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Abstract
Background.
Patients with rheumatoid arthritis (RA) are often suffering from pain. Most of the time treatment
with disease-modifying anti-rheumatic drugs (DMARDs) is effective in reducing nociceptive pain,
however, some patients experience nociplastic pain and are still suffering from chronic pain. Since
this treatment is ineffective in reducing this chronic pain, another treatment is necessary. Therefore,
virtual reality (VR) can be a solution, since VR focuses on distraction, education and visualisation
of how pain works, which can help patients manage their pain. Several studies showed that VR
treatment has promising effects on reducing chronic pain. However, its efficacy for RA patients is
still unclear.
Objective.
The primary aim of this pilot study is to investigate the feasibility and applicability of using virtual
reality at home in patients with RA suffering from chronic pain. The secondary aim was to get
indications of VR treatment’s possible efficacy in reducing pain intensity, which can be used for
the upcoming randomized controlled trial (RCT). This RCT will further examine the effects of VR
on chronic pain.
Methods.
A longitudinal pilot study was conducted involving the Reducept intervention at the rheumatology
department of Medisch Spectrum Twente (MST). For this study, a mixed-methods approach is
used. Seven patients with RA suffering from chronic pain participated in this study. Pico VR
goggles with the Reducept application were used. Reducept is a digital training program designed
for people suffering from chronic pain. Participants used the VR goggles for 8 weeks at home.
The primary outcome variables were technical difficulties, satisfaction and cybersickness. These
variables are necessary to determine the feasibility. The secondary outcome variables were the type
of pain, pain intensity, quality of life and self-efficacy. These variables are necessary to determine
the applicability. These variables were measured using the virtual reality sickness questionnaire
(VRSQ), generalized pain questionnaire (GPQ), numerical pain rating scale (NRS), arthritis self-
efficacy scale (ASES) and 36-item short-from health survey (SF-36) respectively. The VRSQ results
are displayed in a heatmap, to see the differences before and after VR use. The GPQ results were
summed up to check if the score is higher than ten. The NRS results were presented in a graph, to
show the progress in 8 weeks. The SF-36 and ASES results were divided into different categories,
to determine each independent score.
Results.
Seven patients participated in the study, with three of them having been part of an earlier cross-
sectional pilot study. One patient dropped out due to cybersickness, while another completed
the study without using the VR goggles. The remaining five participants completed the study as
intended. Most participants did not experience deterioration of virtual reality sickness symptoms,
except for one participant whose symptoms worsened. Fatigue was the most reported symptom,
but its severity remained the same or even improved after VR use. Overall, VR did not worsen
the participants’ symptoms. Besides, the VR goggles were fun and easy to use. With regard to
the exercises, it can be made more challenging. There were no unsolvable problems that occurred
by using VR at home. Three of the five participants are experiencing less pain after using VR,
however, the pain scores fluctuate a lot. The scores for quality of life and self-efficacy are some
points higher after the VR treatment.
Conclusion.
This study demonstrated good feasibility of the VR treatment at home. To keep users engaged,
challenging and diverse exercises are recommended. The applicability of the treatment remains
limited, only small improvements are measured. However, these results give promising indications
for further research, including a longer study period and investigation of different VR applications.
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1 Introduction
Given the complexity of chronic pain in rheumatoid arthritis (RA) patients and the limitations
of existing treatments, alternative treatments are necessary to treat chronic pain and improve the
patient’s quality of life.
RA is an inflammatory and chronic autoimmune disease, which causes inflammation of the joints
[1]. Autoimmune diseases are caused by an unwarranted immune response of an organism against
its own normal body constituents, often resulting in an imbalance between pro-inflammatory and
anti-inflammatory cytokines. RA is the most prevalent inflammatory joint disease in adults, with
a worldwide prevalence of 0.3% to 1% [1]. The typical symptoms of RA patients are pain, stiffness,
and warm and swollen joints [2]. One of the primary consequences of RA is pain, which often
goes along with morning stiffness, sleep disturbance and fatigue, which is called pain interference
[3]. Pain interference refers to the impact that pain has on different aspects of a person’s life.
It describes how pain can hinder the self-efficacy of a person to engage in daily activities. This
leads to lower health status and a worse quality of life [4]. Another major consequence of pain
in RA patients is work disability, which affects 20% to 30% of the patients [5]. This can have a
negative effect on psychological and emotional well-being [6]. For many patients, pain is the main
reason to have a consultation with a rheumatologist. They mostly rate their pain as one of the
highest priorities for improvement [7]. There are differences in pain over time between men and
women [3]. At the beginning of the disease, men experience worse pain. However, women have
less improvement in pain during the first year of treatment. So, women are identified with worse
pain over time than men. In conclusion, the treatment for improving pain needs more attention in
research.

The treatment of RA patients is a continuous process, their disease activity should be evaluated
multiple times per year [2]. The current medication consists of disease-modifying anti-rheumatic
drugs (DMARDs) to suppress the inflammation of the joints, and thus the disease activity [8].
Another commonly used class of medication are non-steroidal anti-inflammatory drugs (NSAIDs),
which effectively control pain, inflammation and stiffness [9]. NSAIDs should always be used in
combination with other medications because only NSAIDs do not slow down the progression of the
disease. The use of DMARDs in the early stage of the disease slows down the progression of the
disease and strongly improves the prognosis. These DMARDs ensure that an increasing number
of patients experience low disease activity [8]. The disease activity of RA patients is measured
with the disease activity 28-joint count score (DAS28) [10]. This score consists of four different
measures; tender joint counts (TJC), swollen joint counts (SJC), erythrocyte sedimentation rate
(ESR) and patients’ general health. A higher DAS28 score means a higher disease activity. A
DAS28 score lower than 2.6 means that the patient is in remission [4]. The level of disease activity
is low for a score lower than 3.2, moderate for a score between 3.2 and 5.1 and high for a score
higher than 5.1.
In most cases the medication treatment is effective, because of its effectiveness in reducing inflam-
matory symptoms [7]. However, more than 75% of the RA patients continue to suffer from pain,
even when having a low disease activity following the DAS28 criteria [11]. Another situation can
occur where the DAS28 is high and the pain complaints are still present, but medication does not
have any effect on the disease activity. This is the case when patients have a lot of tender joints,
a few or no swollen joints, a low ESR and low general health, which also leads to a high DAS
score. So, the DAS28 score is not always representative and pain can be present even when there
is no clinical evidence of disease activity. Medication treatment is often used in combination with
physiotherapy. Physiotherapy is useful in helping patients manage their diseases. Physiotherapists
use different strategies to help patients reduce pain intensity. Education is an important aspect
that is often used to explain to patients about their disease and condition and give options to
improve their quality of life. However, physiotherapy is not effective for all patients to reduce their
pain intensity [12].
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The pain complaints in RA patients are challenging to treat effectively. Therefore, the mechanisms
behind this pain are important to understand, to choose the right treatment. RA patients expe-
rience musculoskeletal pain, this pain can be classified into three types of pain; nociceptive pain,
neuropathic pain and nociplastic pain [11]. The first type of pain is nociceptive pain, which is an
adaptive and high-threshold pain [13]. Nociceptive pain is the early-warning protective system of
the body. It is essential to detect and minimize contact with damaging or noxious stimuli, and
thus prevent damage to the body. Therefore this type of pain is essential for maintaining bodily
integrity. Nociception is the process in which nociceptors detect stimuli produced in case of tissue
damage or inflammation [14]. These nociceptors convert the stimuli into an electrical signal, that is
sent to the peripheral nerves. If the electrical signal is high enough, it will reach the threshold. In
that case, the transmission of the electrical signal towards the brain will start, which travels along
the ascending pathway. The brain will signal this as pain. However, via the inhibitory descending
pathway, the nociceptive information is suppressed [15]. This type of pain can be treated with
NSAIDs, these drugs cause pain relief by decreasing the sensitivity of nociceptors. Due to this type
of medication, patients with nociceptive pain often experience less pain after treatment.
The second type of pain is neuropathic pain which is caused by a lesion or disease of the somatosen-
sory nervous system, in other words, nerve damage [16]. So, the pain persists in the absence of
harmful stimuli. Patients suffering from neuropathic pain often report a lower quality of life and
used pain medication more often. RA patients experience symptoms that look like symptoms of
neuropathic pain, however, there is no nerve damage, which means it is not neuropathic pain. RA
patients experience these symptoms, because of deregulation of pain mechanisms. These symp-
toms may represent central sensitisation, which is a form of nociplastic pain. This third type of
pain is defined as pain that arises from altered nociception although no clear evidence of actual or
threatened tissue damage causing the activation of peripheral nociceptors or evidence for disease
or lesion of the somatosensory system causing pain [11]. Central sensitisation is the increased
responsiveness of nociceptive neurons, this hypersensitivity lies in the central nervous system. Al-
tered nociception causes hyperalgesia, which means that the pain sensitivity is increased [17]. A
stimulus that usually provokes pain now provokes increased pain sensitivity. Another problem that
is caused by nociplastic pain is allodynia, which causes pain due to a non-painful stimulus. In this
case, people often experience pain from softly touching their skin. This nociplastic pain could be
the reason for chronic pain in RA patients, where chronic pain lasts longer than 6 months. This
is mainly caused by the imbalance between the pain stimulus and the pain suppression. If the
pain stimulus input is larger than the pain suppression, this results in pain perception [18]. This
nociplastic pain perception also depends on past cognitive activities [19]. In conclusion, nociceptive
pain and neuropathic pain can be treated with medication. For nociplastic pain and thus chronic
pain, medication is not effective and another treatment is necessary.

Chronic pain is not only affected by stimuli and sensitisation but also by previous experiences of
pain, neuroplasticity, pain memory and stress [19]. This makes it difficult to treat chronic pain
in the right way since pain is different for each person, because of the different biological and
psychological factors that influence pain. Medication often reduces the disease activity of RA pa-
tients as well as nociceptive pain complaints. However, the pain intensity of people experiencing
nociplastic pain is not reduced. So, several treatments like medication and physiotherapy, are not
always effective in reducing all types of pain. Therefore, additional treatment is needed to reduce
nociplastic pain, like behavioural treatment.
Virtual reality (VR) can be a good solution since it uses different types of behavioural treatment.
Virtual reality is a system that creates a computer-generated world. This world can be reached by
using VR goggles. When wearing these VR goggles, the user will be fully immersed in the vision
field of the VR environment and can also interact with it [20]. Immersion in a VR system refers to
the level of sensory input generated by the system through visual, auditory, tactile, and olfactory
stimuli [21]. It determines the extent to which users feel deeply engaged in the virtual environment.
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On the other hand, presence in a VR system is the user’s subjective sense of being present within
the virtual world while using the system. It reflects the feeling of ”being there” in the virtual envi-
ronment. Both immersion and presence contribute to the overall VR experience, with immersion
directly influencing presence by enhancing the user’s sense of being present in the virtual world
[21]. The immersion and presence ensure that the user gets distracted from the normal world and
has less attention to process incoming pain signals [22]. Distraction is one of the reasons that VR
can reduce acute pain [21]. However, distraction on its own can not reduce chronic pain, there-
fore types of behavioural treatments need to be involved. like behavioural therapy, visualisation,
stress relief and education. These aspects are often processed in different VR environments. These
behavioural treatments are important to treat the other factors that influence chronic pain, like
psychological and cognitive factors.
Virtual reality interventions need to meet five characteristics to be effective for acute pain man-
agement [23]. When all these criteria are met, a good VR environment is reached, which is fully
focused on the immersion and presence of the environment. In that way, the VR environment gets
users distracted from the normal world and the VR seemed to be perfect for reducing acute pain
complaints. To be effective in chronic pain reduction, types of behavioural treatment need to be
added. So, the VR environment needs to meet the following criteria:

• The user needs to feel present in the virtual world, when this is the case, the user is distracted
from adverse stimuli. Increased presence is associated with a VR that is more effective in
pain management.

• Interactivity between the virtual world and the user is important. It supports physical
involvement and pain tolerance.

• Social interaction in the virtual world can help the user with distraction from the real world.
• Personalization of the virtual world can be effective, users can decide what works best for

them.
• The embodiment of the avatar in the virtual world can help the user to feel fully immersed.

