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ABSTRACT

Pain is a distressing and subjective feeling that occurs in different intensities and may result from the
stimulation of a nerve due to injury, illness, or emotional disturbance. This chapter aims to understand
how VR can contribute to pain management. To this end, the authors will address topics such as: pain
— types of pain and its consequences in everyday life, as well as ways to relieve it; virtual reality — what
it consists of, its functionalities and components, as well as its application to health and well-being,
its advantages and limitations, and virtual reality in pain management. It is intended to emphasize the
importance of pain management for the daily lives of individuals and the consequent improvement in
the quality of life of those who benefit from this type of intervention.
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Virtual Reality Environments in Pain Management

INTRODUCTION

It is undeniable that, throughout life, we all experience some pain. Characterized as a sensory or emo-
tional experience, pain is a distressing and subjective feeling that occurs in different intensities and may
result from the stimulation of a nerve due to injury, illness, or emotional disturbance (Riva et al., 2011;
Tait et al., 2009). More specifically, the International Association for the Study of Pain determines that
this unpleasant experience is “associated with, or resembling that associated with, actual or potential
tissue damage”. It is a personal experience influenced by several unique and individual factors, which
can translate into negative consequences, not only at the physical level, compromising the individual’s
functionality, but also the social and mental well-being (Merskey, 1994).

This reaction to harmful stimuli is regulated by non-nociceptive blocked mechanisms located in the
spinal cord, as explained by the “gate control theory”, allowing the increase or attenuation of perceived
pain. It may also be due to distracting stimuli, which helps a harmful reduction of nociceptive neuronal
signaling, attenuating perceived pain (Melzack & Wall, 1965; Triberti et al., 2014). In 2006, Luna con-
sidered that, as well as cardiorespiratory and thermal functions, pain should be considered a fifth vital
sign, which informs the person about the danger to their physical integrity. That is why it is so important
to know how to distinguish physiological from pathological pain. While the first assumes protective
and adaptive functions, namely inflammatory and nociceptive pain, the second does not (Luna, 2006;
Sneddon, 2017).

Nociception is the process that describes pain processing and responses that pose a threat to the normal
state of nervous tissue. In general, pain is classified in two different kinds: acute pain, being transitive,
manifests itself in a short period, usually resulting from easily identifiable causes; and chronic pain, a
constant or intermittent painful feeling, that extends over time (Riva et al., 2011; Tait et al., 2009).

Even so, pain may differ according to its pathophysiology: nociceptive pain - caused by damage to the
body, serving a purpose (protection, for example); neuropathic pain - presupposes a direct consequence
of an injury or disease of the somatosensory system but which can be felt in areas far from the injured
one; and nociplastic pain - emerges from a nociceptive change, even if there is no evidence or threat of
tissue or somatosensory system damage (Jensen et al., 2011; Jensen & Gebhart, 2008; Kosek et al., 2016).

As a typical sign of acute pain, physiological pain responds to stop exposure to the harmful stimu-
lus to preserve tissue homeostasis. For this to happen, it is necessary to intervene with the free nerve
endings of first-order neurons, called nociceptors. The harmful external stimulus is transmitted to the
Central Nervous System through processes of transduction, transmission, modulation, and perception
of the neural signals generated as a response (Pace et al., 2018; Sneddon, 2017).

In a simplified way, this process consists of a chain where the first-order neuron originates from
the periphery and protrudes into the spinal cord; the second-order neuron ascends through it, and the
third-order neuron protrudes into the cerebral cortex. Projection neurons carry nociceptive information
through five main ascending pathways that innervate the thalamus, midbrain, limbic system, and reticu-
lar formation, which in turn are responsible for the location of pain, its intensity, and its effective and
cognitive aspects (Klaumann et al., 2008; Lamont et al., 2000). The periaqueductal gray of the midbrain
is considered the most crucial anatomical region to the endogenous analgesia system, comprising the
pathways that originate in the brain stem and spinal cord that end. The inhibition of the nociceptive
neurons presents here is made by excitatory connections with serotonergic and noradrenergic neurons
which lead to the dorsal horn of the spinal cord which results from the inhibitory neurons of the blades
connections I, II, and V (Klaumann et al., 2008; Lamont et al., 2000).
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As for nociceptive pain, the potential damage of the tissue is recognized by the sensory endings of
the nerves mentioned above — nociceptors. It is called “potential damage” since damage to the nervous
tissue may not occur if the exposure time to the harmful stimulus is short, resulting in temporary pain
and indicative of danger, as an alert system — acute pain. When there is nociceptive signaling/excitation,
the event is experienced as painful, depending on factors such as the context and the priority that the
brain gives to the stimulus. Examples of this kind of pain are episodes when we place our hand on a hot
surface or sprain an ankle (Moseley & Flor, 2012).

