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The objective of this study was to evaluate the effect of immersive virtual reality (IVR)
distraction therapy during painful wound care procedures in adults on the amount of
opioid medications required to manage pain. A convenience sample of consenting, adult
inpatients requiring recurrent painful wound care procedures was studied. Using a within-
subject, randomized controlled trial study design, 2 sequential wound procedures were
compared, 1 with IVR distraction therapy and 1 without IVR. Total opioid medications
administered before and during the wound procedures were recorded and pain and anxiety
were rated before and after the 2 wound procedures. The IVR intervention included the
wearing of virtual reality goggles and participation in an immersive, computer generated,
interactive, 3-dimensional virtual world program. Data were analyzed with Student’s ¢
test and chi-square analysis, with P < 0.05 considered significant. A total of 18 patients
were studied, with 12 completing both study wound procedures and 6 completing a
single wound procedure. The amount of opioid administered before each of the 2 wound
procedures was similar with and without IVR. Total opioid administration during

the dressing procedures with IVR was significantly less than when no IVR was used,
17.9+6.0 and 29.2 +4.5 mcg/kg fentanyl, respectively (t = -2.7; df = 14; P = 0.02). Two
of 15 patients (11%) requested more than 1 opioid rescue dose with IVR and 9 of 15
patients (60%) requested more than 1 rescue dose without IVR. Seventy-five percentage
of participants stated that they would want to use IVR with future dressing changes.
Pain and anxiety scores were similar for the wound procedures with and without IVR
(P> 0.05). IVR significantly reduced the amount of opioid medication administered
during painful wound care procedures when IVR was used compared with no IVR. Since
pain scores were similar before and after the wound procedures with IVR and without
IVR, the 39% reduction in opioid medication during IVR supports its use as a pain
distraction therapy during painful procedures. (J Burn Care Res 2018;39:278-285)

Distraction therapy has been found to be an effec-
tive method for reducing pain during painful pro-
cedures in both children and adults.!? A relatively
new adjunct therapy, immersive virtual reality (IVR),
has been found to produce greater pain reductions
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than other forms of distraction, such as television,
listening to music, or playing games.>® With IVR,
users interact with a computer-simulated, 3-dimen-
sional environment with visual and auditory stimuli.
The user performs “tasks” with a hand-held device
that allows for interaction with the simulated envi-
ronment of the program. This interaction with the
simulated environment “distracts” the user, leaving
their brain less cognitive capacity for processing pain
signals.

Until recently, IVR as a pain management adjunct
has been poorly studied, with the primary form of
support for the therapy being case reports or non-
experimental studies.®* Some of the earlier studies
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also evaluated a weak form of the technology that
only provided visual and auditory stimuli and not the
immersive components of blocking out environmen-
tal visual and auditory stimuli while the user inter-
acted with the 3-dimensional program.$

Since 2005, several experimental studies have eval-
uated IVR effectiveness in a variety of painful situ-
ations or procedures with most finding significant
pain reductions with IVR.3%6 Generalization of these
findings to painful wound debridement and cleaning
procedures in adults is limited because the pain sever-
ity of these procedures is extremely high and diffi-
cult to control with analgesic medications alone.?”
In addition, many of the experimental studies were
done in children,?® normal volunteers,'>17-2% and /
or clinical procedures with limited potential to cause
severe pain or discomfort (i.e., physical therapy, hand
dressings, intravenous catheter insertion, port access,
chemotherapy, pruritus).513:1521-25

Only 2 experimental studies?®?” and 1 quasi-
experimental study?® have evaluated IVR in adults
during painful wound debridement and cleaning
procedures (Table 1). In 1 study, the IVR interven-
tion was studied for a 3-minute period during a pain-
ful wound care procedure in N = 11 burn patients,
with another 3-minute period without IVR during
the same procedure.?® The order of the 2 treatments
(IVR; no IVR) was randomly assigned. Study out-
comes (patient survey of pain-related questions with
rating on a 0 [no pain] to 10 [worst pain imaginable ]
scale) found significantly less pain during the 3-min-
ute IVR treatment than without.

