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Background: Previous studies have shown that virtual reality (VR) is effective in reducing
acute and chronic pain both in adults and in children. Given the emergence of new VR
technology, and the growing body of research surrounding VR and pain management, an
updated systematic review is warranted.

Purpose: The purpose of this systematic review is to compare the effectiveness of VR in
reducing acute and chronic pain in adults.

Data Sources: A search was conducted in three databases (PubMed, CINAHL, Trip) using
standardized search terms.

Study Selection: Twenty experimental and quasi-experimental trials published between
January 2007 and December 2018 were included based on prespecified inclusion and
exclusion criteria. Pain intensity was the primary outcome.

Data Extraction: We extracted data and appraised the quality of articles using either the
PEDro or Modified Downs and Black risk of bias tools.

Data Synthesis: The majority of studies supported the use of VR to reduce acute pain both
during the procedure and immediately after. Numerous studies found VR reduced chronic pain
during VR exposure but there is insufficient evidence to support lasting analgesia. There was
considerable variability in patient population, pain condition and dosage of VR exposure.
Limitations: Due to heterogeneity, we were unable to perform meta-analyses for all study
populations and pain conditions.

Conclusions: VR is an effective treatment for reducing acute pain. There is some
research that suggests VR can reduce chronic pain during the intervention; however,
more evidence is needed to conclude that VR is effective for lasting reductions in chronic
pain.

Keywords: virtual reality, analgesia, acute, chronic, pain management, adult

Plain language summary

Virtual reality (VR) could potentially help reduce pain in adults undergoing medical proce-
dures or suffering with chronic pain. We performed a systematic review of the available
research to see if VR is helpful at reducing pain. We found twenty research studies of various
quality published from January 2007 to December 2018. Ten studies examined VR for acute
pain conditions, including pain related to burns or medical procedures. Ten studies examined
chronic pain, including musculoskeletal, neuropathic, mixed musculoskeletal and neuro-
pathic or unspecified chronic pain conditions. Most of the studies found that VR helped to
decrease acute pain during and immediately after various medical procedures. Some studies

found VR reduced chronic pain when people were using the VR device and immediately
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after but the decrease in pain did not last with the protocols tested
to date. However, more research is needed to determine if VR
can be effective for lasting reductions in people with chronic

pain.

Introduction

Pain management is a growing health-care concern in the
US. An estimated 100 million adults in the US suffer from
chronic pain, and approximately $17.8 billion is spent
prescribing pain medication annually.' Historically, opioid
medications have been used for pain management, but
there are negative side effects associated with opioid use,
including a potential delay in recovery and increased risk
of permanent disability.? In addition, opioid use has been
associated with increased hospital admissions, increased
health-care costs, and deaths.” Even with these risks and
health-care burdens, the US consumes 80% of the world’s
opioids.” Alternative pain management strategies are
important to consider in an effort to mitigate some of
these risks.

A growing body of evidence supports VR as an
alternative strategy for management of acute, burn,
and experimental pain in adults and children.® '
Additional

effect of virtual reality (VR) on pain during a variety
12-14

experiments demonstrated the positive

of medical procedures including chemotherapy and
wound care.'>'® Other studies also support VR as an
adjunct to pain medications.'”*'® Furthermore, evidence
1721 conclude that VR is effec-

tive in the management of acute pain associated with

from systematic reviews

medical procedures, wound debridement, and experi-
mental pain.

Despite emerging evidence, consensus on the effective-
ness of VR on chronic pain remains inconclusive. The
most recent systematic review on VR both in acute and
in chronic pain was performed over 8 years ago.'” A
number of the studies included in that review are less
applicable to the clinical setting because they explored
the impact of VR on experimental pain, including painful
thermal and pressure stimulation. Furthermore, much of

STILI6 which limits

the research has focused on children,
generalizability to adult populations. Finally, VR technol-
ogy can be expensive and nonportable. However, the
emergence of more affordable devices such as head
mounted displays (HMD) has made VR more feasible for
clinical use. Given these concerns, an updated systematic
review comparing acute and chronic pain in adults is

warranted.

The purpose of this systematic review is to compare
the effectiveness of VR in reducing acute and chronic pain
in adults compared to standard care without VR or to a
sham treatment of nonVR.