On the other hand, when nervous tissue damage occurs, the body triggers an inflammatory response
— (nociceptive) inflammatory pain. This response, which involves chemicals from the blood, the immune
system and released by specialized nerve fibers, will allow tissue regeneration. It is possible to verify that
tissue healing occurs when edema, redness, and hypersensitivity to touch and movement appear. In these
situations, acetaminophen or anti-inflammatory non-steroidal recurs to control the pain and thus allow
the person to remain active, returning more quickly to their daily tasks.(Moseley & Flor, 2012; Schug
& Goddard, 2014). This kind of pain is characteristic of the neck or nonspecific lower back injuries,
bone fractures, or pulled muscles.

Concerning inflammatory pain, cases of hypersensitivity are recurring, resulting from severe changes
in the function of the nervous system. In these cases, it is important to understand the adaptive mecha-
nisms of the neuroplasticity nervous system, responsible for adaptations and neurochemicals in cells.
These neuroplastic processes occur both in the nociceptive pathways, as in the spinal cord and the brain,
and are related to memory storage and consolidation, resulting in cortical remapping (Pace et al., 2018).

When damage to the somatosensory nervous system occurs, we are faced with neuropathic pain, where
can ocuur hyperalgesia - overreaction to painful stimuli; paraesthesia - pins and needles, tingling, prick-
ing or a feeling as if ants are crawling over/under the skin; mechanical allodynia - extremely sensitive
to touch; and spontaneous pain. The neurobiology of pain is extremely complex and the etiology and
pathogenesis of this type of damage are very different, with several patterns of sensory symptomatology
being verified (Baron et al., 2017; Finnerup et al., 2016; Maier et al., 2010).

Numerous parallel and interdependent pathophysiological processes in the periphery, spinal cord,
and higher centers contribute to neuropathic pain. This is distinguished from chronic pain by patho-
physiological changes, as it is marked by changes in normal sensory signaling, triggered over weeks
or months, at the level of the periphery, spinal cord, as well as the thalamus and cortex. When inflam-
matory mediators are released, primary afferent neurons increase their excitability, which leads to the
appearance of stimulus-independent ectopic activity (Alvarado et al., 2013; Costigan et al., 2009; Luo
et al., 2014; Tajerian et al., 2013). It is also relevant to mention that an axonal injury of this nature can
cause changes in the sensory mapping of the spinal cord, and these neuropathic pain disorders can be
related to changes in the excitability of the injured neuron (Devor & Wall, 1978).

With these changes in synaptic transmission, excitatory processes are intensified, and, in contrast,
inhibitory ones are attenuated. Even so, the intrinsic properties of dorsal horn neurons are little altered,
which corroborates the hypothesis that central sensitization is conducted and maintained by continuous
ectopic activity in peripheral nerves (Balasubramanyan et al., 2006; Daou et al., 2016; Sexton et al.,
2018; West et al., 2015).

In this sense, the complexity of the physiological basis of neuropathic pain greatly complicates the
search for effective therapeutic targets due to the various consequences of the use of gabapentinoids -
drug class derived from inhibitory neurotransmitters - for synaptic transmission, the selective actions
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of neurons, and the excitability of the network, both at the spinal level and from the higher brain centers
(Bannister et al., 2017; Biggs et al., 2014; Offord & Isom, 2016).

Beyond these, there are other ways to classify pain, knowing that uncontrolled pain can be translated
into severe physical, mental, and social complications depending on the intensity, duration, and loca-
tion. In addition to impairing functional capacity, studies have shown that pain can decrease satisfaction
with basic needs, affect mood and promote aggressivity (Z. Chen et al., 2008; Riva et al., 2011; Tait et
al., 2009). Believing that pain can totally change the way someone performs daily tasks and, in extreme
cases, can even challenge the will to live, Cicely Saunders developed the concept of “Total Pain”, which
states that pain cannot be separated from personality or environment (Samoilova et al., 2010).

Although the pain has a protective function and promotes healing, causing sensitivity to movement
or any stimulus that has the potential to delay recovery, it is not always linked to tissue damage or fulfills
this protective function (Auret & Schug, 2005; Finnerup, 2019). Nowadays, there are some interventions
to alleviate and/or manage pain, depending on its nature. Pharmacological options, as long as they are
well managed, can be an effective and safe response, being generally economical and, in some cases,
accessible without a prescription. These opioids interrupt the C-fiber pathway, which transmits nocicep-
tive signals to the Central Nervous System (Auret & Schug, 2005; Finnerup, 2019).

However, drug treatment of pain has some limitations due to adverse effects and a high probability of
toxicity and because it represents an increased risk to cases that present comorbidities, such as deficits
in balance or cognitive function. It is also essential to consider additive effects, with half of the overdose
numbers resulting from prescribed narcotics and the abuse of these substances already exceeds traffic-
related injuries as a cause of death in the USA (Auret & Schug, 2005; McLean & Le Couteur, 2004).

