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Abstract: Background Fibromyalgia (FM) is a chronic rheumatic disorder characterised by musculoskeletal pain,
fatigue, and psychoemotional symptoms. Virtual reality (VR) has proven to be an innovative and motivating tool
for managing FM, with several studies indicating that it can improve quality of life indices and reduce
psychoemotional symptoms. However, studies on immersive VR-based exercise (iVRE) are limited. Methods The
aim of this study was to evaluate the effects of iVRE on quality of life, stress, anxiety, depression, and handgrip
strength in patients with FM. A single-arm pre-post-test pilot study was conducted. Individuals diagnosed with FM
were recruited using convenience sampling. The iVRE protocol consisted of 12 sessions of 10 min warm-up and
15 min exercises applied with the Oculus Quest 2™ device. The impact on quality of life was assessed using the
Revised Fibromyalgia Impact Questionnaire, and the effects on stress, anxiety, and depression were determined
using the Depression Anxiety Stress Scale-21 questionnaire. Handgrip strength was evaluated using the Baseline®
dynamometer. The normality assumption was evaluated, and the pre-post means were compared using Student’s -
test (p < 0.05). Results Eleven individuals (40.6 £ 11.2 years) completed the protocol (10 women). There were
significant differences in favour of iVRE in quality of life impact (p < 0.001, Cohen’s d: 1.48), handgrip strength
(p <0.05, Cohen’s d: 0.26), depression (p < 0.05, Cohen’s d: 0.73), and anxiety (p < 0.05, Cohen’s d: 0.73).
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Conclusions A six-week iVRE program significantly reduces the impact on quality of life, anxiety, and depression
and improves handgrip strength in people with FM. Future studies should investigate the physiological effects

using systemic biomarkers to explain the scope of this therapeutic modality.
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1 Introduction

Fibromyalgia (FM) is a chronic rheumatic disorder characterised by widespread musculoskeletal pain, mood
problems, and cognitive impairment"*. It has a global prevalence ranging from 2% to 4% and affects
mainly women in a 9:1 ratio, with the age of most significant impact between 25 and 50 years".. Patients
with FM have impaired quality of life and frequently seek medical attention, which is reflected in significant
healthcare costs. The annual number of medical consultations for FM is estimated to be almost double that
for healthy individuals™. Although the exact etiology of FM is not fully understood, individuals have been
observed to exhibit a genetic predisposition that, in combination with physical and emotional factors,
including the chronicity of a neuromusculoskeletal injury, may act as a trigger for the condition. In addition,
central sensitisation and hormonal factors may play a key role in its onset and progression®.

The diverse symptomatology of FM makes its diagnosis challenging. Patients often report muscle
weakness and fatigue, which can diminish their ability to maintain adequate strength for daily tasks'®.
Similarly, sleep disturbances and irritable bowel syndrome may occur in 50% of individuals with
fibromyalgia®. The altered pain perception that characterises FM can make even simple tasks such as
gripping difficult, as pain and discomfort tend to intensify with repetitive or prolonged use of the hand and
forearm muscles. Several studies have reported a generalised decrease in muscle strength, noting that this
decrease is inversely related to the symptom severity”®. Psychologically, FM is characterised by the
presence of negative emotions associated with a state of generalised distress”. This state of psychological
distress may be accompanied by cognitive!'” and emotional disturbances that can considerably affect the
quality of life of patients and severity of the syndrome!". Constant preoccupation with pain management
and uncertainty regarding the future are both associated with additional symptoms, such as difficulty
sleeping and fatigue. This creates a vicious circle in which stress contributes to physical discomfort, which
favours stress'”. In this context, several authors have suggested reduced levels of resilience and effective
coping strategies that may generate low self-efficacy and inefficient modulation of nociceptive stimuli,
leading to a bidirectional relationship between the presence of pain and psychoemotional symptoms*"". In
addition, these psycho-cognitive mechanisms may be influenced by nociplastic and inflammatory
alterations, which could contribute to a reciprocal aetiopathogenesis between central and peripheral
mechanisms, making treatment more difficult"®.