In the second experimental study, 12 military
trauma patients with burns were studied during 2,
randomly assigned 6-minute periods with or without
IVR, no IVR during a single wound debridement and
cleaning procedure.?” Pain outcomes were measured
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as described above, with significantly less pain during
the 6-minute IVR treatment than without.

In a nonexperimental, within-subjects study
design, 19 patients were studied during painful
wound care.?® TVR was used for the entire dressing
procedure and then compared with no IVR on the
day before the IVR treatment. Pain, measured with
a visual analog scale (0-10, 0 = no pain; 10 = worst
pain imaginable), was significantly lower when IVR
was used during the dressing change procedure.
While the study attempted to evaluate anxiety before
and after treatments, missing data in a number of the
participants make interpretation of the data difficult.
Since descriptive studies have found anxiety levels to
be extremely high during burn dressing changes,” it
is possible that IVR therapy may also decrease anxi-
ety if pain is better managed with IVR.

None of the studies of IVR to date have evaluated
the effect of IVR on opioid administration during the
treatments. Given the high level of pain with wound
debridement and cleansing, particularly with burn
injuries, finding ways to decrease the large levels of
opioid required to effectively manage pain is impor-
tant. If IVR administered during painful wound care
procedures could reduce opioid requirements, the
risk of tolerance to opioids and the need to increase
doses with continued use and physical dependence
on opioids could be minimized. While prior stud-
ies have shown IVR during painful procedures to
decrease pain compared with no IVR, it is not clear
if this pain reduction decreases the amount of opi-
oids administered during highly painful procedures.

The primary purpose of this within-subject, ran-
domized controlled trial was to evaluate the effect
of IVR distraction therapy during painful wound
care procedures in adults on the amount of opioid

Table 1. Summary of key information from studies of IVR distraction therapy in adults during burn wound care

Study N

Subject Age IVR Program Treatment Length

Miscellaneous

Outcomes Comments

Hoffman et al?¢ 11  4-40 yr (mean = Snow World® 3 min with IVR

Significant decrease in ~ Treatment order randomly

27 yr) 3 min without IVR pain with IVR assigned, done in
the same dressing
procedure
Maani et al?” 12 20-27 yr (mean = Snow World® 6min with IVR Significant decrease in ~ Treatment order randomly
22 yr) 6 min without IVR pain with IVR assigned, done in

the same dressing
procedure

van Twillert et al?®® 19 8-65 yr (mean = Snow World® Entire burn procedure — Significant decrease in -~ Treatments on sequential
30 yr) with IVR pain with IVR; no days (not randomized);
Entire burn procedure change in anxiety study done in the
without IVR Netherlands

IVR, immersive virtual reality.
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medications required to manage pain. Secondary
outcomes included levels of pain and anxiety.

METHODS

This study was conducted in a 427 bed community-
based hospital in the Pacific Northwest region of the
United States with a 16-bed American Burn Associ-
ation—verified regional inpatient burn center. Study
approval was obtained from the institution’s inves-
tigational review board before data collection. Data

collection occurred from October 2013 to March
2015.

Study Design

A within-subject, randomized controlled trial study
design was used to evaluate the effectiveness of an
IVR intervention to decrease opioid administra-
tion, pain, and/or anxiety in patients undergoing
painful wound care. The primary dependent varia-
ble for this study was the amount and frequency of
opioid medication administration before and dur-
ing the painful wound care procedure. Participants
were random assigned by a computer algorithm
to receive IVR with the first or second sequen-
tial wound procedure, with no IVR for the other
wound procedure. Investigators were blinded to
treatment order until before the first dressing pro-
cedure was to begin.

