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The assessment of human posture and movement biomechanics is critical for maximizing athletic performance and
implementing effective injury prevention protocols. Traditional assessment methods often suffer from subjectivity, high
cost, and limited accessibility, hindering widespread routine screening. Artificial intelligence (Al), particularly via
Computer Vision (CV) and Deep Learning (DL) technologies, represents a paradigm shift, enabling automated,
objective, and quantifiable biomechanical analysis. Al models, utilizing hybrid Convolutional Neural Network-Long
Short-Term Memory (CNN-LSTM) architectures, can accurately calculate joint angles and model temporal movement
patterns, providing real-time feedback crucial for dynamic sports and personalized rehabilitation. Validation studies
demonstrate Al's clinical efficacy, with high reliability (e.g., Intra-class Correlation Coefficients up to 0.90 for lower-
limb alignment) and strong correlation with radiographic gold standards (e.g., r > 0.70). In rehabilitation, Al systems
have achieved predictive accuracies exceeding 97% in evaluating tailored exercise plans. Despite these advancements,
significant challenges persist, including the critical need for increased dataset diversity, standardization of evaluation
protocols, and addressing the fundamental ethical issues surrounding athlete data privacy, algorithmic transparency,
and accountability within competitive sports contexts. Future progress lies in Explainable Al (XAl) and Digital Twin
technology, promising to deliver interpretability and highly personalized predictive modeling.
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Introduction: identification and correction of postural risks

Accurate and repeatable assessment of human posture constitute a vital component of performance

is foundational to sports science, physical education
(PE), and preventative musculoskeletal healthcare.
Anomalous posture and the presence of inefficient or
incorrect movement patterns are established
precursors to the development of Musculoskeletal
Disorders (MSDs). These disorders impose
substantial burdens on athletes, learners, and
employers, resulting in significant monetary losses,
estimated at approximately 20 billion in direct costs

annually to U.S. employer’s alone. Therefore, the
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optimization and preventative strategy.

A. Limitations of Traditional Postural Assessment
Methodologies
Historically, postural assessment has been reliant
on manual techniques. Traditional methods, such
as basic visual observation frequently employed
by PE teachers or nurses, lack objectivity and
quantifiable data regarding specific spinal
alignment or muscle balance indicators. More
rigorous clinical techniques, including goniometry
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and the use of plumb lines, are often labor-
intensive, inherently prone to examiner-dependent
subjective biases, and may lack the repeatability
required for effective longitudinal monitoring.
Particularly when routine or mass screening is
required for large populations such as students or
amateur athletes. This confluence of limitations
necessitated the exploration of non-invasive,
objective, and scalable alternatives.

Artificial Intelligence (Al), particularly in the
domain of Deep Learning (DL) leveraged through
Computer Vision (CV), offers a transformative
solution to the historical constraints of human
movement analysis. This technology significantly
enhances the capacity for objective classification
of awkward postures, expanding the scope of both
ergonomic and sports-specific biomechanical
assessments.

. Structure and Contributions of the Current

Review

This report provides a detailed, technical, and
critical analysis of the current state of Al
application in posture analysis for physical
education and sports. The paper synthesizes the
underlying technical architectures, examines the
validated efficacy of Al systems, details their
crucial application in injury prevention and
personalized PE, and critically evaluates the
practical, methodological, and ethical challenges
accompanying the deployment of these advanced
technologies.

Technical Infrastructure and Methodologies for

C.

Al Posture Analysis:

Core Technologies: Computer Vision (CV) and
Deep Learning (DL)

The technical foundation of modern Al posture
analysis rests on advanced DL algorithms.

These systems utilize specialized image
recognition techniques to process visual data,
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moving beyond simple pattern matching to
sophisticated analysis capable of classifying joint
positions and quantifying angular relationships
within the human skeletal structure. This ability to
model ~ complex  nonlinear  relationships
automatically from large-scale data provides
significant technical advantages over traditional
computational models in the challenging task of
human pose estimation (HPE).

. Human Pose Estimation (HPE) Architectures

A central requirement for Al in biomechanics is
the transformation of visual input into quantifiable
mechanical data. HPE models achieve this
through direct body joint detection, identifying
specific anatomical landmarks on the worker or
athlete.

Effective analysis of dynamic physical activity
requires algorithms that can process both spatial
information (the posture within a single moment)
and temporal information (how the posture
changes over time).

