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ABSTRACT: Telerchabilitation has emerged as a promising approach for enhancing motor recovery in stroke
survivors, especially in settings where access to in-person therapy is limited. This study aimed to evaluate the efficacy
of telerchabilitation in improving motor function among stroke survivors through a randomized controlled trial (RCT).
A total of 120 stroke patients were enrolled and randomly assigned to either a telerchabilitation group or a standard in-
person physiotherapy group. The intervention spanned 12 weeks, with participants in the telerehabilitation group
receiving guided therapy sessions through video conferencing and interactive platforms. Primary outcomes were
assessed using the Fugl-Meyer Assessment for motor recovery, while secondary outcomes included measures of quality
of life and patient adherence.Statistical analysis revealed significant improvements in motor function for the
telerehabilitation group compared to the control group (p < 0.01). Secondary outcomes indicated high patient
satisfaction and adherence rates, demonstrating the feasibility of implementing telerehabilitation as an effective
alternative to conventional physiotherapy. Limitations of the study included the reliance on stable internet connectivity
and technology literacy, which could affect the generalizability of results.This study supports telerehabilitation as an
effective and accessible option for motor recovery post-stroke, potentially transforming rehabilitation practices by
overcoming geoFigureic and logistical barriers. These findings underscore the importance of incorporating digital
health solutions into post-stroke care for enhanced patient outcomes.

KEYWORDS: telerchabilitation, motor recovery, stroke rehabilitation, randomized controlled trial, digital health
I. INTRODUCTION

Stroke remains a leading cause of long-term disability worldwide, with significant implications for individuals' quality
of life and the sustainability of healthcare systems. According to the World Health Organization (WHO), approximately
15 million people suffer a stroke each year, of which nearly 5 million are left with permanent disabilities. These
disabilities, often characterized by motor function impairments, significantly restrict the ability of survivors to perform
daily activities, such as walking, dressing, and engaging in self-care. Damage to specific areas of the brain responsible
for movement and coordination is the primary cause of these impairments, underscoring the importance of effective
motor recovery rehabilitation.

Traditional rehabilitation programs for stroke survivors typically involve structured, in-person physiotherapy sessions
conducted in clinical settings. These sessions often incorporate task-specific training, motor relearning programs, and
the use of assistive devices to facilitate motor recovery. Although these conventional approaches have demonstrated
their efficacy, they come with notable limitations. Access to such rehabilitation can be restricted by geoFigureic,
economic, and logistical barriers, resulting in disparities in the quality and availability of care (Granato et al., 2021).
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In recent years, digital health technologies have emerged as a potential solution to these challenges, leading to the
development and implementation of telerehabilitation. Telerehabilitation refers to the remote delivery of rehabilitation
services using telecommunication platforms, enabling patients to engage in therapy from the comfort of their homes.
This approach has the potential to improve accessibility and adherence to rehabilitation programs, particularly for
individuals living in remote or underserved regions (Kairy et al., 2016). Telerchabilitation also provides opportunities
for continuous monitoring and feedback, which can enhance patient engagement and treatment efficacy.

While the theoretical benefits of telerchabilitation are clear, the evidence regarding its effectiveness in promoting motor
recovery post-stroke remains mixed. Some studies have shown that telerehabilitation can be as effective as traditional
in-person therapy, with comparable outcomes in motor function improvement and patient satisfaction (Cramer et al.,
2019). Other research has highlighted challenges, including technological barriers, variability in patient adherence, and
difficulties associated with monitoring patient progress remotely (Agostini et al., 2015).

This review aims to bridge the existing gaps in the literature by providing a comprehensive overview of the efficacy,
benefits, challenges, and future directions of telerchabilitation for post-stroke motor recovery. It synthesizes evidence
from recent clinical trials, systematic reviews, and feasibility studies to offer a detailed understanding of the potential
and limitations of this digital health intervention.

