
JMedXR Abstracts: XR4REHAB Conference

Introduction from the Co-Chairs

It is our pleasure to present the abstracts to you, which will be
presented at the World Conference on Virtual Rehabilitation 2026
(WCVR 2026), hosted by University College Cork in partnership
with XR4REHAB and the International Society for Virtual Reha-
bilitation (ISVR). These abstracts bring together the scientific, clin-
ical, and technological contributions presented during the
conference and reflect the remarkable breadth and momentum of
the global virtual rehabilitation community.
WCVR 2026 convenes researchers, clinicians, technologists,

designers, industry innovators, educators, students and trainees
from around the world to explore the transformative role of immer-
sive and intelligent technologies in rehabilitation and healthcare.
Across keynote presentations, scientific sessions, workshops, dem-
onstrations, posters and collaborative discussions, the conference
highlights the growing impact of extended reality (XR) systems in
supporting rehabilitation in its widest sense and reshaping models
of care.
The papers represent a diverse and interdisciplinary body of

work spanning physical, neurological, cognitive and psychological
rehabilitation. Contributions address topics including immersive
rehabilitation environments, serious games and exergaming, AI-
enabled rehabilitation systems, digital therapeutics, tele-rehabilita-
tion, wearable sensing, motion analysis, human-computer interac-
tion, accessibility, co-design methodologies and implementation
science. Together, these works demonstrate how advances in XR,
artificial intelligence and interactive technologies are enabling
more personalized and scalable approaches to rehabilitation.
A defining strength of WCVR 2026 is its commitment to transla-

tional and patient-centered innovation. Many of the papers pre-
sented here move beyond proof-of-concept systems to examine
clinical integration, usability, effectiveness, and long-term adop-
tion in real-world healthcare contexts. The abstracts therefore
reflect not only technological innovation, but also the practical

challenges involved in bringing immersive rehabilitation solutions
into routine clinical practice.
The conference program further illustrates the international and

collaborative nature of the field. Contributions from academic
institutions, hospitals, rehabilitation centers and industry partners
showcase emerging perspectives on neurorehabilitation, pain man-
agement, aging, mental health, mobility training, pediatric rehabili-
tation and remote care delivery. Several sessions also explore the
future of rehabilitation through advances in embodied AI, adaptive
interfaces, digital biomarkers and data-driven clinical decision sup-
port systems.
As virtual rehabilitation technologies continue to evolve at pace,

the need for interdisciplinary dialogue and development of robust
evidence to fit with that pace has never been greater. WCVR 2026
serves as a forum not only for presenting scientific advances, but
also for building partnerships across disciplines and sectors. We
hope these abstracts capture the spirit of collaboration, curiosity
and shared purpose that has characterized this year’s conference.
We extend our sincere gratitude to the authors for sharing their

work and insights, to the reviewers and program committee mem-
bers for their thoughtful evaluations; and to the organizing commit-
tees, keynote speakers, sponsors, volunteers and partners whose
dedication made WCVR 2026 possible. Most importantly, we
thank all participants for contributing to a vibrant and growing
international community committed to improving rehabilitation
and healthcare through innovation.
We hope that the research and discussions presented in these

proceedings faithfully represent the theme of our conference this
year - “Business, practice, research – Better together”. Our goal is
to inspire new collaborations, stimulate future discoveries, and ulti-
mately contribute to more accessible, effective and human-cen-
tered rehabilitation worldwide.

W. Geoffrey Wright and Denis Martin
WCVR 2026 Co-Chairs
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Combining Virtual Reality and Cognitive Behavioral
principles in treating long-term pain: A feasibility study

Erling Becker Aarseth1, Ine Jareid2, Christine Demmo-Bru3,
Stine Dagsberg Rønning4, Inge Ringheim1

1Vestfold Hospital Trust, Tønsberg, Norway
2N/A, København, Denmark
3N/A, Paris, France
4N/A, Tønsberg, Norway

Background: Long-term pain affects >20% of global popula-
tion, burdens healthcare and reduces quality of life (QoL). Non-
pharmacological treatments are limited, and immersive thera-
peutics remain under-researched. The goal of this study is to
investigate feasibility, usability, and preliminary efficacy of
immersive therapeutics with virtual reality (VR) in addition to
standard care, among patients with long-term pain.
Methods: Patients from an outpatient clinic (N=28) received

home-based immersive therapeutics with self-developed VR
software based on cognitive behavioral patient education and
skills-based exercises – alongside usual treatment. Head
Mounted Displays (HMDs) were provided, with instructions for
use minimum three times between clinic sessions, over three
months or earlier at ended treatment.
Primary Outcome and Experience Measures: Health-related

QoL (i.e., EQ-5D-5L), self-rated health (i.e., EQ-VAS), and
general health assessment (i.e., Promis-29 profile). Patient- per-
ceived health changes after three months were measured with
the Patient Global Impression of Change (n=23). Usability and
feasibility were assessed with System usability Scale (SUS), and
usage recorded using a dedicated platform. Clinicians’ experi-
ence with VR treatment was explored through qualitative analy-
ses of in-depth interviews.
Results: Preliminary results showed an average SUS score of

82. EQ-VAS showed significant improvement (p=0.02),
although the EQ-index did not significantly change (p=0.29).
Pain Interference score was significantly reduced (p=0.02),
while changes in other domains were small and non-significant
(p>0.05). Preliminary qualitative analyses showed that clinicians
found VR intervention highly usable and that the content aligns
with therapeutic objectives, enhancing patient education, and
improving retention of key information.
Conclusions: Preliminary findings indicate that fully immersive

VR treatment combined with usual care, emphasizing patient edu-
cation and skills-based content, is feasible and safe for managing
long-term pain. Positive impact on QoL and pain interference
were observed. More research is needed to explore the efficacy of
VR treatment as additional or stand-alone treatment.
Funding: The Norwegian Foundation Dam.
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Learning to move in a virtual environment: Do attentional
deficits matter?

