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Abstract

Background/Objectives: This article presents the feasibility and preliminary outcomes
of an international cooperation project between the University of Valencia (Spain) and
the University and health authorities of Pinar del Rio (Cuba), designed to implement and
evaluate an innovative rehabilitation protocol. Aligned with the United Nations Sustain-
able Development Goals (SDGs 3, 4, and 10), the initiative aims to implement a low-cost,
evidence-based rehabilitation program combining mirror-neuron stimulation via Virtual
Walking and therapeutic exercise. Methods: The program included multidisciplinary
meetings and both digital and on-site training for healthcare professionals, caregivers,
and educators, aimed at strengthening local capacities in evidence-based practice. The
transferred protocol consisted of Virtual Walking (10 min) and therapeutic exercise (30 min),
implemented three times per week, for eight weeks. Outcomes assessed included gait
speed and endurance (10-Minute Walking Test, 6-Minute Walking Test), lower limb func-
tion (Timed Up and Go Test), frailty status (Fried criteria), pain (Visual Analog Scale), and
satisfaction with the training program. Pre-post comparisons were conducted using the
Wilcoxon signed-rank test for continuous data. Results: The program was successfully
implemented in two polyclinics with high levels of participant satisfaction. Eleven patients
completed the program, showing significant improvements in gait endurance (p < 0.05),
while lower limb function and pain did not change significantly. Noteworthily, severe
infrastructural and connectivity limitations were found. Overall, results demonstrate the
feasibility, adaptability, and acceptability of the proposed protocol, which integrates techno-
logical innovation, clinical training, and community engagement to promote health quality
and equity. Conclusions: This project provides a replicable framework for rehabilitation
initiatives in low-resource settings and demonstrates the potential to achieve meaningful
clinical results.

Keywords: cooperation; Virtual Walking; mirror neuron therapies; therapeutic exercise;
rehabilitation

1. Introduction

Ensuring equitable access to quality health care remains a paramount challenge for
health systems worldwide [1]. In recent years, international cooperation initiatives have
played a critical role in strengthening healthcare delivery in resource-limited settings, such
as Cuba [2]. These initiatives are aligned with the United Nations Sustainable Development
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Goals (SDGs), particularly Goal 3 (Good Health and Well-being), Goal 4 (Quality Education),
and Goal 10 (Reduced Inequalities), which emphasize the imperative of guaranteeing
universal health coverage, equitable access to knowledge, and inclusive strategies for
vulnerable populations [3].

Cuba faces persistent and profound socioeconomic challenges, characterized by ex-
treme disparities in wealth distribution and limited access to information across its popu-
lation [4]. According to a recent independent assessment, the country is currently experi-
encing its most severe economic crisis since independence, with an estimated 88-89% of
the population living below the extreme poverty threshold as of 2023-2024 [1,5]. Social
rights studies highlight acute shortages of essential goods, widespread food insecurity,
and escalating inflation, further deteriorating living conditions for millions of Cubans [1].
In the healthcare sector, despite a strong emphasis on primary care and regionally orga-
nized services, the system remains constrained by limited resources, infrastructural deficits,
and accessibility barriers, particularly in rural municipalities. Rehabilitation services are
further compromised by material and professional training limitations, restricting access
to evidence-based clinical protocols and opportunities for older adults and persons with
disabilities [1].

On the other hand, Cuba has one of the oldest demographic profiles in Latin America,
with 15.73% of its population aged 65 or older and a mean life expectancy of 78 years [6].
Approximately 7% of Cubans live with disabilities, with physical-motor impairments
representing the second most prevalent category (8.25 per 1000 inhabitants) [1]. The demo-
graphic transition towards an aging population, compounded by the emigration of younger
cohorts seeking better opportunities abroad, has intensified the burden of the Cuban health
system [1]. In this context, Pinar del Rio serves as a representative province, reflecting
national trends in poverty, suboptimal healthcare provision, and demographic ageing.

Aging populations and individuals with disabilities—particularly those with chronic
neurological conditions—pose substantial challenges for healthcare delivery [7]. Sensory
and motor deficits frequently lead to functional decline, with downstream consequences
including dependency, reduced ability to perform activities of daily living, social isolation,
sedentary behavior, cognitive deterioration, and increased healthcare expenditure [8,9].
These observations underscore the urgent need for low-cost, evidence-based therapeutic
interventions that enhance functional capacity while alleviating the burden on families,
communities, and healthcare systems. While exercise remains the first-line intervention,
these individuals often experience early-onset and pronounced fatigue, which may limit
adherence to rehabilitation programs and increase dropout risk. This necessitates careful
tailoring of the exercise prescription, including volume and intensity, to the low baseline
physical fithess commonly observed in this population. In this context, emerging evidence
indicates that non-fatiguing interventions, such as bodily illusion-based therapies, can
improve pain and functional outcomes in populations with diverse neurological impair-
ments by activating the mirror neuron system [10]. Mechanistically, this system comprises
a network of neurons in motor and premotor cortical regions that are active not only during
movement execution but also during the observation of others’ goal-directed actions [11,12].
Repeated observation of purposeful movements visually integrated with the individual’s
own body representation may facilitate motor resonance, drive cortical reorganization, and
support motor learning, even in the presence of impaired voluntary movement [11,12].

Neuroplasticity can be potentiated by combining exercise, the cornerstone of rehabili-
tation, with mirror-neuron-targeted interventions. The most used mirror-neuron activation
therapies are motor imagery, mirror therapy, and action observation [13]. Bodily illusion-
based interventions have also demonstrated efficacy across diverse clinical populations.
For instance, “Virtual Walking” is a specific bodily illusion-based intervention in which
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participants visually perceive gait-related lower-limb movements integrated with their re-
flected upper body, creating the illusion of a fully functional body. Unlike traditional Mirror
Therapy, which relies on unilateral limb reflection and requires an intact contralateral side,
Virtual Walking can be applied to conditions involving bilateral motor impairments [14].
This innovative intervention was initially tested in people with complete spinal cord in-
jury, and due to the promising results, its effectiveness was subsequently tested in other
populations [15].

