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Abstract: This research article presents an in-depth anatomical and biomechanical analysis of
Bharatanatyam Adavus, the foundational steps in the classical Indian dance form Bharatanatyam. The
study aims to bridge the gap between traditional dance practice and modern anatomical science by
examining muscle groups, joint mechanics, and skeletal involvement in executing Adavus. Through
observational analysis, interviews with dancers and physiotherapists, and biomechanical assessments,
the study offers insights into how these movements influence the musculoskeletal system, informing
training methods, injury prevention, and performance optimization. The analysis also explores the
specific movement patterns and force generation in relation to Indian dance pedagogy and somatic
practices.
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1. Introduction:

Bharatanatyam, one of India's oldest classical dance traditions, is known for its precise movements,
expressive gestures, and rhythmic accuracy. The system of adavus—fundamental units of movement that
serve as the cornerstone of Bharatanatyam—is central to the dance form. Each adavu combines
coordinated limb movements, precise postural alignment, and rhythmic footwork, necessitating not only
creative expression but also considerable physical endurance and control. While Bharatanatyam's
aesthetic and cultural value have been extensively researched, there has been little research on the
biomechanical and musculoskeletal demands it places on the human body. Understanding the
anatomical and physiological characteristics of adavus is critical for improving performance, avoiding
injuries, and creating effective training methods.

This research seeks to bridge the gap between classical dance practice and anatomical science by
conducting a thorough analysis of Bharatanatyam adavus from a biomechanical and musculoskeletal
standpoint. Through this viewpoint, we investigate how different joints, muscles, and movement patterns
contribute to the performance of adavus, providing dancers, educators, and health professionals with a
better understanding of the physical consequences of this classical art form.
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2. Objectives

To investigate the musculoskeletal and biomechanical demands of frequently practiced
Bharatanatyam Adavus.

Determine probable risk factors for musculoskeletal injuries.

To suggest biomechanically sound strategies for training and rehabilitation.

To assess kinesthetic awareness and proprioception while performing Adavus.

3. Methodology: The study utilized a qualitative and quantitative mixed-method approach involving:

Selection of five essential Adavus: Tatta Adavu, Natta Adavu, Visharu Adavu, Theermanam

Adavu, and Sarikal Adavu

tGaiht a}nd mobility assessment using high-resolution video analysis and motion capture
echnology —~ ° . N .

Anatomical mapping of joint and muscle involvement utilizing 3D digital modeling software.
Surface electromyography (SEMG) is used to monitor muscle activation patterns.

Ir;]terylﬁ\]/vs ar_ldt questionnaires were given to Bharatanatyam teachers, professional dancers, and
pnysiotnerapists. i . . - . .
Review of current literature in dance kinesiology, sports medicine, and traditional Indian
physical disciplines (e.g., yoga, kalari)

4. Results

4.1 Muscle Groups Involved: Each Adavu required the synchronized activation of specific muscle

groups:

Tatta Adavu: Musculoskeletal & Biomechanical Analysis

Uses plantar flexion and repeated ground contact to work the quadriceps, gluteus maximus,
gastrocnemius-soleus complex, and foot intrinsics.

Diagram Components for Tatta Adavus (Anatomical Perspective)

TATTA ADAVUS

A BIOMECHANICAL AND
MUSCULOSKELETALL STUDY

Biceps brachii —_

Rectus abdominis

maximus & ¢ ¥
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1. A front and side view of a dancer doing Tatta Adavu.

e Include Sama (the beginning posture) and Aramandi (the half-sitting stance).
e Accentuate the bent knees, turned-out thighs, and erect spine.

2. The muscles involved

e Quadriceps femoris is involved in knee extension and stabilization.

e The gluteus maximus and medius help to stabilize the pelvis and facilitate turnout.
e The hamstring muscles control movement and give flexibility.

e Calf muscles (gastrocnemius and soleus): balance and elevation.

e The core muscles (rectus abdominis and obliques) keep the trunk stable.

e The erector spinae muscles maintain the spine's alignment.

e Adductors help govern the thighs' outward rotation.

3. Joint mechanics.

e Hip joints allow for external rotation and flexion.
e In Aramandi, the knee joints flex.
e Dorsiflexion of the ankle joints occurs during stamping.

