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The development of rehabilitative technologies able to increase the intensity and the
amount of time for daily treatment as well as the patients’ motivation and interest is a
high-priority area of scientific research. So far, positive outcomes have been obtained by
combining the rehabilitation and clinical protocols with different technologies, including
robotics, assistive devices, neuroprostheses, brain–computer interface and even smartphone
or tablet applications [1]. More recently, a growing amount of scientific evidence, coming
from Neuroscience, Psychology, Medicine, Neurorehabilitation and Sport Rehabilitation,
suggests that Virtual Reality (VR) may be an optimal solution for rehabilitation of different
diseases. Indeed, due to its technical properties (i.e., high level of ecological validity, smart
interface with other medical devices, 3D simulation of real-life experience, naturalistic
interaction between user and virtual environment) and its strong effect on human per-
ception and behaviour, VR is opening the way for implementing the next generation of
cognitive/motor treatments and clinical applications [2].

However, despite the many efforts being made in this topic, a clear comprehension
of VR’s efficacy in rehabilitation and clinical applications is still far off. One of the main
problems stems from the improper use of the terminology in the literature, where the term
“VR” is often used to describe the technologies that do not fully satisfy the VR specifications
(i.e., serious games or videogames simply displayed on a monitor). Thus, it is important
to better clarify the terminology to distinguish the two sides of VR technology, namely
immersive and non-immersive VR. According to Slater [3], immersivity is determined by
the number and range of a user’s sensory and motor channels connected to the system and
is generated by combining different technologies in a whole system able to deliver visual
information changed in real time according to the movement of the user’s head and body,
as they would if he/she were in an equivalent physical environment [3,4]. Thus, while in a
non-immersive VR system the virtual environment is displayed on a standard computer
monitor and the interaction is limited to the use of a mouse, joystick or remote control,
in an immersive VR system (typically constituted by new generation of head-mounted
display or Cave Automatic Virtual Environment system, CAVE) the user is “surrounded
by a 3D computer-generated representation” and can use their own body for a naturalistic
sensory–motor interaction with the virtual environment.

Importantly, evidence highlights that the exposure to an immersive VR is able to elicit
a sense of presence, i.e., a strong feeling of ‘being physically present’ in the virtual environ-
ment [4] which allows one to respond in a realistic way to the virtual stimuli and elicits
physiological reactions as if the subject is physically situated in a real place [4–6]. Previous
findings show that the sense of presence is a necessary mediator for eliciting real emotions
when being in a virtual environment [5] and activating brain mechanisms underlying sen-
sorimotor integration and the cerebral networks regulating focused attention [7]. Moreover,
it has been shown that presence is elicited by fully immersive VR compared to less immer-
sive 2D ones and, importantly, can impact the effectiveness of virtual treatments [8] and
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increase the degree to which the virtual stimuli are translated into real-world behaviour [9].
Interestingly, some studies exploited the advantage of sense of presence for realizing spe-
cific virtual experience for clinical applications. For example, Iosa et al. [10] induced in
post-stroke patients the illusion of painting some art masterpieces for motor rehabilitation
of the upper limb [10]. Furthermore, D’Antonio et al. [11] used an immersive VR treatment
on balance and posture by inducing in stroke patients the illusion of movement (when
they were still on a baropodometric platform inside a CAVE system) by showing a virtual
environment programmed for movement in different directions at walking or running
speed [11]. However, it is important to also highlight that non-immersive VR systems, such
as serious games or 2D tasks, can have a potential impact on the rehabilitation process [12].
Indeed, these systems have been used in a wide range of health care applications, including
both upper and lower limbs, orthopaedic rehabilitation and balance and gait training, with
the aim of providing an intervention context for reacquisition, recovery or maintenance of
motor and sensorial functions to ensure the quality of life of patients [13].

Thus, despite the technical and theoretical differences between immersive and non-
immersive VR, both technologies can have different potential impacts for implementing
novel rehabilitation treatments and allow scientists to optimize and personalize the experi-
mental set-up according to the patient’s and hospital’s needs, including the possibility to
develop tele-rehabilitation applications that patients can perform at home. The VR applica-
tions can be very versatile, using different systems and configurations, as well as different
contents that can range from very engaging, dynamic and interactive to non-immersive and
static [14]. These statements are also supported by the constant improvement of technology.
Devices are becoming more portable and efficient with a reduction in costs, facilitating
the ability to navigate and interact in real time with virtual environments enriched by
specific sensory information [15]. So far, the VR clinical applications cover a wide range
of areas including cognitive and motor rehabilitation in Parkinson’s [16] and Alzheimer’s
disease [17], brain injury [18], phantom limb pain [19], cerebral palsy [20], unilateral spatial
neglect [21,22], pain management [23], specific phobia [5] and eating disorders [24]. VR
thus offers the opportunity to expand and improve the range of interventions for various
rehabilitation applications. For example, it can provide real-time multisensory feedback,
task variation and progression, and task-oriented repetitive training [25]. Regardless of the
application, a large number of studies have shown how different treatments are able to
influence functional outcomes as a function of dose and time of administration, particularly
for rehabilitation. However, high therapeutic doses and patient adherence to the treatment
plan are often limited [26]. VR can also improve the accuracy of performance measure-
ments and the standardization of treatment protocols [2]. Furthermore, it can have positive
effects on motivation. Physical and cognitive exercise is essential in increasing brain repair
and plasticity [27]. Finally, VR could help to develop rehabilitation training ecologically,
expanding the effects of training to activities of daily living and to the home [28]. However,
the use of virtual reality still has many points to clarify and challenges to address. The
wide application of VR still entails a small number of enrolled patients in several different
diseases. Even if most of the data show improvements, patients enrolled in scientific
protocols are still few. In some diseases, such as brain injury, this could also be due to
severe conditions, which limit adherence to the rehabilitation program. The cognitive
characteristics of patients can achieve the overall effectiveness of VR treatments, limiting
the use in daily practice of neurological rehabilitation [29]. Moreover, VR treatment is
highly dependent on the patient’s ability to use VR systems independently, in relation to
the safety of use, the subject’s experience and usability of the devices [26]. Yet, there is
still no clear evidence on the added value and cost-effectiveness of rehabilitation with VR
compared to other therapies. Finally, the high sense of presence in the virtual environment
can induce related pathologies (cybersickness), based on the features of the VR application
and on the characteristics of the users undergoing treatment [30].

This Special Issue of the Journal of Clinical Medicine aims to collect works that shed
new insights regarding the use of VR technologies, both immersive and non-immersive, for
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clinical and medical applications in order to provide novel evidence that could be useful
for future development. Our proposal is to add scientific data to implement research in
rehabilitation with VR. Additional scientific data and reviews on peculiar issues of VR are
needed to test its effectiveness in rehabilitation training on a larger population sample for
various levels of disability and in domestic contexts after hospital discharge. Finally, we
would like to include in the manuscript a final brief section entitled “Implications of using
Virtual Reality technology in Clinical Practice” in order to give practical information for
using the proposed method and findings that could help clinicians and rehabilitators for an
optimal application in clinical practice.
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