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Abstract

Background

Multiple Sclerosis (MS) causes many different symptoms, with some of the most
dominant being impaired balance and walking performance. Exercise effectively
improves strength, balance, and walking performance, but barriers to perform-

ing exercise, such as fatigue and logistical issues, do exist. A potential strategy to
overcome these barriers is the use of telerehabilitation, which has shown promising
results. Few previous studies have measured strength, balance, and walking out-
comes, and none have used systems that provided real-time feedback. Therefore,
the present study aims to compare telerehabilitation to a paper-based home-based
exercise program to evaluate the effectiveness on strength, balance, and walking
outcomes. The telehealth intervention will be delivered through an innovative platform
that uses Artificial Intelligence algorithms to provide users and clinicians with tailored
feedback on performance and adherence.

Methods

This study is a multinational, feasibility, pilot randomised controlled trial investigat-
ing the effects of an Al-based telerehabilitation intervention in persons with multiple
sclerosis (pwMS). Participants (n=96) will be randomised to receive either 10 weeks
of a home-based Al telerehabilitation intervention or a home-based exercise inter-
vention with paper-based instructions. The primary clinical outcome is the 30-second
sit-to-stand test (30STS), and secondary clinical outcomes are balance, fatigue, MS
impact, quality of life, symptoms of anxiety and depression, and cost-effectiveness
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analyses. Feasibility, in terms of recruitment and retention, the acceptability of proce-
dures, and compliance and adherence, will also be captured.

Trial registration
ClinicalTrials.gov NCT07310914

1. Introduction

Multiple Sclerosis (MS) is an autoimmune, neurodegenerative disease in the central
nervous system [1], affecting over 2.8 million people worldwide [2]. Many symptoms
can occur during the disease course, but some of the most debilitating symptoms,
according to people with MS (pwMS) themselves, are impaired lower limb strength,
balance, and mobility [3,4]. Also, up to 85-90% of pwMS experience impaired bal-
ance and walking performance throughout the disease course, making these per-
sistent symptoms [5,6]. Hence, treatments to improve lower limb strength, balance,
and walking performance are highly warranted, with exercise proven to be highly
effective [7].

Exercise can be conducted in various settings (supervised/unsupervised, gym-
based/home-based, etc.), with supervised exercise programs at a clinic considered
the most optimal and effective [8]. However, a lack of access to these programs, for
instance, for those living in remote areas or where healthcare/medical facilities are
available but no MS experts are present, may make it difficult to engage in optimal
exercise programs [9]. In a recent survey of 741 pwMS, travel and/or moving issues
were the second-largest barrier to practice exercise, behind fatigue [10].

A potential way to overcome this barrier to exercise is telerehabilitation (TR), which
can be defined as “the application of information and communications technology to
deliver rehabilitation services over a distance by linking a healthcare provider to a
beneficiary, caregiver, or any persons (s) responsible for delivering care to the bene-
ficiary, for screening, assessment, intervention, consultation/coaching and/or supervi-
sion/monitoring.” [11]

Interestingly, TR, as a concept, appears effective at improving key symptoms
frequently reported by pwMS, including impaired mobility and walking performance
[12,13] and impaired balance [13,14].

When focusing only on exercise-based TR, a systematic review and meta-analysis
including 14 RCTs found it beneficial for fatigue, depression, and overall quality of life
[15]. However, beneficial effects on balance, mobility, and walking performance were
less robust and convincing.

In another systematic review investigating the effects of TR on quality of life in
pwMS, TR was found to be more effective than no intervention and as effective as
in-person treatment [16]. The review included 12 randomized controlled trials (RCTs),
with different types of TR interventions (4 video-based interventions, 3 app-based
interventions, 2 augmented reality interventions, 1 virtual reality intervention, 1
video-based intervention with focus on motor imagery, along with an app, and 1 study
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did not define their TR). Of the studies included, 4 had an exercise component (according to the definition by Caspersen
et al. [17]) in their interventions, including pelvic floor muscle training [18,19], resistance and balance training [20], or
Pilates [21].

However, despite the numerous potential benefits of TR, several limitations, such as the need for specialist equipment,
complex technical solutions, technical difficulties, and lack of digital literacy, may currently prevent its widespread adoption
in the MS population. Furthermore, most studies conducted have relatively small sample sizes, do not provide direct feed-
back to participants, and mainly report patient outcomes, with few investigating lower limb strength, balance, and walking
outcomes [22].

A potential way to provide direct feedback to participants is to use a platform that applies artificial intelligence (Al). The
platform (WizeCare™) used in the present study can be accessed on either a phone or a computer, with no other devices
required. The platform allows direct contact between the participant and therapist using the devices’ built-in cameras.
Furthermore, it will use Al software to provide direct feedback to the participant and will allow the therapist to continuously
monitor adherence and compliance to the program, as well as movement quality.

Therefore, we aim to examine feasibility and preliminary effectiveness in a multinational, pilot RCT trial comparing Al
TR with a paper-based, home-based exercise program. We hypothesize that the Al TR program will be superior to the
paper-based exercise program in improving performance on the 30 STS test. Additionally, the RCT will include an eco-
nomic evaluation to determine the cost-effectiveness of the TR system.

2. Materials and methods
2.1. Trial design

This will be a single-blind, 1:1 parallel-group, multicentre, pilot feasibility randomized controlled trial. The study protocol
has been reported using the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) statement
guidelines [23], and the associated publication will be reported in accordance with the CONsolidated Standards of Report-
ing Trials (CONSORT) extension for randomized pilot and feasibility trials [24].

2.2. Trial setting

This multinational study will be conducted in Israel, Italy, Ireland, and Denmark. In Israel, it will take place at the Sheba
Multiple Sclerosis Center in Tel Hashomer; in Italy, at the Regional Multiple Sclerosis Center of Sardinia (ASL Cagliari); in
Ireland, at the MS Society of Ireland, Dublin; and in Denmark, at the Danish MS Hospitals in Ry and Haslev.

2.3. Eligibility criteria

Inclusion criteria
Participants must meet all the following criteria to be eligible for the study:

[a] Age 18 years or older.

[b] Definite diagnosis of multiple sclerosis (MS) according to the McDonald criteria [25] (including both relapsing—remitting
and progressive forms).

[d] Expanded Disability Status Scale (EDSS) score between 2.5 and 6.5, or Patient Determined Disability Score (PDDS)
between 2 and 6, corresponding to deficits in lower-limb functional performance

[e] Preserved ambulatory function, defined as the ability to walk at least 20 meters independently, with or without an assis-
tive device.

[f] Willingness and ability to travel to the local study site for evaluation sessions.
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[g] Access to an internet-enabled platform suitable for study participation.

