will be discussed
in this article.

OCD NEUROBIOLOGY

OCD Neurobiology and Dysfunction in Fronto-Striatal Circuits
Models to explain the pathophysiology of OCD have mostly emphasized
the role of abnormalities in the fronto-striatal circuits. In both structural
and functional imaging studies, findings supporting the deterioration
of these cycles have been obtained (7). In studies with task-dependent
functional magnetic resonance imaging (fMRI), activity changes in
corticostriatal circuits have been demonstrated with various paradigms
and during symptom provocation (8). However, when we look at the
literature, in correlation with methodological differences, it has been
determined that many regions such as the orbitofrontal cortex (OFC),
anterior cingulate cortex (ACC), dorsolateral prefrontal cortex (DLPFC),
limbic system, amygdalo-cortical circuits, thalamus, caudate, putamen,
supplementary motor area, and frontal eye area exhibit functional
differences in OCD (9-12).

In support of these findings, numerous studies have also reported
differences in resting-state functional connectivity for many of the above-
mentioned regions (11). There are conflicting findings not only for regions
but also in terms of increased or decreased activity and connectivity.
Moreover, there are studies that did not detect the functional changes.
Although the findings were inconsistent, a meta-analysis reported that
OFC, ACC, and caudate dysfunctions are prominent (13).

There are studies which support dysfunction in fronto-striatal
circuits beyond functional imaging. Methodologically, event-related
potential studies, studies using magnetoencephalography, and even
structural MRI studies exhibit accordance with fMRI studies. Comorbid
OCD symptoms in neurodegenerative diseases with basal ganglia
involvement such as Parkinson’s and Huntington's and in lesions due
to caudate nucleus infarction have clinical evidence that supports the
role of frontostriatal circuits (14, 15). Similarly, in PANDAS (pediatric
autoimmune neuropsychiatric disorders associated with streptococcal
infections) where autoimmune mechanisms are responsible for OCD
symptoms observed in childhood, antibodies formed against group A
beta-hemolytic streptococcal bacterial antigens are thought to cross-
react with neuronal tissues in the basal ganglia (16).

In addition, it is possible to reach the same conclusion with imaging
studies showing that activity in the striatum and related cortical
regions decreases after pharmacological treatment (serotonin reuptake
inhibitors) and cognitive behavioral therapy (17).

Finally, it is possible to draw attention to the role of the fronto-striatal
circuits in the pathogenesis of OCD through the effectiveness of
separating the frontal cortex-basal ganglia connections from each other
with less frequently used surgical treatments such as capsulotomy or
cingulotomy (18). What was particularly emphasized at the beginning
regarding the role of fronto-striatal circuits in OCD is the disruption of the
balance between direct and indirect pathways in these circuits. The ‘direct’
and ‘indirect’ pathways are thought to work antagonistically through
gamma-aminobutyric acid (GABA) and glutamate neurotransmission to
modulate thalamic and cortical activation. While the direct way ensures
the initiation and maintenance of behavior through disinhibition of the
thalamus and excitation of the cortex, indirect way contributes to the
inhibition and modification of behavior by reducing the excitation of the
cortex through the inhibition of the thalamus (19).
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Roles of Fronto-Striatall Circuits in Cognitive Processes

