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Abstract 

Background: Chronic musculoskeletal pain (CMP) affects approximately 20% of adults in the 

Netherlands, significantly impacting quality of life, daily functioning, and mental health. Current 

treatments often provide limited relief and carry risks such as addiction. Virtual reality (VR) technology 

has emerged as a potential (adjunctive) treatment modality for CMP, offering immersive experiences 

that may alter pain perception and improve psychological well-being. This study examined the influence 

of a four-week, home-based VR intervention, ‘Reducept’, compared to a standard waiting list period 

without VR intervention, on health-related quality of life (HRQoL) and pain-related outcomes in patients 

awaiting chronic pain treatment. 

Methods: This pragmatic, open-label, randomised controlled trial utilised a cluster randomised, two-

period, crossover design involving six clusters from four healthcare organisations. Participants in the 

intervention group used the at-home VR intervention 'Reducept' daily for 10-30 minutes, while the 

control group followed standard waiting list period procedures without an intervention. Both groups 

completed questionnaires at baseline and after four weeks, with the primary outcome being HRQoL. 

Secondary outcomes included pain intensity, pain catastrophising, pain self-efficacy and pain 

acceptance. Data analysis followed the intention-to-treat principle and utilised linear mixed-model 

analyses. 

Results: The four healthcare organisations were randomised, resulting in 30 participants in the 

intervention group and 22 in the control group, making a total of 52 participants. Complete data fora six 

participants were missing and these participants were, therefore, excluded from the analysis. For nine 

participants with partial missing data, the Last Observation Carried Forward method was used. No 

significant baseline differences were found between groups. Analysis showed no significant differences 

in HRQoL or secondary outcomes between groups at baseline or after four weeks. Linear mixed-model 

analyses revealed no significant main effects of treatment, time, or interaction effects for any outcomes 

over the study period. 

Conclusion: The four-week VR intervention did not lead to significant improvements in HRQoL or 

pain-related outcomes compared to standard waiting list procedures. These findings suggest that the 

short-term duration of the VR intervention may have been insufficient to achieve measurable benefits. 

Future research should explore the long-term effects of VR and its integration with other treatments to 

better understand its potential role in managing chronic pain. 

Keywords: Chronic musculoskeletal pain, virtual reality, health-related quality of life, pain intensity, 

pain catastrophising, pain self-efficacy, pain acceptance, cluster randomised crossover design, pain 

management 
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1. Introduction 

1.1 Chronic musculoskeletal pain  
Chronic musculoskeletal pain (CMP), characterized by a duration of pain exceeding three months or 

beyond the expected duration of tissue pathology healing [1], is a major health problem with a high 

prevalence [2]. A large European study has shown that one in five adults suffers from CMP, with 34% 

experiencing severe pain (scoring 8 or higher on a 10-point scale, where 1 means no pain and 10 means 

the worst pain imaginable) [3]. 

 

CMP has a large negative impact on the quality of life, activities of daily living and mental health for 

patients and their families [3,4]. According to a recent report on the ‘Global Burden of Disease’, which 

compared the Disability Adjusted Life Years (DALYs) of 291 diseases, two forms of CMP ranked high 

among Western European countries: back pain ranked number one and neck pain ranked number four 

[5]. Additionally, CMP results in high healthcare consumption and a great loss of work capacity. The 

total direct and indirect costs for the Netherlands are estimated at €20 billion per year [6]. 

 

CMP is a multidimensional condition involving an interplay of biological, social, and psychological 

factors [7]. Biological factors refer to physical aspects of the body that contribute to the experience of 

pain. These include, for example, tissue damage, inflammation, nerve sensitization and alterations in the 

functioning of the nervous system [8]. Biological factors can influence the intensity, duration, and 

location of pain, as well as the body's response to pain-relieving interventions [8]. Social factors 

encompass the broader social and environmental influences that impact an individual's experience of 

pain and access to treatment. These include aspects such as socioeconomic status, social support 

networks, cultural beliefs about pain, access to healthcare services, and the influence of work, family, 

and community dynamics [7]. Social factors can affect how pain is perceived, expressed, and managed, 

as well as the individual's ability to access appropriate treatment and support [7]. Psychological factors 

include how individuals think about pain (cognitive), their emotional responses to it, and their coping 

behaviours. These factors, including beliefs, mood, and coping strategies, greatly influence pain 

perception and overall well-being [9]. 

 

In addition to these three dimensions, psychosocial factors play a crucial role in the persistence of CMP. 

Unlike purely biological, social, or psychological factors, psychosocial aspects represent the interaction 

between psychological processes and social contexts in shaping pain experiences. Studies highlight that 

high levels of emotional distress, such as anxiety and depression, play a crucial role in exacerbating pain 

severity and disability [10–13]. Furthermore, pain catastrophising—a cognitive and emotional response 

to pain involving exaggerated negative beliefs and a sense of helplessness about pain—is associated 

with increased pain intensity and disability [10–13]. High levels of pain-related fear and fear of 
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movement are also common among individuals with CMP, contributing to avoidance behaviours and 

further disability [14]. The interplay of these psychosocial factors varies among patients and may 

fluctuate over time, influencing how individuals perceive pain and their ability to carry out everyday 

activities, which are crucial for their overall well-being and functional outcomes [15].  

 

The biopsychosocial model provides a holistic framework for understanding CMP, emphasizing the 

interplay of biomedical, psychological, and social determinants in pain development and recovery [16]. 

This model acknowledges that cognitive processes, emotional responses, expectations, physical health, 

and behavioural patterns all contribute to the subjective experience of chronic pain [16]. Moreover, 

chronic pain can also impact psychological well-being and social interactions, highlighting the 

bidirectional relationship between pain and psychosocial factors [16]. The neuromatrix theory further 

supports this perspective by highlighting the role of psychosocial factors in pain perception, especially 

when there is no evident physical pathology [17]. Therefore, a holistic assessment that considers 

biomedical processes alongside cognitive, emotional, behavioural, and environmental factors is crucial 

for comprehending and managing chronic pain conditions [7,18]. 

 

1.2 Treatment of CMP 
The current approach to treating CMP follows the stepped care principle [19], which means that primary 

care involves healthcare practitioners with direct-access, such as physiotherapists, general practitioners 

(GPs) and occupational therapists. Secondary care includes a range of services, mostly hospital-based 

and mental health interventions, where a referral from the GP or another medical practitioner is required. 

Lastly, tertiary care comprises highly specialized medical services provided by academic hospitals, 

involving complex interventions like interdisciplinary pain rehabilitation [16].  

 

Pharmacological treatments play a central role in the management of pain, with a wide range of 

commonly prescribed analgesics: non-opioid analgesics (e.g., paracetamol, nonsteroidal anti-

inflammatory drugs (NSAIDs) COX-2 selective inhibitors), opioids (e.g., morphine, fentanyl, 

oxycodone), and adjuvant analgesics (e.g., antidepressants, anticonvulsants, musculoskeletal agents, 

anxiolytics) [2]. Unfortunately, the use of opioids does not always result in sufficient pain control and 

is often associated with serious side effects such as breathing problems, confusion and depression [20]. 

