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Abstract

Background: Chronic pain is a widespread global health problem. Interdisciplinary multimodal pain treatment (IMPT) is a
treatment option for people with chronic pain. Virtual reality (VR) could be used to broaden IMPT programs. However, despite
the advantages of VR, it is rarely used in daily clinical practice.

Objective: This research aimed to explore how, when, and with whom VR can be used meaningfully during IMPT, either as
an addition or substitution as a component of IMPT.

Methods: This research used an action research design to help health care professionals and patients learn how, when, and with
whom they can use VR. Data were collected through reflection sessions with health care professionals and semistructured
interviews with patients in 2 specialized centers that provide IMPT for chronic pain. Two researchers performed direct content
analyses.

Results: In total, 4 physiotherapists, 1 occupational therapist, 3 psychologists, and 22 patients participated in this research.
Three iteration cycles, including 9 reflection sessions and 8 semistructured interviews, were performed. Both health care
professionals and patients considered VR to be useful in therapy as an addition but not a substitution. VR was used as a diagnostic
and intervention tool with all patients at the rehabilitation center or home. VR was used to gain insight into patients’ pain beliefs,
cognitions, and irrational cognitions about additional damage and physical abilities. Considering VR as an intervention tool, the
health care professionals had 3 goals: balancing relaxation and competition, grading activities, and exposure in vivo.

Conclusions: VR could be a valuable addition to IMPT for both patients with chronic pain and health care professionals. More
research should be performed to assess the additional effects of VR on patients’ participation in daily life.

(JMIR Rehabil Assist Technol 2023;10:e47541) doi: 10.2196/47541
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Introduction

Chronic pain is a widespread global health problem. Pain is
considered chronic when it persists beyond the expected healing
period [1]. At present, 1 in 5 European adults experience chronic
pain, of which about a third experience severe pain [2]. Chronic
pain can have a significant influence on an individual’s life. It
may impair their ability to participate in daily life, interfere with
their ability to work, and affect relationships and self-esteem
[1]. Research shows chronic pain is one of the most prominent
causes of lifetime-experienced disability during daily life, even
more so than cardiovascular diseases, diabetes mellitus, or
cancer [3]. Consequently, chronic pain has estimated direct and
indirect health care costs of €20 million (US $21.24 million)
annually in the Netherlands, higher than those of several chronic
diseases [4,5].

Interdisciplinary multimodal pain treatment (IMPT) is an option
for people experiencing chronic pain. This program does not
necessarily aim to reduce pain; instead, it aims to optimize daily
life functioning and participation by addressing biomedical,
psychological, and social factors contributing to chronic pain
and its associated disabilities [6]. The interdisciplinary team
responsible for this treatment spans the biopsychosocial
spectrum, consisting of a physiatrist, physical therapist,
psychologist, and often an occupational therapist. Patients with
chronic pain who undergo an IMPT program show considerable
improvement in physical and psychological well-being [6].
Nowadays, IMPT primarily involves a combination of physical
and psychosocial treatment methods, including emotional
awareness and expression therapy, pain neuroscience education,
acceptance and commitment therapy (ACT), graded activity,
exposure in vivo, and experiential learning through physical
training [7]. These treatment modules are provided in gyms or
consulting rooms using the physical attributes (eg, balls and
dumbbells) and training devices (eg, treadmills) available at the
treatment facilities. This limits the performance of specific
activities (eg, playing tennis and gardening). Furthermore, some
modules, such as exposure in vivo and physical training, require
patients to practice at home to establish sufficient training
intensity and generalization to daily life. However, the necessary
attributes are rarely available in a home environment. Virtual
reality (VR) could help to broaden the scope and application of
physical and psychosocial treatment modules.

VR allows a user to view and interact with a simulated 3D
world. For example, when playing tennis, a user sees a tennis
court and a ball coming toward them. To hit the ball, the user

has to perform a physical movement. VR could be a meaningful
addition to physical treatments by creating situations that are
impossible to provide in available training facilities, adding
variety, enhancing generalization, and providing insight for
both health care professionals and patients into patient behavior
(eg, being avoidant). Furthermore, VR often makes physical
activity more enjoyable and can be applied in the patient’s home
or work environment. Several articles and systematic reviews
have been conducted on clinical VR studies, showing that VR
reduces experienced acute and chronic pain and kinesiophobia
and enhances patient satisfaction and general health status
[8-13].

However, despite its advantages, VR is rarely implemented as
a component of IMPT. This aligns with the trends of other
eHealth apps. Several reports on the use of eHealth methods
describe the transition from the pilot phase to implementation,
highlighting that upscaling to daily clinical practice remains a
bottleneck [14,15]. Barriers to and facilitators in implementing
eHealth into daily clinical practice include the complexity of
the eHealth tool, health care professionals’ and patients’ digital
health literacy, and the perceived benefits [16-19]. Therefore,
before implementing a new tool as part of IMPT, exploring
when, how, and for whom it can benefit the clinical care process
is vital. It is crucial to determine in which phase of the clinical
care process a tool can be used (ie, diagnostic, therapeutic, or
aftercare); which patients have the physical capacity, emotional
well-being, and (digital) literacy skills to use it; and whether
VR also can be used in a patient’s home. Therefore, to facilitate
optimal implementation, this research aims to explore how,
when, and with whom VR can be used meaningfully during
IMPT. It uses an action research design to address the following
research questions: (1) how do health care professionals and
patients use VR as an addition or substitution in IMPT? (2)
What are health care professionals’ and patients’ experiences
of using VR as an addition or substitution in IMPT?

Methods

Overview
This research used an action research design. Health care
professionals and patients at 2 rehabilitation centers providing
IMPT had the opportunity to experience, reflect, and learn how,
when, and with whom they could use VR in the program. The
action research design consisted of 4 phases: plan phase, act
and observe phase, reflect phase, and revised plan phase. Figure
1 presents a schematic overview of this design.
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Figure 1. Schematic overview of the design, including data collection. Blue indicates the first round (n=7 health care professionals and n=7 patients),
red indicates the second round (n=7 health care professionals and n=6 patients), and green indicates the third round (n=7 health care professionals and
n=8 patients).

