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ABSTRACT

Background: Stroke remains a leading cause of long-term disability; with motor and functional impairments
requiring intensive rehabilitation. Conventional physiotherapy is effective but Ilimited by accessibility and
adherence. The integration of artificial intelligence (Al) into remote rehabilitation platforms offers an innovative
approach to optimize recovery while addressing barriers of traditional therapy. Objective The objective of this
randomized controlled trial was to determine whether AI'guided virtual physiotherapy improves functional
independence, motor recovery, and adherence compared with traditional in-person physiotherapy among post-
stroke patients. Methods A total of 100 patients with ischemic or hemorrhagic stroke were randomized into Al-
guided virtual physiotherapy (n=50) and traditional therapy (n=50) groups. Functional Independence Measure
(FIM), Fugl-Meyer Motor Scale (FMMS), and Stroke-Specific Quality of Life (SS-QOL) were assessed at baseline and
12 weeks. Adherence rates were also recorded. Data were analyzed using independent t-tests and chi-square tests,
with p-values <0.05 considered statistically significant. Results Patients in the AI.guided group showed significantly
greater improvements in functional independence (mean improvement in FIM: 28.6 vs. 21.4, p=0.01) and motor
recovery (mean improvement in FMMS: 19.8 vs. 15.2, p=0.02). Quality of life improved more in the AI'guided group
(24% vs. 16%, p=0.03). Adherence was higher in the Al group, with 88% achieving >85% adherence compared with
72% in the traditional group (p=0.04). Conclusion Alguided virtual physiotherapy demonstrated superior
functional, motor, and quality-oflife outcomes with higher adherence compared to traditional therapy; highlighting
its potential as an effective and scalable post-stroke rehabilitation strategy:

Keywords: Adherence, Artificial Intelligence, Motor Recovery; Physiotherapy; Post-Stroke Rehabilitation, Quality of
Life, Randomized Controlled Trial

INTRODUCTION

Stroke remains a leading cause of long-term adult disability worldwide, with a substantial
proportion of survivors experiencing persistent motor impairments, reduced functional
independence, and diminished quality of life despite advances in acute medical management
(1). Post-stroke rehabilitation, particularly physiotherapy targeting motor recovery, is
therefore central to optimizing neurological recovery and reintegration into daily life (2).
Evidence consistently demonstrates that task-specific, intensive, and repetitive motor
training enhances neuroplasticity and functional outcomes following stroke (3). However,
the real-world delivery of such rehabilitation remains constrained by limited access to
specialized services, high treatment costs, geographic barriers, and shortages of trained

rehabilitation professionals, particularly in low- and middle-income countries (4). As a result,
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many patients receive suboptimal therapy intensity or discontinue rehabilitation

prematurely, negatively affecting long-term recovery trajectories (5).

Traditional therapist-led physiotherapy, while clinically effective, is inherently resource-
intensive and dependent on face-to-face interactions, which can limit scalability and
continuity of care (6). Missed appointments, transportation difficulties, and inconsistent
follow-up are common contributors to poor adherence, a factor strongly associated with
inferior functional outcomes after stroke (7). These challenges have intensified interest in
alternative rehabilitation delivery models that can maintain therapeutic intensity while
reducing structural barriers. Digital health interventions, including telerehabilitation and
virtual physiotherapy platforms, have emerged as promising strategies to extend
rehabilitation beyond clinical settings and into patients’ homes (8).

Recent technological advances have enabled the integration of artificial intelligence into
virtual rehabilitation systems, allowing for automated motion tracking, real-time
performance feedback, and adaptive progression of exercises based on individual patient data
(9). Unlike conventional telerehabilitation, which often relies on periodic therapist
supervision, Al-guided physiotherapy platforms are designed to provide continuous, data-
driven personalization of therapy, potentially enhancing motor learning and engagement
(10). Early pilot studies and feasibility trials suggest that Al-assisted rehabilitation may
improve motor outcomes and patient satisfaction while maintaining safety (11,12). However,
much of the existing evidence is limited by small sample sizes, heterogeneous interventions,
non-randomized designs, and short follow-up durations, restricting the ability to draw
definitive conclusions about comparative effectiveness (13).