The European Alliance of Rheumatology Associations recommends a multimodal therapeutic approach
tailored to an individual patient’s characteristics and contributes to reducing symptom severity and
improving quality of life, allowing the person to learn to live as well as possible with their disease!”. This
approach begins with non-pharmacological measures, such as health education, physical therapy, and

psychotherapy, followed by pharmacological measures, such as the use of pain modulators, including
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duloxetine or pregabalin, and medications for sleep disorders"®. Different studies have proposed that these
approaches can be used simultaneously and that complementary strategies that could improve the
therapeutic experience of the patient should also be considered™ *. In this regard, virtual reality (VR)
systems have proven to be a complementary therapeutic option with beneficial effects for treating various
health conditions™ >, One modality that presents a relevant multisensory experience is immersive VR-
based exercise (iVRE), which offers a unique experience given the high level of immersion provided by VR,
thereby providing a promising tool for the active treatment of FM™* ), In iVRE, patients enter a controlled

virtual environment that complements or improves conventional therapies. The efficacy of VR in chronic

gl30-331 gl23341

pain syndrome , phantom limb pain, cancer, and central neurological injurie , Incorporating
relaxation exercises, cognitive therapies, and adapted physical activities® ", has been described. This
interaction may improve cognitive function and reduce symptoms of anxiety and depression associated with
their health condition®”*",

Although a growing body of evidence supports the positive effects of VR in physical activity and
rehabilitation, its use as an immersive modality for treating FM remains in its early stages, especially when
combined with exercise®™**. A recent systematic review suggested that new studies should include the
benefits of this intervention for physical capacity, quality of life, and psychoemotional variables in FMP?, In
this context, the aim of this study was to assess the impact of a six-week pilot program of iVRE on quality
of life (measured using the Revised Fibromyalgia Impact Questionnaire (FIQR)), as well as on stress,
anxiety, and depression levels (evaluated using the Depression Anxiety Stress Scale-21 (DASS-21)
questionnaire) and grip strength in individuals with FM. This pilot study will help to determine the
feasibility of patient acceptance of this technology and provide insights for adjusting the type and difficulty

of exercises before implementing the program in a larger group of participants.

2 Methods
2.1 Design and subjects

A single-arm pre-post-test pilot study was designed. The study was conducted at the Universidad San
Sebastian, Bio-Bio Region, Republic of Chile, and originated from a collaborative community engagement
project at the same University. The study was registered at www.clinicaltrials.gov under No. NCT06606132.
The study sample was recruited by convenience after applying the following criteria: i) Inclusion: Adults
over 18 years of age diagnosed with FM, with the diagnosis previously made by a medical professional
under the updated FM diagnostic criteria™®!. ii) Exclusion: Women in a state of pregnancy or breastfeeding,
oncological pain, uncontrolled metabolic disorder, vertigo or a similar condition, or any physical or
cognitive impairment that would hinder communication with the investigators and the ability to perform the
intervention protocols. As this was a pilot study, a specific number of participants was selected instead of
calculating the sample size based on formal statistical power, as the primary aim was to assess the feasibility
of the intervention and evaluate participants’ acceptance of the technology.

Clinical investigators performed a complete anamnesis and completed a structured clinical form to collect
sociodemographic, health, and pharmacological treatment data. This study was approved by the Scientific
Ethical Committee of the Universidad San Sebastian (No. 151-23). The study was conducted in accordance
with the 1964 Declaration of Helsinki and its subsequent modifications™. All patients signed an informed

consent form prior to participation.

2.2 Intervention (iVRE)

The iVRE program consisted of twelve sessions (two per week for six weeks), each including 10 min of
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warm-up followed by 15 min of exercise using the FitXR game
(developed by FITAR LIMITED) on the Oculus Quest 2™
device (Figure 1). The exercise duration was based on
recommendations to prevent adverse effects in individuals with
chronic pain. Furthermore, several studies using immersive
modality devices have demonstrated high satisfaction with

protocols lasting between 10 and 20 min®*l,

The warm-up
consisted of moderate-intensity aerobic exercise on a cycle
ergometer. The BORG CR-10 perceived exertion scale was used

to determine the intensity!*.

Subsequently, the participants
continued with the FitXR game (Figure 2). Before starting each
virtual reality exercise session, the participants had the option to
choose from various virtual environments, such as being on a
beach or on a building’s rooftop. They then selected the
difficulty level with three options: beginner, intermediate, or
advanced. The difference between these levels lay in the
complexity and speed of the exercises.