Prolonged use of NSAIDs and opioids increases the risk of addiction and side effects such as 

gastrointestinal bleeding, arterial thrombosis, and mental dysfunction [21,22]. In addition to 

pharmacological treatments, there are also non-pharmacological treatments such as physical modalities 

(e.g., cryotherapy, heat therapy, transcutaneous electrical nerve stimulation therapy (TENS), 

acupuncture, therapeutic exercise) and (surgical) pain interventions (e.g., trigger point injection and 

intraspinal implants) [2].  
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However, treating CMP exclusively from a biomedical perspective contradicts the understanding of 

CMP as a multidimensional condition [23]. Hence, a multidisciplinary and holistic approach for 

managing CMP, incorporating a variety of treatment modalities, is deemed appropriate. A 

multidisciplinary approach involves integrating the diverse aspects of chronic pain conditions, including 

biopsychosocial effects on patients. Multidisciplinary pain services offer a variety of coherent treatment 

approaches that recognize pain as a complex problem requiring a multifaceted and continuous care 

approach. Typically, multidisciplinary treatment teams consist of physicians, physical and/or 

occupational therapists, and psychiatrists and/or clinical psychologists [2]. Several treatment modalities 

can be combined within a multidisciplinary approach, such as analgesics, mindfulness-based 

interventions, and cognitive-behavioural therapy (CBT). Pain education and self-management serve as 

foundational elements of a multidisciplinary and holistic approach, empowering patients to better 

understand their condition and enhance their beliefs and coping mechanisms related to pain [24].  

 

1.3 Virtual Reality 
Virtual reality (VR) has been introduced as a potential (adjunctive) non-pharmacological treatment 

modality for individuals coping with CMP, by means of pain education and management techniques 

[25]. Using computer-generated graphics, VR provides a simulated three-dimensional virtual world with 

immersive qualities when experienced through a head-mounted display (HMD) [25]. This immersive 

technology allows users to view the full panorama, creating a high sense of presence and immersion as 

if the individual is situated within the virtual environment [26]. Key features enhancing immersion in 

VR include: (1) the capability to block real-world visual and auditory stimuli, setting it apart from 

conventional television or computer screens, which do not block real-world sensory inputs, (2) high-

fidelity and high-resolution graphics closely resembling reality, (3) directional audio and (4) a wide field 

of view mimicking normal vision [27].  

 

In an immersive VR environment, which consumes finite attentional resources and blocks external 

stimuli, VR has the potential to influence pain perception [28]. Studies indicate that VR can increase 

pain tolerance and thresholds as a distraction intervention that works by competing for attention that 

would otherwise be directed towards painful stimuli [29,30]. This enables individuals to reduce their 

pain experience and engage higher cognitive and emotional centres of the nervous system [31]. 

Furthermore, research has shown reductions in pain intensity, anxiety levels, and time spent thinking 

about pain after VR distraction [32,33]. VR is considered more effective than conventional distraction 

techniques (e.g., pleasant imagining, rhythmic cognitive activities, external focus of attention, and 

neutral imagining) due to its immersive qualities, which engage individual’s visual, auditory processing 

as well as physical actions, thereby demanding more attention [34,35]. Beyond distraction, prolonged 

use of VR is expected to lead to neuroplastic changes in both the sensory and motor brain regions [32]. 
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With these strengths, VR can be utilised for diverse purposes, including exposure treatment [36], general 

activation of patients [37] and relaxation [38], potentially enhancing psychological therapies, such as 

mindfulness, Acceptance and Commitment Therapy (ACT) and CBT [39]. Additionally, VR offers 

several practical advantages, such as the feasibility for patients to use it within the comfort of their own 

homes, the accessibility without the need for the help of a healthcare provider and its supportive qualities 

for self-management [40]. Given these strengths, VR holds promise as an effective non-pharmacological 

intervention in the management of chronic pain.  

 

1.4 Reducept 
In this randomised controlled trial, participants in the intervention group used a recently developed VR 

intervention known as ‘Reducept’. Reducept is grounded in the biopsychosocial model of pain and is 

designed as a tool for the management and treatment of CMP. It aims to enhance patients’ understanding 

of their pain mechanisms and promote patient empowerment, education and self-management through 

evidence-based psychological treatment techniques [41].  

 

Reducept is constructed as a game in which a relaxing voice guides the patient through a virtual journey 

within the body’s nervous system. The patient is virtually situated in a spaceship, where pain 

mechanisms are visually explained and depicted. Reducept, hereby, utilises the ‘explain pain theory’, 

which allows the patient to reduce pain sensations by fostering understanding and influencing the 

cognitive, emotional, and behavioural processes related to pain [41]. During the virtual journey, the 

patient encounters five distinctive games incorporating exercises grounded in Pain Neuroscience 

Education (PNE) and various psychological therapies: ACT, CBT, hypnotherapy and mindfulness. Each 

game session lasts approximately ten minutes, with the various psychological therapies being alternated 

throughout the session.  

 

ACT focuses on the acceptance of pain as a natural part of life and emphasizes mindfulness and values-

based actions. In Reducept, ACT principles are integrated by guiding users to acknowledge and embrace 

pain in their daily lives. By fostering acceptance rather than avoidance, users learn to manage their pain 

more effectively and improve their overall well-being [42].  

 

CBT aims to modify dysfunctional thoughts and behaviours that contribute to pain experiences. In 

Reducept, CBT principles are applied through interactive tasks where users engage in cognitive 

restructuring exercises. For example, in one game, users eliminate symbolic ‘insects’ representing their 

pain, which helps them reframe their perception and gain a sense of control over their pain experience 

[42].  
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Hypnotherapy involves using guided relaxation to help individuals achieve a heightened state of focus 

and awareness, which can alter their perception of pain. In Reducept, this is achieved through relaxation 

exercises and suggestive imagery. Mindfulness involves paying attention to the present moment and 

accepting it without judgment, including the experience of pain. In Reducept, mindfulness techniques 

are used to help users observe their pain in a non-judgmental way, fostering a more accepting and 

detached attitude [41]. 

 

These therapeutic principles collectively aim to reduce overall pain experiences for users and empower 

them to better manage their pain condition through a holistic approach combining education, 

psychological techniques and immersive virtual environments [41,42]. Reducept is collaboratively 

developed by researchers, patients, psychologists, and software developers and can be played on several 

VR headsets, including the CE-certified Pico G2 4K headset used in this study. 

 

1.5 Current knowledge  
To evaluate the influence of VR interventions on CMP, it is essential to review the existing literature. 

Previous research, including studies by De Vries et al. [23] and Groenveld et al. [24], has provided 

valuable insights, but these have also highlighted significant knowledge gaps that this study aims to 

address. 