Exclusion criteria

[a] Presence of comorbidities that may hinder safe participation in the study.

[b] Documented MS relapse and/or corticosteroid treatment within the past three months.

[c] Severe cognitive impairment that prevents following simple instructions or providing informed consent.

2.4 Recruitment

Participants will be recruited through specialized inpatient and outpatient MS clinics and via social media platforms com-
monly used by pwMS. Prior to enrolment, potential participants will undergo an in-person screening to determine eligibility
based on the study’s inclusion and exclusion criteria. Eligible individuals will receive oral information about the study and
will be allowed to ask questions. In addition, they will be provided with two information leaflets: one describing the study’s
rationale, design, and objectives, and another outlining their rights as participants in a health science research project.

2.5. Randomization

Participants who meet all eligibility criteria and complete the baseline evaluation will be randomly assigned at each site in
a 1:1 ratio to either the TR intervention group or the paper-based exercise group. A computer-generated randomization
sequence stratified by study site will be used. Randomization procedures at all sites will be coordinated according to a
common study protocol developed by the project team. Allocation concealment will be ensured using sequentially num-
bered, opaque, sealed envelopes prepared and maintained locally at each participating site. Envelopes will be opened
only after eligibility has been confirmed and baseline assessments have been completed.

2.6. Intervention and comparator

Overview. Participants will be randomised to one of two home-based exercise programs while continuing to receive
their usual care: (1) an Al-supported TR intervention or (2) a paper-based exercise program serving as the comparator.
The intervention period for both groups will be 10 weeks, and in line with current recommendations [26], participants will
attend two sessions per week, each lasting 30—45 minutes, for a total of 20 sessions per participant.

Prior to the first at-home session, an in-person physiotherapy assessment will focus on the personalized exercise pre-
scription and detailed instruction on the assigned delivery method (Al TR or paper-based).

Adherence and compliance with the exercise prescription will be monitored throughout the intervention period using
an exercise logbook that captures details based on the FIIT-VP principles (frequency, intensity, time, type, volume, and
progression) [27].

As usual, care varies across participating countries; all participants will be asked to complete a diary documenting any
exercise or physical activity performed outside the study.

Every week, each participant will receive a text message to address technical issues, monitor for adverse events,
remind them to fill out their log, and motivate them. In weeks two and six of the project, each participant will receive a
phone call to adjust the exercise program accordingly. To promote retention, participants will receive regular contact
throughout the study, including weekly text messages and scheduled telephone calls. Flexible scheduling of assessments,
individualized exercise progression, and technical support for the telerehabilitation platform will be provided as needed.

Intervention: Telerehabilitation (TR) Program. The telerehabilitation arm will utilize the Al-driven Wizecare™ digital
platform (https://www.web.wizecare.com/platform), a commercially available system designed for remote physical therapy
and home-based exercise training. WizeCare™ provides access to over 800 exercises (103 Move Al exercises) that target
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the strength, balance, coordination, and flexibility of the lower limbs, upper limbs, and core. Exercises will be prescribed
by physiotherapists according to evidence-based guidelines for individuals with MS [28] and the physiotherapist’s clinical
reasoning, and will include approximately 8—10 exercises tailored to the individual’s functional status and needs.

To ensure consistency across sites, exercise prescription will follow a common intervention framework developed by
the consortium. Exercise programs will include a combination of lower-limb strengthening, balance, and mobility exer-
cises, with individual tailoring based on participants’ functional status. Progression of exercises will be guided by partici-
pant performance, perceived exertion, and safety considerations. Prior to study initiation, all physiotherapists will receive
training on the study procedures and intervention framework. Intervention fidelity will be supported through regular consor-
tium meetings and periodic review of exercise prescriptions and participant logs across sites.

A key technological component of the system is MoveAl (patent no. US 11,636,777 B2), which enables motion detec-
tion, tracking, and analysis through the built-in camera of a smartphone, tablet, or PC. This allows real-time feedback and
guidance without the need for dedicated wearable sensors. The platform complies with international security and privacy
standards, including ISO/IEC 27001:2013, ISO 27799:2016, and AMAR 29460001.

Using computer vision technology, MoveAl tracks participant movements during exercise and compares performance
against predefined movement parameters. The system provides real-time feedback regarding exercise execution, move-
ment quality, range of motion, and repetition completion, thereby supporting independent exercise performance. In
addition, exercise completion and engagement metrics are automatically recorded, allowing clinicians to remotely monitor
adherence and progression. Al-enabled telerehabilitation systems have emerged as a promising approach to enhance
accessibility, personalization, and monitoring of rehabilitation interventions delivered in the home environment.

Participants will perform asynchronous home-based exercise sessions without the physiotherapist’s input. Ongoing
adherence and compliance will be captured automatically through the WizeCare platform and through the written exercise
logbook, where participants note the amount of exercise performed and rate their perceived exertion.

Comparator: Paper-Based Exercise Program. Participants randomized to the comparator group will receive a
paper-based, individualized home exercise program immediately after their baseline assessment. As in the TR arm,
exercises will be prescribed according to evidence-based guidelines for individuals with MS and the physiotherapist’s
clinical reasoning and will include approximately 8—10 exercises tailored to the individual’'s functional status and needs.
Participants will conduct all exercise sessions independently at home, following the written instructions. Adherence will be
monitored through the written exercise logbook, where participants note the amount of exercise performed and rate their
perceived exertion.

2.7. Outcomes

The primary clinical outcome of the trial is lower-limb functional performance, assessed using the 30-Second Sit-to-
Stand Test (30STS). This test was selected as it represents a weight-bearing activity relying on balance, coordination, and
muscle strength/power (predominantly lower extremity). Moreover, the majority of exercises in the trial target lower-limb
muscle groups similarly. During the 30STS, participants rise from a standard chair without armrests as many times as pos-
sible within 30 seconds, with the total number of repetitions recorded as the score. The 30STS has demonstrated strong
validity and reliability in pwMS [29]. The primary outcome will be assessed at baseline (T0) and at the end of the 10-week
intervention period (T1).

To characterize the study sample, a set of descriptive and clinical measures will be collected at TO, including sex, age,
height, body mass, time since MS diagnosis, MS subtype (i.e., relapsing—remitting, secondary progressive, or primary
progressive), medication use, comorbidities, disability status (EDSS or PDDS), and use of walking aids (cane, crutches, or
rollator). Digital literacy will also be assessed at baseline using the Digital Literacy Scale [30].

Secondary clinical outcomes will be assessed at TO and T1. Mobility and balance will be evaluated using the Short
Physical Performance Battery (SPPB), consisting of standing balance tests, walking speed, and repeated chair rises
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[31,32], the MiniBESTest [33—35], and the Functional Reach Test (FRT) [36,37]. Walking performance will be measured
using the Timed 25-Foot Walk Test (T25FWT) [38,39] and the Six-Minute Walk Test (6MWT) [40]. Cognitive function will
be assessed with the Symbol Digit Modalities Test (SDMT) [41].

