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ABSTRACT 

The growing popularity of yoga has raised concerns regarding 

the potential for injuries, especially as practitioners move 

towards advanced postures without sufficient biomechanical 

knowledge. This paper offers an in-depth biomechanical 

evaluation of commonly practiced yoga positions, focusing on 

joint loading patterns, muscle activation sequences, and 

alignment strategies crucial for safe practice. By integrating 

kinematic data, electromyographic research, and clinical 

observations, this review highlights significant risk factors and 

protective strategies in yoga postures. The analysis indicates 

that maintaining proper alignment can greatly decrease joint 

stress while maximizing therapeutic outcomes. Typical injury 

patterns include lumbar hyperextension, cervical compression, 

and shoulder impingement, frequently resulting from 

biomechanical compensations and lack of adequate preparation.  

Evidence-based alignment strategies arise from an examination of joint mechanics, such as 

maintaining a neutral spine, ensuring appropriate weight distribution, and following 

sequential muscle activation patterns. The study shows that modifications informed by 

biomechanics can help mitigate injury risk. 
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INTRODUCTION TO BIOMECHANICS 

Biomechanics is the scientific study of the structure, function, and movement of living 

systems using the principles of mechanics. It examines how internal forces generated by 

muscles and connective tissues, as well as external forces such as gravity and ground reaction 

forces, influence the human body. By applying mechanical principles to biological systems, 

biomechanics helps in understanding human movement, posture, balance, and physical 

performance.
[26]

 The major components involved in human biomechanics include bones, 

joints, muscles, ligaments, tendons, and the nervous system, all of which work together to 

produce coordinated movement. In the context of yoga, biomechanics focuses on analyzing 

the mechanical and physiological effects of various yogic postures (asanas) on the body.
[28] 

The application of biomechanical principles to understand alignment, stability, flexibility, 

muscle activation, and force distribution during yoga practice is known as the biomechanics 

of yoga, which provides a scientific basis for enhancing performance, preventing injuries and 

maximizing the therapeutic benefits of yoga.
[29] 

 

Importance of Biomechanics 

Biomechanics plays a crucial role in understanding the movement and function of the human 

body. It provides valuable insights into normal and pathological gait patterns, helping 

clinicians identify abnormalities in walking and movement associated with various 

musculoskeletal and neurological disorders. By analyzing the mechanics of neuromuscular 

control, biomechanics enhances our understanding of how muscles, nerves, and joints work 

together to produce coordinated movement.
[1]

 It also contributes to the study of human 

growth and form, explaining how mechanical forces influence the development, adaptation, 

and structural organization of the body throughout life.
[2] 

 

The applications of biomechanics are extensive in healthcare and human performance. In 

medical diagnostics and treatment, biomechanical assessments assist in the early detection of 

movement disorders and the development of effective therapeutic interventions.
[3]

 The 

principles of biomechanics are widely used in the design of implants, prostheses, and orthotic 

devices, ensuring improved functionality, comfort, and patient outcomes. Furthermore, 

biomechanics plays a significant role in rehabilitation by guiding exercise prescription, injury 

prevention, and recovery strategies.
[4]

 Beyond healthcare, biomechanical knowledge is 

applied to optimize workplace ergonomics and enhance athletic performance by improving 

movement efficiency, reducing injury risk, and maximizing physical capabilities. Thus, 



www.wjpr.net      │     Vol 15, Issue 13, 2026.      │     ISO 9001:   2015 Certified Journal     │ 

 

 

Swami et al.                                                                         World Journal of Pharmaceutical Research 

 

1940 

biomechanics serves as a vital bridge between biological sciences and mechanical principles, 

contributing significantly to health, rehabilitation, and performance enhancement.
[29] 

 

Yoga Biomechanics 

Yoga biomechanics is an emerging subfield of biomechanics that focuses on understanding 

the mechanical and physiological effects of yoga practices on the human body. It examines 

how various components of yoga influence the interaction of internal and external forces and 

their impact on body structure, function, and movement.
[13,14] 

Through the application of 

biomechanical principles, yoga has been shown to enhance quality of life by improving 

balance, stability, coordination, flexibility, range of motion, muscular strength, and 

endurance. The discipline explores how different yoga techniques optimize posture, 

movement efficiency, and neuromuscular control while reducing the risk of injury. Among 

the various limbs of yoga, Asana (physical postures), Pranayama (breathing techniques), and 

Pratyahara (withdrawal of the senses) serve as the foundational pillars of yoga 

biomechanics.
[30]

 Asanas promote proper alignment, joint mobility, and muscular 

engagement; Pranayama influences respiratory mechanics and postural stability; while 

Pratyahara enhances body awareness and neuromuscular coordination. Together, these 

practices contribute to the harmonious integration of physical, physiological, and 

psychological functions, making yoga biomechanics a valuable area of study for health 

promotion, rehabilitation, and human performance enhancement. 

