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ABSTRACT

Depersonalization is a dissociative disorder associated to a profound disruption of self-awareness in the form of emotional

numbing and feelings of disembodiment. The salient feature of depersonalization is a breakdown in the familiarity of one’s

psychological and somatic self (and surroundings when derealization is also present), in spite of being aware of the unreality

of the change. At an early stage of research it was realized that people inclined to dissociation find it harder to tolerate discon-
tinuity in perceptual environments, possibly due to a rigid perceptual attitude. Consequently, perceptual discontinuity expe-
rienced during momentary immersion into a virtual environment would be expected to increase symptoms of dissociation

among individuals prone to develop them. It has been put forward that a tendency toward immersion or absorption, linking

to imaginative processes underlying the dissociative experience, significantly relates to the level of change in virtual reali-
ty-induced dissociative symptoms. Consequently, it has been implied that increased tolerability of perceptual discontinuities

and a more flexible perceptual attitude in people suffering depersonalization/derealization disorder may be of help. We pro-
pose the use of adaptive immersive virtual environments to the treatment of depersonalization. In particular, we propose that
implementation of biofeedback electrical stimulation to detect somato-sensory processing bias may contribute to selectively
targeting deranged neurocognitive processing components, and as an indirect consequence promote, to some extent, the di-
agnostic process. Psychophysiological approaches may be of help in the treatment of depersonalization via additional series

of afferent inputs — virtual reality stimuli — to alter the receptive fields of the affected proprioceptive systems and reorganize

them. The aim of this paper is to stimulate future research towards the development of potential virtual rehabilitation pro-
grams based on biofeedback, electrical stimulation and concurrent measurement of galvanic skin response and EEG targeting

selective somatosensory stimulation in patients with depersonalization. Our research hypotheses might constitute a starting

point for the development of new treatment tools for depersonalization in particular and depersonalization/derealization

disorder in general.

KEYWORDS: Neuropsychology, dissociation, virtual reality, biofeedback, depersonalization/derealization disorder.

Corresponding author: Panayiotis Patrikelis, Department of Neurosurgery, Epilepsy Surgery Unit, School of Medicine, Evangelismos
Hospital, National and Kapodistrian University of Athens, 45-47 Ipsilantou street, GR106 7, Athens, Greece « e-mail: ppatrik@cc.uoi.gr,
ppatrikelis@gmail.com



318 P. Patrikelis et al

Introduction

During the last two decades, virtual reality (VR) has
been applied to the field of medicine exhibiting poten-
tial benefits for the diagnosis, treatment, counseling
and rehabilitation of various physical, neurological and
psychiatric disorders. VR technology has recently ma-
tured with VR-software and -hardware becoming more
robust and affordable; VR quality has been significant-
ly improved, thus making it feasible for VR systems to
reach households for everyday use. Whereas once VR
was an expensive technology, nowadays Head-Mounted
Displays are much more accessible, and their hardware
price setat 1300 USD in 2014, compared to 2006 cost was
set at 45,000 USD.! Immersive virtual environments (VEs)
may be seen as highly controllable spaces that facilitate
experimental research, given that nearly every aspect of
virtual space can be manipulated at will. Additionally,
virtual space is amenable to transformations and ad-
justments as a result of a process of adaptation to the
user’s particular cognitive, emotional and neurophysio-
logical characteristics. Thus, when used for medical ap-
plications, adaptation and personalization of VEs may
enable us to tailor certain interventions and treatments
to the requirements of specific patients. More specifi-
cally, in the fields of clinical psychology and psychiatry,
VR has been used for the treatment of addictions and
several types of phobia, subclinical fears, and anxiety
disorders.z® VR provide real time interaction with soft-
ware-generated 3D environments, simulating real-life
experiences and triggering physiological symptoms of
anxiety, including sweating or nausea, thus emphasizing
the likelihood of replacing behavioral approaches (i.e.,
exposure therapy).” As such, it is now possible to utilize
VR as a research, diagnostic assessment, and treatment
tool for a wide variety of mental disorders while keeping
the associated costs at a manageable level.