Materials and methods

After preliminary searches, we performed our search using
the combined terms “Virtual reality AND distraction”,
“Virtual reality AND pain”, and “Virtual reality AND
analgesia.” It is hypothesized that distraction is a key
mechanism for the effectiveness of VR, as the virtual
environment consumes enough cognitive capacity to dis-
tract the user from their pain.*** Therefore, the term “dis-
traction” was used to address the user’s engagement in
their virtual environment and potential mechanism of VR
therapy, while the term “analgesia” was used to address
pain reduction. Terms such as “immersive” were not
included in our search strategy to allow a greater breadth
of search as some studies did not make the distinction
between immersive and nonimmersive VR. We performed
searches using three databases: Turning Research into
(TRIP), CINAHL, and MEDLINE
PubMed). No searches were performed to seek out gray

Practice (via
literature. Full details of the search strategy and search
filters used are provided in Appendix A.

For the purposes of this review, pain lasting shorter than
three months was categorized as acute pain while ongoing,
persistent pain lasting three months or longer was categor-
ized as chronic pain.”*** Researchers have defined VR as the
interaction between a participant and a simulated three-
dimensional, immersive world."® Previous research has com-
pared immersive to nonimmersive VR and found immersive
VR to be more effective in pain management.”'’ 2027
Thus, an inclusion criteria for this systematic review was
“immersive” VR, defined by the participant being engaged
in a simulated world in the form of visual and auditory
feedback with the ability to interact with and/or elicit a
reaction from their virtual environment. “Nonimmersive”
VR and other distraction-based interventions, such as visual
illusions, were exclusion criteria for this systematic review.
This systematic review was registered in PROSPERO
(CRD42018117881).

We screened articles in three stages. First, we screened
titles and abstracts of each article and included them for
full-text analysis based on the following criteria: written in
English, published from January 2007 to December 2018,
studied adults (18 years or older), used immersive VR, and
used pain intensity as a primary outcome measure. Studies
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with a control group were included if the comparison
treatment included standard care without VR or a sham
treatment of nonVR. Nonexperimental studies were
excluded, in addition to studies that used experimental
pain, did not incorporate VR, or used VR for purposes
outside of pain control. We excluded studies published
before 2007 to attain the most current evidence using
modern VR technologies. '

Second, two researchers evaluated the full text of each
article to further determine inclusion or exclusion. The
references of previously published systematic reviews on
VR were also screened for articles that may have been
missed in our search strategies. We excluded articles that
did not meet the inclusion criteria. Third, if the decision to
include or exclude was not clear, we flagged the article for
further evaluation. We discussed each flagged article and
eligibility was determined based on the overall efforts of
the experimenters to (a) create an environment with visual,
auditory, and tactile feedback, and (b) provide methods of
interaction between the user and virtual environment. Any
flagged articles that did not meet these considerations were
excluded.

We extracted the following data from included articles:
study design, population size and description, acute or
chronic pain, outcome measure for pain (numeric rating
scale, NRS; visual analog scale, VAS; graphic rating scale,
and brief pain inventory), type of pain (musculoskeletal,
neuropathic, burn, or procedural), and parameters of VR
intervention including definition, description, condition
duration, and comparison intervention (as applicable).
We also extracted relevant quantitative data required to
determine effect size (ES) for studies that had a compar-
ison group. No ES was calculated for single arm studies.
We evaluated the homogeneity of included studies and
determined the appropriateness of subgrouping and pool-
ing studies within this systematic review.

The primary outcome of interest was pain intensity,
subgrouped into pain reported during the intervention or
after the intervention for acute compared to chronic pain.
For this analysis, data from between-group design studies
(randomized controlled trials including cross over designs,
and quasi-experimental studies with a comparison group)
was utilized to compare the efficacy of VR to reduce pain
compared to standard care or a sham VR treatment.
Subgroupings were characterized as follows: acute pain
during intervention, acute pain after intervention, chronic
pain during intervention, and chronic pain after interven-
tion. As a secondary analysis, studies presenting data of

within-group pain intensity reductions were compared to
determine expected magnitude of change from VR inter-
vention in patients with acute and chronic pain.