Several studies showed that the use of VR could be a solution to help people manage their chronic
pain [24, 25, 26, 27]. These studies did however not focus on VR treatment at home in RA patients,
which is why this still needs to be investigated. However, looking at the results of these studies can
shape expectations for RA patients. These studies focus on the feasibility and applicability of VR,
which need to be defined first. Feasibility in this context refers to whether or not the treatment of
RA with VR from home is practical. Applicability, on the other hand, evaluates the effectiveness
and relevance of reducing chronic pain.
Participants who participated in earlier studies including VR treatment did not report any tech-
nical difficulties [24]. They also not reported any adverse effects when using the VR device [25].
Participants reported that the VR device was enjoyable and comfortable to use [26]. They rated
the VR device with high levels of satisfaction. They were involved in the treatment and considered
VR as a useful treatment [27]. The use of VR causes cybersickness on a low level, which has no
negative effect on the VR use [24]. Besides, the high engagement of participants and their satisfac-
tion combined with few adverse effects support the feasibility of VR for chronic pain [24]. As well
as the positive and comfortable experiences with VR [26]. All studies showed positive outcomes
in pain reduction and self-reported disability, which give promising effects for the applicability of
the treatment. However, they also acknowledged the need for further research with larger study
populations [24, 25, 26, 27]. Given the good feasibility and applicability of using VR at home,
there are potential benefits to further research [24].
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While there is a variety of VR applications available at the moment, this research focuses on
VR goggles with the Reducept application installed. Nowadays, Reducept is used by over 200
chronic pain professionals in the Netherlands [28], who discovered the benefits of adding Reducept
to their treatment program. Reducept was developed specifically for patients with chronic pain
and is based on scientific research [29, 30, 31]. Different studies are performed with the Reducept
application, which gives promising effects on reducing chronic pain [32]. However, the VR treat-
ment for RA patients at home is not investigated yet.
Reducept is an exercise program that uses VR to reduce chronic pain [28]. It uses different aspects
of behavioural treatments. Behavioural treatments focus on changing behaviour [33]. In this case,
it is used to change maladaptive thoughts, feelings and behaviours, such as the experience of pain.
Previous studies showed that behavioural treatment reduces the severity of chronic pain [24, 25].
Reducept distracts patients from their pain, which makes them experience it less. The different
aspects of behavioural treatment that Reducept uses are cognitive-behavioural therapy, acceptance
and commitment therapy, eye movement desensitization and reprocessing, pain education, mind-
fulness techniques, and gamification. All different aspects were processed in the different games in
Reducept. These games represent a journey through the nervous system, to learn how pain works
in the body. The goal of Reducept is to train the brain to deal with pain in a different way with
different behavioural treatments [28]. This is important to treat nociplastic pain since the brain
has a big influence on the pain intensity.

The different aspects behind Reducept need a better explanation to understand the working mech-
anisms for improving pain complaints. First, cognitive-behavioural therapy (CBT) focuses on
changing behaviour, which indicates pain, disability and catastrophic thinking [34]. It is a skill-
based treatment, which encourages patients to apply learned skills to overcome health problems
[20]. CBT consists of different mechanisms to change behaviour such as increasing self-efficacy as
well as learning to decrease negative emotional responses which are also related to mindfulness
[35]. CBT is effective in helping patients decrease the severity of pain.
Second, acceptance and commitment therapy (ACT) prioritises helping people accept pain to im-
prove function [36]. ACT focuses on psychological flexibility as the main goal of the treatment.
Psychological flexibility is the ability to change a behaviour pattern depending on one’s goal and
the situation [37]. Changing behaviour will focus on realizing valued goals instead of pain control.
Third, eye movement desensitization and reprocessing (EMDR) is a therapy that can be used to
treat negative life experiences, such as pain [38]. EMDR aims to reduce stress and strengthen
adaptive cognition. EMDR seems to have an effect on the treatment of pain [39]. It is proving its
value in decreasing negative associations in chronic pain.
Fourth, the gate control theory is processed in some exercise of Reducept [19]. This theory suggests
that pain is not a direct result of sensory input but is also influenced by cognitive factors. Overall,
it means that cognitive factors can modify the transmission of pain signals in the spinal cord.
Last, some aspects are processed in the different exercises in the Reducept application, such as
education and gamification. Education is used to improve patients’ understanding and control
of their pain. Gamification is using game design principles like points, achievements and levels
[20]. This is used to support user engagement. User engagement refers to the level of interest and
involvement of the users with the application. All these aspects are necessary for this application
to effectively reduce pain.
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Earlier, a cross-sectional pilot study was performed to assess the applicability of the Reducept
application in patients with RA and chronic pain [40]. The study explored the feasibility and ap-
plicability of using VR goggles, focusing on user experience, pain intensity, virtual reality sickness
symptoms, and the working mechanisms of the VR system. However, this study only involved
participants using VR goggles once. The results showed that participants barely experienced VR
sickness symptoms. Overall, participants reported a good user experience and a positive attitude
towards VR. Although this study provided indications into usability, further research is needed to
investigate the usability and applicability for a longer period. The overall goal of this pilot study
is to set up a randomised controlled trial (RCT) where the VR system is used by the patients for
a longer period at home. The patients need to use the VR headset at home, that way, patients
can integrate the VR treatment into their daily life without the need for frequent hospital visits.

To conclude, there were multiple studies performed on the VR treatment in patient groups with
chronic pain other than RA. These studies showed that VR can have a possible effect on managing
chronic pain. The goal of Reducept is to train the brain to deal with pain in a different way [28].
While this treatment is used in multiple chronic pain conditions, its efficacy in RA has not been
investigated yet. Therefore, this research assesses the feasibility and applicability of VR use at
home in RA patients. Feasibility in this context refers to whether or not the treatment of RA
with VR from home is practical. Applicability, on the other hand, evaluates the effectiveness and
relevance of reducing chronic pain.
A longitudinal study is set up to study the VR use at home in RA patients for 8 weeks. This 8
weeks period allows patients to become familiar with the VR headset and enables the collection of
sufficient data points to determine the long-term effects. If the feasibility and applicability of VR
use present promising results, an RCT can be conducted to further examine the effects of VR on
chronic pain.
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1.1 Objectives
For this study, the following research question has been set up to investigate if VR can be a possible
treatment for RA patients suffering from chronic pain.

• What is the feasibility and applicability of using VR at home for 8 weeks in patients with
RA suffering from chronic pain?

This research question is divided into three sub-questions. These three sub-questions are necessary
to determine the feasibility of using VR as a possible treatment for RA patients.

• Do patients experience any technical difficulties with using the VR headset at home during
8 weeks?

• Are patients satisfied with the VR treatment?

• Do patients get cybersickness from using the VR headset for 8 weeks?

Four other questions are set up about the possible efficacy of VR treatment in reducing pain inten-
sity. These questions are necessary to determine the applicability and to give possible indications
for the RCT study. This research can not give explicit answers, because of the small sample size.
However, it is useful for the RCT study.

• What are the possible positive and negative effects of VR use?

• Are there any possible effects on the pain intensity of the patients after using the VR headset?

• Are there any possible effects on the patient’s quality of life after VR use?

• Are there any possible effects on the patient’s self-efficacy after using the VR headset?

Hypothesis
Since different studies showed that VR can reduce chronic pain, it is expected that in this study
it will also reduce the chronic pain of RA patients [24, 25, 26, 27]. The earlier cross-sectional
pilot study showed that patients did not experience a lot of virtual reality sickness symptoms
[40]. For this study, it is expected that the period of 8 weeks of VR use, will not have any effect
on this outcome. No big, unsolvable problems are expected to occur since different longitudinal
studies showed no adverse effects [24, 25, 26, 27]. Internet connectivity issues and problems with
running the application will probably occur with the use of VR at home, but this can all be
solved by contacting the researcher. The satisfaction of the VR treatment will be good if the user
engagement is good, based on an earlier study [24]. Concluded, it is expected that the use of VR
for 8 weeks has good feasibility and applicability.
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2 Methods
2.1 Design
This was a longitudinal pilot study involving the Reducept intervention applied in a patient group
diagnosed with RA suffering from chronic pain. All questionnaires were in Dutch because all
participants are Dutch. For this study, different questionnaires were administered. This study
was conducted between January 2023 and May 2023. For this study, a mixed-methods approach is
used. The study was approved by Wetenschapsbureau Medisch Spectrum Twente (MST) (K20-17).

2.2 Setting
This pilot study is conducted at the rheumatology department of MST. Earlier a cross-sectional
pilot study is conducted about the applicability of VR in reducing pain. After the completion
of this study, a randomized controlled trial (RCT) will be set up. The goal of this RCT is to
investigate if VR causes a significant pain reduction over a longer period.

2.3 Study population
The population for this study consisted of patients with RA suffering from chronic pain. For the
recruitment of these patients, multiple inclusion and exclusion criteria were applied. All patients
were recruited from the rheumatology department of MST. There was checked if the patients
participated in the cross-sectional part of this study. The goal was to include at least four patients
who participated in the cross-sectional study.
Inclusion criteria:

• Aged 18 and over.
• Diagnosed with rheumatoid arthritis.
• Disease duration 2 years or more.
• Chronic pain: visual analogue scale (VAS) ≥ 4 [8].
• Low disease activity: DAS28 < 3.2 on 2 moments with minimal 6 months in between or

DAS28 < 3.2 on 1 moment + opinion of the rheumatologist or a difference between tender
joint count (TJC) and swollen joint count (SJC) ≥ 4 on 2 or more moments with minimal 6
months in between [4].

• Sufficient level of Dutch.
• Informed consent given.

Exclusion criteria:
• Active RA.
• No pain complaints at the moment of inclusion (VAS < 4).
• Severe audiovisual limitations, which make it impossible to use the VR headset.
• One of the following comorbidities: dizziness, limited cognition, visual complaints, balance

disorder or claustrophobia in such a manner that VR use is impossible.
• Other causes for tender joints such as severe joint damage or osteoarthritis.
• Diagnosed with psychotic disorders.
• Diagnosed with dementia.
• No access to the internet.

Patients who met all the criteria were called for interest and received the informed consent form
(see appendix A) with more information about the study. A week later, patients were called and
if interested, invited for a first appointment at the MST.

2.4 Intervention
For this study, VR goggles (PICO G2 4K, Android OS 8.1.0) were used with the application
Reducept (version 1.12.5) [28]. Reducept is a digital training program designed for people suffering
from chronic pain. This program teaches patients to deal with their pain in a different way. This
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is done by a virtual journey through the nervous system, in which the patient is provided with
an explanation of how pain works. During the journey, the patient is offered different exercises
that cover a part of the nervous system. These different parts are; the nerves, the spinal cord, the
brain, the alarm centre and the control room.
The exercise about the nerves (appendix M.1) focuses on visualization and pain education. In
this exercise, the patient is in their nervous system, it is a visualization of how to take control of
threat-related stimuli in the nervous system. In this exercise, the patient destroys the stimuli, these
threat-related stimuli protect the body against danger and can cause pain. People with chronic
pain can have active stimuli even if there is no damage. This visualization allows the brain to
respond with less pain.
The spinal cord exercise (appendix M.2) focuses on CBT, gate control theory and education. The
main learning point is that positive thoughts and relaxation can help the patient to get a better
grip on pain complaints. In this exercise, they see that all nerves, and thus threat-related stimuli,
come together in their spinal cord. Before the stimuli enter the spinal cord, they must pass through
a gate. This gate allows fewer stimuli if they feel positive and relaxed, which is based on the gate
control theory.
The brain exercise (appendix M.3) focuses on EMDR and pain education. The most important
educational principle is the fact that when the more often the patient has pain, the stronger the
brain responds to pain, which is called central sensitisation. The key takeaway is that the brain is
flexible and can become less effective in creating reactions that cause pain.
The alarm centre exercise (appendix M.4) focuses on ACT, visualization and pain education. The
alarm centre in the brain is where all stimuli arrive, it determines how many stimuli go on to the
brain. The alarm centre can react more sensitively and pass on many stimuli, but it can also decide
not to. The way people direct their attention affects the sensitivity of our alert centre. Before
the stimuli can enter the alarm centre, users can destroy the negative stimuli. This is based on
psychological flexibility.
The control room exercise (appendix M.5) focuses on CBT, mindfulness and pain education. In
this exercise, patients learn how to stay in touch with their bodies, as well as how to recognize
and let go of negative thoughts. Every time patients play this exercise, they train their brains and
create new connections in their brains, these new connections are different from the connections
that cause pain.