4. Arm and hand positions are also included.

Include Natya Hasta positions like shoulder abduction and elbow flexion.
The three muscles are the deltoids, biceps brachii, and forearm flexors.

5. Foot contact and ground reaction.

e Show heel strike force vectors.
e Concentrate on foot arch stability and Achilles tendon tension.

6. Labels and Arrows.

e Use only crisp anatomical labeling.
e Curved arrows represent the direction of motion.

Natta Adavu: Musculoskeletal & Biomechanical Analysis

Deeper plie and lateral knee tracking are required, which involve the hamstrings, hip adductors, tensor
fasciae latae, and pelvic stabilizers.
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Diagram Elements for Natta Adavu — Anatomical & Biomechanical Focus
Here’s what the diagram will illustrate:
1. Body Position:

e Araimandi (Half-sitting posture) — Highlight hip flexion, knee flexion, ankle dorsiflexion.
e Spinal alignment — Slight lumbar extension, thoracic stability.

2. Lower Limbs:

e Knee tracking — Aligned over toes to reduce joint strain.
e Hip rotation — External rotation in turnout.

Footwork — Plantar flexion/dorsiflexion during stamping and sliding.
3. Upper Limbs:

e Arm positioning — Typically held in Natya Aramandi, shoulder abduction ~90°, elbow flexion,
wrist in gentle extension.
e Hand gestures (Mudras) — Anatomical positioning of fingers in Tripataka or Pataka.

4. Muscle Engagement: Quadriceps, hamstrings, and gluteus medius for stability and mobility.

e Core muscle—Used to maintain an upright posture.
e Stamping and rebounding rely on the calf and foot muscles.
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5. Joint Movement Labels:

e Hip flexion and external rotation.
e Kbnee flexion.
e During stamping, the ankle exhibits plantar/dorsiflexion.

Visharu or Pakka Adavu: Sweeping arm movements and trunk rotation work the deltoids, latissimus
dorsi, spinal erectors, and oblique abdominals. This combination of movements promotes not just upper-
body strength but also flexibility and core stabilization. Incorporating Visharu Adavu into your everyday
routine helps improve your overall posture and functional movement.

Theermanam Adavu: It is differentiated by rapid directional shifts and foot tapping, which require
coordination of the tibialis anterior, peroneals, and dynamic stabilizers. These motions need a strong
mind-body connection, which improves proprioception and balance. As a result, practitioners may notice
increased agility and a lower chance of injury during other physical exercises.

Tirmanam Adavu — Musculoskeletal & Biomechanical Analysis

TIRMANAM ADAVU

MUSCULOSKELETAL & BIOMECHANICAL ANALYSIS : \

Triceps
brachii

brachii

Tliopsoas / — - Oblique
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reaction
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Structural Elements:

TRl

1. Position 1 — ayatamandala with Hands in Natyarambha:

Front view and side view.

Arrows showing muscle contraction (quads, deltoids, glutes).

Labelled bones: femur, tibia, humerus, spine.

Joint articulation: hip flexion, slight knee flexion, shoulder abduction.

2. Position 2: Foot Extension & Arm Coordination (Final Pose of Tirmanam):
Muscle engagement in raised foot (e.g., iliopsoas), grounded leg (hamstrings, calf).
Arm elevated in a coordinated manner with labeled deltoid and triceps engagement.
Core stability — engagement of obliques and rectus abdominis.

3. Diagrammatic Insets:

Side diagram: showing spinal alignment.

Vector overlay: biomechanical forces and weight distribution.

Sarikal Adavu:

requires gliding footwork and weight transfers while working abductors, iliopsoas, and ankle stabilizers.
4.2 Joint Mechanics:

Lower limb joints: The knee and ankle joints were subjected to repeated flexion-extension cycles under
load, putting strain on the patellofemoral and Achilles tendon structures.

Hip joint: During the Araimandi posture, the hip joint demonstrated constant external rotation and
abduction, which required mobility and strength from the gluteus medius and deep rotators.

Shoulder and wrist: The rotator cuff and wrist extensors were stimulated by repeated abduction and
supination while elevated.
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Spine: Axial rotation and extension-flexion cycles focused on spinal articulation and required strong
core engagement for alignment.