Moshe M.H. Aharoni1, Sara Hijazi2, Arik Cheshin2,
Michal Kafri1, Tal Krasovsky1,3

1Department of Physical Therapy, The Faculty of Social
Welfare and Health Sciences, University of Haifa, Haifa, Israel

2Human Services Department, Faculty of Social Welfare and
Health Sciences, University of Haifa, Haifa, Israel
3Pediatric Rehabilitation Department, Edmond and Lily Safra
Children’s Hospital, Sheba Medical Center, Tel Hashomer,
Ramat Gan, Israel

Background: Motor learning in adults may be disrupted by
attentional deficits such as in Attention-Deficit Hyperactivity
Disorder (ADHD). However, current evidence is mixed, as
some studies reported differences in motor performance and
learning between adults with and without ADHD, while others
have found no differences. Virtual reality (VR) enables standar-
dized training and accurate kinematic measurements of motor
performance and learning. We evaluated differences in motor
learning between adults with and without ADHD within a VR
environment, as well as the relationships between motor per-
formance, attentional deficits, intrinsic motivation and cognitive
engagement during the learning process.
Methodology: Thirty-nine adults aged 18-40 (19 with

ADHD) participated in a two-visit VR motor learning study.
Participants performed a virtual archery task using an HTC Vive
head-mounted display (20-shot pre-test, 5-minute training, 20-
shot post-test, and 20-shot retention phases). Shot accuracy,
kinematics and cognitive engagement (using frontal electroence-
phalography) were recorded. Attentional deficits and intrinsic
motivation were assessed via the Adult ADHD Self-Report
Screening Scale (ASRS) and the Intrinsic Motivation Inventory
(IMI) respectively. Data was analyzed using repeated-measures
ANOVA, independent t-tests and correlation analyses.
Results: ASRS scores in the ADHD group were significantly

higher (t=6.03, p < 0.001) and were correlated with levels of
intrinsic motivational factors (Pressure-tension r=0.516, p=0.02;
Perceived choice r=-0.478, p=0.03). In both groups, accuracy
and kinematics similarly improved with training. In the ADHD
group but not in controls, accuracy was correlated with higher
intrinsic motivation (Enjoyment r=0.482, p=0.03; Perceived
competence r=0.615, p=0.005). For the entire group, higher
ASRS scores were correlated with higher cognitive engagement
levels during the training phase (r=0.343, p=0.03).
Conclusion: Intrinsic motivation and cognitive engagement

may represent compensatory mechanisms supporting preserved
motor learning in VR for people with attentional deficits.

7

Development of a virtual reality solution enabling full-body
ownership illusions during multi-joint lower-limb exercises:
Addressing real-time motion tracking challenges

Manca Opara Zupančič1, Matej Supej2, Nejc Šarabon1,3

1Faculty of Health Sciences, University of Primorska, Izola,
Slovenia
2Faculty of Sport, University of Ljubljana, Ljubljana, Slovenia
3Ludwig Boltzmann Institute for Rehabilitation Research,
Vienna, Austria

Background: Immersive virtual reality (VR) enables embodi-
ment in virtual avatars with manipulable appearances, inducing
body ownership illusions (BOIs) despite discrepancies between
the virtual and physical body. BOIs show potential for musculo-
skeletal rehabilitation by modulating biopsychosocial factors
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that limit engagement in exercise therapy, such as pain, kinesio-
phobia, and altered body perception. This may allow earlier or
more intensive participation in therapeutic exercise. However,
the application of BOIs in musculoskeletal rehabilitation
remains underexplored, and available VR solutions for lower-
limb rehabilitation are limited. Existing systems primarily sup-
port single-joint exercises and often require additional body-
worn sensors for motion tracking. Therefore, we aim to develop
a VR solution enabling avatar embodiment with real-time, sen-
sorless motion tracking during complex, multi-joint lower-limb
exercises.
Methods: The innovation was developed using commercially

available hardware, including Meta Quest 3 VR headsets, Orb-
bec Femto Bolt cameras for real-time motion tracking, and a
high-performance personal computer. The software environment
was developed using a Unity real-time 3D development plat-
form. The developed system supports markerless vision-based
real-time motion tracking and enables avatar embodiment with
visual manipulation of knee appearance, including perceived
swelling and altered coloration. Selected multi-joint lower-limb
exercises are currently supported.
Results: The system successfully enables real-time motion

tracking during squats, lunges, and sit-to-stand tasks, with avatar
embodiment and adjustable visual manipulation of knee appear-
ance. Key technical challenges included motion tracking insta-
bility with body-segment misalignments, avatar jitter, forward
leaning, and sensitivity to camera number, user positioning, and
environmental factors. These barriers informed iterative refine-
ments of calibration procedures and tracking configuration. Fur-
ther technical details and system demonstrations will be
presented.
Conclusions: Future development will focus on improving

tracking robustness and expanding BOI manipulations, includ-
ing limb narrowing, enhanced muscular definition, altered mate-
rial properties, and manipulation of movement-related feedback
(e.g., range of motion). These developments aim to support per-
sonalized VR-based rehabilitation and facilitate long-term clini-
cal applicability.
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NeuroXRehab COST Action extended reality
neurorehabilitation of spatial neglect and related disorders
after brain injury

Iris C. Brunner1,2, Martin Edwards3, Ana Lúcia Faria4,
Britta Stammler5, Bastian I. Hougaard6,
Sergi Bermudez i Badia4, Hanne Huygelier7, Celine Gillebert7,
Stephanie Rossit8, Daniele Romano9, Dario Cazzoli10,
Lars Evald2