. Data Acquisition and Processing

Data acquisition for precise biomechanical
analysis often relies on advanced sensor
technology. Depth cameras, such as the Kinect
series, have historically dominated data collection
methods in research, utilized in 65.4\% of
reviewed  studies examining  movement
assessment. These devices provide accurate three-
dimensional spatial data. Data processing
techniques typically involve the fusion of visual
color data (RGB) with depth information (RGB-D,
utilized in 55.6\% of studies), alongside direct
extraction of skeletal data (utilized in 27.8\% of
studies).

The versatility of these Al systems is reflected in
their deployment across multiple scenarios,
extending beyond traditional laboratory settings.
Analysis of implementation contexts reveals three
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primary scenarios: local deployment (50%),
clinical settings (33.4%), and remote monitoring
(22.3%). This distribution demonstrates the
technology's readiness for diverse applications,
ranging from professional clinical physiotherapy
assessments to decentralized PE monitoring and
personalized, remote training management.

Al's Crucial Role in Injury Prevention and
Rehabilitation:
F. Biomechanics and Risk Assessment

One of the most significant contributions of Al in
the sports and PE domain is its capability to
enhance injury prevention. By applying
sophisticated analysis to movement biomechanics,
Al systems can rapidly identify and flag inefficient
or high-risk motion patterns that precede acute or
chronic injuries. This rapid detection allows for
proactive intervention, enabling preventive
modifications to technique or training load, rather
than relying on reactive responses once injuries
have already manifested.
. Personalized Injury Rehabilitation Systems
1. Advanced Algorithmic Approaches
The move toward highly personalized
medicine in sports rehabilitation is being
driven by specialized Al algorithms.
Researchers have developed highly tailored
solutions for rehabilitation evaluation, such as
the Advanced Penguin Search Optimized
Efficient Random Forest (APSO-ERF)
approach. This novel methodology establishes
a personalized evaluation system by utilizing
exercise movement image data. The approach
integrates preprocessing steps, such as using a
Wiener filter for noise reduction, employs
Convolutional Neural Networks (CNNs) for
the extrapolation of top-level characteristics,
and uses the hybrid APSO-ERF model to
assess patient performance during prescribed
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exercises. The specific design of this model
combines the Efficient Random Forest (ERF)
to prevent variance increase with the Advanced
Penguin Search Optimization (APSO), an
optimization technique based on penguin
hunting behavior, refined with a Gaussian
exploration function to maximize the
evaluation objective function.

. High-Performance Metrics in

Rehabilitation Evaluation

The technical efficacy of these personalized
systems is supported by exceptional
guantitative metrics. The APSO-ERF approach
demonstrated significant performance gains
over conventional algorithms in tailored sports
injury rehabilitation. The system achieved an
Accuracy of 97.80\%, a Specificity of
97.90\%, a Sensitivity of 96.01\%, and a
remarkable Precision of 98.88\%. These high
metrics affirm AI’s profound capability to
provide a scientific and objective evaluation of
complex physical rehabilitation progress,
ensuring that training maximizes recovery
benefits and shortens recuperation periods for
athletes.

. Real-Time Feedback and Corrective

Systems

Al-powered applications are designed to
provide immediate, actionable feedback on
posture and movement execution during
exercise. This capability is equally valuable for
optimizing training routines for professional
athletes and for safeguarding beginners
learning free weight workouts, who face
serious bodily consequences if exercises are
performed incorrectly without professional
guidance. The systems translate complex
movement analysis into practical, tailored
recommendations, such as  suggesting
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modifications to workstation heights or
adjusting task sequences, thereby tangibly
reducing identified physical risks.

H. Reduction of Musculoskeletal Disorders

(MSDs) and Economic Impact

Al ergonomic assessment tools are demonstrably
effective in mitigating workplace and training-
related injuries. By providing objective,
guantifiable data about ergonomic risk factors
across tasks and workstations, Al enables safety
teams and management to prioritize improvement
initiatives based on clear evidence. A published
study highlighted that Al-driven posture
correction resulted in a quantifiable 25\%
reduction in workplace injuries.

