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Abstract

Purpose of Review We review the first pilot studies applying metaverse-related technologies in psychiatric patients and
discuss the rationale for using this complex federation of technologies to treat mental diseases. Concerning previous virtual-
reality applications in medical care, metaverse technologies provide the unique opportunity to define, control, and shape
virtual scenarios shared by multi-users to exploit the “synchronized brains” potential exacerbated by social interactions.
Recent Findings The application of an avatar-based sexual therapy program conducted on a metaverse platform has been
demonstrated to be more effective concerning traditional sexual coaching for treating female orgasm disorders. Again, a
metaverse-based social skills training program has been tested on children with autism spectrum disorders, demonstrating
a significant impact on social interaction abilities.

Summary Metaverse-related technologies could enable us to develop new reliable approaches for treating diseases where
behavioral symptoms can be addressed using socio-attentive tasks and social-interaction strategies.

Keywords Metaverse - Predictive coding - Social brain - Brain-to-brain synchrony - Eating disorders - Sexual disorders -
Autism spectrum disorders

Introduction world [1, 2e]. This expansive, immersive digital environ-
ment offers users an opportunity to interact with a computer-

The Metaverse, a term coined from the fusion of “meta” generated universe, as well as with each other, in ways that

(meaning beyond) and “universe,” is usually defined as a ~ mimic and extend real-world interactions [3].

hypothetical next-generation Internet that aims to create The backbone of the Metaverse is built on some key tech-

a shared virtual space connecting the physical and digital =~ nological tools [4], such as:
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Fig. 1 Number of published
papers on the metaverse as
reported on the PubMed data-
base (access 06/02/2024), com-
bining the terms “Metaverse”
and “Health”

The scientific community has recently paid a great deal
of attention to the Metaverse, and a great deal of work has
already been done on its concepts, applications, and design.
An exponential rise in the number of publications about
metaverse can be seen while searching for them on PubMed
between 2021 and the present (Fig. 1). Combining the terms
“Health” and “Metaverse,” 206 publications have been pub-
lished since the first original paper in March 2021, and the
number is still rising.

However, despite this great scientific interest in the
metaverse application in the health domain, only a few
clinical trials have been opened in the last year (Table 1)

B Number of published papers

140

105

70

(according to the clinicaltrials.gov website, all accessed on
06/02/2024).

Virtual Healing: Exploring the Metaverse’s
Potential in Mental Health Care

As we have seen in the Introduction, the emerging Metaverse
is envisioned as a blended (digital/physical) landscape that
provides enhanced spaces for rich user interactions. Central
to the Metaverse concept is a dynamic, two-way connection
between the virtual and physical worlds. An example of this

Table 1 Clinical trials approved Title
(clinicaltrials.gov website) on

the application of the metaverse

NCT N°
The use of metaverse in nursing education NCT05829395
Metaverse-based healthy life program for youth NCT05332886
The effect of metaverse-based nursing skills laboratory NCT05706584
Support groups in the metaverse for Ukrainian refugees NCT06142032
Positive youth development in the metaverse—a pilot study NCT05858593
Effectiveness of metaverse space-based exercise video distribution in young adults NCT06019156
Examining the effect of metaverse-based epilepsy education NCT06195020
Multidimensional rehabilitation intervention in colorectal cancer survivors NCT05956990
Prevalence of internet addiction and its effects on psychological well-being of adults in NCT06205004
Hong Kong
Avatar-based therapy for female orgasmic disorder NCT06187246
VR and script training of PWA NCT05667480
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vision is the digital twins: digital representations of real-
world entities—an object, system, or process—that are syn-
chronized with the real world. This means that actions in the
physical world can shape experiences in the virtual realm,
and vice versa. Additionally, any alterations in the physical
world are reflected in its digital twin, allowing for recipro-
cal feedback—for instance, interacting with an avatar in the
virtual world can trigger haptic feedback in the real world.

This interconnectedness will be facilitated by the con-
vergence and interaction of various digital technologies,
including 3D shared XR (Extended Reality) environ-
ments, biosensors and activity sensors bridging real-world
actions to virtual experiences, two-way Internet-of-Things
(IoT) connections, social media platforms, and wearable
technologies like smartphones. These tools work together
to blur the lines between the digital and physical, enrich-
ing user experiences across both domains. The outcome
of this process is “medical extended reality” (MXR), the
use of Metaverse technologies to extend or enhance the
medical experience [5, 6]. In this view, the application of
the metaverse in mental health introduces a new paradigm
in treatment methodologies, offering advantages that tra-
ditional approaches may lack.

