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Introduction
Muscles are essential components of the human body, facilitating 
movement, maintaining posture, and contributing to overall 
metabolic health. Understanding the intricacies of muscle 
physiology is pivotal for advancing physical therapy interventions 
aimed at treating muscle atrophy and injury. Muscle atrophy—the 
loss of muscle mass and strength—can result from prolonged 
immobility, aging, neurological conditions, or systemic diseases. 
Similarly, muscle injuries, whether caused by acute trauma 
or chronic overuse, can impair function and quality of life, 
necessitating comprehensive rehabilitation strategies.

In recent years, advancements in exercise science, biomechanics, 
and rehabilitation technology have revolutionized the way physical 
therapists address these muscle-related conditions. Modern 
interventions now integrate a deeper understanding of muscle 
fiber types, the mechanisms of hypertrophy and atrophy, and 
the processes involved in muscle repair and regeneration. These 
scientific insights allow for more personalized, effective treatments 
that go beyond conventional strength training to include techniques 
like neuromuscular re-education, progressive resistance exercises, 
electrical stimulation, and innovative modalities such as blood 
flow restriction (BFR) therapy.

The significance of muscle physiology extends to various patient 
populations, including athletes recovering from sports injuries, 
older adults combating sarcopenia (age-related muscle loss), 
and individuals rehabilitating from surgeries or neurological 
conditions like stroke and Guillain-Barré syndrome. In these 
contexts, physical therapists play a critical role in developing 

evidence-based programs that promote muscle recovery, prevent 
atrophy, and optimize functional outcomes.

Advances in technology, such as wearable sensors, motion analysis 
systems, and remote therapeutic monitoring (RTM), are providing 
real-time data to track muscle performance and guide rehabilitation. 
These innovations allow for more precise assessments, immediate 
feedback, and tailored exercise prescriptions that can accelerate 
recovery and improve long-term results. Additionally, research 
into molecular and cellular pathways involved in muscle repair 
is paving the way for novel therapies that may enhance or 
complement traditional physical therapy techniques.

This article explores the latest advancements in the understanding 
of muscle physiology and their applications in physical therapy. By 
examining cutting-edge approaches to treating muscle atrophy and 
injury, we aim to highlight how scientific progress is transforming 
rehabilitation practices and improving patient outcomes. From the 
role of strength training protocols to the integration of technology 
and innovative therapies, these developments are empowering 
physical therapists to deliver more effective, individualized care.

Muscle physiology is the study of how muscles function, grow, 
repair, and respond to various stimuli. It forms the foundation for 
understanding movement, strength, endurance, and recovery, all 
of which are crucial in physical therapy and rehabilitation. There 
are three main types of muscles in the human body: skeletal, 
cardiac, and smooth muscles. This discussion will primarily focus 
on skeletal muscles since they are directly involved in voluntary 
movement and are the primary focus of physical therapy.

Muscle Physiology
Types of Muscle Fibers
Skeletal muscle is one of the most dynamic and plastic tissues of the 
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human body. In humans, skeletal muscle comprises approximately 40 
% of total body weight and contains 50–75 % of all body proteins [1]. 
Skeletal muscle can also generate heat, important for thermoregulation in 
cold temperatures [2]. Skeletal muscle is a structurally and functionally 
remarkable tissue composed of multinucleated post-mitotic muscle 
fibers. These fibers are filled with an exquisite, near crystalline array 
of assembled contractile proteins, capable of coupling ATP utilization 
to mechanical muscle contraction [3]. Skeletal muscles are made up 
of different types of fibers, each suited to specific types of activity:

Type I (Slow-Twitch) Fibers
• These fibers are highly resistant to fatigue and are designed for 

endurance activities (e.g., long-distance running, maintaining 
posture).

• They rely on aerobic metabolism (using oxygen) and have a high 
density of mitochondria and capillaries.

• Smaller in diameter, they contract more slowly and produce less 
force.

Type II (Fast-Twitch) Fibers:
Subtypes
•	 Type IIa (Fast Oxidative-Glycolytic Fibers): These fibers are 

versatile, capable of both aerobic and anaerobic metabolism. They 
are used for activities that require both strength and endurance 
(e.g., middle-distance running).