 

De Vries et al. [23] utilised a multiple baseline single-case experimental design to evaluate a VR-based 

intervention for patients with chronic low back pain (CLBP). Participants engaged in VR sessions 

focused on pain education and coping strategies, resulting in reductions in self-reported pain levels and 

improvements in functional abilities post-intervention. This study also reported enhanced pain self-

efficacy and reduced pain catastrophising. However, the absence of an active control group complicates 

attributing these outcomes solely to the VR intervention, as factors such as personal attention or positive 

treatment expectations may have influenced the results.  

 

Groenveld et al. [24] examined a behavioural therapy-based VR application designed at improving 

quality of life (QoL) for patients with CLBP. Using immersive environments and interactive scenarios, 

the VR application engaged patients in therapeutic exercises intended to reduce pain and enhance 

psychological well-being. This randomised controlled trial (RCT) found significant improvements in 

QoL metrics, reduced pain intensity and increased pain coping skills in the VR group compared to a 

control group receiving standard care. Nevertheless, the study did not include a sample size calculation 

and faced limitations related to small sample size and generalisability.  

 

Both studies exclusively recruited patients with CLBP from (academic) hospitals. De Vries et al. [23] 

specifically focused on patients with long-standing CLPB who had no further medical treatment options 
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available, with most participants over 60 years old and a median age of 73 years. This narrow 

demographic and setting may limit the applicability of the findings to broader populations. Additionally, 

De Vries et al. [23] conducted a low frequency of VR sessions (three sessions per week over four weeks) 

in a hospital setting, whereas the developers of Reducept recommend more frequent, home-based 

sessions for optimal results [42].  

 

To address these limitations and knowledge gaps, this study employs a RCT design with a control group 

following the standard waiting list protocol without additional treatment or VR intervention. This design 

aims to isolate the effect of the VR intervention more accurately. The study includes a larger and more 

diverse sample group, incorporating patients from both hospitals and rehabilitation centres, and includes 

different types of CMP conditions. By employing an a priori sample size calculation, this study seeks to 

enhance the reliability and generalisability of the findings. Furthermore, it incorporates daily home-

based VR sessions for four weeks, aligning with recommended practices and addressing limitations 

related to session frequency and setting. Through this approach, this study aims to provide a more 

comprehensive evaluation of the VR program Reducept and its impact on pain management. 

 

1.6 Objective  
Building on previous research, this study aims to address knowledge gaps by exploring additional 

dimensions of the VR program Reducept. 

 

The primary objective of this study is to examine the influence of a four-week, home-based VR 

intervention Reducept on patients with CMP who are on a waiting list for pain treatment. The study will 

evaluate the effect of Reducept on health-related quality of life (HRQoL) as the primary outcome. 

Secondary outcomes include pain-related outcomes such as pain intensity, pain catastrophising, pain 

self-efficacy, and pain acceptance. Therefore, the primary research question is formulated as follows:  

To what extent does a four-week, home-based VR intervention, compared to the standard 

waiting list period without VR intervention, influence the health-related quality of life in patients 

with chronic musculoskeletal pain awaiting chronic pain treatment? 

 

The secondary research question is phrased as:  

To what extent does a four-week, home-based VR intervention, compared to the standard 

waiting list period without VR intervention, influence pain-related outcomes (pain intensity, 

pain catastrophising, pain self-efficacy and pain acceptance) in patients with chronic 

musculoskeletal pain awaiting chronic pain treatment?  
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2. Methods 

2.1 Study design 
This pragmatic, open-label, randomised controlled trial employed a cluster randomised, two-period, 

crossover design (CRXO) [43]. In this design, clusters alternated between treatment and control 

conditions over two periods, each lasting three months. The timing of these crossovers was critical, as 

it determined the treatment each participant received based on their cluster’s allocation. The crossover 

design was chosen for its operational efficiency, allowing each cluster to administer only one type of 

intervention at a time, thereby reducing research complexity and associated costs. Additionally, the 

crossover feature enhanced statistical power and reduced the risk of chance imbalances [44].  

 

This study involved six clusters, drawn from four participating healthcare organisations: Roessingh, 

Deventer Ziekenhuis, Nocepta and Revalidatie Friesland. To refine the design, Roessingh and 

Revalidatie Friesland were each divided into two separate clusters: Roessingh Pijnrevalidatie, Roessingh 

Centrum voor Revalidatie, Revalidatie Friesland Tjongerschans, and Revalidatie Friesland Emmeloord. 

These six clusters were randomised using the online program ‘Sealed Envelope’ 

(https://www.sealedenvelope.com/) prior to the inclusion of patients. Patients were assigned to either 

the intervention or control group based on the randomisation of their respective cluster. A schematic 

representation of the design is shown in Figure 1. 

 

Ethical approval for this study was obtained from the University of Twente ethics committee (RP 2022-

174) and the local ethics committees at the four participating healthcare organisations. The recruitment 

and study procedures took place between October 2023 and April 2024. This trial was retrospectively 

registered on ClinicalTrials.gov (identifier: NCT06312735). 

 

 

Figure 1. Schematic representation of the study design. 
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2.2 Study population 
While awaiting pain treatment, patients with CMP were recruited from the four participating healthcare 

organisations. Patients were deemed eligible for participation if they: (1) were aged 18 years or older, 

(2) diagnosed with CMP (>3 months), (3) had finished biomedical diagnostics and treatment, (4) were 

open to a therapeutic intervention with biopsychosocial elements, and (5) were willing and capable of 

complying with the study procedures. Patients were excluded if they: (1) were not capable of finishing 

the intervention due to physical (e.g., facial wounds, severe visual impairment, vertigo, epilepsy, 

dementia, delirium), mental (e.g., sensitivity to VR stimuli), or practical challenges (e.g., insufficient 

comprehension of technology), (2) were enrolled in another study to evaluate alternative approaches to 

pain treatment, and/or (3) had no comprehension of the Dutch language. 

 

The sample size was determined using G*Power software version 3.1.9.7 (Heinrich-Heine-University, 

Dusseldorf, Germany) [45,46]. Since G*Power software does not have a direct option for linear mixed 

models, an a priori power analysis was conducted using the ANOVA with repeated measures, within-

between interaction model. This analysis was set at an alpha level of 0.05 and a desired power of 80%. 

Based on the literature on virtual reality interventions for chronic pain, which suggests effects sizes 

around 0.20 [20], the estimated sample size required was 52 participants.  

 

2.3 Intervention 
Participants in the intervention group used the VR intervention Reducept daily at home. This CE-

certified VR programme is specifically designed for individuals with CMP, who were on a waiting list 

for pain treatment. Each session, lasting between 10 and 30 minutes, was conducted independently by 

participants over a four-week period, either seated or lying down, without requiring physical movement. 

For further details on the intervention’s design and theoretical background, see Section 1.4. The control 

group continued with the standard waiting list procedure and did not have access to the VR intervention.  