Hypothesis and rationale

Early evidence shows that people inclined to symp-
toms of dissociation find it harder to tolerate disconti-
nuity in perceptual environments, possibly due to a rig-
id perceptual attitude.®® Thus, perceptual discontinuity
as induced by momentary immersion into a VE would
be expected to increase dissociative symptoms among
individuals prone to develop them. Aardema and col-
leagues™ put forward that a tendency toward immer-
sion or absorption as measured by several different
scales, significantly relates to the level of change in VR-
induced dissociative symptoms. Authors discussed their
findings in the light of the imaginative processes under-
lying the dissociative experience. Consequently, it has
been proposed that by increasing the ability to tolerate

perceptual discontinuities and adopting a more flexible
perceptual attitude people suffering depersonalization/
derealization disorder (DPDR) may ameliorate.?

In this paper we propose a VR approach, i.e,, the use of
adaptive immersive environments, in conjunction with
early psychophysiological notions from the domain of
motor neurorehabilitation (Perel’'man in 1947 as report-
ed by Luria),"" for the treatment of depersonalization. In
particular, we propose that implementation of biofeed-
back electrical stimulation to detect somato-sensory pro-
cessing bias along with evidence-based patterns of neu-
ropsychological dysfunction (steaming from the relevant
literature), may selectively target deranged processing
components serving both DPDR’s differential diagnosis
and treatment. VR in conjunction to auxiliary psychophys-
iological equipment may be of help in the treatment of
depersonalization. Stimulated by early evidence' show-
ing that additional series of afferent inputs (sensory stim-
uli) may alter the receptive fields of the affected propri-
oceptive systems and reorganize them, we propose a
transfer of such theoretical notion, steaming from soviet
psychophysiological and neuropsychological research, to
the context of depersonalization treatment.

More specifically, we herewith aim to stimulate future
research towards the development of virtual rehabilita-
tion programs for depersonalization based on biofeed-
back, concurrent measurement of galvanic skin response
- since electrodermal activity is a well-documented mark-
er of bodily arousal expression of emotion-, EEG and
electrical stimulation targeting selective somatosensory
stimulation of the posterior cortical association areas (see
below) to establish new afferent links (inputs) to the de-
ranged proprioceptive functional systems.

Depersonalization/derealization disorder -
related issues

Depersonalization is a dissociative disorder with a
profound disruption of self-awareness in the form of
emotional numbing and feelings of disembodiment.?
Traditionally, it has been viewed either as a vestigial
form of behavior subserving evolutionary meaningful
purposes or as a temporal lobe seizure manifestation.'
The salient feature of depersonalization is a breakdown
in the familiarity of one’s psychological and somatic self
(and surroundings when derealization is also present), in
spite of being aware of the unreality of the change.™

Diagnostic issues

According to DSM-5" individuals with DPDR persis-
tently experience feelings of detachment, either bodily
or mentally, from themselves or from their surroundings.
DPDR falls within the wider diagnostic category of dis-
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Figure 1. Primary neurons’ receptors can gather inputs from specific areas namely their receptive fields-RF, while the latter may assume
irregular shape and overlap with other neurons’ RFs. Whether primary neurons’ RFs converge onto a secondary neuron (A), a sum of
the formers features takes place giving rise to a single and complex RF (B), rendering possible for subthreshold incoming information
to be summed up and thus processed by the secondary neuron. By appropriately stimulating specific neuronal populations suffering
in depersonalization, we speculate that their receptive fields would undergo reorganization.

sociative disorders, which are characterized by feelings
of disconnection from reality. DPDR has only one type,
although sufferers may experience depersonalization
symptoms only, derealization symptoms only, or an
equal mixture of both.

DPDR phenomena are difficult to understand and inter-
pret because of the complex interwoven of sensory-mo-
tor experiences resulting from aberrant integration of
perception, identity, memory and also other faculties of
consciousness.' Moreover, dissociative disorders may be-
come hard to diagnose for a number of reasons, namely,
comorbidity issues or differential diagnoses, lack of infor-
mation about any early childhood trauma, patient’s diffi-
culty in recalling unpleasant life-events.

In recent past DPDR as an isolated syndrome has been
reported very rarely. Neglecting comorbid DPDR coding
and patients’ difficulty to find the appropriate terms to
describe their symptoms are among the likely reasons
accounting for this inconvenience. Provided the scarce
literature on DPDR as a primary diagnosis, future re-

search should address the actual prevalence and coding
of DPDR."”