For the meta-analysis, we included studies that used
quantitative outcome measures for pain such as the NRS
or VAS and that contained enough data to calculate an ES.
We then calculated the percentage of total variation across
studies that was due to heterogeneity rather than chance
(1).2® If the pooled data was relatively heterogeneous
(50% or more), a random effects model was used, and if
it was relatively homogenous (less than 50%) a fixed
effects model was used.”®

In masked pairs we reviewed each study for risk of bias
using the PEDro tool for randomized controlled trials and
Modified Downs and Black (MD&B) quality index for
nonrandomized studies.?*° We discussed discrepancies,
and a third reviewer helped to determine a final score.
PEDro scores of 6-10 are considered high quality, 4-5
fair quality, and scores less than or equal to 3 are of poor
quality.®! Scores of less than 14 on the MD&B are sug-
gested to be of lower quality.*?

Results
A total of 485 articles were identified through database
searches (Figure 1). After titles and abstracts were
screened, 49 articles were eligible for full text review.
After reviewing, a total of 20 articles were included in
this systematic review (Table 1). Fourteen of the articles
were randomized controlled trials (nine of which were
crossover designs), while the other six were quasi-experi-
mental studies (no comparison group). Ten studies exam-
ined VR for acute pain conditions, including three in pain
related to burns (BP) and seven in medical procedure
related pain (MPRP). Ten studies examined chronic pain,
including three in musculoskeletal pain conditions
(MSKP), four in neuropathic pain conditions (NP), one
in a mixture of musculoskeletal and neuropathic pain con-
ditions (MSKP-NP) and two in an unspecified pain condi-
(UnP). Results of the

demonstrated that all studies included in this systematic

tion quality assessments
review were of fair to high quality (Table 1).

The VR equipment varied between studies. Eighteen
studies used goggles/glasses or another form of HMD that
displayed a virtual environment. One study used two 3D
projectors (chronic NP), while another used a 2D screen
but with dynamic visual cues that responded to changes in

treadmill speed (chronic MSKP).
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Figure | PRISMA flow diagram.
Abbreviation: VR, virtual reality.

Acute pain conditions

Impact of VR on pain experienced during procedure
Three studies examined BP and found that VR in conjunc-
tion with medications significantly reduced pain during
wound debridement or remobilization of range of motion
for limbs affected by burns compared to medications
alone.”*>* Each of these studies used a HMD for VR
application and had dosage between 6 and 20 minutes.
Pooling of these studies was clinically appropriate due to
the homogeneity of the study population and VR applica-
tion. One study subdivided their sample into two groups
based upon severity of worst pain (either >7/10 or <7/
10).>> These independent groups were pooled together
along with data from Carrougher,” for the meta-analysis
(Figure 2). However, there was insufficient data to

calculate an ES from Morris et al,3 3 thus, this study was
not included in the meta-analysis. The pooled ES was 0.66
(95%CI: 0.20, 1.12) (Figure 2). Quality assessment scores
for these studies were between 6—7 and 10 on the PEDro
scale indicating high quality and low risk of bias.

Four studies evaluated the impact of VR on pain during
various medical procedures (MPRP).**” One study found
VR significantly reduced pain during periodontist procedures
compared to both a control (standard care) (ES=0.95, 95%
CI: 0.64, 1.26) and watching a movie during the procedure
(ES=0.44, 95%CI: 0.23, 0.65).>* Another study found VR
significantly reduced pain during multiple stages of episiot-
omy repairs (hymen repair ES=0.74, 95%CI: 0.43, 1.04 and
skin repair ES=1.00, 95%CI: 0.65, 1.36) in women after
having their first baby compared to repair with no VR.*
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Study Sample size Contribution Effect size 95%ClI
Carrougher et al 2009° 39 _D_ 76.50% 0.54 (0.31,0.77)
Maani et al 20112 6 {1 11.75% 1.51 (0.52, 2.49)
(worst pain 2 7/10)
Maani et al 2011%° 6 ] 11.75% 0.43 (-0.09, 0.96)
(worst pain < 7/10)
Meta-analysis 51 + 100.00% 0.66 (0.20, 1.12)
-1.0 0.5 0.0 0.5 1.0 1.5 2.0 25 3.0

Favors control

Favors virtual reality

Figure 2 Effect size of virtual reality of reducing pain intensity durig burn treatments (wound management or remobilization of limbs) compared to medication alone.

