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Abstract
The pain associated with burn injuries is intense, unremitting and often exacerbated by anxiety,
depression and other complicating patient factors. On top of this, modern burn care involves the
repetitive performance – often on a daily basis for weeks to months – of painful and anxietyprovoking procedures that create additional treatment-related pain, such as wound care, dressing
changes and rehabilitation activities. Pain management in burn patients is primarily achieved by
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potent pharmacologic analgesics (e.g., opioids), but is necessarily complemented by
nonpharmacologic techniques, including distraction or hypnosis. Immersive virtual reality provides
a particularly intense form of cognitive distraction during such brief, painful procedures, and has
undergone preliminary study by several research groups treating burn patients over the past decade.
Initial reports from these groups are consistent in suggesting that immersive virtual reality is
logistically feasible, safe and effective in ameliorating the pain and anxiety experienced in various
settings of post-burn pain. Furthermore, the technique appears applicable to a wide age range of
patients and may be particularly well-adapted for use in children, one of the most challenging
populations of burn victims to treat. However, confirmation and extension of these results in larger
numbers of patients in various types of burn-related pain is necessary to more clearly define the
specific benefits and limitations of virtual reality analgesia in the burn care setting.
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Considered by many to be the pinnacle of human–technology interaction, immersive virtual
reality (VR) allows a user to interact with a realistic, computer-generated environment. An
immersive VR system differs from conventional television or commercial video games in that
immersive VR typically consists of a high-speed microprocessing computer, a helmet or headmounted display that delivers high-resolution, 3D sights and sounds, head- and/or limbtracking hardware, and specialized software to render an interactive virtual environment.
Accordingly, VR experiences are primarily visual, although recent innovations allow other
sensory modalities (such as motion-tracking, sound and tactile sensation). VR also allows for
user interaction with the virtual environment. An increasingly common feature of immersive
VR systems is the ability to track a user’s head movement, such that when the head moves, the
user’s visual environment shifts to account for the movement. The combination of multisensory
input and interactivity makes the VR experience more immersive and realistic than
conventional television or video games, and can successfully captivate much of the user’s
conscious attention.
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The most well known applications of immersive VR include its use in various training
simulators (e.g., flight simulators), video games or other personal entertainment, and
desensitization therapy (such as graded exposure treatment of phobias or post-traumatic stress
disorder). Aside from its use in desensitization therapy, there has been limited exploration until
recently of the use of VR as an intervention to treat pain and anxiety in the clinical setting. In
this review, we will explore the recent use of VR in treating the pain and anxiety that specifically
occur during the treatment of cutaneous burn injuries.
The origins of immersive VR in the treatment of burn injuries arose from the recognized need
for improved nonpharmacologic analgesia in this challenging acute pain setting. A variety of
cognitive–behavioral therapies (including distraction, imagery, biofeedback or hypnotic
analgesia provided by trained staff) have previously been employed to help patients escape the
brief, yet intense, pain that accompanies burn wound care and post-burn rehabilitation
activities. In its simplest forms, distraction can be achieved through audio stimulation (e.g.,
music), audio–video stimulation (e.g., television) and/or user interaction (e.g., video game),
and theoretically helps prevent patients from focusing their attention on the painful procedure,
thereby reducing the pain experience associated with the nociceptive signals still generated
during the procedure. Two recent reviews of immersive VR analgesia discuss its evolution as
a psychological-based analgesic technique (that is essentially a higher form of distraction) and
provide a summary of its potential mechanisms of action, including current evidence for such
mechanisms [1,2]. The authors of these reviews suggest that while current pharmacologic
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analgesics (e.g., opioids) act directly on receptors in the nervous system, VR likely manifests
its analgesic effects by altering the perception of pain. The most popular theory is that VR
effectively competes for a large fraction of a user’s fixed amount of conscious attention,
distracting the user’s focus away from simultaneous nociceptive input (e.g., from a painful
medical procedure) and replacing it with more pleasant sensory input from the virtual
experience. It is hypothesized that descending inhibitory pathways in the CNS may play a role
in this process. The precise neurophysiologic mechanisms of this alteration in pain perception
are not clearly defined, and are the subject of several ongoing investigations. However,
mechanistic investigations of VR analgesia in the setting of controlled, experimental pain
suggest that the magnitude of analgesic effect is dependent upon the user’s sense of
‘presence’ (i.e., the sense of being inside) the virtual environment [3], that subjective VR
analgesia is accompanied by simultaneous reductions in pain-related brain activity in the
cerebral cortex and brainstem [4], and that VR analgesia is of similar magnitude to, and additive
with, clinically relevant doses of concurrent systemic opioid analgesics [5].