DPDR symptoms may occur in a great variety of neu-
ropsychiatric conditions such as during epileptic auras,
pharmacological intoxication, acute and transient psy-
chosis, manic ecstatic states, as well as acute stress disor-
der, generalized anxiety disorder, obsessive-compulsive
disorder, schizophrenia, and bipolar disorder)."®2 DPDR
symptoms may also represent additional specifiers in
the diagnosis of posttraumatic stress disorder, panic dis-
order and borderline personality disorder.?! It is possible
that due to the severity of many psychopathologies,
DPDR symptoms may seldom be overlooked.

Neuropsychological and psychophysiological
evidence for dissociation

The study of the neuropsychological backgrounds
of various psychiatric syndromes, as a methodological
vehicle to shedding light to otherwise inaccessible dis-
ease-related components is well-known in psychopa-
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thology. In major depressive disorder (MDD) patients,
greater severity of derealization was seen in those per-
forming worse in measures of delayed visuospatial recall
and verbal recognition memory. Moreover, an associa-
tion was found between depersonalization and a severe
slowing in processing speed, but not depressive symp-
toms, as well as a higher vigilance performance in a less
active environment.?> The same study found a patho-
logical association between dissociative symptoms and
neuropsychological performance in depressed persons,
with a frontotemporal anatomic distribution mediating
memory and attention in particular. Of note, Aarderma
and colleauges™ showed that exposure to VR may in-
duce an increase in dissociative experience (deperson-
alization and derealization), including a lessened sense
of presence in objective reality. Dissociative symptoms
resulting from VR immersion are related to higher idio-
syncratic propensity to dissociation and virtual immer-
sion or absorption. Thus, markers of dissociation and de-
realization could be used to achieve better adjustments
of VE to patients’individual characteristics and needs.

Interestingly, it has been put forward that dissociative
states strongly associate with creativity and “splinter”
skills, since creativity requires the ability to fluently
retrieve and recombine remote associative elements.?*
This latter may have important implication for the neu-
rorehabilitative treatment of DPDR in view of the fact
that dissociative ability reflects the ability to dissociate
from salient concepts and ideas to facilitate the concur-
rent access to mutually remote concepts, as well as to
avoid getting stuck with initial ideas.”®* Accordingly, VR
adaptations to the above theoretical requirements may
aid to target cognitive processes central to DPDR (e.g.,
decrease mental flexibility and enhance inhibitory con-
trol over semantic networks “enabling” patients to access
mutually remote concepts).

It has been proposed that the processing of emotional
experience can be partly measured through the use of
autonomic indices, and in particular, electrodermal ac-
tivity (EDA).” A recent systematic review on emotional
response in depersonalization suggest that depersonal-
ization is marked by a high skin conductance level and
attenuated skin conductance responses to negative
stimuli.?® EDA studies put forward that depersonaliza-
tion is associated with hypervigilance and emotional
detachment during threatening situations, but EDA in
people suffering depersonalization should be also inves-
tigated in positive situations.

Treatment approaches to DPDR

The majority of published works on psychological
therapies of depersonalization have been anecdotal

or confined to small case series.?® Unfortunately, the
lack of quantified, systematic research makes it diffi-
cult to assess the effectiveness of these approaches.
Psychodynamic treatments focus on triggering and sus-
taining mechanisms concerning the lack of control feel-
ings and perceived threat to self. Abreactive techniques
provide strategies to deal with the more dissociative
aspects of depersonalization, while cognitive-behav-
ioural therapy focuses on more cognitive, anxiety-gen-
erating mechanisms, which may play important role in
the vicious-cycle of the condition and constitute a major
source of distress and incapacity.

Psychanalytic psychotherapy can be beneficial in se-
lected cases.*® “Fear of losing control” has been empha-
sized as a central therapeutic target. Indeed, an extreme
sensitivity to “control” threats is at the heart of psycho-
pathological processes triggering and maintaining
depersonalization. Early developmental difficulties to
establish a healthy ‘narcissism’ and a trusting relation-
ship with significant others can be seen as laying the
ground for such a vulnerability.?' Psychoanalytic thera-
pists mainly aim at assisting the patient to realize that
depersonalization and associated feelings of worthless-
ness and helplessness originate from parents’ unrealistic
expectations, while such relational needs later become
internalized into a tyrannical idealized self-structure, im-
posing impossible demands (representing an indirect
reflection of perceived impositions by significant oth-
ers). Accordingly, the person begins to privilege a sense
of self as a performing object (“third person viewpoint”),
rather than as a source of subjective experiencing (“first
person viewpoint”).3?

