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A place, in this non-geographical sense, is a created thing, an ethnic domain made
visible, tangible, sensible. As such it is, of course, an illusion. Like any other plastic
symbol, it is primarily an illusion of self-contained, self-sufficient, perceptual space.
But the principle of organization is its own: for it is organized as a functional realm
made visible —the center of a virtual world. – Susanne K. Langer (1953)

The Problemwith Pain

Over the past decades, we have witnessed the dif-
ficulties in treating pain responsibly. Spurred by
a greater appreciation for its presence (Melzack
1990), we have seen great investment and effort
in treating pain. Research in the field has con-
tributed greater understanding of the underlying
mechanisms of pain, the role of undertreated
acute pain in the development of chronic pain,
continued efforts toward more refined assess-
ment tools (Bromley Milton et al. 2013), and
ongoing attempts to improve pain-related out-
comes. As such, accrediting bodies, payors, and
professional associations have emphasized pain-
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related outcomes as significant (Gan et al. 2014).
Today in the United States, it is estimated that
the annual healthcare costs related to pain range
from $560 to $635 billion dollars (Gaskin and
Richard 2012). However, despite this enormous
economic cost and use of resources, adequately
treating pain remains difficult for the provider, es-
pecially in acute settings where pain is arguably
experienced at its greatest intensity.

In the United States, approximately 100 mil-
lion surgical procedures are performed annually
(Cullen et al. 2009). With a greater awareness
of the pain associated with procedures, we have
relied heavily on opiate medications (Gan 2017).
Even with the use of these powerful medications,
attempts at relieving suffering from pain still of-
ten fall short (Apfelbaum et al. 2003; Gan 2017;
Melzack 1990). In regard to the intensity of pain
experienced, up to 75% of postsurgical patients
report moderate/extreme acute pain even with
associated treatment (Gan et al. 2014). Although
there are many possible reasons for dissatisfac-
tion with pain treatment, sufficient opiate doses
are often limited by their side effects: sedation,
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life-threatening respiratory depression, nausea,
vomiting, constipation, hallucinations, itching,
tolerance requiring increasing doses, hyperalge-
sia making the pain experience worse, endocrine
disruption with chronic use, and social stigma-
tization (Koppert and Schmelz 2007; McDaid
et al. 2010; Oderda et al. 2003; Cheatle and
Gallagher, Chap. 25, this volume). Even opiate-
sparing medications (e.g., acetaminophen, nons-
teroidal anti-inflammatory drugs) can have their
own undesirable side effects including hepato-
toxicity, nephrotoxicity, gastrointestinal bleed-
ing, and possible effects on surgical site healing
(McDaid et al. 2010; Datta and Manchikanti,
Chap. 24, this volume).

As providers today, we have a greater aware-
ness of the societal implications of our obli-
gations to treat an individual’s reported pain
responsibly. After decades of extra bottles with
powerful, addictive, and potentially lethal unused
pills sitting in families’ medicine cabinets, we
find the United States in the midst of what is be-
ing called an opiate epidemic (Okie 2010; Rudd
et al. 2016; Cheatle and Gallagher, Chap. 25, this
volume). In 2014 alone, 47,055 drug overdose
deaths occurred in the United States (Rudd et al.
2016). Additionally, between 1999 and 2014,
overdose deaths have tripled with more than
60% of these attributed to opiates (Rudd et al.
2016). The diversion of prescription drugs and
the patients’ transition into illicit opiates like
heroin continues to be a major societal concern
(Compton and Volkow 2006). The current presi-
dent has even declared this a national emergency
(Oliphant 2017), although offering few solutions
after rephrasing this later as a national public
health emergency (Davis 2017).

NewDirections

As a result, many providers are realizing opi-
ate prescriptions are far from a simple solution
and are searching for ways to treat pain be-
yond traditional medications. Many are incorpo-
rating complementary and alternative medicine
(CAM) therapies into their practice (Davis et al.,
Chap. 33, this volume). According to National

Institutes of Health surveys, over 38% of adults
utilized at least one CAM therapy into their care,
and this percentage continues to increase (Barnes
et al. 2008). In general, CAM therapies are low
risk and carry the additional benefit of allowing
for greater involvement and control in decision-
making by patients and their families (Deng et al.
2004). The current National Comprehensive Can-
cer Network (NCCN) guidelines even recom-
mend CAM therapies (when available) in their
treatment guidelines (Swarm et al. 2013).

One complementary and alternative therapy
that has been studied since the early 2000s in
a wide variety of clinical settings is immer-
sive virtual reality (VR). Although commonly
thought of as a video game used solely for en-
tertainment purposes, VR has demonstrated clin-
ical therapeutic benefit with psychological dis-
orders (Carlin et al. 1997; Garcia-Palacios et al.
2002; Mishkind et al. 2017), motor rehabilitation
(Levin 2011; Neri et al. 2017), physical therapy
(Carrougher et al. 2009), chronic pain condi-
tions (Jones et al. 2016; Keefe et al. 2012; Trost
et al. 2015), and acute pain conditions (Hoff-
man 2004; Hoffman et al. 2011; Morris et al.
2009), even when such pain is severe (Schmitt
et al. 2011).