2.5 Data collection
The data collection consisted of two digital questionnaires in Qualtrics and one on-paper question-
naire. These questionnaires are based on the different outcome variables. The primary outcome
variables are technical difficulties, satisfaction and cybersickness of VR. These are measured using
the evaluation questionnaire and the virtual reality sickness questionnaire (VRSQ) [41]. These
variables are necessary to determine the feasibility of the VR treatment. The secondary outcome
variables were the type of pain, pain intensity, quality of life and self-efficacy. These variables
were measured using the generalized pain questionnaire (GPQ) [42], numerical pain rating scale
(NRS) [43], 36-item short-form health survey (SF-36) [44] and arthritis self-efficacy scale (ASES)
[45] respectively. These variables are necessary to determine the applicability of the VR treatment.
The digital questionnaires included also questions about patient characteristics and comorbidities.
The questionnaires about characteristics and comorbidities, the VRSQ, GPQ, SF-36 and ASES
were administered in week 0 before VR use. In week 0 the VRSQ is also administered after VR
use. The NRS questionnaire was administered twice a week, for a period of eight weeks. In week
8 the VRSQ, SF-36 and ASES were administered after VR use. All questionnaires were validated
and translated into Dutch because all the participants speak Dutch at a sufficient level. All these
questionnaires were used in earlier research at the MST.
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2.5.1 Characteristics and comorbidities

The first questionnaire contains some questions about the characteristics of the participants as
well as possible comorbidities. The characteristics questions (see appendix F) were about age,
gender, educational level, use of analgesics and other diseases than RA. The use of medication
was gathered from the electronic patient dossier. The comorbidities questions (see appendix G)
were about possible comorbidities that have a negative influence on using VR goggles, especially
focused on cybersickness. These two questionnaires were administered in week 0 before using the
VR goggles.

2.5.2 Virtual reality sickness questionnaire

The first outcome variable, cybersickness of VR use, was measured by the virtual reality sickness
questionnaire (VRSQ) [41]. The cross-sectional pilot study did forward-backwards translation
for this questionnaire [40]. This questionnaire contains ten items, which incorporate symptoms
that often occur in virtual reality sickness. The question is ‘To what extent do you currently
experience…’ (‘In welke mate heeft u nu last van…’). Each item can be rated by ‘none’ (‘niet’),
‘slight’, (‘licht’), ‘moderate’ (‘matig’), and ‘severe’ (‘ernstig’). The total questionnaire can be found
in appendix H. This questionnaire was administered at the first appointment in week 0, before and
after using the VR goggles and in week 8 after using the VR goggles.

2.5.3 Generalized pain questionnaire

The second outcome variable, pain experience, was measured by the generalized pain questionnaire
(GPQ) [42]. The GPQ is specially developed for generalized pain sensitivity, which is frequently
observed in chronic pain conditions. This questionnaire can divide the different pain phenotypes, a
score higher than 10 suggest that the patient experience chronic pain due to hyper-sensitization, or
in other words nociplastic pain [42]. The GPQ consists of 7 items. Each item can be rated by a 5-
point Likert-scale by 0=‘never’ (‘niet’), 1=‘hardly noticed’ (‘nauwelijks’), 2=‘moderate’ (‘matig’),
3=‘strongly’ (‘hevig’), 4=‘very strongly’ (‘zeer hevig’). All answers were transformed into numbers
like the 5-point Likert scale. The total questionnaire can be found in appendix I. This questionnaire
was administered at the first appointment in week 0 before using the VR goggles.

2.5.4 Numerical pain rating scale

The third outcome variable, pain intensity, was measured by the numerical rating scale (NRS)
[43]. This scale was used for the question ‘How much pain do you experience at this moment?’
(‘Hoeveel pijn heeft u op dit moment?’). The scale ranged from 0 to 10, where 0 represents ‘no
pain at all’ (‘geen pijn’) and 10 represents ‘worst pain ever possible’ (‘ergst denkbare pijn’). The
total questionnaire can be found in appendix D. This on-paper questionnaire was administered
during the eight weeks of patients using the VR goggles. The questionnaire was filled in twice a
week.

2.5.5 36-item Short form health survey

The fourth outcome variable, quality of life, was measured by the 36-item short-form health survey
(SF-36) [44]. This questionnaire measures eight different categories; physical functioning, role
limitations due to physical health problems, bodily pain, general health, vitality, social functioning,
role limitations due to emotional problems and emotional well-being. It contains also one question
about the change in health in the last year. All items were rated differently however, every item
was scored in a 0 to 100 range. A higher score indicates a more favourable health state. The total
questionnaire can be found in appendix J. This questionnaire was administered in week 0 and week
8.
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2.5.6 Arthritis self-efficacy scale

The fifth outcome variable, self-efficacy, was measured by the Arthritis self-efficacy scale (ASES)
[45]. This questionnaire was translated and validated by Taal et al. [46]. This questionnaire con-
sists of twenty items about how certain people are to perform an activity or achieve any results. The
twenty items were divided into three categories; managing pain, physical function and controlling
other symptoms. Each item can be rated by ‘strongly agree’ (‘volkomen juist’), ‘agree’ (‘groten-
deels juist’), ‘neutral’ (‘neutraal’), ‘disagree’ (‘grotendeels onjuist’), ‘strongly disagree’ (‘volkomen
onjuist’). This rating can be changed to scores, a higher score indicates a greater self-efficacy
in managing pain. The total questionnaire can be found in appendix K. This questionnaire was
administered in week 0 and week 8.

2.5.7 Questions for evaluation

At last, some questions for evaluation were processed in the questionnaire in week 8. These
questions are about how the participants experienced the study and how they performed the study.
These questions were selected from the questionnaire about measuring user experience in virtual
immersive environments [47]. These questions are about technical difficulties and satisfaction with
the VR treatment experienced by the participants. The answers are also used for the strengths
and limitations of this research. These aspects can be used for the RCT later on. All evaluation
questions can be found in appendix L.

2.6 Procedure
At the start of the experiment, the participants had a first appointment at the MST. At this first
appointment, the participants were asked to sign the informed consent form (see appendix A) and
the receipt of the VR goggles (see appendix B). After that, the participants were asked to fill in
the first questionnaires on a tablet. These questionnaires are characteristics, comorbidities, VRSQ,
GPQ, SF-36 and ASES. Next, they get an instruction about how to use the VR goggles. Then
they were asked to use the VR goggles and play the introduction exercise and the nerves exercise
of the application. Afterwards, participants were asked if they fully understood it and knows how
to use it at home. The participants needed to connect the VR headset to the WiFi network at
home, which is important for the researcher to see the progress of the participant. Therefore,
this is explained very precisely. Finally, they answered again the VRSQ on the tablet. A new
appointment was made after eight weeks. After the appointment, the participants took the VR
goggles, a manual for the VR goggles (appendix C), the NRS questionnaire (appendix D) and an
explanatory letter home (appendix E) as well as a copy of the signed forms. The participants were
asked to use the VR goggles a minimum of three times a week. The goal was to use the VR goggles
for approximately 15 minutes. They used the VR goggles for 8 weeks. During these eight weeks,
they filled in the NRS questionnaire twice a week. If the participants had any questions regarding
the study, they were able to contact the researcher by telephone or email. In week 1 the patients
were called if they were able to use the VR goggles and fill in the questionnaire. After 8 weeks, the
participants came back for their last appointment. At this appointment, they used the VR goggles
one more time and filled in the last questionnaires. They were also asked about their experience.
The procedure is also presented in figure 1 for a schematic overview.
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Figure 1: Flowchart of the procedure.

2.7 Data analysis
All responses to the questionnaire were exported from Qualtrics to Excel. All questions were sorted
per questionnaire and irrelevant data is removed. This irrelevant data consists of the time and
date the questionnaire was filled in, which is not important for the results. In Excel different
analyses were executed. The characteristics and comorbidities of the participants were sorted in a
demographic table, to get directly an overview of the study population. The results of the VRSQ
were presented in a heat map. Each item was indicated with a colour, which presents the severity
of the symptom. This is a good visualization to directly see the severity of the symptoms. The
results of the VRSQ before VR use and after VR use were compared. With this comparison can
be checked if the symptom appeared due to VR use or not.
The GPQ results were transformed into numbers like the 5-point Likert scale, where 0 means never
and 4 means very strongly. All items of the GPQ questionnaire were summed up, the total score
varies between 0 and 28. These scores were presented in a table.
The NRS results were copied to Excel as well. From these NRS pain scores a graphic can be made.
This graphic shows the progress of the pain score in 8 weeks.
The results of the SF-36 questionnaire were transformed into scores from 0 to 100. This was done
by following the scoring rules for the SF-36 [44]. After scoring all questions, the eight different
categories can be averaged. The scoring rules tell which item belongs to which category. In this
way, for each different category, an average score can be determined. These scores were presented
in a table. A higher score means a better quality of life. The results of the ASES were changed into
scores from 1 to 5. The ASES consists of 3 different categories, the scores from the categories are

11



added to each other and divided by the number of items. So for each category, an average score
is determined. These scores were presented in a table. A higher score means a more favourable
health state. The questions about user experience are presented in a heat map. The answers
to the other evaluation questions are explained in the result section. Furthermore, no statistical
tests were performed since there were only seven participants included in the study. Therefore, all
analyses are exploratory.
The feasibility depends on three different aspects; technical difficulties, satisfaction and cybersick-
ness. Feasibility refers to whether or not VR treatment at home for RA patients with chronic pain
is practical. A high feasibility is observed when the VR headset is easy to use by patients and no
unsolvable problems occurred when using VR goggles. If the headset is enjoyable and the users are
engaged, feasibility improves. When this is not the case, patients will not use the VR, which means
they are not following the treatment. The reduction in pain complaints leads to good satisfaction,
and thus also affects the feasibility. Lastly, a low or manageable level of cybersickness indicates
good feasibility. When there are no technical difficulties and high satisfaction, but the symptoms
of cybersickness are moderate, the feasibility is not good.
The applicability depends on the pain intensity, quality of life and self-efficacy. Applicability evalu-
ates the effectiveness and relevance of reducing chronic pain. The intervention needs to be relevant
to the problem, therefore the applicability is important. A positive evaluation of applicability
can be achieved if any one of these aspects improves while the others remain unchanged. This
indicates that the treatment is beneficial. However, great applicability is reached when all three
aspects show improvement. This shows the effectiveness of VR use.
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3 Results
In the end, seven patients participated in the study, whereof three patients participated in the
earlier cross-sectional pilot study. One patient dropped out after the first appointment due to
cybersickness, this patient was not able to wear the VR goggles for a longer time. Another patient
completed the 8 weeks follow-up but had not used the VR goggles at all and did not fill in the
NRS questionnaire, because this patient was not feeling well and did not feel like using the VR
headset. The other 5 participants completed the study as intended.

3.1 Patient characteristics and comorbidities
The characteristics and the comorbidities of the participants are presented in the demographic
table 1. This gives an overview of the study population that participated in this study. The study
group consist of five women and two men. Three participants use only DMARDs and the other four
participants use DMARDs in combination with NSAIDs. Six of the seven people use analgesics
in combination with DMARDs. Two participants reported that they have balance problems and
one of them reported dizziness. These comorbidities had no negative effect on VR use for these
participants. One participant reported a fear of heights and was not able to use the VR device
and resulting in their withdrawal from the study.

Table 1: Participant characteristics.

Gender, n
Male 2
Female 5

Age group (years), n
50-60 4
60-70 2
70-80 1

Educational level, n
Primary 1
Secondary 2
MBO 2
HBO 2
WO 0

Medication use, n
DMARD only 3
DMARD and NSAID 4

Analgesic use, n
Yes 6
No 1

Comorbidities, n
Balance problems 2
Dizziness 1
Fear of heights 1
No comorbidities 4

3.2 Virtual reality sickness questionnaire
The results of the VRSQ are presented in three different heat maps. The heat map in figure 2
shows the results of week 0 before using the VR goggles, and figure 3 the results of week 0 after
using the VR goggles. The difference between these two figures shows the effect of VR on the
severity of the symptoms. There can be seen if the symptom was already reported before using
the VR goggles or if it appeared after using the VR goggles.
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Figure 2: Heat map of the results of virtual reality sickness questionnaire before VR use at week 0. The
different colours present the severity of the symptoms, where green means none, yellow means slight, orange
means moderate and red means severe. The results of VR2 are not shown.