Thus, to minimize the side effects caused by prescribed narcotics, the development of non-pharma-
cological interventions has been a target of significant investment (Chiamulera, 2019; Riva et al., 2011).
There is cognitive-behavioral therapy, hypnosis, and Virtual Reality (VR), affecting pain perception via
attention, concentration, and emotional alteration (Chiamulera, 2019).

Although there is no evidence to support these complementary therapies, meditation, yoga, acupunc-
ture, music therapy, chiropractic, guided imagination, and biofeedback are also recommended (L. Chen &
Michalsen, 2017; Taylor et al., 2019). Furthermore, Transcutaneous Electrical Nerve Stimulation (TENS)
is recommended due to the involvement of endogenous systems for controlling pain and brain plasticity
and cognitive-behavioral therapies, relaxation, and psychotherapy, commonly called mind-body techniques
(Coutaux, 2017). When pain represents an obstacle to functionality and where the underlying cause can
be treated safely, and with clinical benefit, surgical intervention is also indicated (Cruccu et al., 2016).

Knowing that, in addition to medical treatments, psychotherapy is an essential aspect in pain control,
about the understanding and management of thoughts and emotions, five theory-based functionalities
were outlined: pain-related education, self-monitoring, goal setting, peer-based social support, and pain
coping skills training and rehearsal (Alexander & Joshi, 2016; J. Stinson et al., 2013; J. N. Stinson et al.,
2014). Even so, the integration of multimodal approaches has had some barriers, such as poor acces-
sibility for geographic reasons, high costs, and, mainly, lack of availability of qualified professionals,
not allowing an adequate acquisition of knowledge and training of skills to deal with and, consequently,
promote self-care (J. N. Stinson et al., 2013).

Studies and research on experiences in virtual environments begin to open unimaginable ways to
understand brain processes, human behavior, the mind-body relationship, and how human beings interact
in the environment surrounding them in a bidirectional relationship (Chiamulera, 2019).

284



Virtual Reality Environments in Pain Management

BACKGROUND
1. Gamification

Star rating systems to classify products and progress bars to motivate users to complete profiles or ac-
tions are examples of motivation strategies using game features in non-game contexts. These strategies
are called gamification, which has proven to be quite useful in repetitive and monotonous tasks, through
playful and interactive experiences to promote motivation and involvement (Deterding et al., 2011).

In general, it is possible to transform any system, service, or activity in light of gamification, having
already been widely used in the areas of fitness, education and learning, commerce, information retrieval,
organizational involvement and health, and well-being, with evidence of that this game mechanics has
a significant impact on the behavioral results of individuals when compared to the performance in
mechanisms (Rapp et al., 2019).

Despite being a promising concept, few studies determine the effects of gamification on individu-
als, what their true scale is, and how they unfold. There is already a great effort to establish accurate,
efficient, and based research questions based on current theorizing, namely regarding the psychological
processes underlying the interaction with gamified systems and the impact of specific elements (Landers
et al., 2019; van Roy & Zaman, 2019).

Depending on the authors, it is based on theories such as Social Interdependence Theory (Johnson,
2003), Goal-Setting Theory (Locke & Latham, 1990), and Systematic Multiple Level Observation of
Groups (SYMLOG) (Berdun et al., 2019) that the use of gamification for different purposes has been
studied. Some authors also suggest studies based on Determination Theory (Deci & Ryan, 1985) to
deepen the theoretical and empirical explanation of the psychological processes that explain the results
observed to date, as well as the effects of gamification and how it works at the level psychological and
functional (van Roy et al., 2019).

The findings in the studies of gamification and, consequently, the improvement of techniques and
methods that allow its use will enabling the development of applications that make use of this technique
and that allow integrating more elements of the game besides points, emblems, and tables of classifica-
tion (Rapp et al., 2019).

2. Virtual Reality

VR consists of a virtual and technological environment that promotes the interaction between people and
the virtual environment, enabling the user to (re)live pleasant experiences, allowing it to be completely
abstracted from the reality in which it finds itself (Freitas & Spadoni, 2019). Using advanced technologi-
cal instruments, the person receives various sensory stimuli, which provoke the sensation of interaction
with the virtual environment (Gongalves et al., 2019). It is important to note that, while VR provides a
virtual environment that is totally independent of the real one, Augmented Reality uses digital content
to enrich the real world (Zhan et al., 2020).