Potential applications of virtual reality to clinical care of patients with burn
injuries

NIH-PA Author Manuscript

Numerous reports have documented the potential analgesic benefit of immersive VR in medical
settings ranging from cancer therapy [6–8] to dental care [9] to transurethral prostate ablation
[10]. The published research covered in this review will pertain to specific applications in
which VR is used to alleviate pain and anxiety in burn patients during wound care or other
painful procedures. One of the earliest studies involving VR use during burn wound care
[11] provides a brief discussion of the need for nonpharmaco-logic analgesic interventions in
this clinical setting. The authors indicate that burn injuries are widely accepted as one of the
most painful injuries to treat, and that their presence causes changes in anatomy,
neurophysiology and pharmacokinetics that may make standard pharmacologic analgesic
therapy less effective than usual. The significant correlation that has been shown between the
pain severity experienced during hospitalization and the amount of post-discharge mental and
physical dysfunction also suggests that early burn pain experiences might affect long-term
recovery [12,13]. Because of the repetitive nature of painful burn wound care, there is also a
high risk for developing a physiologic tolerance to (and possibly dependence on) opioid
analgesics. Both the economic and psychological costs of using only opioids for burn pain
management contribute to the motivation to identify nonpharmacologic analgesic treatments
that can improve burn-related pain management and reduce opioid drug use. While
nonpharmacologic treatments (including immersive VR) hold promise, their use in this
challenging pain setting should remain adjunctive and will likely not replace the use of opioid
analgesics, which are the cornerstone of burn pain control.
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In the following sections we will review the currently published literature describing the
application of immersive VR to burn-related acute pain in two specific clinical settings: burn
wound care and post-burn physical therapy.

