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Immersive virtual reality is transforming medical and psychological research and

treatment, including the treatment of clinical pain. In this short perspective paper, we

present some of the methodological difficulties that are rarely discussed in the literature

of pain research when using virtual reality. These often-unmentioned problems can

confound research investigations or interfere with the therapeutic efficacy in clinical trials.

We propose practical solutions based on our research experience. We first outline the

mechanisms of, and challenges to, the sensations of embodiment and presence, which

are critical to creating effective virtual reality illusions, before discussing the particular

considerations that need to be contemplated when working with patients with clinical

pain. Finally, we discuss some upcoming technological advances that may influence

significantly this rapidly expanding field in the near future.
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INTRODUCTION

Immersive virtual reality (VR) is a computer-generated 3D environment that fully surrounds
the user and that is displayed in a head-tracked mounted display (HMD) or, less commonly,
in a cave automatic virtual environment (CAVE). The virtual environment typically provides
a 360◦ virtual scene which can transport the user to an artificial world and even give them a
virtual body with which to explore it. This artificial world and body can be freely controlled
and manipulated by the user, allowing for the experience of environments and situations that
are simulations of reality, or of environments and situations that would be impossible, too
dangerous or even ethically problematic in reality. VR has applications in real life beyond gaming,
including education and psychological and medical research and treatment (for a review see
Slater and Sanchez-Vives, 2016). Until relatively recently VR systems cost tens of thousands
of euros, and their use was largely restricted to research centers and specialist laboratories,
out of reach to the general public. Nowadays, costs are dramatically lower, with standalone
headset systems which are available for less than e500. This opens up the possibility for the
ubiquitous use of VR not only in entertainment, but also in more diverse areas including the
hospital environments and in the home (Slater, 2014). Thus, in addition to gaming, educational
and training applications, there is considerable potential for the use of VR as a therapeutic
tool in the fields of physical rehabilitation, mental health, or pain management or treatment.
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While the use of immersive VR for the management of acute
pain conditions has been relatively well-established (e.g., Schmitt
et al., 2011; Soltani et al., 2018), the evidence to support the use
of VR in chronic pain is less conclusive. While much preliminary
and proof-of-concept research shows promise (e.g., Harvie et al.,
2015;Matamala-Gomez et al., 2018; Stanton et al., 2018), rigorous
randomized controlled trials with larger samples are required for
a consistent demonstration that chronic pain treatment in virtual
environments is superior to conventional treatments (Crosbie
et al., 2007; Boesch et al., 2015), and many such trials are already
in development.

Generally, therapeutic VR is considered low risk and no
adverse events have been reported after therapeutic VR (in a
meta-analyses of 11 studies) (Corbetta et al., 2015). However,
patients with acute or chronic clinical pain that use therapeutic
VR are (by definition) in suboptimal health: as well as being in
pain, they often have reduced mobility, they may tire easily, and
their ability to concentrate for more than short periods can be
affected, not just as a result of their condition but also potentially
the side-effects of any pain-relieving medication, or from other
co-morbidities. Such patients require particular considerations
when designing, testing and implementing treatment using
immersive VR. Our own experiences with using therapeutic
VR has involved, collectively, hundreds of patients with clinical
pain, and this has allowed us to informally garner a series
of patient perspectives that help to outline the practicalities
and challenges associated with its use. In this short paper,
we present these challenges and offer practical solutions. Our
intention is to give some guidance to researchers and therapists
when designing experiments and treatments in order to induce
an effective immersive experience as well as maximize patient
comfort and safety.

CHALLENGES TO EFFECTIVE
THERAPEUTIC IMMERSIVE VR

For VR to be an efficient therapeutic tool, several phenomena
need to take place. Firstly, patients need to feel that they are
located in the virtual scene (presence illusion) and that the
events experienced in the virtual environment are plausible
(plausibility illusion) (Slater, 2009). Secondly, and depending on
the application (e.g., Perez-Marcos et al., 2012), it may be relevant
that the virtual body that the patient sees is their own body
(embodiment illusion; Slater et al., 2009; Sanchez-Vives et al.,
2010). Here we describe some of the barriers that may impede
these illusions and suggest some solutions to them. These barriers
are also summarized in Table 1.