First, the metaverse is distinguished by its ability to create
controlled, safe, and customizable therapeutic environments,
which can be tailored to the specific needs and conditions of
individual patients [5]. The metaverse allows for the custom-
ization of therapeutic environments and scenarios to match
the individual's specific needs, preferences, and treatment
goals. This personalization is critical in mental health care,
where the subjective experience of disorders necessitates
tailored approaches for optimal outcomes.

Moreover, the connection between the virtual and physi-
cal worlds offers the capability for real-time monitoring
and feedback [7], providing therapists with valuable data
on patient progress and engagement levels. This immediate
feedback, mediated by Al algorithms, could guide therapists
in adjusting interventions more precisely to the patient’s
needs, enhancing the effectiveness of treatment. Further-
more, immersive technologies, particularly through gamifi-
cation and interactive scenarios, increase patient engagement
and motivation [8]. This heightened level of involvement
can lead to better adherence to treatment plans, as patients
often find VR-based interventions more appealing and less
stigmatizing than conventional therapies.

However, the Metaverse has another critical feature
that provides a significant advantage to mental health: the
metaverse shares with our brain the same basic mechanism—
embodied simulations [9]. Predictive coding is an influential
theory in neuroscience and cognitive science, proposing
a framework for understanding how the brain processes
information and interacts with the world [10]. Central to this
approach is the idea that the brain is constantly generating
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and updating a model of the environment to predict sensory
input, rather than passively receiving and reacting to
external stimuli [11]. The predictive coding approach, with
its emphasis on the brain’s predictive processes and error
minimization, offers innovative perspectives and therapeutic
strategies for improving mental health [12, 13]. By
understanding mental disorders through the lens of disrupted
or maladaptive predictive processes, this framework can
guide the development of interventions aimed at recalibrating
the brain’s prediction mechanisms, thus offering hope for
more effective treatments.

In this view, the metaverse can be seen as a playground
for predictive coding [14]. In fact, the metaverse works like
our brain: it uses computer technology to predict and enact a
simulated world that individuals can manipulate and explore
as if they were in it [15]. Essentially, the metaverse seeks to
replicate the sensory feedback one would anticipate from
actual movements, presenting a simulated reality that adjusts
dynamically to the user’s actions. The closer the metaverse
aligns with our brain’s internal model, the more authentic
and convincing the digital experience becomes, enhancing
the user’s sense of presence within the virtual world. Moreo-
ver, the experiential potential of the metaverse can be used to
design interventions aimed at recalibrating the brain’s pre-
dictive models to reduce prediction errors associated with
mental health symptoms [1, 14]. By creating controlled envi-
ronments, the metaverse can expose individuals to specific
stimuli that challenge their maladaptive predictions, allow-
ing for the safe correction of prediction errors.

Applications in Psychiatric Domains: Exploiting
the Brain-to-Brain Synchrony Potential

Exactly as it has already been demonstrated for VR [16],
immersive technologies can aid clinicians in improving
clinical assessment or exerting control over and modifying
elements of the virtual environments that can be utilized
to evaluate and test pertinent factors, including inducing
social anxiety or monitoring reactions to environmental
signals. However, concerning the large amount of evidence
provided for the application of VR-related tools in mental
health, the entry of the metaverse should be considered
mainly for its social contents [9, 17]. As previously said,
the metaverse represents a novel “federation” of several
technologies featuring a robust service-oriented frame-
work, prioritizing social content to establish connections
between tangible and virtual realms [1]. The profound
sense of presence that is shared in a social virtual setting
is what makes a metaverse-related application effective.
Because of this, individuals working on a virtual activity
ought to do better when they collaborate compared to the
traditional VR-related alone condition.
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The social relevance of the metaverse-related applications
relies on the theoretical background of the social network the-
ory [18, 19]. This theory, which has its roots in psychology,
sociology, and anthropology explains how social relationships,
structures, and dynamics influence people’s attitudes, conduct,
and overall well-being [20]. According to this theory, people
are entangled in complex webs of relationships that include
coworkers, friends, relatives, and other social groupings. Dur-
ing collective behaviors, people are engaged in exchanging
knowledge about the object or purposes that the behavior is
intended to achieve, accepting a common frame of reference
and, finally, working together to accomplish it. These networks
have a significant impact on a person’s mental health in addi-
tion to their behaviors and views.