1Helse Bergen, Bergen, Norway
2Aarhus University, Aarhus, Denmark
3University of Louvain, Louvain, Belgium
4University of Madeira, Funchal, Portugal
5University of Tuebingen, Tuebingen, Germany
6Aalborg University, Aalborg, Denmark
7KU Leuven, Leuven, Belgium
8University of East Anglia, Norwich, United Kingdom
9Milan University, Milan, Italy
10University of Lucerne, Lucerne, Switzerland

Vision: Imagine being able to assess different subtypes of
spatial neglect, such as motor or sensory neglect, and to distin-
guish these from related conditions like hemianopia using
extended reality (XR). Based on this precise assessment, patients
could receive personalised XR-based treatment programs target-
ing spatial neglect and co-occurring disorders such as hemiple-
gia. After discharge, therapy would continue seamlessly through
telerehabilitation, enabling more intensive, flexible, and efficient
recovery supported by remote clinical monitoring.
Mission: COST (European Cooperation in Science and Tech-

nology) is an EU-funded programme supporting interdiscipli-
nary collaboration. NeuroXRehab is a newly established COST
Action uniting neuropsychologists, clinicians, engineers, com-
puter scientists, and rehabilitation experts. Its mission is to
explore how XR can enhance the assessment and treatment of
spatial neglect (SN) and related post-stroke disorders, foster
knowledge exchange, develop guidelines, and promote innova-
tion in neurorehabilitation.

Working Groups
WG1: Meta-Study on Current Knowledge Collects theoreti-

cal, empirical, technical, and clinical expertise and surveys XR tech-
nologies relevant to assessing and treating SN and related disorders.
WG2: Assessment of SN and Related Disorders Develops

XR-based assessment methods to improve diagnostic accuracy,
differentiate SN from related conditions, and establish common
data elements for harmonised assessment.
WG3: Treatment of SN and Related Disorders Standard-

ises XR-based treatment approaches and translates conventional
and novel therapies into adaptable XR interventions for individ-
ualised rehabilitation.
WG4: Data Collection and Sharing Defines data policies,

best practices, and ontologies, and develops a secure platform to
support data sharing for multicentre studies on diagnostics and
treatment efficacy.
WG5: Multicentre Project Planning Designs study proto-

cols, objectives, and methodologies for future multicentre
research evaluating the diagnostic and therapeutic potential of
XR in SN rehabilitation.

Contribute: NeuroXRehab welcomes engaged and curious
contributors who wish to support its mission and help advance
XR-based neurorehabilitation.
COST action funded by the European Collaboration on Sci-

ence and Technology.
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Stroke mortality prediction for virtual rehabilitation:
An explainable AI approach

Prosperity C. Oguama1,2, Leonor Fernandes2,3,
David Rodrigues2, João S Ribeiro2

1Instituto Superior Técnico, Universidade de Lisboa, Lisbon,
Portugal
2Centre for Immersive Technologies and AI Develoment
(Braining), Porto, Portugal
3Universidade do Porto, Porto, Portugal

Background: Stroke remains the second leading cause of
death globally, with over 7.25 million deaths recorded in 2021.
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Effective post-stroke rehabilitation requires early identification
of high-risk patients to guide intervention intensity and timing.
This study presents an explainable artificial intelligence (XAI)
framework for stroke mortality prediction across multiple time
horizons, developed for integration into the virtual rehabilitation
platform of the Centre for Immersive Technologies and AI
Development (Braining) to enable early identification of patients
at elevated risk for targeted rehabilitation planning.
Methods: Using data from 1,513 stroke patients in the

MIMIC-IV dataset, a multi-task multilayer perceptron was
trained to predict mortality probability at 1, 15, 30, 45, 60, and
90 days post-admission. The model incorporates demographic
data, physiological variables, and feature vectors extracted from
a novel clinical text processing pipeline combining named entity
recognition and semantic clustering.
Results: The model achieved an average AUC-ROC score of

0.789 across all time points, reflecting how the multi-task archi-
tecture exploits the inherent relationships among mortality risk
across time horizons, allowing earlier time points to inform pre-
dictions at later ones. Explainability analysis using SHAP and
LIME consistently identified lower dosages, older age, and non-
white race as associated with higher mortality risk.
Conclusion: By generating interpretable, time-varying risk

trajectories, this system enables clinicians using Braining’s plat-
form to prioritise rehabilitation resources, personalise interven-
tion intensity, and support informed care planning for stroke
patients during critical recovery windows.

P07

Postural adaptation to a virtual reality roller coaster ride
among young and older adults – indications for fall
prevention and rehabilitation

Ulrik Röijezon1,2, Eva Ekvall Hansson1,3, Jenny Älmqvist Nae1,
Elin Östlind1, Per-Anders Fransson3

1Department of Health Sciences, Lund University, Lund,
Sweden
2Department of Health, Education and Technology, Luleå
Univeristy of Technology, Luleå, Sweden
3Department of Otorhinolaryngology, Skåne University
Hospital, Lund, Sweden

Background: Previous research suggests that virtual reality
(VR) can serve as an effective tool for evaluating and training
postural control responses and its processing due to distorted
sensory input. The aim was to evaluate posturographic spectral
responses and postural muscle co-contraction due to visual VR-
stimulation, and adaptation to repeated VR-stimulations among
young and older adults.
Methods: Twenty-eight young (mean 25.3 years) and 25

older (mean 74.8 years) adults were standing on a force plate
performing two control tests (eyes open and closed) and there-
after repeatedly watched a 120-second VR-simulation of a
roller-coast ride five times. Postural sway was analyzed as sta-
bility measures from force plate data. Electromyography was
used to assess co-contraction index (CCI) among three muscle
pairs: i) gastrochnemius-tibialis anterior, ii) peroneus-tibialis
anterior, and iii) gluteus medius bilaterally. Repeated measures
GLM ANOVA, Wilcoxon and Spearman’s correlations were
used for statistical analyses.

