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Abstract

Background

Stroke is one of the leading causes of long-term disability worldwide and frequently results in gait impairments,
reduced mobility, and decreased functional independence. Conventional gait assessment methods rely heavily
on clinical observation and standardized outcome measures, which may not detect subtle gait abnormalities.
Artificial Intelligence (Al)-based gait analysis has emerged as an innovative tool capable of providing objective,
accurate, and real-time assessment of gait parameters. By utilizing machine learning algorithms and computer
vision technologies, Al can identify gait deviations and monitor changes during rehabilitation.

Aim

To investigate the relationship between Al-based gait analysis parameters and functional recovery in stroke
patients undergoing physiotherapy rehabilitation.

Methods

A prospective observational study will be conducted on 30 stroke patients aged 40-75 years. Al-based gait
analysis using computer vision software and wearable sensors will be performed at baseline and after eight
weeks of physiotherapy intervention. Functional recovery will be assessed using the Functional Ambulation
Category (FAC), Berg Balance Scale (BBS), and Functional Independence Measure (FIM). Correlations
between gait parameters and functional outcomes will be analysed.

Expected Results

Al-derived gait parameters such as gait speed, stride length, cadence, symmetry index, and stance time are
expected to demonstrate significant correlations with improvements in functional recovery measures.

Conclusion

Al-based gait analysis may serve as a reliable and objective tool for monitoring rehabilitation progress and
predicting functional outcomes in stroke patients.
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Introduction

Stroke is a major public health concern and remains
one of the leading causes of disability and mortality
worldwide. According to the World Health
Organization, millions of individuals experience
stroke each year, with a substantial proportion
developing long-term motor impairments that
affect mobility and independence. Gait dysfunction
is among the most common consequences of stroke
and is characterized by reduced walking speed,
asymmetrical weight bearing, impaired balance,
and decreased endurance. These impairments
significantly affect quality of life and increase the
risk of falls and secondary complications (1).

Assessment of gait is an essential component of
neurophysiotherapy practice. Traditional clinical
assessments such as observational gait analysis, the
Functional Ambulation Category (FAC), and timed
walking tests provide valuable information but are
often limited by subjectivity and inter-rater
variability. Furthermore, subtle gait abnormalities
may not be accurately detected through visual
observation alone. Therefore, there is a growing
need for objective and technology-assisted
assessment methods capable of providing precise
quantitative information regarding gait
performance (2).

Recent advancements in Artificial Intelligence (Al)
have transformed healthcare by enabling automated
analysis of large datasets and complex movement
patterns. Al encompasses machine learning, deep
learning, and computer vision technologies that can
process biomechanical data and identify clinically
relevant gait characteristics. Al-based gait analysis
systems utilize wearable sensors, motion capture
systems, and camera-based platforms to assess
parameters such as gait speed, cadence, stride
length, step symmetry, stance time, and joint
kinematics. These systems offer objective
measurements that can support clinical decision-
making and rehabilitation planning (3).

Several studies have demonstrated the effectiveness
of Al technologies in detecting gait abnormalities
and predicting rehabilitation outcomes in
neurological  populations. Machine learning
algorithms have shown high accuracy in classifying
gait patterns and identifying functional deficits
following stroke. Al-assisted systems also enable
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continuous monitoring of patient performance,
allowing therapists to evaluate progress and modify
interventions accordingly (4).

Functional recovery after stroke is influenced by
multiple factors including motor control, balance,
muscle strength, and gait performance. Objective
assessment of gait may provide valuable insights
into recovery trajectories and help predict
rehabilitation outcomes. Al-based gait analysis has
the potential to bridge the gap between clinical
assessment and advanced biomechanical evaluation
by offering accessible, cost-effective, and accurate
measurements in routine physiotherapy practice

(5).

Despite the increasing interest in Al applications
within neurorehabilitation, limited research has
explored the relationship between Al-derived gait
parameters and functional recovery among stroke
patients. Therefore, this study aims to investigate
the association between Al-based gait analysis and
functional recovery outcomes in individuals
undergoing stroke rehabilitation. Findings from this
research may contribute to the development of
evidence-based assessment strategies and facilitate
the integration of Al technologies into
physiotherapy practice.

Procedure

A prospective observational study will be
conducted in the Department of Physiotherapy.
Thirty stroke patients diagnosed by a neurologist
and referred for physiotherapy rehabilitation will be
recruited  through  convenience  sampling.
Participants aged between 40 and 75 years, having
a first-ever ischemic or hemorrhagic stroke and
able to walk with or without assistive devices, will
be included. Patients with severe cognitive
impairment, unstable cardiovascular conditions,
severe musculoskeletal disorders affecting gait, or
other neurological diseases will be excluded.

Prior to participation, ethical approval will be
obtained from the Institutional Ethics Committee.
Written informed consent will be secured from all
participants. Baseline demographic and clinical
information including age, gender, type of stroke,
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duration since stroke, affected side, and use of
assistive devices will be recorded.