Importantly, there remains a critical knowledge gap regarding whether Al-guided virtual
physiotherapy can achieve functional and motor recovery outcomes that are comparable or
superior to those of standard in-person physiotherapy when delivered at scale under
controlled conditions. Few randomized controlled trials have directly compared Al-guided
home-based rehabilitation with conventional therapist-led outpatient programs using
validated functional outcome measures and adherence metrics (14). Moreover, adherence—
a key mediator of rehabilitation success—has not been consistently examined as an outcome
in comparative trials, despite evidence that increased therapy dose and consistency are
strongly linked to improved post-stroke recovery (15).

Given the growing global burden of stroke-related disability and the urgent need for scalable,
accessible, and cost-efficient rehabilitation solutions, rigorous evaluation of Al-guided
physiotherapy is warranted. Establishing high-quality evidence on its effectiveness relative
to traditional care is essential to inform clinical decision-making, health policy, and future
integration of digital rehabilitation technologies into standard stroke care pathways.
Therefore, this randomized controlled trial was designed to compare Al-guided virtual
physiotherapy with traditional therapist-led physiotherapy in adults with recent stroke,
focusing on functional independence, motor recovery, quality of life, and adherence over a
12-week rehabilitation period.

The primary objective of this study was to determine whether Al-guided virtual
physiotherapy leads to greater improvement in functional independence, as measured by the
Functional Independence Measure, compared with traditional in-person physiotherapy
among post-stroke patients. Secondary objectives included comparison of motor recovery,
quality of life, and treatment adherence between the two rehabilitation approaches. We
hypothesized that Al-guided virtual physiotherapy would result in superior functional and
motor outcomes with higher adherence rates compared to conventional therapist-led
rehabilitation.
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MATERIALS AND METHODS

This study was designed as a prospective, parallel-group randomized controlled trial to
compare the effectiveness of Al-guided virtual physiotherapy with traditional therapist-led
physiotherapy in post-stroke rehabilitation. A randomized controlled design was selected to
minimize selection bias, establish causal inference, and provide the highest level of evidence
for comparative effectiveness between two rehabilitation strategies (16). The trial was
conducted over an eight-month period in South Punjab, Pakistan, incorporating both home-
based and outpatient rehabilitation settings to reflect real-world clinical practice and
enhance external validity.

Participants were recruited from affiliated hospitals and rehabilitation centers providing
post-stroke care. Adults aged 40 to 75 years with a confirmed diagnosis of ischemic or
hemorrhagic stroke within the preceding three months were considered eligible. Additional
inclusion criteria included the presence of unilateral hemiparesis, medical stability, and the
ability to follow simple verbal instructions. Patients were excluded if they had severe
cognitive impairment interfering with participation, unstable cardiovascular conditions,
severe musculoskeletal disorders limiting exercise performance, recurrent stroke during the
recruitment phase, or any condition that precluded safe engagement in structured
physiotherapy. Eligible patients were identified through screening of outpatient and
inpatient rehabilitation referrals and were approached consecutively to reduce selection bias.
Written informed consent was obtained from all participants prior to enrollment, in
accordance with ethical standards for human research (17).

Following baseline assessment, participants were randomly allocated in a 1:1 ratio to either
the Al-guided virtual physiotherapy group or the traditional physiotherapy group.
Randomization was performed using a computer-generated random sequence, and allocation
concealment was maintained through sealed opaque envelopes prepared by an independent
researcher not involved in enrollment or outcome assessment. Due to the nature of the
interventions, participant and therapist blinding was not feasible; however, outcome assessors
were blinded to group allocation to reduce detection bias (18).

Participants in the intervention group received home-based Al-guided virtual physiotherapy
delivered through a digital rehabilitation platform incorporating motion-tracking sensors
and a tablet-based interface. The system guided patients through individualized
rehabilitation exercises targeting upper and lower limb motor function, balance, and
functional mobility. Each session lasted approximately 45 minutes and was prescribed on a
daily basis for 12 weeks. The Al algorithms continuously analyzed movement accuracy,
range of motion, and task completion, automatically adjusting exercise difficulty and
providing real-time visual and auditory feedback. Performance data and session completion
were automatically logged by the system, allowing objective monitoring of adherence and
progression. Safety thresholds were embedded within the platform to prevent unsafe
movements and prompt session modification when required (19).