Results: The first VR session produced significantly increased
use of energy within both the high frequency (>0.1 Hz) and low
frequency (< 0.1 Hz) ranges compared to control test with open
eyes. This was more pronounced among older adults. Mean and
standard deviation CCI of the three muscle pairs were positively
correlated with both increased high and low frequency postural
sway. Performing repeated VR-sessions significantly decreased
energy used within the high frequency range and the CCI in
both groups.
Conclusions: Older adults showed more pronounced reliance

on somatosensory reflexes and mechanical stiffness during VR-
stimulation, indicated by larger energy use within the high fre-
quency range and with larger CCI measures. Both groups
showed significant adaptations over repeated sessions. This abil-
ity to adapt to visually induced sensory conflicts over repeated
VR sessions indicates its potential role in balance training and
fall prevention. This should be investigated in future longitudi-
nal intervention studies.
The study was funded by Lions Skane research foundation.
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ROHKEA VR: Implementing a home-based immersive
Virtual Reality-Cognitive Behavioural Therapy (VR-CBT)
intervention for chronic pain

Phillipa M. Newton-Cross1, Michael Osborn2, Nick Peres1,3,
Silja-Riin Voolma4, Christopher Eccleston2

1Torbay and South Devon NHS Trust, Torbay, United Kingdom
2Centre for Pain Research, University of Bath, Bath, United
Kingdom
3Falmouth University, Penryn, United Kingdom
4Newel Health, Salerno, Italy

Background: ROHKEA VR is a 12-week Cognitive Behav-
ioural Therapy (CBT) and graded exposure program designed as
a scalable, home-based alternative to hospital-delivered multi-
disciplinary pain management. Delivered through immersive
virtual reality, the intervention aims to address well-documented
implementation barriers in chronic pain services, including lim-
ited workforce capacity, geographic inequities, patient fatigue,
and inconsistent attendance. By embedding structured psycho-
logical care within an accessible digital platform, ROHKEA VR
represents a service innovation targeting reach, feasibility, and
sustainability.
Methods: This qualitative study explored implementation-

related factors influencing acceptability, engagement, and per-
ceived impact among six participants living with chronic illness.
The program features SAMI (Semi-Automated Mentoring Intel-
ligence), a digital avatar whose role evolves from directive
instructor to supportive, relational guide. Participants described
SAMI as central to intervention uptake, with the developing
therapeutic alliance enhancing adherence to treatment. The rela-
tional design appeared to function as an implementation mecha-
nism, strengthening user engagement and reducing attrition risk
in a fully remote format.
Results: Interpretative Phenomenological Analysis generated

four themes with implementation relevance. First, Acceptability
and Therapeutic Alliance: SAMI’s personable and responsive
characteristics fostered trust and psychological safety, support-
ing sustained participation. Second, Mechanisms of Change and
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Psychological Flexibility: participants reported shifts from
avoidance to acceptance and values-based coping, indicating
fidelity to core CBT processes within a digital modality. Third,
Self-Regulation and Agency as Intervention Targets: immersive
VR contexts enabled attentional retraining and threat reap-
praisal, reinforcing skill acquisition. Fourth, Feasibility and
Habit Formation: the program’s structured daily routine sup-
ported behavioural consistency and transfer of skills to real-
world settings, highlighting potential for long-term maintenance.
Conclusion: Participants also noted improved communication

about pain within family systems, suggesting broader contextual
impact. Framed through an implementation science lens, ROH-
KEA VR demonstrates promise as an acceptable, feasible, and
potentially scalable digital health model capable of extending
evidence-based pain care beyond traditional hospital environ-
ments while preserving therapeutic alliance and treatment
integrity.
Funding: Torbay Medical Research Fund.
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Validating XR-Compatible Affective Sensing for Objective
Detection of Chronic Pain During Activities of Daily Living

Andrew N Graham1, Frank H Y Lai2, Cormac G Ryan1

1Teesside University, Middlesbrough, United Kingdom.
2Northumbria University, Newcastle Upon Tyne,
United Kingdom

Background: Eye tracking and facial biosignal monitoring
are core behavioural sensing features within virtual and
extended reality (XR) systems, enabling inference of attention,
affect and user state. However, these sensing components are
rarely validated independently in clinical populations outside
immersive environments. This validation study translates XR-
compatible affective sensing hardware into a real-world rehabili-
tation context to determine its capacity to detect behavioural
indicators of chronic pain during activities of daily living
(ADLs). A secondary aim is to evaluate user experience, com-
fort and perceived usability to determine clinical practicality and
acceptability.
Methods: This cross-sectional validation study is currently

recruiting 10 adults (‡18 years) with diagnosed chronic pain.
Participants complete two standardised ADLs within a simulated
occupational therapy ADL suite. OCOsense� smart glasses cap-
ture multimodal behavioural data including facial EMG activa-
tion, optomyography-derived expression metrics, head
movement, postural orientation and attentional indices. Sessions
are video-recorded (SMOTS system), and trained clinicians rate
observable pain behaviours using a structured scoring frame-
work. Data streams are time-synchronised. Primary analysis will
examine concordance between wearable-derived metrics and cli-
nician ratings using correlation and agreement statistics. Partici-
pants complete validated pain measures (VAS, TSK-11). A
qualitative component, consisting of brief post-task semi-struc-
tured interviews and comfort/usability ratings, will explore
device wearability, perceived burden and acceptability.
Results: Data collection is ongoing. At presentation, agree-

ment statistics between XR-derived behavioural metrics and
clinician-rated pain behaviours will be reported alongside
feasibility indicators (signal stability, calibration success).

