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Abstract—Virtual reality refers to the technology used to
create multi-sensory three-dimensional environments that can be
navigated, manipulated, and interacted by a user. This paper’s
objective is to categorize the most common areas that use virtual
reality (VR) for managing pain (psychological and physical).
To our knowledge, this is the first survey that summarizes all
of these areas in one place. This paper reviews the conducted
studies that used VR for psychological treatment, especially with
phobias. Also, this paper summarizes the current literature on
using virtual reality interventions for managing acute, chronic,
and cancer pain. Based on the review, virtual reality shows great
potential for controlling acute pain - such as pain associated
with burn wound care. However, limited studies only investigated
the impact of using virtual reality on patients with chronic
pain. The findings indicated that VR distraction has a great
impact on pain and distress related to cancer and its treatments.
This paper also discusses the challenges and limitations of the
current research. Notably, the identified studies recommend
VR distraction as a promising adjunct for pain reduction and
psychological treatment. However, further research needs to be
conducted to determine under what conditions VR distraction
will provide more analgesic effects.

Keywords—Virtual reality; mental health; cancer pain; distrac-
tion; pain management

I. INTRODUCTION

Pain is a sensory and emotional experience, which affects
negatively physical, mental, and social function [1]. The def-
inition of pain - according to the International Association
for Study of Pain (IASP) [2], is “an unpleasant sensory
and emotional experience associated with actual or potential
tissue damage or described in terms of such damage”. Most
hospitalized patients experience pain, which can be acute or
chronic [3]. Acute pain is associated with an injury to the body
and developed slowly or quickly. It can last for a few minutes
to six months and goes away when the injury heals. On the
other hand, chronic pain persists for more than six months
beyond the expected time for recovering [4]. Another type of
pain that occupies a separate category is cancer pain, patients
with cancer frequently suffer from pain related to the disease
itself and/or pain caused by treatment such as chemotherapy,
radiation, and other painful procedures [5]. Cancer pain has
components of both acute and chronic, this makes experts of
pain categorize it in a separate class [6]. Managing the pain
associated with painful medical procedures is still one of the
greatest challenges in health care. Accordingly, it is valuable
for all health care institutions to understand the benefits of
managing pain during these medical procedures.

The most commonly used approach to manage pain is

the pharmacological methods relying largely on opioids [7].
However, the analgesic effects of these methods diminish with
repeated use and may cause many unwanted physical side
effects and different types of mental disorders [8], [9]. There-
fore, researchers pay great attention to non-pharmacological
methods as alternatives for managing pain related to painful
medical procedures [8]. Non-pharmacological approaches in-
clude physical methods (e.g. positioning, pressure, hot and
cold treatments) and cognitive-behavioral methods (e.g. guided
imaginary, relaxation techniques, and distraction activities such
as music, reading, and video games) [10], [11], [12].

Recently, distraction is the most common method of non-
pharmacological techniques for pain management. Distraction
is an effective technique that diverts the attention of patients
away from painful stimuli to decrease the experienced pain
[10]. Melzack and Wall [13] explained the logic of why
distraction reduces pain by presenting the gate control theory.
Their theory states that the perception of pain will be reduced if
the patient is well distracted. Due to the efficacy of distraction
interventions, there is a growing interest to propose more
immersive and interactive distraction interventions, such as
using VR for pain control.

VR refers to technology that involves immersive and in-
teractive three-dimensional (3D) computer-generated environ-
ments. VR systems have two main characteristics: immersion
and presence [14]. Immersion strongly depends on the VR
system’s interface and display [15]. VR presence depends on
the user’s perceived value of seeing, hearing, touching the
virtual world. Presence makes users feel while being in the
virtual world as if they were in a real-world [16]. VR systems
use multi-sensory to enhance the immersive experience. The
multi-sensory embeds sensors in HMD to control users’ virtual
visual and audio content based on users’ head position [17].
During the last years, VR distraction gains massive popularity
as an alternative for pain management. Accordingly, many
successful trials have been conducted for managing pain during
painful medical procedures [18] as well as the treatment of
many psychological disorders such as phobias [19].

Previous reviews of research have presented many con-
trolled investigations of the effectiveness of VR distraction for
managing pain. However, none provided the most common
areas in health care that use VR distraction. To this aim, we
categorize for the first time the major areas that use VR inter-
ventions for pain management and treatment. This will help to
determine the main characteristics of the conducted studies
to be considered in future research. This survey indicated
two main categories based on the type of pain: psychological
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and physical. Through the article, a literature review of the
conducted studies that used VR for the treatment of many
types of phobia was provided. Also, presents the effect of using
VR distraction for managing acute, chronic, and cancer pain.
Moreover, we present the key findings of these studies and
limitations that need more research work.

Through the following sections, our paper summarizes the
clinical use of VR interventions for managing pain and psy-
chological treatment. Section 3 includes the literature review
on using VR for many mental health treatments especially
phobias. Research studies that were conducted to measure the
effect of using VR for acute pain management are presented
in Section 4. Then Section 5 presents the research papers that
studied the impact of VR on patients with chronic pain. Section
6 summarizes the research studies which were performed for
managing cancer pain. Finally, the challenges and limitations
of using VR distraction in health care along with conclusions
are included in Section 7 and 8, respectively.

II. METHOD OF SURVEY

This survey aims to summarize and highlight the most com-
mon areas that use VR interventions for pain management. To
this aim, literature searches of web-based scientific databases
were conducted to include studies that used VR for managing
physical pain as well as including studies that used VR for
treating many psychological disorders (phobias). In this survey,
we restrict the searches to include studies that use different
ways of investigating the efficacy of VR distraction. We were
interested to include the studies that used VR distraction under
different model designs (within or between-subjects). Also,
we included studies that used different conditions where VR
distraction was used alone or was compared with at least one
alternative intervention or no-treatment control condition in
reducing pain. We selected these studies of different settings to
show that VR distraction is a promising tool for managing pain.
A broad literature search of the IEEE Xplore, Science Direct,
Google Scholar, Scopus, and MedLine databases as well as an
examination of other reviews in this area. We performed the
search using as main terms “virtual reality distraction”, “pain
management”, “VR for cancer”, and “chronic”.

In addition, there were no date restrictions to be able
to search all citations in each database. We include all the
retrieved studies that investigated the impact of immersive
VR distraction during painful medical procedures. Also, the
reference lists of all retrieved papers were reviewed to identify
other relevant articles. We excluded the studies in which it was
not possible to identify how VR was used and failed to be used
in comparative data. The studies in this survey are organized
into the following four groups, according to the type of pain:
(a) psychological pain; (b) acute pain; (c) chronic pain; and
finally (d) cancer pain. A total of 39 studies were analyzed
and included in this survey (see Fig. 1).

III. VIRTUAL REALITY FOR MENTAL HEALTH

The standard methods used for mental health treatment are
Cognitive behavioral therapy (CBT) and Vivo exposure ther-
apy. CBT is a type of talking therapy that aims to help patients
learn some strategies for dealing with their phobia. On the
other hand, patients in Vivo will face a feared object, situation,
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Studies (N=39)

—[ Psychological (n=13)

Acrophobia (n=6)

Physical (n=26)

Acute Pain (n=15)

Burn (n=8) 4 Aerophobia (n=4)
Routine (n=7)  J Social Phobia (n=3)
Chronic (n=4)

Cancer (n=7) J

Fig. 1. Summary of the Included Studies.

or activity in real life. Vivo type of treatment is impractical,
difficult, and sometimes dangerous. Recently, VR technology
provides an alternative solution for Vivo exposure, with better
safety and cost-effective characteristics. In this section, we will
focus on the most common types of phobias; fear of heights
(acrophobia), flying phobia (aerophobia), and social phobia,
and review the conducted VR studies for treating them. Table
I summarizes the characteristics of the included studies.

A. VR for Acrophobia Treatment

Since the mid of 1990’s many studies were conducted to
explore the effect of using VR interventions to treat acrophobia
[33]. Rothbaum et al. [20] conducted one of the studies in
this area, involving twenty participants, who suffered from
acrophobia. Through the study, participants were assigned
to treatment using VR exposure therapy against the waiting
list. Participants in VR therapy experienced three different
conditions for eight weekly sessions. Three different self-
reported questionnaires were used to measure the VR treatment
impact. Only ten participants completed the treatment sessions.
The results from all assessment measures indicated that there
was a significant reduction in means of all questionnaire scores
for the VR group.

Valuable results from the conducted studies in the 90s
opened the door for further research in this era. After a
few years, another acrophobia study was conducted by Em-
melkamp et al. [21] to compare VR exposure against Vivo
exposure therapy. Thirty-three patients participated in the ex-
tended study and were divided randomly into two equivalent
groups: the VR group and the Vivo group. All participants
attended three sessions of treatment per week, each session
lasted for one hour. Both groups showed improvements in
anxiety and avoidance even after 6 months of follow-up.
Results from this study revealed that the two types of therapy
showed a significant improvement in anxiety and avoidance.
The VR therapy was found to be more effective concerning
the attitudes towards heights questionnaire. The main finding
from this study is that VR treatment had the same effect as
Vivo exposure.