The third study found VR significantly reduced the worst
pain experienced during labor contractions compared to no
VR (ES = unable to calculate).’” The fourth study found no
significant change in either average or worst pain felt during
a cystoscopy procedure with the addition of VR (ES =unable
to calculate).’® However, this study found that patients
reported a sense of not feeling immersed in the VR environ-
ment. Meta-analysis was not performed due to the hetero-
geneity of these patient populations and medical procedures.
All four of these studies used a HMD for VR application and
had a dosage of 10 minutes,>’ 11 minutes,*> 20 minutes®* or
the length of the procedure, which was not specified.*®
Quality assessment scores for these studies were between
6—7 and 10 on the PEDro scale and 22 and 27 on the MD&B
scale indicating high quality and low risk of bias.

Impact of VR on pain experienced after procedure

Four studies evaluated the impact of VR on pain after various
MPRP.*>*¥4° The first of these studies reported a reduction
in pain with the addition of VR during an episiotomy repair
both immediately after (ES=1.37, 95%CI: 0.95, 1.79) and
one hour after (ES =0.62, 95%CI: 0.34, 0.90) the procedure
compared to standard episiotomy without VR.** The second
study found significantly lower pain levels (ES =1.87, 95%
CI: 1.49, 2.25) after a dressing change for hand injury when
using VR compared to the dressing change with no VR.*®
The third study found no significant difference between VR
after dressing change for various types of wounds (burns,
ulcers, necrotizing fasciitis), compared to dressing change
with no VR.*° Interestingly, we calculated a significant ES
=0.41 (95%CI: 0.09, 0.74), as this statistic is less impacted by
small sample size compared to P-values.*' Meta-analysis

was not performed due to the heterogeneity of these patient
populations and medical procedures. All of these studies
used an HMD for VR application and had dosage from 11
minutes to approximately 30 minutes. Quality assessment
scores for these studies were between 6—7 out of 10 on the
PEDro scale indicating high quality and low risk of bias. The
fourth study to look at pain after a medical procedure was a
quasi-experimental study in patients within 24 hours of a
cardiac procedure and found that the majority of patients
(88%) experienced less pain immediately after a 30-minute
application of VR with an HMD.*® The quality assessment
score for this study was 20/27 on the MD&B scale indicating
low risk of bias.

Chronic pain conditions

Impact of VR on pain experienced during VR
exposure

One study examined the effect of various forms of VR manip-
ulation on chronic neck pain (MSKP) during the VR
exposure.*? Specifically, they compared VR with active neck
rotation motions to the onset of pain such that the VR envir-
onment either matched, underepresented (by 20%), or over-
epresented (by 20%) the actual neck motion. They did not
compare to a nonR condition. They found that pain free range
of motion increased with the VR experience that underrepre-
sented the actual neck motion but that there was no difference
in neck pain intensity experienced between the three condi-
tions (ES = unable to calculate). This study used an HMD with
a single rotation to each side for the three conditions for a total
of six motions with VR. The PEDro score for this study was 8/
10 indicating high quality and low risk of bias.
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One study examined chronic NP with 20 minutes expo-
sure to VR using an HMD or a mobile phone display
compared to a control condition described as “pain
focus” without VR.*® This study found a significant reduc-
tion in pain during the VR exposure for both the HMD and
mobile device compared to the control condition (ES =
unable to calculate). The HMD led to a greater reduction
in pain than the mobile device. The PEDro score for this
study was 5/10 indicating a fair quality rating.

Another study examined a 5-minute exposure to VR
using an HMD in patients with chronic MSKP-NP condi-
tions but did not compare to a comparison group (quasi-
experimental study).** This study found a significant
decrease in pain within this group during the VR exposure
by an average of 60% (P<0.001). The MD&B score was
18/27 indicating low risk of bias.

Finally, another study examined patients with UnP
conditions.*> In this study, they compared a 10-minute
exposure of VR using an HMD to 10 minutes of self-
mediated pain control where patients were instructed to
engage in activities that they would normally use to dis-
tract them from their pain. They found that VR reduced
pain intensity during the VR exposure by 36.7% (P<0.001)
(ES = unable to calculate). The PEDro score for this study
was 5/10 indicating a fair quality rating.