However, connecting people in a social network to fac-
ing psychopathological thoughts or behaviors is the basis
of the well-known group therapy approach, an old strategy
used in clinical practice to strengthen interpersonal relation-
ships in a group environment. Group therapy gives patients
a safe space to explore feelings, obtain understanding, and
create coping mechanisms through assisted interactions and
shared experiences. In 2018, the American Psychological
Association added group psychotherapy as a specialty, indi-
cating that the scientific data supporting it is strong enough
to qualify as an evidence-based treatment modality [21]. A
plethora of studies demonstrated that group therapy is an
effective method to treat a myriad of psychiatric disorders,
such as mood [22], eating disorders [23], addiction [24], and
schizophrenia [25].

Group therapy and social network theories have a com-
plex interaction that provides important insights into the
understanding and management of psychopathological dis-
eases. First of all, for people who are struggling with mental
health issues, social networks can be a source of stress as
well as a resource. The quality, character, and structure of
a person’s social network can have a big influence on how
susceptible they are to psychopathological symptoms. For
example, those with weak social support networks may be
more susceptible to anxiety and depression, whereas peo-
ple with strong social networks may benefit from improved
mental health outcomes. Group therapy approaches aim to
use the therapeutic potential of group dynamics within peo-
ple’s social networks, thereby capitalizing on this under-
standing. Through the gathering of people with comparable
experiences or obstacles, group therapy cultivates a feeling
of acceptance and affirmation and gets help and inspiration
in overcoming obstacles.

The neurophysiological basis underlying group therapy or
social network approaches is the brain-to-brain synchrony
theory [26, 27¢]. This field of study explores the dynamic
interplay between the brains of individuals engaged in
social interactions. This theory suggests that during such
interactions, there is a remarkable alignment of neural

activity between individuals, leading to the synchronization
of brain processes [28]. Through neuroimaging techniques
(i.e., EEG), researchers have observed patterns of synchro-
nized neural activity between individuals engaged in tasks
requiring cooperation, communication, or empathy [29].
The phenomenon of brain-to-brain synchrony underscores
the fundamental interconnectedness of human cognition
and social behavior. It suggests that our brains are wired
not only for individual processing but also for interpersonal
coordination, allowing for shared understanding, empathy,
and collaboration during collective tasks [30].

The brain-to-brain synchrony and the social network
theories together with the group-therapy approach can be
considered the neurocognitive background and the behavio-
ral approach underlying the application of the metaverse in
mental disorders. Exploiting the potential of the “synchro-
nized brains” during socio-attentive functions increases the
relevance of the social context and the planning of collabo-
rative activities. This leads to a rise in interpersonal rela-
tionships, self-worth, and a deeper level of self-awareness
[31, 32]. The metaverse could have the incredible potential
to boost this effect by shaping and modulating multi-user
virtual environments tailored to individual and group needs
favoring the facilitator role of the therapist [2e].

Metaverse Applications in Mental Disorders:
The First Evidence

Here we present the first pilot studies applying metaverse-
related technologies and approaches in mental disorders.
In particular, three specific clinical fields have been
explored: sexual dysfunctions, autism spectrum disorders,
and eating disorders.