To put it in context, in the early 1930s, Edward Link invented the Link Trainer, which consisted of a
commercial flight simulator. It was a device that was controlled by engines and used a rudder to simulate
turbulence. Later, in the 1960s, appeared the first multisensory machine, named Sensorama, with stereo-
scopic color display, odor emitters, stereo sound system, and a motional chair, and also the Telesphere
Mask, the first monitor mounted on the head (Hoffman et al., 2004; Kohut & Kreminskiy, 2018).
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In the 80’s, VR became a popular term with the development of Data Glove - an interactive device
that facilitates tactile sensing and finemotion control; the Eye Phone, and the Audio Sphere. It was also
in this decade that NASA promised the development of remotely controlled space hardware by introduc-
ing two small LCD screens and a helmet-mounted sensor. In 1995, Nintendo released the first console
capable of displaying stereoscopic 3D graphics, “Virtual Boy” (Kohut & Kreminskiy, 2018).

Nowadays, we have access to panoramic views of roads, interior buildings and rural areas, thanks to
Google, which in 2007 came up with Street View. Only later, in 2011, appeared the iPhone VRViewer,
which consists of a device that is incorporated into the iPhone to provide a three-dimensional and im-
mersive experience for the user. A year later, were launched the VR glasses, which are currently known
and used (Kohut & Kreminskiy, 2018).

Sinse “The Oculus Rift”, a headset device that allows a 90 degree field of vision, companies such
as Microsoft, Samsung, Sony, HTC, and Valve have invested in the development of this technology in
different areas, such as entertainment, medicine, telepresence and telerobotic systems, education and
digital marketing (Kohut & Kreminskiy, 2018).

Nowadays, VR has great applicability in human beings’ daily lives and can have a significant impact
on health. In these experiences, the individual visualizes a scenario created on the computer and feels
totally immersed in that virtual environment. Depending on the type of VR, some materials are required,
such as a computer, a projector, a screen, joysticks, consoles (PlayStation, Xbox, Nintendo), smartphone,
and a screen used on the head at eye level — Head-Mounted Display (HMD), covering the whole field
of view. The HMD completely covers the vision in order to enhance the feeling of immersion (Kohut &
Kreminskiy, 2018). In VR, it is important to know how to distinguish three main features: immersion,
interaction, and engagement. While immersion is the feeling of being involved in an environment (which
can be subdivided into different types), interaction is what characterizes the individual’s response to the
stimulus exposed by VR and, finally, engagement is the degree of involvement of the stimulus (Pourmand
et al., 2018; Silva et al., 2020).

On the other hand, in Augmented Reality (AR), something is added to the real scenario where the
person is. Using a marker, a webcam or a smartphone (I0S or Android), it is possible to add and interact
with characters and/or objects in an initially empty scenario. With a focus on the real world, it’s easy
to distinguish the real from the virtual. The goal is not to provide an immersive experience, but rather
to enhance interaction with the real world. Some examples may be the world-famous game “Pokemon
Go” and the “Beat Saber”, the most played game in 2019, according to Steam’s bestseller list (Stamm
et al., 2020; van Roy et al., 2019).

It is unanimous that VR has numerous advantages for educational, therapeutic, social, and enter-
tainment purposes. The fact that it is incredibly stimulating and insulating from the real world allows
promoting motor, cognitive and social skills, which may be less developed in the user. The interaction
of a game with a joystick can promote improvements in users with difficulties in the entire upper limb.
At the cognitive level, we can talk about games in which it is possible to place the user in a painful real-
ity and work to become something comfortable to overcome specific phobias or fears. As for the social
level, video games are clear examples of promoting socialization among colleagues, and it is on these
same platforms that new friendships are created. The fact that there is not always face-to-face contact in
this type of technology, using other strategies such as video calls, makes the interaction between people
more accessible (Kohut & Kreminskiy, 2018).
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This is a technology that also has some less favorable aspects, highlighting that it is still expensive
and the software is complex. The hardware and all the materials necessary for its correct use still have
a high price, making it challenging to use on larger scales (Kohut & Kreminskiy, 2018).

3. Virtual Reality in Health and Well-Being

Virtual Reality, as an immersive environment, has offered new opportunities for serious games in thera-
peutic exercises, already having a great impact on the training of activities and/or tasks that require the
development of specialized technical skills, being considered as a teaching resource, especially for the
health field (Barilli et al., 2011).

The existing literature describes some limitations to the use of Virtual Reality in healthcare, includ-
ing secondary effects (such as nausea, disorientation and balance disorders), as well as the person’s own
limitations and/or cognitive deficits, which can be an obstacle to the intervention . In addition, usability
issues, the high cost and time for preparation and/or resolution of possible problems are also mentioned
(Dores et al., 2013; Kiryu & So, 2007; Lewis & Griffin, 1997; Park et al., 2019).