The research team developed a draft manual in the plan phase.
The content of the draft manual was based on an earlier
developed manual on how to use activity trackers in patients
with chronic pain [20]. The content consisted of an introduction
to VR, an introduction to the setting and context of the
rehabilitation center, the possibilities of VR, and the use of VR
in therapy.

In the act and observe phase, health care professionals used VR
in daily clinical practice. The act and observe phase lasted for
at least 4 to 6 weeks, during which part of the data collection
occurred.

The remainder of the data collection was completed during the
reflect phase. Health care professionals further developed the
draft manual to suit their specific contexts and needs based on
their and their patients’ experiences. The act and observe phase
and reflect phase were iterative cycles and were planned to be
repeated until there was no need for the manual to be further
developed. The manual was finalized in the revised plan phase.

Ethical Considerations
This study was approved by the local ethics board Medical
Ethical Committee METC Zuyderland (METCZ20220030).

Setting and Context
This study was performed in 2 specialized rehabilitation centers
that provide IMPT for patients with chronic musculoskeletal
pain: the Centre for Integral Rehabilitation (CIR, locations
Eindhoven and Velp) and the Adelante Healthcare group
(Adelante, location Hoensbroek). Two locations of CIR
participated and 1 location of Adelante participated. In both
centers, an interdisciplinary team consisting of a physiotherapist
or occupational therapist, a psychologist, and a physiatrist
provided therapy. Both centers provided pain neuroscience
education, ACT, graded activity, exposure in vivo, and
experiential learning through physical training [7]. CIR also
provided emotional awareness and expression therapy. VR was
used in all the above-described therapies.

VR
The Oculus Meta Quest 2 VR was used with 2 handheld
controllers during this study. The VR software technology
SyncVR (Syncv VR Medical [21]) was also used. SyncVR
provides various games that can be played with 1 or 2 hands
while standing, sitting, or lying down (Figures 2 and 3).
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Figure 2. Examples of games for the lower body from SyncVR Fit. Copyright 2022. SyncVR Medical Holding BV [21].
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Figure 3. Examples of games for the upper body from SyncVR Fit. Copyright 2022. SyncVR Medical Holding BV [21].

Participants
Both health care professionals and patients were recruited
through the rehabilitation centers. The manager of each
rehabilitation center selected the health care professionals using
convenience sampling. Health care professionals were included
if they were motivated to use VR and could participate for the
duration of the study. The health care professionals participated
in all phases of the study.

Patients were eligible for inclusion if they received therapy from
a participating health care professional and were eligible for
blended therapy (ie, use of VR at the rehabilitation center or at
home) according to the checklist for blended physiotherapy
[22]. The checklist for blended physiotherapy assesses whether
patients are eligible for blended therapy. The checklist consists
of 8 items such as motivation, safety, equipment, digital skills,
health literacy, self-management, time, and financial factors.
Patients were selected via convenience sampling. Patients were
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included if they had a therapy goal that could be (at least partly)
achieved using VR. Patients were excluded if they had delirium,
dementia, open head or facial wounds, epilepsy, or severe
hearing or vision problems. The exclusion criteria were
formulated to guarantee the participants’ safety. After being
provided with information about the research, patients had the
opportunity to consider participation for at least 1 week. Patients
participated in 1 cycle of the act and observe and the reflect
phases. New patients were included if a new act and observe
phase was started. The aim was to include 2 new patients in
each act and observe phase for each participating health care
professional.

Data Collection
Data were collected between April and December 2022 using
a multimethod approach consisting of reflection sessions with
the health care professionals, semistructured focus groups and
individual interviews with the patients, and a logbook kept by
the health care professionals. Demographic characteristics of
the health care professionals and patients were also collected.
These included data on the health care professionals’profession,
gender, years of working experience, and years of experience
with VR. Data on the patients’ gender, age, diagnosis
(categorized according to the International Classification of
Diseases-11 [23]), treatment, and weeks of treatment were
collected. Furthermore, additional parameters of the participating
patients were measured to obtain additional insight into whether
specific patient characteristics were important to consider when
assessing the feasibility of VR. These included mood (using the
Hospital Anxiety and Depression Scale (HADS) [24]), fear of
movement (using a shortened version of the Photograph Series
of Daily Activities (PHODA) [25]), aerobic capacity (using the
6-minute walk test (6MWT) [26]), reading ability (using the
Single Item Literacy Screener (SILS) [27]), and digital skills
(using the Quickscan Digital Skills assessment [28]). The HADS
subscales range from 0 to 21, with a higher score representing
a greater likelihood of anxiety or depression. PHODA ranges
from 0 to 100, with a higher score representing a greater
likelihood of fearing movement. In the 6MWT, walked distance
is calculated as a percentage of the average physical capacity
of a population of matched age, gender, and body weight. SILS
ranges from 1 to 5, with a higher score representing lower
reading abilities. Quickscan ranges from 1 to 3, with a higher
score representing better digital skills. These questionnaires and
tests were used to assess whether certain patient characteristics
are important in determining how, when, and with whom VR
can be used during IMPT.

Reflection Sessions With the Health Care Professionals
After each act and observe phase, a reflection session was held
with the participating health care professionals of each center.
These were held separately due to practical limitations (ie,
different work schedules). These reflection sessions aimed to
encourage participants to elaborate on how VR was used and
to share experiences of its feasibility and use in daily clinical
practice. The research team supported these reflection sessions
by leading them and ensuring that the draft manual and clinical
reasoning process were discussed. The research team improved

the draft manual by adapting it to the health care professionals’
experiences. These group sessions took place either at the
rehabilitation center or digitally via Microsoft Teams (Microsoft
Corp). They lasted 45 to 60 minutes and were audio-recorded.