Figure 3: Heat map of the results of virtual reality sickness questionnaire after VR use at week 0. The
different colours present the severity of the symptoms, where green means none, yellow means slight, orange
means moderate and red means severe.

When looking at figure 2 and figure 3, there can be seen that the majority of the patients did not
experience any virtual reality sickness symptoms or only reported slight symptoms. Participant
VR3 is suffering from severe general discomfort before VR use. However, after VR use general
discomfort has been reduced to no suffering. Participant VR5 is slightly suffering from general dis-
comfort after VR use and was not suffering from this before VR use. So, except for one participant
slightly suffering from general discomfort, VR use did not provoke general discomfort. Fatigue is
the most reported symptom. Comparing before and after VR use, the severity of the symptoms is
equal or less after VR use. This means that VR use did not worsen fatigue.
Three participants indicated to be slightly suffering from eyestrain after VR use, all these three
patients were also slightly suffering from eyestrain before VR use. Participant VR6 indicated to
be slightly suffering from eyestrain before VR use, however, after VR use suffering from eyestrain
has been reduced. This means that VR use did not cause eyestrain. Three participants indicate to
be slightly, moderately and severely suffering from difficulty focusing after VR use. However, all
these three patients indicate the same severity of the symptom before VR use. This means that
VR use did not provoke difficulty focusing.
Participant VR7 indicates to be severely suffering from a headache before and after VR use. All
other participants are not suffering from a headache. This means that VR did not cause a headache.
Besides, participant VR7 is moderately suffering from the fullness of the head before and after VR
use. Participant VR2 is suffering from severe fullness of the head before VR use, and after VR
use suffering from this symptom has been reduced. So, this means that fullness of the head is not
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caused by VR use.
Two participants indicated having slightly or moderately blurred vision. They indicated the same
severity before and after VR use. All other patients have no blurred vision. This means that
VR use did not cause blurred vision. All participants indicated to be not suffering from dizziness
before VR use. After VR use, participant VR7 indicated to have slight dizziness. Dizziness is not
caused by VR use, except for one participant.
Participant VR7 is moderately suffering from vertigo before VR use. After VR use suffering from
vertigo is increased to severe. So, for this participant, the VR use makes the severity of the symp-
tom worse. All other patients are not suffering from vertigo before and after VR use. Overall, VR
use did not provoke vertigo. All participants indicated not suffering from nausea before VR use.
After VR use participant VR7 indicated to be moderately suffering from nausea, this patient was
dropped out of the study, because of this symptom. The other patients were not suffering from
nausea at all. So, except for one participant, VR did not cause nausea.
To summarize, four out of seven participants did not notice any increase in symptoms after VR use.
Two other participants experienced a symptom that they did not have before VR use. Participant
VR7 already had vertigo, but after VR use it get worse and even experienced two new symptoms.
The most reported symptom before VR use was fatigue, however, VR use did not impact the
severity of this symptom.

Figure 4: Heat map of the results of virtual reality sickness questionnaire after VR use at week 8. The
different colours present the severity of the symptoms, where green means none, yellow means slight, orange
means moderate and red means severe.

When looking at figure 4, still most reported severity of the symptoms is none or slight. Comparing
these results with the results in figure 3, there is a lot of difference between the severity of the
symptoms. Participants VR1 and VR2 experienced a lot of slight or moderate symptoms, while
after VR use in week 0, they reported suffering from two symptoms. Participant VR2 reported
severe general discomfort, fatigue and eyestrain. In week 0 they reported only slight fatigue. Two
other participants reported one less symptom in week 8 compared to week 0. Participant VR6
is still slightly suffering from one symptom, however, this symptom differs between the different
measurements. To summarize, three participants experienced more cybersickness symptoms at
week 8 and three experienced fewer symptoms.

3.3 Generalized pain questionnaire
The total scores of the GPQ are presented in figure 5. A score higher than ten represents hyper-
sensitization, a symptom of nociplastic pain. Nociplastic pain is most of the time the reason that
RA patients suffer from chronic pain. So, the four participants with a score higher than ten,
probably have nociplastic pain. Two patients have a score of almost ten. One patient has a score
of two, indicating minimal symptoms of nociplastic pain.
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Figure 5: Total scores of the GPQ per patient. The red line is the threshold hyper-sensitization.

3.4 Numerical pain rating scale
Figure 6a presents the results of the NRS questionnaire, which show the pain scores of each
patient over a period of 8 weeks. The results of participant VR2 are not displayed, because the
NRS questionnaire was not filled in by this participant. While some participants reported nearly
similar pain scores over this period, participant VR3 reported varying pain scores, ranging between
one and ten. In the end, three participants scored lower after 8 weeks, one participant remained
the same and one scored higher. Figure 6b displays the average pain score of all patients, the pain
score fluctuates between four and six. There is no reduction in pain complaints over time.

(a) Pain scores per patient over 8 weeks. (b) Average pain score over 8 weeks.

Figure 6: The pain scores administered from the NRS questionnaire.

3.5 36-item Short form health survey
The results of the SF-36 are presented in table 2. The table shows the scores for every different
category of the questionnaire. A higher score means a better quality of life. In the bottom row, the
average of all participants is calculated. It shows that the category pain has the lowest score, which
means that pain has the worst influence on the quality of life. Two participants reported a score
of 0, which means that their pain is at its worst. The category with the highest score is emotional
well-being. The emotional well-being of the participants is good and did not affect their quality
of life that much. The category health change scores 33, which means that most participants are
feeling worse than a year ago. Looking at the results of week 8, the average pain score improved
by 14 points. When looking at individual scores, the scores of four participants improved. The
score of participant VR3 stays the same and the score of participant VR4 decreased by 13 points.
Most categories are improved over 8 weeks, except for emotional well-being and social functioning.
The category emotional well-being still has the highest score, but it is lower than in week 0. Three
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participants scored lower after 8 weeks.
The averages for weeks 0 and 8 are also visually presented in figure 7, to have an overview of the
comparison between the two moments.

Table 2: Results of the 36-item short form health survey in week 0 and week 8.

Figure 7: Total scores of the 36-item short form health survey per patient for week 0 in blue and week 8 in
orange.

3.6 Arthritis self-efficacy scale
The results of the ASES are presented in table 3. The tables show the scores for the three different
categories. At the bottom row, the average score of all participants is calculated. A higher score
means better self-efficacy. The category managing pain has the lowest score at week 0. The
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categories of physical function and controlling other symptoms have the same score of 3.6. This
means that the participants are not that satisfied with their capability in managing their pain.
They are more satisfied with their capability to physical functioning and control other symptoms.
At week 8, the category of managing pain improved, except for participant VR6, who scored lower,
and for participant VR3 who scored the same. The category of physical function scores a bit lower
after 8 weeks. Two participants scored higher and the other four participants scored lower. In the
category controlling other symptoms, three participants scored higher, participants VR4 and VR6
scored the same and participant VR3 scored lower. The averages of weeks 0 and 8 are also visually
presented in figure 8, to have an overview.

Table 3: Total scores of the arthritis self-efficacy scale per patient in week 0 and week 8.

Figure 8: Total scores of the ASES per patient for week 0 in blue and week 8 in orange.

3.7 Evaluation questions
Participants were asked to rate five questions about the user experience with the VR goggles. The
results of these questions are presented in a heat map in figure 9. The results of participant VR2
are not displayed, because this participant did not use the VR goggles.
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Figure 9: Heat map of the user experience. The heat map consists of five colours, where green means
totally agree, yellow means agree, light orange means neutral, orange means disagree and red means totally
disagree.

The heat map in figure 9 shows that four of the five participants had fun using the VR goggles.
Participant VR3 agreed also with the statement about fun to use, but not totally agreed. The
statement challenging to use scored much lower and differed among the participants. They stated
that after doing all exercises, it was not challenging anymore, because it was the same routine
every time. Four of the five participants stated that the VR goggles were easy to use. Participant
VR3 stated disagreed with this statement, because of some problems that occurred. Three partici-
pants stated that the VR goggles were fun by repeated use. Two participants did not totally agree
herewith. Fun by repeated use depends on the statement challenging to use. When the headset is
not challenging enough, after a while, it is not fun anymore. Regarding the statement about fixing
problems, it was rated neutral two times and totally agree three times.

Participants were asked to use the VR goggles a minimum of three times a week. Participant VR2
did not use the VR goggles at all. Two other participants used the VR goggles two times a week.
They did not enjoy the exercises that much, which is why they found it hard to use the VR goggles
multiple times. Two other participants used the VR goggles 3 times a week. Participant VR6 used
the VR goggles sometimes 5 times a week. They stated that when they have a lot of pain, they
used VR goggles. All participants used the VR goggles not at a fixed time. They used it when
having a lot of pain.

Participants were asked if they had any problems with using the goggles. Participant VR1 was
stuck on one problem, they accidentally removed the Reducept application and were not able to
reinstall the application. After informing the researcher, they were able again to reinstall the ap-
plication and go further with using the VR goggles. Two participants stated that the VR goggles
sometimes went off, but when they started up the VR goggles again, the problem was fixed. An-
other participant indicated that the middle of the screen sometimes moved to the side. The VR
goggles have a button to fix this, but the participant forgot this function and accepted it for that
exercise and turned it off afterwards. Overall, there were no problems that can not be solved.

Participants were asked if they recommended the treatment to other people. Participant VR1
indicated that they would recommend it to other people because it was easy to use and it was fun.
They think it could help other people unless it does not help them. Participant VR4 stated that
it helps to get insight and control over your pain complaints, which is why they would recommend
it to other people. Participant VR5 would recommend it to other people because due to using the
VR goggles, you will come to rest and in that way, you get distracted from your pain. Participant
VR6 also recommend it to other users, since it helped them to have less pain at that moment.
Overall, it is recommended for other users get insight and control over pain complaints.
The most important aspect of improvement of the treatment is to make it more challenging to
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use. Participants indicated that after performing the five different exercises multiple times, it gets
a little bit boring. When the exercises are more challenging, they will use the VR goggles more
frequently. They recommend using different levels for each exercise, so if you completed one level
you go to the next, more challenging level.

When talking about the effect of VR on pain complaints, participants stated that it helps some-
times. At the moment, when using VR, they experience less pain. However, after VR use the pain
is back. Participant VR6 stated that the pain is less for a couple of hours and after that, the pain
is back.
Participants also provided feedback on the number and the length of the questionnaires. Two
participants indicated that the questionnaires were too long and the questions were sometimes
difficult to answer. However, the number of questionnaires was acceptable for every participant.
So, the majority of the participants had no trouble with the questionnaires.
So when looking at the user experience, the main point is that it was easy to use and unsolvable
problems were not found. It is recommended for other users, however when the different exercises
get more challenging the use of VR would be even better.

3.8 Feasibility and applicability
The feasibility depends on if the participants had any technical difficulties, their satisfaction with
using the goggles and whether or not they experienced cybersickness. Although there were some
technical difficulties, all participants were able to solve these problems. Three out of five partici-
pants indicated that it was easy to fix problems on their own. The other two participants indicated
finding it more hard, but their problem was fixed after contacting the researcher.
All participants were satisfied with the treatment but noticed some points for improvement. Over-
all the participants find it fun to use the VR headset, but it became quite repetitive so there was
a desire for more challenging exercises. They were satisfied with the use of the VR goggles.
Four out of seven participants did not notice any increase in cybersickness symptoms after VR use.
Moreover, the severity of the cybersickness symptoms was reported to be relatively low.

The applicability depends on the pain intensity, quality of life and self-efficacy. The pain intensity
fluctuates a lot for all participants. They reported less pain during the exercises with VR, but after
putting down the goggles the pain returned to normal levels. So overall, there was no improvement
in pain intensity. The quality of life increases in different categories, but not for every participant.
The self-efficacy in managing pain is improved a bit, but the self-efficacy in physical function and
controlling other symptoms are not improved.
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4 Discussion
In this section, the results of the longitudinal pilot study are discussed. The main goal is to evalu-
ate the feasibility and applicability of VR treatment at home in a population of RA patients with
chronic pain. This is done by interpreting the research findings obtained from the study. After the
interpretation of the results, an exploration of the strengths and limitations are given in chapter
4.1. Chapter 4.2 provides recommendations for further research.