 

2.4 Study procedure 
Recruitment of patients took place at the four participating centres involved in this study. After their 

intake but before starting treatment, the healthcare providers screened the patients based on the inclusion 

and exclusion criteria and determined whether the patient was eligible for participation in this study. If 

eligible, the patient was contacted by their healthcare provider who provided a brief explanation 

(verbally and with an information letter) about the study. If interested in participating, the healthcare 

provider asked the patient for permission to forward their contact details to the researcher (through a 

fully secured app ‘Siilo’; https://www.siilo.com). The researcher then contacted the patient and provided 

a more comprehensive and detailed explanation about the study and asked the patient to contemplate 

participating in the study. Before signing the informed consent, individuals in the intervention group 

had the opportunity to experience the VR intervention under the supervision of the researcher. All 
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patients were formally enrolled in the study by signing the informed consent, after which all participants 

(both in the control and intervention groups) received the first questionnaire (T0) as a baseline 

measurement. Participants in the intervention group received the VR headset to take home together with 

an instruction sheet. The participants in the intervention group carried out the intervention daily for 10-

30 minutes over four weeks at home, while the participants in the control group followed the standard 

waiting list period procedure without VR intervention. Then, after four weeks, the participants in the 

intervention group were asked to return the used VR headset and all participants (both intervention and 

control groups) received the second questionnaire (T1). All participants were sent an email providing a 

hyperlink to access the questionnaires in Qualtrics software (Provo, USA) [47].  

 

Participants were allowed to discontinue their participation in the study for any reason at any time 

without consequences. Additionally, the researcher could decide to terminate an individual’s 

participation due to urgent medical considerations or if the VR intervention caused discomfort to any 

participants. In the case of withdrawal, participants were not included in further procedures. 

 

2.5 Study outcomes 
All outcome assessments were carried out at baseline (T0) and after four weeks (T1) in exactly the same 

manner across all healthcare organisations for all participants, using the Dutch translation of the original 

questionnaires. 

 

The primary outcome, health-related quality of life, was assessed by the Short Form health survey (SF-

12) [48], which has been validated in various chronic diseases and conditions [49–51]. The SF-12 

consisted of 12 items that measured eight health domains to assess physical and mental health. The 

Physical Component Summary (PCS) included domains related to general health, physical functioning, 

role physical and bodily pain. The Mental Component Summary (MCS) included domains related to 

vitality, social functioning, role emotional and mental health. An example of an item in the PCS: ‘In the 

past 4 weeks, how often have you had any of the following problems in your work or other daily 

activities, as a result of your physical health?’. An example of an item in the MCS: ‘During the past 4 

weeks, have you had any of the following problems with your work or other regular daily activities as a 

result of any emotional problems (such as feeling depressed or anxious)?’. For each participant, a norm-

based score ranging from 0 to 100 points was calculated for both components using the method described 

by Ware et al. [52]. A higher score indicated a higher perceived health-related quality of life. However, 

data consistency issues were observed, with discrepancies between SF-12 scores provided by different 

data centres and the original data collected. For instance, scores from Revalidatie Friesland for the SF-

12 at T1 often differed from the independently collected data. This inconsistency may affect the 

comparability of results across sources and should be considered when interpreting the findings. 
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Secondary study outcomes included pain-related outcomes, such as pain intensity, pain catastrophising, 

pain self-efficacy and pain acceptance.  

- Pain intensity was assessed using the Numeric Pain Rating Scale (NPRS), specifically the 11-

point version, which is widely preferred for its construct validity, acceptable responsiveness, 

and test-retest reliability [53–56]. Participants rated their pain intensity on a scale ranging from 

0 (no pain at all) to 10 (worst pain imaginable). The NPRS consists of two items, with a 

maximum total score of 20, where higher scores indicate greater pain intensity. An example 

item was: ‘How severe was your pain (on average) in the past week (7 days)?’  

- Pain catastrophising was assessed using the Pain Catastrophizing Scale (PCS), a validated 

instrument that was designed to evaluate patterns of negative cognition and emotion associated 

with existing or anticipated pain [57]. The PCS consisted of 13 items, each rated on a 5-point 

scale (0= not at all to 4= all the time), assessing feelings and beliefs related to painful 

experiences. Scores from these items were summed to generate a total score ranging from 0 to 

52, with higher scores indicating a greater level of pain catastrophising. The scale included three 

subscales: rumination, magnification, and feelings of helplessness related to pain. An example 

item included: ‘When I was in pain I constantly wondered if the pain would stop’.  

- Pain self-efficacy was assessed using the Pain Self-Efficacy Questionnaire (PSEQ), a validated 

instrument designed to evaluate an individual’s confidence in their ability to perform daily 

activities despite experiencing pain [58–60]. The PSEQ measures how confident a person feels 

about their capacity to manage and continue functioning with pain. It consists of 10 items rated 

on a 7-point Likert scale, ranging from 0 (I am not sure) to 6 (I am entirely sure). The total score 

ranged from 0 to 60, with higher scores indicating greater self-efficacy or confidence in 

managing daily activities despite pain. An example item included: ‘I can still perform my work 

duties, despite the experience of pain’. This reflects how strongly a person believes they can 

persist in their usual activities despite their pain.  

- Pain acceptance evaluated using the 8-item Chronic Pain Acceptance Questionnaire (CPAQ-8) 

short form, which measures an individual’s ability to accept pain and continue engaging in 

meaningful activities despite its presence [61]. This instrument assesses how much a person has 

adjusted to living with chronic pain, focusing on their willingness to accept pain as a part of life 

rather than trying to control or avoid it. Participants rated each item on an 8-point scale from 0 

(never true) to 7 (always true), with total scores ranging from 0 to 56. Higher scores indicate 

greater acceptance of pain and greater engagement in activities despite pain interference. The 

CPAQ-8 includes two subscales: pain willingness, which measures the degree to which 

individuals accept experiencing pain without avoidance, and activity engagement, which 

assesses the extent to which individuals persist in meaningful activities despite pain. An 

example item included: ‘I continue to engage in activities that are important to me, even though 

I experience pain’. Reflecting how well a person integrates pain into their life and maintains 
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involvement in valued activities despite it. It should be noted that some items in the CPAQ-8, 

as used in this study, were found to be incorrectly formulated. This issue may affect the accuracy 

and reliability of the pain acceptance measurements and warrants further review to ensure the 

validity of the responses.  

 

The following patient characteristics were asked at baseline: gender, age, educational level, employment 

status, duration of CMP and pain medication usage (6 items in total).  

 

2.6 Data analysis 
The statistical analyses were performed using R version 4.2.1 (Vienna, Austria) [62], with a significance 

level set at 5% (α = 0.05, p ≤ 0.05, two-sided testing). Data analysis was conducted in accordance with 

the intention-to-treat principle [63], utilising all available data from each randomised participant who 

had completed baseline questionnaires. This approach was selected to evaluate the intervention’s 

influence in a manner reflective of real-world conditions, where full protocol adherence is not always 

feasible. However, it is important to acknowledge that this approach could potentially lead to either an 

underestimation or overestimation of the true influence. Underestimation may have occurred if 

participants did not fully comply with the intervention, while overestimation could have arisen from 

biases such as differential dropout rates or other data anomalies.  