Semistructured Focus Group and Individual Interviews
With the Patients
After each act and observe phase, a semistructured or focus
group interview was conducted with the participating patients.
The interviews were conducted in person at a convenient
location for the patients or digitally via Microsoft Teams. The
research team led them. The topic list and interview guide were
based on a previously developed framework [20]. This
framework was initially developed to assess the feasibility of
activity trackers but was adapted to the VR context (“VR”
replaced the term “activity tracker”; Multimedia Appendix 1).
The interviews lasted 30 to 60 minutes and were audio-recorded.
The research team used the information gathered during the
interviews and focus groups to improve the draft manual.

Health Care Professionals’ Logbooks
During each act and observe phase, the participating health care
professionals had the option to collect their observations in a
logbook. Questions in the logbook were “What was the goal of
VR treatment with this patient,” “Was this patient eligible for
VR treatment,” “What worked well,” and “What am I going to
change during the next treatment?”

Data Analyses
To analyze the data, the research team transcribed verbatim the
audio recordings of the reflection sessions with the health care
professionals, the semistructured focus group, and the individual
interviews with the patients. They used directed content analyses
to analyze all the data. NVivo (version 12; QSR International)
was used during the analysis process. The researchers used
deductive coding based on the applied framework (Multimedia
Appendix 1). When a text fragment was relevant but did not
match an existing code, an “other” code was created using
inductive coding. Two researchers (DU and EC) coded the first
transcript and every fifth transcript thereafter. A third researcher
(RS) was consulted if the researchers did not reach a consensus.
Descriptive statistics of the health care professionals and patients
were presented as medians (range). The scores of the
measurement tools (HADS, PHODA, 6MWT, SILS, and
Quickscan) were calculated and interpreted according to their
guidelines.

Results

Overview
The research team performed 3 iteration cycles, including 9
reflection sessions and 8 semistructured focus group interviews.

Health Care Professional and Patient Characteristics
The research included 4 physiotherapists, 1 occupational
therapist, and 2 psychologists (Table 1). In addition, 22 patients
(Table 2) participated in the study.
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Table 1. Characteristics of the health care professionals (n=7).

ValuesCharacteristics

3 (43)Gender (male), n (%)

34 (31-43)Age (years), median (IQR)

Occupation, n (%)

4 (57)Physiotherapist

1 (15)Occupational therapist

2 (28)Psychologist

10 (3-22)Working experience (years), median (IQR)

0 (0-0)Experience with VRa, months, median (IQR)

2 (1-3)Number of patients with whom VR was used, median (IQR)

aVR: virtual reality.

Table 2. Characteristics of the patients (n=22).

ValuesCharacteristics

10.0 (45)Gender (male), n (%)

48.0 (32.0-56.0)Age (years), median (IQR)

Diagnoses, n (%)

2 (9)Primary pain

0 (0)Cancer pain

5 (22)Postsurgical and posttraumatic pain

3 (13)Neuropathic pain

0 (0)Headache and orofacial pain

0 (0)Visceral pain

11 (48)Musculoskeletal pain

2 (9)Other

6.0 (6.0-10.0)Number of weeks in therapy before starting VRa treatment, median (IQR)

8.8 (5.3-11.8)HADSb anxiety score, median (IQR)

9.0 (6.3-12.0)HADS depression score, median (IQR)

26.5 (20.6-42.9)PHODAc score, median (IQR)

67% (60.0-74.5)6MWTd score, median (IQR)

1 (1.0-1.0)SILSe score, median (IQR)

2 (3.0-3.0)Quickscan Digital Skills score, median (IQR)

aVR: virtual reality.
bHADS: Hospital Anxiety and Depression Scale.
cPHODA: Photograph Series of Daily Activities.
d6MWT: 6-minute walk test.
eSILS: Single-Item Literacy Screener.

Of the 22 patients involved in the study, 10 were willing to
participate in an interview. The coding framework was based
on a previous framework [20] developed to assess the feasibility
of activity trackers. The framework was adapted to the VR
context by replacing the term “activity tracker” with “VR”
(Multimedia Appendix 1). The categories were instructions,
characteristics of the VR device, correct functioning, skills and

beliefs, goal of the VR device, and use of the VR device. No
categories were added based on the inductive analyses. No third
researcher was needed during the analyses to resolve any
disagreements. The experiences of the health care professional
and the patient clearly varied depending on how the VR device
was used. For example, a good experience with a device was
closely linked to receiving adequate instructions on using it.
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Due to this strong link between the “use” of VR and the
“experience” of VR, these aspects were described together.

Instruction
During the reflection session, all health care professionals
indicated that they started their sessions by explaining to the
patient how the VR device worked (ie, using the controllers).
However, the health care professionals set up the VR device
before the treatment session because they felt that setting it up
with the patient was too time-consuming. Health care
professionals expressed that they required good insight into
how the device worked to guide the patient. Therefore, they had
to play the games themselves. Health care professionals
expressed that having a guide with screenshots of the games
would have been helpful. Throughout the study, the health care
professionals felt increasingly confident in providing instructions
as they gained more experience with the VR device. The patients
generally indicated that the health care professionals’ technical
explanations of VR software and devices were sufficient.
However, patients who lacked technical skills or had no previous
experience with other game consoles felt that the instructions
were too limited:

If you are younger, you might have experience with
game consoles, but if you are a little bit older, it
would be helpful to provide some more technical
information. [Patient]

It is important to explain VR very well; they handed
me the consoles while I was already wearing VR
[glasses]. I would prefer a moment to look at the
consoles to see what they are and how and which
buttons I have to use. When you are already wearing
VR [glasses], you can’t see them [consoles] anymore.
[Patient]

The health care professionals’ explanations of the goal of VR
varied. During the first session using VR, the health care
professionals did not explain the goal of using VR. They also
did not inform the patient whether they could stop the game or
choose another one. Health care professionals chose to obtain
information about pain beliefs, fear avoidance beliefs, and
irrational cognitions to assess the patient’s physical abilities.
The health care professionals feared that if they explained the
purpose of VR, the patients would become more vigilant and
act differently. During the follow-up (intervention) session using
VR, the health care professionals did explain the goal because
the patients were already aware of VR:

Okay, and why didn’t you share those instructions?
[Interviewer]

Well, I didn’t want that he felt I had certain
expectations since he is really sensitive to that,
especially if he doesn’t meet those expectations.
[Health care professional]

Patients expressed that they did not need explanations of the
goal of using VR. They were not bothered by the fact that their
health care professionals initially did not explain the goal of
using VR. The patients claimed that if they knew the goal, they
would not have achieved the results they had:

They [healthcare professionals] instructed me as little
as possible about the goal of VR. Since I would likely
focus too much on that goal, I think it was very smart
of them [healthcare professionals]. [Patient]

Characteristics of VR
Both health care professionals and patients claimed that the VR
devices were easy to install and use. They liked the games’
interfaces. However, when health care professionals were asked
about their wishes, they said they would prefer some games to
be more related to the reality of daily life. For example, they
could involve putting dishes in (high) cabinets. This could help
patients with the transfer from VR to the real world.
Furthermore, all games were in the patients’ primary language
(Dutch), except 1, which was in English. For some patients, this
dissuaded them from wanting to play the English game. “There
was one English game, which wasn’t an option for my patient
since she couldn’t understand English” [Health care
professional].

The health care professionals and patients reported that they
felt everybody, apart from those already excluded from the
study, could use VR. They also added an additional exclusion
criterion, severe balance issues, to protect the safety of patients.
The health care professionals stated that the characteristics of
participants (which were available through validated
questionnaires used to measure anxiety, depression, fear of
movement, physical capacity, reading ability, and digital skills)
did not influence whether they introduced the VR device.
Patients with limited digital skills required more instruction
before using the VR device. Nevertheless, these patients then
used the device effectively. However, health care professionals
considered the patient’s digital skills and reading ability before
providing a VR device to use at home.

Health care professionals mentioned that VR would be suitable
for other patient populations, such as those with heart disease
or spinal cord injuries. Two patients expressed that they lacked
sufficient hand strength to push the console buttons. Patients
reported that the VR hardware was comfortable to wear. Two
patients experienced dizziness or nausea after using the VR
device; this was addressed by using VR for a shorter period in
the next session:

I experienced that I could use VR for a maximum of
15 minutes before I got nauseous. [Patient]

Some patients indicated that they would like more feedback
from the VR device. Many would like some encouragement
and motivation from the device. Other patients wanted to receive
feedback when they were “overactive.” These findings suggest
that VR software should be able to adapt its feedback to the
goals and beliefs of each patient.

Correct Functioning
Health care professionals and patients reported almost no
technical problems with the VR devices. Any problems that
occurred were managed and mitigated.

Skills and Beliefs
Health care professionals believed they were sufficiently skilled
to use VR without support in their daily practice. The patients
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indicated that after receiving instructions from the health care
professionals, they could use the VR device independently.
Both health care professionals and patients believed that VR
could add value to daily clinical practice:

I notice the enthusiasm of the patients when they use
VR; they are so enthusiastic. They really want to talk
about their experience. [Health care professional]

Goal of VR
Throughout this study, the health care professionals discovered
they could use VR as both a diagnostic and an intervention tool.
As a diagnostic tool, health care professionals used VR to gain
insight into their patients’ pain beliefs, fear avoidance beliefs,
and irrational cognitions about potential additional damage and
physical abilities. This was always central to the first session
using VR. The health care professionals identified 3 goals for
using VR as an intervention tool: exposure, graded activity, and
balancing pacing and competition. During the final act and
observe phase, patients were allowed to use VR at home as an
intervention tool with the same goals described above:

I want them [the patients] to experience movements
which they think can’t perform; by working with VR,
they experience they perform that movement. [Health
care professional]

Use of VR
In both centers, health care professionals and patients indicated
that VR could be used only in individual sessions. In the
participating rehabilitation centers, therapy trajectories start
with group sessions. Therefore, the point when VR is introduced
may differ for each patient. However, in this study, all patients
started using VR after roughly 6 weeks (of a 10-week therapy
trajectory). The health care professionals indicated that VR
theoretically could have been used sooner. However, they all
felt they needed time to develop relationships with patients,
especially those with anxiety or kinesiophobia.

Patients, however, were divided; on the one hand, some of them
felt VR could be used. The patients’ opinions were divided. On
the one hand, some of them felt that VR could be used sooner.
On the other hand, some patients expressed that they needed
time to feel comfortable with their health care professional and
the process and would not wish to use VR sooner. Both health
care professionals and patients indicated that VR did not
interfere with their relationship:

I was really focusing on my emotions and could really
experience them during VR. If we would have used
VR sooner in the trajectory, I think it would have
missed its purpose since I didn’t know how and what
to feel during that time. [Patient]

Generally, therapy sessions lasted between 45 and 60 minutes.
VR was used for 15 to 30 minutes during these sessions. Both
health care professionals and patients thought this was sufficient.
The remaining part of the session was mostly spent discussing
the patient’s experience using VR. The discussion primarily
focused on the patient’s experience rather than the results of
the game. Furthermore, the health care professional and patient
discussed the lessons learned from the experience:

We discussed what he [the patient] was thinking, if
he crossed boundaries, and if he discovered new
things. [Health care professional]

Health care professionals found that some patients would not
believe they performed certain activities during VR (eg,
squatting or raising an arm). Throughout this study, health care
professionals came up with a solution to this; they filmed
patients using VR and showed them these recordings. This was
a valuable feedback tool. When patients used VR at home, health
care professionals experienced some difficulties discussing VR
sessions. There was no feedback tool, so health care
professionals had to lead the conversation solely based on the
patients’ experiences.