Until recently, the high cost of immersive
VR systems precluded its widespread application
and required proprietary software and specialized
equipment. Early studies in clinical VR utilized
large bulky systems (Fig. 29.1) that cost more
than $90,000 (Hoffman et al. 2014). With the pro-
liferation of high-definition screens used on mo-
bile phones, the cost of producing high-quality
VR headsets has fallen dramatically to less than
a $1000. Today, readily available consumer VR
systems not only have more impressive techni-
cal specifications, but they can be obtained at
a fraction of the cost of the systems used in
pioneering studies. The availability of mobile
phone-based VR systems makes VR a potentially
scalable non-pharmacologic complementary and
alternative therapy. Although VR therapy shows
exciting promise in a wide variety of clinical
applications as mentioned above, this chapter
will focus solely on its use for the treatment of
acute pain.

http://dx.doi.org/10.1007/978-3-319-95369-4_25
http://dx.doi.org/10.1007/978-3-319-95369-4_24
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Fig. 29.1 A patient undergoes burn wound care in a hydrotank while using immersive VR with a “water-friendly” VR
delivery system

What Is Virtual Reality?

The phrase “virtual reality” may sound like an
oxymoron. However, to those who experience it
firsthand, they quickly understand its meaning
and significance. Much like the convincing nature
of dreams argued by Rene Descartes (Descartes
1998), VR is an illusion that plays on the senses
in a deliberate and convincing manner; however,
instead of self-manifested dreams, the experience
is facilitated within a computer simulation.

First coined by Jaron Lanier in the mid-
1980s, “virtual reality” refers specifically to a
user-computer interface that allows for real-time
simulation of a computer-generated environment
that users can interact with via multiple sensory
channels in an intuitive manner (Lanier 2001).
The immersive technology is designed to create

an illusion of presence or an uncanny feeling
of actually being “inside” a new computer-
generated environment, as if it is a place being
visited. Today with increasingly sophisticated
camera technology, the phrase also refers to
experiencing 360-degree videos from around the
world in a similar fashion (Loomis 2016).

The idea for this technology was originally
conceived in 1965 by Dr. Ivan Sutherland who is
widely considered the father of computer graph-
ics (Lanier 2001). Before the technological capa-
bility at the time, Sutherland proposed what he
called the “Ultimate Display” (Sutherland 1965).
With the proper programming, he imagined the
device would allow the user to experience “the
Wonderland in which Alice walked” (Sutherland
1965). Three years later he had created the first
head-mounted display (HMD) capable of dis-
playing his first “virtual world,” a phrase he bor-
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rowed from the aesthetic philosopher Susanne K.
Langer (Langer 1953; Lanier 2001). This system
was primitive and hardly the full realization of his
vision for a device that would allow the user to
feel fully immersed and interact with a computer-
generated environment in a seamless and intuitive
manner.

The Illusion of Presence

Sutherland envisioned a system advanced enough
that users would feel so fully immersed in the
computer environment that they would actually
feel like they were present in this new virtual
world. The feeling of presence in a virtual world
is just that, a feeling. It is generally defined as
a subjective state of consciousness and can only
be measured by asking a user to rate their own
subjective feeling of presence. This is generally
asked by having the user indicate on a scale of
1–10 how much they felt like they were in the
virtual environment, as if it was a place they
visited. Since this is a subjective rating, it can
vary over time within an individual and across
individuals using the same VR experience (Bow-
man and McMahan 2007). At its core, presence
is an illusion (Lombard and Ditton 2006; Slater
and Wilbur 1997) that makes users feel their
experience is not being mediated by computer
technology, when in fact the entire experience
is being mediated and constructed seamlessly in
real-time within a computer.

The greater the feeling of presence in a VR
system that is created among users, the more
immersive the technology or experience is said
to be. This means that hardware specifications
can be looked at objectively to define one system
as being more immersive than another system
(Bowman and McMahan 2007). A wider field of
view (FOV), increased refresh rates, and higher
screen resolution are examples of hardware spec-
ifications that improve immersion and therefore
should give a stronger subjective feeling of pres-
ence to a user. Likewise, involving more sensory
input (visual, auditory, touch, smell, taste) into
the interaction with the simulation should lead to
a more immersive experience. However, the illu-
sion of presence relies upon more than just brute

computing power or hardware specifications and
is an active area of research that is beyond the
scope of this chapter (Bowman and McMahan
2007; Lombard and Ditton 2006; Loomis 2016;
Malbos et al. 2012; Slater and Wilbur 1997).

Regardless of the specific VR system used,
Gonzalez-Franco et al. proposed that the illu-
sion of presence is only created when a VR
system is able to influence one’s “bottom-up
sensory processing, sensorimotor self-awareness
frameworks, and top-down prediction manipu-
lations” (Gonzalez-Franco and Lanier 2017). In
the past, VR system hardware often fell short of
the promise of creating an illusion of presence
(Brooks 1999; Rosenblum 2000). However, to-
day many current consumer model VR systems
are readily available that create high-quality ex-
periences and fulfill the vision Dr. Sutherland
first imagined more than half a century ago at the
dawn of computer graphics (Loomis 2016).

Immersive Virtual Reality and Pain
Distraction

While ritual and magic were used commonly by
ancient cultures, it is hard to say exactly when
distraction began to be explored as a deliberate
method of pain control. However, early texts
and paintings can offer detailed accounts dating
back to at least the thirteenth century (Stoelting
and Miller 2007). Around the turn of the nine-
teenth century, Franz Anton Mesmer, a Vienna-
trained physician, gained notoriety as well as
skepticism for using atmosphere, the power of
suggestion, and starring into his patients’ eyes
to treat intractable pain, even their pain during
surgeries (Hadfield 2015). Although Mesmerism
is largely considered a pseudoscience with fan-
tastical beliefs practiced by layman, the interplay
of cognitive function and pain has remained an
intense area of research (Fernandez and Turk
1989; Wiech et al. 2005).