Published reports of virtual reality analgesia for burn-injured patients: burn
wound care
The first published report to document VR as an effective analgesic for burn wound care was
authored by Hoffman et al. [11] at the University of Washington Burn Center at Harborview
Medical Center in Seattle (WA, USA). It examined the use of adjunctive VR during burn wound
care in two adolescent patients, using a within-subjects design (to control for baseline
pharmacologic analgesia), comparing distraction with immersive VR to that of a conventional
video game. This report demonstrated that immersive VR is an effective adjunctive,
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nonpharmacologic analgesic. The two patients studied were 16- and 17-year-old males, both
with deep flash burns that required extensive wound cleaning and bandaging on a daily basis.
Various subjective pain and anxiety ratings were obtained using a 100 mm visual analog scale
(VAS), with significant improvements in all ratings during VR compared with video game use.
The 17-year-old boy had particular difficulty with pain during wound care, and reported
approximately 50% or greater reductions in all pain and anxiety ratings during VR compared
with the video game (Figure 1). This study’s results provided the first indication that VR may
hold promise in alleviating post-burn procedural pain and anxiety.
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Since this original report, other groups have reported similar analgesic benefits when
immersive VR [14–16] or ‘augmented reality’ distraction [17] is added to standard
pharmacologic analgesia for portions of (as opposed to the entirety of) bedside wound care
procedures, although generally with limited numbers of patients. Das et al., from Australia,
confirmed the previously described findings using a randomized controlled trial (withinsubjects design) in which seven hospitalized children with acute burn injuries underwent a
series of 11 analgesic comparisons (standard pharmacologic analgesia with/without VR)
[15]. In each comparison, subjective pain was assessed using the 0–5 Faces Scale after both
the VR and the no VR (control) condition. Results indicated that the mean pain score for
pharmacological analgesia was 4.1, compared with 1.3 when VR was added. This study
employed a small study population, yet firmly supported the results of the initial case report,
suggesting that VR distraction has analgesic benefit this setting. Maani et al. described the use
of a novel ‘articulated arm’ that allowed use of a high-resolution, 3D display in two patients
whose head/face burns precluded the use of a standard VR delivery helmet [16]. Lastly, Mott
etal. reported the use of a small, conventional 2D screen display coupled with an interactive
system that allows user manipulation of real world objects to be incorporated into the animated
2D field-of-view [17]. Although not a true immersive VR system, this hardware configuration
is potentially attractive to younger pediatric patients for whom a standard, head-mounted
display is often inappropriately sized or unfamiliar/frightening. In this controlled study of 42
children aged 3–14 years, both the users of augmented reality and their parents reported
significantly lower pain scores than did those in the control group.
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A recent controlled trial by van Twillert etal. in the Netherlands investigated whether VR can
reduce the pain and anxiety during an entire bedside wound care session, and compared VR
analgesia effects to those of standard pharmacologic intervention (as well as other forms of
distraction) in a population of 19 patients aged 8–65 years [18]. Unlike the reports of VR
analgesia for wound care noted above where VR exposures were limited to only a portion of
the painful procedure, this study was unique in that it allowed patients to use VR throughout
the entire wound care session. The analgesic effects of VR were superior to those of several
other distraction techniques (music and non-medical conversation), but were not statistically
better than those observed when the patients watched conventional television. The authors
pointed out that while the mean time for wound dressing change was 19.2 min, patients did
not report any side effects of experiencing VR (e.g., simulator sickness, a nauseating sensation
that can occasionally occur with long periods of VR, although less common with modern, highspeed microprocessors). The authors concluded that it is safe to expose patients to longer
periods of VR, which is encouraging because analgesic applications of VR can potentially
involve procedural pain of longer durations.
Because the procedural pain associated with daily scrubbing of open burn wounds is understood
to be one of the most excruciating forms of treatment-induced pain, burn care staff will often
partially submerge patients in hydrotanks (sterile bathtubs) to facilitate wound washing and
ease bandage changing, especially during the early phases of recovery from burn injuries when
such pain is particularly intense. Accordingly, the ability to utilize VR while in the hydrotank
may be advantageous. However, electrical dependence of conventional VR technology
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prohibits its use in or near water due to the risk of electrical shock. To circumvent this issue,
a 2004 report by Hoffman et al. described a custom-built, photonic, nonelectrical, ‘waterfriendly’ VR delivery system for use in the hydrotank [19]. This case report involved a 40year-old male with 19% total body surface area deep burns to his extremities. In this VR
delivery system (Figure 2), head motion tracking was not possible, so the patient visually
navigated in the virtual world using a fingertip-controlled joystick while holding his head still.
Wound care was performed both with and without VR, and pain measures (subjective 0–10
VAS ratings) were recorded during a short pause in wound care after each condition.
Statistically significant differences were observed in the magnitude of pain experienced. For
example, the amount of time the patient spent thinking about his pain during wound care
dropped from 10 to 3 on the 0–10 scale. This case report has obvious limitations, but was
expanded in a recent case series by the same group [20], in a similarly designed study that was
more rigorous in several respects. Care was taken to ensure that patients received
pharmacological analgesics shortly before the wound care session, a within-subjects design
was used to better attribute the differences in pain ratings to use of VR, a larger study population
(n = 11) was analyzed, and the amount of time spent in and out of VR prior to pain assessment
was consistent across all subjects and all trials. Pain assessments demonstrated significant
improvements with the addition of VR to standard pharmacologic analgesia. For example,
mean subjective reports of ‘worst pain’ dropped from 7.6 to 5.1 (0–10 scale). The importance
of the immersiveness of the VR experience was demonstrated by the finding that the six patients
who reported the strongest illusion of ‘going inside’ the virtual world reported the greatest
analgesic effect of VR on ‘worst pain’ ratings, dropping from a mean of 7.2 in the no-VR
condition to a mean of 3.7 during VR. These reports of technological adaptation of a VR system
to meet a specific medical care need illustrate both the flexibility and utility of VR in an
environment where burn care providers are in particular need of improved analgesic tools.