Virtual Walking combines continuous visual exposure to walking movements with
active postural engagement and the illusion of body ownership, while maintaining mini-
mal physical demand [16]. This approach activates motor-related neural circuits without
requiring repetitive real-world gait practice, which may be poorly tolerated by frail and
pre-frail neurological patients [17]. Despite this potential, clinical evidence from real-world
settings remains limited. A scalable rehabilitation protocol, adapted to local contexts and
implemented in regional clinics, could significantly improve access and the effectiveness of
Cuban healthcare, particularly for populations isolated by geographic or socioeconomic
barriers. Integrating such interventions within the broader SDG framework underscores
their relevance for sustainable health and social equity [3].

To address these multifaceted challenges, the current cooperation project between
the University of Valencia (UV) and the University and health authorities of Pinar del Rio
aimed to achieve the following:

1. Implement a mirror-neuron stimulation protocol combining Virtual Walking and
therapeutic exercise to enhance functional outcomes in older adults and individuals
with neurological conditions.

2. Provide comprehensive training for healthcare professionals, educators, and caregivers
in evidence-based functional recovery strategies.

3.  Foster interdisciplinary dialog and collaborative learning among medical and aca-
demic communities in both countries.

4.  Establish robust local partnerships to ensure sustainable implementation of low-cost,
high-impact rehabilitation services.

This report describes the clinical intervention protocol, summarizes preliminary out-
comes, and discusses implications for future rehabilitation policy and healthcare in Cuba.

2. Materials and Methods
2.1. Study Design and Setting

This collaborative project was conducted between the UV and the University and
health authorities of Pinar del Rio, Cuba, from September 2024 to December 2025. The
study was approved by the Ethics Committee of the University of Valencia (1304149) and
performed in accordance with the latest revision of the Declaration of Helsinki.

The inijtiative encompassed multidisciplinary meetings, virtual and face-to-face train-
ing sessions, installation of Virtual Walking and therapeutic exercise resources, and imple-
mentation of the intervention protocol. Activities were developed in partnership with the
Municipal Health Sector and representatives from local rehabilitation centers in Pinar del
Rio. Project activities were organized into five operational periods: (1) Project definition,
planning of the timelines, and recruitment of frail and prefrail older adults and individuals
with neurological disorders; (2) Material acquisition and recording of online training con-
tent; (3) On-site intervention and practical workshops conducted by two UV researchers
who traveled to Cuba; (4) Assessment of participant satisfaction with the training and
evaluation of the intervention effects on the target populations; (5) Dissemination of results.
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2.2. Collaborative Meetings

A total of eight preparatory and coordination meetings were held with local Cuban
clinical and academic partners prior to protocol implementation, and three additional
meetings were conducted after the on-site stay. Topics addressed included project objectives,
action plans, identification of local needs, available resources, logistical arrangements for
training and intervention deployment, and other practical issues related to the stay in
the host country and planned activities. A detailed summary of topics addressed in
each meeting is provided in Table 1. The local team consisted of five professionals from
provincial and municipal health authorities, as well as academic leaders responsible for
teaching, research, and international relations. The UV team comprised six professors from
the Physiotherapy Department, including two coordinators and four team members.

Table 1. Topics addressed in the meetings.

Pre-Stay Meetings

Meeting 1

Meeting 2

Meeting 3

Meeting 4

Meeting 5

Meeting 6

Meeting 7

Meeting 8

Defining Project Objectives

e  C(larified the overarching goals of the cooperation initiative between Spain and Cuba.

e  [Ensured alignment with institutional priorities in both countries.

e Agreed and focusing on rehabilitation protocols combining Virtual Walking and therapeutic
exercise.

Action Plan Development

e  Drafted a phased implementation plan.
e  Identified short-term and long-term deliverables.
e  Assigned preliminary responsibilities across partner institutions.

Identification of Local Needs

e  Cuban representatives presented the main health and rehabilitation challenges in their centers.
e  Discussed populations with a higher prevalence of frailty and neurological disorders.
e  Prioritized areas where external support and training were most required.

Assessment of Available Resources

e  Reviewed clinical infrastructure and technological capacity at participating centers.
e Identified gaps in equipment, space, and digital access.
e  Determined minimum requirements for intervention feasibility.

Logistical Arrangements for Training and Roll-Out

e  Outlined travel, accommodation, and visa processes for the visiting team.
e  Defined local hosting arrangements.
e  Scheduled initial training workshops and practical demonstrations.

Practical Issues Related to Residency and Field Activities

e  Addressed housing and transport arrangements during the one-month stay.
e Agreed on protocols for local supervision and coordination.
e  Discussed health and safety considerations.

Educational Materials Selection and Adaptation

e Reviewed draft versions of video-based modules.
e Adapted content to local cultural and linguistic contexts.
e Finalized the nine thematic modules to be included.

Strategies to Overcome Infrastructure Limitations

e  Brainstormed solutions for intermittent internet access.
e  Considered offline alternatives to guarantee continuity of training (offline versions of materials).
e Agreed on the provision of basic technical equipment by the project.
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Table 1. Cont.

Pre-Stay Meetings

Meeting 9

Meeting 10

Meeting 11

Post-residence meetings
Reception of Technical Equipment and Installation

e  Confirmed arrival of projectors, therapeutic exercise equipment, and digital devices.

e  Reported minor difficulties during equipment setup.
e Provided remote guidance to local technicians to ensure proper installation.

Troubleshooting Baseline Assessment

e  Discussed initial challenges encountered by local teams during patient assessment.
Clarified scoring protocols and data entry procedures.
o  Reached consensus on standardized methods to ensure consistency across centers.

Data Collection and Program Evaluation

Reviewed strategies for data management and secure transfer.
Emphasized the descriptive nature of the analyses, given sample heterogeneity.
e Planned periodic updates to monitor ongoing implementation outcomes.

2.3. Equipment Provided

Essential materials were delivered, including projection screens, two stands, two pro-
jectors, two laptops, mirrors, portable examination tables, BOSU® trainers, steps, cones,
wrist and ankle weights (1 kg and 2 kg), dynamometers, pulse oximeters, and additional
equipment for functional testing and therapeutic exercise implementation.