Initial assessment will include Al-based gait
analysis using a computer vision application or
wearable sensor-based gait analysis system.
Participants will be instructed to walk along a 10-
meter walkway at a comfortable speed. Three trials
will be recorded to ensure reliability. The Al
system will automatically calculate gait parameters
including gait speed, cadence, stride length, step
length, stance time, swing time, and gait symmetry
index.

Functional recovery will be evaluated using
standardized outcome measures including the
Functional Ambulation Category (FAC), Berg
Balance Scale (BBS), Functional Independence
Measure (FIM), and 10-Meter Walk Test
(10OMWT). These assessments will be administered
by a trained physiotherapist.

Following baseline assessment, participants will
undergo a conventional physiotherapy
rehabilitation program consisting of gait training,
balance exercises, strengthening exercises, task-
oriented training, and functional mobility activities.
Treatment sessions will be conducted five days per
week for eight weeks, with each session lasting
approximately 45—-60 minutes.

At the completion of the intervention period,
participants will undergo repeat Al-based gait
analysis and functional outcome assessments using
the same procedures. Changes in gait parameters
and functional scores will be documented and
compared with baseline values.

Data will be entered into statistical software for
analysis. Descriptive statistics will be used to
summarize demographic and clinical
characteristics. Paired t-tests or Wilcoxon signed-
rank tests will be applied to compare pre- and post-
intervention outcomes. Pearson or Spearman
correlation coefficients will be used to examine
relationships between Al-derived gait parameters
and functional recovery measures. Statistical
significance will be set at p < 0.05.

The findings will be interpreted to determine the
usefulness of Al-based gait analysis as an objective
assessment tool for monitoring rehabilitation
progress and predicting functional recovery in
stroke patients.

Table 1: Demographic Characteristics of
Participants (N=30)
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Variable Fre(z:)ency Per:s/il)tage
[Male 18 60 |
[Female [12 140 |
[Ischemic Stroke  |[22 173.3 |
I;‘;L‘L‘;“haglc 8 267
Right Hemiplegia [[16 153.3 |
|Left Hemiplegia || 14 ||46.7 |

Mean Age: 58.4 + 8.6 years

Table 2: Comparison of Al-Based Gait
Parameters Before and After Rehabilitation

Pre-test || Post-test

Parameter| Mean+ || Mean + vatl-ue p-value
SD SD
Gait Speed |[0.58 +

(m/s) 015 0.92+0.18(/9.82 ||<0.001*

Stride 0.71 +
Length (m)||0.12

Cadence
(steps/min)

0.95+0.14(]8.64 |[<0.001*

68.4+9.3 (|84.7+10.2|7.95 ||<0.001*

Symmetry |62.8 +

*
Index (%) ||11.4 81.2+8.9 (8.41 [<0.001

Significant at p < 0.05

Table 3: Functional Recovery Outcomes

Outcome 11:;:::3: Post-test || t- |
Measure SD Mean = SD||value||P
FAC  |23209 |45+1.0 ][10.54|<0.001%]
BBS  |[28.4=7.6 |42.8=6.5 |[11.37]<0.001%|
FIM  |[71.5+10.4]94.2 = 11.1][12.14]|<0.001%
IOMWT 5 4457 ||148+4.1 [8.79 |<0.001*
(sec)

Significant at p < 0.05

Table 4: Correlation Between Al Gait
Parameters and Functional Recovery

| Variable || FAC || BBS || FIM |
|Gait Speed  |r=0.82][r=0.79][r=0.76]
|Stride Length  |[r=0.75][r=0.73]|r=0.71]
|[=0.68][r=0.70|[r=0.66|
|Symmetry Index |[r=0.80|[r=0.78]|r=0.74]

|Cadence
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All correlations significant at p < 0.001

Graph 1: Improvement in Al-Based Gait
Parameters

Pre and post rehabilitation gait parameters

Comparison of mean values before and after intervention.

100

® Pre-test @ Post-test

Interpretation

The graph demonstrates significant improvements
in all Al-derived gait parameters following
rehabilitation. Gait speed increased from 0.58 m/s
to 0.92 m/s, indicating enhanced walking ability.

Graph 2: Functional Recovery Outcomes

Functional recovery outcomes

Mean pre-test and post-test scores,

FAC 88S FIM 10MWT

® Pre-test  ® Post-test

100

Interpretation

All  functional outcome measures showed
statistically significant improvement after the
intervention period, indicating enhanced balance,
ambulation, and independence.

Graph 3: Correlation Between Gait Speed and
Functional Independence

Relationship between gait speed and FIM score

Positive correlation between gait speed and functional independence.
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Interpretation

A strong positive correlation (r = 0.76) was
observed between gait speed and FIM score,
suggesting that improvements in gait performance
are  associated  with  greater  functional
independence.