Research studies started to focus on investigating whether
the type of VR may affect its analgesic effect. Krijn et
al. [22] conducted a study to compare the effect of using
different types of VR exposure on thirty-seven patients with
acrophobia. Participants were partitioned randomly into three
groups: (1) VR group (using HMD), (2) VR group (using
CAVE), or (3) control list group. The treatment included
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TABLE 1. KEY FEATURES OF STUDIES USED VR FOR MENTAL HEALTH TREATMENT

Study Sample No.Sessions Conditions Findings Disorder Treated

Rothbaum et al. [20] 20 students 8 sessions VRE" / WL Acrophobia decreased for VR compared ~ Acrophobia
mean 20 years to WL

Emmelkamp et al. [21] 33 patients 3 sessions VRE / Vivo No differences in anxiety and avoidance ~ Acrophobia
mean 43 years 6 months follow up for VR and Vivo

Krijn et al. [22] 37 patients 3 sessions VRE(HMD)/ Acrophobia reduced for both VR groups  Acrophobia
mean 50.6 years 6 months follow up VRE(CAVE)/ with no differences in effect between

WL them

Suyanto et al. [23] 10 patients 4 tests VRE Reduced acrophobia when use VR ex- Acrophobia
21-25 years posure therapy

Freeman et al. [24] 100 patients 6 sessions Automated VR / C* Automated VR reduced acrophobia  Acrophobia
mean 30 years 4 Weeks follow up compared to C

Donker et al. [25] 74 patients 9 sessions VRE / WL Acrophobia decreased consistently with ~ Acrophobia
18-65 years 3 months follow up the challenge presented in self-guided

VR exposure

Rothbaum et al. [26] 49 patients 8 sessions VRE/SE"/ C VRE and SE were equally effective  Aerophobia
mean 40 years 6-12 months follow up greater than C

Muhlberger et al. [27] 45 patients 1 sessions VR-mot"/VR-no- VR treatment reduced aerophobia com-  Aerophobia
25-65 years 6 months follow up mot”/CBT" pared to CBT

Rothbaum et al. [28] 83 patients 8 sessions VRE/ SE/ WL VRE and SE were equally effective  Aerophobia
mean 40 years 6-12 months follow up compared more than WL

Tortella-Feliu et al. [29] 60 patients 6 sessions VRE/ CAE-T"/ Three treatment conditions were equally ~ Aerophobia
mean 36 years one year follow up CAE-SA” effective

Klinger et al. [30] 36 patients 12 sessions VRE / CBT VRE was more effective than CBT Social phobia
18-65 years

North et al. [31] 16 students 5 sessions VRE/C VRE reduced social phobia compared to  Social phobia

C

Kampmann et al. [32] 60 patients 10 sessions VRE/ Vivo/ WL VR was effective in treating social pho-  Social phobia

mean 37 years 3 months follow up bia

*VRE-virtual reality exposure; WL-waiting list; C-control; SE-standard exposure; VR-mot—VR motion simulator; VR-no-mot—VR without motion simulator;

CBT-cognitive behavioral therapy; CAE-T-computer aided exposure with a therapist; CAE-SA—self-administrated computer aided exposure;

three 1.5 hour sessions. Gradually, participants who used VR
were exposed to four different virtual environments. Using
a (0-10) scale, patients rated their anxiety during exposure
therapy. Results from self-reported questionnaires such as the
acrophobia questionnaire showed that both groups (1 and 2)
significantly improved compared to the third group. Also, there
was no notable difference in results between groups (1) and
(2). These results proved that VR therapy using an HMD had
the same impact as using the CAVE.

According to the encouraging benefits of VR, there is an
ongoing body of research to explore its treatment capabilities.
Recently, ten patients aged (21-25) years participated in a study
that integrated VR with Kinect to evaluate the efficacy of VR
for reducing acrophobia [23]. The virtual system used in the
study was a simulation game called “Acrophobia Simulator”.
The game included three different stages where difficulty was
increased gradually. Participants experienced the VR applica-
tion using Google cardboard. After the VR experience, the
application was assessed using the state-trait anxiety inventory
measurement. According to the results, patients reported a
decrease in anxiety levels and an increase in improvements
towards heights.

A year later, Freeman et al. [24] conducted another study
to investigate whether VR technology can be used to auto-
mate acrophobia. One hundred patients participated and were
divided randomly into two groups the automated VR group
and the control group. The VR intervention used was “Now
I Can Do Heights” which was developed for use without the
help of any therapist. The treatment using VR included six
sessions over two weeks with a VR experience last for 30
minutes. Many different measurements were used to assess the
VR experience and data were collected. The results indicated a

significant decrease in anxiety and acrophobia scores for those
who used VR compared to the control group.

Recently, another clinical study was conducted to inves-
tigate the efficacy of using fully self-guided VR therapy
delivered via low-cost VR hardware [25]. Totally seventy-
four patients aged (18-65) years who suffered from acro-
phobia symptoms participated. Participants were randomized
into two groups either the VR group or the wait-list group.
Participants experienced a VR system called “Zerophobia”,
which consisted of six animated modules that differed in the
engaging level. The VR therapy started from module three
and the time range among modules was between 5 and 40
minutes. The game included a series of tasks with increasing
levels of challenge (5 levels). The study included around
nine sessions over three weeks. In case of decreasing anxiety
levels, participants can experience VR in a standing-up fashion.
A different set of questionnaires were used to assess the
experiment. The results showed that a linear pattern existed
between the anxiety score and the difficulty experienced at
each level of the game (most reduction of anxiety occurred
during level five). Moreover, it was shown that this fully self-
guided application can be effectively used in the home setting.

B. VR for Aerophobia Treatment
Other several experimental studies also found encouraging

results when used VR for treating aerophobia. In one study,
conducted by Rothbaum et al. [26] forty-nine patients with
aerophobia participated and randomly were assigned to one of
three groups. The groups were: (1) a VR group that used a
virtual airplane, (2) a standard exposure group who used an
actual airplane, or (3) a waiting list group with no treatment. In
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VR exposure patients experienced flying in a virtual airplane
with different weather conditions, where the standard group
experience actual flying using a stationary plane. Both groups
(1) and (2) showed a significant improvement compared to
the waiting list control with no notable differences between
the same two groups. According to the 12 monthly follow up,
results showed that the short-term VR treatment had a lasting
effect with no need for relapse sessions.

Later on, one study was conducted to investigate the
efficiency of one session VR treatment by Muhlberger, Wiede-
mann, and Pauli [27]. Forty-five patients with aerophobia
participated and were randomly partitioned into three cognitive
treatment groups: VR exposure with motion simulation (VR-
mot), VR exposure without motion simulation (VR-no-mot), or
cognitive treatment alone. All participants received cognitive
therapy for 50 minutes. Both VR groups (VR-mot and VR-no-
mot) used an HMD and experienced four VR flights with a 5-
10 minute break between flights. Post-treatment and 6 months
follow-up, results showed that there was a reduction in fear of
flying for both VR exposure groups in contrast to the cognitive
treatment group. The results of the two VR exposure groups
were also compared and recorded that motion simulation didn’t
improve the treatment effects.

After the success of their previous research, authors Roth-
baum et al. [26] conducted another study on eighty-three
patients [28]. Randomly, participants were divided into three
groups (1) therapy using VR (VRE), (2) therapy using standard
Vivo (SE), and (3) waiting group (WL). The treatment duration
lasted for six weeks including eight individual sessions. Over
the first four sessions, both VRE and SE groups received the
same treatment techniques and methodology. For the remaining
sessions, the VRE group experienced VR exposure therapy and
on the other hand, the SE group received the Vivo exposure
therapy. Many self-reported questionnaires such as fear of
flying inventory (FFI) were used to assess this clinical trial.
Results indicated that there wasn’t a significant difference
between both VRE and SE groups. However, both groups sig-
nificantly differed from the WL group. Also, after the follow-
up period, the conducted analysis revealed that participants in
both VRE and SE groups were more likely to fly (12.7) times
over the WL group.

Another study was conducted to compare the efficacy of
using VR exposure therapy against computer-aided therapy
[29]. Sixty patients with aerophobia were eligible to participate
in the study. The participants were randomly assigned to either
(1) VR exposure therapy, or (2) computer-aided exposure
with therapist (CAE-T), or (3) self-dependent computer-aided
exposure (CAE-SA). Treatment using VR exposure included
different scenarios with different situations gradually increased
in difficulty through sessions. Therapists attended all CAE-T
exposure sessions, where patients received six sequences of
different tasks and were asked to rate fear at the end of each
sequence. The final group received the same treatment as the
CAE-T group except it was self-administrative. Results showed
that there was no significant difference between the three
treatment methods, they were equally effective in reducing
the fear of flying disorder. Also, this study suggested that
the therapist rule can be excluded during computer-based
treatments.
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C. VR for Social Phobia Treatment

Through last years, VR also helps people who suffered
from social anxiety disorders. VR Therapy is promising for
these patients as it provides different situations that are difficult
to be handled in real life. Klinger et al. [30] conducted a study
to compare VR therapy to cognitive therapy with thirty-six
patients participated. Participants in the VR therapy attended
45 min sessions for 12 weeks where the VR intervention in-
cluded four different scenes. After each session, all participants
from both groups performed some tasks in vivo for practicing.
Results indicated that patients treated using the VR therapy
significantly improved as well as those in the cognitive group.

According to the considerable efficacy of VR therapy,
another study was conducted with sixteen students who par-
ticipated and were assigned to either the VR therapy group or
the comparison group [31]. The VR therapy included a virtual
environment for public speaking with a virtual wooden stage
and a speaker’s stand. A microphone attached to the HMD
was used for speaking and generating the simulated echo in
the hall. On the other hand, a simple VR scene was used to
treat participants in the comparison group. Also, participants
were motivated to control their fear using either visualization
methods or self-exposure conditions. Both groups attended 10-
15 min sessions for five weeks. Results indicated that anxiety
symptom significantly reduced for those who used the VR
intervention in contrast to the comparison group.

Kampmann et al. [32] conducted a study to investigate
the effect of using VR exposure therapy for social phobia
treatment. Sixty participants were divided randomly into three
groups: (1) VR exposure therapy (VRET), (2) Vivo exposure
therapy (iVET), and (3) waiting group. Participants during
the VRET treatment sessions received different one-to-one
and group situations to reduce their social anxiety symptoms.
On the other hand, participants in Vivo exposure experienced
real-life situations. Information from the statistical analysis
revealed that both VRET and iVET improved compared to
the waiting list group. However, results indicated that iVET
is more efficient than VRET. This was because participants in
iVET experienced a variety of social situations compared to
VRET. So, this study suggested using the same situations with
all active groups to be able to generalize results. Other several
VR interventions were developed and effectively used to treat
other types of phobia such as fear of driving [34], [35], [36]
and fear of spiders [37], [38], [39].

Notably, VR-based treatments for different mental health
problems have observed positive findings. The results of the
presented studies showed that VR therapy is as effective as
Vivo therapy. However, VR therapy has many key features
over Vivo; it is a stable application, cheap and controlled, can
be used repeatedly, can experience difficult situations safely,
and provide more confidentiality. Also, findings indicated that
using HMD or CAVE to deliver VR therapy resulted in an
equal treatment impact, but HMD VR is cheap, easy, and more
appropriate compared to the CAVE VR. Another key issue
revealed from the controlled studies is that VR therapy is more
effective than cognitive-behavioral therapy. Finally, as the cost
of VR software and hardware has decreased, VR therapy may
become increasingly available.
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IV. VR FOR ACUTE PAIN MANAGEMENT

VR provides a unique distraction with multisensory, im-
mersive, and interactive environments. Therefore, VR is ef-
fectively used in various types of health care applications
especially for managing pain associated with different medical
procedures. A lot of research studies have been conducted to
explore the relationship between immersion and VR distraction
effects. The findings of these studies reported that VR is a
promising alternative for managing acute pain related to burn
wound care and other routine medical procedures. Through this
section, we will present the literature on using VR distraction
interventions for managing acute pain. We will focus on
presenting the conducted studies for reducing pain in patients
with severe burn pain and other types of routine medical
procedures (see Table 2).