Melzack and Wall first theorized in 1965 the
Gate Control Theory of pain where they pro-
posed several central nervous system activities,
including attention, that moderate the perception
of pain (Melzack and Wall 1965). To this extent,
it has been demonstrated that pain requires at-
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tention (Eccleston and Crombez 1999) and that
people have a limited attentional capacity (Kah-
neman 1973; McCaul and Malott 1984). The
theory follows that if a person has limited atten-
tional resources and if their attention is directed
elsewhere, they will have fewer attention or cog-
nitive resources available to process the incoming
nociceptive signals and therefore will experience
less pain. As a result, many studies have explored
the effect of various forms of distraction on sub-
jective ratings of pain intensity (Eccleston 2001;
Fernandez and Turk 1989; Hodes et al. 1990;
Vincent et al. 2010). Traditional forms of distrac-
tion (like music) have shown promise (Lee 2016),
but ultimately a large meta-analysis questioned
whether the magnitude of pain relief from music
carried any clinical significance (Cepeda et al.
2006).

As a result, over the past two decades, re-
search teams have investigated VR as a poten-
tially more robust non-pharmacologic analgesic.
The VR system is thought to offer potential
therapeutic advantages in acute pain over other
forms of distraction because of its ability to cre-
ate multisensory distraction, while concurrently
isolating a patient from their clinical setting and

replacing it with a more attractive virtual environ-
ment. The HMD used in VR blocks a patient’s
view of the immediate physical world by placing
stereoscopic video screens in front of their eyes.
Hospital noises are replaced by sound effects and
music from the virtual environment using noise-
canceling earphones. The immersive VR system
also allows for varying degrees of interaction
and as a system should convey the illusion of
presence to the user that was described earlier.
The idea is for the system to seemingly transport
a patient away from their current hospitalized
setting, taking their attention away from their
painful procedures or conditions and focusing it
into a pleasant computer-generated environment.

Interacting with VR then should use vast
amounts of a person’s limited attentional
resources. Indeed, in one initial experiment,
Hoffman et al. found VR reduced performance
on divided attention tasks (Hoffman et al.
2003a). Additionally, Hoffman et al. developed
a novel VR system capable of functioning
within the powerful magnet of a functional
magnetic resonance imaging (MRI) device
(Fig. 29.2) to investigate the underlying neural
correlates of VR pain distraction (Hoffman et al.

Fig. 29.2 Diagram of the VR fiber-optic display compatible for use in functional MRI studies
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Fig. 29.3 Functional MRI
of pain-related brain
activity in healthy
participants during a
painful stimulus (left) and
reduction of such activity
during a painful stimulus
while using VR
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2003b, c). In addition to reductions in reported
subjective perceptions of pain during VR use, the
fMRI during VR showed objective reductions
in activity within brain areas related to pain
perception and increased activity in cortical
areas related to attentional processing (Fig.
29.3) (Hoffman et al. 2004a). These results
are very similar to those previously seen in
fMRI studies investigating other more traditional
cognitive distractions (Bantick et al. 2002; Torta
et al. 2017; Valet et al. 2004). Furthermore,
functional MRI studies of experimental pain
in human volunteers have shown that both
systemic opiate therapy and VR distraction
produce subjective and objective evidence of
pain reduction when used in isolation, as well as
additive analgesia when used in combination
(Hoffman et al. 2007). These findings also
suggest that systemic opiates and VR distraction
may modify the pain experience through different
neurophysiological mechanisms. Although these
studies offer evidence that VR is a potentially
powerful form of distraction, they also show
us that VR is actually reducing the amount of
pain-related brain activity.

An Evolving Understanding of VR
Effects

Although distraction is an important aspect to
the theory of how VR can allow users to better
tolerate acute pain, this theory may prove to
only be part of a larger mechanism. For instance,
VR has shown success in treating chronic pain
conditions (Jones et al. 2016; Keefe et al. 2012;

Trost et al. 2015), something that a distraction
mechanism does not fully explain. Additionally,
people who use VR can report lingering effects
after removing the HMD that range from eupho-
ria to disillusionment and even report dissocia-
tion from actual objective reality (Aardema et al.
2010). These studies vary in their methodology,
but their results raise questions of possible neu-
rophysiologic changes which may account for the
reductions in pain seen in acute pain applications
(Gupta et al. 2017).

Additionally, our understanding of functional
brain imaging is expanding as technologies to
image the brain in real-time improve in both
accuracy and precision. The field is changing
quickly, and in the past decade, as the imaging
modalities improve and are able to picture the
entire white matter tracts between distant regions
in great detail, we have begun to see a change
from reductionist, structure-based correlations of
pain to paradigm of greater network communica-
tions between brain areas of interest. Regardless,
multiple imaging studies investigating attention
and pain, including those using VR, find a con-
sistent involvement of key brain areas related to
the theorized “pain matrices,” executive attention
centers, and emotion and affect centers (Torta
et al. 2017). In other words, while distraction
might play a large role in the mechanism of acute
pain attenuation by VR, the representative brain
areas of interest in pain distraction studies are
also known to be involved in affect and emotion
(Torta et al. 2017).