Published reports of virtual reality analgesia for burn-injured patients: postburn physical therapy
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Anticipatory anxiety can be associated with repeated painful procedures and may add to a
patient’s experience of pain. Furthermore, the anticipation of procedural pain may interfere
with patient cooperation and participation in repetitive rehabilitation activities in which longterm benefits of limb range-of-motion (ROM) or limb function are highly dependent upon the
patient’s tolerance to pain and willingness to perform painful physical therapy activities (e.g.,
passive stretching of burn-injured skin or skin grafts, passive ROM and active ROM). Although
the pain intensity associated with such post-burn rehabilitation therapy is of a lesser magnitude
than that associated with burn wound care, improved pain control may have an important
impact on rehabilitation success. Theoretically, an increase in mood or positive affect
associated with VR distraction therapy may prove valuable in increasing patients’ cooperation
and compliance – particularly among children – with painful rehabilitation therapy, and
ultimately improve their functional outcome.
Immersive VR was first reported by Hoffman et al. as an adjunctive analgesic treatment of
physical therapy pain in burn-injured adults in a small, but controlled study using a withinsubjects design that controlled for each patient’s pre-procedure pharmacologic analgesic use
[21]. Each of the twelve patients (aged 19–47 years) performed 3 min of physical therapy
(passive ROM exercises) with no VR and 3 min of physical therapy while in immersive VR
(Figure 3). Notably, all patients reported significantly less pain and anxiety when distracted
with VR. It was also noted that the three patients who demonstrated the most dramatic analgesic
effects also reported the highest presence levels in VR (i.e., the strongest illusion of being
inside the computer-generated environment), a finding consistent with that described above
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Although this and another case report by Steele et al. in Australia [22] explored the use of VR
during painful physical therapy in the nonburns setting, there was no indication of whether VR
analgesic effects would be sustained with repeated use (i.e., the novelty effect of the VR
experience might extinguish with repeated exposures). A subsequent controlled trial by
Hoffman et al. that included seven patients aged 9–32 years explored this question of sustained
efficacy of VR analgesia with repeated use [23]. Utilizing a within-subjects design, each patient
underwent passive ROM physical therapy on at least three separate and consecutive days, with
each session divided into a 3 min VR treatment phase and a 3 min no VR treatment phase.
After each treatment condition, pain was assessed using multiple VAS ratings for pain and a
potential surrogate for positive mood (‘fun’). As in the previous 1-day study, all pain ratings
were significantly lower in the VR condition and, in addition, the patients’ ratings of fun during
the physical therapy activities were significantly higher in the VR condition. Furthermore, the
analgesic and mood effects of VR were maintained on all 3 study days, indicating that transient
novelty of the VR experience was an unlikely explanation of its analgesic effect, at least for
this limited number of repetitions.

NIH-PA Author Manuscript

With these initial results suggesting clinical benefit for VR analgesia in post-burn physical
therapy, larger studies are necessary to begin exploring specific patient factors that may affect
the applicability of VR in the clinical setting. A recent report by Sharar etal. in Seattle compiled
results from three ongoing controlled studies to enhance statistical power and investigate such
factors as gender, age and ethnicity [24]. This report includes the largest number of subjects
published to date – a total of 146 analgesic comparisons in 88 subjects ranging in age from 6
to 65 years – and found that mean subjective pain ratings were reduced 20–37% with immersive
VR during passive ROM therapy (Figure 4). Furthermore, none of the pain improvements due
to VR distraction varied with differences in gender, ethnicity, initial burn size or duration of
the therapy session. Interestingly, the authors found that user assessments of both the realness
of the virtual environment, as well as their sense of presence in the virtual environment, differed
by age of subjects, with younger subjects (<19 years old) reporting significantly higher ratings
for realness and presence than adult subjects (≥19 years old). However, these differences in
subjective VR experience did not translate into differences in observed pain ratings while in
VR. This study is the first detailed analysis exploring the potential disparities that various
clinical cohorts may experience during VR, and is reassuring in suggesting that for the clinical
setting of post-burn physical therapy, VR appears applicable to a diverse population of patients.