 

Role of Muscles in Yoga Biomechanics 

The human body contains approximately 640 muscles, which are classified into three types: 

skeletal muscle, smooth muscle, and cardiac muscle. Among these, skeletal muscles are of 

primary importance in yoga biomechanics because they are attached to bones through 

tendons and are responsible for voluntary body movements. Joints do not move 

independently; rather, movement occurs when skeletal muscles contract and generate force, 

pulling on bones to produce motion at the joints.
[26]

 During the practice of yoga asanas, 

skeletal muscles work in a coordinated manner to create, maintain, and control various 

postures.
[27]

 They provide stability, balance, flexibility, and strength while supporting proper 

body alignment.
[21,22]

 Both concentric and eccentric muscle contractions are involved in 

entering, holding, and releasing yoga postures, helping to improve muscular endurance, joint 

mobility, and neuromuscular coordination. Therefore, skeletal muscles play a fundamental 
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role in the execution of asanas and are essential for achieving the physical benefits associated 

with yoga practice. 

 

Group Action of Muscles 

Movement of the human body is rarely produced by a single muscle acting alone; instead, it 

results from the coordinated action of groups of muscles working together. In any movement, 

muscles assume different functional roles such as agonists (prime movers), antagonists, 

synergists, and stabilizers. The agonist is the primary muscle responsible for generating the 

desired movement, while the antagonist opposes or controls the action to ensure smooth and 

coordinated motion. Synergist muscles assist the agonist by adding force or reducing 

unwanted movements, whereas stabilizer muscles maintain the position of joints and body 

segments, providing a stable base for movement. During the practice of yoga asanas, these 

muscle groups work in harmony to maintain balance, alignment, and postural stability.
[16]

 For 

example, while holding a standing posture, the lower limb and core muscles act as stabilizers, 

while other muscles generate and control movement.
[8]

 This coordinated muscular activity 

enhances efficiency of movement, prevents injury, improves neuromuscular control, and 

allows practitioners to perform yoga postures with greater precision and safety.
[23]

 Thus, the 

group action of muscles is a fundamental biomechanical principle underlying the successful 

execution of yoga asanas. 

 

Stretching Techniques in Yoga Biomechanics 

Stretching is an important component of yoga biomechanics that helps improve flexibility, 

joint range of motion (ROM), muscular performance, and overall movement efficiency
.[5]

 

Various stretching techniques are used to enhance the extensibility of muscles and connective 

tissues while reducing the risk of injury. 

 

Cyclic stretching involves the repeated application and release of a relatively short-duration 

stretching force. The stretch is gradually increased with each repetition, allowing tissues to 

adapt progressively and safely.
[6]

 Ballistic stretching consists of rapid, forceful, and 

intermittent stretching movements that apply high-speed and high-intensity forces to the 

muscles. Although it may increase flexibility, it carries a greater risk of injury if not 

performed properly. 

 

Mechanical stretching utilizes external devices or equipment to apply controlled stretching 

forces, thereby increasing joint range of motion and tissue extensibility.
[7]

 In contrast, 
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manual stretching is performed by a therapist or trained practitioner who applies an external 

force to move a body segment slightly beyond the point of tissue resistance and available 

range of motion. This technique is commonly used in rehabilitation and therapeutic 

settings.
[8] 

 

Another important category is neuromuscular inhibition techniques, which use reflex 

mechanisms to relax shortened or tight muscles before or during stretching. Methods such as 

proprioceptive neuromuscular facilitation (PNF) take advantage of the body's neuromuscular 

responses to achieve greater flexibility and improved muscle relaxation.
[15]

 These stretching 

approaches contribute significantly to the effectiveness of yoga practice by enhancing 

mobility, posture, and functional movement.
[30]

 

 

Postures 

 Posture is the attitude assumed by the body Postures may be either Active or Inactive 

There are basically three categories of postures in Yoga. 

 Cultural: for physical fitness, specially by stimulating and relaxing different groups of 

muscle. 

 Relaxing: for relaxation, specially, before and after cultural postures.  

 Meditative: for meditation (mental fitness), generally sitting and stable. 