Statistical Analysis

e  Statistical software: SPSS Version 26.0
e Descriptive statistics: Mean, Standard
Deviation, Frequency, Percentage
e Inferential statistics:
o Paired t-test for pre-post

comparison

o Pearson Correlation Test for
association between gait
parameters and functional
recovery

Level of significance: p <0.05
Discussion

The present study investigated the relationship
between Al-based gait analysis and functional
recovery in  stroke  patients  undergoing
physiotherapy  rehabilitation. =~ The  findings
demonstrated significant improvements in gait
parameters, including gait speed, stride length,
cadence, and symmetry index, following the
rehabilitation  program.  Furthermore, these
improvements were positively correlated with
functional recovery measures such as the
Functional Ambulation Category (FAC), Berg
Balance Scale (BBS), and Functional Independence
Measure (FIM).

Gait impairment is one of the most disabling
consequences of stroke and often results in reduced
mobility, impaired balance, and increased
dependence in activities of daily living. In the
current study, gait speed improved significantly
after rehabilitation. Gait speed is considered a
reliable indicator of functional mobility and
community ambulation in stroke survivors. Similar
findings were reported by Dobkin, who emphasized
that walking speed is a strong predictor of
functional independence and quality of life after
stroke (6). The observed increase in gait speed in
the present study indicates improved motor control
and walking efficiency among participants.

The results also demonstrated a significant increase
in stride length and cadence. These findings are
consistent with previous research showing that
rehabilitation interventions improve temporal and
spatial gait parameters in individuals with
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neurological impairments. According to
Balasubramanian et al., gait asymmetry and
reduced stride length are common characteristics of
post-stroke walking patterns, and improvements in
these parameters are associated with better
locomotor recovery (7). The enhancement of stride
length and cadence observed in the present study
may be attributed to improved lower limb strength,
balance control, and motor relearning achieved
through physiotherapy interventions.

A notable finding of this study was the significant
improvement in gait symmetry. Stroke patients
frequently exhibit asymmetrical gait patterns due to
weakness, spasticity, and impaired weight transfer
on the affected side. Al-based gait analysis enabled
precise quantification of symmetry indices, which
may not be adequately detected through
observational gait assessment. Similar observations
were reported by Chen et al., who found that
machine learning-based gait analysis systems could
accurately identify asymmetrical gait
characteristics and monitor changes during
rehabilitation (8). Therefore, Al technology
provides objective and sensitive measurements that
support clinical decision-making.

The present study also revealed significant
improvements in functional outcomes measured
through FAC, BBS, and FIM scores. These
findings indicate enhanced balance, walking
ability, and independence following rehabilitation.
Previous studies have reported that improvements
in gait parameters are strongly associated with
functional recovery after stroke. According to
Veerbeek et al., restoration of walking ability is one
of the primary goals of stroke rehabilitation and is
directly related to improvements in balance and
functional independence (9). The results of the
current study support this observation.

An important contribution of this research is the
identification of strong positive correlations
between Al-derived gait parameters and functional
recovery outcomes. Gait speed demonstrated the
strongest association with FIM scores, suggesting
that patients who achieved better walking
performance also attained greater independence in
daily activities. Similar findings were reported by
Fulk et al., who identified gait speed as a key
predictor of community participation and
functional outcomes among stroke survivors (10).
The strong correlations observed in this study
highlight the potential of Al-based gait analysis as
a prognostic tool in neurorehabilitation.

The findings further support the growing role of
artificial  intelligence  in  healthcare = and
physiotherapy practice. Al-based systems offer
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objective, reproducible, and real-time assessment
of movement patterns, reducing examiner bias and
enhancing the accuracy of clinical evaluation.
According to Piau et al., Al technologies have the
potential to transform rehabilitation by enabling
continuous monitoring, personalized treatment
planning, and prediction of recovery trajectories

(11).

Despite  these promising findings, certain
limitations should be acknowledged. The study
involved a relatively small sample size and was
conducted at a single center, which may limit the
generalizability of the results. Future studies with
larger populations and longer follow-up periods are
recommended to further validate the effectiveness
of Al-based gait analysis in stroke rehabilitation.

Overall, the present study demonstrated that Al-
based gait analysis is an effective and objective tool
for evaluating gait performance and monitoring
functional recovery in stroke patients. The
significant improvements in gait parameters and
their strong associations with functional outcomes
suggest that Al technologies can complement
conventional physiotherapy assessments and
contribute to evidence-based neurorehabilitation
practice.

Conclusion

The findings indicate that Al-based gait analysis is
a sensitive and objective method for assessing gait
abnormalities and monitoring rehabilitation
progress in  stroke  patients.  Significant
improvements were observed in gait speed, stride
length, cadence, and symmetry index, which were
strongly associated with enhanced balance,
ambulation, and functional independence. These
results support the integration of Al technologies
into neurophysiotherapy practice for improved
outcome assessment and rehabilitation planning.
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