Expert commentary
NIH-PA Author Manuscript

Since its first published description in 2000, the use of immersive VR for the treatment of acute,
burn-related pain has been reported in at least the ten peer-reviewed reports described above.
These reports have in common the use of a standard VR system (consisting of a high-resolution,
3D, audio–video display, customized video game-like software, and user interaction through
head position-tracking hardware and/or peripheral devices) and clinical application to one of
the two burn care settings commonly associated with significant procedural pain (burn wound
care or post-burn rehabilitation therapy). The reports to date are consistent in suggesting that
the adjunctive use of this nonpharmacologic analgesic technique:
• Is technically and logistically feasible;
•

Is acceptable to patients across much of the age spectrum;

•

Reduces patients’ reports of their pain experience in several subjective pain domains;

•

Is not associated with significant side effects.
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However, as preliminary or exploratory studies, these reports have several shortcomings that
limit their generalizability to the larger population of burn-injured patients. For example:
• Small subject numbers in the majority of these studies limit their statistical power;
•
•

The absence of a suitable control condition (to account for the demand characteristics
associated with the VR experience) introduces a potential subject bias;
The common use of within-subject study designs allows for comparison to a control
condition and minimizes some nuisance variables, yet limits assessment of certain
critically important clinical outcomes (e.g., long-term pain control, functional
outcome and procedure duration).

Thus, future clinical research must consist of larger study populations, employ single- and
double-blind between-subject study designs, and utilize clinically relevant and long-term
outcomes, in addition to the assessment of mere periprocedural pain.
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The current understanding of the mechanism(s) by which immersive VR reduces subjective
pain is skeletal, and largely based on the assumption that the multisensory VR experience is
distracting to the user and thereby reduces the amount of conscious attention he/she can utilize
to process and interpret noci-ceptive input arising from painful procedures. In the setting of
burn wound care, the head-mounted display also obscures the patient’s view of his/her injured
and often frightening deformity, and is thought to also contribute to the analgesic effect of VR.
However, a better understanding of the analgesic mechanisms (e.g., relative roles of attentional
demand, mood enhancement, affect and endogenous opiates) of immersive VR is necessary in
order to utilize the technique in the most clinically efficient and cost-effective way. For
example, it is reported that modifying VR hardware and software to enhance the VR experience
by making the user feel more ‘present’ in the virtual environment is associated with a greater
analgesic effect [3]. However, such hardware modifications may come at significant economic
cost, with head-mounted displays being commercially available in a wide range of display
resolutions (e.g., pixel densities), sizes (e.g., field-of-view), comfort (e.g., weight) and
connectivity options (e.g., wireless) that are reflected in an approximately 100-fold difference
in acquisition costs (e.g., US$200–US$20,000) for this component alone. A more sophisticated
knowledge of the most important determinants of an effective immersive VR system, as well
as the most important patient factors associated with VR analgesic efficacy (e.g., coping style),
will enhance the application of immersive VR to pain management in burns and other clinical
settings.
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Given the current challenge of providing adequate pain relief to burn-injured patients who must
endure a variety of necessary, but painful therapeutic procedures on a repeated basis, it appears
that the addition of immersive VR to standard analgesic regimens has provisionally proven of
benefit. Therefore, centers caring for these patients should be encouraged to explore such
technologies, to consider their implementation (with the caveats noted above) and to be
attentive to ongoing clinical research that will help determine their most appropriate use.