 

Types of Asana according to biomechanics 

 Streching  

 Pivoting  

 Strengthening  

 Inverted  

 pressing  

 Equilibrium  

 

Muscle Spindle and Stretch Reflex in Yoga Biomechanics 

A muscle spindle is a stretch-sensitive encapsulated proprioceptor located within the belly of 

skeletal muscles. It functions as a sensory receptor that detects changes in muscle length and 

the rate at which the muscle is stretched.
[9]

 Muscle spindles play a vital role in maintaining 

muscle tone, posture, balance, and coordinated movement by continuously providing 

feedback to the central nervous system regarding the status of muscle stretch.
[10]
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The stretch reflex (myotatic reflex) is an automatic protective mechanism mediated by the 

muscle spindle. When a muscle undergoes a sudden stretch, the muscle spindle is activated 

and generates nerve impulses that travel to the spinal cord through Type Ia afferent fibers.
[26]

 

These sensory fibers form a direct excitatory synapse with the alpha motor neurons supplying 

the same muscle. As a result, the stretched muscle contracts immediately, resisting further 

elongation and helping to prevent overstretching or injury.
[27]

 In yoga practice, the muscle 

spindle plays an important role during stretching postures. Slow, controlled stretching 

minimizes excessive activation of the stretch reflex, allowing muscles to lengthen safely and 

effectively, whereas sudden or forceful stretching may trigger reflex muscle contraction and 

limit flexibility gains. Thus, understanding muscle spindle function is essential for applying 

biomechanical principles safely during yoga asanas.
[31] 

 

Golgi Tendon Organ (GTO) and Autogenic Inhibition in Yoga Biomechanics 

The Golgi Tendon Organ (GTO) is an encapsulated proprioceptive mechanoreceptor located 

at the musculotendinous junction, where muscle fibers merge with tendons. Its primary 

function is to detect changes in muscle tension and monitor the force generated during muscle 

contraction or stretching. The GTO serves as a protective mechanism that helps prevent 

excessive muscular force and potential injury to muscles and tendons.
[13,14] 

 

The autogenic inhibition reflex is mediated by the Golgi Tendon Organ. When a muscle 

experiences a sustained stretch or a strong contraction, tension within the tendon increases, 

stimulating the GTO. The sensory impulses generated by the GTO travel to the spinal cord 

through Type Ib afferent fibers. These fibers activate inhibitory interneurons, which in turn 

suppress the activity of alpha motor neurons supplying the same muscle. As a result, the 

muscle relaxes, reducing tension and protecting the musculotendinous unit from excessive 

stress or damage. This protective response is known as the autogenic inhibition reflex.
[11,12] 

 

In yoga practice, the Golgi Tendon Organ plays an important role during prolonged stretching 

and static asanas. Holding a stretch for an adequate duration gradually activates the GTO, 

leading to reflex relaxation of the stretched muscle. This allows greater muscle elongation, 

improved flexibility, increased range of motion, and reduced risk of injury. Therefore, the 

biomechanical effects of many yoga stretching techniques are partly attributed to the 

activation of the Golgi Tendon Organ and the resulting autogenic inhibition 

mechanism.
[26,27,29] 
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Neural Adaptation in Yoga Biomechanics 

Neural adaptation refers to the improvement in muscle strength, coordination, flexibility, and 

movement efficiency that occurs as a result of changes within the nervous system rather than 

an increase in muscle size (hypertrophy). During the initial stages of physical training and 

yoga practice, significant improvements in performance are largely attributed to neural 

adaptations. These adaptations enhance the communication between the brain, spinal cord, 

and muscles, enabling movements to become more precise, coordinated, and efficient.
[17] 

 

Several mechanisms contribute to neural adaptation. There is an increase in motor unit 

recruitment, allowing a greater number of muscle fibers to be activated during movement. 

Motor unit synchronization also improves, resulting in better coordination and more effective 

force production. Additionally, regular stretching and exercise can reduce inhibitory 

influences from protective reflexes, particularly those mediated by the Golgi Tendon Organ 

(GTO), permitting greater muscle activation and flexibility. Another important adaptation is 

the enhancement of agonist-antagonist coordination, where muscles responsible for 

producing movement and those opposing it work together more efficiently. In yoga, these 

neural adaptations contribute to improved balance, posture, flexibility, stability, and body 

awareness, enabling practitioners to perform asanas with greater control and reduced energy 

expenditure.
[16,27,30] 

 

Pivoting Asanas 

Definition:- Pivoting Asanas are yoga postures in which the body rotates around a fixed joint 

or axis (pivot point), usually involving axial rotation of the spine or limb. 