Sample Selection

Subjects for this study were adult patients under-
going painful wound care procedures for deep or
partial thickness burns of = 5% or complex nonburn
wounds, such as necrotizing fasciitis or large decub-
itus ulcers. Inclusion criteria were prior completion
of at least 2 prior painful wound care procedures,
need for at least 2 sequential painful wound care
procedures before anticipated surgical manage-
ment, pain level > 5 during the previous wound
procedure, and fully sensate in the area requiring
painful wound care. Exclusion criteria included
medical diagnosis of dementia and/or cognitive
impairment, inability to use the computer mouse,
and/or physical impediments about the face and
neck that would prevent application of the IVR
headgear.

A minimum sample size was determined by power
analysis to be N = 14 participants, with a total of 28
interventions studied.?? Power was set at 0.8, alpha
at 0.05, and effect size at 0.7. Effect size was calcu-
lated to identify at least a 20% difference in opioid
administration between the 2 treatments.

Journal of Burn Care & Research
March/April 2018

IVR Intervention

The IVR system consisted of 4 parts, a laptop
computer with video card with the video program
(Lenovo T 510 ThinkPad with Intel Core i7 proc-
essor and Intel HD Graphics, Leveno, Morrisville,
NC), virtual reality goggles (NVISINC MX 90,
NVISINC, Reston, VA), earphones (Logitech Wire-
less Gaming Headset G930, Logitech, Freemont,
CA), and background music. Patients looked into the
virtual reality goggles that substituted the real world
environment with a synthetic, computer-generated
image, making the hospital room and personnel
invisible (Fig. 1). Patients also wore noise-cancelling
carphones to replace the hospital room noise with
music and sound effects. The goal is for the patient
to become immersed in the virtual world as they
interact with the computer program by throwing
snowballs at objects in the virtual world by clicking a
computer mouse button (SnowWorld, www.vrpain.
com., Seattle, WA).

Study Outcome Variables

The amount of intravenous opioid (fentanyl) med-
ication administered before and during the painful
wound care procedure was recorded as mcg/kg. A
standardized medication regimen was used for all
patients and was based on their ideal body weight.
All participants received 1.0 mcg/kg of intravenous
fentanyl 20 minutes before the start of the wound
procedure. During the dressing change, 0.25 mcg/
kg of intravenous fentanyl was administered when-
ever patients request pain medication for break-
through pain. The number of times the participant
requested pain medication during the wound proce-
dure was also recorded.

Pain intensity was measured with a patient ver-
bal report of pain on a 0 to 10 verbal numeric scale
(VNS). Zero represented “no pain” and 10 repre-
sented “worst possible pain.” Numeric pain scales
are commonly used rating scales for patient report
of symptoms in research involving acutely ill patients
because they are easy to understand and do not
require manual skills to complete.3®3! Anxiety sever-
ity was measured with a patient report of anxiety on
a 0 to 10 VNS. Zero represented “no anxiety” and
10 represented “worst possible anxiety.” Validity and
reliability are high with numeric rating scales.??-30

Participants were asked to complete an investiga-
tor developed survey of 6 yes/no questions about
the IVR experience. Questions related to the partici-
pant’s perception of whether the use of IVR during
the painful wound care procedure decreased their
pain and/or anxiety, was stressful or helpful to use,
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Figure 1. A, Virtual reality goggles and headset being used by a patient during a wound care procedure. B, Image observed
by patient when using virtual reality device during the Snow World program designed by Hoffman and Patterson (www.
vrpain.com, University of Washington, Seattle WA; used with permission from Hunter Hoffman).

was better than when no IVR was used, and was
something they would want to use for future wound
procedures. No validity or reliability testing of the
investigator developed survey was done.

Study Procedure

Before data collection, investigators (all of whom
were experienced burn unit nurses) were trained
in the proper use of the IVR equipment and study
procedures. Two investigators were present at each
painful wound care procedure, 1 operated the IVR
equipment and gathered study data and the other
conducted the wound care procedure.

