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4. Muscular System 

Muscle cells are specialized to contract. The cells are similar in structure to the other cells in 

the body but are elongated and, for this reason, are called muscle fibers. They consist 

mostly of water (about 75%), proteins and inorganic salts. There are around 700 different 

muscles in the human body and more than 250 million muscle fibers. 

 

The body contains three distinct types of muscle (skeletal, cardiac and smooth), which will 

be outlined in this article. The following three articles in the series will address the structure 

and function of skeletal muscle, the largest muscle mass in the body. 

Muscles are excitable or irritable. This means that they are capable of receiving and 

responding to a stimulus. The stimulus is usually a chemical - a neurotransmitter released by 
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a nerve cell, a hormone or a local change in acidity (pH). In response, muscles generate an 

electrical impulse that causes the muscle cells to contract: 

 

- Muscles can contract or shorten when they are stimulated. No other type of body tissue 

can do this. 

- Muscles are extensible - that is, they can stretch or extend beyond their resting length. 

- Muscle fibers are elastic and can return to their resting length after being stretched. 

Muscular tissues can be classified into: 

1. Smooth, non-striated or involuntary muscles. 

2. Cardiac muscle or myocardium. 

3. Skeletal, striated or voluntary muscles. 
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Skeletal muscles: 

Skeletal muscle comes in different shapes and sizes and allows movement of the body and 

body parts. These muscles have the longest fibers. Skeletal muscles have striations and can 

be controlled voluntarily. Skeletal muscles are able to contract very rapidly but they tire 

easily; they must also rest after relatively short periods of activity otherwise physical 

damage and muscle fatigue will occur. Skeletal muscles can exert tremendous power and 

are remarkably adaptable. Skeletal muscle is attached to the skeleton. The movement of 

these muscles also cannot be controlled by will. 

Smooth muscle  

Smooth muscle tissue is found in the walls of the hollow visceral organs such as the 

respiratory passages, intestinal tract and urinary bladder. This is not striated and is 

involuntary. Contractions of smooth muscles are slow and sustained. The contraction of 

most of these muscles forces fluid and other substances through the internal body channels. 

Smooth muscle contractions are involuntary movements triggered by impulses that travel 

through the autonomic nervous system to the smooth muscle tissue. The arrangement of 

cells within smooth muscle tissue allows for contraction and relaxation with great elasticity. 

The smooth muscle in the walls of organs like the urinary bladder and the uterus allow those 

organs to expand and relax as needed. The smooth muscle of the alimentary canal (the 

digestive tract) facilitates the peristaltic waves that move swallowed food and nutrients. In 

the eye, smooth muscle changes the shape of the lens to bring objects into focus. Artery 

walls include smooth muscle that relaxes and contracts to move blood through the body. 

Cardiac muscle: 

Cardiac muscle makes up most of the heart walls. The muscles are striated and are 

involuntary - we have almost no conscious control over how our heart beats. The heart wall 

is composed of three layers. The middle layer, the myocardium, is responsible for the 
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heart’s pumping action. Cardiac muscle found only in the myocardium, contracts in 

response to signals from the cardiac conduction system to make the heartbeat. Cardiac 

muscle is made from cells called cardiocytes. Cardiac muscle cells usually contract at a 

steady pace set by the heart’s pacemaker cells, though nerves can influence them to speed 

up or slow down. The cardiac muscle tissue forms many branches, which then recombine to 

form a continuous sheet. This enables the tissue to contract as a unit and improves its 

efficiency. Cardiac muscle never rests - to do so would be fatal. Contractions of cardiac 

muscle move blood through the heart and around the body. 

Characteristics of skeletal muscles: 

 

The four major functional characteristics of skeletal muscle are:  

Contractility - The ability to shorten which causes movement of the structures to which the 

muscles are attached.  
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Excitability - The ability to respond or contract in response to chemical and/or electrical 

signals. 

Extensibility  -  The capacity to stretch to the normal resting length after contracting 

Elasticity - The ability to return to the original resting length after a muscle has been 

stretched. 