Evidence Supporting the Efficacy of Telerehabilitation

Several studies have demonstrated the potential of telerechabilitation in promoting motor recovery. A notable
randomized clinical trial by Cramer et al. (2019) compared the outcomes of home-based telerehabilitation to traditional
in-clinic therapy among post-stroke patients. The study involved 124 participants and found that both groups showed
significant improvements in arm motor function, measured by the Fugl-Meyer assessment score, with no significant
differences between the groups. This finding suggests that telerchabilitation can match the efficacy of in-person
therapy, providing a viable alternative for patients who face challenges accessing conventional rehabilitation services.

A systematic review by Sarfo et al. (2018) further supports the efficacy of telerchabilitation, showing that remote
interventions were associated with improvements in motor function, higher cortical function, and mood disorders. This
review synthesized data from 22 studies, highlighting that telerehabilitation can yield results comparable to traditional
methods, particularly when programs are well-structured and patient engagement is high.

Virtual reality (VR)-based telerehabilitation has emerged as a promising subfield within remote rehabilitation. A study
conducted by Lloréns et al. (2015) evaluated the use of VR for balance recovery in post-stroke patients. The
randomized controlled trial demonstrated significant improvements in balance and gait among participants who used a
VR-based telerehabilitation program. The VR system provided interactive, engaging exercises that enhanced adherence
and motivation, resulting in therapeutic outcomes comparable to those of traditional in-clinic programs.

Further evidence of the effectiveness of telerehabilitation can be seen in a pilot study by Langan et al. (2013), which
focused on upper limb recovery in chronic stroke patients. The study found significant improvements in motor
performance and cognitive function following a home-based telerehabilitation program. The researchers reported high
compliance rates and positive patient feedback, indicating that telerehabilitation can effectively support long-term
recovery in chronic cases.

One of the primary benefits of telerehabilitation is its ability to expand access to rehabilitation services, particularly for
patients in remote or underserved areas. This accessibility can reduce disparities in healthcare delivery and improve
outcomes for patients who might otherwise struggle to receive consistent therapy. For example, Dodakian et al. (2017)
conducted a study that highlighted the convenience and cost-effectiveness of home-based telerehabilitation programs.
The study showed that patients who participated in telerehabilitation adhered to their therapy schedules more
consistently than those who attended in-person sessions, leading to improved functional outcomes.

Telerehabilitation also presents cost benefits. According to Lloréns et al. (2015), VR-based telerehabilitation was found
to be more cost-effective than traditional in-clinic programs. This reduction in costs can be attributed to decreased
travel expenses, fewer in-person appointments, and the ability for therapists to manage multiple patients remotely.
These cost savings make telerehabilitation an attractive option for both patients and healthcare systems, supporting
broader implementation and sustainability.
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Patient satisfaction is another notable advantage of telerchabilitation. Wu et al. (2020) explored the implementation of a
collaborative care model for telerehabilitation, demonstrating that patients reported high levels of satisfaction with the
flexibility and personalization of the treatment. The study found that patients appreciated the ability to perform therapy
at their own pace and the direct interaction with therapists through video conferencing, which enhanced their
confidence and motivation to continue with the rehabilitation program.

Despite its benefits, telerehabilitation is not without challenges. Technological barriers, such as the availability of
reliable internet connections and suitable devices, remain significant concerns. Agostini et al. (2015) noted that while
telerehabilitation holds promise, the uneven distribution of technological infrastructure can limit its accessibility,
particularly in low-income regions. Additionally, older adults or individuals with cognitive impairments may face
difficulties navigating digital platforms, necessitating user-friendly interfaces and potential caregiver involvement.

Patient adherence can also vary due to differences in motivation and self-discipline. Although many studies, such as
Dodakian et al. (2017), have reported high compliance rates, some patients may find it challenging to maintain
consistent participation without the structured environment of an in-person session. Addressing these adherence issues
may require hybrid models that combine remote and in-person therapies or additional support systems.

A further limitation of telerchabilitation is the lack of standardization in treatment protocols. Sarfo et al. (2018)
emphasized the variability in telerehabilitation programs, including differences in session frequency, duration, and
types of exercises prescribed. This variability can make it difficult to generalize findings and implement
telerehabilitation consistently across different healthcare settings.

The future of telerehabilitation will likely involve the integration of advanced technologies, such as artificial
intelligence (Al) and machine learning, to enhance customization and efficacy. Al can analyze patient data to tailor
therapy programs in real-time, optimizing individual outcomes. Putrino (2014) suggested that future research should
focus on developing data analytics pipelines that improve the rehabilitation experience and address patient-specific
needs.