A range of patient-reported outcomes will be collected at both TO and T1. These include the MSIS-29 for the physical
and psychological impact of MS [42], the Modified Fatigue Impact Scale (MFIS) for fatigue [43], the Multiple Sclerosis
Walking Scale—12 (MSWS-12) for perceived walking limitations [44], the State-Trait Anxiety Inventory (STAI) for anxiety
[45], the Quick Inventory of Depressive Symptomatology (QIDS) for depressive symptoms [46], and the EQ-5D-5L for
health-related quality of life [47]. All participants will complete a semi-structured interview exploring usability, satisfaction,
and experiences with the trial process, providing qualitative insights that complement the quantitative outcomes.

An economic evaluation will be performed from both health-system and societal perspectives. The economic evalua-
tion methodology, data collection procedures, and resource-use measures were developed with input and guidance from
a health economics expert within the PLATINUMS consortium to ensure the appropriateness of the proposed approach.
Participant-level resource use, including healthcare and social care contacts, informal caregiving, productivity loss, med-
ication use, assistive devices, and out-of-pocket expenses, will be assessed using an adapted Client Service Receipt
Inventory (CSRI) [48]. Provider and system-level costs (e.g., platform setup, operational resources, staff training, therapist
time, clinical space, administrative support, printed materials) will be captured using standardized implementation cost
forms. Quality-adjusted life years (QALY's) will be derived from EQ-5D utilities using the area-under-the-curve method, and
costs and QALY will be compared between study arms to compute the Incremental Cost-Effectiveness Ratio (ICER) [49].
Feasibility of the trial. To assess the feasibility, we will evaluate 1) recruitment and retention rates, 2) evaluation of data
collection procedures, 3) evaluation of acceptability of the interventions and study procedures, 4) evaluation of the abil-
ity of the consortium to manage the study, 5) safety of the interventions, and 6) preliminary measures of effectiveness of
participant responses to the intervention.

When evaluating recruitment rates, we will determine whether 8 months is an acceptable time frame for recruiting 96
participants across 4 sites. To evaluate the data collection and intervention procedures, our semi-structured interviews
with participants in each country will help us determine them. For the intervention’s acceptability, we consider an 85%
retention rate acceptable and will explore this further in the semi-structured interviews. Furthermore, we will use the Tele-
health Usability Questionnaire (TUQ) [50] to assess the usability of the TR system. Trial management will be overseen by
an external advisory board. Adverse events (AEs) will be closely monitored throughout the study period, and rates will be
compared with those in other exercise intervention studies [51].

Finally, the study will assess multiple outcomes to evaluate the intervention’s preliminary effect, and adherence of >
80% and compliance with the intervention of > 75% are considered acceptable to proceed to a full trial (Fig 1) [52].

2.8. Harms and Adverse Events

Although no significant risks are anticipated in this study, the TR group may have a higher risk than the group doing exer-
cises based on paper-based instructions. Also, as approximately 50% of pwMS experience falls, it cannot be omitted that
some participants may fall during the intervention period [53]. The exercise programs included in both intervention arms
consist of movements commonly used in physiotherapy for pwMS and are not expected to cause harm. For participants
new to exercise and/or being deconditioned due to long-term physical inactivity, transient muscle soreness may occur,
particularly the day after training. This response is considered normal and is not regarded as an adverse event.

To minimize the risk of falls or injury during home-based practice, the physiotherapist will provide individualized instruc-
tions on how to arrange a safe exercise environment, including guidance on supports, suitable flooring, adequate space,
and removal of potential hazards. Participants will also be encouraged to take rest breaks as needed, especially in cases
of fatigue or overheating, and to stop exercising if they feel unwell. All adverse events, regardless of severity or suspected
relation to the intervention, will be systematically recorded and monitored throughout the study.
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Fig 1. Participant timeline- schedule of enroliment, interventions, and assessments. Abbreviations: SPPB: Short Physical Performance Battery,
FRT: Functional Reach Test, T25FWT: Timed 25 Feet Foot Walk Test, MINIBEStest: Mini Balance Evaluation Systems Test, BMWT: Six-minute Walk
Test, SDMT: Symbol Digit Modalities Test, MSIS-29: 29-Item Multiple Sclerosis Impact Scale, MFIS: Modified Fatigue Impact Scale, MSWS-12: 12-Item
Multiple Sclerosis Walking Scale, EQ-5D-5L: EuroQol 5 Dimensions 5 Levels, STAI: State-Trait Anxiety Inventory, QIDS: Quick Inventory of Depressive
Symptomatology, TUQ: Telehealth Usability Questionnaire, SSI: Semi-structured interview.

https://doi.org/10.1371/journal.pone.0355376.9001

2.9. Sample size

As this study is a pilot feasibility RCT, one aim is to assess feasibility, refine study procedures, and obtain preliminary esti-
mates of variability to inform sample size for a future definitive RCT. Accordingly, the sample size is based on methodolog-
ical guidance for pilot studies rather than on a formal power calculation. Following the stepped rule-of-thumb proposed by
Whitehead et al.[54], approximately 12 participants per arm (i.e., 24 participants in total) are recommended for early-stage
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pilot trials with continuous outcomes and small to medium expected effect sizes. In line with this guidance, 24 participants
per country (a total of 96) will be recruited for the study. If needed, data can be analyzed separately by country. This sam-
ple size is expected to provide sufficient information on feasibility metrics, acceptability of study procedures, and change
in the primary outcome.

2.10. Assessors and blinding

Outcome assessments at all study sites will be conducted by physiotherapists with at least 2 years of clinical experience

with pwMS and prior familiarity with the functional tests included in the protocol. To ensure consistency and standardiza-

tion across countries, a test manual has been developed detailing all assessment procedures. All assessors will receive

instruction and training to perform each test strictly in accordance with this manual. Outcome assessments at both TO and

T1 will be conducted by assessors blinded to group allocation whenever possible. Participants will be instructed not to

disclose their treatment allocation during assessments. Standardized assessment procedures will be used across sites.
Any instances of unblinding will be documented.