Challenges to the Sense of Embodiment

“It felt like someone else’s arm, not mine.”

“It felt like I had a third arm”

In VR terminology, “embodiment” refers to the illusory
ownership of a virtual body. Our sense of embodiment is highly
malleable experimentally, and we can readily embody bodies that
are radically different from our own real-life bodies using VR

(see Kilteni et al., 2012; Slater and Sanchez-Vives, 2016). Since
chronic pain is associated with cortical changes that manifest in
altered body image (Lotze and Moseley, 2007), the manipulation
of body image using embodiment in VR is a viable therapeutic
avenue that is currently under further exploration (for a review
see Matamala-Gomez et al., 2019).

This sense of embodiment can be increased through
correlated multisensory input, which may be mediated through
one or more of the following:

1. Co-location of the virtual and real limbs, so that visual
and proprioceptive feedback regarding body position match
(Nierula et al., 2017);

2. Visuomotor feedback, in which real-life body movements are
matched by those of the virtual avatar (mediated through
tracking via the HMD or external sensors) (Sanchez-Vives
et al., 2010); or

3. Visuotactile feedback, in which contact of a virtual object
with the virtual body is emphasized through concurrent tactile
sensation at the matching location in real life (Slater et al.,
2008).

From a predictive processing perspective (Clark, 2016), when
inducing a sense of embodiment the precision weighting
accorded to vision is higher than for other sensations such as
proprioception (Bourdin et al., 2019), touch (Slater et al., 2008) or
temperature (Llobera et al., 2013). However, it seems that when
there is at least one other form of congruent sensory input, the
embodiment illusion is significantly more powerful than with
vision alone (Botvinick and Cohen, 1998; Azañón et al., 2016;
Marasco, 2018), with visuomotor congruence seemingly more
powerful than visuotactile (Kokkinara and Slater, 2014). Any
disruption to the congruency of these sensations can reduce
or break this sense of embodiment. Indeed, our patients have
occasionally reported phenomena associated with incomplete
sensations of embodiment, such as owning a supernumerary limb
(a third arm), or that their virtual arms belonged to someone
standing behind them.

Agency
In patients with an inability or unwillingness to move their
painful body or body part (e.g., through immobilization, in cases
of fracture or stroke; or through fear-avoidance behaviors in
cases of painful conditions), it can be more difficult to induce an
illusion of ownership or sense of agency over the virtual limb than
in healthy participants who move normally (Sanchez-Vives et al.,
2010). There are a number of potential solutions to this, such
as induction of ownership by means of visuotactile congruence
(Slater et al., 2008). Another option is to use the movement
of the contralateral real limb, which could be tracked with the
movement transferred to the ipsilateral virtual limb (in a manner
similar to traditional mirror therapy).

With visuomotor congruence, discrepancies of more than
150ms between virtual and real movement are thought to reduce
the sense of agency (Kilteni et al., 2012). However, there is
some tolerance regarding the actual location of the moved arm
(Bourdin et al., 2019). As technologies and processing speeds
continue to improve, this latency is less and less likely to be
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TABLE 1 | A summary of selected challenges and solutions in VR studies related to embodiment and presence.

Challenge Suggested solutions

Embodiment Agency Use visuotactile congruence.

Reduce time discrepancies in visuomotor congruence.

Colocation Ensure that the location of real and virtual limbs match.

Avatar Lookalike avatars are more easily embodied than avatars with radically different features.

Susceptibility to illusion A practice period, or a pre-interventional exposure to embodiment illusions, may help improve the sense of

embodiment in certain groups.

Presence Noise and light sources Minimize real-world distractions by removing external light sources and sounds.

Plausibility The virtual environment should be engaging but familiar and reasonably realistic.

an issue; however, researchers should always ensure that the
system runs smoothly and the hardware exceeds the minimal
specifications required to handle VR, given that experimental
participants or patients rarely report this.