2.4. Training Program

A collaborative, open-access virtual training platform was designed and hosted by
UV to facilitate education in functional recovery strategies. Virtual training was delivered
asynchronously to avoid difficulties related to time zone differences between countries. The
content was addressed to healthcare professionals and caregivers, who were granted full
access through a permanent link. Training materials consisted of explanatory videos that
covered the following areas: therapeutic exercise (general principles, applications in older
adults, and interventions for individuals with musculoskeletal, cardiorespiratory, nervous
system and pelvic floor disorders); mirror neuron activation therapies; neurodynamic; and
ergonomics and special care for individuals with functional limitations, with a particular fo-
cus on caregivers. Content customisation was guided by participant feedback and evolving
educational needs. A total of twelve narrated presentations covering nine distinct educa-
tional topics were recorded. A Moodle-based platform was developed to allow trainees to
access materials and manage learning at their own pace. Asynchronous communication
was supported through discussion forums and direct messaging. Furthermore, all training
content was stored on external USB drives and distributed during the on-site visits of two
UV researchers to mitigate connectivity limitations. Most households and healthcare clinics
in rural Pinar del Rio lack reliable Wi-Fi access, significantly limiting the use of online
resources. To address this constraint, joint video sessions and facilitated peer-learning
workshops were organized using the projectors and screens provided, ensuring collective
access to educational materials.

As noted above, two members of the UV traveled to Pinar del Rio to train local
physiotherapists in the intervention protocol. Specifically, four in-person training courses
were conducted during the researchers’ stay at the following sites: “5 de Septiembre”
Polyclinic (Consolacién del Sur), “Primero de Enero” Polyclinic (Consolacién del Sur),
Pediatric Hospital (Pinar del Rio) and Provincial Hospital “Leon Cuervo Rubio” (Pinar del
Rio) (Figure 1). Workshops and module summaries were provided to health professionals
and to key rehabilitative and medical stakeholders from Pinar del Rio following the initial
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virtual sessions. Knowledge was subsequently disseminated to broader local teams, with
ongoing online follow-up support. Particular emphasis was placed on the mirror neuron
system, including its physiology, the current evidence base, and the implementation of the
transferred rehabilitation protocol.

Figure 1. In-person training course in the Provincial Hospital “Leon Cuervo Rubio”.

Satisfaction with the training was assessed at the end of the on-site training period
using an ad hoc Likert-type questionnaire specifically developed for this international co-
operation project. The questionnaire was structured into three dimensions: (i) pedagogical
value and instructional design quality (13 items, rated on a 5-point Likert scale ranging
from 1 = very low agreement to 5 = very high agreement), (ii) perceived usefulness and
satisfaction (9 items rated on the same 5-point Likert scale), and (iii) overall satisfaction
(2 items rated on a 0 to 10 numerical scale, with 10 being the maximum score). For each
dimension, the score was calculated as the mean of the corresponding item scores. No item
is required to reverse coding. The complete questionnaire and its English translation are
provided as Supplementary Material File S1.

2.5. Recruitment of Participants and Local Professionals

Local partners, including practitioners and physiotherapists, were responsible for
identifying and recruiting eligible participants and their family members in accordance
with the predefined inclusion criteria. Eligible participants were older adults classified as
frail or prefrail according to the Fried criteria, with or without neurological conditions such
as stroke, Parkinson’s disease, or traumatic brain injury. Frailty status was assessed using
the Fried criteria [18], classifying participants as non-frail, pre-frail, or frail based on five
components: unintentional weight loss, exhaustion, low physical activity, slow gait speed,
and weak grip strength. Exclusion criteria comprised severe cognitive impairment limiting
comprehension of instructions, medical instability, visual impairment, or contraindications
to standing or physical activity.

In addition, the Municipal Health and Academic Sector actively promoted participa-
tion in both online and on-site training sessions led by the UV. Healthcare professionals and
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faculty members from the Degree of Rehabilitation were involved in the training program.
All participants provided written informed consent to take part in the initiative.

2.6. Clinical Trial Implementation

The main objective of this study was to assess the feasibility of transferring the pro-
posed intervention (i.e., Virtual Walking and therapeutic exercise). Two physiotherapists
from the UV traveled to Pinar del Rio to train and supervise the local professionals during
a one-month on-site period, ensuring standardized implementation of the intervention
protocol across centres. This on-site supervision aimed to guarantee procedural consistency
among local physiotherapists. The training program included practical instruction in both
assessment and intervention procedures. Local healthcare professionals received theoretical
and hands-on training in system setup, participant positioning, safety considerations, and
progression criteria, supported by standardized written materials and visual aids.

The rehabilitation program consisted of a 10 min Virtual Walking session follow indi-
vidualizedtherapeutic exercises targeting lower-limb strength and coordination (Figure 2).
Sessions were conducted three times per week for eight weeks. Local professionals were
responsible for daily operations, patient assessment, and ongoing data collection. All reha-
bilitative and digital materials were provided by the UV team. All activities were conducted
with respect for participants’ dignity and sociocultural diversity, and in accordance with
applicable ethical guidelines.

Figure 2. Experimental procedure: (A) Virtual reality implementation; (B) Exercise intervention.