Eligible patients were consented by a study
investigator. Twenty minutes before cach of the 2
wound procedures, consenting participants were
given the standardized, preprocedure opioid med-
ication. Pain and anxiety levels were rated by study
participants immediately before beginning the
wound care procedure. The wound care procedure
was then done by a study investigator including
removal of the old dressing, wound hygiene, and

redressing according to departmental standards for
the specific wound type. During the wound proce-
dure, whenever the patient requested pain medica-
tion, a study investigator administered additional
opioid medication based on a standardized dose.
At the conclusion of each wound care procedure,
a study investigator had participants rate their pain
and anxiety. Following completion of the sec-
ond wound procedure, the participant was asked
to respond verbally to 6 questions about the IVR
experience.

For the wound procedure done with IVR therapy,
a study investigator instructed the participant in the
use of the IVR equipment after preprocedure med-
ication administration. Participants were allowed
to practice operation for a few minutes before the
initiation of the wound procedure. During the
wound procedure, a study investigator stayed at the
participant’s side to assist with IVR use, if needed,
and removed the equipment at the end of the pro-
cedure or during the procedure if requested by the
participant.
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Data Analysis

Data were summarized using descriptive statistics.
Changes in pain and anxiety scores before and after
the interventions were calculated before data analysis.
Student’s # test was used to determine if the amount of
opioid medication administered before and during the
wound procedure and/or change in pain and anxiety
scores were different for the wound procedures done
with or without the IVR intervention. Chi-square
analysis was used to compare the number of patient
requests for pain medication during the wound proce-
dure with and without the IVR intervention. The level
of significance for all tests was P < 0.05.

RESULTS

A total of 18 participants were studied over an
18-month period, with 83% of the subjects having
a deep or partial thickness burn wound and 17% a
nonburn wound (necrotizing fasciitis or decubitus
ulcers). Twelve patients (67%) completed both study
dressing procedure treatments (with IVR; without
IVR) and 6 patients (33%) received only 1 of the
2 study dressing procedure treatments (Table 2).

Table 2. Demographic information and participant char-
acteristics

Demographic Information Participants (N = 18)

Patient age (yr)* 384+15.5
Body weight (kg)* 71.5+£8.2
Gender, n (%)
Male 13 (72)
Female 5(28)
Type of wound, n (%)
Partial or full thickness burn 15 (83)
wound
Nonburn wound 3(17)
History of opioid abuse, n (%)
Yes 12 (67)
No 6(33)
Treatment order, n (%)
IVR treatment with first dressing 10 (56)
change
IVR treatment with second 8 (44)
dressing change
Number of study dressing changes
completed
IVR and no IVR dressings 12 (67)
IVR only 3(16.5)
No IVR only 3(16.5)
Minutes for dressing changes*
IVR 29.9+12.9 (range of 10-55)
No IVR 30.7+15.1 (range of 10-68)

IVR, immersive virtual reality.
*Mean = SD.
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Reasons for not receiving a study dressing procedure
were varied (IVR procedure: N = 2, due to inabil-
ity to operate equipment; N = 1, due to equipment
problems; no IVR procedure: N = 1, due to no fur-
ther need for the dressing procedure; N = 1, due
to caregiver miscommunication; N = 1, no explana-
tion provided). Ages ranged from 20 to 73 years,
averaging (+ SD) 38.4+15.5 years. The majority
of participants were male (N = 18; 72%) and 12 of
the 18 (66%) participants had a history of prior sub-
stance abuse. Treatment lengths were similar for the
IVR and no IVR dressing procedure treatments (P >
0.05) and treatment order (IVR with first or second
study dressing procedure) was not found to be a sig-
nificant factor in study outcomes (P > 0.05).