Even so, the advantages of this technology are highlighted, since it can be used in several domains
(cognitive functions, neurological diseases, physical disabilities and behavioral disorders). Its immersive,
interactive and realistic features allow you to work in any context, with total control of the environment
and minimal supervision, constituting a safe therapeutic environment. This way, the rehabilitation can
be more personalized, resorting to goal-oriented tasks, adjusting the repetitions and intensities of the
exercises as necessary (Dores et al., 2013; Lewis & Griffin, 1997).

a) VR Applied to Medicine and Education

The quick results in the biomedical field and the constant evolution of technologies associated with the
clinical procedures have facilitated the continuous updating on health professionals, aggravating the need
for investment in virtual forms of training to facilitate access. Nowadays, VR programs can simulate
clinical cases in different specialties, reducing the need for real contacts between the doctor and patients
in the early stages of medical learning (Tang et al., 2020). The study of anatomy in virtual modules
makes it possible to provide color images and more realistic behaviors than the atlas in paper format and
reduces the adverse psychological effects generated by contact with real cadavers, further reducing the
need for their use. However, the risk of medical errors involved in this practice is quite significant, lead-
ing to health problems for patients, ethical and legal issues for health professionals (Tang et al., 2020).

VR applied to surgery has also been developed, covering various situations that range from planning,
procedure, and training of techniques to perform these. These programs result from virtual simulations
of specific operations so that surgeons can train specific techniques and enhance total success in future
surgeries. The first surgical simulator was developed in Brazil to collect bone marrow. In the simulation
area, prostate cancer diagnosis and post-cancer breast reconstruction were among the first programs to
be developed (Tang et al., 2020; Vaughan et al., 2016).

b) VR Applied to Neurology

In brain disorders or damage, strategies have been explored to support the treatment of different motor
and cognitive sequelae using this technology. In general, virtual environments enable various associations
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not possible with other human-machine interfaces due to the multisensory and spatial qualities of these
environments, contributing to the enrichment of applications in the rehabilitation area (Mrakic-Sposta
et al., 2018; Serino et al., 2017).

To recover the affected skills or optimize possible effects, it is necessary to create specific therapeutic
strategies for each type of deficiency or pathology detected. An example of this is the case of individuals
who suffered a stroke, who usually have motor complications that are easily visible and often accompanied
by pain but can also impair cognitive functions (Mrakic-Sposta et al., 2018; Serino et al., 2017). To this
end, telerehabilitation has been well developed, allowing the therapist to conduct interactive sessions for
the treatment of people with motor sequels and attention and perception deficits, developing exercises in
a 3D virtual environment to stimulate and enhance the performance of activities of daily living, without
having to leave home. These patients have collaborated with enthusiasm in the intervention, ending up
significantly optimizing the results and, consequently, promoting their rehabilitation (Goo et al., 2020;
Nunes et al., 2007).

Also, it was revealed that VR is a method to follow in monitoring spinal cord injury. Studies report
improvements at the physical level mobility (movement of the upper and lower limbs), balance, endur-
ance, and development of muscle strength. However, once again, the most significant difference between
the use of traditional therapies and virtual reality therapies is the motivation felt by the patients, which
allows the therapy session to be accepted in a more positive way, which consequently affects the results
favorably (Abou et al., 2020; Correia et al., 2018).

In the matter of Multiple Sclerosis (MS), numerous studies prove that this can be a form of therapy
complementary to physical therapy. This is a chronic disease of the central nervous system of an inflam-
matory and demyelinating nature. Consequently, it is possible to observe multiple symptoms, including
visual disturbances, emotional instability, balance deficits, moderate/severe fatigue, weakness, and, in
advanced stages, all these symptoms accompanied by pain. Through games that approach the real world,
VR provides these patients with proprioceptive stimuli and external visual feedbacks, which will simplify
the relearning of motor strategies and guidance for low, medium, and high-intensity tasks. This contributes
to increasing patients’ motivation through experiencing different stimuli, increasing the likelihood that
they will achieve improvements, essentially in terms of attention. Thus, a better ability to concentrate
on the activity leads to the evolution of performance in the remaining motor and cognitive parameters
due to the possible excitation of cerebral neurotransmission. Currently, three VR devices (PlayStation
Move, Xbox 360 Kinect, and Nintendo Wii) allow adapting challenges to rehabilitation, although they
were not developed for this purpose (Abou et al., 2020; Durao, 2019).

Studies in neurological pathologies, such as Parkinson’s disease, attest, in the overwhelming majority,
to the remarkable effectiveness of this approach in the face of deficits in balance and fatigue. Usually,
these individuals stroll with small, dragged steps, with reduced arm balance and flexed posture. These
behaviors and characteristics can cause a reduction in gait speed, a decrease in stride length, and an
increase in cadence. In more advanced cases, they have a frozen gait, in which, despite the patient’s at-
tempt to walk, the progression of the feet forward is significantly reduced, increasing the risk of falls,
which consequently leads to pain (da Cruz Souza et al., 2020; Gandolfi et al., 2017).