Colocation
The illusion of ownership of a rubber arm (Botvinick and Cohen,
1998) or virtual arm can be achieved in the absence of colocation.
However, colocation of the real body and the virtual body
has advantages. Nierula et al. (2017) showed that the analgesic
effects of viewing a painful virtual body part are reduced if
there is a discrepancy of more than 30 cm between the real and
virtual limbs. Researchers should therefore ensure the location
of real and virtual limbs match. In systems with body tracking
this may happen automatically, unless programmed otherwise.
Accurate co-location may be problematic in amputee patients
with phantom limb pain, as they often experience their phantom
limb to be located in awkward positions, and can also present
with telescopic shortening of the limb, phenomena that cannot
easily be replicated in real time in VR.

Groups With Reduced Susceptibility to Embodiment

Illusions
Our experience is that participants with a high level of
proprioceptive acuity, such as gymnasts, yoga practitioners, and
elite-level athletes, find it more difficult to embody a virtual
body. We speculate that their intense training results in their
brain giving a comparatively greater predictive weighting to
proprioceptive input, so that they rely less on the visual input
given by the HMD when attempting to produce a prediction
regarding their body’s spatial location (Bourdin et al., 2019).

It is also our experience that embodiment levels, as measured
by questionnaire, seem to be lower in more elderly patients.
This is coherent with results in the literature with the rubber
hand embodiment illusion (Ferracci and Brancucci, 2019). A
possible explanation is that elderly people may rely less on
bottom-up sensory input, and more on top-down (i.e., bodily
representational) influences—essentially, their body image may
be more rigid. That said, in our experience the ability to embody
a virtual body or body part seems to improve with practice. A
practice period, or a pre-interventional exposure to embodiment
illusions, may therefore help improve the sense of embodiment
in such patients.

Challenges to the Sense of Presence
The illusion of being transported to the place depicted by the
virtual environment, known as the “sense of presence” (Slater,
2009), has a powerful distraction effect, and appears to be a key
component of the modulation of acute pain (Hoffman et al.,
2000). The sense of presence results from integrating two factors:
place illusion and plausibility of the content. We have found
that the illusion of being in the place depicted in VR can be
easily disrupted.

External Noise and Light Sources
In order to maintain a strong presence illusion in the virtual
environment, it would seem prudent to minimize real-world
distractions by removing external light sources and sounds,
including communication between researcher and patient
if possible.

Correlated Physical and Virtual World
Encountering or bumping into objects that are non-existent in
the virtual environment can often break the sense of presence.
Patients will not often mention that they encounter this problem
and it may go unnoticed by the researcher. Researchers should
always personally try the environments and keep the “playing
area” of the experience free of cables or objects that are not
represented visually in the virtual environment.

Plausibility of Content
The observed virtual environment should be at once engaging yet
familiar and reasonably realistic in order to ensure an effective
plausibility illusion and sense of presence, which is thought to
encourage normal behavior (Slater, 2009). Most importantly, if
the environment is meant to be depicting something that could
occur in reality, then it should be consistent with expectations of
the patients.

General Considerations for Patients in Pain
Some general considerations when working with people in pain
are outlined in Table 2, and discussed below.

Exposure Time and Fatigue

“I cannot relax anymore like I did in the beginning”

“It’s exhausting, concentrating for that long”

Frontiers in Virtual Reality | www.frontiersin.org 3 October 2020 | Volume 1 | Article 9

https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://www.frontiersin.org/journals/virtual-reality#articles


Donegan et al. Effect VR Pain Therapy: Considerations

TABLE 2 | A summary of selected challenges and solutions in VR studies with special considerations for patients with pain.

Challenge Suggested solutions

Exposure time and

fatigue

Set the tasks at an appropriate level for the patient.

Ensure a graded progression of difficulty.

Exposure time should be kept to a maximum 10–15min.

Encourage patients beforehand to report adverse symptoms immediately and discontinue the treatment.

Repeated exposure may evoke a habituation effect and patients may cope with longer sessions with training.

Nausea, dizziness Keep the visual and vestibular mismatches to a minimum.

