
Peripheral Nervous System 

The central nervous system includes the brain and spinal cord, while the peripheral nervous 

system includes all of the nerves that branch out from the brain and spinal cord and extend to 

other parts of the body including muscles and organs. Each part of the system plays a vital role 

in how information is communicated throughout the body.  

The peripheral nervous system (PNS) is the division of the nervous system containing all the 

nerves that lie outside of the central nervous system (CNS). The primary role of the PNS is to 

connect the CNS to the organs, limbs, and skin. These nerves extend from the central nervous 

system to the outermost areas of the body. The peripheral system allows the brain and spinal 

cord to receive and send information to other areas of the body, which allows us to react to 

stimuli in our environment. The nerves that make up the peripheral nervous system are actually 

the axons or bundles of axons from nerve cells or neurons. In some cases, these nerves are very 

small but some nerve bundles are so large that they can be easily seen by the human eye.  

The peripheral nervous system refers to parts of the nervous system outside the brain and spinal 

cord. It includes the cranial nerves, spinal nerves and their roots and branches, peripheral 

nerves, and neuromuscular junctions. The anterior horn cells, although technically part of the 

central nervous system (CNS), are sometimes discussed with the peripheral nervous system 

because they are part of the motor unit. In the peripheral nervous system, bundles of nerve 

fibers or axons conduct information to and from the central nervous system. The autonomic 

nervous system is the part of the nervous system concerned with the innervation of involuntary 

structures, such as the heart, smooth muscle, and glands within the body. The peripheral 

nervous system itself is divided into two parts: the somatic nervous system and the autonomic 

nervous system.  

Each of these components plays a critical role in how the peripheral nervous system operates.  

The Somatic Nervous System  

The somatic system is the part of the peripheral nervous system responsible for carrying 

sensory and motor information to and from the central nervous system. The somatic nervous 

system derives its name from the Greek word soma, which means "body." The somatic system 

is responsible for transmitting sensory information as well as for voluntary movement. This 

system contains two major types of neurons:  

Motor neurons: Also called efferent neurons, motor neurons carry information from the brain 

and spinal cord to muscle fibers throughout the body. These motor neurons allow us to take 

physical action in response to stimuli in the environment. 

Sensory neurons: Also called afferent neurons, sensory neurons carry information from the 

nerves to the central nervous system. It is these sensory neurons that allow us to take in sensory 

information and send it to the brain and spinal cord. 

The somatic, voluntary, nervous system is responsible for providing sensory and motor 

innervation to skin, muscles and sensory organs. In other words, it carries sensations from the 

body (pain, touch, temperature, proprioception) and innervates skeletal muscles that are under 

conscious, or voluntary control. In addition, the somatic nervous system is involved in spinal 

reflexes, an example being the withdrawal reflex. This helps you to instantly pull away your 

hand when touching a hot object. 



Both cranial and spinal nerves contribute to the somatic nervous system. Cranial nerves provide 

voluntary motor control and sensation to the head and face. Spinal nerves, as we mentioned 

previously, supply the trunk and limbs. The posterior rami travel backwards to supply the 

vertebral column, vertebral muscles and skin of the back whilst the anterior rami supply the 

limbs and anterior trunk. The majority of anterior rami combine to form nerve plexuses from 

which many major peripheral nerves stem. The exception to this is the anterior rami of the 

thoracic region which travel relatively independently from one another without forming 

plexuses, as the intercostal and subcostal nerves of the trunk.  

Nervous plexuses, formed by the anterior rami of spinal nerves, are as follows: 

• C1-C4 form the cervical plexus  

• C5-T1 combine into the brachial plexus  

• T12-L4 form the lumbar plexus  

• L4 - S4 combine into the sacral plexus 

The lumbar and sacral plexuses can also be combined as one lumbosacral plexus. Each nerve 

plexus gives out several peripheral nerves, which carry sensory and motor fibers to and from 

their respective target structures.  

The Autonomic Nervous System  

The autonomic system is the part of the peripheral nervous system that's responsible for 

regulating involuntary body functions, such as blood flow, heartbeat, digestion, and breathing. 