The deployment of Al for risk detection
fundamentally shifts the cost-benefit equation for
institutions and organizations. MSDs represent a
substantial economic drain, encompassing direct
costs of injuries, absenteeism, productivity loss,
and long-term disability payments. AI’s ability to
detect high-risk movements quickly enables
preventive modifications, replacing reactive
expenditure with proactive investment. This data-
driven approach facilitates continuous
improvement and cost modeling by gathering real-
time data, allowing organizations to focus
resources where they will yield the greatest impact
on safety and efficiency.

Benefits and Applications in Physical Education

and Sports:

. Quantitative Superiority and Efficiency

1. Obijectivity vs. Subjectivity in PE
The incorporation of Al overcomes the
inherent limitations of traditional, subjective
evaluations in physical education. Past
assessments, whether visual or manual, lacked
the necessary data to accurately quantify key
indicators such as spinal alignment or posture
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risk. Al-driven photogrammetry provides a
viable, cost-effective, and noninvasive
alternative to traditional radiography. This
method offers significantly greater objectivity
than purely visual assessments.
2. Time and Cost Efficiency

The use of Al-based mobile applications and
specialized software platforms offers a quick,
accurate, and safe solution for the quantitative
evaluation of general posture. These tools
circumvent the typical drawbacks of traditional
clinical assessments, such as the long duration,
inherent biases, and high costs associated with
manual measurements using goniometers and
plumb lines, or complex 3D laboratory
systems. By making clinical-grade assessment
available in the field, Al contributes
significantly to the primary prevention of
musculoskeletal disorders of the spine.

J. Customized Physical Education (PE)

The application of Al is instrumental in achieving
the modernization and personalization of physical
education. Al-based PE moves beyond generic
instruction to facilitate highly tailored learning
experiences.

1. Personalization Levels

Al supports three categories of customized PE:

o Differentiated PE: Classes are grouped,
maintaining the same content and goals, but
teaching methods are adjusted based on the
learners’ prior knowledge and speed.

o Individualized PE: Lessons are tailored to
the specific level and needs of the individual
learner.

o Personalized PE: This represents the
highest degree of customization, adjusting
educational goals, content, and teaching
methods based on the individual learner's

A Peer Reviewed Referred Journal 145



ISSN-2278-5655

Aarhat Multidisciplinary International Education
Research Journal

B fmicr

Volume-XIV, Special Issues- lI(b)

OPEN 8ACCESS

Nov - Dec, 2025

unique physical, mental, and social
characteristics.
2. Al Functions in PE
Al provides a crucial "difficulty control”
function, managing the variability in
achievement levels among learners within a
single class by offering tasks and goals
appropriate to each individual’s level. This is
achieved through Sensory Al, which
objectively measures physical activity and skill
achievement, often utilizing facial recognition
and physical activity image/video analysis.
This measured data is then processed by
Cognitive Al using machine learning platforms
to deliver scientific evaluation and objective
feedback to the learner.
3. Impact on Educators and Learners

The integration of Al significantly improves
the learning process. Educators benefit as Al
assists in evaluation, learning management,
and reduces the time required for
administrative work, allowing teachers to
invest more time in improving the quality of
instruction and interaction. For learners,
receiving objective information and feedback
allows them to assess their physical abilities
scientifically and objectively. This fosters self-
awareness and active motivation, enabling
students to focus on high-level physical
activities and practical experiences outside the
self-consciousness associated with comparison
among peers.

K. Sports Performance Optimization

In professional and competitive sports, Al extends
its role beyond injury prevention to optimizing
performance. By accurately assessing and refining
techniques and movement efficiency, Al assists
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athletes in achieving peak performance. Advanced
CV and DL models have demonstrated high
efficacy, reporting a pooled average classification
accuracy of 87.78\% in performance analysis
across thirteen distinct sports disciplines, with
particularly high metrics observed in movement-
intensive activities like basketball and tennis.
Current Limitations, Practical Challenges, and
Ethical Frameworks:

Despite the technical breakthroughs and validated
performance metrics, the widespread, responsible
adoption of Al in sports and PE faces several
technical and ethical impediments. A primary
constraint on the field's maturity is the pervasive
issue of insufficient dataset diversity and the lack
of robust validation in complex, real-world
competitive or training environments. Algorithms
trained on limited or homogeneous datasets often
exhibit significant generalization issues when
applied to diverse body types, varying athletic
disciplines, or highly unpredictable, on-laboratory
settings. This undermines the reliability of high-
performance metrics achieved solely in controlled
environments. Expanding the analytical capacity
to accurately support complex, highly dynamic
compound movements (e.g., deadlifts, burpees,
sport-specific actions) or real-time high-intensity
maneuvers remains a significant area requiring
future technical development. The ability to
compare and trust results across different research
endeavors is hampered by a lack of
standardization in methodological reporting.
There is a noted deficiency in reporting standards
concerning data resolution, specific preprocessing
steps employed, and the precise recording
environments used, making the results difficult to
reproduce and benchmark effectively.
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L. Ethical and Legal Impediments

Table I: Critical Challenges and Ethical Frameworks in Al Posture Analysis

Category Specific Impact on Required
Challenge/Implication Athlete/Learner Mitigation/Framework
Data Ethics Extensive collection of | Risk of misuse, | Stringent data protection
biometric data, privacy risks | surveillance, (GDPR/HIPAA), clear
compromise of | guidelines, dynamic
sensitive health informed consent
information

Accountability | Ambiguity in determining
responsibility for

Al-driven errors

Risk of injury or
unfair treatment due
to algorithmic
failure

Establishing defined
human oversight protocols
and clear

legal liability structures

Transparency "Black-box" nature of Deep

Learning models

Erosion of trust,
inability to interpret
corrective or
diagnostic rationale

Development of
Explainable Al  (XAl)
frameworks focused on
biomechanical
interpretability

Generalization Insufficient dataset
diversity, inadequate real-

world validation

Inaccurate
assessment  when
applied across non-
lab settings or
diverse populations

Mandatory multi-site
clinical trials and
standardization of data

collection protocols

M. Future Skillset Requirements for PE Educators

The successful implementation of Al in education
mandates a corresponding reform in the training
and required skillset of Physical Education
professionals. PE educators must possess not only
foundational knowledge in educational technology
but also new concepts and theories to effectively
utilize Al for customized class delivery, objective
learner evaluation, and

Data-driven decision support. This includes
developing expertise in basic technological skills,
problem-solving ability in the use of educational
technology, and an understanding of the ethical and
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social responsibilities inherent in using Al-driven

systems.

Conclusion and Recommendations:

he integration of Artificial Intelligence into
posture analysis represents a fundamental
paradigm shift in physical education, clinical
rehabilitation, and  competitive  sports.
Leveraging advanced Deep Learning
architectures.Al systems have transitioned human
movement assessment from a subjective, reactive
process to an objective, proactive science. The
technology has demonstrated validated efficacy.
The direct benefits include substantial reductions

A Peer Reviewed Referred Journal 147



B fmicr

Volume-XIV, Special Issues- lI(b)

OPEN 8ACCESS

in injury rates (e.g., 25\% reported reduction in

workplace settings), the efficient delivery of

highly personalized PE curricula, and the
successful evaluation of tailored rehabilitation
plans with predictive accuracy rates approaching

98\%.

However, the continued maturation of this field is

critically dependent on addressing core

methodological and ethical challenges. The
current limitations related to insufficient dataset
diversity and the lack of standardization in
algorithmic evaluation must be resolved to ensure
algorithm generalization across diverse athletic
populations and complex movements. Crucially,
the tension between maximizing predictive
performance through high-resolution data capture
and upholding the fundamental principles of
athlete privacy and autonomy must be managed
via robust, longitudinal, and transparent ethical
frameworks. Future research should prioritize the
development and clinical validation of

Explainable Al (XAl) to enhance trust, alongside

the implementation of sophisticated Digital Twin

technology for truly personalized and predictive
performance modeling.

References:

1. 1.https://www.researchgate.net/publication/384
375814 Application_of _artificial_intelligence_i
n_th
e_development_of_personalized_sports_injury
_rehabilitation_plan.