Different fronto-striatal loops associated with the pathogenesis of OCD,
each originating from specific frontal-cortical areas and associated with
emotional, cognitive, motivational, or sensory-motor inputs, have been
described up to the present. These neuronal circuits originate from
the cortex, pass through the basal ganglia and extend to the thalamus
with a final projection through either by ‘direct’ or ‘indirect’ pathways;
from there, it connects again with the cortical region from which they
originate, thus forming a loop. The first one, affective circuit, connects
the OFC, with the nucleus accumbens, and thalamus; responsible for
affective and reward-related processes. This loop plays a role in the
selection of behavior and the evaluation of reward and error. The dorsal
cognitive circuit connects the DLPFC, the caudate nucleus, and the
thalamus; responsible for executive functioning like set-shifting, also
planning emotional regulation. The ventral cognitive circuit provides the
connection between the inferior frontal gyrus, the ventrolateral prefrontal
cortex (VLPFC), the ventral caudate, and the thalamus, and is involved
in motor preparation and response inhibition. The sensory-motor loop
connects the premotor cortex, putamen, and thalamus. It plays a role in
the initiation and control of motor behavior and integrates the necessary
sensory information for this. It mediates the automatic response and
therefore the shift from goal-directed behavior to habitual behavior. This
increases stimulus response, such as habitual behavior. These parallel
loops are interconnected and are thought to conduct complex behaviors
together. Other circuits such as fronto-limbic (includes the ventromedial
PFC and amygdala and is responsible for emotional responses such as
anxiety and fear), frontoparietal, and cerebellar circuits play a role in
the pathogenesis of OCD, apart from the fronto-striatal circuits (20, 21)
(Figure 1).

Information from clinical and preclinical studies highlights the central
role of the integrity of the fronto-striatal circuits and basal ganglia in
providing the affective, cognitive, and motor flexibility necessary for goal-
directed behavior. The direct path facilitates the behavior and the indirect
path inhibits unrelated effects/actions. Additionally, there are two motor
behavior control modes: feed-forward and feed-back motor control
(22). In feed-back motor control, sensory information directly guides the
action, and the action is carried out accordingly. In feed-forward motor
control, the efference copy which is the template for motor behavior
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Figure 1. Schematic figure of the fronto-striatal circuits. The pathway that starts from
each frontal region (DLPFC: dorsolateral prefrontal cortex, OFC: orbitofrontal cortex,
MPFC: medial prefrontal cortex) forms a loop that returns to this point. Open-inside stars
indicate regions where there is more evidence of its role in the etiopathogenesis of OCD.
In the medial prefrontal cortex, especially the anterior cingulate cortex, may play a more

important role (solid star).
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without undergoing corrections generated by sensory information
directly guides the internal model of action (23). These copies contain
multi-sensory information related to the action (deep sense, joint position
sense, visual and auditory sensory information), which also represents
possible consequences of the action. It is assumed that daily actions that
do not require high accuracy are carried out via a feed-forward motor
control. In feed-forward motor control, sensory feed-back is not directly
compared with the goal, but to it is compared with internal copies. The
basal ganglia are the main regions where internal copies are represented.
Additionally, motor association areas (frontal eye area, supplementary
motor area and premotor area) are also involved in the representation
of these copies.

Habit-Learning Theory in OCDs

The dominant view in the last 20 years in the development of compulsion
is the excessive habit-learning theory, which claims an imbalance
between goal-directed behavior and the habit-learning system in favor
of the latter (24). Habits are rapidly occurring, automatic behavior that
emerge with stimuli rather than carefully conceived responses to current
demands and needs. Habits develop as they are practiced in the daily
routine. Thus, we can perform many behaviors such as cooking, dressing
and bathing in our daily practices without any need for concentration by
combining action sequences (for example, hand washing consists of the
actions as turning on the tap, soaping, rinsing, closing the tap, drying,
etc.) (25).

It is proposed that the connections of the putamen with the premotor
cortex are important in the development of habitual behavior. Goal-
directed behavior, in contrast, considers organizing and updating
according to outputs, not just impulses, to meet ever-changing needs in
the best possible way, so they are slower and subject to executive control
of the PFC. OFC and caudate nucleus are thought to play an important role
in considering the consequences of behavior and using motivation, and
therefore in the formation of flexible, goal-directed behavior.

The most important advantages of automatic behaviors are that they
can be performed without the need for high-level cognitive processing.
Automatic behavior gives the ability to multitask simultaneously, think
while acting and learn more detailed tasks (for example, driving) by
combining simple habits. However, habits also have some disadvantages.
They function as a cognitive shortcut and therefore are also prone to
errors or slips between habits, such as automatically typing an older
automatic teller machine (ATM) password instead of the current one.
Therefore, it is proposed that excessive habituation, which almost
gains autonomy and deviates from the real goals and intentions of the
individual, plays a key role in OCD.