The amount of fentanyl administered before
the wound procedures with and without IVR was
similar (P > 0.05; Table 3). Total fentanyl admin-
istration during the wound procedures with IVR
were significantly less than when no IVR was used,
17.9+6.0 and 29.2+4.5 mcg/kg, respectively (t

Table 3. Summary of outcome variables before, during,
and after a painful wound care procedure with and with-
out IVR treatment

IVR No IRV
Treatment, Treatment,
Outcome Variables N=15 N =15
Pain level (0-10)*
Range 0-10 0-9
Before dressing change 6924 6.3+2.6
After dressing change 58+2.9 5.7£2.6

Difterence (after - before)* -1.2+29 -03+1.7

Anxiety level (0-10)

Range 0-10 0-9
Before dressing change 4829 4124
After dressing change 3.5+3.0 35+£2.6
Difterence (after - before)* -1.3+4.4 0427
Amount of IV opioid administered
(meg,/kg)
Before dressing change 71.5+8.2 72.2+79
During dressing change 17.9+6.0 29.2+4.5

Total (before + during)t 91.7+10.1 103.1+16.1
Number of requests for opioid

administration during the wound

procedure
Averaget 1.0£0.7 1.5+1.0
0§ 3 0
1 13 6
2 1 5
3 1 4

IVR, immersive virtual reality.
*P>0.05.

tt=-2.7;df = 14; P=0.02.
ft=-2.8;df=14; P=0.02.
§x>=9.9;df = 3; P=0.02.
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=-2.7; df = 14; P = 0.02). The number of patient
requests for opioid administration during the wound
procedure was found to be significantly less in the
wound procedures with IVR than without IVR (%2 =
9.9;df = 3; P=0.02). Only 11% of the participants
requested opioid administration during the wound
procedure 2 or 3 times during the IVR procedures,
but 60% of participants requested opioid administra-
tion during the wound procedure 2 or 3 times when
no IVR was used.

Changes in pain and anxiety levels before and after
the dressing change procedure are summarized in
Table 3. Small, nonsignificant differences in pain and
anxiety levels were found between the IVR and no
IVR wound procedures (P> 0.05).

Overall, the majority of participants thought IRV
decreased their pain during the dressing procedure
(Table 4). Similar numbers of participants thought
anxiety was decreased by IVR. More than 75% of
participants found IVR to be helpful and made the
dressing procedure better for them. Only 3 of 12
(25%) participants stated that they would not want
to use IVR for future dressing changes.

DISCUSSION

This study evaluated the effect of IVR therapy on
amount of opioid administration in adult patients
undergoing painful wound care procedures in a civil-
ian burn center. During wound care procedures,
39% less opioids were administered when IVR ther-
apy used compared with wound procedures when
IVR was not used. Furthermore, 11% of patients
requested more than 1 opioid rescue dose with IVR,
and 60% of patients requested more than 1 res-
cue dose without IVR. Changes in pain and anxi-
ety after the wound procedure were similar for both

Table 4. Patient responses to questions about IVR after a
painful wound care procedure in N = 11 participants

Patient Responses Yes No Do Not Know

Do you think the IVR decreased your 8 4 2
pain?
Do you think IVR decreased your 7 7
anxiety?
Did you find the IVR helpful? 10 5
Did you find the IVR stresstul? 6 9
Which dressing change was better?
IVR 10
No IVR 3

Do you want to use IVR for future 123
dressing changes?

IVR, immersive virtual reality.
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treatments. A majority (> 75%) of patients found
IVR helpful, preferred it to no IVR, and stated they
wished to use IVR for future dressing changes.

To our knowledge, our study is the first to stand-
ardize the amount of opioid administration during
the study procedures and to quantify the amount of
opioids administrated before and during the wound
care procedures. We believe this is an important
component of research studies testing IVR as a pain
management adjunct.

Prior studies in adults with very painful procedures
found pain to be decreased with IVR compared with
no IVR,?¢28 whereas we found no difference in pain
with the 2 treatments. Because other studies did not
attempt to standardize drug administration, it is dif-
ficult to compare those studies with ours with regard
to pain levels. Our study had similar pain score
changes before and after wound procedures with and
without IVR, but the number of participant requests
for opioid medication during the procedure was sig-
nificantly reduced with IVR. These findings likely
indicate that either pain levels were not as high dur-
ing the wound procedure with IVR and/or the use
of IVR distracted participants from perceiving their
pain during the wound procedure. Another possi-
bility for the lack of pain score differences between
groups could be related to the high incidence of sub-
stance abuse history observed in our participants. It
is possible that their perception of pain is different
from nonabusing individuals.