•	 Type IIx (Fast Glycolytic Fibers): These fibers rely primarily 
on anaerobic metabolism and are designed for short bursts of 
explosive power (e.g., sprinting, weightlifting).

• Larger in diameter, they contract rapidly and generate more force 
but fatigue more quickly.

The proportion of fiber types in a muscle varies based on genetics 
and can adapt to specific training regimens through muscle plasticity.
Skeletal muscles are composed of thousands of individual muscle fibers 
bundled together by connective tissue. The key structural components 
include:

•	 Muscle Fiber (Muscle Cell): Long, cylindrical cells containing 
multiple nuclei and specialized contractile proteins.

•	 Myofibrils: Cylindrical structures within each muscle fiber 
containing repeating units called sarcomeres.

Sarcomeres: The basic functional unit of muscle contraction, consisting 
of:
•	 Actin (Thin Filaments): Filaments that interact with myosin to 

produce contraction.
•	 Myosin (Thick Filaments): Motor proteins that generate force 

by pulling on actin filaments.
•	 Z-lines: Mark the boundaries of each sarcomere and anchor the 

actin filaments.
•	 A-band, I-band, H-zone, and M-line: Regions within the 

sarcomere that change length during contraction.

Connective Tissue Layers:
•	 Endomysium: Surrounds individual muscle fibers.
•	 Perimysium: Bundles groups of fibers into fascicles.
•	 Epimysium: Encloses the entire muscle.

Mechanism of Muscle Contraction: Sliding Filament Theory
The mechanism of muscle contraction involves a series of highly 
coordinated events that occur at the molecular, cellular, and systemic 
levels. This process is primarily described by the sliding filament 
theory, which explains how actin and myosin filaments interact to 
produce contraction. 

Anatomy of a Muscle Fiber
•	 Sarcomere: The functional unit of muscle contraction, 

located between two Z-lines.
•	 Actin	 (thin	 filaments):	Composed of actin molecules, 

tropomyosin, and troponin.
•	 Myosin	(thick	filaments): Composed of myosin molecules 

with protruding heads (cross-bridges) that interact with actin.
•	 T-tubules and Sarcoplasmic Reticulum (SR): Key structures 

for transmitting electrical signals and storing calcium ions.

Neural Activation
Neuromuscular Junction
• A motor neuron releases acetylcholine (ACh) into the synaptic 

cleft.
• ACh binds to receptors on the sarcolemma (muscle cell 

membrane), triggering an action potential.

Propagation of Action Potential
• The action potential travels along the sarcolemma and down 

T-tubules.
• This depolarization signals the sarcoplasmic reticulum to 

release calcium ions (Ca²⁺).

Calcium Release and Role
• Calcium ions bind to the troponin complex on actin filaments.
• This causes a conformational change in tropomyosin, 

exposing the active binding sites on actin.

Cross-Bridge Cycle (Sliding Filament Mechanism)
a. Cross-Bridge Formation
• Myosin heads, energized by ATP hydrolysis, bind to the 

exposed active sites on actin.
b. Power Stroke
• The myosin head pivots, pulling the actin filament toward 

the M-line (center of the sarcomere).
• ADP and inorganic phosphate (Pi) are released.
c. Detachment
• A new ATP molecule binds to the myosin head, causing it to 

detach from actin.
d. Reactivation
• ATP is hydrolyzed by myosin ATPase into ADP and Pi.
• The myosin head re-cocks into its high-energy conformation, 

ready for another cycle.
This cycle repeats as long as calcium and ATP are available.

Sarcomere Shortening
Repeated cross-bridge cycling shortens the sarcomere, causing 
muscle contraction.
The filaments do not shorten themselves but slide past each other:
•	 I-band and H-zone become narrower.
•	 A-band remains the same length.

Relaxation
• Neural stimulation ceases, halting ACh release.
• ACh is broken down by acetylcholinesterase.
• Calcium ions are actively pumped back into the sarcoplasmic 

reticulum using ATP-dependent pumps.
• Tropomyosin re-covers the active sites on actin, preventing 

myosin binding.
• The muscle fiber returns to its resting state.

Energy Sources for Muscle Contraction
•	 ATP: Immediate source of energy.
•	 Creatine Phosphate: Rapidly regenerates ATP.
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•	 Glycolysis and Oxidative Phosphorylation: Sustain 
contraction during prolonged activity.