The feasibility of the VR treatment is determined by the results of the technical difficulties, satis-
faction of the participants and cybersickness.
On the topic of technical difficulties, none of the participants experienced unsolvable problems
with using the VR goggles at home. They were able to fix the problems that they did have by
contacting the researcher. Earlier research stated that people were able to understand and use VR
goggles [26]. Therefore, the results of this study align with the outcomes of earlier studies. These
findings suggest that VR treatment has good feasibility.
The satisfaction of the participants with the treatment is also an aspect of determining the fea-
sibility. Participants were satisfied with the number of times they used the VR goggles. The
VR goggles helped distract patients from their severe pain. This means that the Reducept ap-
plication meets the five criteria of an effective VR treatment for acute pain reduction, presence,
interactivity, interaction, personalization and embodiment. They indicated enjoying using the VR
goggles, however after using them multiple times it gets quite repetitive. If the application had
more diverse and challenging exercises, participants stated they would use the VR headset more
often. After the 8 weeks, the participants were overall satisfied with the treatment, but using it for
a longer period would become a little bit boring. For now, the feasibility seems to be satisfactory,
however, to keep the participants engaged, the inclusion of more challenging exercises is essential.
Another aspect that can be improved is the criteria for personalization. When the treatment is
more personal, the patients will be more satisfied. Earlier research also supports this, highlighting
the positive satisfaction levels associated with VR treatment [32, 24].

The results of the VRSQ showed that in general, the VR headset did not induce cybersickness
symptoms. Several participants experienced some symptoms after VR use, however, they already
experienced these symptoms before using the headset. The most reported symptom was fatigue,
but also this symptom did not get worse after VR use. Fatigue is often correlated with pain in
RA patients, therefore it is logical that it is the most reported symptom [48]. The cybersickness
symptoms that get worse after VR are general discomfort, dizziness, vertigo and nausea. These
are all reported once. Earlier research also indicated that the majority of the participants did not
experience severe cybersickness that could have hindered the use of the VR goggles [24]. So, the
findings from this study correspond to the expectations retrieved from earlier research [24, 40].
The low levels of cybersickness observed in the majority of participants contribute to the overall
positive feasibility of the study. However, it is worth noting that one participant was unable to
complete the study due to severe cybersickness. This participant had a fear of heights, which
contributes to the severe cybersickness symptoms.
To conclude, the findings suggest that VR treatment had good feasibility, with none of the partic-
ipants experiencing unsolvable problems and expressing satisfaction with its usage. However, to
maintain its effectiveness, the inclusion of more challenging and diverse exercises is recommended.
It is crucial to address cybersickness symptoms and consider excluding individuals with a fear of
heights, to ensure successful implementation in future studies and randomized controlled trials.

The applicability of the VR treatment is based on the results of the pain intensity, quality of
life and self-efficacy questionnaires. The applicability is good when the treatment is effective in
reducing pain complaints, enhancing the patient’s quality of life and improving their self-efficacy.
For the pain intensity, participants needed to rate their pain two times a week during the follow-
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up period. Earlier studies involving participants with chronic pain other than RA resulted in
a decrease in pain scores. Therefore, this was the expectation for participants with RA as well
[24, 25, 26, 27]. However, the study population of these studies were patients with chronic pain
and not especially patients with RA. The earlier cross-sectional pilot study also concluded that
there was pain reduction in RA patients after using the VR goggles [40]. During this research,
however, the pain scores of the participants fluctuated a lot. Three of the five participants scored
one point lower than at the beginning of the follow-up period. One participant scored two points
higher and the other participant scored the same. When asked about their pain complaints, most
of the patients had either no pain or only slight pain during the VR exercises. The reason for this
was the distraction the VR goggles provided. However, when turning off the VR goggles, they
were experiencing pain again. One participant mentioned that they were experiencing no pain for
a couple of hours and after the use of VR, it slowly got worse. Different behavioural treatments
are used in the application with the intent to have a long-term effect on pain reduction. However,
after 8 weeks, no improvements were observed. This does not correspond to the expectations and
earlier research that indicated a pain reduction [26]. An earlier study with Reducept concluded
that only two out of eight participants had pain reduction, but a larger study population is needed
[32]. The period of 8 weeks may be too short to see pain reduction.
Two participants mentioned the mindfulness and educational part that was used in the exercises.
These mindfulness exercises helped them to relax and have less pain. So, different working mech-
anisms of the application led to pain reduction, although this did not last for long periods of time.
Therefore, the applicability of the VR treatment is not as sufficient as possible. However, the small
improvements give promising implications for the RCT, this corresponds to the results of an earlier
study about Reducept [32]. The treatment, for now, can be used for a longer period of time to see
if the working mechanisms affect the pain complaints.

The SF-36 questionnaire about the quality of life showed improvements in some categories. When
looking at the pain category, four participants scored higher than before the treatment. One par-
ticipant scores the same and the other scored lower. In general, each category scored better after 8
weeks, however, each category scored lower by one or more participants compared to their scores
at week 0. The category general health scores are approximately the same for each participant
between the two measurements. These results correspond to the results of previous studies and
to the expectations [24, 25]. The period of 8 weeks was too short to see statistical improvements
in the quality of life. However, these results are promising for the following RCT. These small
improvements indicate good applicability.
The ASES questionnaire was administered to determine the self-efficacy of the participants. This
was divided into three categories, managing pain, physical function and controlling other symp-
toms. In both measurements, the category managing pain scored the lowest. However, after
8 weeks, four out of the six participants scored higher, one participant the same and the other
scored lower. The category physical function scored a bit lower and the category controlling other
symptoms scored a bit higher. So, the effect after 8 weeks is small, but it is promising for further
research over a longer period. A previous study about VR treatment stated that self-efficacy about
managing pain was improved, but not substantively [24]. This small improvement in self-efficacy
in managing pain indicates good applicability.
Overall, the VR treatment is applicable when looking at quality of life, since the pain is reduced
during VR exercises.

The GPQ about the different pain types was administered to check if the participants had chronic
pain due to hyper-sensitization. The GPQ can distinguish between different pain phenotypes. If
the total score of the GPQ is ten or higher, the pain is probably caused by hyper-sensitization.
This means that they are suffering from nociplastic pain, which is hard to treat with medication
[42]. Four out of the seven participants scored higher than this threshold and thus are probably
suffering from nociplastic pain. So, these participants are a good target audience for this study.
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Two participants have nearly a score of ten, and participant VR1 scored only 2 points. This
participant hardly has any symptoms of nociplastic pain. The distraction-working mechanism will
probably work for this patient. For the other participants, the other working mechanisms can
have a better effect. Since they are experiencing nociplastic pain, which can be treated best with
behavioural treatments.

4.1 Strengths and limitations
There are some strengths and limitations in this research that need careful attention and possible
solutions for these limitations need to be given.
The main strength of this research is the design of the study. It was a longitudinal study which is
combined with a mixed-methods approach. Due to the longitudinal study, the long-term effects of
VR use could be measured. The participants were followed for a longer period of time, which gives
multiple measurements. Through this long follow-up period, the changes in different variables
were observed. Whether the 8 weeks period of this study, was long enough, is unclear. Therefore,
further research is important, to check if the results will change.
The mixed-methods approach allows researchers to combine quantitative data with qualitative
data. In this study, the different questionnaires are quantitative data and the evaluation questions
are qualitative data. This approach allows a better understanding of the feasibility and applica-
bility of the VR treatment. The quantitative and qualitative results are combined to have a good
insight into the feasibility and applicability of the VR treatment.

Some limitations in this research need attention, so they can be avoided for further research.
Not all participants were able to connect to the WiFi network at home. As a result, the researcher
was not able to see the progress of the participants. Moreover, one participant did not use the VR
goggles and thus the researcher was not able to monitor this. To avoid this situation next time, all
participants need to connect to the WiFi network at home. So, a very clear instruction is needed
about how to connect to the WiFi network. This instruction is already in the Reducept manual
but can be improved. This way, the use of VR goggles can be monitored multiple times a week.

The goal for the study population was to include eight participants, however, only 5 participants
completed the study. One participant did not use the VR goggles during the eight-week follow-up.
Another participant dropped out after the first appointment due to cybersickness. Participant
number eight was called for interest and was interested in participating. However, after receiving
the informed consent form, they did not answer the phone to make an appointment. This means
that the study population was smaller than expected, however, since it is a pilot study, the study
population was big enough to make some recommendations for further research.
The recruitment of patients was difficult. A lot of patients did not meet the inclusion and exclusion
criteria. This is due to worse documentation of the VAS scores of the patients. When there was
no documentation of the VAS score, the patients were excluded. Therefore, it is important that
the rheumatologists write down the VAS score at each consultation. Some participants were able
to be included but did not want to spend 8 weeks on a study. For further research, more inflam-
mation diseases can be included, such as psoriatic arthritis or spondyloarthritis. In that way, the
recruitment of patients would be more easy.

One participant accidentally removed the Reducept application and was not able to install it on
their own. The researcher explained how to reinstall it and the participant succeeded in installing
it again. To avoid this situation in the future, the Reducept application can be blocked from
removal.
After this removal, the newest version of the application was installed. Therefore, there were two
VR goggles with a different version of the Reducept application. The researcher has gone through
both versions to check if there were any differences, but this was not the case. Therefore, all
participants had the same exercises.
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One final limitation is that the results of the VRSQ, which measures the cybersickness, in week
8 are not representative, since the VRSQ was only administered after VR use. Therefore, it is
important for the following study, to administer the VRSQ in week 8 also before VR use. In that
case, the same comparison can be done in week 0. Now, there are only results after VR use, and
there is no idea how the participants were feeling before VR use. So, it is hard to draw conclusions
from these results.

4.2 Recommendations
For further research, different VR applications or an improved Reducept application can be inves-
tigated since participants stated that repeated use of the VR headset was boring. They expect
more challenging exercises. There are five exercises that can be done, and they are the same ev-
ery time they are played. Therefore, Reducept can be improved, by making different challenges
or levels within an exercise. Since VR is quite new for treatment options, there can be a lot of
improvements. This can be helpful for participants to use VR goggles more often, which leads to
better feasibility.

Another aspect that can be improved to execute the RCT as well as possible, is the communica-
tion between the participants and the researcher. The researcher had contact with the participants
during the appointments in the hospital and during one appointment by phone. For the remaining
time, participants were able to contact the researcher for questions. When all participants are con-
nected at home to their WiFi network, the researcher can follow the progress of the participant.
In that way, the researcher can contact the participant when they obtain that the participant is
not using the goggles as much as necessary.

Some participants found it hard to fill in all questionnaires because their pain complaints differed
each day. It is important to tell the participants that it is necessary to fill in the questions about
what they are feeling at that moment. This can be added to the questionnaire, to make it extra
clear.
Besides, some participants noticed that some questions were difficult to understand. So for the
next studies, the questions can be formulated more easily, so that everyone can understand them.
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5 Conclusion
The feasibility of the VR treatment is good. There were no unsolvable problems that occurred
with using the VR goggles at home. The problems that occurred can be avoided next time. The
satisfaction of the participants is good but can be improved. Not all participants are satisfied with
the pain reduction after eight weeks. However, the pain was less at the moment of wearing the VR
goggles, which was a relief. The participants are satisfied using the VR goggles since they liked
doing the exercises and do not experience any problems. The exercises should be more challenging,
so the participants will use the headset more often and the user engagement keeps good.
The majority of the participants experienced no cybersickness symptoms. One participant, with a
fear of heights, experienced a lot of cybersickness symptoms, which leads to the withdrawal of the
study. Five out of seven participants indicated fatigue after VR use, however, this was the same
before VR use. This means that VR use does not cause fatigue. To conclude, the feasibility of the
VR treatment is good but can be improved with more challenging exercises in Reducept.

The applicability of the VR treatment is not sufficient at this moment. The results for the pain
intensity, quality of life and self-efficacy give some promising effects, however, the improvement was
less than expected. Out of all the participants, only one participant reported a decrease in pain
intensity. There was a lot of fluctuation in pain scores over eight weeks. However, four participants
had an improved score in quality of life about pain. This indicates that the pain complaints had
reduced and the quality of life was improved. The self-efficacy in managing pain improved for four
participants. All these results give promising indications to execute an RCT. Therefore, the RCT
have to be performed for a longer period, to check whether the results improve.