Each virtual reality session was divided into three phases.

Phase 1: The first 3 min were dedicated to general mobility
exercises for the upper and lower limbs and the spine. An avatar
guided the participants through their movements and provided
verbal cues to ensure proper execution.

Phase 2: This phase represented the primary activity of the
game. While standing, the participants had to hit balls
approaching them, simulating an aerobox workout. They were
asked to strike a yellow ball with their right hand and a blue ball
with their left hand. During this phase, the participants were
instructed to vary their punches, incorporating movements such
as uppercuts, hooks, jabs, and crosses. In addition, they had to
avoid a bar that appeared either horizontally or diagonally. Each
successful hit earned points.

Phase 3: The final phase was a 2-min cool-down, during
which the participants performed general mobility exercises for
the spine and limbs, complemented by breathing exercises.
Finally, the participants were provided with their scores,

Figure 1  The modality of the FitXR game
corresponds to aerobox. The objective is to hit the
approaching balls: the right hand must hit the
yellow ball, and the left hand must hit the blue ball.

5
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Figure 2 Participant using Oculus Quest 2 device.

congratulated for their performance, and encouraged to continue practising in future sessions.

2.3 Assessment of outcomes

The evaluations were performed at the Physical Therapy Center of the Universidad San Sebastian.

Sociodemographic and clinical variables were identified by administering a questionnaire with previously

coded closed questions in a personal interview, with information recorded in a clinical record. The handgrip

strength questionnaires and evaluation were performed by physiotherapists specialising in musculoskeletal

rehabilitation with more than 10 years of clinical experience. The tests were conducted before and after the

sixth week of treatment.
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2.3.1 Impact of FM on quality of life

The impact of FM on quality of life was assessed using the FIQR. This self-administered test measures the
difficulty in performing activities of daily living, the overall influence of the disease, and the severity of
symptoms during the previous week. The total scores range from 0 to 100, with higher scores indicating
more severe symptoms and disability™,

2.3.2 Stress, anxiety and depression

Stress, anxiety and depression were assessed using the DASS-21 questionnaire. This self-administered
dimensional test consists of 21 questions that evaluate three categories: stress, anxiety, and depression. It
presents four response options for each category, evaluated on a scale from 0 to 3. The score obtained for
each category is multiplied by 2, and the result is classified as normal, mild, moderate, severe, or extremely

severe!*.

2.3.3 Handgrip strength

The handgrip strength was measured using a Baseline hydraulic dynamometer (Fabrication Enterprises, Inc.,
White Plains, NY, USA). The dominant side was evaluated, and the average of three measurements in
kilograms was obtained. Each measurement was performed with the subject seated, elbow flexed at 90°, and
wrist in a neutral position, and the subject was instructed to squeeze the instrument as hard as possible!*.

2.3.4 Adverse events

The occurrence of adverse events related to the use of [IVR was monitored by a physiotherapist who oversaw
the implementation of the intervention protocol. Specifically, the presence of dizziness, headaches, cervical
pain, and general discomfort was assessed. The results were documented on a monitoring sheet with the

options ‘present’ or ‘absent’ .

2.4 Statistical analysis

Participants who completed all intervention protocols were considered for the data analysis. The assumption
of normality was evaluated using the Shapiro-Wilk test. Nominal categorical and ordinal variables were
analysed and expressed as absolute frequencies and percentages. Discrete and continuous quantitative
variables were expressed as means and standard deviations (SDs). Inferential analysis was performed using
pre- and post-intervention mean analyses with Student’s #-test for paired samples. To estimate the magnitude
of the difference between the two conditions, the effect size was calculated for the main variables using
Cohen’s coefficient (d). Cohen’s coefficients were interpreted as follows. Large effect sizes: d > 0.8,
moderate effect sizes: d = 0.5-0.79, and small effect sizes: d = 0.2—0.49®, All of these analyses were
performed in the JASP® software (Version 0.18.3), considering a significance level of n < 0.05.