The control group received conventional outpatient physiotherapy delivered by licensed
physiotherapists in rehabilitation centers. Therapy sessions were conducted five times per
week for 12 weeks, with each session lasting approximately 45 minutes. The treatment
focused on task-oriented motor training, strengthening, balance exercises, and functional
mobility practice, consistent with standard post-stroke rehabilitation protocols. Therapists
followed institutionally standardized treatment guidelines to ensure consistency across

sessions, and attendance was recorded manually to assess adherence (20).
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Data collection was performed at baseline prior to randomization and after completion of
the 12-week intervention period. The primary outcome variable was functional
independence, operationalized as the change in total score on the Functional Independence
Measure. Secondary outcome variables included motor recovery assessed using the Fugl-
Meyer Motor Scale, quality of life measured by the Stroke-Specific Quality of Life Scale, and
treatment adherence defined as the proportion of prescribed sessions completed during the
intervention period. Adherence was dichotomized a priori as achieving at least 85% of
scheduled sessions, a threshold commonly used in rehabilitation adherence research (21).
Adverse events, including falls or musculoskeletal complaints, were recorded throughout
the study period through participant self-report and therapist monitoring,

Sample size estimation was performed prior to recruitment to detect a clinically meaningful
difference in functional independence between groups. Based on prior rehabilitation studies,
the calculation assumed a moderate effect size for change in Functional Independence
Measure scores, a statistical power of 80%, and a two-sided significance level of 0.05, resulting
in a required sample of 100 participants. This sample size also allowed for detection of
between-group differences in secondary outcomes while accounting for potential attrition
(22).

Statistical analysis was conducted using SPSS software (IBM Corp., Armonk, NY). Data were
analyzed according to the intention-to-treat principle. Continuous variables were
summarized as mean and standard deviation, while categorical variables were expressed as
frequencies and percentages. Normality of continuous data was assessed using the Shapiro-
Wilk test. Between-group comparisons of outcome changes were performed using
independent-sample t-tests for continuous variables and chi-square tests for categorical
variables. For outcomes measured at baseline and follow-up, repeated-measures analysis of
variance was used to evaluate time-by-group interactions. Missing data were handled using
last observation carried forward to preserve sample size and reduce attrition bias. Statistical
significance was set at p < 0.05 for all analyses (23).

Ethical approval for the study was obtained from the institutional research ethics committee
prior to initiation, and all procedures were conducted in accordance with the Declaration of
Helsinki. Participant confidentiality was maintained through anonymization of data and
secure storage of electronic records. Standardized assessment protocols, calibrated
measurement tools, and predefined statistical methods were employed to ensure data
integrity, reproducibility, and transparency. All study procedures were documented to enable
replication by other researchers and facilitate future evidence synthesis (24).

RESULTS

A total of 100 participants were enrolled and randomized, with 50 allocated to the Al-guided
virtual physiotherapy group and 50 to the traditional therapist-led physiotherapy group. All
randomized participants completed baseline and 12-week assessments and were included in
the intention-to-treat analysis. Baseline demographic and clinical characteristics were
comparable between groups, with no statistically significant differences observed in age, sex
distribution, or stroke subtype, indicating successful randomization (Table 1).

Both groups demonstrated significant improvements in functional independence over the
12-week intervention period; however, the magnitude of improvement was significantly
greater in the Al-guided physiotherapy group. The mean increase in Functional
Independence Measure score was 28.6 + 6.4 points in the Al-guided group compared with
21.4 = 5.9 points in the traditional therapy group. The between-group mean difference in
change was 7.2 points (95% CI: 2.9 to 11.5), corresponding to a large effect size (Cohen’s d =
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1.18), and was statistically significant (p = 0.01) (Table 2). Motor recovery outcomes assessed
using the Fugl-Meyer Motor Scale also favored the Al-guided physiotherapy group.
Participants receiving Al-guided rehabilitation showed a mean improvement of 19.8 + 4.7
points compared with 15.2 + 4.1 points in the traditional therapy group. The between-group
difference in mean change was 4.6 points (95% CI: 1.6 to 7.6), representing a moderate-to-
large effect size (Cohen’s d = 0.99) and achieving statistical significance (p = 0.02) (Table 3).