Sexual Disorders

The first RCT study applying metaverse-related technology
in mental disorders has been made by Vila et al. [33ee]. They
evaluated the efficacy of an avatar-based sexual therapy pro-
gram for treating female orgasm disorder (FOD). This is
a type of sexual dysfunction characterized by persistent or
recurrent difficulty, delay, or absence of orgasm following
sufficient sexual stimulation and arousal. This illness seri-
ously affects women’s quality of life, interpersonal relation-
ships, and sexual fulfillment. Estimates of FOD prevalence
vary depending on the population studied and the criteria
used for diagnosis; however, it has been reported that this
disorder approximately affected 10-50% of older women
[34, 35]. Several psychological and pharmacological thera-
peutic approaches have been proposed for addressing pri-
mary symptoms and improving sexual satisfaction, but their
applications are often limited by psychosocial factors, such
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as guilt, shame, fear of exposure, and sexual stigma. For
this reason, the employment of a metaverse-based approach
could overcome these particular psychological barriers. As
already stated by Riva et al. [36], using avatars has several
therapeutic advantages, such as safety, flexibility, and access
to virtual items and activities that could be difficult to reach
in real life. In contrast to alternative remote or in-person
therapies, metaverse-based therapy may also facilitate the
use of therapeutic techniques like systematic desensitiza-
tion, exposure therapy, and behavioral skills training (i.e.,
masturbation) by allowing patients’ avatars to confront anxiety-
inducing stimuli and overcoming ethical concerns. For
this reason, Vila et al. [33ee] evaluated the feasibility and
effectiveness of a new approach exploiting the metaverse-
related approach applied to 31 women with FOD. The avatar-
based psychotherapeutic program was conducted in the
well-known metaverse Second Life platform (secondlife.
com) and comprised twelve weekly online individual ses-
sions where participants received a comprehensive 1-h daily
treatment based on a combined cognitive-behavioral therapy
(CBT) and the acceptance and commitment therapy (ACT)
approaches. Otherwise, the control group sessions consisted
of individual informative talks without the employment
of specific therapeutic techniques. After the intervention,
100% of individuals enrolled in the experimental group fully
recovered from FOD, including also increased sexual sat-
isfaction, and lower sex guilt and anxiety. This result was
explained as a consequence of avatar-based intervention
which allows a more safe and easy access for examining
genital parts of the body. Using a digital representation of
yourself, it is possible to better alter one’s sense of one’s
body while facilitating cognitive transformation. This kind
of perceptual-cognitive task is difficult to perform during
in-person or remote interventions due to ethical concerns.
According to neuroscience, the body’s actions, thoughts, and
emotions can be efficiently regulated and controlled by the
brain through the generation of embodied simulations of the
body in the real world, a process that the metaverse may have
employed to create an embodied simulation of the body in
the virtual world [37].

Despite this being the first study applying avatar-based
intervention in sexual disorders, some aspects needed to be
solved in order to fully exploit the metaverse-related poten-
tials: (a) the employment of therapeutic sessions shared by
multi-users using HMD and (b) the translation of cognitive and
behavioral performance analyzed in a larger cohort to train a
machine learning algorithm able to predict the clinical trajec-
tory of patients during the daily sessions. These two particular
advancements will allow us to exploit the social dimension
of the metaverse-related experience promoting social learning
resources and computational power through Al algorithms that
can help to monitor and manage patients by automating data
capture and sharing data across systems [38e].
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Neurodevelopmental Disorders

A collection of illnesses known as neurodevelopmental disorders
(i.e., autism spectrum disorders and (ASD), attention-deficit/
hyperactivity disorder (ADHD)) are defined by abnormalities
in the growth and development of the central nervous system,
which can lead to a variety of difficulties with cognition, emo-
tion, and behavior. One common feature of many neurodevelop-
mental disorders is a deficiency in social functioning and social
skills. Information and communication technologies (ICTs)
have become more widely used in the past years to help people
with ASD and ADHD regain social skills [39]. The rationale for
applying a metaverse-related approach in neurodevelopmental
disorders lies in the idea of exploiting the social dimensional
experience of this technology on individuals with specific social
skills deficits. The use of metaverse-related technologies may
facilitate the application of behavioral therapies carried out
gradually and individually under the direction of therapists, by
exploiting creative environments where children may socialize
using their imagination [40].

One of the first attempts to develop a metaverse-based
social skills training program to enhance the capacity for
social interaction has been launched by Lee et al. in 2022 [41]
and terminated in 2023 [42ee]. The metaverse game platform
(Roblox) was employed to deliver the metaverse-based social
skills training program (four 1-h sessions a week, for 4 total
weeks) to 20 ASD individuals. With respect to traditional
metaverse-related applications, in this program, the authors did
not use HMD or avatar-related representations of their bodies.
The four sessions made up the program. The introduction and
knowledge of the necessity of guidelines and outcomes took
place in the first session. Understanding the scenarios based on
behavior and taking part in group activities were the focus of
the second session. In the third session, the authors discussed
how to react to unpleasant feelings and behavioral experiences.
The topic of the fourth session was recognizing and valuing
personal differences. Each session included homework, feed-
back, and metaverse practice in addition to theoretical sessions.
Significant gains in social interaction abilities, improved men-
tal health outcomes, a decrease in emotional and behavioral
issues, and a reduction in parental psychological distress were
all noted by the authors.

As concerns other neurodevelopmental disorders, such
as ADHD, no pilot studies have been realized until now,
although relevant guidelines to develop the first applications
for improving social and learning disabilities in these indi-
viduals have been proposed [43].

