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Abstract: Multiple sclerosis is an autoimmune, inflammatory, and chronic neurodegenerative disease
caused by myelin loss in the central nervous system. One strategy that shows evidence of numer-
ous benefits is therapeutic exercise, but these therapies, based on repetitive physical actions, can
sometimes be unmotivating for patients. Our proposal suggests that an exergame programme with
immersive virtual reality (IVR) is feasible for people with multiple sclerosis (pwMS) and will improve
their physical function through more motivational sessions. We present a protocol for a single-blind
randomised controlled trial to assess the feasibility and impact on functional capacities of an 8-week
IVR programme (ExeRVIEM protocol) in pwMS. Balance, gait, risk of falling, functional mobility and
lower limb strength, fatigue, handgrip strength, and reaction times will be evaluated. The control
group will maintain the usual activities scheduled in the centre, and the experimental group will add
the ExeRVIEM protocol (two sessions per week). Therapies based on the combination of exercise and
IVR explored in this study may offer new treatment approaches and open new lines of research in
this field by improving the functionality of pwMS, as well as motivating patients and encouraging
their adherence to treatment.

Keywords: multiple sclerosis; virtual reality exposure therapy; virtual reality; exergaming; immersive
virtual reality; physical therapy modalities

1. Introduction

Multiple sclerosis (MS) is an autoimmune, inflammatory, and chronic neurodegener-
ative disease caused by myelin loss in the central nervous system (CNS) [1]. MS usually
begins in the third decade of life [2] and usually evolves in the form of unpredictable
episodes [3] or outbreaks of neurological dysfunction [4,5] with a variety of motor and
non-motor symptoms. The most common symptoms in people with multiple sclerosis
(pwMS) are the following [4,6]: sensory disturbances (numbness and tingling), walking
difficulties (due to fatigue, weakness, spasticity, imbalance, incoordination, and tremor)
which increase fall risk, problems with vision, constipation, bladder dysfunction, learning
difficulties, depression, dizziness and vertigo, and sexual problems.

MS is one of the most prevalent CNS pathologies, affecting an estimated 2.8 million
people in 2020 (an incidence of 35.9 individuals per 100,000) [7], and is the most common
non-traumatic pathology in young adults [8]. This updated prevalence data, gathered
by Walton et al. [7], assumes an increase in the prevalence of 30% following the same
methodology as was used for the 2013 data [5,9], and reflects the importance of health and
healthcare costs that this increase may entail. Their study also points out that the countries
with the highest proportion of pwMS are the United States of America, Canada, Iceland,
Sweden, Finland, Denmark, Germany, and Italy, closely followed by several Western
European countries and Australia. MS cases are twice as high in women as in men [1].
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The lack of any treatment that provides a solution for such a prevalent health problem
means that other non-pharmacological therapeutic strategies should be used to reduce
the problems generating such symptoms as described above. One strategy that shows
evidence of numerous benefits is therapeutic exercise [10,11], although this was not previ-
ously thought to be the case [12,13]. Therapeutic exercise can lead to benefits in gait [14],
balance [14,15], cardiorespiratory performance [16], fatigue [17,18], musculoskeletal per-
formance [19], blood levels of brain-derived neurotrophic factor [20], cognition [21], neu-
rogenic bladder symptoms [22,23], symptoms of depression [24], and quality of life [25].
However, these benefits do not always occur, as reflected in the review by Malone et al. [19],
where some of the reviewed studies demonstrated no significant benefits with regard to
fatigue or symptoms of depression. There are also still gaps in our knowledge relating to
the appropriate dose of therapeutic exercise [26].

Furthermore, exercise-based therapies, based on repetitive physical actions, can some-
times be unmotivating for patients [27]. This is why immersive virtual reality (IVR) may
offer exercise-based programmes (exergames) that are both motivating and appropriate
to the therapeutic objectives of the target group. This tool has already been successfully
tested in other groups (post-stroke, Parkinson’s, etc.) with promising results [26-31].

Our proposal based on exergaming with IVR in MS is a strategy designed to improve
the functionality of pwMS, where patients will carry out an exercise programme using
virtual reality glasses. The use of IVR in this case is based on the fact—as other studies have
shown [32-36]—that in addition to improving functionality, it can also motivate patients
and encourage their adherence to the treatment programme. With the support of IVR, posi-
tive effects could be achieved on the motor functionality (coordination, balance, strength,
or speed) of pwMS [37,38], as has been possibly found in Parkinson’s patients [32,39] or in
older people [40-43]. Furthermore, we hope that not only will IVR bring health benefits
for pwMS but also that its controlled use will prevent cybersickness and, therefore, avoid
dizziness and vertigo [6], both common symptoms in pwMS.