The health care professionals claimed that observing a patient
using a VR device provided helpful information for their
diagnostic and therapeutic processes. Furthermore, they
expressed that patients were tasked with performing challenging
movements by playing a fun game. Patients also indicated that
using VR made physical activity fun and distracted them from
their pain and disabilities. Furthermore, they were more focused
and less distracted by external stimuli (eg, other patients or
noise) when using VR. Regular physical exercises are often
perceived as boring and mandatory, a problem that VR could
partly solve. Both health care professionals and patients
perceived VR as an addition to IMPT rather than a substitution
for it:

I had to prevent the footballs from going into the goal,
and I was thinking about my back, but I didn’t feel
my back at all. I was just playing! [Patient]

The games and VR are some kind of trigger to move
and behave differently than they are used to in real
life. [Health care professional]

According to patients, using VR at home meant that they could
use and practice with VR whenever they wanted. Furthermore,
they could share their experiences and goals with their family
members:

Surprisingly, they [his children] had the same feeling
as I did. They didn’t like to lose a game; for me, this
was a reassurance that I am not the only one who
feels like this. [Patient]

Discussion

This study aimed to explore how, when, and with whom VR
can be used meaningfully during IMPT. The research questions
were (1) how do health care professionals and patients use VR
as an addition or substitution in IMPT? (2) What are health care
professionals’ and patients’ experiences of using VR as an
addition or substitution in IMPT?

In this study, health care professionals used VR as a diagnostic
and therapeutic tool. As a diagnostic tool, VR provided new
information for health care professionals, including insight into
patients’ pain beliefs, fear avoidance beliefs, and irrational
cognitions about additional damage and physical abilities. When
using VR, patients were not aware of the underlying goal of the
exercise; therefore, health care professionals felt they could
observe more natural behaviors (eg, persistent or avoidant
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behavior). When considering VR as a therapeutic tool, health
care professionals had several goals such as creating a balance
between relaxation and competition, graded activity, and
exposure in vivo. VR provided the health care professionals
more treatment options. Both health care professionals and
patients had positive experiences using VR in daily clinical
practice. VR provided health care professionals with additional
information for their diagnostic and therapeutic processes.
Patients expressed that VR made physical activity fun again,
distracted them from their pain and disabilities, and helped them
focus more on their own experiences.

Several systematic reviews highlight that VR can improve pain
intensity, kinesiophobia, mobility, functional capacity,
neuropsychological outcomes, quality of life, and physical
sensations [11-13,29-31]. Other systematic reviews outline that
VR is not effective for people with chronic pain but is effective
for those with acute pain [10,30,32]. However, reducing pain
is not the primary goal of IMPT. According to Baker et al [29],
the most common VR mechanism is distraction and
embodiment; distraction is more relevant in treating acute pain
and embodiment in treating chronic pain. Patients mentioned
both mechanisms and indicated that VR-elicited distraction
could be used during ACT treatments and with patients with
pain-related fear. However, the immersion and inherent
distraction of the VR environment may prevent health care
professionals from testing expectancies or the conscious
experience of disconfirming the feared consequences of
performing a particular activity or movement [33]. The
experienced intensity of pain can be influenced by the activity
a patient performs. A fun activity (eg, VR) could provide more
distraction than a “boring” activity with the same physical
intensity. Patients also mentioned that they wanted feedback
when they were “overusing.” However, research has shown that
people with chronic pain often incorrectly perceive overuse
[34].

This study has some limitations. First, there may have been a
selection bias for both health care professionals and patients.
The participating health care professionals were likely already
open and enthusiastic about the use of VR and eHealth.
Therefore, the health care professionals may have been open to
experimenting with VR and were not afraid to use it. Only 1
health care professional already had experience using VR.
Studies show that if health care professionals have previous
positive experience with eHealth, they experience more
advantages of other eHealth technologies [35,36]. Health care
professionals with previous negative experiences may have
refused to participate in this study, which could have resulted
in a more positively oriented group of health care providers.
However, early adaptors can inspire and guide their colleagues
when implementing an innovation. The participating health care
professionals may represent such early adaptors in daily practice.
Second, the same selection bias may have been present in the
patients because the health care professionals were free to
choose which patients were included in this study. Therefore,
health care professionals may have selected patients open to
eHealth or VR. The researchers did not assess the criteria the
health care professionals used to select their patients. The results
show that all patients had sufficient digital skills, although the

clinimetric properties of the questionnaire are unknown. Health
care professionals’experiences suggest that other characteristics,
such as patients’ anxiety, depression, fear of movement, and
physical capacity, did not influence the instruction and use of
VR or its feasibility. Third, only 10 of the 22 patients were
willing to participate in an interview. Therefore, the whole scope
of patients’ experiences may not have been included. Patients’
reasons for not participating in an interview included the
required time investment, illness, or failure to attend the
interview.

This study is made more robust by its use of iterative cycles.
Iterative cycles gave health care professionals time to reflect
on their clinical reasoning and use of VR in their daily clinical
practice. By experimenting with VR, therapists could learn how,
when, and with whom VR could be used. In addition, by
discussing their experiences, they could learn from and inspire
each other. Furthermore, the patients’ experiences were
anonymously shared with the health care professionals.
Credibility and transferability were checked to ensure the
reliability of this study. Credibility was ensured by using data
triangulation (multiple data sources), researcher triangulation,
and method triangulation (multiple data collection methods).
Transferability was ensured by providing a comprehensive
description of the study population and process.

All patients reported that their technical skills were sufficient
to use this VR device. Future researchers could conduct a study
in which more patients have no or limited digital skills and
limited reading ability. However, patients may not need digital
skills to use VR during therapy sessions in a rehabilitation
center. In this study, health care professionals set up the VR
device for their patients. Therefore, the patients only needed to
learn how to play the game. If VR is used at home or as a
substitution for regular care, patients may need some digital
skills to use the VR device by themselves.

This research exemplifies how to use VR in daily clinical
practice with patients with chronic pain undergoing an IMPT
program. Further research could focus on whether using VR in
daily clinical practice positively affects patients’ participation
in daily life. Furthermore, future research could focus on the
further development of VR devices. A greater variety of games
could be developed, especially those involving the lower
extremities, activities based on daily life, and relaxation
exercises. Furthermore, devices could give the patient and health
care professionals direct feedback. By adding these features,
VR devices could be used as a substitution for an IMPT program
instead of merely an addition.