Five-year view
The use of VR to treat acute, procedural pain associated with burn injuries has steadily
increased over the last decade. The pioneering preliminary studies discussed above
demonstrate the potential analgesia efficacy of VR in this clinical setting, but are significantly
limited by their small sample sizes and their focus on short-term outcomes of subjective pain
reports. As such, these studies demand extension and elaboration to better determine the precise
role for VR analgesia, not only in this clinical setting, but in the many other procedural pain
settings encountered in modern medical care. In the coming years, one should anticipate
performance of large-scale, randomized, controlled trials that assess not only pain, but also
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other clinically important outcomes such as procedure duration, patient compliance with
procedures, long-term functional outcomes, procedural duration and procedural cost. Such
detailed assessments of VR analgesia efficacy and related economics should also include
comparisons to other, potentially less costly nonpharmacologic analgesic techniques, so that
the most appropriate use of immersive VR can be identified. Also, in addition to its uses for
acute, procedural burn pain as described in this review, VR will likely be investigated for
potential use in preventing and/or treating chronic pain that is often associated with burns, such
as itching and burning sensations on scar tissue. Lastly, most current applications of VR
analgesia capitalize on the highly distracting nature of the VR experience to effect a cognitive–
behavioral modification of the pain experience. Other applications of immersive VR, such as
VR-assisted hypnosis to facilitate hypnotic analgesia, are currently under development [25,
26] and may offer valuable alternative techniques for nonpharmacologic pain relief for burn
patients.
Key issues
• Procedural burn pain (e.g., burn wound care and post-burn rehabilitation activities)
is not adequately managed in many patients, despite the availability and use of
potent pharmacologic analgesics and adjunctive nonpharmacologic therapies.
•

NIH-PA Author Manuscript

•

•

•

•
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•

•

Immersive virtual reality (VR) is a cognitive–behavioral therapy, ideally suited
for short-term pain relief in the procedural pain setting.
The psychological and neurophysiologic mechanisms of VR analgesia are
undefined, but likely involve cognitive distraction and/or enhancement of affect
or mood.
Immersive VR appears to be most effective when users feel highly ‘present’ in the
computer-generated virtual environment; therefore, specialized hardware/
software and user interaction with the virtual environment are key elements of VR
analgesia systems.
When added to standard pharmacologic analgesia, immersive VR has been shown
to significantly reduce patients’ subjective pain ratings compared with standard
pharmacologic analgesia alone in a limited number of randomized, controlled,
small-scale studies of post-burn patients undergoing bedside wound care, wound
care in the hydrotank and passive range-of-motion physical therapy.
Immersive VR analgesia does not appear to carry significant safety risks or
unpleasant side effects.
Large-scale clinical trials of VR analgesia, including long-term outcomes, are
necessary to determine its most appropriate use and potential benefit in settings of
acute, procedural burn care.
VR may have analgesic applications in other forms (e.g., VR-assisted hypnosis)
and other clinical populations (e.g., chronic pain) in the burn-injured population.
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Figure 1. Compared with distraction with a 2D video game (dark bars), immersive virtual reality
(light bars) significantly reduced various subjective pain and anxiety ratings in a 17-year-old male
undergoing bedside burn wound care

VAS: Visual Analog Scale.
Reproduced with permission from [11].
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Figure 2. A 40-year-old male undergoes burn wound care (bandage removal and wound cleaning)
partially submerged in a hydrotank while experiencing immersive virtual reality delivered by a
photonic, non-electric, ‘water-friendly’ virtual reality delivery system

The patient navigates and interacts with the virtual world using a hand-controlled joystick.
©Hunter Hoffman, University of Washington, DC, USA.
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Figure 3. An adolescent male with a left upper extremity burn undergoes passive range-of-motion
physical therapy while experiencing immersive virtual reality

The patient navigates the virtual world using a head position-tracking head-mounted-display
and interacts with the virtual world using a fingertip-controlled mouse.
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Figure 4. Mean subjective pain and mood (fun) ratings during post-burn, passive range-of-motion
physical therapy in a population of 88 subjects (aged 6–65 years) receiving standard pharmacologic
analgesia (dark bars) and standard pharmacologic analgesia plus immersive (light bars)
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GRS: Graphic rating scale; VR: Virtual reality.

NIH-PA Author Manuscript
Expert Rev Neurother. Author manuscript; available in PMC 2009 September 1.