2.11. Data collection, management, and analysis

All study data will be entered directly into a consortium Microsoft SharePoint site, which will serve as the secure, central
data repository for the project. SharePoint will be hosted by the University of Limerick, with controlled access provided to
all sites. A comprehensive Data Management Plan and Joint Controller Agreement have been developed and signed by
all partners prior to study commencement, outlining procedures for data entry, storage, access rights, confidentiality, data
protection, and quality assurance. Regular data checks will be performed to ensure completeness and accuracy. Data
quality monitoring will be coordinated centrally by S.C., who leads the project’'s data management work package. Regular
consortium meetings and Trial Management Committee/Advisory Board meetings will be held to review data quality and
protocol adherence across all participating centers. All procedures will be conducted in accordance with the project Data
Management Plan and Joint Controller Agreement. Data for each country will be held locally using relevant procedures
and pseudonymized data will be entered into the consortium SharePoint platform held by UL, which serves as the secure
central repository for the study. Monthly reviews will be conducted to identify missing data, inconsistencies, out-of-range
values, and protocol deviations. Any queries will be communicated to the relevant site for clarification or correction against
source. The study will comply with the FAIR data guiding principles [55].

Statistical Analysis Plan. Feasibility outcomes, including recruitment rate, retention rate, adherence, compliance,
acceptability, and adverse events, will be summarized using descriptive statistics. Continuous variables will be reported
as means and standard deviations or medians and interquartile ranges, as appropriate, while categorical variables will be
reported as frequencies and percentages. These outcomes will be used to assess the feasibility of conducting a future
definitive trial.

Baseline demographic and clinical characteristics will be summarized using appropriate descriptive statistics. Variables
with a normal distribution will be reported as mean and standard deviation, while non-normally distributed variables will be
summarized as median and interquartile range. To examine changes in outcomes from baseline to the end of the inter-
vention period, a multivariate repeated-measures mixed-effects regression model will be applied. Participant ID will be
included as a random effect, and group (intervention vs. comparator) and time (TO vs. T1) will be included as fixed effects.
The model’s assumptions, including normality of residuals and homogeneity of variance, will be assessed using graphical
and statistical methods. If these assumptions are not met, appropriate data transformations, non-parametric methods, or
other alternative statistical approaches will be considered.

The primary analysis will adhere to the intention-to-treat principle, ensuring that all randomized participants are ana-
lyzed in the groups to which they were originally assigned, irrespective of adherence or protocol deviations. A secondary
per-protocol analysis will be conducted, including participants who complete the post-intervention assessment and meet
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the predefined adherence (280%) and compliance (275%) criteria. Sensitivity analyses will be performed to assess the
impact of missing outcome data and to compare findings obtained from the intention-to-treat and per-protocol populations.
Robustness will be evaluated by examining whether the overall direction and interpretation of the results remain consis-
tent across these analyses.

2.12. Stakeholder and Patient Involvement

An external advisory board will provide independent scientific oversight and trial management. Furthermore, each site has
established a patient panel of 3—4 pwMS, who have guided the development of this protocol and will provide feedback

on recruitment material. Following study completion, the patient panels will be actively involved in discussions about the
overall feasibility and effectiveness, and whether to proceed to a full trial. Additionally, they will advise on and be part of
the dissemination to ensure that results are communicated clearly and meaningfully.

2.13. Ethical consideration, declarations, and dissemination

This study protocol adheres to the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) guide-
lines. All participating sites have obtained approval from their respective ethics committee (Israel: Sheba Medical Cen-
ter IRB Journal no. SMC-2730-25, Ireland: Education and Health Sciences Research Ethics Committee Journal no.
2025_01_17_EHS, ltaly: Comitato Etico Sardegna Prot Journal no. Prot. 21448, Denmark: Journal no. 1-10-72-196-25.
The study is registered at ClinicalTrials.gov (NCT07310914) and adheres to the principles outlined in the Declaration

of Helsinki and its later amendments. All participants will provide written informed consent using forms approved by the
local ethics committees. Results from the study will be disseminated in international peer-reviewed journals, regardless of
whether the findings are positive, negative, or neutral.

2.14. Current trial status

Recruitment has not yet begun. It is expected that recruitment will be completed by the end of 2026 and that data collec-
tion will be completed early in 2027. Results are expected to be published in 2027.

3. Discussion

This protocol describes a pilot feasibility RCT designed to evaluate an advanced TR intervention incorporating MoveAl for
pwMS.

Strengths and Limitations

A major strength of the study is the novelty of the intervention (details on the MoveAl features have been outlined above).
If found feasible, the approach may help overcome access barriers for pwMS who have difficulty attending in-person
rehabilitation and extend the effects of intensive rehabilitation/exercise interventions administered through national health
systems, but that are limited in time due to budget constraints. Another strength is the integration of both patient-reported
outcomes and objective system-generated mobility data, providing a multidimensional understanding of how the TR sys-
tem and training program may function in real-world settings. The study also includes a relatively large sample (n=96) for
a pilot RCT across multiple international sites, enhancing the robustness of the feasibility and effectiveness metrics and
later implementation into practice.

Importantly, several limitations should also be acknowledged. As a TR intervention, technical challenges, including
device compatibility, network connection stability, and varying levels of digital literacy, can affect the delivery of the inter-
vention and participant engagement. These challenges will be monitored throughout the trial and reported as part of the
feasibility outcomes. Physical activity outside the intervention will be assessed using self-reported diaries, which may
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introduce recall bias; objective activity trackers would provide complementary real-world data, but their use is beyond
the scope of this study. Finally, as a feasibility trial, the study is not powered to detect efficacy, and any observed clinical
trends will be interpreted cautiously.

Operational Considerations, Amendments, and Dissemination

Because this study involves sites from different countries and operational systems, differences in site logistics, staffing,
and local clinical practices may influence recruitment rates and adherence, and hence each country has sufficient num-
bers for its own pilot study analysis. Standardized training and regular cross-site communication will be used to minimize
variability. Any protocol amendments will require approval from the consortium, the advisory board of three MS rehabilita-
tion experts, and all relevant institutional ethics committees. The study may be paused or terminated if major unforeseen
safety or operational concerns arise.

Findings from this feasibility trial will inform the design of a future fully powered RCT. Regardless of outcome (positive,
negative, or neutral), results will be disseminated through peer-reviewed publications, conference presentations, and
patient-focused communication materials co-created with patient panels at each site.

Perspectives

Although feasibility outcomes must be interpreted within the scope of an early-stage evaluation, the successful implemen-
tation of MoveAl could represent a meaningful advance in MS TR. Beyond supporting exercise participation and motivat-
ing adherence and compliance, continuous tracking of movement patterns may eventually help identify subtle functional
decline and inform more personalized, timely rehabilitation strategies.

Supporting information
S1 File. Protokol_version2_cleanversion.
(PDF)

S2 File. SPIRIT 2025 participant timeline.
(DOCX)

S3 File. SPIRIT checklist.
(DOCX)

Acknowledgments

The authors would like to thank the advisory board members and patient panels at each participating site for their contri-
butions to the development of the study protocol. We also acknowledge the administrative and research staff at the collab-
orating MS centers for their support in preparing the study procedures and materials. The authors appreciate the technical
guidance from the Wizecare development team during the intervention’s planning phase.