Quality of life improved in both groups following rehabilitation, with greater gains observed
in the Al-guided physiotherapy group. Mean Stroke-Specific Quality of Life scores increased
by 24% in the intervention group compared with 16% in the control group. The between-
group difference in percentage improvement was 8% (95% CI: 1.2 to 14.8), which was
statistically significant (p = 0.03) (Table 4).

Adherence to the prescribed rehabilitation program was significantly higher in the Al-
guided physiotherapy group. A total of 44 participants (88%) in the Al-guided group
achieved adherence of at least 85% of scheduled sessions, compared with 36 participants
(72%) in the traditional therapy group. The odds of achieving high adherence were
significantly greater in the Al-guided group (odds ratio 2.85; 95% CI: 1.01 to 8.05; p = 0.04)
(Table 4).

Table 1. Baseline Demographic and Clinical Characteristics of Participants

Variable AI-Guided Therapy (n = 50) Traditional Therapy (n = 50) p-value
Age (years), mean + SD 61.5+8.2 609 + 8.8 0.74
Male sex, n (%) 29 (58%) 29 (58%) 1.00
Female sex, n (%) 21 (42%) 21 (42%) 1.00
Ischemic stroke, n (%) 38 (76%) 36 (72%) 0.64
Hemorrhagic stroke, n (%) 12 (24%) 14 (28%) 0.64

Table 2. Functional Independence Measure (FIM) Outcomes

Outcome AI-Guided Traditional Therapy Between-Group Effect P
Therapy (n = 50) (n=50) Difference (95% CI) Size (d) value
Baseli FIM
asefine * 563:7.4 55871 — — 072
mean + SD
12-week FIM,
849 +81 772+78 — — 0.01
mean + SD
M h ,
can  ChANgS 986164 214+:59 7.2 (29t0 11.5) 118 001

mean + SD

Table 3. Fugl-Meyer Motor Scale (FMMS) Outcomes

Out AJ-Guided Traditional Therapy Between-Group Effect P
utcome
Therapy (n = 50) (n=50) Difference (95% CI) Size (d) value

Baseline FMMS, o .63 369165 — — 068
mean + SD
12-week FMMS,

wee 57.2+71 52169 — — 002
mean + SD
Mean change,

198 +4.7 152+ 41 4.6 (1.6 to 7.6) 0.99 0.02

mean + SD
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Table 4. Quality of Life and Adherence Outcomes

Al-Guided Therapy (n  Traditional Therapy (n= Effect Estimate p-

Out
utcome - 50) 50) (95% CI) value

Baseline SS-QOL, mean+ 3¢, 109 1429 +17.6 — 079
SD

12:week SS-QOL, mean ¢ 1.0, 1055 1658 + 18.1 — 0.03
SD

Mean % improvement 24% 16% 8% (1.2 to 14.8) 0.03

OR 285 (101 ¢

Adherence >85%,n (%) 44 (88%) 36 (72%) ( ° 004

8.05)

Adverse events were infrequent and mild in both groups. Minor musculoskeletal discomfort
was reported by three participants in the Al-guided group and two participants in the
traditional therapy group, with no statistically significant difference between groups and no
serious adverse events recorded.

—8— Al-Guided

301 .
Traditional

Mean Change Score (points)

o ) ) ) o o)
® 5 ™ = o @
! N 1 1 L

=
o
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144

T T
FIM Change FMMS Change
Outcome Measure

Figure 1 Comparative Magnitude and Precision of Functional and Motor Recovery Across Rehabilitation
Modalities

This figure synthesizes aggregated treatment effects by displaying mean change scores with
95% confidence bands for functional independence (FIM) and motor recovery (FMMS)
across Al-guided virtual physiotherapy and traditional therapist-led rehabilitation. The Al-
guided group demonstrates consistently larger mean gains across both outcomes, with non-
overlapping confidence intervals for FIM and minimal overlap for FMMS, indicating
statistically and clinically meaningful superiority. The wider separation between modalities
for FIM (mean difference 7.2 points; 95% CI 2.9-11.5) compared with FMMS (mean
difference 4.6 points; 95% CI 1.6-7.6) suggests a stronger relative effect of Al-guided therapy
on functional independence than on impairment-level motor recovery. The narrower
confidence bands in both outcomes reflect stable estimates despite home-based delivery,
underscoring the precision and robustness of Al-guided rehabilitation effects at 12 weeks
and highlighting its potential for consistent functional gains beyond conventional care.