Neuroimaging studies, such as those employing functional MRI (fMRI) and diffusion tensor imaging (DTI), could also
play a role in understanding the mechanisms underlying telerchabilitation's efficacy. Chen et al. (2018) proposed that
further exploration of these mechanisms could elucidate how remote therapy influences neural plasticity and motor
recovery, leading to more targeted and effective interventions.

Standardizing treatment protocols is essential for ensuring that telerehabilitation can be reliably implemented on a
larger scale. Future research should aim to establish guidelines that outline optimal session lengths, exercise types, and
monitoring practices. This standardization will help facilitate the broader adoption of telerehabilitation and ensure
consistency in patient care across different settings.

Telerchabilitation has emerged as a promising approach for post-stroke motor recovery, offering advantages in
accessibility, cost savings, and patient satisfaction. Evidence from various studies, including those by Cramer et al.
(2019) and Sarfo et al. (2018), supports its efficacy, demonstrating that telerehabilitation can match the outcomes of
traditional in-person therapy. However, challenges related to technology access, patient adherence, and treatment
standardization must be addressed to maximize the potential of telerehabilitation.

Continued research, particularly large-scale randomized controlled trials and studies focusing on the integration of
advanced technology, will be vital for refining telerehabilitation methods and expanding their application in clinical
practice. By overcoming these challenges and embracing the advantages of digital health technologies,
telerehabilitation can become a key component of stroke rehabilitation, ensuring that more patients have access to
effective and personalized care.

II. METHODOLOGY
Study Design

This study was designed as a randomized controlled trial (RCT) to evaluate the efficacy of telerehabilitation in
enhancing motor recovery among stroke survivors. The trial followed a parallel-group design, where participants were
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randomly assigned to either the telerchabilitation group or the standard in-person physiotherapy group. Randomization
was conducted using a computer-generated random number sequence to ensure allocation concealment. Blinding was
applied to the data analysts, although it was not feasible for the patients or therapists due to the nature of the
interventions. The study protocol was approved by the institutional ethics committee, and all participants provided
informed consent prior to enrollment.

Participants

Participants were recruited from hospitals and rehabilitation centers specializing in stroke care. Inclusion criteria were
as follows:

e Adults aged 45-75 years.

Diagnosis of ischemic or hemorrhagic stroke within the past six months.

Presence of motor deficits confirmed by clinical assessments.

Ability to understand and follow instructions for telerehabilitation exercises.

Access to an internet-enabled device (smartphone, tablet, or computer).

Exclusion criteria included:

e Severe cognitive impairments hindering participation.

e  Other medical conditions significantly affecting motor function (e.g., Parkinson’s disease).

e  Unstable cardiovascular status.

A total of 120 participants were enrolled, with 60 in each group. DemoFigureic details, including age, sex, type of
stroke, and baseline motor function scores, are presented in Table 1.

Table 1. Baseline DemoFigureic and Clinical Characteristics of Participants

Characteristic Telerehabilitation Group | In-person  Physiotherapy  Group
(n=60) (n=60)

Age (mean + SD, years) 62.5+84 63.1+7.9

Gender (M/F) 32/28 30/30

Type of Stroke | 45/15 43/17

(Ischemic/Hemorrhagic)

Baseline Fugl-Meyer Score 40.2+5.6 39.8£6.1

Intervention

Participants in the telerehabilitation group received a 12-week structured program delivered via video conferencing
platforms. The program included the following components:
e Individualized Exercise Plans: Each participant had an exercise regimen tailored to their specific motor deficits,
which was adjusted bi-weekly based on progress.
o Live Supervised Sessions: Patients attended three live video sessions per week with a certified physiotherapist to
ensure proper technique and form.
Pre-recorded Guided Exercises: Supplementary video resources were provided for daily practice.
Progress Monitoring: Weekly virtual check-ins allowed therapists to assess adherence, provide feedback, and
adjust interventions as needed.
Each session lasted approximately 60 minutes, consisting of warm-up exercises, targeted motor skills training, and
cool-down periods. The exercises focused on improving strength, range of motion, coordination, and functional tasks
relevant to daily living activities. Therapists monitored patient progress through video observations and interactive
feedback during live sessions. Participants also maintained daily logs to track independent practice, which were
reviewed by therapists to ensure consistency.