 

Missing data at T1 were handled using the Last Observation Carried Forward (LOCF) method [64], 

where missing scores at T1 were substituted with the last observed scores from T0 for each participant. 

This method aimed to maximise sample size and maintain statistical power. Nonetheless, potential 

biases, such as under- or overestimation of effects, may have been introduced due to the imputation of 

missing data. To assess the robustness of the findings, a per-protocol analysis [65] was also performed, 

including only those participants who fully adhered to the intervention. This analysis indicated no 

significant differences compared to the intention-to-treat analysis, suggesting that the findings were 

robust regardless of the analytical approach.  

 

Group-level comparisons (intervention group vs. control group) were conducted based on the 

differences in mean score changes across all study outcomes. Normality of the data was assessed using 

the Shapiro-Wilk test for each group and outcome measure, complemented by visual methods such as 

histograms, Q-Q plots and density plots. 

 

Baseline characteristics of participants were described using descriptive statistics: means and standard 

deviations (SDs) or medians and interquartile ranges (IQRs) for continuous variables, and frequency 

counts and percentages for nominal variables. Group comparisons were conducted using independent t-
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tests for continuous data and chi-square tests for categorical data, with Fisher’s exact test used for 

categorical data where distributional assumptions were not met [66]. 

 

A linear mixed model (LMM) was used to evaluate the influence of the intervention. This model 

included the intervention group as an independent variable (a between-subjects factor) and time of 

measurement as a dependent variable (a within-subjects factor). This model assessed changes in SF-12 

PCS and MSC scores over time between the intervention and control groups, accounting for within-

person correlation (change from baseline) through a repeated measures design, incorporating subject-

level random effects. The model included fixed effects for ‘treatment (group)’, ‘time’, and the 

interaction effect between ‘treatment and time’. Satterthwaite’s method for approximating degrees of 

freedom was used, implemented via the lmerTest package in R, to provide accurate p-values [67,68]. 

The primary focus was on comparing the VR intervention group with the control group across all time 

points (between-group comparison) and examining the interaction between time and group to assess the 

influence of the intervention on the trajectory of key variables (within-group comparison).  

 

Similar analyses were performed for the secondary outcome measures, including pain intensity, pain 

catastrophising, pain self-efficacy and pain acceptance.   
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3. Results 

3.1 Participants characteristics 
Participants were recruited and enrolled between November 2023 and the end of March 2024. A total 

of 52 participants were randomised, with 30 allocated to the intervention group and 22 to the control 

group. Of these 52 participants, three from each group did not complete the questionnaires (both T0 and 

T1 data were missing) and were considered lost to follow-up. 

 

Intention-to-treat analyses were conducted, resulting in a dataset that included 13 individuals with 

completely missing T1 data (four in the intervention group and nine in the control group) and nine 

individuals with partially missing T1 data (four in the intervention group and five in the control group). 

For these participants, the LOCF method was applied. Consequently, 27 participants in the intervention 

group and 19 participants in the control group were included in the final analysis. To the best of our 

knowledge, no participants withdrew due to adverse events related to the treatment. Figure 1 provides a 

summary of the study flow diagram. 

 

The baseline demographic and clinical characteristics of the participants in both groups are summarized 

in Table 1. There were no statistically significant differences in demographic characteristics between 

the groups at baseline, indicating that randomisation was effective. 

 

 

Figure 2. Flow diagram of the study. 
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Table 1. Baseline characteristics of participants. 

  Intervention Control 
Statistical tests 

  (n = 27) (n = 19) 

Gender, n (%)     

X2 (1, N = 46) = 0.000, p = 1.000a 
 

Male 9 (33) 6 (32) 

Female 18 (67) 13 (68) 

Age (years)      

 

t(44, N= 46) = 0.69, p = 0.494c  

  

Mean (SD) 54 (16.8) 57 (13.4) 

Range 21-78 25-74 

Educational level, n (%)     

X2 (5, N = 46) = 8.89, p = 0.114a  

  

 

  

  

Geen diploma 0 (0) 2 (11) 

Basisonderwijs 0 (0) 2 (11) 

VMBO, HAVO/VWO onderbouw, MBO1 10 (37) 5 (26) 

HAVO, VWO, MBO2-4 9 (33) 8 (42) 

Bachelor (HBO/WO) 5 (19) 2 (11) 

Master (HBO/WO) of PhD 3 (11) 0 (0) 

Employment status, n (%)     

Fisher’s Exact Test: p = 0.766b 

  

  

  

  

  

Fulltime werkzaam 4 (15) 5 (26) 

Parttime werkzaam 9 (33) 4 (21) 

Gepensioneerd 6 (22) 4 (21) 

Werkloos/-zoekend 0 (0) 0 (0) 

Vrijwilligerswerk 0 (0) 1 (5) 

Arbeidsongeschikt 5 (19) 5 (26) 

Student 1 (4) 1 (5) 

Overig 4 (15) 6 (32) 

Pain duration, n (%)      

X2 (1, N = 46) = 2.27, p = 0.132a 

  

  

Less than one year 5 (19) 0 (0) 

More than one year 22 (81) 19 (100) 

Pain medication, n (%) 
    

Fisher’s Exact Test: p = 0.921b 

 

 

  

  

  

Acetaminophen (paracetamol) 15 (56) 11 (58) 

NSAIDs 10 (37) 10 (37) 

Antidepressant medications 2 (7) 0 (0) 

Antiepileptic medications 1 (4) 2 (11) 

Local anaesthetics 0 (0) 0 (0) 

Opioid agents 4 (15) 2 (11) 

Other medications 2 (7) 2 (11) 

No medication 7 (26) 4 (21) 

aChi-squared       

bFisher's exact test       

cIndependent t-test       

Abbreviations: SD = Standard Deviation, VMBO = Voorbereidend Middelbaar Beroepsonderwijs, HAVO = Hoger 

Algemeen Voortgezet Onderwijs, VWO = Voorbereidend Wetenschappelijk Onderwijs, MBO = Middelbaar 

Beroepsonderwijs, HBO = Hoger Beroepsonderwijs, WO = Wetenschappelijk Onderwijs, PhD = Doctor of 

Philosophy, NSAIDs = Non-Steroidal Anti-Inflammatory Drugs   
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3.2 Primary study outcomes 
Physical and mental scores of the SF-12 are shown in Figure 2 and 3. Estimated marginal means for SF-

12 physical and mental component scores are reported in Table 2.  

 

SF-12 PCS and MCS scores at baseline (T0) and 4 weeks (T1) did not show significant differences 

between the control and intervention group, as assessed using an LMM. For SF-12 PCS at baseline (T0), 

the mean difference between the control and intervention group was -1.81 (95% CI: -6.46 to 2.84; p = 

0.44). At 4 weeks (T1), the mean difference was -4.07 (95% CI: -8.85 to 0.71; p = 0.09). For SF-12 

MCS at baseline (T0), the mean difference was -2.06 (95% CI: -8.00 to 3.88; p = 0.49). At 4 weeks (T1), 

the mean difference was -4.37 (95% CI: -10.40 to 1.66; p = 0.15). 