A. VR for Burn Pain Management

Wound care after burn injury is one of the most painful
medical procedures. In favor of wound healing, it is required to
repeat the procedure of wound care dressing changes regularly.
Treatment of severe burns usually includes tanking sessions,
which required the removal of old bandages and dead skin in
a hydro tank, then taking a dose of antibiotics and putting a
new bandage. Patients with severe burns can also experience
extreme pain due to physical therapy exercises, which play
an important role during treatment and afterward. This may
discourage patients especially children from complying with
their physical therapy [55]. VR technology gains a growing
interest as an alternative for managing pain in adolescents
with burn injuries, as indicated by many successful controlled
studies with children and adults [56].

Hoffman et al. [40] investigated the effect of using VR
for severe burn pain management. The study included eleven
patients aged (9-40) years who suffered from severe burns and
required burn wound dressing changes in a hydrotherapy tank.
To ensure safety, the study was conducted using a custom
fiber optic VR system suitable for water use. The virtual
environment used in the study was “SnowWorld” [57], which
is the first environment designed for distracting burn patients.
The 6-minutes wound care session for each patient is divided
into two equivalent portions. During one portion, the patient
used VR distraction for pain relief. The patient spent the
other portion of the session without any distractor. Randomly,
patients were assigned to one of two conditions: VR-first or
VR-last. All patients reported that while being in VR they
spent less time thinking about pain. Besides, patients with
severe pain intensity showed a reduction of pain by (41%)
while being in VR compared to the control condition. The
study results indicated that VR distraction has a great impact
on reducing pain associated with the wound care procedure.

Kipping et al. [41] through another study demonstrated the
effectiveness of using VR system “off-the-shelf” with adoles-
cents undergoing burn wound care. The main research ques-
tions included whether “off-the-shelf” VR is more effective
than the standard distraction, besides investigating the impact
of using VR on wound care procedures length. The randomized
controlled trial included forty-one adolescent participants aged
(11-17) years. Patients were assigned to one of two groups:
the VR group (VRG) or the standard distraction group (SDG).
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The trial ensured applying the same medical procedures with
all participants and to be conscious during their wound care
dressing change. According to the results from the nursing
staff, patients in the VR group experienced less pain during
wound care dressing compared to the other group. Concerning
the length of treatment, participants who used VR required a
lower time for the dressing process (10 minutes) against (12
minutes) for the standard group.

In a related study, thirty adolescents aged (10-17) years
participated and were divided into three groups: VR active
distraction (SnowWorld VE), passive distraction (watching a
movie) and standard care [42]. To include patients with facial
burns, the VR group used a helmet device with a tripod instead
of using the HMD. To assess pain Adolescent Pediatric Pain
Tool word-graphic rating scale (APPT-WGRS) measurement
was used [58], which is a 100-millimeter line word graphic
scale to rate pain scores. The results showed that the VR
distraction group reported a significant reduction in pain in
contrast to the other two groups. Besides, the only group that
reported a decrease in pain perception during burn wound care
compared to pre-procedure pain was the VR distraction group.

Brown et al. [43] used a multi-model VR inspired inter-
vention titled “Ditto” with manual control. The Ditto medical
device is suitable for children aged (3-12) years and is used
to distract the child during medical procedures by using
interactive games or stories. The child in the preparatory phase
of the device should know details of the medical procedures
to reduce his fear and distress. Participants in this study were
assigned to either the Ditto distraction group or the standard
practice group. Before and immediately post to the burn wound
care process, data from physiological measures and other
scales were recorded. Results showed that patients receiving
Ditto distraction recovered faster than those in the standard
group by an average of two days. Moreover, self-reported pain
and anxiety in pediatric patients who used Ditto decreased
compared to the other group.

Overall results from the conducted studies showed that
VR is an effective tool for reducing pain in burn patients.
These results along with the availability of VR technology
have motivated authors to investigate whether low-cost VR
distraction will be effective as well. One study with inex-
pensive Oculus Rift goggles was on a boy aged eleven years
during his occupational treatment [44]. He suffered from severe
electric and flash burns on different parts of his body. For
three consecutive days, he received three treatment sessions
included one 20-minute session with no VR, then one with
VR, and finally a session with no VR. The patient reported
less pain perception and reduced discomfort, besides feeling
more fun during physical therapy when used VR. Another
related study was conducted to evaluate the effect of using
inexpensive VR technology on patients with burn injuries [45].
Ten adult patients from an outpatient clinic participated in this
study during their burn wound care procedure. Both patients
and providers completed a satisfaction survey that summarized
their experience with VR. Results proved that distraction using
inexpensive VR technology is effective during burn wound care
and/or dressing changes.

Through the last two decades, enormous studies showed
that VR has great potential for managing pain associated with
burn care procedures in both adolescents or adults. However,
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TABLE 2. KEY FEATURES OF STUDIES USED VR FOR ACUTE PAIN MANAGEMENT

Study Sample No.Sessions Conditions Findings Pain Type

Burn Injury

Hoffman et al. [40] 11 patients 1 session VR*/ C” VR reduced extreme burn pain com-  Burn injury
9-40 years pared to C

Kipping et al. [41] 41 patients Not provided ~ VR / SD" Mean pain scores for SD was higher ~ Burn injury
11-17 years than VR

Jeffs et al. [42] 30 patients 1 session VR/ PD*/ SC* The mean pain scores for PD was the  Burn injury
10-17 years highest

Brown et al. [43] 75 patients Not provided  Ditto / SD Pain and anxiety levels for Ditto were ~ Burn injury
4-13 years lower than SD

Hoffman et al. [44] A boy 3 sessions VR+SC / SC VR reduced pain intensity and pain un-  Burn injury
aged 11 years pleasant compared to SC

Ford et al. [45] 10 patients 1 session VR Inexpensive VR is also effective during ~ Burn injury
mean 40 years burn wound care

Khadra et al. [46] 15 patients 1 session ProVR" ProVR was an effective in reducing pain ~ Burn injury
2 months-10 years in children < 4 years

Hoffman et al. [47] 48 patients 4 sessions VR/C Children’s worst pain decreased when  Burn injury
6-17 years used VR

Routine Procedures

Gold et al. [48] 57 patients 1 session VR(HMD)/ VR via HMD is more effective than the Blood draw
8-12 years VR(Desktop)/ other three groups

SD/ C .

Gold et al. [49] 20 patients 1 session VR / SC SC felt pain of IV placement four-times IV placement
8-12 years greater than VR

Piskorz and Czub [50] 38 patients 1 session VR /C Pain and stress during blood draw re- Blood draw
7-17 years duced with VR

Hoffman et al. [51] Two patients 1 session VR/SD/C VR reduced dental pain compared to  Dental
51-56 years other groups

Furman et al. [52] 38 patients 1 session VR/SD/C VR provided an analgesic effect greater ~ Dental
mean 45 years than SD and C

Aminabadi et al. [53] 120 patients 3 sessions VR/C VR decreased pain and anxiety com-  Dental

4-6 years
69 patients
mean 33 years

Tanja-Dijkstra et al. [54]

—_

session

AVR" /PVR" / C

pared to C

AVR increased presence more than  Dental
PVR, AVR achieved the least aware of
the surroundings

“VR-VR distraction; C-control; SD-standard distraction; PD-passive distraction; SC-standard care; ProVR-projector-based VR

AVR-active VR; PVR-passive VR; IV—intravenous

using VR to control pain in children aged less than 4 years
has not been studied as much. One pioneering study was
conducted by Khadra et al. [46], which used a projector-based
VR system to distract children suffered from burn injuries.
Fifteen children with ages ranged from two months to ten years
were participated. The research group developed a 3D video
game called “Bubbles” to be used in the study. The difficulty
level of the game was consistent with the child’s age. The
game was started once the wound care session was started.
This projector-based VR distraction was combined with the
standard care medications. The VR experience involved only
one session and the pain was assessed through five time
periods. Results proved the feasibility and acceptability of the
proposed VR system for managing procedural pain in children
less than 4 years.

Many burn patients who have burns on their heads can’t
receive the VR intervention using an HMD. To solve this issue,
a recent study was conducted and used for the first time a new
portable water-friendly VR system especially for patients with
severe burns [47]. The study included forty-eight patients aged
(6 - 17) years. The study used a within-subject design where
each patient experienced either VR or control conditions for
five minutes during the same wound care session. The order
of receiving the conditions was randomized. Patients played
“SnowWorld” during the VR proportion, while received the
standard wound care in the other proportion. The study used
the graphic rating scales (GRS) to keep track of the worst

pain, pain unpleasantness, and time spent thinking about pain.
Post to the wound care session, each patient rated the pain
intensity experienced in both conditions. The patient’s worst
pain score significantly decreased from (8.52) during standard
care to (5.10) while using VR. For pain unpleasant score, it
was decreased from (6.40) during the standard care against
(3.47) while using VR. Also, patients spent less time thinking
about pain when using VR.

B. VR in Routine Medical Procedures

Stress and anxiety in pediatrics are common symptoms
associated with most hospital procedures especially needle-
related procedures. VR offers a great opportunity for dis-
tracting patients during routine painful medical procedures
[59]. Gold et al. [48] conducted a trial including fifty-seven
participants aged (8-12) years to explore the effect of using VR
distraction during the procedure of blood draw. Children were
divided into four groups: (1) perceiving VR using an HMD, (2)
perceiving VR using a desktop, (3) standard distraction, or (4)
control group. For achieving visual occlusion, all participants
received blood draw by passing their arm through a wall. Many
self-reported and observational scales were used to assess
pain before and post to the procedure. Results showed that
participants in the HMD based VR group reported a reduction
in pain compared to the other three groups. Also, children
reported less pain during the procedure when used the HMD
VR compared to the other two distraction groups. The same
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author performed another randomized control trial on twenty
children requiring intravenous (IV) placement [49]. Randomly,
children were assigned to one of two groups: (1) VR group,
or (2) standard care group. For participants who received VR,
the experience started 5 minutes before the IV placement and
lasted for 5 minutes after. On the other hand, a local anesthetic
spray was used with participants in the standard control group
without receiving any VR intervention. The results showed that
the children who used VR didn’t report any increase in pain
after the IV placement compared to a four-time increase for
the other group.

Lately, many authors have designed a VR game with
difficulty levels adjusted with the child’s age. Also, they
used the concept of multiple object tracking (MOT) in their
game hence attracting most of the child’s attention. The study
involved thirty-eight patients aged (7-17) years during their
blood draw in a clinic for pediatric [50]. Participants were
partitioned into two groups: (1) VR group, or (2) control group.
Children in the VR group started using the VR intervention just
before the blood draw and continued until after the procedure
was finished. On contrarily, children in the control group didn’t
receive any distraction during the blood-draw procedure. Both
groups were asked to describe their blood draw experience
and provide a report that included stress level and pain score.
Results indicated that there was a significant reduction in pain
for participants who used VR compared to the standard control
group. Those who used VR reported a (59%) reduction in pain
intensity score against the other group.