Preliminary thematic analysis of user feedback will describe
comfort, usability and perceived clinical relevance.
Conclusions: By validating XR-compatible behavioural sens-

ing technology in a real-world clinical context and evaluating user
acceptability, this study informs the credibility and translational
potential of eye and facial tracking as objective components within
immersive and hybrid XR pain rehabilitation systems.
Acknowledgement: Elizabeth Casson Trust pump-primer

award.
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Feasibility of active video games to promote physical activity
in children and youth isolated post bone marrow transplant:
A feasibility study

Danielle E. Levac1,2, Julia Pinotti1, Audrey Ferron1,2,
Camila Petro-ospina2

1University of Montreal, Montreal, Canada
2Azrieli Research Centre; CHU Sainte Justine, Montreal,
Canada

Background: Children and youth recovering from a bone
marrow transplant can experience significant deconditioning due
to prolonged bed rest and treatment side effects. Active video
games (AVGs) have shown promise in pediatric rehabilitation
by increasing motivation to participate in longer durations of
therapy, yet the feasibility of using this modality in medically
fragile populations remains unexplored. This study evaluated
the clinical feasibility (demand, satisfaction and practicality) of
using the Nintendo Switch within physiotherapy and occupa-
tional therapy interventions for children and youth in isolation
following bone marrow transplantation.
Methods: This six-week feasibility study was conducted in

the in-patient hematology-oncology unit at CHU Sainte-Justine,
Quebec’s provincial pediatric stem cell transplant centre. The
unit was provided with a medical-grade chariot hosting a televi-
sion screen, the Switch console and games and accessories.
Physiotherapists and occupational therapists received a two-hour
in-person training session, access to virtual educational resour-
ces, and ongoing virtual support. Data were collected through
demographic questionnaires, therapist logbooks, a satisfaction
questionnaire, and semi-structured interviews. Descriptive statis-
tics summarized usage and satisfaction while qualitative content
analyses synthesized therapist-identified facilitators and barriers.
Results: Eight therapists (5 physiotherapists, 3 occupational

therapists) used the Nintendo Switch 12 times with 10 children
(mean age 10.5, range 5–16 years). Mean session duration
exceeded 45 minutes. Clinician satisfaction was high (mean
6.67/7). The most frequent treatment objectives were preventing
deconditioning (29.4% of sessions) and promoting motivation
(23.5% of sessions). All therapists reported positive impressions
and intent to continue using the Switch. The primary barrier was
infection prevention and control protocols, while the primary
facilitator was increased youth adherence to therapy.
Conclusions: Integrating the Nintendo Switch into physio-

therapy and occupational therapy interventions in a bone mar-
row transplant unit is feasible and well-received by clinicians.
Next steps include exploring children’s and parents’ perspec-
tives and conducting effectiveness studies comparing exergam-
ing to traditional approaches.
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Feasibility of a revised home-based serious game cognitive
training system TREKOG in elderly

Markéta Zakurdajeva, Natalie Bergmann, Václav Sahula,
Iveta Fajnerová

National Institute of Mental Health, Klecany, Czechia

Background: Global population aging is projected to result
in adults aged 65+ outnumbering children by 2080. As aging is
closely linked to cognitive decline, pharmacological treatments
remain limited, non-pharmacological options such as cognitive
training are crucial. Additionally, home-based, self-administered
approaches address mobility and access barriers. This study
evaluates the feasibility of the TREKOG training system.
Methodology: TREKOG is a cognitive training system devel-

oped specifically for the elderly population (presented at the
World Conference on Virtual Rehabilitation 2024). The software
has been updated by adding features such as new minigames
and strategy-based education. It is a self-administered serious
game made for home-based cognitive training that includes tasks
focused on memory, attention, visuomotor coordination, and
other cognitive domains in an ecologically valid, immersive
environment of an apartment building. A group of 30 cogni-
tively healthy older adults will participate in a home-based cog-
nitive training programme using TREKOG. Feedback will be
collected using questionnaires assessing acceptance, overall
experience, subjective cognitive state, and well-being. Cognitive
state will also be assessed before and after the programme using
neuropsychological tests focused on multiple cognitive domains
and general cognitive health. Results will be analysed to evalu-
ate the feasibility of the updated tool and protocol.
Results: The results will include feedback on the acceptability

of TREKOG, overall experience and preliminary effects on cog-
nitive domains measured by neuropsychological tests, well-
being and subjective cognitive state.
Conclusion: This study will provide insight into participant

engagement, acceptability and key feasibility aspects supporting
the use of the updated TREKOG training system for home-based
cognitive training in community-dwelling older adults. The
results will serve as foundation for subsequent effectiveness
studies of the TREKOG training system.
The TREKOG software was created in the project PoC of com-

mercialisation concepts formulated by ILA II CZ.07.1.02/0.0/0.0/
16_040/0000369 and the project OP JAK entitled Research of
Excellence on Digital Technologies and Wellbeing, CZ.02.01.01/
00/22_008/0004583 co-financed by the European Union.
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What do clinicians tell us about their use of
telerehabilitation and associated ethical and equity-related
considerations? Findings from a national rehabilitation
clinician survey in Canada

Jennifer Sigouin1, Anne Hudon2,3,4, Mirella Veras5,6,
Dahlia Kairy2,3

1Centre de recherche interdisciplinaire en réadaptation du
Montréal métropolitain (CRIR) - Institut universitaire sur la
réadaptation en déficience physique de Montréal, Montreal, Canada