Author contributions
Conceptualization: Lars G Hvid, Massimiliano Pau, Susan Coote, Alon Kalron.
Funding acquisition: Lars G Hvid, Massimiliano Pau, Susan Coote, Alon Kalron.

Methodology: Laurits Taul-Madsen, Lars G Hvid, Giulia Casu, Massimiliano Pau, Eoin Synnott, Susan Coote, Yasmin Alt,
Alon Kalron.

Project administration: Giulia Casu, Yasmin Alt.

PLOS One | https://doi.org/10.137 1/journal.pone.0355376  August 18, 2026 10/13



https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0355376.s001
https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0355376.s002
https://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0355376.s003

PLO\Sﬁ\\.- One

Supervision: Lars G Hvid, Massimiliano Pau, Susan Coote, Alon Kalron.

Validation: Laurits Taul-Madsen, Lars G Hvid, Giulia Casu, Massimiliano Pau, Eoin Synnott, Susan Coote, Yasmin Alt,
Alon Kalron.

Writing — original draft: Laurits Taul-Madsen, Alon Kalron.

Writing — review & editing: Laurits Taul-Madsen, Lars G Hvid, Giulia Casu, Massimiliano Pau, Eoin Synnott, Susan
Coote, Yasmin Alt, Alon Kalron.

References
Compston A, Coles A. Multiple sclerosis. Lancet. 2008;372(9648):1502—17. https://doi.org/10.1016/S0140-6736(08)61620-7 PMID: 18970977

2. Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie RA, et al. Rising prevalence of multiple sclerosis worldwide: Insights from the Atlas of MS,
third edition. Mult Scler. 2020;26(14):1816—-21. https://doi.org/10.1177/1352458520970841 PMID: 33174475

3. Heesen C, Béhm J, Reich C, Kasper J, Goebel M, Gold SM. Patient perception of bodily functions in multiple sclerosis: gait and visual function are
the most valuable. Mult Scler. 2008;14(7):988-91. https://doi.org/10.1177/1352458508088916 PMID: 18505775

4. Green R, Cutter G, Friendly M, Kister I. Which symptoms contribute the most to patients’ perception of health in multiple sclerosis?. Mult Scler J
Exp Transl Clin. 2017;3(3):2055217317728301. https://doi.org/10.1177/2055217317728301

5. Skjerbeek AG, Dalgas U, Stenager E, Boesen F, Hvid LG. The six spot step test is superior in detecting walking capacity impairments compared
to short- and long-distance walk tests in persons with multiple sclerosis. Mult Scler J Exp Transl| Clin. 2023;9(4):20552173231218127. https://doi.
org/10.1177/20552173231218127 PMID: 38105806

6. Comber L, Sosnoff JJ, Galvin R, Coote S. Postural control deficits in people with Multiple Sclerosis: A systematic review and meta-analysis. Gait
Posture. 2018;61:445-52. https://doi.org/10.1016/j.gaitpost.2018.02.018 PMID: 29486362

7. Dalgas U, Langeskov-Christensen M, Stenager E, Riemenschneider M, Hvid LG. Exercise as Medicine in Multiple Sclerosis-Time for a Para-
digm Shift: Preventive, Symptomatic, and Disease-Modifying Aspects and Perspectives. Curr Neurol Neurosci Rep. 2019;19(11):88. https://doi.
org/10.1007/s11910-019-1002-3 PMID: 31720862

8. Latimer-Cheung AE, Pilutti LA, Hicks AL, Martin Ginis KA, Fenuta AM, MacKibbon KA, et al. Effects of exercise training on fitness, mobility, fatigue,
and health-related quality of life among adults with multiple sclerosis: a systematic review to inform guideline development. Arch Phys Med Reha-
bil. 2013;94(9):1800-1828.e3. https://doi.org/10.1016/j.apmr.2013.04.020 PMID: 23669008

9. Casey B, Coote S, Shirazipour C, Hannigan A, Motl R, Martin Ginis K, et al. Modifiable psychosocial constructs associated with physical activity
participation in people with multiple sclerosis: a systematic review and meta-analysis. Arch Phys Med Rehabil. 2017;98(7):1453—75. https://doi.
org/10.1016/j.apmr.2017.01.027 PMID: 28254635

10. Correale L, Martinis L, Tavazzi E, Pedulla L, Mallucci G, Brichetto G, et al. Barriers to exercise and the role of general practitioner: A cross-
sectional survey among people with multiple sclerosis. Front Neurol. 2022;13:1016143. https://doi.org/10.3389/fneur.2022.1016143 PMID:
36479057

11. Hill AJ, Stangenberg-Gliss K, Aytir YK, Enderby P, Auger C, Gamal A, et al. Reaching a Consensus on the Definition of Telerehabilitation:
World Federation of Neurorehabilitation Telerehabilitation Special Interest Group. Int J Telerehabil. 2025;17(1):6708. https://doi.org/10.63144/
ijt.2025.6708 PMID: 40575143

12. Pagliari C, Di Tella S, Jonsdottir J, Mendozzi L, Rovaris M, De Icco R, et al. Effects of home-based virtual reality telerehabilitation system in people
with multiple sclerosis: A randomized controlled trial. J Telemed Telecare. 2024;30(2):344-55. https://doi.org/10.1177/1357633X211054839 PMID:
34851211

13. Dobherty F, Lynch P, Powell P, Monaghan K. Feasibility and effectiveness of telerehabilitation on mobility and balance function in multiple sclerosis:
A systematic review and meta-analysis. J Neurol Sci. 2024;466:123214. https://doi.org/10.1016/}.jns.2024.123214 PMID: 39270413

14. Lirio-Romero C, Reina-Gutiérrez S, Lopez-Mufioz P, Bravo-Esteban E, Torres-Costoso A, Guzman-Pavon MJ. Technology-Based Physical Reha-
bilitation for Balance in Patients With Multiple Sclerosis: A Systematic Review and Meta-analysis. Arch Phys Med Rehabil. 2025;106(9):1437—46.
https://doi.org/10.1016/j.apmr.2025.02.011 PMID: 40049384

15. Najafi P, Motl RW, Moghadasi M. Tele-exercise in multiple sclerosis: Systematic review and meta-analysis of effects on fatigue, depression, and
overall health. Mult Scler Relat Disord. 2025;93:106225. https://doi.org/10.1016/j.msard.2024.106225 PMID: 39709696