Theorists who proposed that excessive habit formation may affect the
formation of compulsion in OCD have based their opinion on three
main reasons. The first is, although compulsion have negative clinical
consequences, just like habits, they are rigid and repetitive and are
experienced ‘out of control’ by an individual with OCD. The second is
that fronto-striatal loops are involved in both compulsion and habit
formation, habit expression, and ‘goal-directed’ habit control. The
third reason is the clinical observation that the substance use behavior
becomes ‘compulsive’ with the effect of continuous reinforcement over
time. This situation resembles habits because it continues even after
it loses its reinforcing effect. Therefore, it is proposed that the habit
system may play a role in the formation or at least the maintenance of
compulsions (26).

Fronto-striatal circuits play an important role in establishing the balance
between habit learning and goal-directed behavior. OFC is the region
responsible for attributing value to the consequences of a behavior. The
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Figure 2. Model of the clinical situation of obsessive-compulsive disorder.

OFC is responsible for reinforcing behavior by determining its positive
attribution. This can lead individuals with OCD to exaggerate the
importance of the consequences of compulsive behavior and to prolong
the effort towards the ‘feeling of completion’. The relief that could be
felt in parallel with the feeling of completion may become a positive
reinforcer for the effort to complete the compulsion (27) (Figure 2).

Meanwhile, the ACC may have a disruptive effect on the completion of the
action. It plays an important role in action, conflict, and error monitoring.
A marker of these cognitive processes is “error-related negativity” (ERN)
which is an event-related potential obtained from electroencephalogram
(EEG) (28). It has been reported that, the ERN, which is thought to originate
from ACC, accompanies ‘not just right experiences’ (29). Therefore, ACC
hyperactivity can play a role in the inability to complete the compulsion
(30). As a result, an increased basal ganglia activity can also serve to
create this new form (this form is constituted from more repetition of
washing, checking, etc.) of the behavior as a habit, even if it has deviated
from its purpose (instead of aiming cleanness or safety, being relieved
would be the aim). This whole pathophysiologic process of OCD has not
been clearly proven, but is robustly supported by the findings of the vast
majority of studies.

A Critical Look at the Theory of Habit Learning

A theory regarding the etiopathogenesis of OCD is expected to explain
the neuropsychological findings found in almost all cognitive domains
(31). These findings include impaired set shifting, increased action
monitoring, over-investment in relaxation, impaired planning and
executive functions.

Persistent and repetitive symptoms in OCD have been associated with
impaired cognitive flexibility. Accordingly, it has been suggested that the
inability to terminate thought or behavior even though it does not have
any functionality may be associated with impaired flexibility in changing
attention from one stimulus to another. A way to measure cognitive
flexibility is to determine the ‘set-shifting’. Set-shifting is the ability to shift
attention from one stimulus dimension (e.g. color) to another dimension
(e.g. shape). In a resting state FMRI study, this cognitive inflexibility was
associated with decreased connectivity between the striatum and DLPFC
(32). It has been shown that set shifting is impaired in both patients
diagnosed with OCD and their relatives who do not meet the OCD
diagnosis. In the pathophysiology of OCD, the conflict between the result
of the action and the internal representation and purpose of this action
has been associated with dysfunctional action monitoring (26) .

In the theory of excessive habit learning, it is generally emphasized that
behavior that has not been in the habit repertoire would evolve into a
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habit. It is reasonable to expect that uncontrolled circuits related to habit
learning will also play a role in excessive habit learning. However, in OCD,
acquired habit is mostly behavioral change, an increase in the frequency
of behavior in the subject’s habit repertoire. It is expected that there
will be another system which will shape the transformation of acquired
habits.