Many prior studies were related to procedural pain
for procedures with limited potential to cause severe
pain or discomfort (i.c., physical therapy, hand dress-
ings, intravenous catheter insertion, port access, che-
motherapy, and pruritus).%!315.21-25

Two studies reported on anxiety as an outcome
measure during wound care. In 1 of these studies,?®
a large number of anxiety scores were missing, mak-
ing interpretation of the anxiety scores difficult. In
a second, small study with only 2 patients, signifi-
cant anxiety reduction was observed when IVR was
used in conjunction with pharmacologic analgesics
compared with when pharmacologic analgesics were
used alone.?? While anxiety has been proposed by
experts to be high with very painful procedures, the
short duration of the anxiety associated with the
painful wound care procedure may create difficulties
in measuring the phenomenon in a clinical setting.

The majority of patients in our study believed that
IVR was helpful during their painful procedure and
wished to use it during subsequent dressing changes.
Two studies evaluated patient experiences while
using IVR. Healthy human volunteers subjected to
cold pressor exposure for 1 to 2 minutes stated that
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IVR gave them a sense of control over their pain but
did not address whether they “liked it” or would
prefer it during subsequent cold exposures.?® A
case study report of 2 subjects undergoing combat-
related wound care states the experience as “more
fun” when IVR was used vs when it was not.?* We
believe our study was unique in that it evaluated the
patient’s subjective impressions about IVR and their
willingness to include it as a consistent component of
their wound care regimen.

Limitations

The demographics and characteristics of the partici-
pants of this study may limit generalization of findings
of this study to other populations. Of interest is that
67% had a prior history of opioid abuse, which may
have influenced their preprocedure pain scores both
with and without IVR. This may also have made their
overall response to IVR distraction therapy differ-
ent from those without an opioid abuse history. The
findings of this study are also limited by the particular
type of IVR equipment available at the time the study
was conducted. Newer models are less cumbersome
and may be easier and more practical to use in clinical
settings. Another limitation of the study is that the
use of a VNS to measure anxiety may not have been
sensitive enough to detect small changes in anxiety
associated with IVR. Future studies should consider
measuring anxiety with a more extensive anxiety sur-
vey, such as Spielberger’s State Anxiety survey.343°

Clinical Implications

IVR as distraction therapy during extremely pain-
ful procedures should be considered as an adjunct
to analgesic administration for painful wound care
procedures. A reduction in total opioid adminis-
tration similar to that found in this study could be
especially beneficial in situations where the painful
procedure needs to be done on more than 1 occa-
sion. The risk of tolerance to opioids and the need
to increase doses with continued use due to physical
dependence on opioids could potentially be mini-
mized. Patients liked the use of this technology and
preferred it to wound procedures without it. Given
that a top clinical and patient satisfaction priority is
to minimize patient pain and anxiety, IVR should be
added to the list of nonpharmacologic strategies for
improving the patient experience.

CONCLUSIONS

IVR during painful wound care procedures signif-
icantly reduced the amount of opioid medication
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administered during the procedure compared with
no IVR. Despite receiving 39% less opioid medica-
tion during wound procedures with IVR, changes
in pain and anxiety levels before and after the dress-
ing change were similar to no IVR dressing changes.
The majority of participants in this study thought
TRV was easy to use and wanted to use it on future
wound procedures.

ACKNOWLEDGMENTS

Special thanks to Marianne Chulay, RN, PhD, FAAN,
for assistance with study design, data analysis, and article
preparation; the staft of the Oregon Burn Center for their
support and recruitment assistance; Maureen Ross for
administrative support; Kate Snyder, MSN, RN, for data
collation; Dr. Nathan Kemalyan for assistance with study
design; and Drs. Niknam Eshraghi and Jean Lin for sup-
port of nursing research.

