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Abstract—Biophysics plays an increasingly important
role in modern sports engineering by providing scientific
explanations of human movement, muscular activity,
energy transfer, mechanical forces, physiological
responses, and interactions between athletes and
sporting equipment. Although considerable research has
been conducted on international sports, the application
of biophysical principles to indigenous and traditional
sports of India remains comparatively underexplored.
Traditional Indian sports such as Mallakhamb, Kabaddi,
Kho-Kho, Kalaripayattu, Silambam, Gatka, and Thang-
Ta involve complex combinations of strength, flexibility,
agility, balance, coordination, speed, and dynamic body
control.

These activities provide valuable opportunities for
interdisciplinary research integrating biophysics,
biomechanics, materials science, sports technology, and
engineering. This paper examines the role of biophysics
in understanding and improving the performance, safety,
and technological development of indigenous Indian
sports. It discusses the application of kinematics,
kinetics, muscle biomechanics, energy metabolism,
impact mechanics, and human-equipment interaction.
Potential applications of wearable sensors, motion
capture systems, electromyography, force platforms,
artificial intelligence, and computational modelling are
also explored.

Particular attention is given to the development of
affordable and culturally appropriate sports engineering
solutions that preserve the traditional characteristics of
indigenous games while supporting scientific training
and injury prevention.

The paper proposes an interdisciplinary framework for
integrating biophysical measurements with sports
engineering and traditional sporting knowledge. It
identifies research gaps and recommends future
investigations to establish scientific performance
standards for indigenous Indian sports.

Index Terms—Biophysics, sports engineering,
biomechanics, indigenous sports, traditional Indian
games, Mallakhamb, Kabaddi, Kho-Kho, wearable
sensors, motion analysis, injury prevention.
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I. INTRODUCTION

Sports are complex biological and mechanical
activities involving interactions between the human
body, external forces, environmental conditions, and
sporting equipment. The scientific understanding of
these interactions has become an important aspect of
modern sports engineering. Biophysics provides a
fundamental framework for studying the physical
principles underlying biological movement and
physiological functions.

In sports, biophysics investigates the relationship
between muscular force, skeletal movement,
mechanical energy, balance, acceleration, momentum,
friction, and physiological responses. These principles
help researchers understand how athletes generate
movement, maintain stability, absorb impacts, and
achieve optimal performance.

Sports engineering applies engineering principles to
the design, evaluation, and improvement of sporting
equipment, playing surfaces, protective devices,
monitoring systems, and training environments. The
integration of biophysics and sports engineering
therefore provides opportunities to improve athletic
performance while reducing the risk of injury.

India possesses a rich heritage of indigenous sporting
activities developed through regional cultures, martial
traditions, physical education systems, and
community practices. These include Mallakhamb,
Kabaddi, Kho-Kho, Kalaripayattu, Silambam, Gatka,
and Thang-Ta. These sports involve sophisticated
physical movements that can be investigated using
modern scientific techniques.

The Government of India has recognized several
indigenous and tribal games under the Khelo India
programme, including Mallakhamb, Kalaripayattu,
Gatka, Thang-Ta, Yogasana, and Silambam [1].
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Despite their physical and cultural significance, many
indigenous sports have received limited attention from
advanced sports engineering research. There is
considerable potential to investigate their movement
patterns, mechanical loading, muscular activation,
energy requirements, equipment properties, and injury
mechanisms. This paper explores how biophysical
principles can contribute to the scientific development
of indigenous Indian sports without compromising
their traditional identity.

A. Research Objectives

The main objectives of this paper are:

1. To examine the fundamental role of biophysics in
sports engineering.

2.To identify the biomechanical and physiological
characteristics of selected indigenous Indian sports.

3.To investigate the potential application of modern
sensing and measurement technologies.

4.To explore engineering approaches for improving
performance and preventing sports injuries.

5. To propose an interdisciplinary research framework
for indigenous sports development in India.

B. Research Questions

The study addresses the following research questions:

e How can biophysical principles explain the
movement patterns of indigenous Indian sports?

e How can engineering technologies improve the
measurement of athletic performance?

e What are the potential applications of biophysics in
injury prevention?

e How can traditional sports equipment and playing
environments be scientifically evaluated?

e What research opportunities exist for developing
indigenous sports engineering in India?

II. THEORETICAL FOUNDATION OF
BIOPHYSICS IN SPORTS ENGINEERING

Biophysics applies the laws and principles of physics
to biological systems.In sports engineering, it helps
explain the mechanical and physiological processes
responsible for athletic movement.