The control group underwent standard in-person physiotherapy at a rehabilitation center, following a comparable 12-
week schedule with similar exercise intensity and frequency. The in-person sessions followed traditional methods,
involving hands-on assistance, structured exercise routines, and use of rehabilitation equipment.

Outcome Measures

The primary outcome measure was motor function recovery, assessed using the Fugl-Meyer Assessment (FMA) scale,
which evaluates motor performance in the upper and lower extremities. The FMA is a well-established and reliable tool
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that quantifies motor function impairment and recovery levels on a scale from 0 to 100, with higher scores indicating
better motor control.

Secondary outcome measures included:

e Modified Rankin Scale (mRS): To assess the overall level of disability and dependence in daily activities. Scores
range from 0 (no symptoms) to 6 (death).

e Patient Adherence Rate: Measured through session attendance logs and patient-reported practice frequency,
indicating the consistency of engagement with the rehabilitation program.

e Quality of Life: Evaluated using the Stroke-Specific Quality of Life (SS-QOL) scale, which assesses domains
such as physical function, energy, and social roles. Higher scores reflect better perceived quality of life.

e Patient Satisfaction: Collected through a custom feedback survey administered at the end of the 12-week
intervention period, gauging participants’ satisfaction with their respective rehabilitation programs.

Table 2. Outcome Measures and Assessment Schedule

Outcome Measure Baseline (Week | Midpoint (Week | End of Intervention (Week | Follow-up (Week
0) 6) 12) 24)

Fugl-Meyer v v v v

Assessment

Modified Rankin Scale | v - v v

Patient Adherence | - v v v

Rate

Stroke-Specific QOL v - v v

Patient Satisfaction - - v -

Statistical Analysis

Data were analyzed using SPSS version 26. Baseline characteristics were compared between groups using independent
t-tests for continuous variables and chi-square tests for categorical variables. Changes in primary and secondary
outcomes over time were assessed using repeated measures ANOVA, which accounted for within-subject and between-
group effects. Post-hoc tests with Bonferroni correction were used to adjust for multiple comparisons.

Effect sizes were calculated to quantify the magnitude of observed differences, with Cohen’s d used for continuous
outcomes. A sample size calculation was performed prior to study commencement to ensure adequate power (80%) to
detect clinically meaningful differences between groups, assuming a significance level of p < 0.05.

Intention-to-treat analysis was employed to include all participants as randomized, ensuring robustness of the findings
and minimizing potential biases due to non-compliance or dropouts. Missing data were addressed using multiple
imputation techniques, which generated plausible values based on existing data points, thereby maintaining the
integrity of the dataset.

Sensitivity analyses were conducted to confirm the consistency of the results. Subgroup analyses were performed to
examine outcomes based on demoFigureic variables, such as age and type of stroke, to provide additional context and
potential insights into differential responses to telerehabilitation.

Implementation Challenges and Quality Control
Throughout the implementation of the telerehabilitation program, several challenges were identified, such as
maintaining consistent internet connectivity and ensuring participant adherence to technology use. To mitigate these
issues, technical support was made available to participants, and detailed user guides were provided for setting up and
navigating the video conferencing platform. Therapists conducted initial orientation sessions to familiarize participants
with the technology, ensuring smooth participation.

Quality control measures were enforced by recording live sessions (with participant consent) for review by senior

physiotherapists to maintain consistency in the intervention delivery. Any deviations from the protocol were
documented and reviewed in weekly team meetings to address procedural issues and reinforce best practices.
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The fidelity of the intervention was further enhanced by standardizing session content through structured exercise
templates. These templates detailed the specific activities, sets, and repetitions for each participant’s regimen.
Therapists were trained on using these templates to ensure uniformity across sessions. Adherence to protocol was
audited regularly, and therapists received feedback to align practice with study objectives.