VR’s unique characteristics also attracted authors to inves-
tigate its efficacy in controlling the pain related to different
dental procedures. Many controlled studies demonstrated the
impact of using VR on dental pain. Hoffman et al. [51]
conducted a study involving two dental patients to explore
the analgesic effect of VR. Each patient received his dental
treatment under three different situations: (1) VR distraction,
(2) standard distraction, or (3) control condition. Both patients
spent an equal interval of time in each condition, besides
the order of conditions was random. Both patients rated their
pain intensity and provided the time spent thinking about the
medical procedure. Patient 1 reported a mild pain score (1.2)
during VR compared to severe pain (7.2) during the other
conditions. On the other hand, patient 2 reported no pain
score (0.6) during VR against mild pain (3.3) in the standard
condition and moderate pain (4.4) during the control condition.

In a close study, thirty-eight dental patients participated and
each one experienced three different treatment conditions: (1)
VR distraction, (2) watching a movie, or (3) control condition
[52]. The sequence of treatment conditions for each patient
was chosen randomly. During the study, participants were
asked to report their pain intensity and unpleasantness level
using the visual analog scale (VAS). The mean VAS scores
for VR, standard, and control groups were (1.76 vs 2.57 vs
3.95) respectively. Results also revealed that both distraction
conditions (VR and watching a movie) led to a significant pain
reduction in comparison with the control condition.

To date, a few research studies were conducted to in-
vestigate the impact of VR on children with dental pain.
Aminabadi et al. [53] presented one study to explore the effect
of using VR technology for distracting pediatric patients during
dental treatment. The study included one hundred and twenty
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children aged (4-6) years partitioned randomly into two groups.
The treatment procedure included three sequential sessions
where all children in both groups received fluoride therapy
in their first session. During the second session, groups 1 and
2 received restorative treatment procedures with and without
VR respectively. Finally, the third session included the same
treatment procedures as the second session with exchanging
groups 1 and 2 conditions. To assess pain intensity a “Wong
Baker FACES” scale was used and measured after each session
for both groups. Results demonstrated that VR interventions
can be used successfully to decrease pain severity and anxiety
during dental procedures. For both groups, the pain intensity
scores were lower when using VR ( groupl: 1.89, group2:
2.05) compared to sessions without VR (groupl: 3.00, group?2:
3.05).

The valuable benefits of using VR for dental pain reduction
motivated other authors for further research. Another study was
conducted including sixty-nine adult patients, randomly they
were assigned to one of three conditions: active VR, passive
VR, or control [54]. Besides, at the beginning of the study
participants were divided into two groups according to their
dental anxiety (high and low). A simulated dental area was
established with heart rate measured during the treatment and
blood pressure measured immediately after finishing. Partici-
pants in the active VR group reported a higher presence (mean
6.21) against (mean 5.16) for the passive VR group. Also,
results showed that distraction from VR could influence the
patient’s memory after the treatment sessions ended.

As a whole, the presented studies in this section showed
that VR distraction is an effective adjunct for controlling
pain during burn wound care and routine medical procedures.
Due to the nature of burns, a lot of studies used specially
designed hardware to deliver VR. However, the findings of
these studies supported the analgesic effect of VR on pain
reduction. Besides, low-cost VR proved to be effective and
hence may become more affordable. Also, VR distraction was
used safely and effectively with children less than four years.
Furthermore, studies indicated that the impact of interactive
VR was greater than the passive one. Finally, immersive VR
distraction showed a reduction in pain than non-immersive VR.

V. VR FOR CHRONIC PAIN MANAGEMENT

Unlike acute pain, the duration of chronic pain starts
from six months and continues after the expected period of
recovery [4]. Chronic pain may include chronic headache,
back or limb pain, and also complex regional pain syndrome.
Despite the large number of studies that support the efficacy
of VR for reducing acute pain, limited was conducted for
the use of VR with chronic pain [60], [61]. In one pilot
study, Sato et al. [62] investigated the effect of using VR
for reducing complex regional pain syndrome in adults. Five
adult patients aged (46-74) years with complex regional pain
syndrome participated and experienced a non-immersive VR
system along with mirror visual feedback. The study included
four to eight outpatient sessions. Results indicated that four
out of the five patients reported (50%) less pain. The authors
recommended conducting further research studies with larger
samples to be able to generalize these results.

Another study was conducted to explore the use of VR
as an alternative therapy for reducing chronic pain [63].
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Participants were forty patients aged (22-68) years exposed
to a 15-minute VR session using an HMD. The pain scores of
patients were measured before and during the VR experience,
but not after the experience was completed. To assess pain,
data from self-reported measures, heart rate, skin temperature,
and pain intensity rates were collected. Patients reported that
their pain ratings significantly decreased while exploring the
VE (mean pain score approximately 0.8) compared to the
control condition (mean pain score approximately 2.3). Results
from the study suggested that VR can be effectively used for
reducing chronic pain.

Jones, Moore, and Choo [64] conducted a study on thirty
patients aged at least 18 years to investigate the impact of using
VR applications for controlling chronic pain syndromes. The
patients who participated in the study were exposed to a VR
experience for five minutes. The VR application used in the
study was called “COOL!”, and there were two ways to deliver
VR one using HMD and the other using DeepStream 3D
Viewer. Participants were asked to assess their pain intensity
prior to, during, and after the VR session using the 0-10
numerical rating scale. Participants reported a decrease in pain
intensity by (60%) from pre-session during VR session, and
a decrease in pain intensity by (33%) from pre-session to
immediately after the VR session was completed.

The same author continued his research by conducting
another study to answer the question previously posed in [64].
The research question was about whether longer VR sessions
will result in a larger analgesic effect when used repeatedly
with chronic pain. This pilot study included ten patients aged at
least 18 years old primarily diagnosed with one of the chronic
neuropathic pain types [65]. Participants delivered three 20-
minute VR sessions (COOL! intervention) in three consecutive
weeks. The 0-10 numerical rating scale was used to measure
the pain severity experienced by patients before, during, and
immediately after the VR session. Patients reported significant
analgesia during and immediately after the VR session with
decreased pain intensity (65% reduction during VR session and
(45%) after the session). Overall, based on the results from the
presented studies, VR interventions can be effectively used for
controlling chronic pain [66].

VI. VR FOR CANCER PAIN MANAGEMENT

Cancer patients usually experience pain as a common
consequence of both the disease and its treatment. Today,
chemotherapy is the leading cancer treatment. However, phys-
ical symptoms such as fatigue, pain, sleep disturbances, and
other symptoms frequently start during the administration of
chemotherapy sessions. As a result, cancer patients frequently
suffering from distress, depression, and helplessness leading to
incomplete treatment with decreasing chances of recovery. VR
distraction interventions showed great potential in decreasing
pain related to common painful cancer procedures whether
diagnostic or treatments (see Table 3).

Many studies have been conducted to investigate the usabil-
ity and analgesic capabilities of VR for reducing cancer pain.
Schneider and Workman [67] performed a study on eleven
children aged (10-17) years during receiving their chemother-
apy session. This study included three different VR scenarios:
Magic Carpet, Seventh Guest, and Sharlek Holmes. Children
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used the VR application for 5 minutes before the chemotherapy
session to get familiar with it. The VR experience continued
until the end of the session and then the VR headset was
removed. Most of the children preferred the seventh guest
scenario because its graphics were clear, easy to use, and
included little instructions used. Results indicated that (82%)
of the children preferred treatment with VR compared to
previous chemotherapy treatments and they are interested in
using VR in future treatments.

There is a scientific concern about the influence of VR on
time perceived by patients during receiving their chemotherapy
treatment. Many studies proved that experiencing VR interven-
tions during receiving the chemotherapy treatment decreased
the amount of perceived treatment time compared to the actual
elapsed time. In one study, twenty adult women aged (18-55)
years participated during their chemotherapy session for breast
cancer [68]. This study used a within-subject design where
each participant experience VR therapy and control conditions.
Randomly, participants were divided into two groups (A and
B). The difference between the two groups was whether
exposed to the VR intervention in the first treatment session
or the second. During the session without VR, participants
were provided with different standard care methods. This study
included three different VR scenarios: sea diving, walking
in a museum, and solving a mystery. The symptom distress
(SDS) and revised piper fatigue (PFS) scales were used to
assess pain in this study. The lowest scores of the two scales
(SDS: 16.6 and PFS: 1.85) occurred immediately after the
chemotherapy session while using VR. Besides, the patients
reported a lower estimated time duration while using VR (42
minutes) compared to the actual treatment time (67 minutes).
No significant changes in both measures were reported after
two days of follow-up. These results showed that using VR
technology resulted in a significant reduction in symptom
distress and fatigue during chemotherapy treatment.

Cancer patients essentially use ports and venous puncture
of a vein for delivering chemotherapy. Gershon et al. [69]
performed a study on fifty-nine children aged (7-19) years
during their port access procedure. Children who participated
were divided into three treatment groups including (1) distrac-
tion using VR group, (2) standard distraction group, or (3)
control group. Both groups (1 and 2) experienced the same
intervention called “Virtual Gorilla” [75] where the VR group
used an HMD and the standard group used a computer monitor.
For 5-minutes before the port access process, participants
in groups (1 and 2) started using their distractors, while
the control group did nothing. According to the information
provided by the pulse rate measurement, there was a notable
difference between all groups during the port access procedure
(VR: 96.3, standard: 103.8, and control: 110.3). Depending
on that study’s finding, distraction using the illusion of VR
has potential benefits in reducing pain during painful medical
procedures.