Regulation of Muscle Contraction
•	 Motor Unit Recruitment: Activation of more motor units 

increases the force of contraction.
•	 Frequency of Stimulation: High-frequency stimulation can 

lead to tetanus (sustained contraction).
•	 Muscle Fiber Type:

Type I: Slow-twitch, endurance activities.
Type II: Fast-twitch, powerful and quick activities.

Muscle Adaptation and Plasticity
Muscles exhibit remarkable plasticity, adapting to various stimuli, 
including exercise, injury, and disuse:

•	 Hypertrophy: An increase in muscle fiber size due to strength 
training, characterized by:

          • Increased myofibril number and size.
          •  Enhanced protein synthesis (actin and myosin).

•	 Atrophy: A decrease in muscle fiber size caused by disuse, 
immobilization, or aging, leading to:

• Loss of contractile proteins.
• Decreased strength and function.

•	 Hyperplasia: A potential increase in the number of muscle 
fibers, though less common in humans compared to 
hypertrophy.

•	 Neuromuscular Adaptations: Improvements in coordination, 
motor unit recruitment, and firing rates that occur with 
resistance training.

Muscle Injury and Repair
Muscle injury can occur due to strain, trauma, or overuse. The 
repair process involves:
•	 Inflammation	Phase: Inflammatory cells remove damaged 

tissue.
•	 Regeneration Phase: Activation of satellite cells (muscle stem 

cells) that proliferate and differentiate to repair fibers.
•	 Remodeling Phase: Formation of new contractile proteins 

and restoration of muscle function.

What are the Types of Muscle Injuries?
Muscle injuries are common in both athletic and everyday activities. 
They occur when muscles are overstretched, overloaded, or impacted 
by sudden forces. Here’s a comprehensive look at the types, causes, 
symptoms, healing process, and treatment of muscle injuries.

Types of Muscle Injuries
Muscle Strain (Pull or Tear)- A strain occurs when muscle fibers 
are overstretched or torn.
•	 Grade I (Mild): Few fibers are damaged. Minor pain and 

minimal loss of function.
•	 Grade II (Moderate): Partial tear of the muscle. Noticeable 

pain, swelling, and reduced function.
•	 Grade III (Severe): Complete tear or rupture. Severe pain, 

swelling, and inability to use the muscle.
•	 Common Locations: Hamstrings, quadriceps, calf muscles, 

and lower back.

Muscle Contusion (Bruise)- Caused by a direct impact or blow, 
leading to damage and bleeding within the muscle.
• Pain, swelling, bruising (discoloration), and reduced movement.
•	 Common Locations: Thighs (quadriceps), upper arms (biceps), 

and calves. Muscle contusion is second only to strain as the 
leading cause of morbidity from sports-related injuries [4].

Muscle Cramp or Spasm-
• Involuntary, forceful muscle contraction.
• Dehydration, electrolyte imbalances, fatigue, and poor 

conditioning can be the reasons for it.
• Sudden tightness, sharp pain, and temporary loss of function.

Delayed-Onset Muscle Soreness (DOMS)
• Muscle pain and stiffness occurring 24-72 hours after intense 

exercise or unfamiliar activity.
• Microtears in muscle fibers due to eccentric movements 

(lengthening under load). 
• A person may experience Aching, stiffness, and tenderness.

Muscle Rupture
• A complete tear or separation of the muscle fibers. 
• Achilles tendon, rotator cuff, biceps tendon are the common 

locations for ruptures.
• Patient may experience Sudden sharp pain, swelling, bruising, 

and a noticeable gap or bulge.

Myositis	Ossificans
• Myositis ossificans is a non-neoplastic proliferation of bone 

and cartilage within the skeletal muscle at the site of a previous 
single major trauma or repeated injury and/or hematoma [5].

• Formation of bone tissue inside the muscle due to repetitive 
trauma or improper healing. Patient may experience pain, 
stiffness, and a hard lump within the muscle. 

• Thighs and arms are the common locations for it. 