Similarly, there are no recent systematic studies on
the use of abreactive techniques on patients with dep-
ersonalization. However, there are few indications that
imagery-driven techniques may be helpful in deperson-
alization patients with a history of emotional abuse.®3*
Although cognitive-behavioral therapy interventions
seem promising,?® the relevant studies also suffer from
methodological limitations such as small size of the
samples and lack of control groups.

Little is known about effective pharmacological treat-
ment of depersonalization, and the condition has been
generally considered refractory to most medications.
A prominent background of anxiety or obsessions
may respond better to SSRIs or to clonazepam, while
unpublished anecdotal observations suggest that pa-
tients whose main complaints are attentional symp-
toms, underarousal and hypersomnia may respond to
stimulants such as modafinil.>*> As to the research on
new pharmacological agents two new drug categories
loom on the horizon: cannabis receptor antagonists



and selective kappa opioid receptor antagonists.
Given the fact that cannabis can induced depersonal-
ization in a dose-dependent manner, the cannabinoid
CB1 receptor antagonist rimonabant is an intriguing
research candidate with potential anti-depersonaliza-
tion effects.’” Integration of elements stemming from
cognitive-behavioral theory, psychophysiology, and
computer science, is expected to enhance our under-
standing of the condition and our treatment-planning
acumen.

Neurobiological evidence

A neurobiological model of depersonalization pro-
posed by Sierra and Berrios'® suggests a bilateral corti-
colimbic disconnection with prefrontal activation and
limbic inhibition resulting in hypoemotionality and at-
tentional difficulties. However, Sierra, parallels deper-
sonalization to neurological cortico-limbic disconnec-
tion syndromes such as pain asymbolia and asomato-
gnosia, referring to depersonalization as a “functional
cortico-limbic disconnection”3®

Increased alertness observed in depersonalization re-
sults from activation of the right dorsolateral prefrontal
cortex (prefrontal attentional systems) and reciprocal in-
hibition of the anterior cingulate, producing symptoms
of “mind emptiness” and “indifference to pain” often seen
in depersonalization. Additionally, left prefrontal inhibi-
tory influences are likely to inhibit the amygdala result-
ing in dampened autonomic output, hypoemotionality,
and lack of emotional coloring leading to feelings of “un-
reality or detachment.”

Interestingly, there is evidence of clinical similarities
between the experiential narratives produced by pa-
tients with depersonalization and those with corticolim-
bic disconnections. Early psychophysiological studies
reporting a blunting in skin conductance recordings
of patients during depersonalization episodes.® In line
with this, it was recently found that healthy controls un-
dergoing aversive experimental stimulation and mani-
festing among other experiences of depersonalization,
demonstrated fast attenuation of skin conductance
responses, i.e., habituation.*® It was also found that in
anxiety disorders the presence of depersonalization ac-
counted for much of the variance of electrodermal ha-
bituation rate.”!

Patients with depersonalization present selectively
reduced autonomic responses and prolonged auto-
nomic response latency to unpleasant stimuli but not
to emotionally neutral ones. This finding indicates a
specific disruption in emotional information process-
ing rather than a non-specific dampening effect on
autonomic reactivity.*> Moreover, the findings sug-
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gest that the presence of depersonalization in oth-
erwise anxious patients has a blunting and selective
effect on autonomic reactivity.*>* An abnormally low
tone in the sympathetic autonomic nervous system
has been found in patients with depersonalization in
comparison to patients with other anxiety, depressive,
or psychotic disorders, by using forearm blood flow as
a measurement of sympathetic autonomic function
while interestedly their anxiety ratings were higher;*
this indicates a fundamental discrepancy between ob-
jective and subjective signs of anxiety encountered
among these patients.

Functional neuroimaging studies showed the putative
role of abnormal functioning of the posterior cortical
section (i.e., temporo-parietal junction, inferior parietal
cortex, insula) in the generation of embodiment and
agency, which are relevant to the experience of deper-
sonalization. It is currently assumed that the right angu-
lar gyrus is responsible for comparing intended actions
to subsequently experienced motor acts.**> People with
depersonalization exhibit different relative glucose met-
abolic rate from healthy controls especially concerning
BA 22 (a right temporal lobe association area), and 7B
(a somatosensory association area), BA 39 (a multimod-
al parietal; association area), BA 19 (occipital association
area). Depersonalization patients were characterized by
greater activity than comparison subjects in all these ar-
eas, with the exception of the BA 22, where activity was
lower.*® These findings indicate the role of extensive as-
sociational brain networks, mainly localized within the
occipito-parietal domain, particularly with respect to
embodiment. Although, healthy controls as well as OCD
patients showed activation in the anterior insula in re-
sponse to unpleasant and disgusting pictures, such acti-
vation was not seen in the patients with depersonaliza-
tion.*> Other brain areas related the response to expres-
sions of fear and disgust, such as the occipito-temporal
cortex, were also found to be underactive in patients
with depersonalization as compared with the two con-
trol groups.’