16. Herrera-Rojas A, Moreno-Molina A, Garcia-Garcia E, Molina-Rodriguez N, Cano-de-la-Cuerda R. Effects of Telerehabilitation Platforms on Quality
of Life in People with Multiple Sclerosis: A Systematic Review of Randomized Clinical Trials. NeuroSci. 2025;6(4):103. https://doi.org/10.3390/neu-
rosci6040103 PMID: 41133639

17. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: definitions and distinctions for health-related research.
Public Health Rep. 1985;100(2):126-31. PMID: 3920711

PLOS One | https://doi.org/10.1371/journal.pone.0355376  August 18, 2026 11713



https://doi.org/10.1016/S0140-6736(08)61620-7
http://www.ncbi.nlm.nih.gov/pubmed/18970977
https://doi.org/10.1177/1352458520970841
http://www.ncbi.nlm.nih.gov/pubmed/33174475
https://doi.org/10.1177/1352458508088916
http://www.ncbi.nlm.nih.gov/pubmed/18505775
https://doi.org/10.1177/2055217317728301
https://doi.org/10.1177/20552173231218127
https://doi.org/10.1177/20552173231218127
http://www.ncbi.nlm.nih.gov/pubmed/38105806
https://doi.org/10.1016/j.gaitpost.2018.02.018
http://www.ncbi.nlm.nih.gov/pubmed/29486362
https://doi.org/10.1007/s11910-019-1002-3
https://doi.org/10.1007/s11910-019-1002-3
http://www.ncbi.nlm.nih.gov/pubmed/31720862
https://doi.org/10.1016/j.apmr.2013.04.020
http://www.ncbi.nlm.nih.gov/pubmed/23669008
https://doi.org/10.1016/j.apmr.2017.01.027
https://doi.org/10.1016/j.apmr.2017.01.027
http://www.ncbi.nlm.nih.gov/pubmed/28254635
https://doi.org/10.3389/fneur.2022.1016143
http://www.ncbi.nlm.nih.gov/pubmed/36479057
https://doi.org/10.63144/ijt.2025.6708
https://doi.org/10.63144/ijt.2025.6708
http://www.ncbi.nlm.nih.gov/pubmed/40575143
https://doi.org/10.1177/1357633X211054839
http://www.ncbi.nlm.nih.gov/pubmed/34851211
https://doi.org/10.1016/j.jns.2024.123214
http://www.ncbi.nlm.nih.gov/pubmed/39270413
https://doi.org/10.1016/j.apmr.2025.02.011
http://www.ncbi.nlm.nih.gov/pubmed/40049384
https://doi.org/10.1016/j.msard.2024.106225
http://www.ncbi.nlm.nih.gov/pubmed/39709696
https://doi.org/10.3390/neurosci6040103
https://doi.org/10.3390/neurosci6040103
http://www.ncbi.nlm.nih.gov/pubmed/41133639
http://www.ncbi.nlm.nih.gov/pubmed/3920711

PLO\Sﬁ\\.- One

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Yavas |, Kahraman T, Sagici O, Ozdogar AT, Yigit P, Baba C, et al. Feasibility of Telerehabilitation-Based Pelvic Floor Muscle Training for Urinary
Incontinence in People With Multiple Sclerosis: A Randomized, Controlled, Assessor-Blinded Study. J Neurol Phys Ther. 2023;47(4):217-26.
https://doi.org/10.1097/NPT.0000000000000448 PMID: 37306430

Bulbul SB, Keser |, Yucesan C, Celenay ST. Effects of pelvic floor muscle training applied with telerehabilitation in patients with multiple sclerosis
having lower urinary track symptoms: A randomized controlled trial. Health Care Women Int. 2024;45(7):731-47. https://doi.org/10.1080/07399332.
2023.2190593 PMID: 37010419

Tarakci E, Tarakci D, Hajebrahimi F, Budak M. Supervised exercises versus telerehabilitation. Benefits for persons with multiple sclerosis. Acta
Neurol Scand. 2021;144(3):303—11. https://doi.org/10.1111/ane.13448 PMID: 33961295

Eldemir K, Guclu-Gunduz A, Eldemir S, Saygili F, Ozkul C, Irkec C. Effects of Pilates-based telerehabilitation on physical performance and quality
of life in patients with multiple sclerosis. Disabil Rehabil. 2024;46(9):1807—-14. https://doi.org/10.1080/09638288.2023.2205174 PMID: 37147864

Adnan R, Roikjaer SG, Samadzadeh S, Richter CJ, Weinshenker BG, Paul F, et al. At home e-based physical exercise programs in patients with
multiple sclerosis: a scoping review. Front Neurol. 2024;15:1449519. https://doi.org/10.3389/fneur.2024.1449519 PMID: 39474367

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K, et al. SPIRIT 2013 statement: defining standard protocol items for
clinical trials. Ann Intern Med. 2013;158(3):200—7. https://doi.org/10.7326/0003-4819-158-3-201302050-00583 PMID: 23295957

Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. CONSORT 2010 statement: extension to randomised pilot and
feasibility trials. BMJ. 2016;355:i5239. https://doi.org/10.1136/bmj.i5239 PMID: 27777223

Montalban X, Lebrun-Frénay C, Oh J, Arrambide G, Moccia M, Amato MP, et al. Diagnosis of multiple sclerosis: 2024 revisions of the McDonald
criteria. Lancet Neurol. 2025;24(10):850-65. https://doi.org/10.1016/S1474-4422(25)00270-4 PMID: 40975101

Kalb R, Brown TR, Coote S, Costello K, Dalgas U, Garmon E, et al. Exercise and lifestyle physical activity recommendations for people with multi-
ple sclerosis throughout the disease course. Mult Scler. 2020;26(12):1459-69. https://doi.org/10.1177/1352458520915629 PMID: 32323606

American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and Prescription. Philadelphia, PA: Lippincott Williams & Wilkins.
2017.