Impact of VR on pain experienced after VR exposure
Two studies examined pain intensity after VR exposure in
patients with MSKP.***" The first of these studies pro-
jected a VR environment onto a screen in front of a tread-
mill where the participant walked at a self-selected speed
for 12 bouts of 2 minutes with the audio feedback being
either absent or present with a 75%, 100% or 125% match
of their walking cadence.*® They did not compare to a
nonVR condition. They found that the VR experience with
audio feedback provided at 125% of their baseline cadence
led to an increase walking speed but that there was no
significant change in pain intensity immediately after the
VR exposures (ES = unable to calculate). The PEDro score
for this study was 5/10 indicating a fair quality rating. The
second study compared VR using HMD for 4-6 sessions
of 30 minutes (over 5 weeks) in conjunction with kine-
matic training (KT) of active head and neck movements
compared to the KT without VR.*” They found that the VR
group had a significant reduction in pain immediately after
the VR exposure (P<0.05) (ES=0.65, 95%CI: 0.25, 1.05)
but that this was not maintained at a 3-month follow-up
(ES=0.51, 95%CI: 0.14, 0.88). They also noted significant

reductions in the Neck Disability Index (NDI) both imme-
diately after VR exposure and at the 3-month follow-up
(P<0.01 for both). The PEDro score for this study was 7/
10 indicating high quality and low risk of bias.

Three studies examined pain intensity after VR exposure
in NP conditions using a quasi-experimental design.**>° The
first of these studies evaluated a 10-minute VR exposure
using HMD in patients with brachial plexus avulsion injuries
that resulted in phantom limb pain.*® A subsequent paper by
the same authors reported on this same sample with the
addition of one additional patient with an arm amputation
under slightly different VR testing conditions.”® Osumi et al**
found that pain was significantly reduced immediately after
10 minutes of VR exposure (P=0.015). Similarly, Ichinose et
al>® found that pain was significantly reduced immediately
after 15 minutes of VR exposure that included tactile stimula-
tion on the patient’s cheek that coincided with a task within
the VR environment (P=0.004). The MD&B score was 17/27
for both studies indicating low risk of bias. The third study
evaluated twosessions of 1.5 hours (=1 hour apart) of a VR
environment projected onto two screens in front of patients
with a spinal cord injury (C4 or lower) at least 3 months
prior.* This study found no significant difference in pain
reported immediately after the VR exposure. The MD&B
score was 17/27 indicating low risk of bias.

Another study examined a 5-minute exposure to VR
using an HMD in patients with chronic MSKP-NP condi-
tions but did not compare to a comparison group (quasi-
experimental study).** This study found a significant
decrease in pain within this group immediately after the
VR exposure by an average of 33% (P<0.001). The
MD&B score was 18/27 indicating low risk of bias.

Two studies examined the impact of VR on pain inten-
sity after VR exposure in patients with chronic UnP
conditions.**** The first study compared a 10-minute
exposure of VR using an HMD to a self-mediated pain
control where patients were instructed to engage in activ-
ities that they would normally use to distract from their
pain for 10 minutes without VR.*> They found no differ-
ence in pain intensity between groups within 10 minutes of
completion of the VR exposure (P=0.265) (ES = unable to
calculate). The PEDro score for this study was 5/10 indi-
cating a fair quality rating. The other study evaluated 15
minutes exposure to VR using an HMD compared to a
control condition described as “pain focus” without VR
(within subjects design, no randomization reported).*
They found a significant reduction in pain intensity after
VR exposure (time frame not reported) (P<0.05) (ES =
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unable to calculate). The MD&B score was 18/27 indicat-
ing low risk of bias.

Discussion

The majority of the acute pain studies showed that VR is
an effective tool in reducing acute pain experienced during
various medical procedures (labor contractions, episiot-
omy repair, periodontal procedures) or burn-related pain
(wound debridement or remobilization of range of motion
for joints limited by burns). Only one study of acute pain
found no difference in pain experienced during a cysto-
scopy procedure with the addition of VR, however, the
authors reported the patients did not feel immersed in the
VR environment.*®

In comparison, three of the four acute pain studies that
looked at pain experienced after various medical proce-
dures (episiotomy repair, dressing changes for hand inju-
ries, and cardiac procedures) found a significant reduction
in pain with the addition of VR. One study did not find a
significant difference in pain levels after wound care with
VR compared to no VR. However, we calculated a mod-
erate effect size in favor of VR, indicating that this study
may have been underpowered to detect this level of effect.
All of these studies were rated as high quality and low risk
of bias. These findings suggests that there is significant
evidence to support the use of VR to reduce the severity of
pain experienced both during and after many medical
procedures. The magnitude of pain reduction varies
depending on patient population, pain condition, and tim-
ing of measurement.