2.6.1. Virtual Walking Setup

Virtual Walking was delivered using a low-cost, non-immersive visual system com-
posed of a conventional mirror reflecting the participant’s upper body, a height-adjustable
external screen positioned below waist level, and a standard video projector connected
to a laptop computer. The visual stimulus consisted of pre-recorded videos depicting
lower-limb walking movements, previously captured by healthy individuals with varying
anthropometric characteristics. During the first session, the projected lower limbs were
visually scaled and spatially aligned to each participant’s body dimensions, facilitating
integration of the projected legs with the mirrored upper body and eliciting a bodily illusion
of a complete, moving body. Participants remained standing and were instructed to observe
and perceptually incorporate the projected legs into their own body representation. The sys-
tem was characterized as low-cost due to its reliance on commercially available equipment
(mirror, projector, screen, and laptop) and the absence of proprietary software or immersive
virtual reality hardware, thereby facilitating replication in resource-limited settings.
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2.6.2. Therapeutic Exercise

Following the Virtual Walking session, participants performed an individualized
therapeutic exercise program lasting approximately 30 min, targeting gait, coordination,
balance, muscle strength, and lower-limb flexibility. Aerobic exercise was not explicitly
prescribed, as the primary visual illusion focused on gait; it was therefore assumed that
aerobic stimulation was partially achieved through this modality, complemented by the
other exercise components in the therapeutic protocol. Although the Virtual Walking
component was performed in a standing position using a support stand that did not require
harnesses or external support, therapeutic exercises were individually adapted according
to each participant’s functional status, fatigue levels, and balance capacity. When necessary,
exercises were performed in a seated position, rest periods were extended, and progression
of load and task complexity was adjusted daily, ensuring a moderate perceived exertion
level on the Borg scale [19].

2.7. Monitoring and Outcome Measures

Monitoring included weekly online meetings during the initial implementation phase
and daily supervision during the one-month on-site period. Adherence was tracked using
attendance logs and signed registration records. In addition, bi-monthly online meetings
with the local partners were conducted post-implementation to support ongoing program
adjustment and the timely resolution of incidents.

As part of the local implementation, healthcare professionals were trained to admin-
ister validated clinical outcome measures incorporated into the rehabilitation protocol.
These included the 10-Meter Walking Test (IOMWT) to assess gait speed [20]; the 6-Minute
Walk Test (6MWT) to assess aerobic capacity [21]; the Timed Up and Go test (TUGT) to
assess functional mobility [22]; the Fried Frailty Criteria to assess frailty status in older
adults [18]; and the Visual Analog Scale (VAS) to assess pain intensity [23]. The purpose
of these assessments was to examine the feasibility of applying the protocol across dif-
ferent populations in this region and to ensure that the local team could integrate both
assessments and interventions into their routine clinical practice. Local assessors were
licensed physiotherapists, and detailed written instructions were provided. Beyond the
initial one-month training period, continuous communication was maintained via online
channels to ensure standardization throughout the assessment process. Collectively, these
procedures contributed to the reliability of locally conducted assessments.

2.8. Data Analysis

Statistical analyses were conducted using SPSS version 28.0 (IBM Corp., Armonk, NY,
USA). Given the small sample size (n = 11) and the non-normal distribution of the outcome
variables, nonparametric statistical methods were applied. Pre-post comparisons were
performed using the Wilcoxon signed-rank test for paired samples. Quantitative data were
reported as medians and interquartile ranges (IQRs). Change scores were calculated as
individual paired differences (post—pre). The level of statistical significance was set a priori
at p < 0.05 (exact two-tailed). Effect sizes of the Wilcoxon signed-rank test were calculated
using the r statistic (r = Z/ Vv/N) and interpreted as small (r = 0.1), moderate (r = 0.3), or large
(r = 0.5) effects, where applicable. In addition, graphical representations were generated to
illustrate individual trajectories on each assessment scale, as these plots were considered
complementary to the inferential analysis and particularly informative given the sample’s
heterogeneity and the exploratory nature of the study.

Categorical variables were analyzed descriptively, due to the paired pre—post design
and the small sample size.
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3. Results

The program was successfully implemented, facilitated by close collaboration with
local partners and expert communities, and utilized available technologies through an open-
science framework. Two polyclinics were fully equipped and now provide rehabilitation
services, including the experimental protocol, with local personnel trained to address
technical challenges and ensure continuity of care.

3.1. Training Satisfaction Results

Eighty-five health professionals (sixty-nine women and sixteen men; mean (SD)
age = 40.03 (10.68) years) participated in the training activities and completed a satisfaction
survey. The healthcare professionals reported that the training had excellent pedagogical
value and instructional design quality (4.94 (0.17) out of 5). They also rated the training as
highly useful (4.95 (0.13) out of 5). Finally, overall satisfaction with the training and the
instructors was extremely high (10 out of 10).

3.2. Intervention Results

Baseline and post-intervention functional assessments of participants enrolled in the
Virtual Walking program were conducted by local healthcare professionals. A total of
two centers participated in the implementation. The preliminary results presented here
involve 11 participants (8 men and 3 women), with a mean age of 77.09 (10.00) years. The
mean body weight was 66.42 (10.50) kg, mean height 1.71 (0.10) m, and mean body mass in-
dex 22.94 (4.03). The diagnostic distribution included eight stroke survivors, one traumatic
brain injury, and two individuals with Parkinson’s disease. All the participants completed
all 24 intervention sessions.

3.2.1. Functional Assessments

As shown in Table 2, walking endurance improved significantly, whereas no statis-
tically significant changes were observed in gait speed or functional mobility. Wilcoxon
signed-rank tests were performed to examine pre-post changes in 1I0MWT, 6MWT,
and TUGT.

Table 2. Group results for functional assessment.

Test Pre-Intervention, Post-Intervention, Median Paired p Value Effect
Median (IQR) Median (IQR) Change (Post-Pre) Size (r)
10-Meter
Walking Test 1.08 (0.44) 1.18 (0.26) 0.10 0.06 -
(m/s)
6-Minute Walk
Test 282.60 (164.60) 392.10 (144.00) 109.5 0.019 0.70
(m)
Timed Up and
Go test 11.31 (6.90) 11.81 (6.01) 0.5 0.28 -
(s)

IQR: Interquartile range. N = 11 paired observations (no ties); exact two-tailed p-values reported; effect size r
calculated asr = Z/+/N.

Specifically, endurance, as assessed by the 6(MWT, improved significantly following
the intervention (Z = —2.312; p = 0.019; r = 0.70). Gait speed, as measured by the I0MWT,
showed no significant improvement (Z = —1.869; p = 0.06). Similarly, TUG scores (i.e., func-
tional mobility) did not change significantly from baseline to post-intervention (Z = —1.156;
p = 0.28).
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Given the clinical heterogeneity of the sample, individual response profiles are pre-
sented in Figures 3-5 to illustrate variability in outcomes. Specifically, patients 8 and 11 had
Parkinson’s disease, patient 7 had a traumatic brain injury, and the remaining participants
were stroke survivors. Visual inspection of individual trajectories did not reveal a consistent
pattern of responses across neurological diagnoses.