In conclusion, both health care professionals and patients with
chronic pain had positive experiences with VR during IMPT.
VR was used as an addition to IMPT for patients with chronic
pain and as a diagnostic tool providing insight into pain beliefs,
fear-avoidance beliefs, and irrational cognitions about additional
damage and physical abilities. As a therapeutic tool, VR was
used to create a balance between relaxation and competition,
graded activity, and provide exposure in vivo at the
rehabilitation center or at home. VR is not yet a substitution for
care. Further research should be performed to establish the

JMIR Rehabil Assist Technol 2023 | vol. 10 | e47541 | p. 10https://rehab.jmir.org/2023/1/e47541
(page number not for citation purposes)

Ummels et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


effects of VR on patients’ participation in daily life and how VR could be used as a substitution for other treatments.

Acknowledgments
The authors would like to thank all participating health care professionals and patients from CIR clinics in Rehabilitation and
Adelante Zorggroep, and Marion de Mooij for their assistance.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Topic list based on a previously developed framework [20].
[DOCX File , 14 KB-Multimedia Appendix 1]

References

1. Cohen SP, Vase L, Hooten WM. Chronic pain: an update on burden, best practices, and new advances. Lancet
2021;397(10289):2082-2097 [doi: 10.1016/S0140-6736(21)00393-7] [Medline: 34062143]

2. Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D. Survey of chronic pain in Europe: prevalence, impact on daily
life, and treatment. Eur J Pain 2006;10(4):287-333 [doi: 10.1016/j.ejpain.2005.06.009] [Medline: 16095934]

3. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S, et al. What low back pain is and why we need
to pay attention. Lancet 2018;391(10137):2356-2367 [FREE Full text] [doi: 10.1016/S0140-6736(18)30480-X] [Medline:
29573870]

4. Boonen A, van den Heuvel R, van Tubergen A, Goossens M, Severens JL, van der Heijde D, et al. Large differences in
cost of illness and wellbeing between patients with fibromyalgia, chronic low back pain, or ankylosing spondylitis. Ann
Rheum Dis 2005;64(3):396-402 [FREE Full text] [doi: 10.1136/ard.2003.019711] [Medline: 15271773]

5. Gaskin DJ, Richard P. The economic costs of pain in the United States. J Pain 2012;13(8):715-724 [FREE Full text] [doi:
10.1016/j.jpain.2012.03.009] [Medline: 22607834]

6. Elbers S, Wittink H, Konings S, Kaiser U, Kleijnen J, Pool J, et al. Longitudinal outcome evaluations of interdisciplinary
multimodal pain treatment programmes for patients with chronic primary musculoskeletal pain: a systematic review and
meta-analysis. Eur J Pain 2022;26(2):310-335 [FREE Full text] [doi: 10.1002/ejp.1875] [Medline: 34624159]

7. Breugelmans L, Scheffer E, Beckers LWME, Oosterwijk RFA, Nijland G, Smeets RJEM. Systematic description of an
interdisciplinary multimodal pain treatment programme for patients with chronic musculoskeletal pain, using the TIDieR
checklist. BMC Res Notes 2022;15(1):320 [FREE Full text] [doi: 10.1186/s13104-022-06211-z] [Medline: 36221116]

8. Ahmadpour N, Randall H, Choksi H, Gao A, Vaughan C, Poronnik P. Virtual reality interventions for acute and chronic
pain management. Int J Biochem Cell Biol 2019;114:105568 [doi: 10.1016/j.biocel.2019.105568] [Medline: 31306747]

9. Tack C. Virtual reality and chronic low back pain. Disabil Rehabil Assist Technol 2021;16(6):637-645 [doi:
10.1080/17483107.2019.1688399] [Medline: 31746250]

10. Mallari B, Spaeth EK, Goh H, Boyd BS. Virtual reality as an analgesic for acute and chronic pain in adults: a systematic
review and meta-analysis. J Pain Res 2019;12:2053-2085 [FREE Full text] [doi: 10.2147/JPR.S200498] [Medline: 31308733]

11. Chuan A, Zhou JJ, Hou RM, Stevens CJ, Bogdanovych A. Virtual reality for acute and chronic pain management in adult
patients: a narrative review. Anaesthesia 2021;76(5):695-704 [FREE Full text] [doi: 10.1111/anae.15202] [Medline:
32720308]

12. Ahern MM, Dean LV, Stoddard CC, Agrawal A, Kim K, Cook CE, et al. The effectiveness of virtual reality in patients
with spinal pain: a systematic review and meta-analysis. Pain Pract 2020;20(6):656-675 [doi: 10.1111/papr.12885] [Medline:
32196892]

13. Brea-Gómez B, Torres-Sánchez I, Ortiz-Rubio A, Calvache-Mateo A, Cabrera-Martos I, López-López L, et al. Virtual
reality in the treatment of adults with chronic low back pain: a systematic review and meta-analysis of randomized clinical
trials. Int J Environ Res Public Health 2021;18(22):11806 [FREE Full text] [doi: 10.3390/ijerph182211806] [Medline:
34831562]

14. Actieplan eHealth implementatieonderzoek. In: Actieplan ehealth implementatieonderzoek. Den Haag: ZonMW; 2013.
15. Wouters M, Huygens M, Voogdt H, Meurs M, Groot J, de Bruin K, et al. Samen aan zet! eHealth-monitor. 2019. URL:

https://www.nivel.nl/nl/publicatie/samen-aan-zet-ehealth-monitor-2019 [accessed 2023-05-30]
16. Schreiweis B, Pobiruchin M, Strotbaum V, Suleder J, Wiesner M, Bergh B. Barriers and facilitators to the implementation

of eHealth services: systematic literature analysis. J Med Internet Res 2019;21(11):e14197 [FREE Full text] [doi:
10.2196/14197] [Medline: 31755869]

17. Ross J, Stevenson F, Lau R, Murray E. Factors that influence the implementation of e-Health: a systematic review of
systematic reviews (an update). Implement Sci 2016;11(1):146 [FREE Full text] [doi: 10.1186/s13012-016-0510-7] [Medline:
27782832]

