Introduction

Muscle movements are fundamental to every action we perform,
from the simplest task of lifting an object to the most complex activity
like playing an instrument or running a marathon. At the core of these
movements is the process of muscle contraction and relaxation, a
dynamic sequence that allows muscles to generate force and perform
work. Understanding the physiology behind this process not only sheds
light on how the body moves but also opens doors to improving muscle
function, preventing injuries, and treating muscular disorders. This
article explores the intricate steps involved in muscle contraction and
relaxation, delving into the molecular and physiological mechanisms
that enable the body to carry out coordinated and controlled movements

[1].
Description
e basics of muscle structure and function

Muscles are composed of specialized cells known as muscle fibers,
which contain myofibrils responsible for muscle contraction. These
myofibrils are made up of two primary types of protein filaments: actin
(thin filaments) and myosin (thick filaments). The interaction between
these filaments is central to the process of muscle contraction.

Muscle fibers are grouped together to form muscle bundles, and
the coordinated contraction of all fibers within a muscle results in
movement. Muscles are classified into three types based on their
structure and function: skeletal, smooth, and cardiac muscles. Skeletal
muscles, which are responsible for voluntary movement, are the
primary focus of this article, as they are the muscles involved in most
physical activities [2].

e process of muscle contraction

Muscle contraction begins with an electrical impulse from the
brain, which travels through the nervous system to reach the muscle.
This impulse, called an action potential, travels along the motor neurons
and arrives at the neuromuscular junction, the point where the motor
neuron and muscle fiber meet.

Neuromuscular junction and activation: At the neuromuscular
junction, the action potential triggers the release of a neurotransmitter
called acetylcholine. This chemical signals the muscle fiber to
depolarize, which means the electrical charge inside the fiber becomes
more positive. The depolarization propagates along the muscle fiber’s
membrane, reaching the T-tubules that carry the signal deep into the
muscle cells [3].

Excitation contraction coupling: The electrical impulse travels
into the muscle fibers and triggers the release of calcium ions from
the sarcoplasmic reticulum (a structure that stores calcium in muscle
cells). The released calcium binds to the protein troponin, causing a
shift in the protein tropomyosin, which exposes binding sites on the
actin filaments.

Cross-bridge formation and sliding lament mechanism:

Once the binding sites on actin are exposed, the myosin heads (thick
filaments) bind to actin, forming cross-bridges. Using energy from ATP
(adenosine triphosphate), the myosin heads pivot, pulling the actin
filaments toward the center of the sarcomere (the basic contractile unit
of the muscle). This action is called the "sliding filament mechanism,"
where the actin and myosin filaments slide past each other, causing the
muscle to contract.

ATP and muscle contraction: ATP is crucial during muscle
contraction. It not only powers the pivoting of myosin heads but also
allows the release of the myosin-actin cross-bridge after each contraction
cycle. Without ATP, muscles would become stiff, a condition known as
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frequent stimulation results in weaker contractions [5].

ATP availability: Adequate ATP is necessary for muscle
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