Perhaps the clearest evidence for the influence
of VR on affect, emotion, and pain come from
a recent study by Sharar et al. (2016). Previous
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studies have found that in addition to reduced
reports of subjective pain with the use of VR,
subjects also report increased levels of “fun”
even during these painful events (Hoffman et al.
2011; Sharar et al. 2007). To investigate whether
positive affect influences the effects seen in VR
therapy, Sharar et al. exposed 74 volunteers to
painful stimuli with and without the use of VR
and also stratified their results on the circumplex
model of affect spectrum, a validated and reliable
measure of affect (Russell 1980). The authors
found that during VR not only did all subjects
report decreased pain, but those with positive
affect were more likely to report reduced pain,
experience greater pain reductions, report less
anxiety, and report higher levels of “fun” during
the experiment (Sharar et al. 2016). Thus, distrac-
tion may be an important aspect of VR therapy; it
is likely mediated through multiple mechanisms,
including effects on personal affect and emotion.

VR pain therapy is in its infancy and demands
greater research to elucidate its underlying mech-
anisms more completely in order to create more
effective VR pain therapy experiences. Until then
its use as a powerful distraction tool remains
an important framework when considering VR
pain therapy experiences, software, and design.
However, the ability to influence a positive affect
and create emotional engagement in addition to
physical and cognitive engagement will be an
important consideration in the development of
future VR therapy experiences and needs further
investigation.

Immersiveness and Pain Relief

The more immersive a VR experience and sys-
tem is, the greater the effects seen in pain at-
tenuation. Research using experimental pain in
human volunteers has shown greater analgesic
effects achieved with increasing degrees of VR
immersion when compared to less immersive VR
systems (Hoffman et al. 2006, 2004b; Wender
et al. 2009), traditional video games (Hoffman
et al. 2000), and music alone (Johnson and Coxon
2016). The immersive nature and the correspond-
ing illusion of presence is unique to VR among

pain distraction methods, and the more immer-
sive the system, the greater the reductions in
reported pain. Although immersive experiences
are possibly more distracting, these mechanisms
are not fully understood.

While there are many possible objective mea-
sures of what makes a system immersive (see
above), it is generally thought that the more
physical senses a system involves, the more im-
mersive it is. Most VR therapy investigations
have only used vision and sound to isolate their
patients. Integrating more physical senses into a
therapeutic experience remains to be investigated
in VR pain therapy. Involving proprioception,
touch, taste, and smell may carry additional re-
ductions in reported pain. Theoretically, a more
immersive experience in this manner should in-
volve a greater cognitive load with less available
attention for pain as described above. Addition-
ally, involving non-noxious large-diameter (A-
beta) neurons (using wind, water, temperature,
etc.) into a VR experience may not only im-
prove the immersive nature of the experience,
but it could potentially carry benefits through the
gate control theory where nociceptive signals are
modulated (Melzack and Wall 1965), similar to
how transcutaneous electrical nerve stimulation
is thought to achieve benefit (Johnson 2007). This
is an active area of investigation and deserves
further study about how to actually create these
immersive environments.

At its core, VR remains a technology that is
used to mirror conscious perception by combin-
ing academic disciplines of all kinds with cut-
ting edge technology to simulate reality (Lanier
2017). The experience of this simulated real-
ity can be a revelation to those that experi-
ence it firsthand (Aardema et al. 2010; Lanier
2017). When everything familiar to you suddenly
changes by entering an immersive VR environ-
ment, your singular experience cannot help but
be acknowledged in that moment (Lanier 2017);
It is in this way VR may serve as a form of
psychotherapy, making a user aware of their own
singular experience in ways never before possi-
ble. We may draw comparisons to mindfulness
techniques, or “mindfulness meditation.” These
techniques ask participants to turn their attention



588 D. Frey and S. R. Sharar

further within themselves, concentrating and ac-
knowledging their fleeting random thoughts and
moment-to-moment experiences in a deliberate
fashion and reducing the cacophony of noise
down to a violin. As a form of psychotherapy,
mindfulness technique has shown promise in
treating chronic pain conditions (Bawa et al.
2015; la Cour and Petersen 2015), yet its own
mechanism is not fully understood (Zeidan et al.
2015). While not everyone finds a revelation in
VR, the therapy might offer a psychotherapeutic
advantage similar to mindfulness technique. To
some patients, VR may offer a new change in the
way they navigate their experience of pain, how
they interpret it, and how they acknowledge it.

Clinical Evidence

Despite the widespread commercial and media
focus in recent years on consumer-grade VR
hardware and software – largely directed at

gaming applications and supported by major
commercial players in the computer and social
media technology sectors (e.g., Microsoft,
Google, Facebook/Oculus, Samsung) – the first
clinical report demonstrating VR distraction
analgesia was published almost two decades
ago (Hoffman et al. 2000). Hoffman et al. (2000)
compared the subjective analgesic benefit of
immersive VR distraction to that of an interactive
commercial video game (Nintendo 64) in two
hospitalized teenage males undergoing painful
wound care (wound debridement, skin staple
removal, dressing change) following major
cutaneous burn injuries. Both patients reported
very significant reductions in their subjective
pain experience and anxiety with VR distraction
during their procedures (Fig. 29.4), and no side
effects associated with the relatively crude VR
systems of that era (e.g., simulator sickness). The
authors concluded that the combination of the
immersive VR experience that draws patients’
attention away from a concurrent painful

Fig. 29.4 Reductions in a patient’s pain and anxiety ratings during VR compared to Nintendo 64. VAS, visual analog
scale; VR, virtual reality (Hoffman et al. 2000)
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stimulus (nociception), together with the physical
exclusion from the sights and sounds of the im-
mediate care environment afforded by the HMD,
resulted in an effective non-pharmacologic pain
therapy that was ideally suited to clinical settings
of brief, procedural pain.