2Programme de physiothérapie, École de réadaptation,
Faculté de Médecine, Université de Montréal, Montréal,
Canada
3Centre de recherche interdisciplinaire en réadaptation du
Montréal métropolitain (CRIR) - Institut universitaire sur la
réadaptation en déficience physique de Montréal, Montréal,
Canada
4Centre de recherche en éthique, Montréal, Canada
5Department of Physical Therapy, Rady Faculty of Health
Sciences, College of Rehabilitation Sciences, University of
Manitoba, Winnipeg, Canada
6Centre on Aging, University of Manitoba, Winnipeg,
Canada

Background: Telerehabilitation has expanded rapidly in
Canada, accelerated by the COVID-19 pandemic. While it
offers opportunities for access, it also raises ethical challenges.
This study assesses clinicians’ usage of telerehabilitation
across professions, including practices related to key ethical
considerations such as equity, confidentiality, consent and
risks.
Methods: A cross-sectional national survey was completed

by 683 rehabilitation clinicians across professions (physiother-
apy, occupational therapy, speech-language pathology, psy-
chology/neuropsychology, vision therapy, and audiology).
Descriptive statistics were used to summarize responses and
we examined associations between professions and practice-
related outcomes using cross-tabulations with Pearson’s chi-
square tests.
Results: A majority of clinicians used telerehabilitation

(83%), with 77% who began using it during the pandemic. 69%
used a hybrid approach (combining in-person and remote care),
while 31% exclusively used telerehabilitation . Nearly 70%
reported access barriers from lack of internet, equipment, or
patient digital literacy. 30% did not use specific measures to
ensure data confidentiality. 73% said that they were unable to
perform procedures they normally conduct in person. Only 23%
of respondents felt adequately trained for telerehabilitation, rais-
ing concerns about quality, efficacy and safety. While the vast
majority of respondents did not feel patients sustained harm,
8.1% reported harm to a patient during telerehabilitation. Signif-
icant differences emerged by profession across multiple
domains, including telerehabilitation uptake, perceived effec-
tiveness, barriers, workload, and future use. Speech-language
pathologists and occupational therapists showed higher adoption
of telerehabilitation, while physiotherapists reported lower
uptake and greater concerns about client suitability. Perceived
effectiveness also varied significantly, with physiotherapists
most likely to view telerehabilitation as less effective than in-
person care.
Conclusion: Our research highlights practice-related issues

in telerehabilitation, including ethical considerations, shaped
in part by professional role and scope of practice. Findings
underscore the need for profession-sensitive ethical guid-
ance, standardized privacy practices, equity-focused imple-
mentation tools, and formal training to support safe and just
telerehabilitation.
Funding: Canadian Institutes of Health Research and Cana-

dian Medical Association, Réseau provincial de recherche en
adaptation-réadaptation.
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Co-development of a virtual reality software focused on
service encounters for people living with aphasia

Emna Fakhfakh1,2*, Élise Julien3, Eve Nadeau4,
Esther Kagayano1,2, Stéphane Bouchard5, Carole Anglade1,2

1School of Speech-Language Pathology and Audiology,
Université de Montréal, Montreal, QC, Canada
2Centre for Interdisciplinary Research in Rehabilitation of
Greater Montreal, Montreal, QC, Canada
3Université de Lorraine, France
4Lucie-Bruneau Rehabilitation Center, Montreal, QC, Canada
5Université du Québec en Outaouais, Gatineau, QC, Canada

Background: Following stroke, communication disorders such
as aphasia can significantly limit social participation, particularly
in everyday service interactions that remain difficult to address in
therapy. To better support real-world communication goals in
rehabilitation, our team is developing a virtual reality (VR) tool for
clinical use. Building on a prior needs assessment with people liv-
ing with aphasia and speech-language pathologists, this study aims
to define user-driven design specifications for VR scenarios sup-
porting everyday interactions in rehabilitation.
Methods: This study is part of a broader user-centered project

guided by a Design Thinking process (needs assessment ? co-
design? prototype development? clinical testing) to develop a VR
tool for aphasia rehabilitation. We describe the co-design phase con-
ducted at the Lucie-Bruneau Rehabilitation Centre (Canada). Five adults
with aphasia and two speech-language pathologists participated in focus
groups. Participants were divided into two groups; each attended two
sessions to generate and refine VR scenarios. The primary outcome is a
set of user-driven design specifications for a VR rehabilitation tool.
Audio recordings were transcribed verbatim and will be analyzed using
qualitative descriptive analysis with QDAMiner.
Anticipated results: The present co-design phase will identify

priority environments for practice (e.g., restaurant), user goals, and
desired scenario content. For each stage of an interaction, from
entering to exiting an environment, participants will specify commu-
nication tasks to practise and therapeutic targets. The study will also
document preferred strategies, stressors (e.g., noise, time pressure),
and desired feedback following practice. These findings will gener-
ate detailed, user-informed design specifications to guide prototype
development of a VR tool adaptable to different aphasia profiles
and suitable for integration into speech-language rehabilitation.
Conclusion: This study will generate user-driven design spec-

ifications that will inform the next stages of prototype develop-
ment and clinical testing of a VR tool intended to support social
participation goals in speech-language rehabilitation.
Funding: Invent_T, Université de Montréal.
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Usability and acceptability of home-based virtual reality
physiotherapy system for people with knee osteoarthritis in
the Saudi Arabian context

Duaa Hani Sabbagh1,2, Kate Button1, Mohammad Al-Amri1,3

1Cardiff University, Cardiff, United Kingdom
2Taif University, Taif, Saudi Arabia
3The Hashemite University, Zarqa, Jordan