A. Kinematics of Human Movement

Kinematics describes the motion of the human body
without considering the forces responsible for that
motion.
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Important kinematic parameters include:
e Displacement

Velocity
Acceleration

Angular velocity

Joint angles

Range of motion
e Movement trajectory

These parameters are particularly relevant to Kabaddi
raiding, Kho-Kho chasing, Mallakhamb movements,
and martial arts techniques.

For example, motion analysis of a Kho-Kho player can
identify acceleration during sprinting, changes in
direction, and the relationship between body posture
and movement efficiency.

B. Kinetics and Force Analysis

Kinetics studies the forces responsible for movement.
Newton's second law is expressed as:

F=ma

where:

e F =applied force,

e m= body mass,

e a =acceleration.

In indigenous sports, athletes frequently experience
muscular forces, ground reaction forces, frictional
forces, and impact forces.

C. Work, Energy, and Power

Mechanical work occurs when a force produces
displacement.

W=F-d

Mechanical power is the rate of performing work:
P=Wt

Power generation is particularly important in
explosive movements such as jumping, sprinting,
rapid tackling, and striking.

The conversion of chemical energy into mechanical
work occurs through muscular contraction and
metabolic processes.

D. Centre of Mass and Balance

The centre of mass (CoM) represents the average
location of the body's mass distribution.

Maintaining balance requires controlling the position
and movement of the centre of mass relative to the
base of support.
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This is particularly important in:

Mallakhamb balancing postures.

Kalaripayattu martial movements.

Thang-Ta weapon-based movement patterns.

Kabaddi defensive positions.

e Kho-Kho turning and dodging movements.
Scientific measurement of  centre-of-mass
displacement can help identify movement stability and
postural control.

E. Muscle Biophysics

Muscle contraction involves biochemical energy
conversion and mechanical force generation.

The sliding filament mechanism explains the
interaction between actin and myosin filaments during
muscular contraction.

Muscular performance depends on several factors,
including:
Muscle fibre recruitment.

Contraction velocity.
Muscle architecture.

Tendon elasticity.

e Neuromuscular coordination.

e Fatigue and recovery.

Electromyography (EMG) can be used to measure
electrical activity associated with muscle activation.
This information is valuable for evaluating the
muscular demands of traditional sporting techniques.

II1. BIOPHYSICAL ANALYSIS OF INDIGENOUS
INDIAN SPORTS

A. Mallakhamb

Mallakhamb is a traditional Indian physical activity
involving gymnastics, yoga, strength, flexibility, and
balancing movements performed using a wooden pole,
rope, or other apparatus.

Biophysical characteristics:

1.High muscular activation in the upper and lower
limbs.

2. Dynamic control of body rotation.

3. Grip force and frictional interaction.

4.Isometric and dynamic muscle contractions.

5. Complex centre-of-mass control.

6.Rotational ~ momentum  during
movements.

suspended
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Sports engineering applications:

e Development of scientifically evaluated wooden
poles.

e Measurement of grip force and surface friction.

Analysis of pole deflection and structural stability.

Development of protective flooring.

Wearable sensors for posture and angular motion.

e Biomechanical analysis of suspended positions.

A study of Mallakhamb practitioners' foot structure
and function has also indicated the potential value of
investigating long-term training-related adaptations

[2].

B. Kabaddi

Kabaddi is a contact-based indigenous Indian sport
requiring speed, strength, agility, breath control, and
rapid decision-making.

The raider performs rapid movements while defenders
attempt to restrict movement through coordinated
physical actions.

Biophysical characteristics:
e Explosive muscular power.

Rapid acceleration and deceleration.

Joint loading during tackles.

Grip and pulling forces.
e Dynamic balance.

Intermittent high-intensity energy expenditure.

The mechanical power generated during movement
can be expressed as:

P=Fv

where F represents force and vrepresents velocity.

A study by Khanna et al. investigated the physiological
responses of Indian national Kabaddi players during
match play, demonstrating the importance of aerobic
and anaerobic physiological characteristics in this
sport [3].

Aggarwala et al. further investigated the physical and
physiological requirements of junior Indian Kabaddi
players according to their playing positions [4].

Sports engineering applications:

o Instrumented pressure sensors for studying tackling
forces.

® Motion tracking for analysing raiding techniques.

e Wearable heart-rate monitoring.

o EMG-based muscle activation studies.
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o Injury-risk assessment through movement analysis.
¢ Development of appropriate protective equipment.