3 Results

A total of 26 individuals diagnosed with FM were evaluated, among which 20 met the inclusion criteria.
Nine participants were excluded for personal reasons unrelated to the intervention protocol, including
scheduling conflicts (n = 1), weather-related accessibility issues (n = 3), acute illnesses unrelated to FM (n =
3), unforeseen family obligations (n = 1), and scheduling delays that could not be accommodated (n = 1).
Ultimately, 11 individuals (55%) completed the intervention protocols (10 women) and achieved a 100%
adherence rate. The mean age was 40.6 + 11.2 years. According to World Health Organization guidelines,
81.8% of the population was classified as having a low level of physical activity”™. The most commonly
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used medications were NSAIDs (100%), antidepressants Table 1 Sociodemographic characteristics of the sample
(81%), and GABAergics (81%). Table 1 presents the Age (Years) hilga;n 181D2
sociodemographic characteristics of the participants. i i
. . Sex n %
The intervention was adequately developed. No adverse Women 10 90.9
events were reported during the execution of the study. Men 1 9.1
After six weeks of intervention, significant differences Occupation n %
were observed between the initial and final measurements Technician 2 182
] o Professional 4 36.4
for quality of life impact (p < 0.001, Cohen’s d: 1.48), Homeowner 4 36.4
handgrip strength (p = 0.043, Cohen’s d: 0.26), depression Other 1 9.1
(p = 0.034, Cohen’s d: 0.73), and anxiety (p = 0.034, Physical activity " %
, L Low intensity 9 81.8
Cohen’s d: 0.73). However, there were no significant Mild intensity 5 182
differences in stress (p > 0.05). The results are presented Drugs n A
in Table 2. NSAIDs 11 100
Opioids 3 27.3
Cyclobenzaprine 4 36.4
4 Discussion and perspectives for research GABAergics 9 81.8
Antidepressants 9 81.8

The objective of this pilot study was to evaluate the effect SD: standard deviation, n: sample, %: percentage
of an iVRE program on quality of life, stress, anxiety,

depression, and handgrip strength in people with FM. The results showed that a six-week program of
exercises performed with immersive VR significantly decreased the impact on quality of life, anxiety levels,
and depression. In addition, the results indicated a significant improvement in handgrip strength in people

with FM.

Table 2  Effects of the iVRE program on FIQR, DASS-21 and handgrip

Outcome Pre-test media SD Post-test' media SD p-value Cohen’s d
FIQR 65.70 20.83 36.74 18.69 <0.001 1.48
DASS-21 depression 8.54 6.54 5.27 4.45 0.03 0.73
DASS-21 anxiety 8.18 4.16 7.00 4.94 0.03 0.73
DASS-21 stress 11.36 5.18 9.54 4.61 0.11 0.51
Handgrip Dynamometry (kg) 16.99 6.41 20.62 6.65 0.04 0.26

'Measurement after six weeks of iVRE.

FM is a chronic condition characterised by widespread pain, accompanied by a variety of additional
symptoms such as fatigue, sleep disturbances, and cognitive problems, often referred to as ‘fibrofog’ '
Although FM is known for its physical manifestations, it also affects the psychological and emotional well-
being of patients™. These effects can be observed in several conditions within this health dimension,
including stress, anxiety, and depression, which intertwine and exacerbate one another, creating a complex
cycle that can significantly affect quality of life"".

In our study, the impact on the quality of life variable had the highest statistical significance and a large
effect size. These results are similar to those obtained in a systematic review and meta-analysis that
evaluated the effects of VR-based therapy in patients with FM. The review concluded that this approach
may effectively reduce the impact on quality of life in patients with FM. These results could be explained by
the multisensory stimulation provided by the iVRE and the positive impact of physical exercise, which
contribute to improving overall well-being and reducing the perceived severity of symptoms®. Another
study obtained equivalent results using an aerobic exercise protocol with a cycle ergometer and iVRE. The
decrease in the impact on quality of life can mainly be explained by reduced fear of movement and greater
self-regulation of symptoms™. Different studies have also shown that this improvement in quality of life
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indicators is based on positive changes in mood, motivation, and self-efficacy in daily life tasks?**"*,