Background: Knee osteoarthritis (KOA) is a joint condition
that affects quality of life, and exercise is a cornerstone of its
management. Saudi people with KOA report many challenges to
exercise adherence, mainly a lack of motivation and accessibility
issues. A virtual reality (VR)-based physiotherapy system could
be a promising solution; however, its usability and acceptability
in this context are still unknown. This mixed-method study eval-
uates the usability and acceptability of a VR-based physiother-
apy system (ArSPIN-VR) as a promising exercise tool for
people with KOA in Saudi Arabia
Methods: A mixed-methods study design was employed,

including a think-aloud usability session with the ArSPIN-VR
system, followed by standardised questionnaires and a semi-
structured post-test interview. Quantitative data from the Arabic
System Usability Scale (A-SUS), the Arabic VR System Usabil-
ity Questionnaire (A-VRSUQ), and the Arabic Technology
Acceptance Model (A-TAM) were analysed using descriptive
statistics. Qualitative data from think-aloud sessions were ana-
lysed using content analysis, and post-test interviews were ana-
lysed using thematic analysis.
Results: Twenty-eight participants with KOA (mean age 61.1 –

12.8 years) demonstrated good system usability (A-SUS: M = 72.3,
SD = 5.0) and above-average VR-specific usability (A-VRSUQ:
M = 71.4, SD = 13.7). Additionally, a high technology accep-
tance was reported, with all A-TAM subscales substantially
above the midpoint (ease of use: 5.72; usefulness: 6.20; inten-
tion to use: 6.04 out of 7). Qualitatively, the participants high-
lighted enjoyment, motivation, and pain distraction as key
benefits, alongside sensor reattachment difficulty and technical
instability as primary barriers.
Conclusions: This study demonstrates that a home-based VR

physiotherapy system (ArSPIN-VR) is both usable and accepta-
ble for people with KOA in Saudi Arabia. The challenges and
recommendations identified also reflect broader issues in imple-
menting VR rehabilitation across diverse healthcare settings.
Following targeted technical refinements, future research should
progress to randomised controlled trials to establish clinical effi-
cacy across diverse populations.

P34

Assessment of cervical reaction acuity in patients with axial
spondyloarthritis (axSpA) using virtual reality (VR):
A cross-sectional study

Elin Ståhlman1, Malin Mattsson2, Johanna Karlsson Sundbaum2,
Foteini Simistira Liwicki1, Ulrik Röijezon1

1Luleå University of Technology, Luleå, Sweden
2Region Norrbotten, Luleå, Sweden

Background: Axial spondyloarthritis (axSpA) is a chronic
inflammatory rheumatic disease affecting the spine and sacroil-
iac joints, leading to pain, stiffness, reduced mobility, and
disability. While range of motion impairments are well docu-
mented in axSpA, less is known about cervical sensorimotor
functions, including movement reaction time, velocity and acu-
ity. The aim of this study was to assess cervical sensorimotor
function in axSpA using a VR-based Cervical Reaction Acuity
(CRA) test, its associations with disease-related measures, and
test–retest reliability.
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Methods: This cross-sectional study included adults aged
18–65 years with axSpA (n=49) and age-matched healthy con-
trols (n=50). The CRA test was used to measure cervical reac-
tion time, peak velocity, and task completion time. Group
differences were analysed using Quade’s non-parametric
ANCOVA. Associations between CRA outcomes and disease-
related measures were examined using Spearman’s rank correla-
tions. Test-retest reliability of the CRA test was evaluated in the
axSpA group using intraclass correlation coefficients (ICC).
Results: Participants with axSpA demonstrated significantly

lower peak velocity compared with healthy controls (p < 0.001,
partial g2 = 0.17). No significant group differences were
observed for reaction time or task completion time (p > 0.10).
Associations between CRA outcomes and disease-related meas-
ures were low to moderate (rs = 0.30–0.52, p < 0.05), with the
strongest relationships observed for functional and mobility
measures. Test–retest reliability varied across outcomes: peak
velocity showed good reliability (ICC = 0.89), task completion
time moderate reliability (ICC = 0.74), and reaction time poor
reliability (ICC = 0.22).
Conclusions: Cervical sensorimotor function, particularly

movement velocity, appears impaired in axSpA. The VR-based
CRA test shows promise as a complementary assessment tool
for identifying motor control impairments not captured by tradi-
tional clinical measures. These findings support further investi-
gation of VR-based assessments in axSpA and its potential role
in rehabilitation interventions.
This study was conducted within the EU-project SHAPE

(Eurostar) (Project ID. 7634) and the Precision Health Research
Initiative PRECISE (Ref: 608-2023-16) at Luleå University of
Technology.

P35

Virtual reality–based cervical sensorimotor assessments
demonstrate discriminative ability between individuals with
chronic traumatic neck pain and asymptomatic controls

Karin Forsberg1, Jimmy Falk1, Julia Treleaven2,
Gwendolen Jull2, Peter Michaelson1, Tommy Calner1,
Ulrik Röijezon1

1Lulea University of Technology, Lulea, Sweden
2University of Queensland, Brisbane, Australia

Background: Impaired sensorimotor function is common in
people with traumatic neck pain. Sensorimotor assessments are
important for identifying dysfunction, guiding interventions, and
evaluating outcomes, yet feasible objective assessment methods
remain limited. Virtual reality (VR) offers a potential solution;
therefore, the aim of this study was to (i) investigate VR-based
sensorimotor tests’ ability to discriminate individuals with
chronic traumatic neck pain (CTNP) from asymptomatic con-
trols (CON), and (ii) to examine the VR-tests’ association with
neck pain, disability, and fear of movement in the CTNP group.
Methods: This cross-sectional study included 103 participants

aged 18–65 (55 CTNP, 48 CON). Participants completed VR-
based cervical sensorimotor tests (range of motion, movement
sense, joint position sense, postural sway, and cervical reaction
acuity test). Orthogonal projections to latent structures – dis-
criminant analysis (OPLS - DA) was used to analyze the ability
of the VR variables to differentiate between groups. OPLS

regressions were used to analyze associations between VR varia-
bles and neck pain, disability and fear of movement.
Results: The OPLS-DA model (R2Y = 0.34, Q2 = 0.27) indi-

cated that 34% of the variance in group membership was
explained, with a predictive ability of 27%. CTNP was charac-
terized by reduced range of motion, impaired movement sense,
increased postural sway, lower movement velocity, and longer
task completion time. A weak OPLS model suggested that
higher neck disability was associated with reduced range of
motion, greater postural sway, and higher age. No valid models
were identified for neck pain or fear of movement.
Conclusions: VR-based assessments show promise as objec-

tive method for identifying sensorimotor impairments and may
support clinical decision-making. The weak associations
between VR tests and neck disability highlight the need to com-
plement assessment with self-reported measures to capture the
multidimensional nature of neck pain.