Eating Disorders
The APA’s DSM V designates eating disturbances as pivotal

symptoms of eating disorders (EDs), emphasizing that these
conditions hinge significantly on an individual’s relationship
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with their body [44-46]. This connection suggests that beyond
the overt eating issues, a deeper concern with body image,
encompassing the overemphasis on body shape and weight,
is instrumental in understanding the roots of these disorders.

Although a metaverse-like tool has never been used in
this specific clinical domain, several immersive technologies
have been demonstrated to be effective in lowering symp-
toms and abnormal behaviors. We therefore present the most
advanced VR/AR-related ED applications to encourage more
translation within the metaverse’s social environment.

Recently, the Allocentric Lock Hypothesis (ALH) sug-
gested that may EDs stem from deficits in multisensory body
integration, a process that combines internal body signals
with external information to create a coherent body experi-
ence [47-49]. Our body experience is not just visual. It is
formed by integrating different sensory inputs like vision,
touch, proprioception (body awareness), and interoception
(internal signals like hunger, and fullness). This multisen-
sory integration helps us create a coherent and updated rep-
resentation of our physical selves. However, according to
ALH, EDs may be caused by impairment in updating the
internal multisensory representation of our body. In other
words, ALH suggests that people with EDs become stuck
in an observer-based (allocentric) view of their body, often
shaped by negative judgments or self-objectifying experi-
ences. Even if the individual’s body changes (e.g., losing
weight after a diet) or they receive new sensory informa-
tion (e.g., current visual and tactile input demonstrating that
their body is underweight), the locked allocentric memory
dominates. This inability to update leads to persistent body
shame and dissatisfaction, even if it contradicts their current
physical state. It fuels anxieties and unhealthy behaviors as
attempts to control the perceived issue based on the locked
memory, not the actual body. Furthermore, the inability to
update their body image based on new experiences hinders
them from accurately interpreting their internal signals
related to emotions. To address this issue, as done with
anxiety disorders, VR/AR systems are successfully used to
extinguish/habituate craving [50] and anxiety responses to
food-related [51, 52] and body-related cues [53, 54].

Despite the development of exposure therapy strategies
exploiting immersive technologies, a substantial volume
of experimental research utilizing multisensory bodily
illusions—such as the well-documented rubber hand
illusion, where one feels a fake hand as part of their own
body through synchronized stroking seen and felt on both
the rubber and hidden real hand—to alter internal body
representations by orchestrating multisensory discrepancies,
particularly between sight and touch [55].

Technologies within the Metaverse can be leveraged to
create full-body illusions, integrating the appearance of
another individual’s body into one’s own body schema.
This innovative technique involves the phenomenon of

“inhabiting” a virtual body, achieved by synchronizing visual
and tactile stimuli between the virtual and actual bodies from
a first-person or a third-person viewpoint [56]. Recently,
audio-only illusions were used, too [57], by altering in real-
time the frequency components of the footsteps sounds pro-
duced by people as they walk, to make these sounds consist-
ent with those produced by a lighter or heavier body. This
innovative approach is being examined for its capacity to
amend body misperceptions in individuals suffering from
EDs. Through immersive technologies (e.g., virtual reality
and auditory signals), these interventions aim to offer new
therapeutic pathways by enabling users to experience and
potentially reconcile distorted body images, offering promis-
ing directions for ED treatment and recovery [58].

Even if the research is still in its infancy, two different
systematic reviews explored the potential of body illusions in
modifying the bodily experience of clinical and non-clinical
subjects [59, 60]. Both reviews underline that individuals with
high Body Image Distortion (BID) show greater susceptibility
to embodiment illusions. This suggests a potential link
between BID and impairments in multisensory integration
supporting the main claim of ALT. Second, the use of
embodiment illusions can modify and enhance the flexible
perception of individuals with Body Image Disturbance.
This underscores the importance of integrating embodiment
illusions into clinical environments as an adjunctive strategy
alongside established treatments such as Cognitive Behavioral
Therapy (CBT). Future research should combine illusions
with technology targeting interoception to see if this improves
effectiveness [61].