10-Meter Walking Test
1.8

1.6

1.4

—
(8]

0.6

0.4

Pre-intervention Post-intervention

—DPatient | =——Patient 2 =—Patient 3 =——Patient 4
=—DPatient 5 ==Patient 6 ====Patient 7 ==Patient 8

=Patient 9 e==Patient 10====Patient 11

Figure 3. Individual responses in 10-Meter Walking Test. Units are presented in m/s.

6 Minutes Walking Test

600
) %
400 et

300 /

100
0
Pre-intervention Post-intervention
=Patient 1 ==——Patient 2 ===Patient 3 =—Patient 4
=—Patient 5 ==——Patient 6 ===Patient 7 =—Patient 8

=Patient 9 e==Patient 10 ==Patient 11

Figure 4. Individual responses in the 6-Minute Walk Test. Units are presented in m.
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Timed Up and Go Test

30

25

20 \
\

15
10 ——
5
0
Pre-intervention Post-intervention
= Patient 1 ——Patient 2 —=Patient 3 —Patient 4
= Patient 5 =—=Patient 6 ===Patient 7 ——Patient 8
= Patient 9 ===Patient 10 =—=Patient 11

Figure 5. Individual responses in the Timed Up and Go test. Units are presented in s.

3.2.2. Use of Walking Aids

At pre-intervention, eight participants completed the I0MWT unassisted, while three
participants required a cane. By post-intervention, 10 participants walked independently,
and only 1 used a cane. Similar results were observed in the TUGT, including reduced
reliance on walking aids for standing, walking, and sitting. For the 6MWT, ten participants
completed the test without support at both pre- and post-intervention, while one participant
required support at both time points.

3.2.3. Pain

Pain outcomes remained stable: seven participants reported no pain, while four
reported persistent pain at both pre- and post-intervention. No differences between time-
points were observed.

3.2.4. Frailty Status

At pre-intervention, four participants were classified as non-frail (robust), four as
pre-frail, and three as frail. At post-intervention, most participants were classified as pre-
frail (n = 10), and one as frail. When analyzing individual trajectories, two participants
improved from frail to pre-frail; one frail participant and one pre-frail participant remained
stable; and all initially robust participants shifted to pre-frail.

4. Discussion

This project was designed in response to the lack of resources in Cuba, with the specific
aim of providing training and implementing recently evidenced intervention strategies,
thereby improving the quality of rehabilitation care.

4.1. Clinical Intervention Protocol

The implementation of a tailored, low-cost rehabilitation protocol combining mirror
neuron activation through bodily illusion and task-specific therapeutic exercise was feasible
in this setting and was associated with improvements in functional abilities and engagement
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in the rehabilitation process. Individualisation was operationalised by adjusting task
difficulty, exercise intensity progression, and walking speed demands based on participants’
functional capacity, observed performance, fatigue, and safety considerations. Progression
decisions were made session by session to ensure feasibility while maintaining therapeutic
challenge. From an implementation perspective, the protocol prioritized adaptability over
strict standarisation, allowing clinicians to modulate intensity and task demands while
preserving core therapeutic principles.

In this sense, conventional gait training remains a cornerstone of rehabilitation and
is essential whenever safely feasible. However, in older adults with neurological disor-
ders, frailty, balance impairments, or reduced exercise tolerance, repetitive real-world gait
practice may be limited by fatigue or fall risk. In this context, bodily illusion therapies pro-
vide a valuable complementary approach, activating motor and sensorimotor mechanisms
without requiring high physical demand [24]. Visual bodily illusion may amplify motor
learning processes and optimize motor control, potentially enhancing the functional impact
of physical training without inducing excessive fatigue.

The intervention also enhanced healthcare providers” knowledge of traditional and
recently evidenced strategies and promoted active participation among users. Healthcare
professionals received both material resources and theoretical-practical training, increas-
ing their capacity to plan and deliver evidence-based rehabilitation interventions [17].
Beyond immediate patient care, the training was associated with very high satisfaction
scores, reflecting clarity, usability, and confidence in applying the protocol. From an
implementation perspective, high satisfaction is particularly relevant as it is associated
with improved understanding and adherence to protocols in real-world settings. The
program also strengthened teaching practices among local health educators, empowering
family members and caregivers to participate directly in patient recovery and alleviating
physical and emotional burdens. Additionally, the local health system benefited from
two fully equipped polyclinics with reusable rehabilitation materials, which may reduce
costs associated with dependency and hospital admissions.

4.2. Preliminary Outcomes and Limitations

Within this context, the preliminary results of this study suggest that no statistically
significant changes were observed in gait speed or balance-related performance, and pain
outcomes remained stable. Regarding frailty status, although the number of participants
classified as “frail” decreased, there was a general shift towards “pre-frailty” among initially
robust. This pattern suggests heterogeneity in response to the intervention, with some
individuals showing no improvement or even a slight decline in specific components
(e.g., gait speed, grip strength, or fatigue). Consequently, these findings highlight that the
intervention may not uniformly impact frailty status across all participants.

To contextualize the clinical relevance of these functional changes, previously reported
minimal clinically important differences (MCID) values were considered. For gait speed, as
assessed by the I0MWT, MCID thresholds of approximately 0.10 m/s have been reported
in older adults and stroke survivors [25,26], consistent with the mean change observed in
this study. For walking endurance measured by the 6MWT, typical MCID values range
from 20 to 30 m in older adults and from 35 to 40 m in post-stroke populations [25,27].
Interestingly, the median improvement observed in this study was 109.5 m, thus exceeding
these thresholds.

As this was a preliminary, non-controlled implementation study, no conclusions can
be drawn regarding whether these gains were predominantly driven by cardiorespiratory
adaptations, neuromotor improvements, or their relative contribution. The small sample
size and use of nonparametric pre-post analyses limit generalizability and preclude causal

https:/ /doi.org/10.3390 /healthcare14030352


https://doi.org/10.3390/healthcare14030352

Healthcare 2026, 14, 352

13 of 16

inference. Given the exploratory nature of the study and the small sample size, these results
should be interpreted as indicative trends rather than definitive evidence of effectiveness.