fMRI studies of depersonalization showed reduced
activity in emotion-related areas, such as the amygdala
and the insula, and by attenuated autonomic respons-
es to arousing emotional stimuli. They also propose that
such neural unresponsiveness seems functionally cou-
pled with abnormally increased activity in prefrontal re-
gions linked to emotional control.*#4°

In case of brain injury, depersonalization has been
assumed to represent a manifestation of ‘subtle) no lo-
calized brain damage leading to ‘problems with the
integration of perceptual, affective and attentional in-
formation.>® From a physiological point of view, there is
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evidence suggesting that vestibular dysfunction can fre-
quently trigger depersonalization symptoms.>' However,
vertigo and depersonalization did not coexist in the ma-
jority of cases.®®

Finally, it has been showed in healthy controls that
experimentally induced sensory mismatch between
disordered vestibular inputs and other sensory signals
impair the process whereby an ongoing representation
of the body within the surrounding space is achieved.*
Consistently, it has been hypothesized that vestibular
and multisensory information becomes integrated in a
cortical region known as the temporoparietal junction,
the latter thought as relevant in the generation of the
experience of being localized within one’s body, i.e., em-
bodiment

Virtual Reality in psychiatry

VR has been a significant tool in the hands of medical
experts during the last two decades for diagnosis, treat-
ment, counseling and rehabilitation of various physical
and psychiatric disorders. Its main use in healthcare can
be summed up as (a) a simulation tool and (b) an inter-
action tool.

In psychiatry, VR in interventions of counseling and
cognitive-behavioral therapy has been used for the
treatment of addictions and several types of phobia,
subclinical fears and anxiety and stress disorders.>*>®
Furthermore, VR rehabilitation allows for adaptive en-
vironments, adjusting to the needs and progress of
the individual patient using input data from the Head-
Mounted Display (HMD) and certain sensors, creating
the illusion of realistic interaction with the VE.>* These
types of sensory feedback allow specific targeting of
symptoms unique for each group of patients.

From a technical point of view, in-game performance
and ability parameters are monitored to ensure appro-
priate levels of challenge. Game difficulty adaptation in
VR rehabilitation platforms is achieved by either simple
parameterization,* naive adaptive algorithms*"*8 or by
using an adaptation strategy by which patient’s speed
and control are computed to adjust for game difficulty
level, through a Markov decision process (MDP) pro-
viding a therapist-guided reinforcement learning algo-
rithm. A MDP refers to the process of the agent observ-
ing the environment output consisting of a reward and
the next state, and then acting upon that. It is a sort
of straightforward definition of the learning problem
from interaction to achieve a goal. The agent and the
environment interact continually, with the former se-
lecting actions and the latter providing him with feed-
back and presenting new situations. Formally, an MDP

is used to describe an environment for reinforcement
learning, where the environment is fully observable.

Since, none of the above approaches offers on-line
therapist’s feedback, recently there has been an attempt
to produce a novel algorithm for game difficulty adap-
tation, by coupling patient’s performance and therapist
feedback information to efficiently balances adapta-
tion.*>®

VR has been demonstrated to influence higher order
cognitive functions and cortical plasticity, with implica-
tions for the treatment of phobias (e.g., fear of spiders,
heights, public speaking), schizophrenia and phar-
macological addictions,*® stroke rehabilitation,* and
post-traumatic stress disorders.> Of crucial importance
for successful VR implementation is a high sense of pres-
ence - a feeling of “being there” in the virtual scenario.
The cognitive and perceptual underpinnings inducing
feelings of presence in VR scenarios, to our knowledge,
remain as yet largely unknown. Positive effects in pa-
tient treatment have been demonstrated*® suggesting
that VR is capable of successfully influencing behavior
on a subconscious level.