 

       

Figure 3. SF-12 physical scores, mean and SD.          Figure 4. SF-12 mental scores, mean and SD. 

 

Table 2. EMMs of SF-12 Physical and SF-12 Mental by group and time. 

Group Time Mean SE 95% CI p-value 

SF-12 Physical ↑           

Intervention 0 Weeks (Baseline) 32.4 1.50 (29.2, 35.3)   

  4 Weeks (Post-Intervention) 33.4 1.53 (30.4, 36.5)   

Control 0 Weeks (Baseline) 30.4 1.79 (26.8, 34.0)   

  4 Weeks (Post-Intervention) 29.4 1.84 (25.7, 33.1)   

Control - Intervention 0 Weeks (Baseline) -1.81 2.34 (-6.51, 2.89) 0.443 

  4 Weeks (Post-Intervention) -4.07 2.39 (-8.87, 0.73) 0.095 

SF-12 Mental ↑           

Intervention 0 Weeks (Baseline) 43.5 1.90 (39.7, 47.3)   

  4 Weeks (Post-Intervention) 45.3 1.93 (41.5, 49.2)   
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Control 0 Weeks (Baseline) 41.4 2.27 (36.9, 46.0)   

  4 Weeks (Post-Intervention) 41.0 2.31 (36.3, 45.6)   

Control - Intervention 0 Weeks (Baseline) -2.06 2.96 (-8.02, 3.89) 0.489 

  4 Weeks (Post-Intervention) -4.37 3.01 (-10.42, 1.67) 0.152 

Abbreviations: EMMs = Estimated Marginal Means, SF-12 = Short Form 12 Health Survey, SE = Standard Error,  

CI = Confidence Interval 
 

 

No significant main treatment effect was observed between the intervention and control group over time 

for the SF-12 Physical Component Score (t(49.854) = 0.773, p = 0.443) or the Mental Component Score 

(t(48.679) = 0.697, p = 0.489). Similarly, no statistically significant main time effects were observed for 

the SF-12 Physical Component Score (t(38.527) = −1.000, p = 0.324) or the Mental Component Score 

(t(39.019) = −0.411, p = 0.683). Additionally, no significant treatment-time interaction effect was found 

for the SF-12 Physical Component Score (t(38.421) = 1.634, p = 0.111) or the Mental Component Score 

(t(38.943) = 1.565, p = 0.126). 

 

3.3 Secondary study outcomes 
No statistically significant differences were observed between the estimated marginal means of the 

control and intervention groups across all secondary outcomes at both baseline (T0) and after 4 weeks 

(T1). For pain intensity (NPRS), the mean differences were 0.704 (95% CI: -0.86 to 2.27; p = 0.371) at 

baseline and 1.44 (95% CI: -0.26 to 3.08; p = 0.096) at 4 weeks. Pain catastrophising (PCS) differences 

were 2.09 (95% CI: -4.27 to 8.46; p = 0.512) at baseline and 4.83 (95% CI: -1.78 to 11.45; p = 0.149) at 

4 weeks. Also, within the subscales of pain catastrophising, rumination, magnification, and helplessness 

differences remained non-significant. Pain self-efficacy (PSEQ) had mean differences of -3.87 (95% CI: 

-11.6 to 3.87; p = 0.320) at baseline and -5.35 (95% CI: -13.1 to -1.38; p = 0.172) at 4 weeks. Pain 

acceptance (CPAQ-8) and its subscales, pain willingness and activity engagement, also showed non-

significant differences (Table 3).  

 

No statistically significant main treatment effects, main time effects, or interaction effects were observed 

between the intervention and control groups over time for pain intensity (NPRS), pain catastrophising 

(PCS and its subscales of rumination, magnification, and helplessness), pain self-efficacy (PSEQ) and 

chronic pain acceptance (CPAQ and its subscales of pain willingness and activity engagement). Detailed 

statistical outputs for these analyses can be found in Appendix A.   
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Table 3. EMMs of pain intensity, pain catastrophising (rumination, magnification, helplessness), pain 

self-efficacy, and pain acceptance (pain willingness and activity engagement) by group and time. 

Group Time Mean SE 95% CI p-value 

Pain intensity (NPRS) ↓         

Intervention 0 Weeks (Baseline) 14.2 0.494 (13.2, 15.2)   

  4 Weeks (Post-Intervention) 13.3 0.509 (12.3, 14.4)   

Control 0 Weeks (Baseline) 14.9 0.605 (13.7, 16.1)   

  4 Weeks (Post-Intervention) 14.7 0.662 (13.4, 16.1)   

Control - Intervention 0 Weeks (Baseline) 0.704 0.780 (-0.86, 2.27) 0.371 

  4 Weeks (Post-Intervention) 1.44 0.835 (-0.26, 3.08) 0.096 

Pain catastrophising (PCS) ↓   

Intervention 0 Weeks (Baseline) 21.7 2.01 (17.7, 25.8)   

  4 Weeks (Post-Intervention) 17.9 2.05 (13.8, 22.0)   

Control 0 Weeks (Baseline) 23.8 2.46 (18.9, 28.8)   

  4 Weeks (Post-Intervention) 22.8 2.59 (17.6, 27.9)   

Control - Intervention 0 Weeks (Baseline) 2.09 3.17 (-4.27, 8.46) 0.512 

  4 Weeks (Post-Intervention) 4.83 3.30 
(-1.78, 

11.45) 
0.149 

Pain catastrophising (PCS) – Rumination   

Intervention 0 Weeks (Baseline) 7.96 0.773 (6.49, 9.43)   

  4 Weeks (Post-Intervention) 6.24 0.754 (4.73, 7.75)   

Control 0 Weeks (Baseline) 8.72 0.898 (6.92, 10.52)   

  4 Weeks (Post-Intervention) 8.28 0.975 (6.33, 10.22)   

Control - Intervention 0 Weeks (Baseline) 0.759 1.16 (-1.57, 3.08) 0.515 

  4 Weeks (Post-Intervention) 2.041 1.23 (-0.42, 4.51) 0.1023 

Pain catastrophising (PCS) – Magnification    

Intervention 0 Weeks (Baseline) 4.02 0.540 (2.93, 5.10)   

  4 Weeks (Post-Intervention) 3.32 0.571 (2.17, 4.46)   

Control 0 Weeks (Baseline) 4.32 0.654 (3.02, 5.61)   

  4 Weeks (Post-Intervention) 3.86 0.685 (2.48, 5.23)   

Control - Intervention 0 Weeks (Baseline) 0.302 0.842 (-1.39, 1.99) 0.722 

  4 Weeks (Post-Intervention) 0.539 0.892 (-1.25, 2.33) 0.548 

Pain catastrophising (PCS) - Helplessness   

Intervention 0 Weeks (Baseline) 10.30 0.945 (8.40, 12.2)   