Metaverse and Mental Health: Open Challenges

Before determining the true impact of metaverse-related
applications for treating mental diseases in comparison to
the well-known VR/AR technologies, we should wait a
few years. Moreover, it should be borne in mind that the
Metaverse will evolve into a prominent fixture in our digital
lives; it brings with it a new dimension of mental health
challenges. This immersive virtual world, while offering
innovative opportunities for social interaction, entertain-
ment, and education, also presents unique stressors that can
impact users’ mental well-being. Understanding these chal-
lenges is crucial for developing effective strategies to pro-
mote mental health within these digital spaces.

The first challenge in the Metaverse relates to the concepts
of reality and identity [62]. Users can create avatars that differ
significantly from their real-world selves, enabling them to
explore new identities and social dynamics. While this can
offer a liberating form of self-expression and experimenta-
tion, it may also lead to issues related to identity confusion,
especially among younger users who are still developing their
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sense of self. The blurred lines between one’s virtual and
actual identity can complicate individuals’ self-perception
and social interactions, potentially leading to dissociative
experiences and psychological distress.

The Metaverse, as we have seen, has the potential to con-
nect individuals across the globe, creating opportunities for
interaction that transcend physical limitations [9]. How-
ever, this virtual connectivity might paradoxically lead to
a second challenge: social isolation [63]. Users may prefer
the company of virtual friends or communities, neglecting
real-life relationships and interactions. This preference can
exacerbate feelings of loneliness and isolation, as virtual
interactions may lack the depth and emotional richness of
face-to-face connections.

Moreover, the anonymity and distance provided by the
Metaverse can embolden harmful behaviors such as cyber-
bullying and harassment [64]. Unlike the physical world,
aggressors in the Metaverse can easily conceal their identi-
ties, making it difficult to hold them accountable for their
actions. Victims of such behaviors may feel powerless and
trapped, leading to significant emotional distress, anxiety,
and depression.

Furthermore, the immersive nature of the Metaverse, with
its engaging content and endless possibilities for exploration,
can lead to addictive behaviors [65]. Users may spend exces-
sive amounts of time in virtual environments, neglecting
real-world responsibilities, relationships, and self-care. This
escapism can serve as a coping mechanism for underlying
issues such as depression, anxiety, or dissatisfaction with
real life, further entrenching the individual in the virtual
world and exacerbating mental health issues.

Finally, the Metaverse collects vast amounts of personal
data to create personalized and immersive experiences. Con-
cerns about privacy, data security, and surveillance can con-
tribute to anxiety and paranoia. Moreover, the lack of control
over personal information and the potential for its misuse
can lead to feelings of vulnerability and distress, impact-
ing users’ sense of psychological safety within these virtual
spaces [1, 38e].

In conclusion, the Metaverse presents a complex land-
scape of mental health challenges that reflect the intricacies
of human psychology in digital environments. By recogniz-
ing and addressing these issues, we can create a more inclu-
sive, safe, and supportive Metaverse that enhances rather
than detracts from users’ mental health.

Conclusions

We can infer from these preliminary studies that the
metaverse-related approach is currently working progress
to mental health services. A new theoretical vision exploit-
ing the potential of the brain during social interaction to
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overcome cognitive and emotional dysfunctions. However,
to fully utilize the characteristics of this federation of tech-
nologies, numerous methodological advancements must be
made while awaiting the preliminary results of the upcom-
ing clinical trials. The question of which machine vision
system is most appropriate for use in a healthcare context
should be resolved first. Indeed, to satisfy the service’s
demands about a deeper sense of immersion, we should
move in the direction of the upcoming “phygital” technol-
ogy paradigm, which refers to the possible blending of
digital and physical places, by the convergence of virtual/
augmented/mixed/extended reality, haptic device, Internet-
of-Things, and AI [66]. For this reason, before beginning
any new clinical studies, a great deal of work needed to be
done to evaluate the usability of the upcoming devices.
Next, we should solve how, where, and whether Al-
based algorithms can be employed in future metaverse-
related tools. Indeed, with sensor-based wearable devices
and other human—machine interaction tools, simple human
movements and complex actions can be analyzed and rec-
ognized based on several machine learning or deep learn-
ing models [67]. However, before their application, we
need a list of plausible biomarkers evaluating the efficacy
of instruments associated with the metaverse. Stated dif-
ferently, we must ascertain the precise correlation between
digital biomarkers provided by MXR systems and the
clinical metrics commonly utilized in clinical medicine
[68]. Exactly as it has been made in the neurorehabilita-
tion domain, where the exact relationship between robotic
metrics and clinical scores has been described [69].
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