VR disposes an inherent diagnostic potential as a means
inducing increases of dissociative experience (deper-
sonalization and derealization), and a lessened sense of
presence in objective reality.”® The use of VR enables the
neurorehabilitation team to take overall control over the
selected stimuli in order to meet the needs of the patient,
overcoming the limitations of physical world. A number
of companies worldwide develop and provide custom-
ized VR solutions solely targeting to psychiatric health-
care, including CleVR, psious, VirtualRET and Mimerse
(https://techcrunch.com/2016/01/06/virtual-reality-ther-
apy-treating-the-global-mental- health-crisis/), each one
focusing on different span of disorders.

Moreover, objective bio-signal data measurements of
changes in the heart rate and galvanic skin reflex, can be
obtained using wearable devices during VR sessions.®° In
particular, anxiety-related bio-signals can be monitored
in real time, and exposure to stressful stimulus can be
gradually increased in a more reasonable fashion.®'

Finally, there are many methodological issues to be
addressed to verify how effective, harmful, or safe VR
interventions are, compared to conventional treatment
options. Current VR-related clinical trials limitations are
the small size of the samples, lack of adequate controls,
and lack of double-blind studies. These important issues
should be addressed to design methodologically robust
studies. In addition, the problem of ecological validity in
terms of similarity between human behaviors in VR to
those in real life, still remains an open issue.



Embodiment and identity in Virtual Environments

There has been a growing scientific interest in the
representation of the physical body in VEs and the
way embodied experience is connected with the
physical, social and self-presence of the users within
the virtual space.®’ In immersive VR the interface de-
fines both the boundaries and shape of the body, thus
research that has been conducted concerning the (av-
atar or first person) representation of body image and
the distortions of it that occur in the VE.®* The affor-
dances of the virtual body may lead to different social
meanings compared to the user’s physical body allud-
ing to the notion that virtual embodiment can alter
personal identity and perception.t It has been sug-
gested that embodiment in VEs exhibits the potential
for increased intelligence levels, through the progress
of sensory fidelity virtual worlds. The progressive
perfection of the way VEs respond to user actions,
by linking physical movement to sensory feedback,
lead to a heightened stimulation of human action in
a natural environment. Confidence in the cognitive
potency of VEs research®? is due partly to the experi-
ence of the high-level reaction via the immersion in
high-end VR systems. However, this assumption re-
quires further investigation of the occurring psycho-
logical effects and the concept of presence,® as a ba-
sic state of consciousness.®* The subject of presence,
which is also referred as “phenomenal body” and “self”
respectively, does not always correspond with the
physical body.®*% Thus, the concept of self-presence
is defined as “the users’ mental model of themselves
inside the virtual world and the short term or long-
term effect of virtual environment on the perception
of one’s body (i.e., body schema or body image), phys-
iological states, emotional states, perceived traits,
and identity".% Furthermore, wearable technology,
due to its proximity to the body, becomes a major
factor in affecting human identity and transforming
the relationship with the physical body. In particular,
wearable devices enable the users, while present in
the virtual space, to define and present their digital
identities, which augment their real ones rather than
replacing those.%” As prosthetic mechanisms, weara-
bles improve the performance of the users, enabling
them to cope with the demands imposed on them by
the environment, since the capability of the human
body is limited within the requirements of the digital
environment.® Thus, ubiquitous and pervasive com-
puting includes, through the use of wearable devices,
the physical body of the user and transforms his/her
personal space into a “bodynet”, enhancing it with ad-
ditional capabilities.®®
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A fresh view