25



References
[1] Ciobanu DA, Poenariu IS, Crînguș LI, Vreju FA, Turcu-Stiolica A, Tica AA,

et al. JAK/STAT pathway in pathology of rheumatoid arthritis (Review). Ex-
perimental and Therapeutic Medicine. 2020 10;20(4):3498-503. Available from:
http://www.spandidos-publications.com/10.3892/etm.2020.8982/abstracthttps:
//www.spandidos-publications.com/10.3892/etm.2020.8982.

[2] Majithia V, Geraci SA. Rheumatoid Arthritis: Diagnosis and Management. The American
Journal of Medicine. 2007 11;120(11):936-9.

[3] Walsh DA, McWilliams DF. Pain in rheumatoid arthritis. Current Pain and Headache
Reports. 2012 12;16(6):509-17. Available from: https://link.springer.com/article/10.
1007/s11916-012-0303-x.

[4] Fleischmann R, Kremer J, Cush J, Schulze-Koops H, Connell CA, Bradley JD, et al. Placebo-
Controlled Trial of Tofacitinib Monotherapy in Rheumatoid Arthritis. New England Journal
of Medicine. 2012 8;367(6):495-507. Available from: https://www.nejm.org/doi/10.1056/
NEJMoa1109071.

[5] Sokka T, Kautiainen H, Pincus T, Verstappen SM, Aggarwal A, Alten R, et al. Work disability
remains a major problem in rheumatoid arthritis in the 2000s: data from 32 countries in the
QUEST-RA Study; 2010. Available from: http://arthritis-research.com/content/12/
2/R42.

[6] Ten Klooster PM, Veehof MM, Taal E, Van Riel PLCM, Van MAFJ. Changes in priorities
for improvement in patients with rheumatoid arthritis during 1 year of anti-tumour necrosis
factor treatment. Ann Rheum Dis. 2007;66:1485-90. Available from: http://ard.bmj.com/.

[7] Lee YC. Effect and treatment of chronic pain in inflammatory arthritis. Current Rheumatol-
ogy Reports. 2013 12;15(1):1-8. Available from: https://link.springer.com/article/10.
1007/s11926-012-0300-4.

[8] Koop SMW, ten Klooster PM, Vonkeman HE, Steunebrink LMM, van de Laar
MAFJ. Neuropathic-like pain features and cross-sectional associations in rheuma-
toid arthritis. Arthritis Research & Therapy. 2015 9;17(1). Available from:
/pmc/articles/PMC4558794//pmc/articles/PMC4558794/?report=abstracthttps:
//www.ncbi.nlm.nih.gov/pmc/articles/PMC4558794/.

[9] Gaffo A, Saag KG, Curtis JR. Treatment of rheumatoid arthritis. American Journal of
Health-System Pharmacy. 2006 12;63(24):2451-65. Available from: https://academic.oup.
com/ajhp/article/63/24/2451/5134530.

[10] Mäkinen H, Kautiainen H, Hannonen P, Sokka T. Is DAS28 an appropriate tool to assess
remission in rheumatoid arthritis? Ann Rheum Dis. 2005;64:1410-3. Available from: www.
annrheumdis.com.

[11] Trouvin AP, Perrot S. New concepts of pain. Bailliere Tindall Ltd; 2019.

[12] Kavuncu V, Evcik D. Physiotherapy in Rheumatoid Arthritis. Medscape General Medicine.
2004;6(2). Available from: /pmc/articles/PMC1395797//pmc/articles/PMC1395797/
?report=abstracthttps://www.ncbi.nlm.nih.gov/pmc/articles/PMC1395797/.

[13] Woolf CJ. What is this thing called pain? The Journal of Clinical Investigation. 2010
11;120(11):3742. Available from: /pmc/articles/PMC2965006//pmc/articles/PMC2965006/
?report=abstracthttps://www.ncbi.nlm.nih.gov/pmc/articles/PMC2965006/.

26

http://www.spandidos-publications.com/10.3892/etm.2020.8982/abstract https://www.spandidos-publications.com/10.3892/etm.2020.8982
http://www.spandidos-publications.com/10.3892/etm.2020.8982/abstract https://www.spandidos-publications.com/10.3892/etm.2020.8982
https://link.springer.com/article/10.1007/s11916-012-0303-x
https://link.springer.com/article/10.1007/s11916-012-0303-x
https://www.nejm.org/doi/10.1056/NEJMoa1109071
https://www.nejm.org/doi/10.1056/NEJMoa1109071
http://arthritis-research.com/content/12/2/R42
http://arthritis-research.com/content/12/2/R42
http://ard.bmj.com/
https://link.springer.com/article/10.1007/s11926-012-0300-4
https://link.springer.com/article/10.1007/s11926-012-0300-4
/pmc/articles/PMC4558794/ /pmc/articles/PMC4558794/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4558794/
/pmc/articles/PMC4558794/ /pmc/articles/PMC4558794/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4558794/
https://academic.oup.com/ajhp/article/63/24/2451/5134530
https://academic.oup.com/ajhp/article/63/24/2451/5134530
www.annrheumdis.com
www.annrheumdis.com
/pmc/articles/PMC1395797/ /pmc/articles/PMC1395797/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1395797/
/pmc/articles/PMC1395797/ /pmc/articles/PMC1395797/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1395797/
/pmc/articles/PMC2965006/ /pmc/articles/PMC2965006/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2965006/
/pmc/articles/PMC2965006/ /pmc/articles/PMC2965006/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2965006/


[14] Fornasari D. Pain mechanisms in patients with chronic pain. Clinical drug investigation. 2012
2;32 Suppl 1(SUPPL. 1):45-52. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
23389875.

[15] Schaible HG, Richter F. Pathophysiology of pain. Langenbeck’s Archives of Surgery.
2004 3;389(4):237-43. Available from: https://link.springer.com/article/10.1007/
s00423-004-0468-9.

[16] Finnerup NB, Kuner R, Jensen TS. Neuropathic pain: Frommechanisms to treatment. Phys-
iological Reviews. 2021 1;101(1):259-301.

[17] Sandkühler J. Models and mechanisms of hyperalgesia and allodynia. Physiological Re-
views. 2009 4;89(2):707-58. Available from: https://journals.physiology.org/doi/10.
1152/physrev.00025.2008.

[18] Vanneste S, De Ridder D. Chronic pain as a brain imbalance between pain in-
put and pain suppression. Brain Communications. 2021;3(1). Available from:
/pmc/articles/PMC7966784//pmc/articles/PMC7966784/?report=abstracthttps:
//www.ncbi.nlm.nih.gov/pmc/articles/PMC7966784/.

[19] Melzack R. Gate control theory: On the evolution of pain concepts. Pain Forum. 1996
6;5(2):128-38.

[20] van Gemert-Pijnen L, Kelders SM, Kip H, Sanderman R. eHealth Research, Theory and
Development. van Gemert-Pijnen L, Kelders SM, Kip H, Sanderman R, editors. Routledge;
2018.

[21] Gupta A, Scott K, Dukewich M. Innovative Technology Using Virtual Reality in the Treatment
of Pain: Does It Reduce Pain via Distraction, or Is There More to It? Pain Medicine. 2018
1;19(1):151-9. Available from: https://academic.oup.com/painmedicine/article/19/1/
151/4100671.

[22] Atzori B, Grotto RL, Giugni A, Calabrò M, Alhalabi W, Hoffman HG. Virtual reality analgesia
for pediatric dental patients. Frontiers in Psychology. 2018 11;9(NOV):2265.

[23] Pourmand A, Davis S, Marchak A, Whiteside T, Sikka N. Virtual Reality as a Clinical Tool
for Pain Management. Current Pain and Headache Reports. 2018 8;22(8):1-6. Available from:
https://link.springer.com/article/10.1007/s11916-018-0708-2.

[24] Darnall BD, Krishnamurthy P, Tsuei J, Minor JD. Self-administered skills-based virtual reality
intervention for chronic pain: randomized controlled pilot study. JMIR Formative Research.
2020 7;4(7).

[25] Eccleston C, Fisher E, Liikkanen S, Sarapohja T, Stenfors C, Jääskeläinen SK, et al. A
prospective, double-blind, pilot, randomized, controlled trial of an “embodied” virtual re-
ality intervention for adults with low back pain. Pain. 2022 9;163(9):1700. Available
from: /pmc/articles/PMC9393796//pmc/articles/PMC9393796/?report=abstracthttps:
//www.ncbi.nlm.nih.gov/pmc/articles/PMC9393796/.

[26] Venuturupalli RS, Chu T, Vicari M, Kumar A, Fortune N, Spielberg B. Vir-
tual Reality–Based Biofeedback and Guided Meditation in Rheumatology: A
Pilot Study. ACR Open Rheumatology. 2019 12;1(10):667. Available from:
/pmc/articles/PMC6917304//pmc/articles/PMC6917304/?report=abstracthttps:
//www.ncbi.nlm.nih.gov/pmc/articles/PMC6917304/.

27

http://www.ncbi.nlm.nih.gov/pubmed/23389875
http://www.ncbi.nlm.nih.gov/pubmed/23389875
https://link.springer.com/article/10.1007/s00423-004-0468-9
https://link.springer.com/article/10.1007/s00423-004-0468-9
https://journals.physiology.org/doi/10.1152/physrev.00025.2008
https://journals.physiology.org/doi/10.1152/physrev.00025.2008
/pmc/articles/PMC7966784/ /pmc/articles/PMC7966784/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7966784/
/pmc/articles/PMC7966784/ /pmc/articles/PMC7966784/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7966784/
https://academic.oup.com/painmedicine/article/19/1/151/4100671
https://academic.oup.com/painmedicine/article/19/1/151/4100671
https://link.springer.com/article/10.1007/s11916-018-0708-2
/pmc/articles/PMC9393796/ /pmc/articles/PMC9393796/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9393796/
/pmc/articles/PMC9393796/ /pmc/articles/PMC9393796/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9393796/
/pmc/articles/PMC6917304/ /pmc/articles/PMC6917304/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6917304/
/pmc/articles/PMC6917304/ /pmc/articles/PMC6917304/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6917304/


[27] Botella C, Garcia-Palacios A, Vizcaíno Y, Herrero R, Baños RM, Belmonte
MA. Virtual reality in the treatment of fibromyalgia: a pilot study. Cyberpsy-
chology, behavior and social networking. 2013 3;16(3):215-23. Available from:
https://pubmed-1ncbi-1nlm-1nih-1gov-1tw4oqicq3d93.hanhosting.vakliteratuur.
info/23496678/.

[28] Home | Reducept;. Available from: https://www.reducept.com/.

[29] Ahmadpour N, Randall H, Choksi H, Gao A, Vaughan C, Poronnik P. Virtual Reality inter-
ventions for acute and chronic pain management. Elsevier Ltd; 2019.

[30] Gatchel RJ, McGeary DD, McGeary CA, Lippe B. Interdisciplinary chronic pain management:
past, present, and future. The American psychologist. 2014;69(2):119-30. Available from:
https://pubmed.ncbi.nlm.nih.gov/24547798/.

[31] Kuipers DA, Terlouw G, Wartena BO, van ’t Veer JTB, Prins JT, Pierie JPEN. The Role of
Transfer in Designing Games and Simulations for Health: Systematic Review. JMIR Serious
Games 2017;5(4):e23 https://gamesjmirorg/2017/4/e23. 2017 11;5(4):e7880. Available from:
https://games.jmir.org/2017/4/e23.

[32] de Vries FS, van Dongen RTM, Bertens D. Pain education and pain management skills in
virtual reality in the treatment of chronic low back pain: A multiple baseline single-case
experimental design. Behaviour Research and Therapy. 2023 3;162.

[33] Henschke N, Ostelo RWJG, van Tulder MW, Vlaeyen JWS, Morley S, Assendelft WJJ, et al.
Behavioural treatment for chronic low‐back pain. The Cochrane Database of Systematic
Reviews. 2010 7;2010(7). Available from: /pmc/articles/PMC7065591//pmc/articles/
PMC7065591/?report=abstracthttps://www-1ncbi-1nlm-1nih-1gov-1tw4oqicq405d.
hanhosting.vakliteratuur.info/pmc/articles/PMC7065591/.

[34] Williams ACdC, Eccleston C, Morley S. Psychological therapies for the management of chronic
pain (excluding headache) in adults. The Cochrane Database of Systematic Reviews. 2012
11;2012(11). Available from: /pmc/articles/PMC6483325//pmc/articles/PMC6483325/
?report=abstracthttps://www.ncbi.nlm.nih.gov/pmc/articles/PMC6483325/.