Since this first description, immersive VR dis-
traction has been extensively studied in vari-
ous acute procedural pain settings in pediatric
and adult populations, including burn wound de-
bridement, postburn rehabilitation, postoperative
physical therapy, transurethral prostate surgery,
dental care, vascular access, oncology care, emer-
gency department procedures, and care for mul-
tiple traumatic injuries. The potential widespread
analgesic benefit of using immersive VR across
this spectrum of acute and procedural pain set-
tings has been succinctly and recently reviewed
elsewhere (Pourmand et al. 2017; Sulea et al.
2014). These reports consistently demonstrate
the beneficial effects of VR distraction on var-
ious subjective assessments of the pain experi-
ence. Clinically meaningful pain relief (defined
as ≥30% reduction in subjective pain reports
(Farrar et al. 2000)) has been reported in each
of the controlled trials, and side effects are both
infrequent and mild. Furthermore, these reports
demonstrate a consistent, beneficial analgesic ef-
fect of immersive VR over multiple days of use
(Faber et al. 2013; Hoffman et al. 2001b; Schmitt
et al. 2011), suggesting that the initial novelty
associated with the technique is not a limiting
factor in its clinical application.

Among these various clinical settings, pain
management related to cutaneous burn care (e.g.,
burn wound care, postburn physical therapy)
is the most extensively studied and carefully
reviewed (Morris et al. 2009; Sharar et al. 2008).
From this clinical setting, several highlights
emerge that are relevant to its more widespread
clinical applications. First, in settings of mild-to-
moderate pain (e.g., passive range-of-motion
physical therapy to stretch and loosen skin
contractures), immersive VR may occasionally
be sufficient as a stand-alone analgesic therapy.
As such, this technique has the potential to
eliminate the use and reliance upon some forms
of pharmacologic therapy that are associated with

adverse side effects or long-term complications
(Datta and Manchikanti, Chap. 24, this volume).
Specifically, VR distraction (like other non-
pharmacologic pain therapies) in these settings
may obviate the need for opioid analgesics,
thereby reducing side effects of nausea, vomiting,
itching, and dysphoria, as well as potential long-
term complications of opioid dependence. This
latter benefit is of particular emphasis in the
current environment of rampant abuse of both
recreational and prescription opioids.

Second, in settings of moderate-to-severe pain
(e.g., burn wound debridement), VR analgesic
techniques are best used as adjuncts to potent
pharmacologic analgesic techniques (e.g., opi-
oids, anxiolytics) because the “potency” of VR
distraction is insufficient as a sole therapy. This
multimodal approach is increasingly common
in many clinical pain settings and also capital-
izes on the potential complementary analgesic
mechanisms of opioids and VR distraction, as
noted above from functional brain imaging stud-
ies (Hoffman et al. 2007).

Third, clinical trials have consistently shown
that procedural pain relief during VR distraction
is associated with increased subjective ratings of
“fun” – a surrogate outcome related to positive
affect or emotional valence (Fig. 29.5), similar to
the laboratory pain study reported above (Sharar
et al. 2016). This is important because creating
a more enjoyable experience in the clinical care
setting can increase patient satisfaction with care,
particularly during painful procedures that pa-
tients must undergo repetitively, and where reluc-
tance to participate fully in such repeated ther-
apeutic procedures may also negatively impact
clinical care outcomes. For example, daily phys-
ical or rehabilitation therapy can improve long-
term functional outcomes; however, low partici-
pation in such therapy due to fear of pain, lack
of enjoyment, or inability to rationalize short-
term discomfort for long-term benefit may reduce
the likelihood of a successful long-term outcome.
Thus, these reports that immersive VR distraction
enhances patients’ willingness and motivation to
participate in such painful therapies (Fig. 29.6)
suggest a long-term clinical benefit of the ther-
apy.

http://dx.doi.org/10.1007/978-3-319-95369-4_24
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Fig. 29.5 Mean pain and mood (fun) ratings during
postburn, passive range-of-motion physical therapy in a
population of 88 subjects receiving standard pharmaco-

logic analgesia (dark bars) and standard pharmacologic
analgesia plus immersive VR (light bars). GRS, graphic
rating scale (Sharar et al. 2008)

Finally, recent technological developments in
VR hardware and software have resulted in low-
cost, lightweight VR delivery systems that can be
powered by laptop and handheld devices (Hoff-
man et al. 2014). These developments suggest
that VR analgesia therapy is poised to extend
beyond the hospital or clinic environments to
outpatient, non-healthcare settings (i.e., home
care) or healthcare applications in low-resource
environments or countries (Morris et al. 2010;
Wiederhold et al. 2014).

Current Limitations

Despite consistent and encouraging results of VR
use for pain in both adults and children across a
wide variety of clinical settings, it is important
to mention the current limitations. First, many
studies are of small sample size, and the largest
sizes range approximately from 75 to 100 partic-
ipants (Mahrer and Gold 2009). Additionally, the
range of methodologies, virtual environments,

pain measures, exposure times, patient popula-
tions, and hardware specifications found in the
current literature make results difficult to gener-
alize.