The representation of the physical body in VEs and
the way embodied experience is connected with the
physical, social and self-presence of the trainees within
virtual space has recently become a subject of growing
scientific interest.”” Embodiment in VEs exhibits the po-
tential to promote users’ mental potential (in terms of
cognitive reserve enrichment). However, this concept
along with the concept of presence as a basic state of
consciousness warrant further investigation. The terms
“phenomenal body” and “self” are used to describe
the immersion of the user into the VE and are not al-
ways identical to the “sense of the physical body”. “...
Self-presence is defined as users’ mental model of them-
selves inside the virtual world, but especially differences in
self-presence due to the short term or long-term effect of
virtual environment on the perception of one’s body (i.e.,
body schema or body image), physiological states, emo-
tional states, perceived traits, and identity..."”" As with
other forms of presence, VR experts share the assump-
tion that increases in self-presence go alike to higher
levels of cognitive performance, and, possibly, emo-
tional development. Furthermore, wearable technol-
ogy that enhances presence within the virtual space,
due to its proximity to the body, may become a major
factor in enhancing human identity and transforming
the relationship with the physical body. In particular,
wearable devices enable users, while present in the vir-
tual space, to define and present their digital identities,
by enriching their real ones instead of replacing them.
Accordingly, in the following lines we suggest that the
impact of new afferent stimulation and feedback may
offer a short of corrective proprioceptive experience -
leading to reorganization of deranged brain function-
al systems - mainly based upon patient’s behavioral
outcome during interaction with VEs to achieve ther-
apeutic gains (enhanced sense of presence), with the
latter hopefully transferred to ecological-everyday life
situations. For instance, stimulation of mechanocep-
tors along the heel of the foot or those distributed
along the chest surface, may be of help for the patient
suffering depersonalization enhance his/her sense of
presence in terms of contact with the ground and his/
her weight dynamics, and the required body position
adjustment imposed by external sources of stimulation
(e.g., a strong wind) to achieve better balance. Changes
induced by auxiliary mechanoceptive stimulation
(e.g., through peripheral sensors) may in turn produce
changes at a cortical level, thus meeting depersonali-
zation patient’s cognitive neurorehabilitation needs.

A similar approach using wearable technology in
the area of motor rehabilitation is the early work of
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Perel’'man in 1947, as reported by Luria,"" who had
showed that patients with paresis and dystonia result-
ing from deep penetrating injuries of the white matter
of the posterior cortices and subcortical centers, may
benefit from the implementation of additional series
of afferent impulses (e.g., proprioceptive: plaster splint
inducing hand'’s hyperextension may abolish spasm; no-
ciceptive: squeezing the terminal phalanx of the finger
may make spastic contraction disappear) leading their
afferent filed to change and normalize deranged move-
ments. For instance, these additional afferent inputs
may either take place at a subconscious level (low cor-
tical and subcortical level) or even in a conscious level
(high cortical levels). Consequently, compensation of a
motor defect may occur by modifying the patient’s affer-
ent field of interest.

We hypothesize that manipulation of the somatosen-
sory aspects (i.e., pain, temperature, touch, and propri-
oception: articular and/or baroceptive components)
during VEs immersion in DPD patients, may simulate
real-life situations entailing stressful-aversive scenari-
os as potential triggers of depersonalization to assess
self-awareness, in both its somatic and emotional com-
ponents. Implementation of biofeedback electrical stim-
ulation to the posterior cortical association areas —pre-
senting aberrant processing in these patients—, concur-
rent measurement of galvanic skin response and EEG, as
well as individualized neuropsychological assessment,
may help in the detection of somato-sensory processing
bias (i.e., baroceptive control bias). Consequently, this
may assist clinicians in making necessary therapeutic
adjustments. Since a set of wearables and sensors is im-
plemented during interaction with the VE, self-presenta-
tion and self-perception of the participants could also
be investigated, with the aim of detecting differences
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MNEPINAHWYH

H Siatapayn amompoowmomnoinong gival OXETIKN Hlag ek BaBéwv mPooBoAig TNG AUTO-evnNUEPATNTAG UTIO TN LOP®r cuvaleOn-
HATIKAG PuxpoTNTaG Kal aioBnua amoowpatomnoinong. Mpoefdpyxov XapaKTnPLIOTIKO YVWPIOUA TNG OMTOTTPOCOWTTONOINGNG CUVI-
OTA N AMWAELD TOU AIOOAUATOC OIKEIOTNTAC Y TO YUXIKO KAl CWUATIKO £yW (KABWE Kal Tou TEPIBAANOVTOC OTTOU GUVUTTAPXEL

Kal OTTOTIPAYUATOTIONO ), LOAOVOTL TO ATOMO Eival EVAREPO TNG CPANEPOTNTAG TNG £V AOYW aAAAYAG. YQioTavTtal TPWIUES &-
PELVNTIKEC EVOEIELC OTI TA ATOUA TA omoia PEMOLV TTPOG TN SIAoXIoN TTAPOUGCIAlOUV UIKPATEPN AVOXH O€ AVTIANTITIKA ACUVEXH

nepIBaiiovta, mBavév Aoyw Tng uloBETnoNg Hiag SUOKAUTTNG AVTIANTITIKAG OTAONG. ZUVETIWG, TO BiWUA AVTIANTITIKNAG OOUVEXEL-
ag Katd T Xpnon UPUBIopEVNG EIKOVIKAG TIPAYUATIKOTNTACG (EM), avapéveTal va emSevwoel TN SLOOXIOTIKH CUUTTTWUATOAOYIA