4.3. Implications for Future Rehabilitation Policy and Healthcare in Cuba

The positive effects observed align with previous research highlighting the value of
international cooperation in healthcare capacity building and technology transfer [17]. Our
findings suggest that function-oriented interventions grounded in mirror neuron activation
and task-specific therapeutic exercise can be feasibly implemented in real-world, resource-
constrained settings. Importantly, this study demonstrates real-world applicability in a
low-resource environment, although the observed functional improvements should be
considered preliminary and context-specific.

The use of digital tools and open-science approaches may facilitate broader dissemina-
tion and adaptability [28], despite logistical barriers in Cuba relative to other settings [29,30].
In this study, digital resources primarily supported training and supervision, and their
broader impact on scalability and sustainability requires confirmation in future research.

The program’s participatory structure, involving users, local clinicians, and educators,
emphasizes the importance of empowerment and local ownership for sustainability [31].
While high satisfaction levels and active engagement were observed, the long-term sus-
tainability of these effects and their impact on routine clinical practice were not formally
assessed and warrant further investigation. A major strength of the initiative is its repli-
cable framework, with clearly defined session duration, exercise type, and therapist-led
individualized adaptation criteria, and provision of all methods and materials required for
replication, including local infrastructural, organizational, and human resource conditions.

Regarding sustainability, the integrative methodology and knowledge transfer were
effective not only clinically but also in promoting social inclusion, equity, and alignment
with the Sustainable Development Goals (SDGs 3, 4, and 10) [32]. Although conceptual
alignment was achieved, the direct contribution to long-term social or system-level out-
comes was not quantitatively assessed. The integration of digital technologies allows
continuous remote support and local leadership, representing a potential mechanism for
sustaining benefits rather than a confirmed outcome.

4.4. Strengths, Limitations and Future Studies

Several limitations must be acknowledged. Poor digital infrastructure in Pinar del Rio
limited independent access to training materials, necessitating the dissemination of USBs
and group sessions using projectors. Limited electricity further complicated data process-
ing [33]. Transportation challenges, particularly for participants from rural areas, affected
attendance and reflected structural barriers inherent to low-resource rehabilitation settings.
Delays in equipment delivery necessitated adaptation using locally available materials,
demonstrating that high-cost technology is not essential to achieving intervention goals.

Additionally, key functional outcomes, such as gait speed and balance, did not show
statistically significant improvements, which may be due to the small sample size, clinical
heterogeneity, and limited statistical power. The small sample size and use of nonparametric
pre-post analyses limit generalizability and preclude causal inference. Future studies
should examine long-term outcomes and mechanisms sustaining innovations in local
health systems.

This project provides a replicable model for international cooperation in rehabilitation,
establishing a foundation for the systematic application of bodily illusion therapies and
digital-based rehabilitation strategies in resource-limited communities. Observed trends
toward functional improvements, particularly in walking endurance, support the potential
clinical value of such interventions and highlight the need for larger, controlled studies.
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Taken together, these limitations define important directions for future research, rather
than definitive evidence of clinical effectiveness. Future works should include expanded
sample sizes, longitudinal follow-up to assess the durability of functional gains, low-
cost technology innovations, and efforts to overcome infrastructural barriers and foster
participation among professionals and families. Moreover, future studies could explore
applicability in other age or pathological groups, including children. The barriers identified
underscore the potential value of complementary rehabilitation strategies that require
minimal equipment and are feasible for home implementation. Home-based or caregiver-
assisted exercise programs that incorporate task-oriented training and action observation
principles may enhance accessibility and continuity of care. Future studies should explore
hybrid models combining clinic-based and home-based interventions to improve adherence
and scalability.

5. Conclusions

Without downplaying the above-mentioned limitations, this cooperation project be-
tween the UV (Spain) and the healthcare and academic system of Pinar del Rio (Cuba)
demonstrates the feasibility of implementing innovative, low-cost rehabilitation strategies
in resource-limited settings. Through a combination of digital and face-to-face training,
tailored therapeutic protocols, and collaborative local engagement, the program was as-
sociated with short-term, preliminary improvements in endurance, with no statistically
significant improvements in the remaining studied functional outcomes. Furthermore,
the project promotes initial capacity building among healthcare providers and increased
involvement of family members in the rehabilitation process.

The present findings should not be interpreted as evidence of long-term effectiveness,
sustainability, or system-level impact. Rather, they reflect the successful initial transfer and
short-term implementation of an evidence-informed intervention in two local clinical sites.
No quantitative indicators of health system performance were collected, and the limited
sample size and scale of implementation preclude broader conclusions regarding health
system strengthening.

Nevertheless, this initiative illustrates how scientific advances and evidence-informed
rehabilitation practices can be contextually adapted, locally implemented, and initially
maintained through structured training and supervision in low-resource environments.
These preliminary findings provide a foundation for future large controlled studies, longi-
tudinal follow-up evaluations, and formal assessment of scalability and sustainability.
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uv University of Valencia
VAS Visual Analog Scale

References

1. Cuba, in the Biggest Economic Crisis Since Its Independence: A Spiral with No Way Out. Available online: https:
/ /en.unav.edu/web/global-affairs /cuba-en-su-mayor-crisis-desde-1898-una-espiral-sin-salida (accessed on 22 September 2025).

2. Njiriri, F; Nyanchoka, M.; Nzinga, ]J.; Tsofa, B. Experiences and Outcomes of the Implementation of Cuban Health Cooperation
Programs in Low and Middle-Income Countries: A Scoping Review. Wellcome Open Res. 2025, 10, 167. [CrossRef] [PubMed]

3. THE 17 GOALS | Sustainable Development. Available online: https://sdgs.un.org/goals (accessed on 10 October 2025).

4. Espina, M. A Look at Cuba: Growing Inequalities. ReVista 2025, 24, 1-28.

5.  Observatorio Cubano de Derechos Humanos Informe Anual. Derechos Humanos en Cuba. 2023. Available online:
https:/ /observacuba.org/wp-content/uploads /2024 /05/InformeAnual OCDH2023.pdf (accessed on 10 October 2025).