What are the Causes of Muscle Injuries?
Muscle injuries occur due to a variety of factors, ranging from 
physical activity to underlying health conditions. Here’s a detailed 
overview of the most common causes:

Overuse and Repetitive Motion
• Continuous, repetitive use of the same muscle group without 

adequate rest can cause microscopic tears, inflammation, and 
fatigue, leading to overuse injuries. For example, tendonitis 
((inflammation of the tendons), Shin Splints (overuse of leg 
muscles), Tennis Elbow (lateral epicondylitis). Common 
Activities that cause these injuries are Running, Swimming, 
Typing or manual labor, Repeated lifting or carrying.

Sudden or Forceful Movements
• Quick, explosive movements or sudden changes in direction 

can overstretch or tear muscle fibers, resulting in strains or 
ruptures. Sprinting or jumping, Pivoting, or turning quickly, 
throwing sports (e.g., baseball, javelin) can be the reason. 
Common Injuries are Hamstring strains, Calf strains (e.g., 
tennis leg), Rotator cuff injuries.

Poor Warm-Up or Lack of Stretching
• Failing to properly warm up before exercise can leave muscles 

tight and less elastic, making them more prone to injury. 
That lead to Decreased blood flow to muscles and Reduced 
flexibility and range of motion causing muscle strains and 
ligament sprains.
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Muscle Fatigue
• When muscles are overworked or exhausted, they lose 

strength and stability, making them susceptible to injury. 
Causes of Fatigue are Prolonged exercise without breaks, 
Insufficient recovery time, Dehydration and nutrient depletion 
further leading to Muscle cramps, Strains, Stress fractures 
(related to muscle fatigue).

Improper Technique or Form
• Using incorrect form during physical activity can place undue 

stress on muscles and joints. For examples Lifting weights 
with poor posture, running with improper gait, Incorrect 
throwing or swinging motions in sports. Incorrect body 
mechanics can cause Lower back strains, Shoulder injuries 
and Knee injuries.

Trauma or Impact Injuries
• A direct blow or impact can damage muscle tissue, leading 

to contusions, tears, or hematomas. Common causes are 
Sports collisions (e.g., football, rugby), Falls or accidents, 
Blunt force trauma.

Dehydration and Electrolyte Imbalances
• Dehydration and a lack of essential minerals (electrolytes) 

impair muscle function and increase the risk of cramps and 
spasms.

Inadequate Conditioning or Fitness Level
• Being out of shape or lacking proper strength and flexibility 

increases the risk of injury during physical exertion. Common 
Scenarios are resuming exercise after a long break and 
engaging in activities beyond fitness level. These could cause 
muscle strains or DOMS.

Muscle Imbalances
• When certain muscle groups are stronger or more developed 

than others, it can lead to compensatory movements and strain 
weaker muscles. Examples of such muscle imbalances are 
Overdeveloped quadriceps and weak hamstrings, or Stronger 
chest muscles compared to back muscles. 

Age-Related Changes
• As people age, muscles lose elasticity, strength, and repair 

efficiency, making them more prone to injury. Factors that lead 
to age related changes are Decreased collagen production, 
Reduced flexibility, Slower healing processes.

Underlying Medical Conditions
• Certain health conditions can weaken muscles or impair their 

function, increasing the risk of injury. For examples, Diabetes 
(affects circulation and healing), Peripheral neuropathy (nerve 
damage), Myopathies (muscle diseases).

How does a Muscle Heal?
Muscle healing is a complex process involving several stages. 
When a muscle is injured, the body initiates a coordinated response 
to repair the damage and restore function. This process occurs 
in three main phases: Destruction and Inflammation, Repair 
and Regeneration, and Remodeling and Maturation. Its main 
characteristic is the capacity to regenerate after injury independent 
of the cause of injury through a process called inflammatory 
response [3]. Understanding these phases allows physical therapists 
to design targeted interventions that promote efficient and effective 
recovery. Below, we’ll break down each phase in detail.

Destruction	and	Inflammation	Phase
Duration: 0-7 days post-injury (immediate to early response)
This phase begins immediately after the injury and is characterized 
by inflammation and the removal of damaged tissues.

Initial Injury
• Muscle fibers rupture, causing damage to the myofibrils 

(contractile units) and blood vessels.
• This leads to bleeding and the formation of a hematoma 

(localized collection of blood) in the injured area.

Inflammation	Response
• The body’s immune system reacts by sending white blood 

cells to the site.
• Inflammatory cells like neutrophils and macrophages clear 

away debris and dead tissue.
• Pro-inflammatory cytokines (chemical signals) are released 

to promote healing.