Use of airflow; slowing down the movements; narrowing the field of view; ensuring the interpupillary distance (IPD) is correct.

Hygiene Use single-use disposable VR masks.

Wipe down and disinfect hard surfaces between patients.

Replace sponge elements of the HMDs with a vinyl cover.

Regular handwashing

Technophobia, lack of

trust

Discuss beforehand what is expected from the participant.

Spend some time answering the participant’s questions and doubts.

Give the participants the possibility to explore the equipment and test a virtual environment before the experiment starts.

Show a “virtual therapist” that provides instruction and encouragement to the participants.

Set demands of the task based on the participant’s expertise in virtual environments and with video games.

Lack of movement Position patients into comfortable positions prior to starting any treatment.

Encourage the participants to fidget, shuffle and change position regularly if they wish to.

Excessive movement Avoid end of range motion (particularly of the neck).

Consider carefully the patient’s condition, and tailor the experience according to the amount and type of movement

available to the patient.

Headset weight Encourage patient feedback regarding neck pain and consider shorter sessions in these patients.

Support the head and neck by providing neck pillows or raised back supports if required.

Patients with allodynia Avoid tactile feedback over the area of allodynia.

Explore alternative multisensory congruence.

Interoceptive information such as heartbeat, together with vision, can be used.

Questionnaires Choose shorter questions with clearer language, minimize the use of abstract terminology.

Spending time VR has the potential to induce symptoms
not dissimilar to motion sickness, such as nausea, dizziness,
headache, and fatigue (LaViola, 2000). However, in our
experience with at least 400 participants and exposures of
15min, this has hardly ever been the case (provided that
we do not use high-speed environments such as rollercoaster
simulations).Many patients, particularly those with fibromyalgia,
stroke patients, post-operative patients, or those on strong pain
medication, often experience symptoms of mental fatigue when
having to concentrate for long periods. VR can require significant
mental resources (depending on the task demand and the level
of interaction required), which can often overwhelm patients
unaccustomed to it. Careful and considered treatment planning,
which includes setting the tasks at an appropriate level for the
patient, as well as ensuring a graded progression of difficulty, can
help avoid these problems. For patients in pain, whowill probably
fatigue easily, we recommend that the time of each exposure
should be kept to 10–15min per session at the most. Patients
should be encouraged beforehand to report any such symptoms
immediately and the treatment discontinued. On the other hand,
repeated exposure may evoke a habituation effect and patients
may cope with longer sessions with training (Hill and Howarth,
2000; Howarth and Hodder, 2008).

Nausea and Dizziness

“The ball moves too fast and makes me feel sick”

Any mismatch between sensory input from the visual and
proprioceptive systems has the potential to cause a form of
motion sickness. In VR, this can occur when the visual perception
of self-motion is not matched by reality (LaViola, 2000). Some
suggested solutions include the use of airflow (D’Amour et al.,
2017), slowing down the movements (Kemeny et al., 2017),
narrowing the field of view (Fernandes and Feiner, 2016), and
ensuring the interpupillary distance (IPD) is correct (Fulvio et al.,
2019). As discussed, it is also thought that as patients adapt
over time to being in the virtual environment, so the severity of
cybersickness may be reduced (Hill and Howarth, 2000; Howarth
and Hodder, 2008). Again, keeping the visual and vestibular
mismatches to a minimum, especially in the early stages of
treatment, would seem prudent.

Hygiene
Most commercial HMDs utilize felt or sponge lining that,
while comfortable, makes sterilization of the headset difficult.
This may be problematic in a hospital setting where often-
strict sterilization protocols need to be met, in particular if
used by oncological or immunosuppressed patients (this is
particularly pertinent in the current COVID-19 crisis). If the
same HMD is to be used by many people, potential solutions
include single-use disposable VR masks, the use of ultraviolet
radiation boxes, and following standard sterilization protocols
including wiping down and disinfecting hard surfaces between
patients and frequent hand-washing. Additionally, it is possible
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to replace the original sponge elements of the HMDs with a
vinyl one.