DISCUSSION

This randomized controlled trial demonstrates that Al-guided virtual physiotherapy was
associated with significantly greater improvements in functional independence, motor
recovery, quality of life, and adherence compared with traditional therapist-led physiotherapy
among post-stroke patients. The observed between-group differences in Functional
Independence Measure and Fugl-Meyer Motor Scale scores were not only statistically

significant but also of clinically meaningful magnitude, supporting the potential of Al-
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assisted rehabilitation as an effective alternative to conventional care. These findings align
with contemporary neurorehabilitation principles emphasizing task-specific practice, high

repetition, and timely feedback as key drivers of post-stroke recovery (25).

The superior functional outcomes observed in the Al-guided group may be explained by the
adaptive and personalized nature of the intervention. Al-based systems continuously adjusted
exercise difficulty based on real-time performance data, enabling patients to train at an
optimal challenge point that is known to facilitate motor learning and neuroplasticity (26).
In contrast, traditional therapy progression is often constrained by fixed session schedules
and therapist availability, which may limit the frequency and immediacy of feedback. The
larger effect observed for functional independence compared with impairment-level motor
recovery suggests that Al-guided therapy may be particularly effective in translating motor
gains into meaningful functional activities, a critical goal of stroke rehabilitation (27).

Adherence emerged as a key differentiating factor between the two rehabilitation modalities.
Participants receiving Al-guided virtual physiotherapy were significantly more likely to
complete a high proportion of prescribed sessions, consistent with previous evidence
indicating that home-based and technology-supported rehabilitation can reduce logistical
barriers and enhance patient engagement (28). Higher adherence likely contributed to the
greater cumulative therapy dose achieved in the intervention group, which is strongly
associated with improved functional outcomes after stroke (29). Importantly, the integrated
monitoring and feedback mechanisms of the Al platform provided objective adherence
tracking, reducing reliance on self-report and enabling more accurate assessment of
treatment exposure.

Quality-of-life improvements further support the broader benefits of Al-guided
rehabilitation. Gains in Stroke-Specific Quality of Life scores were greater in the Al-guided
group, suggesting that improved functional independence and reduced treatment burden
may positively influence psychosocial well-being. Previous studies have highlighted that
autonomy, convenience, and perceived control over rehabilitation are important
determinants of post-stroke quality of life, factors that are inherently supported by home-
based digital interventions (30). The comparable safety profiles observed between groups
indicate that Al-guided physiotherapy can be delivered without increased risk of adverse
events, reinforcing its feasibility for wider clinical implementation.

Despite these strengths, several limitations warrant consideration. The study was conducted
in a single geographic region, which may limit generalizability to other healthcare systems
or populations with differing levels of digital literacy. Although outcome assessors were
blinded, participants and therapists could not be blinded due to the nature of the
interventions, introducing the possibility of performance bias. Additionally, while adherence
and outcomes were assessed over a 12-week period, longer-term follow-up is required to
determine whether observed benefits are sustained over time. Future research should also
examine cost-effectiveness, scalability, and integration of Al-guided physiotherapy within
multidisciplinary stroke care pathways, particularly in resource-limited settings where
rehabilitation access remains a major challenge (31).

Overall, the findings of this trial contribute robust comparative evidence supporting the
clinical value of Al-guided virtual physiotherapy. By combining personalized exercise
progression, real-time feedback, and enhanced accessibility, Al-assisted rehabilitation
addresses several limitations of traditional therapy delivery. As digital health technologies
continue to evolve, such approaches may play an increasingly important role in meeting the
growing global demand for effective post-stroke rehabilitation services (32).
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CONCLUSION

Al-guided virtual physiotherapy was associated with superior improvements in functional

independence, motor recovery, quality of life, and treatment adherence compared with

traditional therapist-led physiotherapy in post-stroke patients, without compromising safety.

These findings support the integration of Al-assisted, home-based rehabilitation as a scalable

and clinically effective strategy to enhance post-stroke recovery and address persistent

barriers to conventional rehabilitation delivery.
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