6. ONEI CUBA. Available online: https:/ /www.onei.gob.cu/ (accessed on 22 September 2025).

7.  Feigin, V.L.; Abajobir, A.A.; Abate, K.H.; Abd-Allah, F; Abdulle, A.M.; Abera, S.F,; Abyu, G.Y.; Ahmed, M.B.; Aichour, A.N;
Aichour, I; et al. Global, Regional, and National Burden of Neurological Disorders during 1990-2015: A Systematic Analysis for
the Global Burden of Disease Study 2015. Lancet Neurol. 2017, 17, 877-897. [CrossRef] [PubMed]

8. Sayyid, Z.N.; Wang, H.; Cai, Y.; Gross, A.L.; Swenor, B.K; Deal, ].A; Lin, ER.; Wanigatunga, A.A.; Dougherty, R].; Tian, Q.; et al.
Sensory and Motor Deficits as Contributors to Early Cognitive Impairment. Alzheimers Dement. 2024, 20, 2653-2661. [CrossRef]

9. Diniz, D.G.; Bento-Torres, J.; da Costa, V.O.; Carvalho, ].P.R.; Tomds, A.M.; Galdino de Oliveira, T.C.; Soares, E.C.; de Macedo,
L.D.; Jardim, N.Y.V.; Bento-Torres, N.V.O.; et al. The Hidden Dangers of Sedentary Living: Insights into Molecular, Cellular, and
Systemic Mechanisms. Int. |. Mol. Sci. 2024, 25, 10757. [CrossRef]

10. Cui, W.; Huang, L,; Tian, Y.; Luo, H.; Chen, S.; Yang, Y.; Li, Y.; Fu, J.; Yu, Q.; Xu, L. Effect and Mechanism of Mirror Therapy on
Lower Limb Rehabilitation after Ischemic Stroke: A fMRI Study. NeuroRehabilitation 2022, 51, 65-77. [CrossRef]

11.  Dushanova, J.; Donoghue, J. Neurons in Primary Motor Cortex Engaged during Action Observation. Eur. ]. Neurosci. 2010, 31,
386-398. [CrossRef]

12.  Vigneswaran, G.; Philipp, R.; Lemon, R.; Kraskov, A. M1 Corticospinal Mirror Neurons and Their Role in Movement Suppression
during Action Observation. Curr. Biol. 2013, 23, 236-243. [CrossRef]

13. Cuenca-Martinez, F.; Reina-Varona, A.; Castillo-Garcia, J.; La Touche, R.; Angulo-Diaz-Parrefio, S.; Suso-Marti, L. Pain Relief by
Movement Representation Strategies: An Umbrella and Mapping Review with Meta-Meta-Analysis of Motor Imagery, Action
Observation and Mirror Therapy. Eur. J. Pain. 2022, 26, 284-309. [CrossRef]

14. Thieme, H.; Morkisch, N.; Mehrholz, J.; Pohl, M.; Behrens, ].; Borgetto, B.; Dohle, C. Mirror Therapy for Improving Motor
Function after Stroke. Cochrane Database Syst. Rev. 2018, 7, CD008449. [CrossRef]

15. Moseley, G.L. Using Visual Illusion to Reduce At-Level Neuropathic Pain in Paraplegia. PAIN 2007, 130, 294-298. [CrossRef]

https://doi.org/10.3390 /healthcare14030352


https://en.unav.edu/web/global-affairs/cuba-en-su-mayor-crisis-desde-1898-una-espiral-sin-salida
https://en.unav.edu/web/global-affairs/cuba-en-su-mayor-crisis-desde-1898-una-espiral-sin-salida
https://doi.org/10.12688/wellcomeopenres.23844.2
https://www.ncbi.nlm.nih.gov/pubmed/40433624
https://sdgs.un.org/goals
https://observacuba.org/wp-content/uploads/2024/05/InformeAnualOCDH2023.pdf
https://www.onei.gob.cu/
https://doi.org/10.1016/S1474-4422(17)30299-5
https://www.ncbi.nlm.nih.gov/pubmed/28931491
https://doi.org/10.1002/alz.13715
https://doi.org/10.3390/ijms251910757
https://doi.org/10.3233/NRE-210307
https://doi.org/10.1111/j.1460-9568.2009.07067.x
https://doi.org/10.1016/j.cub.2012.12.006
https://doi.org/10.1002/ejp.1870
https://doi.org/10.1002/14651858.CD008449.pub3
https://doi.org/10.1016/j.pain.2007.01.007
https://doi.org/10.3390/healthcare14030352

Healthcare 2026, 14, 352 16 of 16

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Molla Casanova, S.; Page, A Loépez-Pascual, J.; Inglés, M.; Sempere-Rubio, N.; Aguilar-Rodriguez, M.; Mufioz-Gémez, E.;
Serra-Ano, P. Effects of Mirror Neuron Activation Therapies on Functionality in Older Adults: Systematic Review and Meta-
Analysis—PubMed. Geriatr. Nurs. 2024, 56, 115-123. [CrossRef]

Molla-Casanova, S.; Mufioz-Gémez, E.; Sempere-Rubio, N.; Inglés, M.; Aguilar-Rodriguez, M.; Page, A Loépez-Pascual, J.;
Serra-Afio, P. Effect of Virtual Running with Exercise on Functionality in Pre-Frail and Frail Elderly People: Randomized Clinical
Trial. Aging Clin. Exp. Res. 2023, 35, 1459-1467. [CrossRef] [PubMed]

Fried, L.P; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al.
Frailty in Older Adults: Evidence for a Phenotype. ]. Gerontol. A Biol. Sci. Med. Sci. 2001, 56, M146-M156. [CrossRef] [PubMed]
Milot, M.-H.; Léonard, G.; Corriveau, H.; Desrosiers, J. Using the Borg Rating of Perceived Exertion Scale to Grade the Intensity
of a Functional Training Program of the Affected Upper Limb after a Stroke: A Feasibility Study. Clin. Interv. Aging 2019, 14, 9-16.
[CrossRef] [PubMed]