o€ gveTipopa atopa. OpIoUEVOL TIPOTACOOUV TO YEYOVOC OTI UIA TAON TOU atopou va epbubiletal i va amoppo@dtal, n omoia

a@opd og S1081KATIEG PAVTAGIAC TTOU UTIOKEIVTAL TWV SIOCXIOTIKWV BIwUdTwy, OXeTI(ETAl ONUAVTIKA UE ToV BaBud eukohiag ema-
YWYNE S100XI0TIKAG CUMTTWUATOAOYiag amd tnv EN. Ev katakAeidl, éxel emonuavOei To yeyovdg 0Tt n avénon tou oudol avoxiig

£VaVvTL TNG AVTIANTITIKNG OOUVEXELAC, KABWC ETTIONG LA TIEPIOOOTEPO EVENIKTN AVTIANTITIKK 0TAoN 0€ a0BEVEiC e Slatapayr amo-
TPOCWTTOTIoINCNG/amonTPaypaTonoinong, Suvatov va amoolv WEENILES Yl TOUG £V AOYw ACBEVEIG. ZTnv mapovod HENETN TTPO-
TEIVOUUE TN XPNON TTPOCAPUOOTIKAG KAl EPBUBIOUEVNG EIKOVIKAG TIPAYUATIKOTNTAG Yla T Bepareia TG amompoowmnmonoinong.
SUYKEKPIPEVQ, GPOVOULE TTWG N EQapUoyr NAEKTPIKIAG SiEyepong Bloavadpaong yla TNV avixveuon SIEPYACIAKWY TAPEAKUOEWY

NG eMe&ePyaoiog Twv CwHATOAICONTNPIAKWY TTANPOPOPIWV Eival SUVATOV VA CUUBAAEL GTNV ETIAEKTIKI) OTOXEUOT OUYKEKPIUE-
VWV VEUPOYVWOTIKWV CUVTEAECTWY TTOU £XOLV UTTOOTEL BAARN Kal KATA CUVETELD VA TIPOAYEL O€ KATTolov Babué Kal tn SlayvwoTi-
K TPOOTIEAAON TNG AMomPoowmomnoinong. Ot YUXOPUGIONOYIKEG TIPOCEYYIOELS gival Suvatoév va BonBricouv atn Bepameia Tng

QTIOTTPOCWTTOTIOINONG LECW ETTIKOUPIKWY GEIPWVY TTPOCAYWYWV EICIOVTWY LE ATIWTEPO OKOTIO TNV TPOTTOTIOINGN TWV UTTOSEKTIKWV

mediwv Twv MPOoREPANHEVWY IBIOSEKTIKWY CUCTNUATWY Kal TN AEITOUPYIKH TOuG avadlopydvwon. H mapovoa epguvnTikn pya-
oia SlateiveTal mMPpWTIOTWC va evBappUVEL LEANOVTIKEC EPEVVEC AVATITUENG TIPOYPAUMATWY EIKOVIKIAG VEUPOATTIOKATACTAONC TTOU

Ba BaciCovtat otn Bloavadpaacn, TNV NAEKTPIKH SIEYEPON Kal TNV TAUTOXPOVN HETPNON TNG YAABAVIKAG amOKplong Tou S€pUaTtog

Kat TG HEM §paoTtnpldtntag, 0ToXeUOVTAC OTNV EMAEKTIKI CwHaTOAIoONTNPLOKA S1€yEPON O€ A0OEVEIC e amompoowomnoinon,
Hia mapépPacn mou @aiveTal va amouctddel amod Tn GapETpa TwV KAVIKWY. Ot EpEVVNTIKEC LAG UTTOBECEIC SUVATOV VA ATTOTENE-
00UV €Va ONHEio EKKIVNONG yla TNV avAanTtuén VEWV EPYOAEIWY VEUPOATIOKATAOTACIAKWY TTAPEUBACEWY YIa TNV ATTOTIPOCWTTOTIOI-
non €181K6TEPA Kal TN Slatapayr amompoowmonoincnG/amonpayaTonoinong eV YEVEL

NEZEIZ EYPETHPIOY: Neupoyuyoloyia, Si1doxion, EIKOVIKA paypatikotnta, Bloavdadpacn, datapayr amompoowmmomnoin-
ong/amomnpaypatonoinong.
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