  4 Weeks (Post-Intervention) 9.19 0.980 (7.22, 11.1)   

Control 0 Weeks (Baseline) 11.28 1.158 (8.96, 13.6)   

  4 Weeks (Post-Intervention) 11.17 1.227 (7.22, 11.1)   

Control - Intervention 0 Weeks (Baseline) 0.981 1.49 (-2.02, 3.98) 0.514 

  4 Weeks (Post-Intervention) 1.980 1.57 (-1.16, 5.12) 0.212 

Pain self-efficacy (PSEQ) ↑   

Intervention 0 Weeks (Baseline) 41.5 2.44 (36.6, 46.4)   

  4 Weeks (Post-Intervention) 43.9 2.45 (39.0, 48.8)   
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Control 0 Weeks (Baseline) 37.6 2.99 (31.6, 43.6)   

  4 Weeks (Post-Intervention) 38.6 2.99 (32.6, 44.6)   

Control - Intervention 0 Weeks (Baseline) -3.87 3.86 (-11.6, 3.87) 0.320 

  4 Weeks (Post-Intervention) -5.35 3.87 (-13.1, -1.38) 0.172 

Pain acceptance (CAPQ-8) ↑   

Intervention 0 Weeks (Baseline) 35.8 1.46 (32.9, 38.7)   

  4 Weeks (Post-Intervention) 38.0 1.47 (35.0, 40.9)   

Control 0 Weeks (Baseline) 35.5 1.78 (31.9, 39.1)   

  4 Weeks (Post-Intervention) 34.2 1.78 (30.6, 37.7)   

Control - Intervention 0 Weeks (Baseline) -0.315 2.30 (-4.92, 4.29) 0.892 

  4 Weeks (Post-Intervention) -3.786 2.31 (-8.41, 0.84) 0.107 

Pain acceptance (CAPQ-8) - Pain willingness   

Intervention 0 Weeks (Baseline) 17.3 1.03 (15.2, 19.3)   

  4 Weeks (Post-Intervention) 18.3 60.6 (16.3, 20.4)   

Control 0 Weeks (Baseline) 16.1 1.26 (13.6, 18.6)   

  4 Weeks (Post-Intervention) 15.8 1.26 (13.3, 18.3)   

Control - Intervention 0 Weeks (Baseline) -1.19 1.62 (-4.43, 2.06) 0.468 

  4 Weeks (Post-Intervention) -2.51 1.63 (-5.76, 0.75) 0.129 

Pain acceptance (CAPQ-8) - Activity engagement   

Intervention 0 Weeks (Baseline) 18.5 1.27 (16.0, 21.1)   

  4 Weeks (Post-Intervention) 19.6 1.28 (17.1, 22.2)   

Control 0 Weeks (Baseline) 19.4 1.55 (16.3, 22.5)   

  4 Weeks (Post-Intervention) 18.3 1.55 (15.2, 21.5)   

Control - Intervention 0 Weeks (Baseline) 0.87 2.00 (-3.15, 4.89) 0.666 

  4 Weeks (Post-Intervention) -1.29 2.01 (-5.32, 2.74) 0.523 

Abbreviations: EMMs = Estimated Marginal Means, SE = Standard Error, CI = Confidence Interval 
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4. Discussion 

4.1 Main findings 

The primary aim of this study was to evaluate the influence of a four-week, home-based VR intervention, 

Reducept, in patients with CMP awaiting pain treatment. The study primarily assessed the influence of 

Reducept on health-related quality of life (HRQoL), as measured by the SF-12 (with physical and mental 

component scores) and included secondary outcomes such as pain intensity, pain catastrophising, pain 

self-efficacy and pain acceptance. No significant differences were observed between the intervention 

and the control groups for HRQoL or any secondary outcomes, consistent across both the intention-to-

treat and per-protocol analyses.  

 

An analysis of the SF-12 physical and mental health subscales revealed no significant improvements or 

declines between the intervention and control groups over the four-week period. This finding aligns with 

Groenveld et al. [24], who reported no significant differences in SF-12 scores between groups after four 

weeks. Similarly, De Vries et al. [23], using the SF-36/RAND 36-item Health Survey, found no 

significant changes in quality of life domains such as physical functioning, emotional well-being and 

pain. The absence of significant changes in either direction suggests that the intervention did not 

substantially influence HRQoL, which may indicate that it was either not robust enough or not 

sufficiently targeted to affect these outcomes within the short timeframe of four weeks. Further 

investigation could explore whether longer intervention periods or alternative methods might yield 

different results. 

 

No significant reductions in pain catastrophising were observed between groups, consistent with 

Groenveld et al. [24]. Both studies used a home-based, self-administered VR intervention with daily 

sessions without continuous supervision. Groenveld et al. [24] included adherence monitoring through 

telephone interviews on days 7 and 14, potentially providing additional support and encouraging greater 

engagement. This study lacked such monitoring, potentially affecting adherence and cognitive changes. 

In contrast, De Vries et al. [23] reported significant reductions in catastrophising, which could be due to 

a more structured, supervised clinical setting. All treatment sessions were conducted in a hospital setting, 

with VR sessions held three times per week over a total of 9-12 sessions. Garcia et al. [69] also used a 

home-based intervention, instructing participants to complete one VR session daily for 56 days, with 

study staff monitoring the completion of twice-weekly surveys and device use. Despite these measures, 

Garcia et al. [69] still reported non-significant improvements in pain coping symptoms, including pain 

catastrophising. These findings suggest that while home-based interventions offer flexibility, improved 

monitoring strategies could enhance adherence and cognitive changes [70,71].   
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Regarding pain intensity, no significant reductions were observed between the intervention and control 

groups. This aligns with Eccleston et al.'s [72] findings, where a VR-based intervention aimed at 

reducing fear of movement and psychological barriers also reported no significant changes in pain 

intensity. Although De Vries et al. [23] used the same VR programme, they reported a modest yet 

statistically significant reduction in pain intensity. This discrepancy may be due to differences in study 

design and participant characteristics. De Vries et al.'s [23] study included participants with CLBP 

lasting more than six months and required a baseline mean pain intensity score of 4 on a 0-10 numeric 

rating scale. In contrast, this study included a broader range of CMP conditions with a minimum 

diagnosis duration of three months and did not require a specific baseline pain intensity score for 

inclusion. The absence of a baseline pain intensity score may have introduced variability in participant 

pain levels, potentially diminishing the intervention’s effect. These findings suggest that the 

effectiveness of Reducept may be influenced by participant characteristics, including baseline pain 

levels and intervention design.  

 

4.2 Strengths and limitations  

This study has several strengths and limitations that are important to consider when evaluating the 

results. 