REFERENCES

1. Blount R, Piira T, Cohen L. Management of pediatric pain
and distress due to medical procedures. In: Roberts M, ed-
itor. Handbook of pediatric psychology. 3rd edition. New
York: Guilford; 2003. p. 216-33.

2. Patterson DR, Hoffman HG, Weichman SA, Jensen MP,
Sharar SR. Optimizing control of pain from severe burns: a
literature review. Am J Clin Hypn 2004;47:43-54.

3. Malloy KM, Milling LS. The effectiveness of virtual reali-
ty distraction for pain reduction: a systematic review. Clin
Psychol Rev 2010;30:1011-8.

4. Mahrer NE, Gold JI. The use of virtual reality for pain con-
trol: a review. Curr Pain Headache Rep 2009;13:100-9.

5. Morris LD, Louw QA, Grimmer-Somers K. The effectiveness
of virtual reality on reducing pain and anxiety in burn injury
patients: a systematic review. Clin J Pain 2009;25:815-26.

6. Shahrbanian S, Ma X, Aghaei N, et al. Use of virtual re-
ality (immersive vs. non-immersive) for pain manage-
ment in children and adults: a systematic review of evi-
dence from randomized controlled trials. Euro J Exp Bio
2012;2(5):1408-22.

7. Upton D, Andrews A. The impact of stress at dressing
change in patients with burns: a review of the literature on
pain and itching. Wounds 2014;26:77-82.

8. Das DA, Grimmer KA, Sparnon AL, McRae SE, Thomas
BH. The efficacy of playing a virtual reality game in modu-
lating pain for children with acute burn injuries: a random-
ized controlled trial [ISRCTN87413556]. BMC Pediatr
2005;5:1.

9. Chan EA, Chung JW, Wong TK, Lien AS, Yang JY.
Application of a virtual reality prototype for pain relief of
pediatric burn in Taiwan. J Clin Nurs 2007;16:786-93.

10. Dahlquist LM, McKenna KD, Jones KK, Dillinger L, Weiss
KE, Ackerman CS. Active and passive distraction using a
head-mounted display helmet: effects on cold pressor pain
in children. Health Psychol 2007;26:794-801.

11. Mott J, Bucolo S, Cuttle L, et al. The efficacy of an aug-
mented virtual reality system to alleviate pain in children un-
dergoing burns dressing changes: a randomised controlled
trial. Burns 2008;34:803-8.

12. Law EF, Dahlquist LM, Sil S, et al. Videogame distraction
using virtual reality technology for children experiencing
cold pressor pain: the role of cognitive processing. ] Pediatr
Psychol 2011;36:84-94.

Downl oaded from https://academ c. oup.com jbcr/article-abstract/39/2/278/ 4796748
by Stanford University Libraries user
on 21 April 2018



Journal of Burn Care & Research
Volume 39, Number 2

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Downl oaded from https://academ c. oup.com jbcr/article-abstract/39/2/278/ 4796748

Schmitt YS, Hoffman HG, Blough DK et al. A randomized,
controlled trial of immersive virtual reality analgesia, during
physical therapy for pediatric burns. Burns 2011;37:61-8.
Kipping B, Rodger S, Miller K, Kimble RM. Virtual reali-
ty for acute pain reduction in adolescents undergoing burn
wound care: a prospective randomized controlled trial.
Burns 2012;38:650-7.

Hoftman HG, Meyer W], 3rd, Ramirez M, et al. Feasibility
of articulated arm mounted Oculus Rift Virtual Reality gog-
gles for adjunctive pain control during occupational therapy
in pediatric burn patients. Cyberpsychol Behav Soc Netw
2014;17:397-401.

Jefts D, Dorman D, Brown S, et al. Effect of virtual reality
on adolescent pain during burn wound care. ] Burn Care
Res 2014;35:395-408.

Hoffman HG, Sharar SR, Coda B, et al. Manipulating pres-
ence influences the magnitude of virtual reality analgesia.
Pain 2004;111:162-8.