Technophobic Patients

“I’m too old for this”

For some participants, the experimental situation can be
intimidating, especially if they do not have any previous
experience with VR or video games. Some patients struggle with
exploring the virtual environment spontaneously and need verbal
encouragement in order to do so. This is particularly noticeable
with elderly participants. A thorough discussion beforehand
of what is expected of the participant during the experiment,
including giving them the possibility to explore the equipment
and test a virtual environment before the experiment starts is
helpful. Another option is to have a virtual therapist (preferably
embodied in a third-person avatar) that provides instruction and
encouragement, and in our experience patients often respond
well to this while in the virtual environment.

Many patients are worried that they will fail, break the
equipment, or be seen by those observing as not being clever or
quick enough, or that they are too old for it. It is worthwhile
spending extra time explaining the equipment and answering
any questions and doubts. Patients respond best to healthcare
treatments when an effective therapeutic relationship has been
established, and there is no reason VR treatment should be any
different. A recent study examined the experience of elderly
participants involved in a participatory design process; that
is, including participants in all stages of virtual environment
design (Kopeć et al., 2019), with the results suggesting that
such a process may be useful to combat these fears and
significantly enhance the patient experience. In our experience,
once a potential rejection is overcome, older participants
commonly enjoy using VR and they are enthusiastic subjects—
as most naïve VR patients are—both for experiments and for
therapeutic interventions.

Avatar Characteristics

“It’s me!”

In VR, participants can readily embody avatars that are quite
different from their real-life body and the characteristics of
this virtual body can have marked psychological effects (see,
e.g., Maister et al., 2015; Banakou et al., 2016). However,
unless manipulation of the virtual body is a particular focus
of the treatment, it makes sense to try to match the physical
characteristics of the patient and the avatar. Mapping of patient’s
real-life facial characteristics is becoming more straightforward,
and patients are often pleased to see an accurate “lookalike” avatar
when they look into a virtual mirror, and as a result they embody
the lookalike more easily than an unfamiliar avatar.

Appropriate Task Demand

“What do I have to do now?”

“I had to close my eyes - it was all a bit overwhelming!”

Knowing the participant’s expertise beforehand can be useful
to select demands of the task they will be facing in the virtual
environment. As mentioned previously, it is important that
virtual therapy (as with any therapy) starts easy and builds
gradually, in terms of the difficulty of task performed, the
level of movement involved, and the time spent in the virtual
environment. Patients will have different expectations regarding
what will happen in VR—more experienced participants faced
with low-demanding-behavioral environments may feel bored
or confused; less experienced participants may be overwhelmed.
The ability to tailor a starting point based on the patient’s
perceived expertise in virtual environments and with video
gaming may therefore be helpful.

Lack of Movement

“It is starting to hurt again because I can’t move my hands and I’m

tightening them up”.

Patients are often in a static body position throughout
their VR experience. Even with head/neck and upper limb
movements, patients do not actually move from a seated or
recumbent position. Indeed, this is often done for reasons
of safety, since immersion in the virtual environment can
be quite disorientating, particularly with first use. However,
this prolonged lack of movement can exacerbate certain pain
conditions. Comfort is king, and patients should be positioned
into comfortable positions prior to starting any treatment, with
encouragement to fidget, shuffle and change position regularly
if they wish to. We have found that generally patients do not
tolerate a long-sitting position particularly well, compared with
a standard seating position. This may be due to the excessive
mechanical tension of the nervous system involved in the long-
sitting position.

Excessive Movement

“I think I hurt my neck looking around!”

Conversely, extreme end of range motion (particularly of the
neck) should generally be avoided unless absolutely necessary.
However, such movements, if required, can be visualized in VR
without being performed in real life, often without the participant
noticing (Harvie et al., 2015; Bourdin et al., 2019). Careful
consideration of the patient’s condition, and a prediction of the
amount and type of movement involved, is required in order to
ensure that the patient’s symptoms are not exacerbated by the
treatment, and a basic functional assessment examining global
range of movement and movement capacity can be carried out
by the researcher to assess potential exacerbating factors prior to
treatment (ideally by a physiotherapist).