 

4.2.1 Strengths 

This study benefits from its inclusion of a diverse population across multiple healthcare organisations 

— Roessingh, Deventer Ziekenhuis, Nocepta, and Revalidatie Friesland —representing various 

geographical locations and healthcare settings (rehabilitation, specialised pain management, hospital 

care). This diversity enhances the generalisability of the findings to chronic pain patients from varied 

backgrounds and conditions. However, this diversity could also introduce variability in treatment 

protocols, healthcare practices and patient populations across the different sites, potentially influencing 

the consistency of the intervention's impact. Such variability might make it challenging to attribute 

observed effects solely to the intervention, as differences in healthcare delivery or patient management 

practices across sites could act as confounding factors. 

 

The study utilised a cluster randomised two-period crossover (CRXO) design, chosen for its 

effectiveness in clinical research for reducing confounding factors within clusters. This design allowed 

each healthcare organisation to contribute data to both the intervention and control groups during 

designated periods, enhancing the study's ability to evaluate treatment effects across diverse settings. 

CRXO designs are particularly valuable in clinical research as they optimise resource use and minimise 

the impact of confounding variables, improving the reliability of treatment effect estimates [43,44,73].  
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4.2.2 Limitations 

A significant limitation of this study is the relatively small sample size. Despite the initial aim for 52 

participants based on a priori sample size calculation, the study ultimately included 46 participants (27 

in the intervention group and 19 in the control group). While a smaller sample size does not inherently 

reduce the generalisability, in this case, it may have implications. A smaller sample size may limit 

diversity and affect statistical power, which could reduce the ability to detect significant effects or draw 

robust conclusions about the intervention’s impact. Future research should aim for larger sample sizes 

to strengthen the evidence base and enable subgroup analyses. 

 

Another notable limitation is the potential influence of the nocebo effect, which was not directly 

assessed. Research indicates that a waiting list setting can induce a nocebo effect, where patients 

experience worsening symptoms while awaiting treatment [74,75]. If such an effect was present, it could 

have either exaggerated or obscured any potential benefits of the VR intervention, making it difficult to 

accurately assess its true effectiveness. Future studies should consider explicitly measuring and 

accounting for this effect to better understand its impact.  

 

To address these concerns, future research could incorporate sensitivity analyses and explore alternative 

methods for handling missing data, such as multiple imputation. Sensitivity analyses could assess how 

different assumptions about missing data (e.g., assuming uniformly positive or negative outcomes for 

participants with missing data) impact the outcomes [76]. Multiple imputation could provide a more 

robust approach to account for missing data, thereby enhancing the accuracy of findings [77]. 

Additionally, using an active control group — receiving a different but equally engaging intervention 

— could help isolate the specific effects of the VR intervention from other variables [78]. 

 

4.3 Practical implications and recommendations  

Although the intervention did not reveal significant short-term effects, this does not rule out the potential 

of long-term effects. Short-term studies often capture only immediate responses, potentially missing 

delayed or gradual effects that could be significant over a longer duration. Pain management 

interventions, especially those incorporating cognitive and educational elements, often require more 

time to realise their full potential [79]. For instance, VR’s immersive pain education can enhance 

patients’ understanding and coping strategies, potentially leading to more durable benefits [7,20,80]. 

Evidence supports that such educational approaches provide lasting advantages by equipping patients 

with skills that extend beyond the immediate treatment period, thereby impacting long-term pain 

management [79,81–83]. Therefore, longitudinal studies are essential to determine whether sustained 

engagement with VR provides long-term effects not captured in short-term assessments. 
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Additionally, exploring the integration of VR into active treatment phases may offer potential 

advantages over its use as a standalone intervention. The literature suggests that VR may provide greater 

benefits when combined with traditional therapeutic approaches [84,85]. For instance, VR-mediated 

therapy significantly reduced pain intensity and disability in chronic neck pain patients compared to 

control conditions, and has also been successfully used alongside traditional pain management 

techniques, such as cognitive behavioural therapy and physical rehabilitation, to enhance patient 

outcomes and engagement [26,86]. Investigating how VR could be part of a comprehensive treatment 

plan may provide insights into its potential benefits.  

 

Overall, future studies should emphasise both longitudinal research to evaluate extended VR use and its 

integration with other treatments, providing a more comprehensive understanding of VR’s role in 

chronic pain management.   
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5. Conclusion 

This study examined the influence of a four-week, home-based VR intervention, Reducept, in patients 

with chronic musculoskeletal pain awaiting pain treatment. The results indicated that the intervention 

did not yield significant improvements in health-related quality of life or secondary outcomes, including 

pain intensity, pain catastrophising, pain self-efficacy and pain acceptance, compared to standard 

waiting list procedures. Both the intervention and control groups showed no significant differences in 

these outcomes, suggesting that the four-week study period may have been insufficient to achieve 

measurable benefits. 

These findings highlight the need for further research into long-term effects of VR interventions and 

their potential integration with other therapeutic approaches. Future studies should explore whether the 

extended use of VR and its combination with other treatments could lead to improved outcomes in 

chronic pain management and provide a more comprehensive understanding of VR’s role in this context.  
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Appendix A 

Table 4. Linear mixed model output for pain intensity, pain catastrophising (rumination, magnification, 

helplessness), pain self-efficacy, and pain acceptance (pain willingness and activity engagement).  

Outcome Effect type Estimate Std. Error t-value p-value 

Pain intensity (NPRS) ↓ Main treatment effect -0.70 0.78 -0.90 0.371 

  Main time effect -0.14 0.54 -0.27 0.790 

  Interaction effect -0.71 0.67 -1.06 0.296 

Pain catastrophising (PCS) ↓ Main treatment effect -2.09 3.17 -0.66 0.512 

  Main time effect -1.07 1.79 -0.60 0.551 

  Interaction effect -2.74 2.25 -1.22 0.231 

Rumination Main treatment effect -0.76 1.16 -0.66 0.515 

  Main time effect -0.45 0.75 -0.59 0.556 

  Interaction effect -1.28 0.94 -1.37 0.179 

Magnification Main treatment effect -0.30 0.84 -0.36 0.721 

  Main time effect -0.46 0.57 -0.81 0.426 

  Interaction effect -0.24 0.74 -0.32 0.752 

Helplessness Main treatment effect -0.98 1.49 -0.66 0.514 

  Main time effect -0.11 0.90 -0.12 0.902 

  Interaction effect -0.99 1.14 -0.88 0.387 

Pain self-efficacy (PSEQ) ↑ Main treatment effect 3.87 3.86 1.00 0.320 

  Main time effect 0.94 1.77 0.53 0.597 

  Interaction effect 1.48 2.30 0.64 0.523 

Pain acceptance (CPAQ) ↑ Main treatment effect 0.31 2.30 0.14 0.892 

  Main time effect -1.33 1.47 -0.91 0.368 

  Interaction effect 3.47 1.91 1.82 0.075 

Pain Willingness Main treatment effect 1.19 1.62 0.73 0.468 

  Main time effect -0.28 1.02 -0.27 0.787 

  Interaction effect 1.32 1.33 1.00 0.326 

Activity Engagement Main treatment effect -0.87 2.00 -0.43 0.666 

  Main time effect -1.06 0.90 -1.17 0.248 

  Interaction effect 2.16 1.17 1.85 0.072 

 

 

 