Therefore, the aim of this study is to assess whether an exercise-based treatment
intervention with IVR is feasible in pwMS and whether it improves their physical function
by reducing their number of falls and increasing their personal autonomy:.

2. Materials and Methods
2.1. Study Design and Participants

During the single-blind randomised controlled trial, the evaluators will not know
to which group the pwMS being evaluated belong. The study has been registered at
clinical-trials.gov (NCT05870254). People diagnosed with MS who regularly attend the
AVEMPO Center in Vigo, Spain, will be invited to participate in the study. Once it has
been determined that they meet the selection criteria, they will be randomly assigned
(computer-generated random sequence) to an experimental group and a control group.

The inclusion criteria include the following: people diagnosed with MS (“relapsing-
remitting” MS sub-type) belonging to the AVEMPO Vigo Association; age between 18 and
65 years; and ability to stand and follow the intervention protocol and scheduled assessments.

The exclusion criteria include the following: medical report advising against physical
activity and exercise; uncontrolled outbreak of the disease (patients suffering from relapses
in the last 3 months); receiving a cycle of steroids, either intravenously or orally; and
dizziness, vertigo or severe visual or auditive impairment.

Each participant will sign an informed consent form. The study will be carried out in
accordance with the Declaration of Helsinki and will be subject to evaluation by the Ethics
Committee of the Galician Health Service (Servizo Galego de Saude).

2.2. Sample Size Calculation

The sample size was calculated using the G*Power 3.1.9.6 programme (Mac OS). The
sample size calculation was based on the results obtained by Ozkul et al. [38] in the Timed
Up and Go test with an effect size of 0.58 (Cohen’s d). We have considered a power (1-3) of
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0.80 and a significance level alpha (o) of 0.95. The estimated sample size was 14 participants
for each group, of which 9 will be women and 5 men, taking into account the incidence of
multiple sclerosis based on gender [3].

2.3. Intervention Protocol

There will be two groups: the experimental group and the control group. The experi-
mental group will perform the ExeRVIEM protocol sessions (6 min) focused on the upper
and lower limbs (2 sessions per week for 8 weeks). The exergame used will be Les Milles
(available in the Oculus.com library) which simulates a gym where patients will perform a
virtual exercise session based on boxing (Figure 1). This exergame was selected because
it will require the patients to make decisions based on the stimuli presented to them to
move their upper and lower limbs, trunks, and heads to coordinate their movements. It is
a simple programme with music that helps to establish a rhythm and stimuli that appear
at a speed and frequency appropriate for the group and without sudden accelerations or
changes in the players’ point of view in order to minimise the occurrence of the negative
symptoms that are linked with exposure to virtual environments. This research group
has already verified the absence of such symptoms in these IVR environments after the
application of similar interventions, both in healthy elderly people and in people with
pathologies such as Parkinson’s disease [35,36].

* Boxing exergame

* People diagnosed con
Multiple Sclerosis

* 6 min/ session

* 2 VRI session/ week

» 8-Weeks intervention

Figure 1. Summary of the ExeRVIEM protocol.

All sessions will begin with a warm-up focused on stimulating coordination and joint
mobilisation so that the body is prepared both centrally and peripherally for the session
and will end with a stretching routine accompanied by cycles of calm and controlled
breathing. In addition, acclimatisation sessions aimed at getting to know the VR device will
be scheduled in the week prior to the start of the study. The session will be supervised by
the centre’s physiotherapist or occupational therapist, and data will be collected for each
session (attendance and score achieved by each participant). Both groups will continue
with the usual activities scheduled by the centre’s team.

2.4. Outcomes Measurement

After screening, selection, and randomisation of the sample, an initial assessment will
be carried out. There will also be another one at the end of the intervention (after 8 weeks)
and a third follow-up (1 month after the end of the programme).
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In the initial assessment, in addition to the tests indicated below, information will be
collected on the socio-demographic characteristics, and a clinical history will be taken of
the participants in order to ascertain their age, sex, years since diagnosis, sub-type of MS,
degree of disability (assessed with the Expanded Disability Status Scale (EDSS) [44]), and
pharmacological treatment. Throughout the intervention, each participant’s degree of com-
pliance with the assigned sessions will be recorded, as well as the reason for any absences.

2.4.1. Primary Outcome Measures

A functional assessment of each patient will be carried out evaluating the balance, gait,
and risk of falling with the Tinetti test [45], functional mobility and lower limb strength
with the five times sit-to-stand test [46,47], degree of functional autonomy using the simple
and cognitive Timed Up and Go test [48], fatigue with the Fatigue Severity Scale (FSS) [49],
handgrip with a hydraulic dynamometer [50], and the reaction time measured using the
Rezzil (an immersive virtual reality software).