Headset Weight
Some HMDs weigh little and are easy to adjust whilst others
are comparatively heavy and bulky. This may cause neck pain
and discomfort, particularly with prolonged use, and particularly
in patients with pre-existing neck pain or fatigue issues. Patient
feedback regarding neck pain should be encouraged and shorter

Frontiers in Virtual Reality | www.frontiersin.org 5 October 2020 | Volume 1 | Article 9

https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://www.frontiersin.org/journals/virtual-reality#articles


Donegan et al. Effect VR Pain Therapy: Considerations

sessions considered in these patients. Supporting the head and
neck by providing neck pillows, or raised back supports is also
worth considering; although these can be restrictive of neck
movements andmay cause a visuotactile mismatch that can break
the embodiment illusion.

Patients With Allodynia

“I can’t handle it [vibrotactile stimulation] any more. It feels

like needles.”

Tactile feedback is often given using vibration, in order to provide
congruent multisensory input and induce an embodiment
illusion (see Challenges to the Sense of Embodiment). However,
in some pain conditions (e.g., complex regional pain syndrome),
normal tactile input can be processed as painful, a phenomenon
of central sensitization known as allodynia. Alternative
multisensory congruence is therefore preferable, but difficult to
achieve. Movement of the limb is also often extremely painful
for these patients, which effectively rules out using visuomotor
congruence; and co-location of the real and virtual bodies
(visuoproprioceptive feedback) has a weaker effect on inducing
body ownership than when providing congruent visuotactile
and/or visuomotor sensory input. However, other possibilities
could be explored, such as tactile feedback on a non-allodynic
area or other congruent sensory modalities. Another potential
alternative is to use interoceptive information such as heartbeat,
together with vision, to provide this input (Solcà et al., 2018).

Subjective Outcome Measures
(Questionnaires)

“I don’t know if I fully understand this question”

“What does it mean that the body belonged to someone else?”

Some questions, especially related to abstract concepts like
embodiment or presence, are often confusing for patients
unfamiliar with such terms. We have found that patients
unfamiliar with a Likert or sliding-scale questions often respond
as if the scale were dichotomous and select only the extreme
options. Moreover, long and complex questions seem to
discourage and distract patients, and patients sometimes give
answers that seem to be inconsistent with their informally
reported experience.

Our recommendation is to choose shorter questions with
clearer language, minimizing the use of abstract terminology.
However, reducing the number of possible answers to simplify
matters for the patient, then runs the risk of reducing the
sensitivity of the measure. While there is currently no widely
used standardized questionnaire for measuring embodiment
levels, Gonzalez-Franco and Peck (2018) have proposed a
comprehensive 25-question outcome measure that covers six
different domains (body ownership, agency and motor control,
tactile sensations, bodily location, external appearance, and
response to external stimuli). However, validation of such
measures is problematic since there is no gold standard.

FUTURE DEVELOPMENTS IN
THERAPEUTIC VR

The market of immersive VR devices is growing rapidly—
certain aspects of VR technology that were unthinkable only
a few years ago have become commonplace today (Coburn
et al., 2017; Riva et al., 2018; Sherman and Craig, 2018). Future
technological developments have the potential to further improve
therapeutic VR. For patients, perhaps the most significant is full-
body tracking in a standalone HMD, which is expected in the
next generation of HMDs. A system with full-body tracking that
does not require any special hardware would make the setup
much faster, programming easier, and would be significantly
more patient-friendly, thanks to a reduction in the amount of
equipment to set up and calibrate. For technophobic patients and
patients with significantly reduced mobility, this ease of setup is
often critical. The increased portability of the system means that
patients have much more flexibility with where and when they
can receive treatment.