Studying subjective pain has been and re-
mains a difficult endeavor, especially in a clin-
ical setting where a large number of variables
can exist (Ohnhaus and Adler 1975; Younger
et al. 2009). VR pain research is no different
and has its own set of challenges. Similar to
other CAM therapies, it can be difficult to design
placebo-controlled trials, as blinding patients and
researchers to VR exposure is extremely difficult.
As such, when participants report subjective pain
ratings during research studies, it is possible they
are underreporting their pain, since generally
most studies are not blinded. Additionally, re-
search participants inherently self-select for VR
studies through required consent processes which
may lead to selection bias. However, despite
these limitations, VR studies have consistently
shown encouraging results from around the world
in a variety of clinical settings over many years
(Morris et al. 2009; Pourmand et al. 2017; Sharar
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Fig. 29.6 An adolescent patient with a left upper extremity burn undergoes passive range-of-motion physical while
using VR

et al. 2008; Sulea et al. 2014) and deserve further
investigation, particularly as devices improve and
lower prices expand access.

Logistical limitations also exist. Commer-
cially available headsets can be hard to clean
between uses and must adhere to hospital-
specific disinfection guidelines that may require
modification with water-proof face pads or
disposable face barriers instead of the stock
fabric face pads. Additionally, lower-cost
headsets may include plastic lenses which will
be damaged by alcohol-based cleaners. Headsets
have improved in comfort but with extended
use can become uncomfortable. Finally, in a
sympathetically charged patient experiencing
acute pain that causes them to sweat, a headset
can quickly become uncomfortable and lead to
lens fogging that could negate any beneficial VR
experience.

SuggestedMinimumHardware
Components

To achieve an immersive experience, VR tech-
nology generally relies upon a basic core set
of components: stereoscopic visual lenses, audio
provided through headphones, and some form
of interactivity. Today interactivity is provided
through simple hand controls and various motion
tracking capabilities. Stereoscopic lenses provide
3-D images that are vital for creating an illu-
sion of presence. Headphones, particularly noise-
canceling models, help isolate a user away from
their hospital environment.

Many devices available to consumers today
offer all these components in a range of prices
and computing power. Higher-end models rely
on desktop computers with powerful graphic pro-
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Table 29.1 Recommended minimum VR components needed for immersion

Component Description

Stereoscopic lenses Allow for 3-D image viewing

FOV 90 degrees or greater The greater FOV, the wider glimpse into the virtual world

Display resolution 1200 × 1080 pixels per eye or greater

Display refresh rate 60 Hz or greater

Stereo headphones Noise-canceling models preferred for pain applications

Interactivity Can range from simple hand control to full body motion tracking

3-D three dimensional, FOV field of view

cessors, while others are wireless and are pow-
ered by mobile telephones. New wireless stand-
alone devices that do not require mobile phones
are also becoming available. Consumer VR is
currently in its infancy, yet changing quickly.
High-definition screens and lenses are being de-
veloped specifically for VR hardware applica-
tions, and the associated components are also
developing quickly. As a result, currently avail-
able hardware will likely be outdated very soon.
However, based on previous clinical studies, we
can make some minimum hardware suggestions
(Table 29.1).

Clinical VR applications started two decades
ago using components less capable than those
listed in Table 29.1 and often at a much greater
cost than what can be obtained by consumers to-
day. However, those pioneering studies were still
able to generate encouraging results despite hard-
ware limitations. Today mobile phone-based sys-
tems have specifications exceeding the devices
used in previous studies and are ideal for clinical
applications because they are readily available,
easy to use, easy to transport, and capable of
being taken on and off quickly. More powerful
computer-based devices can appear intimidating
to unfamiliar patients, require multiple wires,
require an extensive setup, and can be more prone
to freezing if a user flips them on and off their
head frequently. Despite these obstacles, higher-
powered devices may be preferred since they
can provide more immersive experiences, which
should provide better reductions in reported pain
(see above).

Contraindications and Relative
Contraindications

Despite an appealing low side effect profile
when compared to pharmacologic analgesics
(see above), certain patients are usually excluded
from therapeutic VR studies for various concerns
that can be considered contraindications to VR
therapy.

• History of Seizures – A sensitivity to pho-
toinduced or photosensitive seizures should
be considered a contraindication to VR use.
Aside from strobe-like flashing, certain 3-D
graphic renderings and high contrast details
can elicit seizures in those sensitive. So, while
most VR sets today use high-frequency dis-
plays that produce virtually zero flicker or
strobe-like effect, it is advisable to withhold
VR from anyone that has experienced a pho-
toinduced seizure.

• Psychiatric and organic brain disorders –
Since VR can produce realistic simulations,
concerns arise about the creation of “false
memories” and potential deliriogenic triggers
in VR. As such, current research excludes
patients that are prone to delirium or otherwise
unable to cooperate with normal VR use.

• Facial trauma – Unfortunately the inherent
design of HMDs for VR may preclude their
use in those patients with head trauma.

• Contact precautions – VR use in clinical set-
tings must abide by hospital or facility clean-
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ing standards, and the device should not be
used in patients with resistant infections. Cur-
rent face pads on consumer models can be
replaced with waterproof versions that are
capable of being cleaned with germicidal solu-
tions. However, one must be aware that some
lower-end devices use plastic lenses that will
fog with alcohol-based cleaning solutions.