JMIR Rehabil Assist Technol 2023 | vol. 10 | e47541 | p. 11https://rehab.jmir.org/2023/1/e47541
(page number not for citation purposes)

Ummels et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=rehab_v10i1e47541_app1.docx&filename=cf66f961022b8cd4ad4be643ff261f1c.docx
https://jmir.org/api/download?alt_name=rehab_v10i1e47541_app1.docx&filename=cf66f961022b8cd4ad4be643ff261f1c.docx
http://dx.doi.org/10.1016/S0140-6736(21)00393-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34062143&dopt=Abstract
http://dx.doi.org/10.1016/j.ejpain.2005.06.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16095934&dopt=Abstract
https://core.ac.uk/reader/153535953?utm_source=linkout
http://dx.doi.org/10.1016/S0140-6736(18)30480-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29573870&dopt=Abstract
https://ard.bmj.com/content/64/3/396
http://dx.doi.org/10.1136/ard.2003.019711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15271773&dopt=Abstract
https://www.jpain.org/article/S1526-5900(12)00559-7/fulltext
http://dx.doi.org/10.1016/j.jpain.2012.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22607834&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/ejp.1875
http://dx.doi.org/10.1002/ejp.1875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34624159&dopt=Abstract
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-022-06211-z
http://dx.doi.org/10.1186/s13104-022-06211-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36221116&dopt=Abstract
http://dx.doi.org/10.1016/j.biocel.2019.105568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31306747&dopt=Abstract
http://dx.doi.org/10.1080/17483107.2019.1688399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31746250&dopt=Abstract
https://www.dovepress.com/virtual-reality-as-an-analgesic-for-acute-and-chronic-pain-in-adults-a-peer-reviewed-fulltext-article-JPR
http://dx.doi.org/10.2147/JPR.S200498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31308733&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/anae.15202
http://dx.doi.org/10.1111/anae.15202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32720308&dopt=Abstract
http://dx.doi.org/10.1111/papr.12885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32196892&dopt=Abstract
https://www.mdpi.com/1660-4601/18/22/11806
http://dx.doi.org/10.3390/ijerph182211806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34831562&dopt=Abstract
https://www.nivel.nl/nl/publicatie/samen-aan-zet-ehealth-monitor-2019
https://www.jmir.org/2019/11/e14197/
http://dx.doi.org/10.2196/14197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31755869&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-016-0510-7
http://dx.doi.org/10.1186/s13012-016-0510-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27782832&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Kruse CS, Karem P, Shifflett K, Vegi L, Ravi K, Brooks M. Evaluating barriers to adopting telemedicine worldwide: a
systematic review. J Telemed Telecare 2018;24(1):4-12 [FREE Full text] [doi: 10.1177/1357633X16674087] [Medline:
29320966]

19. Granja C, Janssen W, Johansen MA. Factors determining the success and failure of eHealth interventions: systematic review
of the literature. J Med Internet Res 2018;20(5):e10235 [FREE Full text] [doi: 10.2196/10235] [Medline: 29716883]

20. Ummels D, Beekman E, Braun SM, Beurskens AJ. Using an activity tracker in healthcare: experiences of healthcare
professionals and patients. Int J Environ Res Public Health 2021;18(10):5147 [FREE Full text] [doi: 10.3390/ijerph18105147]
[Medline: 34066296]

21. SyncVR. 2023. URL: https://www.syncvrmedical.com/ [accessed 2023-05-30]
22. Kloek CJJ, Janssen J, Veenhof C. Development of a checklist to assist physiotherapists in determination of patients' suitability

for a blended treatment. Telemed J E Health 2020;26(8):1051-1065 [doi: 10.1089/tmj.2019.0143] [Medline: 31804904]
23. Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, et al. A classification of chronic pain for ICD-11. Pain

2015;156(6):1003-1007 [FREE Full text] [doi: 10.1097/j.pain.0000000000000160] [Medline: 25844555]
24. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand 1983;67(6):361-370 [doi:

10.1111/j.1600-0447.1983.tb09716.x] [Medline: 6880820]
25. Trost Z, France CR, Thomas JS. Examination of the Photograph Series of Daily Activities (PHODA) scale in chronic low

back pain patients with high and low kinesiophobia. Pain 2009;141(3):276-282 [doi: 10.1016/j.pain.2008.11.016] [Medline:
19131166]

26. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement: guidelines for
the six-minute walk test. Am J Respir Crit Care Med 2002;166(1):111-117 [FREE Full text] [doi:
10.1164/ajrccm.166.1.at1102] [Medline: 12091180]

27. Morris NS, MacLean CD, Chew LD, Littenberg B. The single item literacy screener: evaluation of a brief instrument to
identify limited reading ability. BMC Fam Pract 2006;7:21 [FREE Full text] [doi: 10.1186/1471-2296-7-21] [Medline:
16563164]

28. PHAROS. Quickscan digitale vaardigheden van je patiënten. 2022. URL: https://www.pharos.nl/kennisbank/
quickscan-digitale-vaardigheden-van-uw-patienten/ [accessed 2023-05-30]

29. Baker NA, Polhemus AH, Ospina EH, Feller H, Zenni M, Deacon M, et al. The state of science in the use of virtual reality
in the treatment of acute and chronic pain: a systematic scoping review. Clin J Pain 2022;38(6):424-441 [doi:
10.1097/AJP.0000000000001029] [Medline: 35537072]

30. Goudman L, Jansen J, Billot M, Vets N, De Smedt A, Roulaud M, et al. Virtual reality applications in chronic pain
management: systematic review and meta-analysis. JMIR Serious Games 2022;10(2):e34402 [FREE Full text] [doi:
10.2196/34402] [Medline: 35536641]

31. Wong KP, Tse MMY, Qin J. Effectiveness of virtual reality-based interventions for managing chronic pain on pain reduction,
anxiety, depression and mood: a systematic review. Healthcare (Basel) 2022;10(10):2047 [FREE Full text] [doi:
10.3390/healthcare10102047] [Medline: 36292493]