Pain and Swelling
• Inflammatory chemicals like histamines increase blood flow 

and fluid accumulation, causing swelling, redness, and pain.
• Pain helps limit movement to protect the injured area.

Blood Clot Formation
• Platelets form a clot to stop the bleeding and stabilize the 

injured tissue.

Repair and Regeneration Phase
Duration: 4-21 days post-injury (subacute phase)
The body starts rebuilding the damaged muscle tissue and 
regenerating muscle fibers.

Activation of Satellite Cells
• Satellite cells (muscle stem cells) are activated by 

inflammatory signals.
• These cells multiply and differentiate into myoblasts 

(immature muscle cells).

Formation of New Muscle Fibers
• Myoblasts fuse to form myotubes, which develop into new 

muscle fibers.
• New blood vessels grow into the area to supply nutrients and 

oxygen (angiogenesis).

Scar Tissue Formation
• Fibroblasts produce collagen, forming a scar tissue matrix to 

bridge the gap in the damaged muscle.
• This scar tissue helps stabilize the injury site but is less 

flexible than healthy muscle.

Reduction	in	Inflammation
As repair progresses, inflammatory cells gradually reduce in 
number.

Remodeling and Maturation Phase
Duration: 3 weeks to 6 months (or longer) (chronic phase)
New muscle tissue and scar tissue are strengthened and realigned 
to restore muscle function.

Collagen Remodeling
• Collagen fibers in the scar tissue are realigned along the lines 

of stress (tension) through movement and exercise.
• Scar tissue becomes more organized and stronger.
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Muscle Fiber Maturation
• Myotubes mature into fully functional muscle fibers.
• Muscle fibers gain strength, flexibility, and contractile ability.

Strengthening and Adaptation
• Progressive loading through rehabilitation exercises helps 

the muscle adapt and regain pre-injury strength.
• Proper exercise ensures muscle fibers and scar tissue are 

aligned correctly.

Restoration of Function
• Muscle strength, flexibility, and endurance improve.
• Full recovery depends on the severity of the injury, 

rehabilitation quality, and overall health.

How Physical Therapy Helps Muscle Injuries?
Physical therapy (PT) plays a crucial role in the recovery and 
rehabilitation of muscle injuries. A trained physical therapist 
uses evidence-based techniques to facilitate healing, reduce pain, 
restore mobility, and prevent re-injury. Here’s a detailed overview 
of how physical therapy can help with muscle injuries:

Pain Reduction
Physical therapists use various techniques to help manage and 
alleviate pain associated with muscle injuries:

Manual Therapy
• Techniques like massage, myofascial release, and trigger-point 

therapy help relieve muscle tension, improve circulation, and 
reduce pain. Manual therapy is a hands-on treatment approach 
used by physical therapists to alleviate pain, improve muscle 
function, and facilitate the healing process. It involves 
applying controlled pressure, mobilization, and manipulation 
to the muscles, joints, and soft tissues. Manual therapy can 
be an effective component of muscle injury rehabilitation 
due to its ability to address multiple factors that contribute 
to recovery.

Modalities
•	 Heat Therapy: Improves blood flow, relieves stiffness, and 

relaxes tight muscles.
•	 Cold Therapy (Cryotherapy): Reduces inflammation, 

swelling, and acute pain.
•	 Electrical Stimulation (TENS, NMES): Helps reduce pain 

signals and improve muscle function.
•	 Ultrasound Therapy: Promotes deep tissue healing and 

reduces inflammation. Thermal ultrasound is frequently 
used in rehabilitation sessions to warm tissue after the acute 
inflammatory phase has passed and is suspected to promote 
the healing of tissue by increasing local blood flow, increasing 
oxidative metabolism and inducing protein synthesis. 
In addition to the thermal effects of ultrasound, acoustic 
cavitation forces are also thought to impact the biological 
activity of cells [6-9]. 

Inflammation	and	Swelling	Management
•	 Compression Techniques: Helps reduce swelling by 

preventing fluid buildup.
•	 Elevation Exercises: Encourages fluid drainage to reduce 

inflammation.
•	 Therapeutic Taping (Kinesio Taping): Provides support, 

reduces swelling, and improves lymphatic flow.