 

Example:- Ardha Matsyendrasana Vakrasana virbhadrasana trikonasana  

 

Strengthening Āsanas 

Definition:- Strengthening asanas are yoga postures that increase muscle strength, endurance, 

and stability by requiring sustained muscle contraction against body weight or gravity. 

Example :-Virbhadrasana ,Chaturangasana, Navasana, Bhujangasana. 

 

Inverted Āsanas 

Definition:-Inverted asanas are postures in which the head is positioned below the heart, 

reversing the normal effect of gravity on blood circulation. 

e.g:- Sarvangasana, Sirsasana, Halasan, uttanapadasan. 
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Pressing asanas  

Definition:-Pressing asanas are yoga postures in which the body pushes against the ground 

using hands, forearms, or feet, producing compressive forces through the joints and activating 

stabilizing muscles. 

Example:- Bhujangasana 

 

DISCUSSION 

Biomechanics provides a scientific framework for understanding the physiological and 

mechanical principles underlying yoga practice. The application of biomechanical concepts 

to yoga helps explain how various asanas, stretching techniques, and breathing practices 

influence the musculoskeletal and neuromuscular systems. Through the coordinated action of 

bones, joints, muscles, ligaments, and neural structures, yoga promotes efficient movement 

patterns, postural stability, flexibility, and functional fitness.
[26,29,30] 

 

A key biomechanical aspect of yoga is the role of skeletal muscles in generating and 

controlling movement. Yoga postures require the coordinated activity of agonists, 

antagonists, synergists, and stabilizing muscles to maintain balance and alignment. Regular 

practice enhances muscular strength, endurance, and neuromuscular coordination through 

neural adaptations such as improved motor unit recruitment and synchronization. These 

adaptations contribute to improved movement efficiency without necessarily increasing 

muscle mass. 

 

Stretching forms an integral component of yoga practice. The physiological mechanisms 

underlying flexibility improvements involve the interaction of muscle spindles and Golgi 

tendon organs (GTOs). Muscle spindles respond to rapid stretching by activating the stretch 

reflex, which protects muscles from excessive elongation. In contrast, sustained stretching 

activates GTO-mediated autogenic inhibition, promoting muscle relaxation and allowing 

greater range of motion. These neurophysiological responses explain why slow, controlled 

yoga stretches are effective in improving flexibility while minimizing injury risk.
[18,24,25] 

 

Different categories of yoga postures impose distinct biomechanical demands on the body. 

Standing postures enhance balance, proprioception, and lower-limb strength, whereas seated 

and meditative postures promote spinal alignment and postural control.
[19]

 Forward bends, 

backbends, twists, inversions, and balancing postures challenge different muscle groups and 

movement planes, contributing to comprehensive physical conditioning.
[20]

 Studies have 
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demonstrated that yoga can improve flexibility, balance, joint mobility, muscular endurance, 

and functional performance across various populations, including athletes, older adults, and 

individuals with musculoskeletal disorders.
[21,22,23] 

 

CONCLUSION 

Yoga biomechanics represents an emerging field that bridges traditional yogic practices with 

modern scientific principles. By applying biomechanical concepts, it becomes possible to 

understand how yoga influences posture, movement, flexibility, balance, muscular strength, 

neuromuscular control, and overall physical function.
[26] 

The coordinated interaction of 

muscles, joints, connective tissues, and neural mechanisms enables practitioners to achieve 

improved movement efficiency and functional performance. 

 

The biomechanical basis of yoga stretching involves the regulation of muscle spindle and 

Golgi tendon organ activity, which contributes to enhanced flexibility and injury 

prevention.
[27]

 Furthermore, neural adaptations resulting from regular yoga practice improve 

motor control, coordination, and postural stability.
[16,30]

 Different categories of asanas provide 

unique mechanical stimuli that promote comprehensive musculoskeletal conditioning and 

support physical and mental well-being. 

 

Current scientific evidence supports the role of yoga as an effective tool for health promotion, 

rehabilitation, athletic conditioning, and healthy aging. As biomechanical research continues 

to advance, a deeper understanding of yoga's mechanisms will further strengthen its 

application in clinical practice, sports science, and preventive healthcare.
[19]

 Therefore, 

integrating biomechanical principles into yoga practice can enhance both safety and 

effectiveness while providing a strong scientific foundation for this ancient discipline.
[20]
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