32. Huang Q, Lin J, Han R, Peng C, Huang A. Using virtual reality exposure therapy in pain management: a systematic review
and meta-analysis of randomized controlled trials. Value Health 2022;25(2):288-301 [FREE Full text] [doi:
10.1016/j.jval.2021.04.1285] [Medline: 35094802]

33. den Hollander M, Smeets RJEM, van Meulenbroek T, van Laake-Geelen CCM, Baadjou VA, Timmers I. Exposure in vivo
as a treatment approach to target pain-related fear: theory and new insights from research and clinical practice. Phys Ther
2022;102(2):pzab270 [FREE Full text] [doi: 10.1093/ptj/pzab270] [Medline: 35084025]

34. Huijnen IPJ, Verbunt JA, Peters ML, Smeets RJEM, Kindermans HPJ, Roelofs J, et al. Differences in activity-related
behaviour among patients with chronic low back pain. Eur J Pain 2011;15(7):748-755 [doi: 10.1016/j.ejpain.2010.11.015]
[Medline: 21195646]

35. Ariens LF, Schussler-Raymakers FM, Frima C, Flinterman A, Hamminga E, Arents BW, et al. Barriers and facilitators to
eHealth use in daily practice: perspectives of patients and professionals in dermatology. J Med Internet Res 2017;19(9):e300
[FREE Full text] [doi: 10.2196/jmir.7512] [Medline: 28874336]

36. Ålander T, Scandurra I. Experiences of healthcare professionals to the introduction in Sweden of a public eHealth service:
patients' online access to their electronic health records. Stud Health Technol Inform 2015;216:153-157 [Medline: 26262029]

Abbreviations
6MWT: 6-minute walk test
ACT: acceptance and commitment therapy
CIR: Centre for Integral Rehabilitation
IMPT: interdisciplinary multimodal pain treatment
HADS: Hospital Anxiety and Depression Scale
PHODA: Photograph Series of Daily Activities
SILS: Single Item Literacy Screener

JMIR Rehabil Assist Technol 2023 | vol. 10 | e47541 | p. 12https://rehab.jmir.org/2023/1/e47541
(page number not for citation purposes)

Ummels et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://journals.sagepub.com/doi/10.1177/1357633X16674087
http://dx.doi.org/10.1177/1357633X16674087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29320966&dopt=Abstract
https://www.jmir.org/2018/5/e10235/
http://dx.doi.org/10.2196/10235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29716883&dopt=Abstract
https://www.mdpi.com/1660-4601/18/10/5147
http://dx.doi.org/10.3390/ijerph18105147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34066296&dopt=Abstract
https://www.syncvrmedical.com/
http://dx.doi.org/10.1089/tmj.2019.0143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31804904&dopt=Abstract
https://journals.lww.com/pain/fulltext/2015/06000/a_classification_of_chronic_pain_for_icd_11.6.aspx
http://dx.doi.org/10.1097/j.pain.0000000000000160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25844555&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6880820&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2008.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19131166&dopt=Abstract
https://www.atsjournals.org/doi/10.1164/ajrccm.166.1.at1102
http://dx.doi.org/10.1164/ajrccm.166.1.at1102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12091180&dopt=Abstract
https://bmcprimcare.biomedcentral.com/articles/10.1186/1471-2296-7-21
http://dx.doi.org/10.1186/1471-2296-7-21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16563164&dopt=Abstract
https://www.pharos.nl/kennisbank/quickscan-digitale-vaardigheden-van-uw-patienten/
https://www.pharos.nl/kennisbank/quickscan-digitale-vaardigheden-van-uw-patienten/
http://dx.doi.org/10.1097/AJP.0000000000001029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35537072&dopt=Abstract
https://games.jmir.org/2022/2/e34402
http://dx.doi.org/10.2196/34402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35536641&dopt=Abstract
https://www.mdpi.com/2227-9032/10/10/2047
http://dx.doi.org/10.3390/healthcare10102047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36292493&dopt=Abstract
https://www.valueinhealthjournal.com/article/S1098-3015(21)01540-0/fulltext?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1098301521015400%3Fshowall%3Dtrue
http://dx.doi.org/10.1016/j.jval.2021.04.1285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35094802&dopt=Abstract
https://academic.oup.com/ptj/article/102/2/pzab270/6515749?login=false
http://dx.doi.org/10.1093/ptj/pzab270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35084025&dopt=Abstract
http://dx.doi.org/10.1016/j.ejpain.2010.11.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21195646&dopt=Abstract
https://www.jmir.org/2017/9/e300/
http://dx.doi.org/10.2196/jmir.7512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28874336&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26262029&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


VR: virtual reality

Edited by M Mulvenna; submitted 29.03.23; peer-reviewed by N Baker; comments to author 02.05.23; revised version received
17.07.23; accepted 31.08.23; published 10.11.23

Please cite as:
Ummels D, Cnockaert E, Timmers I, den Hollander M, Smeets R
Use of Virtual Reality in Interdisciplinary Multimodal Pain Treatment With Insights From Health Care Professionals and Patients:
Action Research Study
JMIR Rehabil Assist Technol 2023;10:e47541
URL: https://rehab.jmir.org/2023/1/e47541
doi: 10.2196/47541
PMID: 37948109

©Darcy Ummels, Elise Cnockaert, Inge Timmers, Marlies den Hollander, Rob Smeets. Originally published in JMIR Rehabilitation
and Assistive Technology (https://rehab.jmir.org), 10.11.2023. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Rehabilitation and Assistive Technology,
is properly cited. The complete bibliographic information, a link to the original publication on https://rehab.jmir.org/, as well as
this copyright and license information must be included.

JMIR Rehabil Assist Technol 2023 | vol. 10 | e47541 | p. 13https://rehab.jmir.org/2023/1/e47541
(page number not for citation purposes)

Ummels et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://rehab.jmir.org/2023/1/e47541
http://dx.doi.org/10.2196/47541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37948109&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