Latimer-Cheung AE, Martin Ginis KA, Hicks AL, Motl RW, Pilutti LA, Duggan M, et al. Development of evidence-informed physical activity guide-
lines for adults with multiple sclerosis. Arch Phys Med Rehabil. 2013;94(9):1829-1836.e7. https://doi.org/10.1016/j.apmr.2013.05.015 PMID:
23770262

Zheng P, Huynh TLT, Jones CD, Feasel CD, Jeng B, Motl RW. Validity of the 30-Second Sit-to-Stand test as a measure of lower extremity function
in persons with multiple sclerosis: Preliminary evidence. Mult Scler Relat Disord. 2023;71:104552. https://doi.org/10.1016/j.msard.2023.104552
PMID: 36774829

Nelson LA, Pennings JS, Sommer EC, Popescu F, Barkin SL. A 3-ltem Measure of Digital Health Care Literacy: Development and Validation Study.
JMIR Form Res. 2022;6(4):€36043. https://doi.org/10.2196/36043 PMID: 35486413

Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short physical performance battery assessing lower extremity
function: association with self-reported disability and prediction of mortality and nursing home admission. J Gerontol. 1994;49(2):M85-94. https://
doi.org/10.1093/geronj/49.2.m85 PMID: 8126356

Motl RW, Learmonth YC, Wéjcicki TR, Fanning J, Hubbard EA, Kinnett-Hopkins D, et al. Preliminary validation of the short physical performance
battery in older adults with multiple sclerosis: secondary data analysis. BMC Geriatr. 2015;15:157. https://doi.org/10.1186/s12877-015-0156-3
PMID: 26630923

Franchignoni F, Horak F, Godi M, Nardone A, Giordano A. Using psychometric techniques to improve the Balance Evaluation Systems Test: the
mini-BESTest. J Rehabil Med. 2010;42(4):323-31. https://doi.org/10.2340/16501977-0537 PMID: 20461334

Potter K, Bowling R, Kavanagh L, Stone A, Witt B, Wooldridge A. Reliability, Validity, and Responsiveness of the Mini-Balance Evaluation Systems
Test in Ambulatory Individuals with Multiple Sclerosis. Physiother Can. 2019;71(4):327—-34. https://doi.org/10.3138/ptc-2018-0071 PMID: 31762543

Wallin A, Kierkegaard M, Franzén E, Johansson S. Test-Retest Reliability of the Mini-BESTest in People With Mild to Moderate Multiple Sclerosis.
Phys Ther. 2021;101(5):pzab045. https://doi.org/10.1093/ptj/pzab045 PMID: 33522588

Duncan PW, Weiner DK, Chandler J, Studenski S. Functional reach: a new clinical measure of balance. J Gerontol. 1990;45(6):M192-7. https://doi.
org/10.1093/geronj/45.6.m192 PMID: 2229941

Soke F, Eldemir S, Ozkan T, Ozkul C, Ozcan Gulsen E, Gulsen C, et al. The functional reach test in people with multiple sclerosis: a reliability and
validity study. Physiother Theory Pract. 2022;38(13):2905-19. https://doi.org/10.1080/09593985.2021.1938308 PMID: 34137673

Fischer JS, Rudick RA, Cutter GR, Reingold SC. The Multiple Sclerosis Functional Composite Measure (MSFC): An Integrated Approach to MS
Clinical Outcome Assessment. Mult Scler. 1999;5(4):244-50.

Motl RW, Cohen JA, Benedict R, Phillips G, LaRocca N, Hudson LD, et al. Validity of the timed 25-foot walk as an ambulatory performance out-
come measure for multiple sclerosis. Mult Scler. 2017;23(5):704—-10. https://doi.org/10.1177/1352458517690823 PMID: 28206828

Goldman MD, Marrie RA, Cohen JA. Evaluation of the six-minute walk in multiple sclerosis subjects and healthy controls. Mult Scler.
2008;14(3):383-90. https://doi.org/10.1177/1352458507082607 PMID: 17942508

Benedict RH, DelLuca J, Phillips G, LaRocca N, Hudson LD, Rudick R, et al. Validity of the Symbol Digit Modalities Test as a cognition performance
outcome measure for multiple sclerosis. Mult Scler. 2017;23(5):721-33. https://doi.org/10.1177/1352458517690821 PMID: 28206827

PLOS One | https://doi.org/10.1371/journal.pone.0355376  August 18, 2026 12713



https://doi.org/10.1097/NPT.0000000000000448
http://www.ncbi.nlm.nih.gov/pubmed/37306430
https://doi.org/10.1080/07399332.2023.2190593
https://doi.org/10.1080/07399332.2023.2190593
http://www.ncbi.nlm.nih.gov/pubmed/37010419
https://doi.org/10.1111/ane.13448
http://www.ncbi.nlm.nih.gov/pubmed/33961295
https://doi.org/10.1080/09638288.2023.2205174
http://www.ncbi.nlm.nih.gov/pubmed/37147864
https://doi.org/10.3389/fneur.2024.1449519
http://www.ncbi.nlm.nih.gov/pubmed/39474367
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/pubmed/23295957
https://doi.org/10.1136/bmj.i5239
http://www.ncbi.nlm.nih.gov/pubmed/27777223
https://doi.org/10.1016/S1474-4422(25)00270-4
http://www.ncbi.nlm.nih.gov/pubmed/40975101
https://doi.org/10.1177/1352458520915629
http://www.ncbi.nlm.nih.gov/pubmed/32323606
https://doi.org/10.1016/j.apmr.2013.05.015
http://www.ncbi.nlm.nih.gov/pubmed/23770262
https://doi.org/10.1016/j.msard.2023.104552
http://www.ncbi.nlm.nih.gov/pubmed/36774829
https://doi.org/10.2196/36043
http://www.ncbi.nlm.nih.gov/pubmed/35486413
https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1093/geronj/49.2.m85
http://www.ncbi.nlm.nih.gov/pubmed/8126356
https://doi.org/10.1186/s12877-015-0156-3
http://www.ncbi.nlm.nih.gov/pubmed/26630923
https://doi.org/10.2340/16501977-0537
http://www.ncbi.nlm.nih.gov/pubmed/20461334
https://doi.org/10.3138/ptc-2018-0071
http://www.ncbi.nlm.nih.gov/pubmed/31762543
https://doi.org/10.1093/ptj/pzab045
http://www.ncbi.nlm.nih.gov/pubmed/33522588
https://doi.org/10.1093/geronj/45.6.m192
https://doi.org/10.1093/geronj/45.6.m192
http://www.ncbi.nlm.nih.gov/pubmed/2229941
https://doi.org/10.1080/09593985.2021.1938308
http://www.ncbi.nlm.nih.gov/pubmed/34137673
https://doi.org/10.1177/1352458517690823
http://www.ncbi.nlm.nih.gov/pubmed/28206828
https://doi.org/10.1177/1352458507082607
http://www.ncbi.nlm.nih.gov/pubmed/17942508
https://doi.org/10.1177/1352458517690821
http://www.ncbi.nlm.nih.gov/pubmed/28206827

PLO\Sﬁ\\.- One

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

Hobart J, Lamping D, Fitzpatrick R, Riazi A, Thompson A. The Multiple Sclerosis Impact Scale (MSIS-29): a new patient-based outcome measure.
Brain. 2001;124(Pt 5):962—73. https://doi.org/10.1093/brain/124.5.962 PMID: 11335698

Fisk JD, Ritvo PG, Ross L, Haase DA, Marrie TJ, Schlech WF. Measuring the functional impact of fatigue: initial validation of the fatigue impact
scale. Clin Infect Dis. 1994;18 Suppl 1:S79-83. https://doi.org/10.1093/clinids/18.supplement_1.s79 PMID: 8148458