Anxiety and depression are common problems among individuals with FM. Uncertainty regarding the
course of the disease, constant worry about managing symptoms, and the limitations imposed by the
condition can contribute significantly to feelings of anxiety. In contrast, depression may be a natural
response to chronic pain and the impact it has on daily life. In our study, the anxiety and depression levels
decreased significantly following the iVRE program. These results are similar to those obtained in a
systematic review that concluded that VR interventions (immersive and non-immersive) of different
durations (from 1 to 120 min) can significantly reduce anxiety and depression levels, suggesting that this
distraction therapy generates fewer cognitive resources to process pain and associated symptoms in people
with chronic pain; however, it suggests further research on mental health outcomes in this population®™. In
any case, the different exercise programs in FM, either alone®™ or in combination with VR, reduce levels of

263 Furthermore, this approach can help to reduce

depression, improving the mood and sense of well-being!
repetitive and negative thoughts by engaging users in activities that require focused concentration. In
addition, this type of therapy also allows participants to set achievable goals and receive immediate
feedback, fostering a sense of accomplishment, progress, and success in their performance. Stress did not
show a significant reduction in our study, partly due to the small sample size, which limited the ability to
detect meaningful changes. However, this lack of a significant decrease could also be attributed to the
complex nature of stress, which involves emotional factors and intense physiological responses, such as
cortisol release and activation of the sympathetic nervous system. Although physical activity may help
temporarily reduce cortisol levels, it does not necessarily target long-term modulation or adaptation to
stressful situations. In contrast, anxiety and depression, which often have deeper cognitive foundations, can
be more effectively addressed through distraction techniques or by altering emotional states®”. In contrast,
people with FM have been found to present dysregulation of the neuroimmunoendocrine system, with
elevated concentrations of cortisol, noradrenaline, and cytokines (IL6 —IL8) and reduced serotonin and

GI58-601

dopamine level These alterations could explain the difficulties in emotional regulation and pain

processing®’. Although some studies have evaluated the physiological response to VR through

biomarkers

1 evidence is still incipient in investigating the biomolecular effects of immersive modalities
for people with FM.

Handgrip strength is a reliable tool for measuring general physical capacity and predicting disability and
impairment in rheumatic and neuromusculoskeletal conditions®®, Studies assessing handgrip strength in
patients with FM have consistently found that these individuals tend to have decreased grip strength
compared with healthy individuals”. This handgrip weakness may result from the interaction between
chronic pain, fatigue, and a decreased ability to integrate motor and sensory processing™®”. Our study
indicated a significant improvement in handgrip strength in individuals with FM, albeit with a small effect
size. These results could be because this therapy generates a distraction status that influences pain
processing, thereby reducing inhibition of the handgrip musculature!®™. In addition, the small effect size
could be because the intervention performed did not include strengthening exercises. This is in line with a
recent narrative review that focused on the effectiveness of VR interventions for the management of
musculoskeletal conditions, which reported that although improvements in grip strength were observed,
these were mainly due to the focus on mental attention and not necessarily to an actual increase in
strength®). Several studies have suggested continuing to investigate the behaviour of this variable given its
importance in the early detection of fall risk and deterioration of quality of life®”""".

The available literature does not clarify the relevance of sociodemographic characteristics such as the age,
sex, or preferences of people with FM to the potential outcomes generated by VR interventions, including

the influence of the level of technological literacy of users. In this regard, it would be interesting for future
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research to investigate the specific parameters and dosages of such VR intervention programs in general and
iVRE in particular that should be adapted to patients with FM. However, these protocols should include
positive feedback through verbal stimuli or scoring mechanisms to affect motivation and adherence to
treatment positively” ",

The main limitations of this study are as follows: First, the small sample size and non-probabilistic
sampling make the results not generalizable; second, the absence of a control group does not allow us to
ensure that the results are exclusively attributable to the use of iVRE. In contrast, the strengths of this study
lie in providing a proposed intervention protocol for future controlled trials, presenting promising results for
the application of innovative exercise treatment in patients with FM, and determining the beneficial effects

of iVRE on the study variables in this population.

5 Conclusion

A six-week iVRE program significantly reduced the impact on quality of life, anxiety, and depression levels
and significantly improved handgrip strength in people with FM. However, there were no significant
changes in stress levels. Thus, iVRE may be a potentially beneficial complementary therapeutic option for
the treatment of FM. Future research should build on these results by conducting randomised clinical trials
and incorporating systemic biomarkers to identify the potential extent of physiological responses to this
therapeutic modality.
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