The findings for the chronic pain studies are less consis-
tent. The two experimental trials in patients with chronic NP
or UnP that compared to a nonVR comparison group (a “pain
focus” condition or a self-mediated pain control session,
respectively) found that pain intensity was significantly
reduced during the VR exposure.***> The quality assessment
for these two studies was only fair indicating some potential
risk of bias in the study design. Further support for reductions
in pain intensity during VR exposure in patients with chronic
pain comes from a study of patients with MSKP-NP.** In
contrast, another study looking at various forms of VR
experiences in MSKP found no difference in neck pain dur-
ing three versions of VR exposure.*? Although the two
aforementioned studies had low risk of bias, they did not
compare to a nonVR condition which limits the ability to
evaluate the impact of VR compared to other forms of inter-
vention for chronic pain.

Two experimental trials in patients with either chronic
MSKP*” or chronic UnP* found reduced pain after VR
exposure compared to nonVR comparisons (kinematic
training of active head and neck movements or a self-
mediated pain control session, respectively). The former
study found that reductions in pain level were not main-
tained at 3 months after VR exposure. In contrast, one
study found no significant difference in pain intensity
within 10 minutes after VR exposure compared to a
“pain focus” condition in patients with UnP.*> A similar
pattern was noted from quasi-experimental studies, such
that three studies found a reduction of pain after VR
exposure in patients with NP or MSK-NP and one study
found no difference in patients with NP. Lastly, another
study looking at various forms of VR experiences in
MSKP found no difference in pain experienced immedi-
ately after VR exposure, however, they did not compare to
anonVR condition, which limits the ability to evaluate the
impact of VR compared to other forms of intervention for
chronic pain.*¢

All chronic pain studies had fair to high quality assess-
ment ratings. The findings of the chronic pain studies
suggest that there is potential for VR to reduce pain during
VR exposure in patients with chronic pain. However, there
are inconsistent findings for the use of VR to reduce pain
after VR exposure in patients with chronic pain. Therefore,
it may be speculated that although VR may effectively
reduce chronic pain intensity during and possibly immedi-
ately after the VR exposure, there is unlikely to be a
lasting analgesic effect in patients with chronic pain con-
ditions with the treatment protocols tested to date.

One possibility for the variance found in our chronic
pain results is the dosage of VR intervention. For example,
when patients underwent a single 10minute bout of VR,
the VR group had no significant reduction in their pain.*’
However, when patients underwent 4—6x30-minute ses-
sions over a 5-week period, the VR group had a significant
reduction in pain immediately after VR exposure.*’ This
may indicate the need for a larger dose of VR therapy to
impact pain for people with chronic pain conditions, but
requires further research.

A second possibility may be related to the type of VR
equipment used. The majority of studies used a form of
glasses/goggles or other forms of HMD, while two studies
used projectors. The two studies that used projectors did
not support the use of VR to alter chronic pain. Therefore,
it may be possible that the use of an HMD allows for a
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greater level of immersion and thus more distraction from
the user’s pain than a projector.

Our findings are consistent with previous systematic
reviews, which have found VR to be effective in reducing

acute pain.'®19:2151

However, our systematic review
includes more research on pain intensity and makes a
direct comparison between changes in acute and chronic
pain. One systematic review concluded that VR distraction
was ineffective in reducing chronic pain, however, this
conclusion was based on only one study.'® We were able
to compare 10 chronic pain articles and found new evi-
dence to suggest that VR intervention has the potential to
significantly reduce chronic pain during VR intervention.
The most recent systematic review'® did not provide qual-
ity assessment scores for included articles, which limits
the reader’s ability to assess the validity of their findings.

This systematic review was focused on the effects of VR
intervention on reducing pain intensity, but other studies
have looked at the effects of VR on functional outcomes.