P36

Electroencephalography indices variation in immersive
virtual reality for the upper limb

Lydia J. Jilantikiri1,2, Julien Le Kernec1, Matthieu Poyade3,
Aleksandra Vuckovic1

1University of Glasgow, Glasgow, United Kingdom
2University of Ilorin, Ilorin, Nigeria
3The Glasgow School or Art, Glasgow, United Kingdom

Background: Post-stroke fatigue affects up to 40% of people
with stroke, caused by stress, poor motivation, physical exercise
and cognitively demanding tasks. Real-time fatigue detection
can improve quality of life and reduce its impact on recovery. A
system that can monitor fatigue associated with exercises could
enable rehabilitation optimisation and personalisation, conse-
quently maximising recovery. Electroencephalography (EEG) is
a promising objective method for determining fatigue, due to its
non-invasive nature, sensitivity to brain-state changes and high
temporal resolution.
This study developed and tested a fatigue-inducing, custom

upper limb, immersive virtual reality (IVR) game involving con-
tinuous arm movements, using a real-time adaptive EEG,
exploring how the fatigue index (FI) and Engagement index (EI)
vary across cortical locations.
Methodology: Fifteen healthy participants (5 females; aged

30 – 5.9 years; 13 right-handed) simultaneously wore a Meta
Quest 2 VR headset and g.tec’s Unicorn 8-channel EEG headset.
Data were acquired at 250 Hz from Fz, C3, Cz, C4, Pz, PO7, Oz
and PO8, referenced and grounded at the left and right mastoids,
respectively. Power spectral density was extracted using
Welch’s method with a 500-sample Hanning window and 50%
overlap. Relative power was computed for theta (4 – 8 Hz),
alpha (8-13 Hz) and beta (13-30 Hz) bands. The FI was calcu-
lated by the formula (h+a)/b; the EI as its inverse b/(h+a).
Results: Friedman tests revealed significant variation across

EEG channels for FI (v2 = 58.00, p < 0.001) and EI (v2 =
58.00, p < 0.001, X = 0.637). Higher FI was observed in the
frontal region, due to elevated theta activity associated with
fatigue monitoring. EI was elevated in the parieto-occipital
region, resulting from increased beta activity caused by high vis-
ual processing demands of IVR.
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Conclusion: EEG mental indices vary across cortical loca-
tions and can inform electrode placement for real-time adaptive
VR rehabilitation systems.
This work is supported by the Commonwealth Scholarship

Commission.
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A fatigue-responsive real-time adaptive brain-computer
interface for virtual rehabilitation

Lydia J Jilantikiri1,2, Julien Le Kernec1, Matthieu Poyade3,
Aleksandra Vuckovic1

1University of Glasgow, Glasgow, United Kingdom
2University of Ilorin, Ilorin, Nigeria
3The Glasgow School of Art, Glasgow, United Kingdom

Background: Upper Limb (UL) Rehabilitation after stroke
requires repetitive movements that can cause monotony,
increase fatigue and reduce adherence. Rehabilitation gamifica-
tion has improved outcomes but not adequately addressed per-
sonalisation. Typical virtual reality (VR) games do not allow for
dynamic adaptation based on individual’s neurophysiology, to
inform personalised engagement. This research proposes a real-
time Electroencephalography (EEG) system that adapts VR
game difficulty based on fatigue index (FI).
Methodology: An adaptive system featuring a passive Brain-

Computer interface (pBCI) with a custom immersive VR game

requiring repetitive UL movements was developed. EEG signal
was acquired at the Fz location, using g.tec’s 8-channel EEG
headset and filtered online with 50 Hz notch and 0.5–60 Hz
bandpass filters. Butterworth filters from g.tec’s Hi.SyS system
were used to filter theta + alpha (4–13 Hz) and beta (13–30 Hz)
frequency from Fz in real-time, using Simulink, Matlab 2020a.
The FI ((theta+alpha)/beta) was calculated as the ratio of succes-
sive two-minute averages over a ten-minute period. Percentage
changes between these ratios were evaluated according to prede-
fined thresholds and sent via User Datagram Protocol to Unity,
triggering difficulty changes.
This was tested in fifteen participants who completed the sys-

tem usability scale (SUS) questionnaire.
Results: The gaming difficulty was successfully adapted

in six participants, with four experiencing an increase, one a
decrease and one, an increase and then decrease. The indi-
vidual variations support the case for personalised adaptive
systems in rehabilitation. The SUS score had a “good” rat-
ing by participants (mean– SD: 79.7 – 10.9). A barrier of
the system is the discrepancy in expected and observed
changes in difficulty levels, perhaps due to shorter time
windows.
Conclusion: The system demonstrates that a real-time adapt-

ive EEG-VR system is feasible for rehabilitation. Future work
will investigate various time windows to optimise adaptation
sensitivity and clinical validation in people with stroke.
This work is supported by the Commonwealth Scholarship

Commission.
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