Schneider and Hood [70] conducted another study that
conformed the findings from [68]. This study included one
hundred and twenty-three adult patients who suffered from dif-
ferent types of cancer. The authors used the same methodology
and assessment measures as in their previous study. Partici-
pants reported that while using VR, they perceived a lower
estimated time (47 minutes) against the actual chemotherapy
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TABLE 3. KEY FEATURES OF STUDIES USED VR FOR CHRONIC AND CANCER PAIN MANAGEMENT

Study Sample No.Sessions  Conditions Findings Pain Type

Chronic

Sato et al. [62] 5 patients 6 session VRMVE" VRMVF reduced chronic pain by more  Chronic pain
46-74 years than 50%

Wiederhold et al. [63] 40 patients 1 session VR* VR reduced level of pain and anxiety Chronic pain
22-68 years)

Jones et al. [64] 30 patients 1 session VR VR decreased the sensation of chronic Chronic pain
35-79 years pain

Jones et al.[65] 10 patients 3 sessions VR Reduction in pain ratings occurred using ~ Chronic pain
at least 18 years VR

Cancer

Schneider and Workman [67] 11 patients 1 session VR VR improved the chemotherapy treat-  Cancer pain
10-17 years ment session

Schneider et al. [68] 20 patients 2 sessions VR/C" VR reduced the distress and fatigue of ~ Cancer pain
18-55 years chemotherapy

Gershon et al. [69] 59 patients 1 session VR /SD"/C  Lower ratings of pain when using VR Cancer pain
7-19 years

Schneider and Hood [70] 123 patients 2 sessions VR/C VR reduced the perceived time of  Cancer pain
mean age 54 years chemotherapy

Nilsson et al. [71] 42 patients 1 session VR /C Non-immersive VR provided a decrease ~ Cancer pain
8-15 years in observational pain

Schneider, Kisby, and Flint [72] 137 patients 2 sessions VR / SC* VR led to an underestimation of  Cancer pain
at least 18 years chemotherapy duration

Birnie et al. [73] 17 patients 1 session VR VR increased sense of presence and  Cancer pain
8-18 years hence reduced pain

Sharifpour et. al [74] 30 patients 8 session VR /C A significant reduction in pain scores  Cancer pain

mean age 14.8

for the experimental groups against the
control group

“VRMVEF-VR mirror visual feedback; VR-VR distraction; C—control; SD—standard distraction; SC—standard care

treatment time (58 minutes).

Nilsson et al. [71] conducted a study to evaluate the effec-
tiveness of using a non-immersive VR application for reducing
pain during different needle-related procedures. Forty-two chil-
dren and adolescent patients aged (5-18) years who were di-
agnosed with one of the childhood cancers participated during
receiving their therapy. The participated subjects were divided
into two groups, the first used a VR distraction intervention and
the second didn’t receive any distraction. The VR application
used was a 3D game called “The hunt of the diamonds”, which
presented on a desktop monitor rather than using an HMD. To
assess the observational pain experienced by the participants,
the FLACC scale was used [76]. The FLACC pain scores for
the VR group did not increase during the medical procedure
compared to the control group. With respect to the heart rate
scale, there was no significant difference between the two
groups. The results of the interviews conducted with patients
who used VR recommended that the VR application should
be consistent with the patient and the medical procedure.

Another related study was conducted to explore the in-
fluence of many variables such as age, gender, and other
variables on time perceived by cancer patients during receiving
their chemotherapy while using VR applications [72]. Patients
participated aged at least 18 years old and diagnosed with
breast, colon, or lung cancer. Randomly, participants received
the VR distraction intervention during either the first treatment
session or the next. During the treatment session without VR,
patients received any type of standard care techniques. The
anxiety and fatigue ratings were assessed before and post to the
two conditions (VR and standard care). Also, the researcher of
the study recorded the estimated time perceived by each patient
while using VR and compare it with the actual treatment time.
According to the results, there was a significant reduction in

time perceived by patients with an average of 23 min with
breast, 12 min with colon, and less than 4 min with the lung.

Again another study proved that using VR technology
during needle-related procedures offered promise for pain
and distress reduction [73]. The study included seventeen
participants aged (8-18) years who suffered from cancer and
their treatment required the insertion of an implantable venous
access device (IVAD). The study included three cycles for
testing the usability of VR distraction capabilities and the
participants were assigned to one of these cycles. Participants
in the first cycle, experienced the VR application before their
IVAD insertion to guarantee the application safety and if it
may result in any side effects. While through cycles 2 and 3,
participants were exposed to the VR application while inserting
their IVAD device. After procedure completion, which lasted
for 5 to 10 minutes, all participants were required to have
a 5-min interview to evaluate the functionality of the VR
distraction intervention. Concerning the baseline pain and
symptoms scale which is a 0-10 numeric scale (0-no pain,
10-high pain), (70%) of patients reported no pain and (29%)
reported mild to moderate pain intensity. Both nursing staff
and patients reported that the distraction from VR has great
potential in decreasing pain and distress related to the IVAD
access procedure.

Recently, another study was conducted to assess the effi-
cacy of using VR therapy for reducing chemotherapy-related
pain symptoms [74]. The study included thirty adolescents
with different types of cancer. Using a between-subject design,
participants were randomly assigned to (1) the experimental
VR group or (2) the control group. The experimental group
received VR for 30 minutes once a week for two months.
On the other hand, the control group didn’t experience any
distraction interventions. Participants in VR watched a VR
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movie that included a journey to the depths of the ocean
and deliver it using a Samsung gear headset. Different pain
measurements were used to assess the perceived pain. Also,
these data were maintained after two intervals of follow-up (7
days and 1 month). Results indicated a significant reduction in
pain intensity and anxiety scores for the VR group compared
to the control group. This is another study to prove that VR
technology had a significant positive effect on patients with
cancer pain.

The findings of the controlled studies we discussed in this
section indicated the efficacy of VR distraction in reducing
chronic as well as cancer pain. Chronic pain is a common
health problem that needs effective distraction techniques
for managing. However, limited research studies have been
conducted for exploring the effect of using VR in chronic pain.
The presented studies provided the efficacy of using VR for
a short time duration. As chronic pain is persistent, there is a
need to investigate the effect of usage for repeated and long
time durations. So, VR distraction can be used successfully
with patients in their homes. Also, more research on exploring
the duration of the analgesic effect of VR is important. Chronic
and cancer pain share a common limitation, their studies
neither compare VR with other distraction techniques nor
control conditions. Comparing VR with other distractions is
valuable to adjust the VR applications accordingly to obtain
higher analgesic effects. Moreover, most of the cancer studies
used a within-group design. Using the between-group design
will help to ensure the efficacy of VR distraction. Finally,
patients with cancer increase every day, and cancer pain is
combined with many emotional and behavioral problems that
need to be managed effectively. VR distraction may become
an essential tool for managing and reducing cancer pain.
According to all studies mentioned in this survey and others
which can be found in [77], [78], VR technology proved to
be a promising distraction tool with unique characteristics for
controlling pain associated with different medical and clinical
procedures.

VII. DISCUSSION

We categorized the most common areas that use VR
technology for managing pain as shown in (Fig. 2). Based on
the referred studies in this survey and other identified reviews,
we found that VR can be used in one of two directions. The
first one is using VR in many psychological treatments, while
the other is using VR for reducing physical pain. The most
well-known area in psychology that makes benefits from the
illusion of VR is treating phobias, and there is continuing
research to generalize using it. On the other hand, VR is
effectively being used for controlling many types of physical
pain: l-acute, 2-chronic, and 3-cancer pain. Also, growing
research studies is being conducted to investigate deeply the
analgesic effect of VR for managing physical pain. One day,
VR will be used widely in many applications that assist the
healthcare sector.

According to the presented studies, we found that all
studies in psychological treatment used specially designed VR
environments and an HMD to deliver VR. For studies that
used VR during burn wound care, many of them utilized a
“SnowWorld” environment [40], [42], [44], [47], and others
used specially designed VR environments [41], [43], [45],
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[46]. All of the studies for burn wound care used specially
designed HMD to experience VR, except for one study that
used normal HMD [45] and excluded patients with face
and/or neck burn injury. The HMDs of type i-glasses were
commonly used to deliver VR during dental procedures [51],
[52], [53], [54], and other routine medical procedures used
normal HMD [48], [49], [50]. All routine medical procedure
studies used specially designed environments, except [51] used
“SnowWorld” system. The other category of studies that used
VR for chronic pain management used specially designed VR
environments and an HMD to deliver VR [62], [63], [64],
[65]. Only one study used a non-immersive computer-based
VR system [62]. Variations of VR hardware were used with
cancer patients during receiving their chemotherapy treatment.
Some used the i-glasses HMDs [67], [68], [70], [72], while
[69], [73], [74]used normal HMD, and [71] used a standard
personal computer. All of these studies used specially designed
VR environments. Tables 4 and 5 summarize the VR hardware
and software used in the presented studies.

The main challenge found is that the observations can’t be
generalized. For each pain type, each study used a different
procedure with different settings along with different sample
sizes. This is why we can’t generalize the results from the
conducted studies. The results of controlled studies showed
that VR technology has the potential in treating different types
of phobias. Most of these studies indicated that VR therapy
has the same analgesic effect as Vivo therapy [21]. However,
VR therapy is considered a stable application, cheap, and con-
trolled. Also, it can be used repeatedly, can experience difficult
situations safely, and provide more confidentiality. These fea-
tures can encourage conducting more research to support using
VR therapy. Also, studies that compared VR(HMD) against
VR(CAVE) revealed that they are equally effective [22]. With
the decreasing cost of VR technology, VR(HMD) will be
cheap, easy, and more appropriate compared to VR(CAVE).
Another key issue reported from the controlled studies is that
VR therapy is more effective than cognitive-behavioral therapy
[30].

Besides, many considerable issues were found in the
presented studies. First of all, most of the research studies
involved a small number of participants [23], [40], [45], [46],
[62], [65], [67]. So, further research studies with a larger num-
ber of participants have to be conducted to confirm the efficacy
of VR distraction in managing pain. Another issue, most of the
studies depended on self-reported scales or observational scales
to assess pain related to the medical procedure [24], [32], [49],
[70]. To ensure a reliable assessment of pain, future studies
should use other physiological or behavioral measures along
with subjective ones. When designing a future VR study, it is
valuable to consider comparing the effect of using VR against
other standard distraction techniques [20], [31], [40], [64],
[68]. Comparing VR therapy with other distraction techniques
will help to determine the appropriate mechanisms of using
VR interventions that will result in the most distraction effect.
Moreover, future studies should develop new VR applications
consistent with the patient’s pain threshold and the pain type
[65], [47]. Consequently, these applications will ensure the best
analgesic effect of VR distraction.

A scientific research question about using VR for managing
pain is that the VR analgesic effect could decrease due
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to repeated use. To investigate this issue, few studies were
conducted and showed that the effect of using VR interven-
tions was not lost across repeated exposures [79], [80], [81].
However, more research is needed to ensure these findings.
Thus, further research studies with a larger sample size along
with applying VR intervention repeatedly are required to
investigate the benefits of using VR for long-term treatment
[45], [68], [72], [71]. Other scientific questions that need more
investigation in future studies include whether VR therapy will
effectively distract patients especially children during longer
medical procedures [50] and if longer VR sessions will be
more effective than the shorter ones [64].

Several studies have reported that VR technology has a
promising ability to reduce acute pain. VR distraction provides
an effective alternative for reducing pain during burn wound
care and routine medical procedures. Despite using different
types of VR hardware with burn patients [44], [46], the
findings indicated the effectiveness of VR in reducing pain.
Besides, using low-cost VR technology proved to be effective
for managing pain. Hence VR distraction may become more
available [45]. Also, VR distraction was used safely and
effectively with children less than four years [46]. In contrast,
few studies assessed the effect of using VR with chronic pain.
The presented studies proved the efficacy of using VR for a
short time duration [63], [64]. Further research is needed to
investigate the effect of using VR distraction repeatedly and
for long time durations [64], [65].