C. Kho-Kho

Kho-Kho is a traditional Indian team sport involving
rapid chasing, dodging, acceleration, turning, and
coordinated movement.

Its movement characteristics provide opportunities to
investigate human locomotion and mechanical
efficiency.

Biophysical characteristics:

High-speed acceleration.

Rapid changes in direction.
e Dynamic balance.
Ground reaction forces.

Lower-limb muscular coordination.

o Neuromuscular response and reaction time.

The relationship between force and acceleration is
especially relevant during sprinting and direction
changes.

A motion-analysis system can measure:
o Stride length.
Stride frequency.

Knee and hip joint angles.
Ground contact time.

Acceleration.

Deceleration.

Turning efficiency.

Sports engineering applications:
¢ Instrumented playing surfaces.
Wearable inertial measurement units.

High-speed video analysis.

Pressure-sensing footwear.

Reaction-time monitoring systems.

Biomechanical assessment of dodging and turning
techniques.

D. Kalaripayattu

Kalaripayattu is a traditional martial art originating in
Kerala and involving coordinated body movements,
flexibility, strength, balance, and weapon-based
techniques.

Its movements involve complex interactions between
the muscular, skeletal, and nervous systems.
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Biophysical characteristics:
o Joint mobility.

Rotational movement.

Dynamic flexibility.
Muscle coordination.

Balance and postural control.

e Mechanical energy transfer during striking.

Sports engineering applications include motion
capture, analysis of joint loading, wearable movement
sensors, and the evaluation of training surfaces.

E. Silambam

Silambam is a traditional Tamil martial art involving
the coordinated use of a long staff.

The distribution of mass along the staff influences
rotational inertia and handling characteristics.

Potential engineering research includes:
o Staff material characterization.

e Bending stiffness analysis.

e Mass distribution evaluation.

e Grip ergonomics.

e Movement tracking.

Athlete-equipment interaction.

F. Gatka and Thang-Ta

Gatka, associated with Sikh martial traditions, and
Thang-Ta, associated with the martial traditions of
Manipur, involve coordinated movements, agility,
balance, and the use of traditional training equipment.
Thang-Ta is especially significant in the context of
indigenous sports research in Northeast India.

From a biophysical perspective, these activities offer
opportunities to investigate:

e Whole-body movement coordination.

e Rotational kinematics.

e Reaction time.

e Dynamic balance.

Upper-limb muscular activation.

Equipment dynamics.

Athlete movement under changing spatial
conditions.

Sports engineering can support the scientific
evaluation of traditional equipment, protective gear,
and training environments while respecting the
cultural and technical traditions of these practices.
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IV. APPLICATION OF BIOPHYSICAL
TECHNOLOGIES IN SPORTS ENGINEERING

Modern engineering technologies provide
opportunities to quantify athletic performance and
understand complex movement patterns.

A. Motion Capture Technology

Motion capture systems record the movement of body
segments using cameras, reflective markers, or
markerless computer vision.

Applications include:

¢ Joint-angle measurement.

e Movement trajectory analysis.
e Postural assessment.

Rotational movement analysis.

e Technique evaluation.

For indigenous sports, motion capture can be used to
analyse Mallakhamb rotations, Kabaddi raiding
techniques, Kho-Kho turning movements, and Thang-
Ta movement coordination.

B. Inertial Measurement Units

An Inertial Measurement Unit (IMU) generally
contains accelerometers and gyroscopes and may also
incorporate magnetometers.

These sensors measure acceleration and angular
velocity.

IMU-based systems can be attached to different body
segments to estimate:

e Body orientation.

e Angular movement.

Acceleration.

e Movement intensity.
e Repetition counts.

Training load indicators.

Wearable sensors have been widely investigated for
sports  biomechanics, including performance
evaluation and injury prevention [5].

C. Electromyography

Electromyography measures the electrical activity
associated with muscle activation.

Surface EMG can help identify the activation patterns
of major muscle groups during sporting movements.
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For example, EMG analysis may be applied to:

e Forearm muscles during Mallakhamb gripping.

e Quadriceps and hamstrings during Kho-Kho
sprinting.

Shoulder and trunk muscles during Kabaddi
tackling.

Upper-limb muscles during Silambam practice.

D. Force Platforms and Pressure Sensors

Force platforms measure ground reaction forces
generated during contact between the athlete and the
ground.

They can be used to investigate:

e Jumping and landing mechanics.

e Balance.

e Force production.

Weight distribution.

e Movement symmetry.