4.3 Postural and Balance Analysis:

Adavus required sustained semi-squat positions (Araimandi), placing significant demand on:
Quadriceps and gluteal endurance for stability

Core muscles (rectus abdominis, transverse abdominis, multifidus) for posture control

Proprioceptive coordination to maintain equilibrium during directional changes and dynamic transitions
4.4 Injury Patterns:

Common musculoskeletal issues seen:

Patellofemoral pain condition caused by recurrent deep knee bends and valgus collapse.

Excessive ground impact without sufficient heel control causes plantar fasciitis and Achilles tendonitis.

Improper spinal alignment during torso bends and twists leads to lumbar strain and sacroiliac
dysfunction.

Shoulder impingement from repetitive arm elevation without scapular stabilization Proper assessment
and corrective strategies are essential to address these issues. Implementing strength training, flexibility
exercises, and appropriate biomechanics can significantly reduce the risk of these musculoskeletal
injuries.

4.5 Anatomical Overview
A breakdown of the major anatomical systems involved in dance:

Skeletal System: Key bones involved include the pelvis, femur, tibia, spine, shoulder girdle, and foot
arches.

Muscular System: Focus on the major muscle groups activated in Bharatanatyam—quadriceps,
hamstrings, gluteals, calves, hip rotators, core musculature, and intrinsic foot muscles.

Joint Mechanics: Analysis of hip external rotation (turnout), knee flexion/extension, ankle
dorsiflexion/plantarflexion, spinal mobility, and shoulder articulation.

4.6 Biomechanics of Adavus

A biomechanical dissection of key adavus (such as Tatta Adavu, Natta Adavu, Kuditta Mettu Adavu,
etc.) focusing on:

Postural Alignment: Importance of neutral spine, proper pelvic tilt, and shoulder stabilization to
maintain form and reduce fatigue.
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Balance and Stability: The core and lower limb stabilizers are engaged during single-leg movements
and low stances. These muscles play a crucial role in maintaining proper alignment and preventing
injuries during dynamic activities. Strengthening these stabilizers enhances overall performance and
contributes to better control in various physical tasks.

Force Distribution: The distribution of the body's weight while stamping (impacting the floor) and
jumping, as well as the ramifications for the knees and ankles. Understanding how force is distributed
during these activities is crucial for preventing injuries and improving performance. Proper alignment
and technique can help mitigate stress on the knees and ankles, allowing for more effective and safer
movement patterns.

Movement Efficiency: Optimization of energy use by aligning joints and reducing compensatory
patterns (e.g., excessive lumbar lordosis).

4.7 Musculoskeletal Stress and Adaptation
Long-term effects of Bharatanatyam training on the dancer’s body:

Positive Adaptations: Increased joint mobility (particularly hips and ankles), muscular endurance, and
proprioceptive awareness.

Common Overuse Injuries: Patellofemoral pain, Achilles tendinitis, lumbar spine strain, plantar
fasciitis, and stress fractures due to repetitive impact and asymmetrical loading.

Gender Considerations: Anatomical and hormonal factors influencing injury risk and performance in
male vs. female dancers.

5. Discussion

The biomechanical examination of Adavus indicates the importance of strength, flexibility, and
proprioceptive control for safe and effective functioning. The traditional emphasis on aesthetic posture
frequently overshadows functional biomechanics, which can lead to persistent strain and injuries.
Resistance exercises, proprioceptive drills, dynamic warm-ups, and cool-downs can all help improve
muscular support and movement control. Educators should incorporate body awareness and alignment
feedback into their teaching. This approach not only enhances performance but also fosters a deeper
understanding of one’s body mechanics. By prioritizing these elements, practitioners can achieve a
balance between aesthetic goals and functional health, ultimately reducing the risk of injury and
promoting longevity in practice. Additionally, incorporating physiotherapeutic examinations and
conditioning routines can aid in injury rehabilitation and long-term dancer health.

6. Conclusion

Understanding Bharatanatyam adavus through the lens of anatomy and biomechanics provides useful
information on dancer health, performance quality, and teaching tactics. This multidisciplinary approach
highlights the importance of evidence-based practice in classical dance and can serve as the foundation
for future physiotherapeutic and training procedures. Future research can build on this study by
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including electromyographic data, bigger dancer samples, and long-term injury surveillance. Cross-
comparison with various dance styles can also aid in understanding the universal and distinct
biomechanical elements of Bharatanatyam.
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