As previously mentioned, the Nintendo Wii and Playstation have been widely used to treat these pa-
thologies. In addition to having a relatively low cost, technologies and rehabilitation programs through
Virtual Reality are capable of facilitating the performance of high-volume exercises and improving pos-
tural control, mobility, gait performance, and balance in people with Parkinson’s Disease. Commercial
video games, although not explicitly developed for individuals with neurological disorders, are capable
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of stimulating multidirectional displacements, weight transfers, a high number of repetitions, planning,
and decision making, in addition to the sustained concentration that is necessary, promoting motivation
and commitment to the tasks performed. VR in these video games also has a very positive role in terms
of motivation and adherence of the participants since many games replicate real-life scenarios and are
appealing. It becomes a personalized and motivating way that brings fun and pleasure to the recovery
process (da Cruz Souza et al., 2020; Gandolfi et al., 2017).

It is also possible to apply this technology in intervention with people with dementia, namely in
reminiscence therapy, cognitive stimulation activities, ADL training and relaxation. It is also possible to
apply this technology in intervention with people with dementia, namely in reminiscence therapy, cogni-
tive stimulation activities, ADL training and relaxation. Although it was not possible to find evidence to
support the use of VR in reminiscence therapy, non-pharmacological interventions represent a decrease
in disorientation and depressive symptoms, an increase in the sense of well-being and improvements in
executive functions (Caiana et al., 2016; O’Philbin et al., 2018).

c) VR Applied to Mental Health

This technology has also been widely used in the treatment of phobias, exposing the individual to stimuli
related to the phobic object. This exhibition is characterized as an intermediate procedure between expo-
sure by imagination and exposure in vivo, and must be graduated (Cunha & Leitdo, 2003; Haydu et al.,
2016). This approach has been well received as it is a safe environment where existing trigger stimuli
are easier to control than in the real world. The therapist can regulate the intensity and frequency of the
stimulus presented and also present it in different contexts (Netto, 2006). The individual interacts with
the virtual environment through an interface that best suits their needs: glasses or helmet with visors;
joypads, mouse or real control simulators. In this approach, without ever losing contact with the therapist,
it is very important that the person feels immersed and involved in the created environment, so that they
experience emotional responses as close as possible to in vivo exposure (Haydu et al., 2016; Netto, 2006).

Another very promising area is virtual exposure therapies for post traumatic stress disorders. Similar
to the others already mentioned, using VR it is possible to verify that the person is more motivated to
actively participate in the rehabilitation process. Furthermore, with this resource it is no longer neces-
sary to use imagination to provoke emotional responses related to trauma, being in a safe environment
(Rigoli & Kristensen, 2014).

d) VR Applied to Developmental Disorders

On the subject of Down Syndrome, these individuals have several perceptual-motor and sensory inte-
gration dysfunctions that are reflected in an atypical development in psychomotor and learning aspects.
These neurological characteristics of the syndrome make it necessary for health professionals to work
in ways that promote psychomotor skills since they are a prerequisite for developing higher cognitive
skills. For this reason, many therapists turn to Virtual Reality (VR) to carry out activities aimed at the
motor and cognitive skills, with possibilities for adjustments in the distribution of the steps of the actions
relevant to the required performance times and functional capacities, constituting itself as an activity
means and end of the intervention.

Sedentary behavior and low levels of physical activity are indicated as risk factors for health in the
population with Down Syndrome. Researches also report that the sedentary lifestyle presented by most
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people with DS results from the motor limitations presented by many of them to perform numerous
activities, especially when it comes to children. Therefore, VR enters this pathology as a motivating and
playful intervention program, turning out to be attractive and promoting new active behavioral patterns.

MAIN FOCUS OF THE CHAPTER

Within the scope of health care, it is often necessary to resort to painful procedures, either for preven-
tion, diagnosis, or treatment purposes. This threatening physical and psychological well-being situation
affects all age groups, with a particular focus on children and adolescents (Wiederhold, 2006). With
the growth of immersive and complex technologies, the aim is to obtain sensations or inhibit feelings
through the modulation of afferent and efferent pathways to the human brain. In this sense, VR has been
used as a mechanism capable of providing different sensations in adverse situations (Fernandes, 2019).

Similar to the rehabilitation of people with anxiety, psychosis, Parkinson’s Disease, neurological
syndromes, phobia, among others, VR has also been used to reduce pain in various age groups and dif-
ferent types of individualized pain, such as in burn and post-surgical patients (Pourmand et al., 2018;
Silva et al., 2020). In the most recent years, the use of VR as a non-pharmacological therapy for pain
management has been progressively gaining more adherence due to the decrease in analgesics and the
possibility of being used at home with relatively reduced costs. There are several theories about the
effects that VR has on pain relief. Some of them claim that this promotes distraction from the painful
experience. Others suggest that VR affects how pain is processed in the Central Nervous System (Ah-
madpour et al., 2019; Chiamulera, 2019).