Pressure sensors can also be incorporated into

footwear, training surfaces, or selected equipment to
investigate force distribution.

E. Artificial Intelligence and Machine Learning
Artificial intelligence can be used to analyse complex
sports movement data.

Machine-learning algorithms can potentially classify
movement patterns and identify changes in technique.

Possible applications include:

1. Automatic recognition of sporting techniques.

2. Classification of movement patterns.

3. Estimation of fatigue-related changes.

4. Performance comparison.

5. Injury-risk factor identification.

6. Athlete-specific training recommendations.
However, reliable implementation requires sport-
specific datasets and independent validation.

V. INTEGRATION OF BIOPHYSICS AND SPORTS
ENGINEERING

The integration of biophysics and engineering can be

represented through five interconnected components.

1.Biological system: The athlete's muscles, bones,
joints, nervous system, and cardiovascular system.

2.Physical parameters: Force, acceleration, velocity,
momentum, energy, torque, and friction.

3. Measurement technology: Motion capture, EMG,
IMUs, force plates, and physiological sensors.
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4.Engineering analysis: Computational modelling,
signal processing, data analysis, and equipment
evaluation.

5.Performance outcomes: Improved movement
efficiency, athlete safety, performance monitoring,
and injury prevention.

This interdisciplinary framework can support the

scientific development of indigenous sporting

activities.

A. Human-Equipment Interaction

Traditional sports equipment should be investigated as
a mechanical system interacting with the human body.
For example, Mallakhamb poles require evaluation of
structural stability, surface friction, dimensions, and
material characteristics.

Similarly, Silambam staffs and Thang-Ta training
equipment can be investigated in terms of mass
distribution, bending stiffness, surface properties, and
ergonomic characteristics.

B. Sports Surface Engineering

The playing surface has a direct influence on friction,
impact absorption, traction, and stability.
Different  sports  require  different
characteristics.

surface

Scientific surface evaluation may include:
o Coefficient of friction.

o Surface hardness.

e Impact absorption.

Elastic response.

e Moisture resistance.

¢ Surface deformation.

These parameters can contribute to safer training
environments  without unnecessarily changing
traditional sporting conditions.

VI. PROPOSED RESEARCH METHODOLOGY

This paper is a conceptual and literature-based review.
The following methodology is proposed for future
experimental validation of the framework.

A. Research Design

A multidisciplinary experimental approach can be
developed by selecting athletes from different
indigenous sports.
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The study may include:

e Mallakhamb practitioners.

Kabaddi players.

Kho-Kho players.
Kalaripayattu practitioners.
Silambam practitioners.

Gatka and Thang-Ta practitioners.

Participants should be categorized according to age,
sex, competitive level, training experience, and
sporting discipline.

B. Data Collection

The following measurement

instruments  are

recommended:
Measurement | Instrument Research purpose
Bod Motion . . .
Y . Kinematic analysis
movement capture/video
Acceleration | IMU sensor Movement intensity
Muscle Neuromuscular
. Surface EMG .
activation analysis
Ground

Force platform | Kinetic analysis

reaction force

Heart-rate

Heart rate .
monitor

Physiological response

Grip strength | Dynamometer Muscular strength

Surface . Equipment and surface
. Tribometer .

friction evaluation

Material Universal testing| Equipment

properties machine characterization

C. Data Processing

Collected data can be processed using MATLAB,
Python, Kinovea, OpenSim, or other validated
biomechanical analysis platforms.

D. Statistical Analysis

The following statistical techniques may be employed:
e Descriptive statistics.

e Pearson correlation.

o Analysis of variance (ANOVA).

e Regression analysis.

e Repeated-measures analysis.

o Reliability and validity assessment.

The statistical method should be selected according to
the research question, sample size, distribution of the
data, and experimental design.
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E. Ethical Considerations

All experimental studies involving human participants
should obtain institutional ethics approval and
informed consent.

Special attention should be given to:
e Participant privacy.

o Data security.

o Injury prevention during testing.

e Age-appropriate research protocols.

Cultural sensitivity.

Respect for traditional sporting knowledge.
VII. RESEARCH GAPS AND CHALLENGES

Although sports biomechanics and wearable
technologies have developed significantly, several
research challenges remain in indigenous Indian
sports.

A. Limited Sport-Specific Biomechanical Databases
There is a need to develop comprehensive
biomechanical databases for indigenous sporting
movements.

Existing research is more developed in some areas,
such as Kabaddi physiology, than in detailed
movement and equipment analysis across all
traditional disciplines.