[35] Turner JA, Anderson ML, Balderson BH, Cook AJ, Sherman KJ, Cherkin DC. Mindfulness-
based stress reduction and cognitive behavioral therapy for chronic low back pain: similar
effects on mindfulness, catastrophizing, self-efficacy, and acceptance in a randomized controlled
trial. Pain. 2016 11;157(11):2434-44. Available from: https://europepmc.org/articles/
PMC5069124http://europepmc.org/article/MED/27257859.

[36] Veehof MM, Trompetter HR, Bohlmeijer ET, Schreurs KMG. Acceptance- and
mindfulness-based interventions for the treatment of chronic pain: a meta-analytic review.
https://doiorg/101080/1650607320151098724. 2016 1;45(1):5-31. Available from: https:
//www.tandfonline.com/doi/abs/10.1080/16506073.2015.1098724.

[37] McCracken LM, Sato A, Taylor GJ. A Trial of a Brief Group-Based Form of Acceptance
and Commitment Therapy (ACT) for Chronic Pain in General Practice: Pilot Outcome and
Process Results. The Journal of Pain. 2013 11;14(11):1398-406.

[38] Shapiro F. The role of eye movement desensitization and reprocessing (EMDR) therapy in
medicine: addressing the psychological and physical symptoms stemming from adverse life
experiences.; 2014.

[39] Tesarz J, Wicking M, Bernardy K, Seidler GH. EMDR Therapy’s Efficacy in the Treatment
of Pain. Journal of EMDR Practice and Research. 2019 11;13(4):337-44.

28

https://pubmed-1ncbi-1nlm-1nih-1gov-1tw4oqicq3d93.hanhosting.vakliteratuur.info/23496678/
https://pubmed-1ncbi-1nlm-1nih-1gov-1tw4oqicq3d93.hanhosting.vakliteratuur.info/23496678/
https://www.reducept.com/
https://pubmed.ncbi.nlm.nih.gov/24547798/
https://games.jmir.org/2017/4/e23
/pmc/articles/PMC7065591/ /pmc/articles/PMC7065591/?report=abstract https://www-1ncbi-1nlm-1nih-1gov-1tw4oqicq405d.hanhosting.vakliteratuur.info/pmc/articles/PMC7065591/
/pmc/articles/PMC7065591/ /pmc/articles/PMC7065591/?report=abstract https://www-1ncbi-1nlm-1nih-1gov-1tw4oqicq405d.hanhosting.vakliteratuur.info/pmc/articles/PMC7065591/
/pmc/articles/PMC7065591/ /pmc/articles/PMC7065591/?report=abstract https://www-1ncbi-1nlm-1nih-1gov-1tw4oqicq405d.hanhosting.vakliteratuur.info/pmc/articles/PMC7065591/
/pmc/articles/PMC6483325/ /pmc/articles/PMC6483325/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6483325/
/pmc/articles/PMC6483325/ /pmc/articles/PMC6483325/?report=abstract https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6483325/
https://europepmc.org/articles/PMC5069124 http://europepmc.org/article/MED/27257859
https://europepmc.org/articles/PMC5069124 http://europepmc.org/article/MED/27257859
https://www.tandfonline.com/doi/abs/10.1080/16506073.2015.1098724
https://www.tandfonline.com/doi/abs/10.1080/16506073.2015.1098724


[40] Hippert T, Vonkeman H, de Jong A, Bode C. The Applicability of Virtual Reality in Patients
With Rheumatoid Arthritis and Chronic Pain Complaints: A Mixed Methods Pilot Study.
Enschede: Medisch Spectrum Twente; 2021.

[41] Kim HK, Park J, Choi Y, Choe M. Virtual reality sickness questionnaire (VRSQ): Mo-
tion sickness measurement index in a virtual reality environment. Applied Ergonomics. 2018
5;69:66-73.

[42] van Bemmel PF, Voshaar MAHO, Ten Klooster PM, Vonkeman HE, van de Laar MAFJ.
Development and preliminary evaluation of a short self-report measure of generalized pain
hypersensitivity. Journal of Pain Research. 2019;12:395-404.

[43] Haefeli M, Elfering A. Pain assessment; 2006.

[44] 36-Item Short Form Survey (SF-36) Scoring Instructions | RAND;. Available from: https:
//www.rand.org/health-care/surveys_tools/mos/36-item-short-form/scoring.html.

[45] Lorig K, Chastain RL, Ung E, Shoor S, Holman HR. Development and evaluation of a
scale to measure perceived self-efficacy in people with arthritis. Arthritis and rheumatism.
1989;32(1):37-44. Available from: https://pubmed.ncbi.nlm.nih.gov/2912463/.

[46] Taal E, Seydel ER, Riemsma RP, Brus HLM, Brus HLM, Rasker JJ, et al. Omgaan met
reumatoide arthritis: Ontwikkeling en evaluatie van een groepsprogramma voor patie nten
met reumatoide arthritis. Eindrapport projekt Pati ntenvoorlichting: De ontwikkeling van
interventiemodellen voor de thuiszorg van patie nten (Aspekt 35). Aspekt ; 35. 1992;(35).

[47] Tcha-Tokey K, Christmann O, Loup-Escande E, Richir S, Tcha-Tokey Student K. Proposition
and Valida-tion of a Questionnaire to Measure the User Experience in Immersive Virtual
Environments; 2016. 1. Available from: https://hal.science/hal-01404497.

[48] Pope JE. Management of Fatigue in Rheumatoid Arthritis. Available from: http://rmdopen.
bmj.com/.

29

https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form/scoring.html
https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form/scoring.html
https://pubmed.ncbi.nlm.nih.gov/2912463/
https://hal.science/hal-01404497
http://rmdopen.bmj.com/
http://rmdopen.bmj.com/


Longitudinale studie Virtual Reality bij chronische pijnklachten 

  Datum: 14 november 2022  Pagina 1 van 5 

 

Titel van het onderzoek  

Longitudinale studie Virtual Reality bij chronische pijnklachten 

 

Inleiding  

Geachte heer/mevrouw,  

 

Wij vragen u vriendelijk om mee te doen aan een wetenschappelijk onderzoek in het MST getiteld 

 “Virtual Reality bij chronische pijnklachten”. Wij zijn bezig met een onderzoek waarbij we kijken naar 

het effect van het herhaaldelijk gebruiken van Virtual Reality op pijnklachten. In deze brief kunt u 

meer informatie over dit onderzoek vinden. Lees deze informatiebrief rustig door. Heeft u na het lezen 

van deze informatie nog vragen? Dan kunt u terecht bij de onderzoeker. Op pagina 3 vindt u de 

contactgegevens. 

 

1. Wat is het doel van het onderzoek?  

Er is een grote groep patiënten die chronische pijnklachten ervaren, ondanks dat zij pijnstillende 

medicatie gebruiken. Daarom zijn behandelaars steeds op zoek naar manieren om deze pijnklachten 

te verminderen. Virtual Reality (VR) is een nieuwe manier die mogelijk kan bijdragen aan de 

behandeling van deze pijnklachten. Virtual Reality bestaat uit een digitale wereld waar u in terecht 

komt door middel van het opzetten van een VR-bril. VR lijkt mogelijk effectief te zijn voor chronische 

pijn, maar het precieze werkingsmechanisme van VR op chronische pijn is nog niet helemaal bekend. 

We willen onderzoeken of het meerdere keren per week gebruik van VR een positief effect heeft op 

chronische pijn.  

 

2. Hoe wordt het onderzoek uitgevoerd?  

Dit onderzoek bestaat uit een aantal VR trainingen van ongeveer 15 minuten per keer. Gedurende 8 

weken voert u deze trainingen minimaal 3 keer per week thuis uit. Voor de eerste training komt u naar 

het ziekenhuis. U krijgt dan uitleg over het onderzoek en de VR-bril en u neemt vervolgens de VR bril 

in bruikleen mee naar huis. Vervolgens voert u minimaal 3 keer per week de trainingen zelfstandig uit. 

Na 8 weken komt u terug naar het ziekenhuis om de VR-bril in te leveren. De onderzoeker stelt u dan 

nog een aantal vragen over uw ervaringen.  

 

3. Wat wordt er van u verwacht? 

Wanneer u meedoet aan dit onderzoek wordt u benaderd voor het inplannen van de eerste afspraak. 

U krijgt dan uitleg over het gebruik van de VR-bril en u vult een aantal vragenlijsten in. Daarna kunt u 

de trainingen zelfstandig thuis uitvoeren. Twee keer per week vult u een korte vragenlijst in over uw 

pijnscore. Na 8 weken komt u terug naar het ziekenhuis om de VR-bril in te leveren en om een korte 

vragenlijst in te vullen. 

  

 

 

Appendices
A Informed consent form
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4. Wat gebeurt er als u niet wenst deel te nemen aan dit onderzoek?  

U beslist zelf of u meedoet aan het onderzoek. Deelname is geheel vrijwillig. Als u besluit niet mee te 

doen, hoeft u verder niets te doen. U hoeft ook niet te zeggen waarom u niet wilt meedoen. 

Als u wel meedoet, kunt u zich altijd bedenken en toch stoppen, ook tijdens het onderzoek. U hoeft 

geen reden te geven waarom u wilt stoppen. 

 

5. Wat gebeurt er met uw gegevens?  

Voor dit onderzoek worden uw persoonsgegevens gebruikt en bewaard. Het gaat om gegevens zoals 

uw naam, geboortedatum en om gegevens over uw gezondheid. Het verzamelen, gebruiken en 

bewaren van uw gegevens is nodig om de vragen die in dit onderzoek worden gesteld te kunnen 

beantwoorden en de resultaten te kunnen publiceren. Wij vragen voor het gebruik van uw gegevens 

uw toestemming. 

 

Vertrouwelijkheid van uw gegevens  

Om uw privacy en identiteit te beschermen krijgen uw gegevens een anonieme code. Uw naam en 

andere gegevens die u direct kunnen identificeren worden daarbij weggelaten. Nergens wordt uw 

naam gekoppeld aan uw onderzoeksgegevens. Alleen de hoofdonderzoeker heeft toegang tot deze 

codelijst. Alleen met de sleutel van de code zijn gegevens tot u te herleiden. De sleutel van de code 

blijft veilig opgeborgen in de lokale onderzoeksinstelling. De gegevens in rapporten en publicaties 

over het onderzoek zijn eveneens niet naar u te herleiden.  

 

Toegang tot uw gegevens voor controle  

Sommige personen kunnen in het ziekenhuis toegang krijgen tot al uw gegevens. Ook tot de 

gegevens zonder code. Dit is nodig om te kunnen controleren of het onderzoek goed en betrouwbaar 

is uitgevoerd. Personen die ter controle inzage krijgen in uw gegevens zijn prof. dr. H.E. Vonkeman, 

bevoegde medewerkers van dit onderzoek, de Inspectie voor de Gezondheidszorg en controleurs van 

de Raad van Bestuur van de instelling waar het onderzoek wordt uitgevoerd, nationale en 

internationale toezichthoudende autoriteiten, bijvoorbeeld de Inspectie Gezondheidszorg en Jeugd. 

Zij houden uw gegevens geheim. Wij vragen u voor deze inzage toestemming te geven.  

 

Bewaartermijn gegevens  

Volgens wettelijke bepalingen zullen uw gegevens 5 jaar worden bewaard in het ziekenhuis. Hierna 

worden de gegevens vernietigd. 

 

Intrekken toestemming 

U kunt uw toestemming voor gebruik van uw persoonsgegevens altijd weer intrekken. De 

onderzoeksgegevens die zijn verzameld tot het moment dat u uw toestemming intrekt worden nog wel 

gebruikt in het onderzoek.  

 

Meer informatie over uw rechten bij verwerking van gegevens 

Voor algemene informatie over uw rechten bij verwerking van uw persoonsgegevens kunt u de 

website van de Autoriteit Persoonsgegevens raadplegen.  
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Bij vragen of klachten over de verwerking van uw persoonsgegevens raden we u aan eerst contact op 

te nemen met het ziekenhuis. U kunt ook contact opnemen met de Functionaris voor de 

Gegevensbescherming van de instelling [zie bijlage A].  

 

6. Zijn er extra kosten of krijgt u een vergoeding wanneer u besluit aan dit onderzoek 

mee te doen?  

U krijgt geen vergoeding voor deelname aan het onderzoek. 