In addition to the aforementioned discordance of excessive habit
learning with the phenomenology of compulsions, there are regions such
as the posterior parietal, anterior insula, and supplementary motor area
in OCD, which are frequently emphasized in the literature, apart from
the central regions in explaining the etiopathogenesis of the disorder
via excessive habit learning. It is becoming more and more difficult to
obtain an explanation that includes the possible roles of these regions
(33). For example, the posterior parietal cortex (PPC) involves many
cognitive processes as a part of the multimodal association area. Among
these, attention-centered executive processes are especially important
and studies demonstrated their dysfunction in OCD. However, its exact
role has not been revealed in the current etiopathogenetic explanations.
The anterior insula plays a central role in the integration of physiological
processes with cognition. As such, its clear role in the pathogenesis of OCD,
as with PCC, has not been clarified, although it has been hypothesized to
play a role in sensory phenomena (34,35). Therefore, just as the difficulty
of a puzzle is proportional to the number of pieces that need to be put
together, the vast accumulation of findings in the literature points to the
difficulty of solving the etiopathogenesis of OCD.

EMBODIED COGNITION

Cognition is embodied when it is deeply connected to the characteristics
of the physical body, that is, it becomes concrete when aspects of the
body beyond the brain play a causal and physically constructive role
in cognitive processing (36). According to the embodied cognition
theory (also the terms grounded cognition, situation models and
internal models intercept with each other and with embodied cognition
conceptually), sensorial and motor functions that control and direct
our motor, autonomic and sensorial processes of the body are used
in cognition and social interaction. Contrary to the dualist approach,
embodied cognition approach proposes the assumption that the
neural infrastructure, which has been shown to specialize in sensory-
motor functions, is also responsible for producing cognition. Embodied
cognition approach also claims that cognitive processes result from
having a “body” with certain sensory-motor abilities that interact with the
environment. Linguist George Lakoff and philosopher Mark Johnson, for
example, suggest that abstract concepts can be metaphors for physical
and bodily concepts. According to Johnson, human understanding and
rationality are outcomes associated with the embodied experiences
of existing in the world. A good example of this can be given through
language. Linguistically speaking, the concepts of up/down or good/bad
seem to be related to gravity, the day-night cycle, and the sun being over
the head. The mind, too, is formed as a product of the uninterrupted
interaction between the body and the world (37). Therefore, what is
hidden-dangerous-uncertain contains neural representations that are
associated with the night/darkness and lower/underground.

In other words, the basic assumption of the embodied cognition
approach is that the scope and character of an organism’s experiences,
and therefore of the concepts the organism has, is determined by the
body. The relationship between the body and the world that the body
is within also shapes the the body’s relationship with cognition. In
summary, the idea of grounded cognition, which can be evaluated within
the conceptual framework of embodied cognition, accepts two main
assumptions: cognition includes bodily interactions with the world and
these interactions are represented in the brain. (38).
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Sensory schemas corresponding to bodily interactions with the world are
activated during the processing of abstract conceptual information. For
example, when processing abstract concepts such as “power” or “god”, a
spatial image scheme of the concept is activated (39). Embodied cognition
approach proposes that representations of abstract concepts are stored
in the brain's “experiential system” by sensory-motor, proprioceptive,
introceptive, and emotional structures. The bodily experiences
represented in these systems are then reconstructed or “simulated” during
the development of cognition. For example, judgments of importance
are affected by the manipulation of weight, and heavier items are
perceived to be more important than lighter ones (40). Similarly, it has
been reported that the neural anatomical structures behind the mental
representation of features related to an individual’s position in the social
hierarchy, such as dignity and efficiency, overlap with the regions (parietal
lobe) involved in the comparison of the size of numbers (41).

Evidencefor the idea that concepts are grounded in the fields of action and
perception comes from neuro-imaging studies. Studies have shown that
activation of the motor regions of the brain is accompanied by activated
language-related brain regions during production and comprehension of
action-oriented words (verbs), sentences and concepts (42,43). Similarly,
a meta-analysis conducted in 2020 shows that brain circuits which are
activated by reading action words are similar to circuits activated by
watching action-related images (44).