For example, Sarig Bahat et al*’

measured the impact of
chronic neck pain on functional performance using the NDI
and found that the VR group had positive changes in NDI
scores for 3 months postintervention compared to the con-
trol group. It will be important to further examine the effect
of VR on function in future research.

One strength of our review was the broad search strat-
egy including three databases and searching other sys-
tematic reviews on the same topic for any studies that
met our criteria. Previous studies'®?” have focused on
experimental pain or have focused solely on pediatric
populations. We excluded experimental pain to promote
clinical relevance of our findings and excluded pediatric
populations to improve our study’s applicability to adults.

There was significant heterogeneity in study population
and pain conditions, which poses a limitation for this
systematic review. Additionally, our review is limited by
the variety of the VR equipment used and the dosage of
VR intervention in the included studies. One other limita-
tion is that we included articles written in English only.

As VR continues to emerge as an adjunctive pain
reduction treatment, it is important to consider the cost,
feasibility and accessibility of VR equipment. The VR
equipment in this review ranged from a high cost multi-
ple-projector set-up to a low-cost commercially available
system and the VR market is predicted to grow 29.2% by
2020.°* With this evolving market, it is an ethical consid-
eration to ensure that access to VR treatment does not
become cost-prohibitive and that application of this

intervention is supported by the literature. Future studies
should continue to examine the cost-effectiveness of VR
as a pain management tool, and if it is feasible to use low-
cost VR systems to reduce the financial burden on the
health-care system and improve access.

In addition, this review highlights the need for high
quality randomized clinical trials for VR in patients with
chronic pain conditions. It is recommended that studies
evaluate appropriate dosage of VR exposure compared to
other pain analgesia therapies (ie pain medications, visual
illusions, mirror box therapy, etc.) for both short and long-
term outcomes that are meaningful to the patient (includ-
ing pain reduction, function and quality of life). Moreover,
future studies should examine the effects of VR on pain
control in different clinical settings (including intensive
care, acute care and outpatient settings).

One additional recommendation comes from the con-
siderable variability in the definition of immersive VR
across studies. A possible solution is to provide a standar-
dized measurement of how immersed participants feel
when undergoing VR intervention. Some of the studies
included in our review used subjective measures of immer-
siveness to quantify their experience of immersion. For
example, participants rated their sense of presence in the
virtual environment on a VAS scale from, “I did not feel
like T went inside at all,” to, “I went completely into the
computer-generated world.”” However, we believe a more
comprehensive tool is warranted due to the complexity of
immersion. One of our included studies'? used the
Presence Questionnaire (PQ) developed by Witmer and
Singer.>! The PQ is a 24-question, valid and reliable
measure of presence in a virtual world.>® We recommend
researchers consider the PQ for its ability to capture multi-
ple dimensions of the patient’s experience.

Finally, it may also be imperative to determine if there is a
clinical difference between “immersion” and “presence.”
“Presence” may be defined as the subjective illusion in the
participant’s mind that he or she has gone inside the virtual
world."?>! For example, the person can receive sensory feed-
back from the virtual world, but may not be “present” if they
are not cognitively engaged in it. Previous studies have
attempted to explain VR’s effect on pain, noting that
decreased activation of pain processing areas in the brain
may be responsible for subjective pain reduction with VR
intervention.”*">* A shift in cognitive demand can lead to
distraction from pain, and being “present” in the virtual
environment can theoretically stimulate this shift. Even if
someone is “immersed” in a virtual world, they may not be
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“present” in it. We recommend further research to determine
if “immersion” and “presence” are conceptually different,
and if so what impact they have on VR in reducing pain.

Conclusion

This study provides an updated systematic literature review
showing the effects of VR on both acute and chronic pain.
We conclude that VR is an effective tool in reducing acute
pain both during and after a VR intervention, and that VR is
especially effective in mitigating MPRP. The evidence for
chronic pain relief with VR suggests that chronic pain may
be reduced while the patient is immersed in the VR envir-
onment, but with minimal long-term carryover effect
beyond the immediate postVR exposure time frame.
Further research is needed to assess the extent to which
one needs to be immersed and present in a virtual environ-
ment in order to reduce pain, and the dosage necessary to
maintain pain reductions in chronic pain over time.
Clinicians should consider immersive VR therapies as an
adjunct to*® standard care to help reduce acute pain and
potentially for chronic pain conditions.
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