• Claustrophobia - Isolating effects of the HMD
can cause anxiety in some patients and should
be avoided.

• Visual deficits – VR relies heavily on visual
ques for its illusion of presence or immersive
effects. As such those with poor vision and/or
hearing may not receive benefit from VR ther-
apy.

• Susceptibility to motion sickness – VR is
known to cause nausea in those susceptible
to it (see below). As such its use should be
avoided in those with a known history of
motion sickness or who are currently experi-
encing nausea.

Simulator Sickness

The most bothersome potential problem encoun-
tered from the use of VR in a therapeutic setting
is the potential for nausea. Minimizing nausea
for therapeutic VR cannot be stressed enough
since no matter how appealing it may be, no
one will want to use a device that makes them
sick. In the early 1990s, SEGA (once one of
the largest video game companies) underesti-
mated the catastrophic potential nausea could
have on its pioneering and ambitious consumer
VR system (Hecht 2016). The SEGA VR system
was abandoned after considerable investment and
fanfare when it was found to cause substantial
nausea shortly before its release (Hecht 2016).
However, as computers have become more pow-
erful with time, simulator sickness is much less
of a problem than it once was.

Simulator sickness is a term describing a feel-
ing of nausea induced by using VR (Kennedy
et al. 1993). It is similar to motion sickness
encountered from the movement of a boat or in a
car. Simulator sickness, however, is a byproduct

of visual simulators and not necessarily from
movement per se. It is generally a less intense
discomfort and thought to result from a conflict
between the vestibular, proprioceptive, and visual
systems (Kennedy et al. 1993).

In the past, simulator sickness was largely
the result of hardware systems that did not have
enough computing and graphic processing power
to keep up with the demands required from VR.
Not only did this create a large chasm between
VR expectations and available product, but also
such underpowered devices resulted in latency.
Latency is a delay in the movement of graphics
on screen in response to the patient’s movement.
Additionally, these older computers were only
capable of low screen refresh rates, which when
viewed on screens only inches from the eyes also
resulted in nausea. Today with increasing refresh
rates and powerful computer processors (even
those within mobile phone-based systems), sim-
ulator sickness can largely be avoided if proper
precautions are taken.

To pick a comfortable experience for a pa-
tient, it is important to take into account the
actual design of the virtual environment and an
individual’s susceptibility. Some consumer VR
systems also work closely with developers to pro-
vide appropriate “comfort ratings.” We suggest
using those experiences with high comfort rat-
ings when these ratings are available. Table 29.2
summarizes some common causes of simulator
sickness for reference that have been suggested
to VR developers (“Oculus Rift Best Practices,”
2015). While developers cannot control indi-
vidual predisposing factors, it is important to
avoid using VR in those patients susceptible to
motion sickness or who are already nauseous.
Additionally, if a patient has a large disparity
in vision between their eyes, this will not only
minimize the 3-D effect of VR, but potentially
can cause simulator sickness and eye strain. If
patients with binocular disparity normally wear
corrective lenses, they should also use them for
the VR experience if possible.

After careful patient selection, nausea can
be reduced through thoughtful environmental
design. The study of simulator sickness, its
causes, and potential solutions is beyond this
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Table 29.2 Environmental design cues associated with nausea

Patient causes Environmental/software causes

Binocular disparity between either eye
Susceptibility to motion sickness
Long duration of use
Lack of experience with VR

Fast and frequent acceleration
Intense visual flows
Fast-moving peripheral scenery
Flickering images
Lack of visual control by the user

Adapted from the Oculus™ Best Practice Guide

Table 29.3 Basic requirements for VR therapeutic environments

Isolating A head-mounted display and headphones that isolate patients from their clinical setting

Visual graphics Visual cues and graphics should respond to a patient’s interaction

Audio Audio effects including music should be included and respond to a patient’s interaction

Active interaction Either through positional tracking or simple controls, a patient should interact with the
environment

Fun The VR experience should be an attractive one that avoids inducing nausea or frustration

chapter (Davis et al. 2014; Rebenitsch 2015).
Briefly, however, nausea can be largely prevented
by avoiding virtual environments or experiences
with fast accelerations, intense visual flows, and
fast-moving peripheral scenery and avoiding
removing control of the “camera” or point of
view away from the user (Davis et al. 2014).
Additionally, it is suggested that users take
frequent breaks from VR experiences as it is well
established that the longer one stays in VR, the
more likely one is to report nausea (Kennedy
et al. 2000). However, the proper frequency
and duration of these breaks has not been
established and are largely based on individual
patient factors. Interestingly, susceptibility to
simulator sickness decreases with increasing VR
use and exposure, so developers or those with
more experience using VR are typically poor at
assessing the potential for nausea (Welch 2002).
As users gain more exposure to VR, they are able
to experience more intense virtual experiences,
but for patients in therapeutic settings, it is
important to reduce the incidence of nausea
as much as possible through careful patient
selection and environmental design selection.

Designing Virtual Worlds

Perhaps the most exciting aspect of VR analgesic
therapy is the design, creation, or selection of an

immersive virtual environment to help a patient
cope with their pain. Exactly what that environ-
ment should be has yet to be defined, but based
on the research cited within this chapter, we can
draw conclusions for the basic requirements of
a VR therapeutic environment (Table 29.3). In
short, the environment needs to be immersive and
allow for interaction. Although this might seem
obvious, some studies in the literature claim to
use immersive VR, but under further scrutiny,
they utilize passive video glasses that merely
display movies without VR immersion.