Loreto-Quijada D, Gutiérrez-Maldonado J, Gutiérrez-
Martinez O, Nieto R. Testing a virtual reality intervention
for pain control. Eur J Pain 2013;17:1403-10.

Wender R, Hoffman HG, Hunner HH, Seibel EJ, Patterson
DR, Sharar SR. Interactivity influences the magnitude of vir-
tual reality analgesia. ] Cyber Ther Rehabil 2009;2:27-33.
Guiterrez-Maldonad J, Guiterrez-Martinez O, Loreto-
Quijad D, Nieto-Luna R. The use of virtual reality for
coping with pain with healthy participants. Psicotherma.
2012;24(4):510-22.

Hoftman HG, Patterson DR, Carrougher GJ. Use of vir-
tual reality for adjunctive treatment of adult burn pain
during physical therapy: a controlled study. Clin J Pain
2000;16:244-50.

Schneider SM, Hood LE. Virtual reality: a distrac-
tion intervention for chemotherapy. Oncol Nurs Forum
2007;34:39—46.

Leibovici V, Magora F, Cohen S, Ingber A. Effects of virtual
reality immersion and audiovisual distraction techniques for
patients with pruritus. Pain Res Manag 2009;14:283-6.
Carrougher GJ, Hoffman HG, Nakamura D, et al. The ef-
fect of virtual reality on pain and range of motion in adults
with burn injuries. ] Burn Care Res 2009;30:785-91.

by Stanford University Libraries user

on 21 April 2018

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

McSherry et al 285

Guo C, Deng H, Yang J. Effect of virtual reality distraction
on pain among patients with hand injury undergoing dress-
ing change. J Clin Nurs 2015;24:115-20.

Hoffman HG, Patterson DR, Seibel E, Soltani M, Jewett-
Leahy L, Sharar SR. Virtual reality pain control during
burn wound debridement in the hydrotank. Clin J Pain
2008;24:299-304.

Maani CV, Hoffman HG, Morrow M, et al. Virtual reality
pain control during burn wound debridement of combat-
related burn injuries using robot-like arm mounted VR gog-
gles. ] Trauma 2011;71(1 Suppl):S125-30.

van Twillert B, Bremer M, Faber AW. Computer-generated
virtual reality to control pain and anxiety in pediatric and
adult burn patients during wound dressing changes. ] Burn
Care Res 2007;28:694-702.

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexi-
ble statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods 2007;39:175-91.
Williamson A, Hoggart B. Pain: a review of three commonly
used pain rating scales. J Clin Nurs. 2004;4:798-804.
Hjermstad MJ, Fayers PM, Haugen DEF, et al.; European
Palliative Care Research Collaborative (EPCRC). Studies
comparing Numerical Rating Scales, Verbal Rating Scales,
and Visual Analogue Scales for assessment of pain intensi-
ty in adults: a systematic literature review. J Pain Symptom
Manage 2011;41:1073-93.

Hoffman HG, Doctor JN, Patterson DR, Carrougher GJ,
Furness TA, 3rd. Virtual reality as an adjunctive pain con-
trol during burn wound care in adolescent patients. Pain
2000;85:305-9.

Maani C, Hoffman HG, DeSocio PA, et al. Pain control dur-
ing wound care for combat-related burn injuries using cus-
tom articulated arm mounted virtual reality goggles. ] Cyber
Ther Rehabil. 2008;1:193-198.

Spielberger D, Gorsuch R, Lushene R, Vagg P, Jacobs G.
Manual for the state-trait anxiety inventory. Palo Alto:
Consulting Psychologist Press; 1983. Available from http://
www.mindgarden.com. Accessed 8 August 2013.
Spicelberger CD, Auerbach SM, Wadsworth AP, Dunn TM,
Taulbee ES. Emotional reactions to surgery. ] Consult Clin
Psychol 1973;40:33-8.


http://www.mindgarden.com
http://www.mindgarden.com