The VR offers multisensory experiences in a virtual environment that can influence emotional pro-
cessing in the brain and, consequently, pain. When presenting emotional stimuli, for example, through
video images that transmit positive emotions to the patient, this approach can influence the perception of
pain, involving downward modulating pathways, reducing it. Contrary to what was expected, the medical
community has pleasantly accepted the use of VR as a therapeutic technology. Although there is still
no consensus on the mechanisms through which VR has an impact on pain, it is known that, effectively,
this new resource can alleviate different types of pain (Ahmadpour et al., 2019; Silva et al., 2020).

According to Hunter Hoffman, “using VR, we can teach chronic pain coping skills, techniques that
patients can use on their own that will help decrease it. Learning changes the brain and gives patients
something that keeps working when they take the device off. When they realize that their pain is not
inevitable, they become more receptive to physical therapy exercises and more likely to move on their
own” (Brody, 2019).

There are several theories about the action that VR has on pain relief; some claim that this feature
promotes distraction from the painful experience. Others suggest that virtual reality affects the way pain
is processed in the central nervous system. The literature argues that the method of distraction from the
painful situation can alleviate the perception of pain. The device used allows the user to be immersed in
a different environment, capable of distracting and stimulating them differently and filters out external
information associated with pain or its source. In this way, its use allows inducing an analgesic sensa-
tion much superior to that felt during other types of distraction, such as games, films, or videos. Even
s0, it should be noted that the use of this technology does not annul or replace the analgesic treatment
but serves as an adjunct to existing treatments (Chiamulera, 2019).
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In recent years, several researchers have created techniques to control pain through technologies, such
as VR. One of the pioneering projects with a VR approach to relieve the pain of burn patients is Snow-
World VR, developed at the University of Washington HITLab and Harborview Burn Center, Seattle,
Washington. This system consists of an HMD through which patients visualize and interact with snow-
themed characters and shoot virtual snowballs when approaching snowmen using a mouse or computer
keyboard (Dascal, et al., 2017).

According to Scapin et al (2017), in the pediatric population, the use of VR allows shifting the focus
of attention on pain during treatment, reducing the need to increase pharmacological analgesic doses.
More importantly, it induces a significant drop in pain scores, where perceived pain decreased from 4
to 0 on the Visual Analog Scale (Scapin et al., 2017). Thus, the RV is known to be a high success rate
technology for managing pain in burned patients, especially while performing the treatment, since it
facilitates the abstraction of reality by allowing a total immersion in a virtual environment. Furthermore,
itis a safe and fun technique, which can be adapted to people of different age groups, with no side effects
or loss of effect from continuous use (Gongalves et al., 2019).

VR benefits are also evident in the control of phantom pain, which is characterized as a problem that
causes discomfort in amputee patients, who claim to feel pain in limbs they no longer have. In these
cases, through digital applications, virtual reality helps the brain reconnect the stimulus areas, causing
the patient a feeling of relaxation, making the pain lessened and even extinguished (Gromalaet al., 2015).

As previously mentioned, chronic pain is considered an incurable disease due to its complexity. Per-
haps, for this reason, the attentional distraction strategy allows for a decrease in pain. Still, there are no
reports that it has successfully induced the hypoalgesic effect in patients with chronic pain. The lower
effectiveness of this strategy is due to the selective attention to information related to the painful factor,
especially when feelings of fear and pain catastrophization are (Indovina et al., 2018; Todd et al., 2018;
Vlaeyen et al., 2016).

In any case, the evidence points to motivational factors as the focal point for the proper functioning
of these strategies. In other words, to divert attention from pain, the distracting stimulus must be so
motivating for the person that it is competitive with the painful stimulus and allows for almost complete
involvement. It is in this sense that VR is promising, taking into account that, by itself, it is typically
considered motivating due to its interactive characteristics (Indovina et al., 2018; Todd et al., 2018;
Vlaeyen et al., 2016).

However, techniques, such as the Virtual Meditative Walk, are developed to help patients with this
type of pain. This is an example of a VR system that incorporates biofeedback, virtual environment, and
stereoscopic sound, addressing patients’ specific conditions with chronic pain and low body awareness.
Through stress reduction practice based on mindfulness (which has appeared as a primary approach
to pain control), providing changes in the environment in real-time, patients have a mirrored view of
themselves and learn to control their internal emotional states (Gromala et al., 2015).

To cope with pain, these researchers also invented Mobius Floe, which is characterized by being
an immersed VR game developed for patients with chronic and/or acute pain, reducing their pain and
anxiety. During the game, patients are immersed in a virtual winter setting and experience several mo-
ments of action. This game proves to be quite stimulating and captivating, making patients stay focused,
inhibiting the focus on their physical pain (Gromala et al., 2015).