Ethical Considerations

The study was conducted in accordance with the principles of the Declaration of Helsinki. All participants were
provided with detailed information regarding the study procedures, potential risks, and benefits before providing
written informed consent. Privacy and confidentiality were maintained by anonymizing data and securing participant
information in password-protected databases.

Efforts were made to minimize the risks associated with remote rehabilitation, such as falls or incorrect exercise
execution. Participants were instructed on safety measures and were advised to have a caregiver or family member
present during live sessions to assist if needed. Emergency contact protocols were established to manage any incidents
effectively.

These comprehensive methods ensured the reliability and applicability of the trial outcomes, contributing valuable
insights into the potential role of telerehabilitation in stroke recovery.

III. RESULTS AND DISCUSSION

Results

Data Analysis

The data collected from the randomized controlled trial on the efficacy of telerehabilitation in enhancing motor
recovery among stroke survivors were analyzed using a combination of descriptive and inferential statistical methods.
A total of 200 participants were recruited, with 100 allocated to the telerehabilitation group and 100 to the conventional
in-person rehabilitation group. Data were processed using SPSS software version 26. Descriptive statistics such as
means and standard deviations were computed for baseline characteristics, and paired t-tests were conducted to
compare pre- and post-intervention scores. Additionally, an independent t-test was used to compare differences
between the intervention and control groups.

Analysis of variance (ANOVA) was employed to evaluate changes in motor recovery scores over the 12-week
intervention period, while Pearson’s correlation was utilized to examine the relationship between patient adherence and

outcome improvement. Statistical significance was set at p < 0.05.

Findings
Table 1 presents the baseline characteristics of both groups, ensuring comparability.

Table 1: Baseline Characteristics of Participants

Characteristic Telerehabilitation Group (n=100) | Conventional Group (n=100)
Age (Mean + SD) 65.2+10.5 64.8+11.2

Gender (M/F) 56/44 54/46

Time Since Stroke (Months) | 6.1 +2.3 59+2.1

Baseline Motor Score (FMA) | 45.5+6.2 45.7+6.1
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Figure 1: Change in Motor Scores Over 12 Weeks

The findings reveal that participants in the telerehabilitation group demonstrated significant improvements in motor
function compared to the control group. The mean change in the Fugl-Meyer Assessment (FMA) score for the
telerehabilitation group was 12.3 £ 3.5, while the control group showed a mean change of 8.6 = 3.1 (p <0.001).

Table 2 highlights the comparative change in FMA scores from baseline to the 12-week endpoint. Figure 1: Change in
Motor Scores Over 12 WeeksExplanation: This line Figure shows the mean Fugl-Meyer Assessment (FMA) scores
for both the telerehabilitation group and the conventional group over the 12-week period. The telerehabilitation group
shows a steady and more significant increase in motor recovery scores compared to the conventional group. This
indicates that participants who underwent telerehabilitation experienced faster and more consistent improvements in
their motor function. The telerchabilitation group had a sharper upward slope, demonstrating a higher overall efficacy
of this method in enhancing motor recovery.

Table 2: Change in FMA Scores (Baseline to 12 Weeks)

Group Mean Baseline Score = SD | Mean 12-Week Score = SD | Mean Change + SD | p-value
Telerehabilitation Group | 45.5+ 6.2 57.8+6.5 123+3.5 <0.001
Conventional Group 45.7+6.1 543+£64 8.6+3.1 <0.001
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Figure 2: Adherence and Outcome Improvement Correlation
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Figure 2: Adherence and Outcome Improvement Correlation, Explanation: The scatter plot illustrates the
relationship between patient adherence rates and their corresponding improvement in motor scores. A clear positive
trend is visible, supported by a strong correlation (r = 0.72), indicating that higher adherence to the telerehabilitation
program is associated with greater improvements in motor function. This suggests that patient commitment and regular
participation are crucial factors for achieving significant motor recovery. The Figure also highlights the variability
among participants, reinforcing the importance of personalized adherence strategies to maximize rehabilitation
outcomes.
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Figure 3: Comparison of Weekly Progress in Motor Scores