Pain from cancer is different; it is complex and has
multidimensional sensory, affective, cognitive, and behavioral
components [82]. Cancer-related pain can result from the
disease itself, medical treatments such as chemotherapy and
radiation therapy, and needle procedures such as blood draws,
port access, and lumbar punctures [83], [84]. Also, as a result
of chemotherapy patients experience some physical symptoms
such as nausea, anxiety as well as depression, helplessness,
and difficulty in concentrating [85]. To date, most cancer-
related pain can be effectively managed using pharmacological
and non-pharmacological strategies [86]. However, emotional
and behavioral problems such as sleep disorders, procedural
distress, restriction of social activities, and depression still
need to be controlled especially for children with cancer
[84]. VR provides a multisensory three-dimensional experience
that diverts the attention of the patient away from painful
stimuli. Recent advances in software and hardware besides cost

reductions made VR promising for managing pain and other
emotional problems related to cancer [87]. Another direction
of research for VR distraction that may produce more analgesic
effects is integrating VR distraction with Cognitive behavioral
therapy. To our knowledge, few studies investigated the effect
of integration [27], [88]. So, future research studies may
consider this direction that that may increase the impact of
VR distraction.

Our findings are consistent with previous reviews, which
have shown that VR is effective in managing different types
of pain. In sum, VR has emerged as a powerful non-
pharmacological treatment intervention. According to the pre-
sented studies, effective VR distraction can be achieved using
several resources and different settings. So, today VR is being
used in numerous medical applications to help treat many psy-
chological disorders and control pain. Despite the promising
results indicated from the literature, we found that there is no
study focused on investigating the impact of different visual
parameters on human perception in VR. It is highly demanded
to conduct further research to determine the visual effects that
perceive most of the patient’s attention and in turn provide
more distraction and more pain tolerance. Finally, to ensure
the effectiveness of the used VR application, more research is
needed to determine how VR works to reduce the experienced
pain and what is the best form of VR that provides a much
analgesic effect.

VIII. CONCLUSION

Nowadays non-pharmacological analgesics including VR
have great potential in managing pain related to different health
care problems. This survey showed that VR technology is
quickly gaining attention as a promising alternative for dis-
tracting patients during painful medical procedures. All studies
presented in this survey have investigated the impact of using
VR in controlling pain (acute, chronic, or cancer) experienced
by adults or children. Findings from the presented studies
showed that using any type of distraction is better than no
distraction. In addition, interactive distraction is more effective
than passive distraction. With VR distraction interventions,
results indicated that high technology equipment provides
much more immersion and presence than low technology, so
pain intensity significantly decreased. So, the more quality of
the VR system, the more analgesic effect occurs.
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TABLE 4. VR HARDWARE AND SOFTWARE EQUIPMENT FOR PSYCHOLOGICAL TREATMENT

References VR Software Equipment VR Hardware Equipment
Acrophobia

Rothbaum et al. [20] Special designed environments (footbridges, balconies, and elevator) HMD

Emmelkamp et al. [21] Special designed environments (a mall, a fire escape, and a roof garden) HMD

Krijn et al. [22] Special designed environments (a mall, a fire escape, a roof garden,and a building site) | HMD & CAVE

Suyanto et al. [23] A special designed game ( Acrophobia simulator) HMD

Freeman et al. [24] A special designed application (Now I can do heights) HMD

Donker et al. [25] A special designed application (ZeroPhobia) HMD
Aerophobia

Rothbaum et al. [26] A special designed virtual airplane HMD

Muhlberger et al. [27] A special designed simulated flights HMD

Rothbaum et al. [28] A special designed virtual airplane HMD

Tortella-Feliu et al. [29] A special designed virtual flight software 5D Technologies HMD

Social phobia

Klinger et al. [30] Four special designed environments HMD

North et al. [31] A special designed software to generate a fearful public speaking situations HMD

Kampmann et al. [32] A special designed virtual social environments (one-to-one and group situations) HMD

TABLE 5. VR HARDWARE AND SOFTWARE EQUIPMENT FOR PHYSICAL PAIN REDUCTION

References VR Software Equipment

VR Hardware Equipment

Burn Pain

Hoffman et al. [40]Jeffs et al. [42]
Hoffman et al. [44],Hoffman et al. [47]

SnowWorld VR system

A special designed VR system
(VR helmet mounted to articulated arm )

Kipping et al. [41]

Chicken Little™ and Need for SpeedTM games

A special designed VR system
(off-the-shelf VR system)

Brown et al. [43] Ditto™ intervention

An immersive hand-held device (Ditto)

Ford et al. [45]

Eight special designed environments

Sunny peak VR headset

Khadra et al. [46]

A special designed Bubbles video game

A special designed VR system
(a projector-based VR system)

Routine Procedures

Hoffman et al. [51] SnowWorld VR system

i-glasses HMD

Furman et al. [52],Aminabadi et al. [53]
Tanja-Dijkstra et al.[54]

A special designed VR environment

i-glasses HMD

Gold et al. [48],Gold et al. [49]
Piskorz and Czub [50]

A special designed VR environment

HMD

Chronic Pain

Sato et al. [62]

A special designed virtual environment

Non-immersive computer-based VR system

Wiederhold et al. [63]

A special designed virtual environment

HMD

Jones et al. [64],Jones et al.[65]

VR application called COOL

Oculus Rift DK2

Cancer Pain

Schneider et al. [67], [68], [70], [72]
Gershon et al. [69],Birnie et al. [73]
Nilsson et al. [71]

A special designed VR environments

i-glasses HMD
HMD

Non-immersive computer-based VR system

VR movie

Sharifpour et. al [74]

Samsung Gear VR

Moreover, few studies have identified that the VR analgesic
effect did not diminish during repeated use. Besides, patients
reported a shorter time perception during the treatment when
using VR distraction. One study has suggested that longer
VR sessions have a much more analgesic effect than shorter
sessions. In conclusion, VR emerges as a valuable distraction
tool with unique characteristics suitable for reducing pain
associated with different painful medical procedures. Also, this
survey demonstrated that VR interventions were effectively
used for treating different psychological problems such as
phobias. Finally, with advances in using VR in many health
care applications, patients may need fewer opioids during

painful procedures and also may need a fewer number of
treatment sessions.

REFERENCES

[11 M. Rajagopal et al., “Pain-basic considerations,” Indian J Anaesth,
vol. 50, no. 5, pp. 331-334, 2006.

[2] H. Merskey, “Pain terms: a list with definitions and notes on usage.
recommended by the iasp subcommittee on taxonomy,” Pain, vol. 6,
pp. 249-252, 1979.

[3] L. Li, F Yu, D. Shi, J. Shi, Z. Tian, J. Yang, X. Wang, and Q. Jiang,
“Application of virtual reality technology in clinical medicine,” Amer-

ican journal of translational research, vol. 9, no. 9, pp. 3867-3880,
2017.

www.ijacsa.thesai.org

613 |Page



[4]

[6]

[7]

[8]

[9]

[10]

(11]

[12]

[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(IJACSA) International Journal of Advanced Computer Science and Applications,

P. Swieboda, R. Filip, A. Prystupa, and M. Drozd, “Assessment of
pain: types, mechanism and treatment,” Annals of agricultural and
environmental medicine : AAEM, vol. Spec no. 1, pp. 2-7, 2013.

R.-D. Treede, W. Rief, A. Barke, Q. Aziz, M. 1. Bennett, R. Benoliel,
M. Cohen, S. Evers, N. B. Finnerup, M. B. First et al., “A classification
of chronic pain for icd-11,” Pain, vol. 156, no. 6, pp. 10031007, 2015.

P. H. Berry, C. Chapman, E. Covington, J. Dahl, J. Katz, C. Miaskowski,
and M. McLean, “Pain: current understanding of assessment, manage-
ment, and treatments,” National Pharmaceutical Council and the Joint
Commission for the Accreditation of Healthcare Organizations, VA,
USA, p. b44, 2001.

G.-J. Hejdi, V. Pernille, Nygaard, O. L.-L. Viktoria, and E. Ingrid,
“Acute pain management in burn patients: Appraisal and thematic
analysis of four clinical guidelines,” Burns, vol. 40, no. 8, pp. 1463
— 1469, 2014.

H. Retrouvey and S. Shahrokhi, “Pain and the thermally injured patient
- a review of current therapies,” Journal of Burn Care & Research,
vol. 36, no. 2, pp. 315-323, 2015.

J. R. Holtman, Jr. and W. S. Jellish, “Opioid-induced hyperalgesia and
burn pain,” Journal of Burn Care & Research, vol. 33, no. 6, pp. 692—
701, 2012.

D. Koller and R. D. Goldman, “Distraction techniques for children
undergoing procedures: A critical review of pediatric research,” Journal
of Pediatric Nursing, vol. 27, no. 6, pp. 652 — 681, 2012.

K. Olsen and E. Weinberg, “Pain-less practice: Techniques to reduce
procedural pain and anxiety in pediatric acute care,” Clinical Pediatric
Emergency Medicine, vol. 18, no. 1, pp. 32 — 41, 2017.

K. Neziha, G. Dilek, and A. Yesim, Yaman, ‘“Non-pharmacological
interventions for pain management used by nursing students in turkey,”
Kontakt, vol. 18, no. 1, pp. 22 — 29, 2016.

R. Melzack and D. Wall, Patrick, “Pain mechanisms: a new theory,”
Science, vol. 150, no. 3699, pp. 971-979, 1965.

M. Gutierrez, F. Vexo, and D. Thalmann, Stepping into virtual reality.
Springer Science & Business Media, 2008.

A. A. Laghari, A. K. Jumani, K. Kumar, and M. A. Chhajro, “Systematic
analysis of virtual reality & augmented reality.” International Journal
of Information Engineering & Electronic Business, vol. 13, no. 1, 2021.

M. Slater and S. Wilbur, “A framework for immersive virtual en-
vironments (five): Speculations on the role of presence in virtual
environments,” Presence: Teleoperators & Virtual Environments, vol. 6,
no. 6, pp. 603-616, 1997.

A. Pourmand, S. Davis, D. Lee, S. Barber, and N. Sikka, “Emerging
utility of virtual reality as a multidisciplinary tool in clinical medicine,”
Games for health journal, vol. 6, no. 5, pp. 263-270, 2017.