Peters, D.; Fritz, S.; Krotish, D. Assessing the Reliability and Validity of a Shorter Walk Test Compared with the 10-Meter Walk
Test for Measurements of Gait Speed in Healthy, Older Adults. ]. Geriatr. Phys. Ther. 2013, 36, 24-30. [CrossRef]

Boxer, R.; Kleppinger, A.; Ahmad, A.; Annis, K.; Hager, W.; Kenny, A. The 6-Minute Walk Is Associated with Frailty and Predicts
Mortality in Older Adults with Heart Failure. Congest. Heart Fail. 2010, 16, 208-213. [CrossRef]

Barry, E.; Galvin, R.; Keogh, C.; Horgan, E; Fahey, T. Is the Timed Up and Go Test a Useful Predictor of Risk of Falls in Community
Dwelling Older Adults: A Systematic Review and Meta-Analysis. BVIC Geriatr. 2014, 14, 14. [CrossRef]

Delgado, D.A.; Lambert, B.S.; Boutris, N.; McCulloch, P.C.; Robbins, A.B.; Moreno, M.R.; Harris, ].D. Validation of Digital Visual
Analog Scale Pain Scoring with a Traditional Paper-Based Visual Analog Scale in Adults. J. Am. Acad. Orthop. Surg. Glob. Res. Rev.
2018, 2, e088. [CrossRef]

Roosink, M.; Mercier, C. Virtual Feedback for Motor and Pain Rehabilitation after Spinal Cord Injury. Spinal Cord 2014, 52, 860-866.
[CrossRef]

Perera, S.; Mody, S.; Woodman, R.; Studenski, S. Meaningful Change and Responsiveness in Common Physical Performance
Measures in Older Adults. J. Am. Geriatr. Soc. 2006, 54, 743-749. [CrossRef]

Studenski, S.; Perera, S.; Patel, K.; Rosano, C.; Faulkner, K.; Inzitari, M.; Brach, J.; Chandler, J.; Cawthon, P.; Connor, E.B.; et al.
Gait Speed and Survival in Older Adults. JAMA 2011, 305, 50-58. [CrossRef]

Fulk, G.; He, Y. Minimal Clinically Important Difference of the 6-Minute Walk Test in People with Stroke. J. Neurol. Phys. Ther.
2018, 42, 235-240. [CrossRef]

Deroncele-Acosta, A.; Palacios-Nufiez, M.L.; Toribio-L6pez, A. Digital Transformation and Technological Innovation on Higher
Education Post-COVID-19. Sustainability 2023, 15, 2466. [CrossRef]

Pedraza-Rodriguez, E.M.; Gonzdlez-Velazquez, V.E.; Pedraza-Rodriguez, E.M.; Gonzalez-Veldzquez, V.E. Sobre La Ciencia Abierta
al Alcance de Los Estudiantes de Medicina En Cuba. Rev. Cuba. Investig. Biomédicas 2020, 39, 5.

Open Science Isn’t Always Open to All Scientists. Available online: https://www.americanscientist.org/article/open-science-
isnt-always-open-to-all-scientists (accessed on 11 October 2025).

Krishnendu, S.; Hitarth, R.; Kanakasabapathy, P.; Krishna, N.; Vinod, P. Towards Grassroots Sustainable Development Using
Human Centered Design and Participatory Rural Appraisal: A Study in Two Rural Indian Villages. Sustain. Futures 2025,
9, 100604. [CrossRef]

Gamez, M.]. Objetivos y metas de desarrollo sostenible. Desarro. Sosten. 2024. Available online: https:/ /www.un.org/sustainable-
development/es/ (accessed on 25 September 2025).

Cuba’s Energy Crisis: A Systemic Breakdown—IEEE Spectrum. Available online: https://spectrum.ieee.org/cuba-energy-crisis
(accessed on 25 September 2025).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390 /healthcare14030352


https://doi.org/10.1016/j.gerinurse.2024.02.006
https://doi.org/10.1007/s40520-023-02414-x
https://www.ncbi.nlm.nih.gov/pubmed/37188994
https://doi.org/10.1093/gerona/56.3.M146
https://www.ncbi.nlm.nih.gov/pubmed/11253156
https://doi.org/10.2147/CIA.S179691
https://www.ncbi.nlm.nih.gov/pubmed/30587949
https://doi.org/10.1519/JPT.0b013e318248e20d
https://doi.org/10.1111/j.1751-7133.2010.00151.x
https://doi.org/10.1186/1471-2318-14-14
https://doi.org/10.5435/JAAOSGlobal-D-17-00088
https://doi.org/10.1038/sc.2014.160
https://doi.org/10.1111/j.1532-5415.2006.00701.x
https://doi.org/10.1001/jama.2010.1923
https://doi.org/10.1097/NPT.0000000000000236
https://doi.org/10.3390/su15032466
https://www.americanscientist.org/article/open-science-isnt-always-open-to-all-scientists
https://www.americanscientist.org/article/open-science-isnt-always-open-to-all-scientists
https://doi.org/10.1016/j.sftr.2025.100604
https://www.un.org/sustainabledevelopment/es/
https://www.un.org/sustainabledevelopment/es/
https://spectrum.ieee.org/cuba-energy-crisis
https://doi.org/10.3390/healthcare14030352

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Collaborative Meetings 
	Equipment Provided 
	Training Program 
	Recruitment of Participants and Local Professionals 
	Clinical Trial Implementation 
	Virtual Walking Setup 
	Therapeutic Exercise 

	Monitoring and Outcome Measures 
	Data Analysis 

	Results 
	Training Satisfaction Results 
	Intervention Results 
	Functional Assessments 
	Use of Walking Aids 
	Pain 
	Frailty Status 


	Discussion 
	Clinical Intervention Protocol 
	Preliminary Outcomes and Limitations 
	Implications for Future Rehabilitation Policy and Healthcare in Cuba 
	Strengths, Limitations and Future Studies 

	Conclusions 
	References