For patients with severely impaired motor control, for
example due to a stroke, spinal cord injury, or peripheral nerve
injuries, or for amputees (conditions which can be also associated
with pain), a potentially promising solution is the use of brain-
computer interfaces (BCI) in combination with VR (Nierula
et al., 2019; Leeb and Pérez-Marcos, 2020). Leeb et al. (2012)
demonstrated for the first time that it is possible to navigate in
VR by asynchronous, self-pace-controlled VR. Previously, Perez-
Marcos et al. (2009) demonstrated that the control of virtual
hand movement by motor imagery was effective at inducing
ownership of the virtual hand, when compared to the same
set-up with a lack of control (or incongruent condition). Such
control implies an activity in the motor cortex that results in a
visual feedback of the desired action, therefore there are correct
sensorimotor congruence that induce ownership of the virtual
body part and agency over it. There are other BCI protocols
that can be used to control the movement of the virtual body
(or eventually of other features of the virtual environment). A
commonly used one is visual-evoked potentials. Our studies,
however, have found that the sense of agency and responsibility
over movements of a virtual body are larger when triggered
from the sensorimotor cortex than from visual-evoked potentials
in healthy participants (Nierula et al., 2019). VR-BCI confers
various advantages over BCI alone (Leeb and Pérez-Marcos,
2020). It has the potential to be more ecologically valid, more
versatile, and can provide more motivational feedback for BCI
users. Additionally it is safe, cost-effective, and flexible (e.g.,
testing a wheelchair without any risk) (Lotte et al., 2012). The
use of motor imagery in VR-BCI is a good example of how
these two technologies can potentially be combined. Although
a large part of the research combining these techniques has
been in healthy participants (e.g., Ortner et al., 2012; Lupu
et al., 2018; Nierula and Sanchez-Vives, 2019; Nierula et al.,
2019), or is still at proof-of-concept stage (Aamer et al., 2019),
early clinical studies have shown promise for neurorehabilitation
(Remsik et al., 2018; Cohen et al., 2019; Vourvopoulos et al.,
2019). However, the spatiotemporal imprecision is currently a
limiting factor.
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Perhaps the greatest limitation of current VR technology
is the lack of a realistic touch sensation, known as haptics.
Interpersonal mediated touch is known for its many therapeutic
effects (e.g., Cabibihan et al., 2012; Serrano et al., 2016; Spiss et al.,
2018), and it is little wonder that many research laboratories,
both in academia and in industry, are testing potential solutions.
Currently, the most commonly applied solution is the use of
vibrators located on velcro strips, which lack the richness and
variety of physical contact (warmth, softness, pressure, etc.).
Touch stimuli can be processed and interpreted in numerous
different ways depending on the context of the experience and the
meaning attributed to it, with visual stimulation being a strong
contextual modulator of touch sensation; however, a completely
realistic feeling of touch is much more difficult to achieve. Some
full-body suits (e.g., Teslasuit) use electrostimulation channels
which are purported to enrich the stimulation of vibrators.

Perhaps the more pertinent questions are scientific and not
technical. There is some research to suggest that the most
effective strategy when using VR for pain relief may need to be
tailored to the pathology (Matamala-Gomez et al., 2018), and
may even be individually specific (Stanton et al., 2018). The
optimal dosage to maximize pain relief, and whether analgesic
effects are sustained over time are also unclear but should
be elucidated over the coming few years. For chronic pain in
particular, designing an individually specific intervention that
addresses the unique and complex multidimensional aspects of
the patient’s lived experience of pain may be one of the biggest
challenges both for VR developers, just as it is for therapists,
but will ultimately be essential if therapeutic VR is to have
clinically meaningful effects. At the same time, as the technology
becomes cheaper and more accessible, personalization may also
be seen as one of VR therapy’s strengths, with aspects such as
real-time feedback and tailored environments and avatars being
particularly useful.

CONCLUSION

Immersive VR technology has opened a brand-new chapter in
rehabilitation and pain treatment and has garnered the interest
among a rapidly and constantly growing circle of researchers,
doctors, and physiotherapists. We have introduced some of the

potential problems or risks that may hamper research efforts and
proposed some solutions which are often omitted in the literature
but can be helpful for those who would like to begin or have just
begun working with immersive VR. The challenges outlined are
not intended to be (nor could ever be) an exhaustive list, and our
experiences merely serve to highlight the fact that each patient
is different, with a unique biopsychosocial profile, and effective
treatments within and without VR are those that recognize and
accommodate the complexity and individuality of the patient and
their pain experience.
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