B. Ridout, J. Kelson, A. Campbell, K. Steinbeck et al., “Effectiveness of
virtual reality interventions for adolescent patients in hospital settings:
Systematic review,” Journal of Medical Internet Research, vol. 23, no. 6,
p. €24967, 2021.

P. M. Emmelkamp and K. Meyerbroker, “Virtual reality therapy in
mental health,” Annual Review of Clinical Psychology, vol. 17, pp. 495—
519, 2021.

B. O. Rothbaum, L. F. Hodges, R. Kooper, D. Opdyke, J. S. Williford,
and M. North, “Effectiveness of computer-generated (virtual reality)
graded exposure in the treatment of acrophobia.” The American journal
of psychiatry, vol. 152 4, pp. 626-628, 1995.

P. Emmelkamp, M. Krijn, A. Hulsbosch, S. de Vries, M. Schuemie,
and C. van der Mast, “Virtual reality treatment versus exposure in
vivo: a comparative evaluation in acrophobia,” Behaviour Research and
Therapy, vol. 40, no. 5, pp. 509 — 516, 2002.

M. Kirijn, P. M. Emmelkamp, R. Biemond, C. de Wilde de Ligny, M. J.
Schuemie, and C. A. van der Mast, “Treatment of acrophobia in virtual
reality: The role of immersion and presence,” Behaviour Research and
Therapy, vol. 42, no. 2, pp. 229 — 239, 2004.

E. M. Suyanto, D. Angkasa, H. Turaga, and R. Sutoyo, “Overcome
acrophobia with the help of virtual reality and kinect technology,”
Procedia computer science, vol. 116, pp. 476483, 2017.

D. Freeman, P. Haselton, J. Freeman, B. Spanlang, S. Kishore, E. Al-
bery, M. Denne, P. Brown, M. Slater, and A. Nickless, “Automated
psychological therapy using immersive virtual reality for treatment of

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[36]

[37]

[38]

(391

[40]

[41]

[42]

Vol. 12, No. 7, 2021

fear of heights: a single-blind, parallel-group, randomised controlled
trial,” The Lancet Psychiatry, vol. 5, no. 8, pp. 625-632, 2018.

T. Donker, C. v. Klaveren, I. Cornelisz, R. N. Kok, and J.-L. Van Gelder,
“Analysis of usage data from a self-guided app-based virtual reality
cognitive behavior therapy for acrophobia: a randomized controlled
trial,” Journal of clinical medicine, vol. 9, no. 6, p. 1614, 2020.

B. O. Rothbaum, L. Hodges, S. Smith, J. H. Lee, and L. Price, “A
controlled study of virtual reality exposure therapy for the fear of
flying.” Journal of consulting and Clinical Psychology, vol. 68, no. 6,
p- 1020, 2000.

A. Muhlberger, G. Wiedemann, and P. Pauli, “Efficacy of a one-session
virtual reality exposure treatment for fear of flying,” Psychotherapy
Research, vol. 13, no. 3, pp. 323-336, 2003.

B. O. Rothbaum, P. Anderson, E. Zimand, L. Hodges, D. Lang, and
J. Wilson, “Virtual reality exposure therapy and standard (in vivo)
exposure therapy in the treatment of fear of flying,” Behavior therapy,
vol. 37, no. 1, pp. 80-90, 2006.

M. Tortella-Feliu, C. Botella, J. Llabrés, J. M. Bretén-Lopez, A. R. del
Amo, R. M. Baiios, and J. M. Gelabert, “Virtual reality versus computer-
aided exposure treatments for fear of flying,” Behavior Modification,
vol. 35, no. 1, pp. 3-30, 2011.

E. Klinger, P. Légeron, S. Roy, I. Chemin, F. Lauer, and P. Nugues,
“Virtual reality exposure in the treatment of social phobia.” Studies in
health technology and informatics, vol. 99, pp. 91-119, 2004.

M. M. North, S. M. North, and J. R. Coble, “Virtual reality therapy:
an effective treatment for the fear of public speaking,” International
Journal of Virtual Reality (IJVR), vol. 3, no. 3, pp. 1-6, 2015.

I. L. Kampmann, P. M. Emmelkamp, D. Hartanto, W.-P. Brinkman,
B. J. Zijlstra, and N. Morina, “Exposure to virtual social interactions in
the treatment of social anxiety disorder: A randomized controlled trial,”
Behaviour Research and Therapy, vol. 77, pp. 147-156, 2016.

Y. H. Choi, D. P. Jang, J. H. Ku, M. B. Shin, and S. I. Kim, “Short-
term treatment of acrophobia with virtual reality therapy (vrt): A case
report,” CyberPsychology & Behavior, vol. 4, no. 3, pp. 349-354, 2001.

D. Walshe, E. Lewis, K. O’Sullivan, and S. I. Kim, “Virtually driving:
are the driving environments” real enough” for exposure therapy with
accident victims? an explorative study,” CyberPsychology & Behavior,
vol. 8, no. 6, pp. 532-537, 2005.

H. M. Zinzow, J. O. Brooks, P. J. Rosopa, S. Jeffirs, C. Jenkins,
J. Seeanner, A. McKeeman, and L. F. Hodges, “Virtual reality and
cognitive-behavioral therapy for driving anxiety and aggression in
veterans: a pilot study,” Cognitive and behavioral practice, vol. 25,
no. 2, pp. 296-309, 2018.

S. Schoch, Y. Kaussner, A. Kuraszkiewicz, S. Hoffmann, P. Markel,
R. Baur-Streubel, and P. Pauli, “Driving simulation as virtual reality
exposure therapy to rehabilitate patients with driving fear after traffic
accidents,” 2019.

H. G. Hoffman, A. Garcia-Palacios, A. Carlin, T. A. Furness lii, and
C. Botella-Arbona, “Interfaces that heal: Coupling real and virtual ob-
jects to treat spider phobia,” international Journal of Human-Computer
interaction, vol. 16, no. 2, pp. 283-300, 2003.

Y. Shiban, I. Schelhorn, P. Pauli, and A. Miihlberger, “Effect of
combined multiple contexts and multiple stimuli exposure in spider
phobia: a randomized clinical trial in virtual reality,” Behaviour research
and therapy, vol. 71, pp. 45-53, 2015.

A. Miloff, P. Lindner, P. Dafgard, S. Deak, M. Garke, W. Hamilton,
J. Heinsoo, G. Kristoffersson, J. Rafi, K. Sindemark et al., “Automated
virtual reality exposure therapy for spider phobia vs. in-vivo one-session
treatment: A randomized non-inferiority trial,” Behaviour research and
therapy, vol. 118, pp. 130-140, 2019.

G. Hoffman, Hunter, R. Patterson, David, E. Seibel, M. Soltani,
L. Jewett-Leahy, and R. Sharar, Sam, “Virtual reality pain control during
burn wound debridement in the hydrotank,” The Clinical journal of
pain, vol. 24, no. 4, pp. 299-304, 2008.

B. Kipping, S. Rodger, K. Miller, and M. Kimble, Roy, “Virtual reality
for acute pain reduction in adolescents undergoing burn wound care:
a prospective randomized controlled trial,” Burns, vol. 38, no. 5, pp.
650-657, 2012.

D. Jeffs, D. Dorman, S. Brown, A. Files, T. Graves, E. Kirk,
S. Meredith-Neve, J. Sanders, B. White, and C. J. Swearingen, “Effect

www.ijacsa.thesai.org

614 |Page



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

(541

[55]

[56]

[57]
(58]

[59]

(IJACSA) International Journal of Advanced Computer Science and Applications,

of virtual reality on adolescent pain during burn wound care,” Journal
of Burn Care & Research, vol. 35, no. 5, pp. 395-408, 2014.

J. Brown, Nadia, M. Kimble, Roy, S. Rodger, S. Ware, Robert, and
L. Cuttle, “Play and heal: randomized controlled trial of ditto inter-
vention efficacy on improving re-epithelialization in pediatric burns,”
Burns, vol. 40, no. 2, pp. 204-213, 2014.

G. Hoffman, Hunter, J. Meyer III, Walter, M. Ramirez, L. Roberts,
J. Seibel, Eric, B. Atzori, R. Sharar, Sam, and R. Patterson, David,
“Feasibility of articulated arm mounted oculus rift virtual reality goggles
for adjunctive pain control during occupational therapy in pediatric burn
patients,” Cyberpsychology, Behavior, and Social Networking, vol. 17,
no. 6, pp. 397401, 2014.

G. Ford, Cameron, M. Manegold, Ellen, C. L. Randall, M. Aballay,
Ariel, and L. Duncan, Christina, “Assessing the feasibility of imple-
menting low-cost virtual reality therapy during routine burn care,”
Burns, vol. 44, no. 4, pp. 886-895, 2018.

C. Khadra, A. Ballard, J. Déry, D. Paquin, J.-S. Fortin, I. Perreault,
D. R. Labbe, H. G. Hoffman, S. Bouchard, and S. LeMay, “Projector-
based virtual reality dome environment for procedural pain and anxiety
in young children with burn injuries: a pilot study,” Journal of pain
research, vol. 11, p. 343, 2018.

H. G. Hoffman, R. A. Rodriquez, M. Gonzalez, M. Bernardy, R. Pefia,
W. Beck, D. R. Patterson, and W. J. Meyer III, “Immersive virtual
reality as an adjunctive non-opioid analgesic for predominantly latin
american children with large severe burn wounds during burn wound
cleaning in the intensive care unit: A pilot study.” Frontiers in human
neuroscience, vol. 13, p. 262, 2019.

J. Gold, G. Reger, A. Rizzo, G. Buckwalter, S. Kim, and M. Joseph,
“Virtual reality in outpatient phlebotomy: evaluating pediatric pain
distraction during blood draw,” The Journal of Pain, vol. 6, no. 3, p.
S57, 2005.

J. I. Gold, S. H. Kim, A. J. Kant, M. H. Joseph, and A. S. Rizzo,
“Effectiveness of virtual reality for pediatric pain distraction during iv
placement,” CyberPsychology & Behavior, vol. 9, no. 2, pp. 207-212,
2006.

J. Piskorz and M. Czub, “Effectiveness of a virtual reality intervention
to minimize pediatric stress and pain intensity during venipuncture,”
Journal for Specialists in Pediatric Nursing, vol. 23, no. 1, p. e12201,
2018.

H. G. Hoffman, A. Garcia-Palacios, D. R. Patterson, M. Jensen,
T. Furness III, and W. E. Ammons Jr, “The effectiveness of virtual reality
for dental pain control: a case study,” CyberPsychology & Behavior,
vol. 4, no. 4, pp. 527-535, 2001.

E. Furman, T. R. Jasinevicius, N. F. Bissada, K. Z. Victoroff, R. Skil-
licorn, and M. Buchner, “Virtual reality distraction for pain control
during periodontal scaling and root planing procedures,” The Journal
of the American Dental Association, vol. 140, no. 12, pp. 1508-1516,
2009.