2.4.2. Secondary Outcome Measures

As secondary measures, the safety of the IVR intervention will be analysed with the
Spanish version of the Simulator Sickness Questionnaire (SSQ) [51-53], its usability with
the System Usability Scale (SUS) [54], and the patient’s experiences and satisfaction with
the received treatment will be analysed with the post-game module of the Game Experience
Questionnaire (GEQ-post-game) [55], an interview booklet, and an ad hoc questionnaire.

The SSQ consists of 16 items grouped into 3 subscales: oculomotor symptoms, disori-
entation, and nausea. Each item is assessed on a 4-point scale (0 = do not feel anything,
1 = a little, 2 = medium, and 3 = a lot), and the total score is the sum of the scores of the
3 subscales. The lower the total score, the safer the immersive experience is. The version
translated and adapted to Spanish will be used [53].

The SUS, on the other hand, allows the usability of a product or service to be assessed.
It is made up of 10 items, each of which is rated between 1 and 5 depending on the degree
of agreement or disagreement. The maximum value that can be reached is 100 points;
the higher the score, the greater the usability. The version validated in Spanish will be
used [56].

The GEQ is a questionnaire consisting of 3 modules: main, social, and post-game, of
which the latter will be used to find out how the patients felt after the IVR intervention. This
post-game module consists of 17 questions relating to the intensity generated in relation to
the same number of feelings. These are rated between 0, not at all, and 4, extremely. These
items are divided into 4 components (positive experiences, negative experiences, tiredness,
and return to reality). A Spanish version used in previous studies will be used [43,57].

Finally, patients will also be given an ad hoc satisfaction questionnaire consisting of
5 questions, which has been used in previous studies [42,43].

2.5. Statistical Analysis

A descriptive analysis of the sample and the main variables defining the characteristics
of the disease in the patients under study will be carried out, and this analysis will be
divided into the two groups to which the participants were assigned. The analysis will also
be stratified according to gender.

Subsequently, a comparative study will be made of the functional parameters of both
groups during the performance of the intervention programme and its subsequent follow-
up. In order to analyse the influence of the two programmes on the physical and functional
variables, an intra-group statistical inference will be carried out using the Student’s t-test
for related data. In order to determine the differential effect of the programmes and the
moments of information collection, an intergroup analysis will be carried out through
Analysis of Variance (ANOVA 2 x 2; group and time) with the Bonferroni test.

Prior to this, the normality of the variables under study will be checked using the
Shapiro-Wilk test (p > 0.05). To carry out the different analyses, the statistical package IMB
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SPSS Statistics for MAC version 25.0 (Armonk, NY, USA: IBM Corporation) will be used,
and a confidence interval (95% CI) and a level of statistical significance will be considered
for those values of p < 0.05.

3. Discussion

The main objective of this study is to explore whether an exercise-based treatment
intervention with IVR is feasible in pwMS and whether it can improve their functionality,
reduce their risk of falls, and increase their personal autonomy in line with what was found
by Ozkul et al. [38]. Similar programmes have been feasible in other neurogenerative
pathologies such as Parkinson’s disease and have been successful in improving functional
aspects in these types of patients [42], as well as in institutionalized older adults [43]. So far,
the experiences of IVR-based therapeutic exercise are specific, focused on specific aspects
(upper limb functionality [58], kinematic analysis of the “hand-to-mouth” movement [59],
or postural stability [38]). The use of therapeutic exercise programmes not based on the use
of IVR are much more common [10,14,15,18,19,23,24], and in the cases where virtual reality
is used, it is usually non-immersive or semi-immersive [14,15,19,24,60-65]. Therefore, this
study aims to provide a broader view of the possibilities of virtual reality, especially IVR
in pwMS.

In addition, our proposal aims to evaluate commercially available hardware and
software so that if the results are as expected, they could be more accessible to patient
associations, which often have limited resources.

The analysed variables will allow us to understand the impact of a multicomponent
exercise programme with IVR on general mobility, strength, fatigue, reaction times, and
variables closely linked to functional independence and disability in pwMS, and to know
if, for example, reaction times may be related to the risk of falls, as we have recently
verified in patients with Parkinson’s disease [66]. We believe that this will not only lead
to improvements in functional independence and disability but will also facilitate better
adherence to an active treatment such as the one designed here, as it is motivating for pwMS.

Despite the limitations that our design may present (lack of double-blinding or repre-
sentation of the different profiles and sub-types of MS), the expected results will provide
evidence of the use of immersive virtual exergames and portable devices, bringing these
new therapeutic possibilities closer to the reality of pwMS in patient associations and
removing the need to travel to specialised centres.

4. Conclusions

Therapies based on the combination of exercise and IVR explored in this study may
offer new treatment approaches and open new lines of research in this field by improving
the functionality of pwMS, as well as motivating patients and encouraging their adherence
to treatment.
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