Restoring Flexibility and Range of Motion
After an injury, muscles can become stiff, which limits movement. 
Physical therapists design programs to improve flexibility and 
joint range of motion:
Stretching Exercises
•	 Static Stretching: Holding a position to lengthen muscles.
•	 Dynamic Stretching: Controlled movements to improve 

mobility.
•	 PNF Stretching (Proprioceptive Neuromuscular 

Facilitation): Combines stretching and muscle contraction 
for deeper flexibility gains.

•	 Joint Mobilization: Techniques to restore normal joint 
function if nearby joints are affected by the muscle injury.

Strengthening Weak Muscles
Muscle injuries often lead to weakness due to disuse or atrophy. 
Physical therapists create individualized strengthening programs 
to rebuild muscle strength:

Resistance Training
• Using weights, resistance bands, or bodyweight exercises to 

restore muscle strength and endurance gradually.

Isometric Exercises
• Muscle contractions without movement to build strength 

without risking further damage.

Progressive Loading
• Gradually increasing the intensity of exercises to rebuild 

muscle capacity safely.

Improving Muscle Coordination and Function
Physical therapists focus on retraining the injured muscle to 
work efficiently with other muscles and restore proper movement 
patterns:
•	 Neuromuscular Re-education: Exercises that retrain muscle 

control and coordination, such as balance and proprioception 
drills.

•	 Functional Movement Training: Mimicking daily activities 
or sport-specific movements to ensure smooth and efficient 
muscle function.

Scar Tissue Management
Excessive scar tissue can limit flexibility and cause pain. Physical 
therapists use techniques to minimize its negative effects:

Soft Tissue Mobilization
• Techniques like deep tissue massage and myofascial release 

to break down adhesions and improve tissue mobility.

Stretching and Strengthening
• Helps align the scar tissue along the lines of stress to maintain 

flexibility and function.

Skin Rolling
• The skin rolling treatment technique can be applied when 

skin rolling test results are positive. In this treatment, the 
therapist mobilizes the stiff tissue and rolls in the direction of 
the stiffness, typically present in the thorax and lumbar spine. 
The purpose of this treatment is to make the tissue flexible and 
mobile. When choosing this technique, the therapist should 
be cautious in patients who have high pain irritability because 
this treatment technique may provoke pain [7].
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Preventing Re-Injury
Physical therapy focuses on preventing re-injury through education 
and exercises:
•	 Biomechanical Analysis: Assessing movement patterns to 

identify potential weaknesses or imbalances.
•	 Ergonomic and Postural Training: Correcting posture and 

body mechanics during daily activities or sports.
•	 Warm-Up and Cool-Down Routines: Teaching proper 

routines to prepare muscles for activity and reduce injury risk.

Customized Rehabilitation Plans
Every injury is unique. Physical therapists create tailored 
rehabilitation plans based on:
•	 Injury Severity: Treatment plans are adjusted based on the 

extent of the muscle damage.
•	 Personal Goals: Whether for daily function, work tasks, or 

athletic performance, plans are customized to meet individual 
needs.

• Considering any underlying conditions that may affect 
healing.

Biofeedback 
• Biofeedback is a powerful tool in muscle rehabilitation, 

offering real-time insights that help patients regain control 
over muscle activity, reduce pain, and optimize healing. 

• When used in conjunction with physical therapy, biofeedback 
accelerates recovery, improves muscle function, and helps 
prevent future injuries.

Conclusion
Muscle physiology and physical therapy are deeply interconnected 
disciplines that have significantly evolved to address the challenges 
of muscle atrophy and injury. Advances in understanding the 
molecular, cellular, and biomechanical properties of muscles 
have provided a solid foundation for innovative therapeutic 
interventions. These developments, combined with cutting-
edge technologies and personalized treatment approaches, are 

transforming the landscape of rehabilitation and recovery. Also, 
Advancements in muscle physiology and physical therapy have 
redefined the standards of care for muscle atrophy and injury, 
offering patients hope and improved quality of life. As knowledge 
expands and technology continues to evolve, the potential 
for optimizing rehabilitation outcomes grows exponentially. 
Ultimately, a comprehensive and integrative approach that bridges 
science, technology, and patient-centered care will pave the way 
for even greater achievements in the field, empowering individuals 
to overcome physical challenges and achieve their full potential.
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