 

7. Door wie is dit onderzoek goedgekeurd?  

De Raad van Bestuur van Medisch Spectrum Twente heeft goedkeuring gegeven om dit onderzoek 

uit te voeren.  

 

8. Wilt u verder nog iets weten?  

Wanneer u na het lezen van deze informatie of tijdens deelname aan dit onderzoek vragen heeft kunt 

u contact opnemen met:  

 

Dr. H.E. Vonkeman, reumatoloog-onderzoeker 

Telefoonnummer: 053-4872450 

 

Indien u na zorgvuldige overweging besluit deel te nemen aan dit wetenschappelijk onderzoek, dan 

vragen we u om het toestemmingsformulier te ondertekenen en van een datum te voorzien.  

 

Met vriendelijke groet,  

dr. H.E. Vonkeman, reumatoloog-onderzoeker  

 

Bijlage A: Contactgegevens 

Bijlage B: Toestemmingsformulier 
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Bijlage A: Contactgegevens voor Medisch Spectrum Twente 

 

Dr. H.E. Vonkeman, reumatoloog-onderzoeker 

Koningsplein 1 

7512 KZ Enschede 

Te bereiken: maandag t/m vrijdag (8.00-17.00 uur) via telefoonnummer: 053 487 24 50 

 

Klachten: Patiënten service centrum 

Te bereiken: maandag t/m vrijdag (8.30-17.00 uur) via telefoonnummer: 053-487 20 45 

 

Functionaris voor de Gegevensbescherming van de instelling:  

Mw. P. van Paridon 

Te bereiken maandag t/m vrijdag (8.30-17.00 uur) via telefoonnummer: 06-317 513 87 
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Bijlage B: Toestemmingsformulier 

Verdiepend onderzoek Virtual Reality bij chronische pijnklachten. 

Versie 1.2, datum: 14 november 2022 

 

 Ik heb de informatiebrief voor deelname aan het onderzoek gelezen. Ik kon aanvullende 

vragen stellen. Mijn vragen zijn genoeg beantwoord. Ik had genoeg tijd om te beslissen of ik 

meedoe.  

 

 Ik weet dat meedoen helemaal vrijwillig is. Ik weet dat ik op ieder moment kan beslissen om 

toch niet mee te doen. Daarvoor hoef ik geen reden te geven.  

 

 Ik weet dat sommige mensen mijn gegevens kunnen zien. Die mensen staan vermeld in de 

informatiebrief.  

 

 Ik geef toestemming om mijn gegevens te gebruiken, voor de doelen die in de informatiebrief 

staan.  

 

 Ik geef toestemming om mijn onderzoeksgegevens 5 jaar na afloop van dit onderzoek te 

bewaren.  

 

 Ik wil meedoen aan dit onderzoek.  

 

 Ik lever de VR-bril na het einde van deze studie weer in  

 

Naam deelnemer:  

Handtekening:        Datum : __ / __ / __  

-----------------------------------------------------------------------------------------------------------------   

Ik verklaar hierbij dat ik deze deelnemer volledig heb geïnformeerd over het genoemde onderzoek.  

Als er tijdens het onderzoek informatie bekend wordt die de toestemming van de deelnemer zou 

kunnen beïnvloeden, dan breng ik hem/haar daarvan tijdig op de hoogte.  

 

Naam onderzoeker (of diens vertegenwoordiger):  

Handtekening:        Datum: __ / __ / __  

-----------------------------------------------------------------------------------------------------------------  

Aanvullende informatie is gegeven door (indien van toepassing):  

Naam:  

Functie:  

Handtekening:        Datum: __ / __ / __                             

-----------------------------------------------------------------------------------------------------------------   

* Doorhalen wat niet van toepassing is.  
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Ontvangstbewijs 

 

 

 

 

Ik verklaar dat ik de volgende dingen heb ontvangen en ook weer in zal leveren na 8 weken. 

- De VR bril, waarop Reducept geïnstalleerd is 

- Een oplader  

- Een afstandsbediening 

- Een opberghoes  

- De handleiding van de VR bril 

- De NRS vragenlijst 

- Inloggegevens 

 

Daarnaast verklaar ik dat ik de VR-bril niet voor andere doeleinden zal gebruiken. 

 

 

Naam deelnemer: 

 

Handtekening:      Datum:  

 

 

 

 

 

 

B Receipt

35



Deelnemershandleiding Applicatie – VR bij chronische pijn 
 

Uitleg van de knoppen op de VR bril 

 
 

 

Terug knop: Hiermee gaat u terug naar het vorige scherm. 

Selecteer knop: Hiermee kunt u bepaalde knoppen op het scherm selecteren. 

Pico knop: Hiermee gaat u op elke gewenst moment terug naar het beginscherm. Wanneer het zicht 

niet meer gecentreerd is, kunt u dat ook herstellen met deze knop. 

Geluidsknop: Hiermee kunt het geluid harder en zachter zetten. 

Aan/uit knop: Hiermee kunt het apparaat aan en uit zetten. 

 

 

Wi-Fi inschakelen 
Om te kunnen inloggen bij Reducept heeft u verbinding nodig met internet.  

Daarvoor gaat u naar het Wi-Fi symbool in de balk onderin het scherm.  

Richt met uw vizier op het Wi-Fi symbool en druk op de ‘selecteer’ knop.  

U krijgt nu de verschillende netwerken te zien, selecteer de juiste en vul het wachtwoord in.  

Druk hierna op verbinden. Als het goed is, is de VR bril nu verbonden met internet. 

 

 

Reducept applicatie opstarten 
De Reducept applicatie kunt u vinden onder de knop ‘App Library’, onderin de menubalk. Daarna klikt 

u op de Reducept applicatie (zie afbeelding hieronder). Hierna verschijnt het opstartscherm van 

Reducept, zolang u dit ziet hoeft u niks te doen.  

 

 

 

 

 

 

 

 

 

 

 

 

Onderkant 

Van de bril 

C Manual Reducept
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In het beeld ziet u een wit rondje, dit rondje is uw vizier. In Reducept reageren dingen als u er een 

paar tellen met uw vizier op richt. Hou het vizier vast tot het rondje rondom het vizier volledig is 

volgelopen.  

 
 

Inloggen Reducept 
Wanneer u nog niet bent ingelogd, kunt u met de gegevens die u van ons hebt gekregen inloggen in 

Reducept. Dit doet u met het verkregen e-mailadres en het bijbehorende wachtwoord. 

  
 

Wanneer het inloggen is gelukt, verschijnt het onderstaande beeld, dit het startscherm. 

 
 

 

 

 

Inloggegevens 

Email:  mstvr0001@gmail.com 

Wachtwoord: ReumaVR1! 
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U bevindt zich in het startscherm. Richt uw vizier op ‘Verhaal’, zoals weergegeven in de afbeelding 

hieronder.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Daarna verschijnt het volgende beeld en kunt u de introductie starten, door  met uw vizier op start te 

richten. 

 

 
 

Vervolgens krijgt u een introductie van Reducept te zien. Tijdens deze introductie krijgt u meer uitleg 

over het besturen van Reducept.  
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Menu 
 

 

Onderin het scherm ziet u de menubalk, zoals hiernaast 

weergegeven. 

Wanneer u uw vizier op ‘Menu’ richt, opent het menu.  

 

 

 

 

 

 

Wanneer u het menu opent, pauzeert het spel altijd. 

Vanuit hier kunt u doorgaan met waar u mee bezig was. 

U kunt het level herstarten. 

U kunt naar de opties. 

U kunt terug naar het hoofdmenu. 

 

 

 

 

Navigeren in Reducept 
Naast de introductie, zijn er 3 verschillende trainingen die u kunt doen; Verhaal, Oefenen en 

Dagelijkse uitdaging.  

In deze trainingen zijn 5 verschillende levels die u kunt spelen; Zenuwbanen, Ruggenmerg, Hersenen, 

Alarmcentrum en Controlekamer. 

Wij adviseren u om met het verhaal te beginnen en deze eerst helemaal te doorlopen. Gedurende de 

weken, kunt u afwisselen tussen de verschillende trainingen en levels. 
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Training starten 
Richt uw vizier op bijvoorbeeld ‘Verhaal’, hier kunt wisselen tussen de verschillende levels door 

middel van de pijltjes, zie afbeelding hieronder. Daarna kunt het level starten door naar start te gaan. 

 

 
 

Wanneer het level is afgelopen komt u weer terecht in het Startscherm.  

 

Voor de training oefenen, ziet u in het scherm de verschillende levels, die u kunt kiezen door naar het 

level te gaan van uw keuze. Het level zal vanzelf starten als u het aanklikt. 

 

 
 

Zo kunt u iedere keer het level spelen van uw keuze. Probeer gedurende de 8 weken te variëren met 

de verschillende levels.  
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Applicatie afsluiten 
Richt uw vizier op het kruisje linksboven in het Startscherm. Reducept zal vervolgens worden 

afgesloten. 

De VR-bril kunt u uitzetten door de Aan/uit knop een paar seconden ingedrukt te houden.  

 

 

Instellingen wijzigen 
Wanneer u de taal, ondertiteling of stem van de applicatie wilt veranderen gaat u naar de 

instellingen (rechts bovenin). Dan krijgt het u volgende scherm te zien: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hier kunt u kiezen om de taal te wijzigen, de ondertiteling aan of uit te zetten en het wijzigen naar 

een mannen- of vrouwenstem.  
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NRS vragenlijst Deelnamenummer:

Datum       Tijd            Hoeveel pijn heeft u op dit moment?  
(1 = geen pijn, 10 = ergst denkbare pijn)

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

D Numerical pain rating scale
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Begeleidende brief bij handleiding Reducept 

 

Geachte heer/mevrouw,  

 

Allereerst willen wij u nogmaals bedanken voor uw deelname aan dit onderzoek. In deze brief staat 

wat er van u wordt verwacht tijdens het onderzoek. Daarnaast staan er ook contactgegevens waar u 

contact mee kan op nemen, wanneer u tegen problemen aanloopt. Onderaan de brief staan de 

inloggegevens voor uw Reducept account.  

 

Wat heeft u meegekregen naar huis:  

- De VR bril, waarop Reducept geïnstalleerd is 

- Een oplader  

- Een afstandsbediening 

- Een opberghoes  

- De handleiding van de VR bril 

- De NRS vragenlijst 

 

 

In de eerste week van het onderzoek wordt u gebeld, om even kort te bespreken hoe de eerste week 

verloopt. Mochten er problemen zijn, dan kunt u deze dan bespreken.  

Wanneer er daarna nog problemen zijn, of mocht u er niet uitkomen, dan kunt u contact opnemen 

met Femke.deGreef@mst.nl. 

Tijdens werkdagen tussen 9.00 en 16.00 kunt u ook contact opnemen met 06-11722595 

 

 

Plan voor de komende 8 weken: 

2x per week vult u de NRS vragenlijst in. Deze schaalt loopt van 0 (=geen pijn) tot 10 (=meest 

voorstelbare pijn). Het makkelijkste is als u deze vragenlijst op een vast moment invult. Bijvoorbeeld 

net na het opstaan, of na het avondeten.  

Iedere week voert u minstens 3 trainingssessies uit van 10-15 minuten. U kunt kiezen uit het verhaal, 

oefeningen, of de dagelijkse oefening. Probeer te variëren met de verschillende levels. 

Probeer eerst het verhaal te doorlopen, nadat u deze helemaal hebt doorlopen kunt u variëren met 

de verschillende trainingen. 

U mag er natuurlijk altijd voor kiezen om de VR-bril vaker te gebruiken. 

 

 

Na 8 weken komt u weer terug in het ziekenhuis, dan neemt u alles weer mee naar het ziekenhuis. 

Hierover zult u ook nog een bericht ontvangen.  

 

 

Om gebruik te kunnen maken van de VR bril heeft u de volgende inloggegevens nodig:  

Deelnamenummer: 1 

E-mailadres: mstvr0001@gmail.com 

Wachtwoord: ReumaVR1! 

 

 

E Explanatory letter
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F Questions about characteristics
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G Questions about comorbidities
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H Virtual reality sickness questionnaire
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I Generalized pain questionnaire
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J 36-item Short form health survey
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K Arthritis self-efficacy scale
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L Questions about evaluation
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M Different exercises of Reducept

Figure 1: Nerves exercise

Figure 2: Spinal cord exercise
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Figure 3: Brain exercise

Figure 4: Alarm centre exercise
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Figure 5: Control room exercise
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