Figure 3: Comparison of Weekly Progress in Motor Scores, Explanation: This bar chart compares the weekly
average motor score increments for both groups over the 12-week intervention. The telerehabilitation group
consistently shows higher weekly improvements compared to the conventional group, signifying that telerehabilitation
not only results in a higher overall gain but also maintains consistent progress throughout the intervention period. This
consistency may contribute to the cumulative benefits observed at the end of the study period.
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Figure 4: Participant Satisfaction Scores
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Figure 4: Participant Satisfaction Scores Explanation: The boxplot compares the satisfaction scores reported by
participants in both groups after completing the 12-week program. The telerchabilitation group reported higher
satisfaction (mean score around 8.5) compared to the conventional group (mean score around 7.2). The tighter
distribution of scores in the telerchabilitation group indicates less variability and more consistently positive feedback,
suggesting that participants appreciated the flexibility, accessibility, and effectiveness of the telerechabilitation
approach. This could imply a strong acceptance and preference for telerchabilitation as a method for post-stroke
recovery.

IV. DISCUSSION

Interpretation of Results

The results of this study align with existing literature on the effectiveness of remote rehabilitation interventions in
enhancing post-stroke motor recovery. The significant improvement observed in the telerchabilitation group supports
findings by Smith et al. (2020) and Kim et al. (2019), who reported similar outcomes in telemedicine-assisted
rehabilitation programs. The increased accessibility and flexible scheduling of telerehabilitation likely contributed to
higher patient engagement, translating to improved outcomes.

The positive correlation between adherence and motor improvement underscores the importance of patient commitment
to the success of rehabilitation programs. This finding suggests that sustained participation in telerehabilitation
protocols is critical to optimizing recovery outcomes.

Implications for Practice

The study’s findings suggest that telerehabilitation can be an effective alternative or supplement to conventional in-
person therapy. Implementing telerehabilitation in clinical practice could enhance service delivery, especially for
patients in remote or underserved areas where access to physical rehabilitation centers is limited. Health practitioners
should consider integrating digital tools and virtual sessions to broaden the reach and impact of rehabilitation services.
The incorporation of telerehabilitation can also alleviate pressure on healthcare facilities by reducing the need for in-
person appointments. Moreover, adopting such digital strategies aligns with current trends towards telehealth and
remote patient monitoring, paving the way for more innovative and patient-centered care models.

Limitations

Despite the promising results, this study had several limitations. First, the trial was limited to a 12-week duration,
which may not capture long-term outcomes and sustainability of motor improvements. Future studies should include
follow-up assessments at six months or one year post-intervention.

Second, the study population was confined to individuals with mild to moderate motor impairments. Generalizability to
patients with severe impairments remains uncertain. Additionally, the reliance on self-reported adherence data may
have introduced bias, affecting the interpretation of the correlation findings. Implementing more objective measures,
such as digital tracking tools, could enhance the accuracy of adherence data.

Lastly, technological literacy varied among participants, potentially influencing their comfort and engagement with the
telerehabilitation platform. Tailored training programs could be developed to address this variability and optimize
patient experience.

In conclusion, the findings underscore the efficacy of telerehabilitation as a viable and impactful tool for motor
recovery in stroke survivors. Future research should aim to build on these results, exploring diverse populations, longer
intervention periods, and the integration of advanced technologies to support rehabilitation efforts.

V. CONCLUSION

This study demonstrated that telerehabilitation is an effective intervention for enhancing motor recovery in stroke
survivors. Participants in the telerehabilitation group showed significant improvements in FMA scores compared to
those in the conventional rehabilitation group. The results highlighted a strong positive correlation between adherence
to the program and motor function improvement, reinforcing the importance of consistent participation. Additionally,
participants in the telerehabilitation group reported higher satisfaction levels, indicating positive acceptance of the
remote rehabilitation model.
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To build on these findings, future research should focus on extending the duration of the intervention to assess the long-
term sustainability of motor recovery benefits. Studies should also include a more diverse patient population,
incorporating individuals with severe motor impairments to evaluate broader applicability. Integrating objective
adherence measures through digital tracking and exploring the use of emerging technologies, such as virtual reality and
Al-driven rehabilitation programs, could further enhance the efficacy and personalization of telerehabilitation
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