UNDERSTANDING OCD FROM EMBODIED COGNITION
PERSPECTIVE

As previously mentioned, according to embodied cognition theory,
higher-level cognitive processes are based on the sensory and motor
experiences of the organism (38, 45). The theory states that the primer
and unimodal association regions responsible for motor and sensorial
functions that take part in processes such as language, planning,
decision-making, and judgment. For example, it has been shown in
the literature that the sensory-motor system plays a role in creating
metaphors, mental imagery, understanding the subject of the action
(agency), and understanding and producing verbs and nouns (46, 47).
Thus, a problem in the sensory-motor control of actions may cause
dysfunctions in processes such as “disinhibition”, “habit learning”,
“planning”, “set shifting”, and “action monitoring”, which is also suggested
in OCD phenomenology.

In the OCD literature, there are few studies which have tested the
idea that impairment in low-level cognitive processes may also cause
impairment in higher-level cognitive functions. For example, this idea
was supported by Gentsch et al. (2012), who reported that feed-forward
motor control is defective in OCD (48). In this study, they demonstrated
that the relationship between motor response to a stimulus and
subsequent agency experience was impaired in the OCD group and this
was associated with impaired feed-forward motor control. They reported
that the control of action occurs through the efference copy, which
also shapes the attribution of being the agent of that action. This is also
important in terms of revealing the role of low-level processes in patients
with OCD who take on excessive responsibility. For further support, in
the study by Rounis et al. (2016), it was observed that patients with OCD
had motor deficiencies in extremity control compared with participants
without OCD (49). Additionally, it has been reported that sensory
phenomena experiences, which are frequently observed in patients with
OCD, are associated with an increase in gray matter volume in the left
sensory-motor areas (50).

Sensory phenomenon is a clinical condition that includes bodily sensations,
a feeling of inner tension, an impression of “not just right’, and emotions
including incompleteness. In particular, the incompleteness and “not just

right” experiences are more frequent in OCD (51).
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The frequently observed need for completion and sensory phenomena
in OCD and the accompaniment of difficulty in motor control with the
difficulty of control of behavior together renders suggesting that OCD
etiopathogenesis could be conceived from an EC perspective rational.
Problems in low-level sensory-motor processes may be among the
underlying factors for the state of incompleteness, set-shifting problems,
difficulty in planning, and lack of flexibility because the prediction of
outcome is important in all executive processes and it is expected that
these predictions can be either kept in working memory (WM) or can be
easily retrieved.

Two basic models for the control of action have been defined. These are
feed-forward and feed-backward motor control. Feed-forward motor
control is a control system in which information about the action is not
updated according to sensory feedback in the execution of an action and
its efference copy manages the execution of the action as a template. The
efference copy or corollary discharge is the reproduction of the ideal state
of action by structures that manage sensory and motor processes (52).
The efference copy is also assumed to be a clear representation of the
predicted sensory consequences of the action (52). Thus, representations
of the response were activated just before the motor response occurred.
Glutamatergic cortical neurons which are thought to encode the
efference copy synapse on the indirect pathway’s striatal medium-sized
spiny neurons (MSN) on which the GABAergic dopamine 2 receptors
are located (53-55) (Figure 3). It has been proposed that dopaminergic
overstimulation here inhibits the activity of the indirect pathway (56). This
may play a role in the disruption of the efference copy formation (56).