B. Lack of Standardized Measurement Protocols
Different research groups may use different testing
procedures, equipment, and performance indicators.
Sport-specific standardized measurement protocols
are necessary for meaningful comparisons.

C. Limited Access to Advanced Equipment

High-cost motion capture systems, force platforms,
and laboratory facilities may not be available in rural
training centres.

Affordable wearable sensors and smartphone-based
motion analysis can provide practical alternatives,
subject to validation.

D. Injury Prevention

Scientific research is needed to understand the
mechanical loading experienced by athletes during
repetitive training, high-impact movements, gripping,
jumping, and contact activities.
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E. Preservation of Traditional Knowledge

Modern engineering should support rather than
replace traditional sporting techniques.

The knowledge of coaches, practitioners, local
communities, and traditional equipment makers
should be integrated into research and development.

F. Regional Research Opportunities
Northeast India offers valuable opportunities for
interdisciplinary research involving Thang-Ta and
other indigenous physical traditions.

Collaboration among universities, sports science
departments, engineering institutions, and traditional
sporting organizations could help establish region-
specific research facilities.

VIII. FUTURE SCOPE

The integration of biophysics and sports engineering
can create new opportunities for indigenous sports
development in India.

Potential future research directions include:

1. Development of low-cost wearable biomechanical
monitoring systems.

2. Creation of digital biomechanical databases for
indigenous sports.

3. Computational modelling of traditional sporting
movements.

4. Development of smart training equipment.

5. Evaluation of material properties of traditional
sporting apparatus.

6. Investigation of muscle fatigue and recovery.

7. Development of sport-specific injury-prevention
programmes.

8. Application of artificial intelligence for movement
classification.

9. Establishment of indigenous sports biomechanics
laboratories.

10. Development of  collaborative research
programmes involving traditional practitioners and
engineering institutions.

A particularly promising direction is the development
of a digital biomechanics’ framework for Thang-Ta,
Mallakhamb, and Silambam, where movement
analysis and traditional equipment characterization
can be integrated into a single research platform.
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IX. DISCUSSION

The reviewed literature and proposed framework
indicate that biophysics has considerable potential to
contribute to the development of indigenous sports
engineering in India.

Research on Kabaddi has already demonstrated the
relevance of physiological and physical performance
assessment [3], [4]. Research on sports sensors also
indicates the usefulness of inertial, force, and EMG-
based technologies for evaluating movement and
muscular activity [5].

However, the application of these methods to
indigenous sports should not simply replicate
measurement systems developed for mainstream
international sports.

Each traditional sport has distinctive movement
patterns, equipment characteristics, cultural contexts,
and performance requirements.

For example, Mallakhamb requires detailed
consideration of grip friction, body rotation, and
suspended balance. Kho-Kho requires analysis of
acceleration, rapid direction changes, and ground
contact. Kabaddi involves contact mechanics and
intermittent high-intensity physiological demands.
Thang-Ta requires investigation of coordinated
movement and athlete-equipment interaction.
Consequently, sport-specific research protocols are
necessary.

An important objective should be to develop
affordable and accessible sports engineering
technologies that can be used by educational
institutions, traditional sporting academies, and
regional training centres.

This approach can improve scientific understanding
while supporting the preservation and promotion of
India's indigenous sporting heritage.

X. CONCLUSION

Biophysics provides an important scientific
foundation for the advancement of sports engineering,
particularly in understanding the relationship between
human movement, mechanical forces, muscular
activity, energy conversion, and physiological
performance.

Indigenous Indian sports such as Mallakhamb,
Kabaddi, Kho-Kho, Kalaripayattu, Silambam, Gatka,
and Thang-Ta contain complex biomechanical
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characteristics that offer significant opportunities for
interdisciplinary research.

The application of motion capture, wearable sensors,
electromyography, force platforms, computational
modelling, and artificial intelligence can contribute to
the objective evaluation of sporting techniques,
performance optimization, equipment development,
and injury prevention.

However, the scientific development of indigenous
sports requires more than the introduction of advanced
technology. It requires collaboration between
engineers, biophysicists, sports scientists, athletes,
coaches, and traditional practitioners.

The proposed integration of biophysics and sports
engineering can establish a foundation for developing
indigenous sports research in India. It can also
contribute to affordable sports technologies, regional
research infrastructure, athlete development, and the
preservation of traditional sporting knowledge.
Ultimately, the scientific study of indigenous Indian
sports can create a meaningful connection between
traditional physical culture and modern engineering
innovation.
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