EaseVRx is a skills-based VR program that combines psychoeducation, pain education, breathing
training, relaxation exercises, and executive functioning games. This is an evidence-based approach
of Cognitive Behavior Therapy, mindfulness, and physiologic biofeedback therapy. It consists of a 56-
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day standardized, prescriptive, and reproducible program, where each experience can last from 2 to 16
minutes. EaseVRx-Distraction is an identical program, with an identical user interface, and the same
number of experiences, with the same approximate duration, but only including 360-degree videos. Both
protocols were designed to be a safe, home-based, non-pharmacological intervention for chronic pain.
(Birckhead et al., 2021).

Based on the assumption that pain is a subjective feeling and that it differs from individual to indi-
vidual, the use of VR in medical procedures must be personalized. Anxieties, fears, thoughts, feelings,
and other personal characteristics of the individual must be taken into account to select the most ap-
propriate virtual experience to help reduce the processed and perceived pain (Ahmadpour et al., 2019;
Freitas & Spadoni, 2019).

Evidence suggests that VR is not only effective in treating acute pain, but also has great potential in
distraction therapy, allowing effective analgesia (Chan et al., 2018; Pourmand et al., 2018). Even thoug,
the quality of the remaining studies is limited and statistically heterogeneous. There are numerous areas
in which this innovative tool operates, and we will undoubtedly evolve further in this area. However,
although the benefits of using VR as a therapeutic technique are notorious, it is necessary to continue to
study this variable so that its results are more consistent and its benefits more concrete (Chan et al., 2018).

Some studies reveal a positive impact on the use of games, of downward movement, in immersive
environments to treat chronic pain. In these studies, there is a 33% decrease in pain and a substantial
difference between the use of 3D VR and 2D videos, demonstrating the patients’ receptivity and the
effectiveness and safety of using VR for pain control (Jones et al., 2016). However, although there are
already applications designed to distract pain, specific applications for VR active exercise therapy and
psychotherapeutic pain therapy cannot be found on the market, revealing a significant lack of studies in
this area (Stamm et al., 2020). Existing applications have gaps in quality and quantity of content, being
imperative the involvement of qualified health professionals in developing prototypes and a faithful fol-
lowing of the evidence (Hoffmann et al., 2020).

Another study, using functional magnetic resonance imaging, compared the use of opioids with the
results obtained by using Virtual Reality, when exposed to a painful stimulus. There was a reduction
of more than 50% in the activity of 5 brain areas, when the person exposed to a painful stimulus made
use of Virtual Reality (Hoffman et al., 2004). Other studies carried out investigated the results of using
Virtual Reality to control pain during other procedures, such as vaccination of children, physiotherapy
sessions and dressings for burns. Although perceived pain was subjectively assessed through self-report
questionnaires, the results of these studies were equally positive (Schmitt et al., 2011; Silverberg et al.,
2017; van Twillert et al., 2007).

In 2020 a qualitative study was carried out on RV in pain therapy, and four dimensions were found to
be essential to consider: the overall system, hardware, software, and gamification elements. The results
of this study revealed that, with the overall system, the interviewed physiotherapists felt that it should
contain an individual briefing, carried out by personal assistance, and a tutorial for correct operation. The
system must also be easy to handle and incorporate exercises with a maximum duration of 30 minutes,
with a break between them and 15 min of relaxation at the end, allowing the user to sit down (Stamm
et al., 2020).

As for the software, it was defined that the system must perform an individual calibration to detect
movement limitations and allow the therapist to intervene in patients, mainly when pain, anxiety, or
incorrect execution of movements occurs. On the other hand, when it comes to hardware, it was defined
that users should be able to put on the googles by themselves, and these should be easy to put on and
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take off (Stamm et al., 2020). Finally, regarding the gamification dimension, it was considered that the
system should always give positive feedback, and never negative feedback, displaying verbal and/or visual
praise and rewards, while also providing the user with behavioral recommendations, such as advice on
how to relax (Stamm et al., 2020).

CONCLUSION

As already mentioned, these and other studies are insufficient. They often lack a quality theoretical basis,
although it is increasingly evident that it is promising to invest in VR in pain management, as in other
health-related issues. For this reason, it is urgent to invest in research and qualified health profession-
als to carry it out, to evolve in the area of pain therapies, and improve the quality of life of people who
experience any pain (Chuan et al., 2020).

Also, it should be noted that the use of this technology does not annul the analgesic treatment but
serves as an adjunct to the existing therapies. However, VR is beneficial when associated with traditional
therapies, as it allows for significant reductions in pain perception, cognitive pain (time spent thinking
about pain), affective pain (emotional discomfort), and sensory pain (Dascal, et al., 2017). To this end,
the attentional distraction strategy is used, which, as the name implies, consists of diverting attention
from the pain felt, hoping that it will lead to an effect of hypoalgesia - decreased sensitivity to painful
stimuli (Van Ryckeghem et al., 2018).
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