2. Validity and Reliability of an Artificial
Intelligence-Based Posture Estimation
Software for Measuring Cervical and Lower-
Limb Alignment Versus Radiographic Imaging
- PMC - NIH,
https://pmc.ncbi.nlm.nih.gov/articles/PMC121
55411

3. The Role of Artificial Intelligence in Sports

SJIF Impact Factor: 8.343

ISSN-2278-5655

Aarhat Multidisciplinary International Education
Research Journal

Nov - Dec, 2025

Analytics: A Systematic Review and Meta-
Analysis of Performance Trends - MDPI,
https://www.mdpi.com/2076-3417/15/13/7254

. Explainable artificial intelligence for gait

analysis: advances, pitfalls, and challenges - a
systematic review - PubMed Central,
https://pmc.ncbi.nim.nih.gov/articles/PMC126
11957/

. Postural Evaluation in Young Healthy Adults

through a Digital and Reproducible Method,
https://www.mdpi.com/2411-5142/7/4/98

. The role of artificial intelligence in enhancing

sports education and public health in higher
education: innovations in teaching models,
evaluation systems, and personalized training -
PMC - NIH,
https://pmc.ncbi.nim.nih.gov/articles/PMC120
75118/

. School Health Screening - Al Posture Screening

for Students - Medilogic,
https://www.medilogic.ai/schoolhealth

. Validity and Reliability of an Artificial Intelligence-

Based Posture Estimation Software for Measuring
Cervical and Lower-Limb Alignment Versus
Radiographic Imaging - MDPI,
https://www.mdpi.com/2075-4418/15/11/1340

. Reliability and Validity of Non-radiographic

Methods of Forward Head Posture Measurement:
A Systematic Review - NIH,
https://pmc.ncbi.nlm.nih.gov/articles/PMC9354067

10.12. A Systematic Review: Advancing Ergonomic

Posture ... - IEEE Xplore,
https://ieeexplore.ieee.org/iel8/6287639/10380310/
10772039.pdf

11.13. Improved convolutional neural network for

precise exercise posture recognition and intelligent
health indicator prediction- PMC - PubMed
Central,

A Peer Reviewed Referred Journal 148


http://www.researchgate.net/publication/384375814_Application_of_artificial_intelligence_in_th
http://www.researchgate.net/publication/384375814_Application_of_artificial_intelligence_in_th
http://www.researchgate.net/publication/384375814_Application_of_artificial_intelligence_in_th
https://pmc.ncbi.nlm.nih.gov/articles/PMC12155411
https://pmc.ncbi.nlm.nih.gov/articles/PMC12155411
http://www.mdpi.com/2076-3417/15/13/7254
http://www.mdpi.com/2411-5142/7/4/98
http://www.medilogic.ai/schoolhealth
http://www.mdpi.com/2075-4418/15/11/1340

ISSN-2278-5655

AR WI 5 Aarhat Multidisciplinary International Education
Research Journal

Volume-XIV, Special Issues- lI(b) Nov - Dec, 2025
https://pmc.ncbi.nlm.nih.gov/articles/PMC1221479 Conferences,

6/ https://www.itm-

12.14. Cascading Pose Features with CNN-LSTM for conferences.org/articles/itmconf/pdf/2022/04/itmcon
Multiview Human Action Recognition - MDPI, f_icacc2022_03043.pdf
https://www.mdpi.com/2624-6120/4/1/2 14.16. Al-Based Posture Correction Systems in

13.15. Body Posture Detection and Motion Tracking Fitness: A Literature Review - IRJET,
using Al for Medical Exercises and https://www.irjet.net/archives/V12/i11/IRJET-
Recommendation System - ITM Web of V1211176.pdf

e}
Cite This Article:
Dr. Thopate R.R. (2025). The Role of Artificial Intelligence in Posture Analysis for Physical Education and Sports:
Technical Architectures, Clinical Validation, and Ethical Imperatives. In Aarhat Multidisciplinary International
Education Research Journal: Vol. X1V (Number VI, pp. 142-149). Doi: https://doi.org/10.5281/zen0do.18172512

SJIF Impact Factor: 8.343 A Peer Reviewed Referred Journal 149


http://www.mdpi.com/2624-6120/4/1/2
http://www.itm-conferences.org/articles/itmconf/pdf/2022/04/itmconf_icacc2022_03043.pdf
http://www.itm-conferences.org/articles/itmconf/pdf/2022/04/itmconf_icacc2022_03043.pdf
http://www.itm-conferences.org/articles/itmconf/pdf/2022/04/itmconf_icacc2022_03043.pdf
http://www.irjet.net/archives/V12/i11/IRJET-V12I1176.pdf
http://www.irjet.net/archives/V12/i11/IRJET-V12I1176.pdf
https://doi.org/10.5281/zenodo.18172512