Hobart JC, Riazi A, Lamping DL, Fitzpatrick R, Thompson AJ. Measuring the impact of MS on walking ability: the 12-ltem MS Walking Scale
(MSWS-12). Neurology. 2003;60(1):31-6. https://doi.org/10.1212/wnl.60.1.31 PMID: 12525714

Santangelo G, Sacco R, Siciliano M, Bisecco A, Muzzo G, Docimo R, et al. Anxiety in Multiple Sclerosis: psychometric properties of the State-Trait
Anxiety Inventory. Acta Neurol Scand. 2016;134(6):458-66. https://doi.org/10.1111/ane.12564 PMID: 27219913

Rush AJ, Bernstein IH, Trivedi MH, Carmody TJ, Wisniewski S, Mundt JC, et al. An evaluation of the quick inventory of depressive symptomatology
and the hamilton rating scale for depression: a sequenced treatment alternatives to relieve depression trial report. Biol Psychiatry. 2006;59(6):493—
501. https://doi.org/10.1016/j.biopsych.2005.08.022 PMID: 16199008

Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new five-level version of EQ-5D
(EQ-5D-5L). Qual Life Res. 2011;20(10):1727-36. https://doi.org/10.1007/s11136-011-9903-x PMID: 21479777

Chisholm D, Knapp MR, Knudsen HC, Amaddeo F, Gaite L, van Wijngaarden B. Client socio-demographic and service receipt inventory--European
version: development of an instrument for international research. Br J Psychiatry Suppl. 2000;2000(39):s28-33.

Drummond MF, Claxton K, Stoddart GL, Torrance GW. Methods for the economic evaluation of health care programs. 4th ed. Oxford. 2015.

Parmanto B, Lewis AN Jr, Graham KM, Bertolet MH. Development of the Telehealth Usability Questionnaire (TUQ). Int J Telerehabil. 2016;8(1):3—
10. https://doi.org/10.5195/ijt.2016.6196 PMID: 27563386

Learmonth YC, P Herring M, Russell DI, Pilutti LA, Day S, Marck CH, et al. Safety of exercise training in multiple sclerosis: An updated systematic
review and meta-analysis. Mult Scler. 2023;29(13):1604—31. https://doi.org/10.1177/13524585231204459 PMID: 37880997

Motl RW, Russell DI, Pilutti LA, Metse AP, Marck CH, Chan B, et al. Drop-out, adherence, and compliance in randomized controlled trials of exer-
cise training in multiple sclerosis: Short report. Mult Scler. 2024;30(4-5):605—11. https://doi.org/10.1177/13524585241229332 PMID: 38333909

Coote S, Comber L, Quinn G, Santoyo-Medina C, Kalron A, Gunn H. Falls in People with Multiple Sclerosis: Risk Identification, Intervention, and
Future Directions. Int J MS Care. 2020;22(6):247-55. https://doi.org/10.7224/1537-2073.2020-014 PMID: 33424479

Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size for a pilot randomised trial to minimise the overall trial
sample size for the external pilot and main trial for a continuous outcome variable. Stat Methods Med Res. 2016;25(3):1057—-73. https://doi.
0rg/10.1177/0962280215588241 PMID: 26092476

Wilkinson MD, Dumontier M, Aalbersberg 1JJ, Appleton G, Axton M, Baak A, et al. The FAIR Guiding Principles for scientific data management and
stewardship. Sci Data. 2016;3:160018. https://doi.org/10.1038/sdata.2016.18 PMID: 26978244

PLOS One | https://doi.org/10.1371/journal.pone.0355376  August 18, 2026 13713



https://doi.org/10.1093/brain/124.5.962
http://www.ncbi.nlm.nih.gov/pubmed/11335698
https://doi.org/10.1093/clinids/18.supplement_1.s79
http://www.ncbi.nlm.nih.gov/pubmed/8148458
https://doi.org/10.1212/wnl.60.1.31
http://www.ncbi.nlm.nih.gov/pubmed/12525714
https://doi.org/10.1111/ane.12564
http://www.ncbi.nlm.nih.gov/pubmed/27219913
https://doi.org/10.1016/j.biopsych.2005.08.022
http://www.ncbi.nlm.nih.gov/pubmed/16199008
https://doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/pubmed/21479777
https://doi.org/10.5195/ijt.2016.6196
http://www.ncbi.nlm.nih.gov/pubmed/27563386
https://doi.org/10.1177/13524585231204459
http://www.ncbi.nlm.nih.gov/pubmed/37880997
https://doi.org/10.1177/13524585241229332
http://www.ncbi.nlm.nih.gov/pubmed/38333909
https://doi.org/10.7224/1537-2073.2020-014
http://www.ncbi.nlm.nih.gov/pubmed/33424479
https://doi.org/10.1177/0962280215588241
https://doi.org/10.1177/0962280215588241
http://www.ncbi.nlm.nih.gov/pubmed/26092476
https://doi.org/10.1038/sdata.2016.18
http://www.ncbi.nlm.nih.gov/pubmed/26978244

	Protocol for a pilot effectiveness and feasibility randomized controlled trial of an advanced telerehabilitation system for people with multiple sclerosis (PLATINUMS project)
	1. Introduction
	2. Materials and methods
	2.1. Trial design
	2.2. Trial setting
	2.3. Eligibility criteria
	2.4 Recruitment
	2.5. Randomization
	2.6. Intervention and comparator
	Overview. Participants will be randomised to one of two home-based exercise programs while continuing to receive their usual care: (1) an AI-supported TR intervention or (2) a paper-based exercise program serving as the comparator. The intervention period
	Intervention: Telerehabilitation (TR) Program. The telerehabilitation arm will utilize the AI-driven WizecareTM digital platform (https://www.web.wizecare.com/platform), a commercially available system designed for remote physical therapy and home-based e
	Comparator: Paper-Based Exercise Program. Participants randomized to the comparator group will receive a paper-based, individualized home exercise program immediately after their baseline assessment. As in the TR arm, exercises will be prescribed accordin

	2.7. Outcomes
	2.8. Harms and Adverse Events
	2.9. Sample size
	2.10. Assessors and blinding
	2.11. Data collection, management, and analysis
	Statistical Analysis Plan. Feasibility outcomes, including recruitment rate, retention rate, adherence, compliance, acceptability, and adverse events, will be summarized using descriptive statistics. Continuous variables will be reported as means and stan

	2.12. Stakeholder and Patient Involvement
	2.13. Ethical consideration, declarations, and dissemination
	2.14. Current trial status

	3. Discussion
	Strengths and Limitations
	Operational Considerations, Amendments, and Dissemination
	Perspectives

	Supporting information
	References