The first immersive experience used for acute
pain therapy was designed by Hoffman et al.
(2000). The experience, SpiderWorld, was based
on a VR program originally intended to treat
arachnophobia through exposure therapy and re-
programed to give the user the ability to explore a
virtual kitchen from a spider’s perspective (Hoff-
man et al. 2000). Based on these results, the first
immersive VR software designed specifically for
pain control was created at the University of
Washington in Seattle (Hoffman et al. 2001a).
SnowWorld (Fig. 29.7) featured an icy canyon a
patient would effectively float through “on rails,”
constantly being pushed along in a forward mo-
tion. The canyon was filled with snow-covered
peaks, trees, and snowmen. Users could direct
their view and throw snowballs with a computer
mouse or spacebar. Headphones played music
and included sound effects as thrown snowballs
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Fig. 29.7 Image of the user’s view of SnowWorld designed by Hunter Hoffman and David Patterson, with software
created by Firsthand Technologies

exploded on their intended targets. This archety-
pal program went on to be used in many clin-
ical studies investigating VR effects on acute
pain (Morris et al. 2009; Pourmand et al. 2017;
Sharar et al. 2008; Sulea et al. 2014). Today,
VR programs commercially available for acute
pain therapy are similar to this original design: an
“on rails” experience allowing the patient to fire
projectiles at targets (Marchant 2017; Molteni
2017).

These VR experiences fulfill the basic re-
quirements of an interactive and immersive VR
experience delineated in Table 29.3. However, as
mentioned above, the optimal VR experience for
acute pain has yet to be defined. Furthermore,
distinct types of pain and clinical scenarios may
benefit from distinct types of experiences. For in-
stance, an exploratory study investigating the use
of VR for labor pain relief in unmedicated preg-
nant women used a soothing underwater scuba
diving simulator where patients interacted by
taking underwater photographs of curious man-
atees (Frey 2018). Future experiences may be
tailored even further to address specific goals of
therapy such as increasing range of motion in
those with burns or arthritis by encouraging such

movements in the VR setting, allowing patients
to use the VR device while laying supine on an
operating table, or encouraging deep breaths with
an associated incentive spirometer in a patient
with painful rib fractures. Novel approaches to
VR pain are also investigating the incorporation
of hypnosis (Askay et al. 2009), meditation, and
biofeedback (Li et al. 2011). Ultimately, the opti-
mal VR experience for VR pain relief has yet to
be defined and requires further investigation.

Ivan Sutherland, a mathematician at heart,
envisioned walking among equations and math-
ematically underpinned abstractions (Sutherland
1965). The VR pioneer Jaron Lanier envisioned
users walking among each other’s dreams that
we create and share in real-time with social
connections (Lanier 2017). This remains an ap-
pealing vision as some patients do not like the
idea of being isolated from close friends and
family during VR pain therapy. Hunter Hoffman,
the VR pain pioneer, envisions a future where
VR environments can be selected for different
therapeutic needs and procedures much like one
can select movies to stream online (Marchant
2017). With further development, the optimal
VR therapeutic pain experience may prove to be
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one that is entirely individualistic, tailored to a
patient’s specific situational needs and desires,
and possibly one that is created by the patient
themselves. The future of VR therapy is wide
open and will likely combine these visions for
future therapeutic uses.

Today VR pain therapy uses environments that
try to influence a positive affect by isolating a
patient from the hospital environment, supply-
ing aesthetically pleasing graphics, and allow-
ing for a fun interaction in a distracting virtual
environment. VR environments that adhere to
the basic guidelines addressed in Table 29.3.
have proven sufficient in previous studies for
improved subjective pain ratings (6–9), but new
and novel VR therapeutic experiences deserve
investigation.

Future Directions

With national attention turned to prescription
drug and opiate abuse, VR therapy offers a
possible alternative and/or adjunct to existing
pain therapies with few side effects. VR therapy
promises new solutions and new opportunities
to help alleviate patient’s suffering, especially in
acute pain settings.

Although VR therapy has been studied for
nearly two decades, its development is still
thought to be in its early stages. Commercial
headsets have only recently become available to
the general public, and new devices are awaiting
release. Technology continues to evolve, and
immersive capabilities continue to improve at an
exponential rate. New high-resolution screens,
light-field display technology, and peripheral
accessories will allow for greater degrees for
immersion that theoretically will allow for a
more robust VR pain relief experience.

Research continues into what constitutes an
optimal VR therapeutic experience for pain ther-
apy as well as the underlying mechanisms. Al-
though current VR therapy has shown promising
results in the literature, it is quite possible that
with further development and research, VR pain
experiences will appear quite different from the
designs used today. Like consumer VR for enter-

tainment purposes, the success of VR analgesic
therapy will depend on the creation and inves-
tigation of new VR therapy content to appeal
to a wide range of patients and clinical care
settings.

Lastly, VR hardware and software have re-
sulted in low-cost, lightweight VR systems that
can be powered by laptop and handheld devices
allowing for VR analgesia therapy to move out
of the realm of labs and academic research in-
stitutions. Today, VR analgesia and therapy is
poised to extend into diverse patient clinical set-
tings, community hospitals, patients’ homes, and
low-resource environments or countries, as costs
continue to decrease and products become more
accessible.
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