N. A. Aminabadi, L. Erfanparast, A. Sohrabi, S. G. Oskouei, and
A. Naghili, “The impact of virtual reality distraction on pain and
anxiety during dental treatment in 4-6 year-old children: a randomized
controlled clinical trial,” Journal of dental research, dental clinics,
dental prospects, vol. 6, no. 4, p. 117, 2012.

K. Tanja-Dijkstra, S. Pahl, M. P. White, J. Andrade, C. Qian, M. Bruce,
J. May, and D. R. Moles, “Improving dental experiences by using virtual
reality distraction: a simulation study,” PLoS One, vol. 9, no. 3, p.
€91276, 2014.

D. M. Ehde, R. Patterson, David, and E. Fordyce, Wilbert, “The
quota system in burn rehabilitation,” The Journal of burn care &
rehabilitation, vol. 19, no. 5, pp. 436-440, 1998.

S. Y. Joo, Y. S. Cho, S. Y. Lee, H. Seok, and C. H. Seo, “Effects
of virtual reality-based rehabilitation on burned hands: a prospective,
randomized, single-blind study,” Journal of clinical medicine, vol. 9,
no. 3, p. 731, 2020.

“Vr pain,” http://www.vrpain.com, [Online; accessed 6-March-2021].
M. C. Savedra, W. L. Holzemer, M. D. Tesler, and D. J. Wilkie,
“Assessment of postoperation pain in children and adolescents using
the adolescent pediatric pain tool.” Nursing research, 1993.

C. L. Wong, M. M. W. Lui, and K. C. Choi, “Effects of immersive
virtual reality intervention on pain and anxiety among pediatric patients

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

(751

[76]

(771

Vol. 12, No. 7, 2021

undergoing venipuncture: a study protocol for a randomized controlled
trial,” Trials, vol. 20, no. 1, p. 369, 2019.

F. J. Keefe, D. A. Huling, M. J. Coggins, D. F. Keefe, M. Z. Rosenthal,
N. R. Herr, and H. G. Hoffman, “Virtual reality for persistent pain: a
new direction for behavioral pain management,” Pain, vol. 153, no. 11,
p- 2163, 2012.

D. Gromala, X. Tong, C. Shaw, and W. Jin, “Immersive virtual reality as
a non-pharmacological analgesic for pain management: Pain distraction
and pain self-modulation,” in Virtual and Augmented Reality: Concepts,
Methodologies, Tools, and Applications. 1GI Global, 2018, pp. 1176—
1199.

K. Sato, S. Fukumori, T. Matsusaki, T. Maruo, S. Ishikawa, H. Nishie,
K. Takata, H. Mizuhara, S. Mizobuchi, H. Nakatsuka et al., “Nonimmer-
sive virtual reality mirror visual feedback therapy and its application for
the treatment of complex regional pain syndrome: an open-label pilot
study,” Pain medicine, vol. 11, no. 4, pp. 622-629, 2010.

B. K. Wiederhold, K. Gao, C. Sulea, and M. D. Wiederhold, “Virtual
reality as a distraction technique in chronic pain patients,” Cyberpsy-
chology, Behavior, and Social Networking, vol. 17, no. 6, pp. 346-352,
2014.

T. Jones, T. Moore, and J. Choo, “The impact of virtual reality on
chronic pain,” PloS one, vol. 11, no. 12, p. 0167523, 2016.

T. Jones, R. Skadberg, and T. Moore, “A pilot study of the impact
of repeated sessions of virtual reality on chronic neuropathic pain.”
International Journal of Virtual Reality, vol. 18, no. 1, 2018.

K. B. Chen, M. E. Sesto, K. Ponto, J. Leonard, A. Mason, G. Vanderhei-
den, J. Williams, and R. G. Radwin, “Use of virtual reality feedback for
patients with chronic neck pain and kinesiophobia,” IEEE Transactions
on Neural Systems and Rehabilitation Engineering, vol. 25, no. 8, pp.
1240-1248, 2017.

S. M. Schneider and M. Workman, “Virtual reality as a distraction inter-
vention for older children receiving chemotherapy,” Pediatric Nursing,
vol. 26, no. 6, pp. 593-593, 2000.

S. M. Schneider, M. Prince-Paul, M. J. Allen, P. Silverman, and
D. Talaba, “Virtual reality as a distraction intervention for women
receiving chemotherapy.” in Oncology nursing forum, vol. 31, no. 1,
2004.

J. Gershon, E. Zimand, M. Pickering, B. O. Rothbaum, and L. Hodges,
“A pilot and feasibility study of virtual reality as a distraction for
children with cancer,” Journal of the American Academy of Child &
Adolescent Psychiatry, vol. 43, no. 10, pp. 1243-1249, 2004.

S. M. Schneider and L. E. Hood, “Virtual reality: a distraction inter-
vention for chemotherapy,” in Oncology nursing forum, vol. 34, no. 1.
NIH Public Access, 2007, p. 39.

S. Nilsson, B. Finnstrom, E. Kokinsky, and K. Enskir, “The use of
virtual reality for needle-related procedural pain and distress in children
and adolescents in a paediatric oncology unit,” European Journal of
Oncology Nursing, vol. 13, no. 2, pp. 102-109, 2009.

S. M. Schneider, C. K. Kisby, and E. P. Flint, “Effect of virtual reality on
time perception in patients receiving chemotherapy,” Supportive Care
in Cancer, vol. 19, no. 4, pp. 555-564, 2011.

K. A. Birnie, Y. Kulandaivelu, L. Jibb, P. Hroch, K. Positano, S. Robert-
son, F. Campbell, O. Abla, and J. Stinson, “Usability testing of an
interactive virtual reality distraction intervention to reduce procedural
pain in children and adolescents with cancer,” Journal of Pediatric
Oncology Nursing, vol. 35, no. 6, pp. 406-416, 2018.

S. Sharifpour, G. R. Manshaee, and I. Sajjadian, “Effects of virtual
reality therapy on perceived pain intensity, anxiety, catastrophising
and self-efficacy among adolescents with cancer,” Counselling and
Psychotherapy Research, vol. 21, no. 1, pp. 218-226, 2021.

D. Allison, B. Wills, D. Bowman, J. Wineman, and L. F. Hodges,
“The virtual reality gorilla exhibit,” IEEE Computer Graphics and
Applications, vol. 17, no. 6, pp. 30-38, 1997.

S. K. Jaskowski, “The flacc: A behavioral scale for scoring postoperative
pain in young children,” AACN Nursing Scan In Critical Care, vol. 8,
no. 1, p. 16, 1998.

B. M. Spiegel, “Virtual medicine: how virtual reality is easing pain,
calming nerves and improving health,” Medical Journal of Australia,
vol. 209, no. 6, pp. 245-247, 2018.

www.ijacsa.thesai.org

615|Page



[78]

[79]

[80]

[81]

[82]

[83]

(IJACSA) International Journal of Advanced Computer Science and Applications,

B. Spiegel, G. Fuller, M. Lopez, T. Dupuy, B. Noah, A. Howard,
M. Albert, V. Tashjian, R. Lam, J. Ahn et al., “Virtual reality for
management of pain in hospitalized patients: A randomized comparative
effectiveness trial,” PloS one, vol. 14, no. 8, 2019.

G. Hoffman, Hunter, R. Patterson, David, J. Carrougher, Gretchen,
D. Nakamura, M. Moore, A. Garcia-Palacios, and A. Furness III,
Thomas, “The effectiveness of virtual reality pain control with multiple
treatments of longer durations: A case study,” International Journal of
Human-Computer Interaction, vol. 13, no. 1, pp. 1-12, 2001.

S. Schmitt, Yuko, G. Hoffman, Hunter, K. Blough, David, R. Patterson,
David, P. Jensen, Mark, M. Soltani, J. Carrougher, Gretchen, D. Naka-
mura, and R. Sharar, Sam, “A randomized, controlled trial of immersive
virtual reality analgesia, during physical therapy for pediatric burns,”
Burns, vol. 37, no. 1, pp. 61-68, 2011.

W. Faber, Albertus, R. Patterson, David, and M. Bremer, “Repeated
use of immersive virtual reality therapy to control pain during wound
dressing changes in pediatric and adult burn patients,” Journal of Burn
Care & Research, vol. 34, no. 5, pp. 563-568, 2013.

N. Ovayolu, 0. Ovayolu, S. Serce, D. Tuna, L. Pirbudak Cocelli, and
A. Seving, “Pain and quality of life in turkish cancer patients,” Nursing
& health sciences, vol. 15, no. 4, pp. 437443, 2013.

L. Van Cleve, E. Bossert, P. Beecroft, K. Adlard, O. Alvarez, and M. C.
Savedra, “The pain experience of children with leukemia during the first

[84]

[85]

[86]

[87]

[88]

Vol. 12, No. 7, 2021

year after diagnosis,” Nursing Research, vol. 53, no. 1, pp. 1-10, 2004.

P. Tutelman, C. Chambers, Ph.D., J. Stinson, J. Parker, C. Fernandez,
H. O. Witteman, P. Nathan, M. Barwick, F. Campbell, L. Jibb, and
K. Irwin, “Pain in children with cancer: Prevalence, characteristics, and
parent management,” The Clinical Journal of Pain, vol. 34, no. 3, pp.
198-206, 07 2017.

C. Miaskowski and K. A. Lee, “Pain, fatigue, and sleep disturbances in
oncology outpatients receiving radiation therapy for bone metastasis: A
pilot study,” Journal of Pain and Symptom Management, vol. 17, no. 5,
pp- 320 — 332, 1999.

L. A. Jibb, P. C. Nathan, B. J. Stevens, L. Yohannes, and J. N. Stin-
son, “Psychological and physical interventions for the management of
cancer-related pain in pediatric and young adult patients: an integrative
review,” in Oncology nursing forum, vol. 42, no. 6. Oncology Nursing
Society, 2015, p. E339.

V. C. Tashjian, S. Mosadeghi, A. R. Howard, M. Lopez, T. Dupuy,
M. Reid, B. Martinez, S. Ahmed, F. Dailey, K. Robbins et al., “Virtual
reality for management of pain in hospitalized patients: results of a
controlled trial,” JMIR mental health, vol. 4, no. 1, 2017.

D. R. Patterson, M. P. Jensen, S. A. Wiechman, and S. R. Sharar,
“Virtual reality hypnosis for pain associated with recovery from physical

trauma,” Intl. Journal of Clinical and Experimental Hypnosis, vol. 58,
no. 3, pp. 288-300, 2010.

www.ijacsa.thesai.org

616 |Page