Functions of Muscles:
 

 Movement: Skeletal muscles move bones by pulling on them and work together to 

produce smooth movements of our limbs. Mobility is your muscular system's simplest 

and most crucial function. Your skeletal muscles are largely responsible for the 

movements and motions you make. Skeletal muscles are attached to your bones. 

 Maintaining posture, muscle tone, and Stabilizing joints: Skeletal muscles also control 

posture, from your head down to your toes. Flexibility and strength are keys to 

maintaining proper posture. Stiff neck muscles, weak back muscles, and tight hip 

muscles, among other ailments, can throw off your alignment. 

 Producing Heat & Temperature Regulation: most of the heat required for this is 

produced by muscles, which generate heat as they contract. Skeletal muscle accounts 

for at least 40% of body mass and is the muscle type responsible for generating most 

body heat. 

 Circulation: The involuntary cardiac and smooth muscles help your heart beat and 

blood flow through your body. The cardiac muscle, known as the myocardium, is 

found in the walls of the heart. The cardiac muscle is controlled by the autonomic 

nervous system, which is responsible for most bodily functions.  

Skeletal muscle structure: 

Skeletal muscles are composed of a large number of muscle fibers. Each muscle fiber has no 

one or more nuclei which lie in the periphery. The cytoplasm of the muscle cell is as 

sarcoplasm. Skeletal muscles are composed primarily of contractile material. Skeletal 

muscle is a composite tissue of connective tissue, blood vessels, and nerves as well as 

contractile material, these “minor” tissues may strongly influence muscle function.  
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Myofibrils are very small parallel filaments which lie in the cytoplasm. The membrane of the 

muscle fiber is called as sarcolemma. Each muscle fiber is embedded in a connective tissue 

called endomysium. The fibers within a muscle are arranged in bundles. Each bundle is 

enclosed in a sheath called perimysium. 

Properties of skeletal muscle:  
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1. Excitability and irritability: It's the property of a muscle to respond to a stimulus. If the 

response occurs in the front of a contraction. It's called as contractility. 

2. Tonicity: Muscles of a living organism are in the partially contracted state, even at 

rest. They are never fully relaxed and they will resist being stretched the resistance to 

stretch is called as tonicity. 
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3. All or none response: When a stimulus is given to a muscle, the muscle either 

contracts to the maximum or it doesn't contract at all. When a weak stimulus is 

applied to a muscle, it doesn't produce any response. But when the stimulus is 

gradually increased, the muscle contracts at a point to the maximum level. Later even 

a greater degree of stimulus does not increase the degree of contraction. 

4. Summation: When a second stimulus is given to a muscle even while it's contracting 

due to the first stimulus, the degree of contraction is more. This phenomenon is 

called as a summation. The increased response is due to stimulation of more and 

more motor units by repetitive stimuli. 

5. Treppe or staircase phenomenon: Stimulation of a muscle at regular short intervals 

increases the amplitudes of contraction *which goes on increasing like the steps of a 

staircase*. This occurs due to increased irritability of the muscle produced by 

chemical products of the earlier contractions. 

6. Tetanus: When a muscle is stimulated repeatedly at a very faster rate, the muscle 

contracts maximally. The muscle remains at this maximal state of contraction till 1- 

the stimulus continues or 2- it gets fatigued. This sustained maximal contraction is 

called tetanus. 

7. Refractory period: Muscle, like other excitable tissues, has a period following its 

action potential during which the membrane will not respond to stimulation 

regardless of the strength.  

8. Isotonic contraction: It's the contraction in which the muscle shortens under constant 

load. It occurs in muscles during walking, running or lifting. 

9. Isometric contraction: In this type of contraction, the muscle develops tension but it 

does not shorten in length e.g. maintaining the posture against gravity. 

10. Fatigue: It's a state of reduced excitability and contractility of a muscle. It's produced 

by rapid and repeated stimulation of the muscle. Fatigue may occur due to depletion 

of energy and accumulation of metabolites like lactic acid. 
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