One of the electrophysiological markers for the formation of internal copy
in studies is a phenomenon called motor-induced suppression (MIS) of
sensory cortical feedback (57), in which the sensory responses to stimuli
triggered by self-initiated motor movement are suppressed compared to
the responses to the same externally triggered stimuli. This mechanism
is associated with the fact that results of the motor response overlap with
the efference copy when the process is executed in accordance with the
expectation. This overlap ends with the suppression of the representation
of sensory information by the efference copy. A frequently used method
for observing the MIS phenomenon in studies is to determine, in the
sensory regions, the difference in the evoked potential (N100 wave)
amplitude between active and passive listening (58). The logic is that in
situations where sensory information is expected (well-estimated), the
activity of the motor response suppresses the sensory information (i.e.
suppresses it during active listening) (58). However, Niziolek et al. (2013)
suggested that less prototypical speech (when the produced speech is
more distorted than expected) makes it difficult to estimate correctly,
therefore, suppression through the efference copy reflects a sensory
target, not a sensory prediction (52). In both cases, the function of
efference copy is evident, during the execution of action under the feed-
forward motor control.

Considering these factors, it seems appropriate to think that an
impairment in the feed-forward motor control associated with the
formation of the efference copy, which plays an important role in
the regulation of habitual behavior, plays an important role in the
emergence of compulsion. It is reasonable that the regions responsible
for motor control, including sensorial and motor regions, basal ganglia
and even brainstem, would also make it easier to theorize a consistent
explanation of the endophenotypic features that comprise the vastly
varied neuropsychological findings observed in OCD. The last point to
be emphasized in relation to this is that the efference copy can also be
important in terms of representing the action’s state of being under the
control of the individual, who is subject of the action. In other words,
the inability to control compulsive actions may result from the failure in
establishing the efferent copy (Figure 4).
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Figure 3. Brain regions involved in

the representation of efference copy.
Information about the efference copy
which occurred in the supplementary
motor area (SMA), the frontal eye field
(FEF), and the globus pallidus interna
(GPi) has been sent to the brain stem
via the thalamus (dark blue arrow).
Regions responsible for the movement
of eyes are involved in the formation
of the motion-related saccadic eye
movements. The red arrows represent
inhibitory and the green arrows
represent excitatory connections. (GPe:
The globus pallidus externa)
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Figure 4. Modeling obsessive-compulsive disorder (OCD) from the perspective of
embodied cognition (EC): The proposed integration of low-level functions with higher-
order functions for OCD is shown in the EC perspective. The red rectangles represent
low-level cognitive processes. The brown rectangle also symbolizes higher-order
cognitive functions. In the figure, a hypothetical scheme is presented on how problems
ordered from low level to higher order processes can be integrated with each other in
phenomenological level where problems are defined. indirectly. ACC: Anterior Cingulate
Cortex; OFC: Orbitofrontal cortex

CONCLUSION

The fact that impairment in low-level sensory-motor functions in OCD
is associated with the establishment of the efference copy does not
mean that dysfunction in fronto-striatal circuits can be excluded from
the pathophysiology of OCD. According to the EC theory, neurons
in the primary motor cortex that provide clapping are involved in the
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production of the verb “to clap”, but this does not mean that the neurons
directly produce the word. Impairment in motor control in OCD may be
involved in pathological processes related to dysfunctional fronto-striatal
circuits. Problems in motor control may be accompanied by dysfunctional
sensory phenomena, including OFC and ACC, and increased action
monitoring.

For example, a problem in the establishment of the efference copy can
be observed with hyperactivity of ACC because there can be a conflict
between the expected state of action and its actual state associated
with a discrepancy between what is expected and what is the real state
of the action. This may, also, result in experiencing incompleteness.
When a situation occurs in which OFC and ACC are prove dysfunctional,
the individual with OCD may become unable to exhibit the required
functionality due to the experience of conflict in decision-making
processes and motor control problems.

The representation problems of being the subject of motor action, and
a dysfunctional OFC and DLPFC together may explain the “inflexibility”
and “exaggerated responsibility”, which are mainly temperamental
characteristics.

Such an explanation would shape our understanding of OCD as a clinical
manifestation of different combinations of dysfunctional processes
encompassing several brain areas and networks. Designing studies
to understand the etiopathogenesis of OCD from this perspective can
provide a wider scope to understand OCD and implement treatments.
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