In other words, it is the autonomic system that controls aspects of the body that are usually not 

under voluntary control. This system allows these functions to take place without needing to 

consciously think about them happening. The autonomic nerves are also peripheral in nature, 

so the general structure of a peripheral nerve discussed earlier still applies. However, there is 

one caveat; all autonomic nerves synapse with a sympathetic or parasympathetic ganglion. The 

portion of the nerve before the ganglion is referred to as preganglionic and carries the impulse 

towards the cluster of cell bodies. The portion located from the ganglion onwards is called 

postganglionic and carries the impulse away from the cell bodies.  The autonomic system is 

further divided into two branches:  

Parasympathetic system: This helps maintain normal body functions and conserve physical 

resources. Once a threat has passed, this system will slow the heart rate, slow breathing, reduce 

blood flow to muscles, and constrict the pupils. This allows us to return our bodies to a normal 

resting state. The parasympathetic nervous system is divided into cranial and sacral outflows. 

The preganglionic fibers of the cranial outflow exit the brainstem within the oculomotor, facial, 

glossopharyngeal, and vagus cranial nerves. They synapse in the ciliary, pterygopalatine, otic, 

submandibular, and enteric ganglia. The postganglionic fibers ultimately innervate salivary 

glands of the head, iris and ciliary muscles of the eye and, in the case of the vagus nerve, 

thoracic and abdominal viscera.  

The preganglionic fibers of the sacral outflow are much more restricted, only exiting the spinal 

cord through the anterior roots of the S2-S4 spinal nerves. They travel with the pelvic 

splanchnic nerves, ultimately innervating the pelvic viscera (descending colon, sigmoid colon, 

rectum, bladder, penis/clitoris). 



Sympathetic system: By regulating the flight-or-fight response,1 the sympathetic system 

prepares the body to expend energy to respond to environmental threats. When action is 

needed, the sympathetic system triggers a response by accelerating heart rate, increasing 

breathing rate, boosting blood flow to muscles, activating sweat secretion, and dilating the 

pupils. The preganglionic fibers of the sympathetic nerves leave the spinal cord through the T1 

to L2 anterior roots, entering the corresponding spinal nerve. The fibers then travel through the 

white rami communicantes to paravertebral ganglia of the sympathetic trunks, located on either 

side of the vertebral column. Some fibers synapse here, while others travel through it without 

synapsing, exiting the sympathetic trunks as the splanchnic nerves (greater, lesser, least, 

lumbar, sacral). These splanchnic nerves synapse closer to their target organs in prevertebral 

ganglia called celiac, aorticorenal, and mesenteric (superior and inferior). The postganglionic 

fibers then project onto their target structures either directly, or by returning through the grey 

ramus communicantes and following the path of spinal nerves throughout the body. Target 

organs include blood vessels, sweat glands, arrector pili, the iris, and internal organs. One 

example target organ of the sympathetic nervous system is the adrenal gland. Sympathetic 

nervous system activity stimulates the release of epinephrine/adrenaline via the sympathetic-

adrenal medullary system. 

Structure of a Nerve 

A nerve contains bundles of nerve fibers, either axons or dendrites, surrounded by connective 

tissue. Sensory nerves contain only afferent fibers, long dendrites of sensory neurons. Motor 

nerves have only efferent fibers, long axons of motor neurons. Mixed nerves contain both types 

of fibers.  

A connective tissue sheath called the epineurium surrounds each nerve. Each bundle of nerve 

fibers is called a fasciculus and is surrounded by a layer of connective tissue called the 

perineurium. Within the fasciculus, each individual nerve fiber, with its myelin and 

neurilemma, is surrounded by connective tissue called the endoneurium. A nerve may also have 

blood vessels enclosed in its connective tissue wrappings. 

Cranial Nerves 

Twelve pairs of cranial nerves emerge from the inferior surface of the brain. All of these nerves, 

except the vagus nerve, pass through foramina of the skull to innervate structures in the head, 

neck, and facial region. 

The cranial nerves are designated both by name and by Roman numerals, according to the order 

in which they appear on the inferior surface of the brain. Most of the nerves have both sensory 

and motor components. Three of the nerves are associated with the special senses of smell, 

vision, hearing, and equilibrium and have only sensory fibers. Five other nerves are primarily 

motor in function but do have some sensory fibers for proprioception. The remaining four 

nerves consist of significant amounts of both sensory and motor fibers. 

Acoustic neuromas are benign fibrous growths that arise from the balance nerve, also called 

the eighth cranial nerve or vestibulocochlear nerve. These tumors are non-malignant, meaning 

that they do not spread or metastasize to other parts of the body. The location of these tumors 

is deep inside the skull, adjacent to vital brain centers in the brain stem. As the tumors enlarge, 

they involve surrounding structures which have to do with vital functions. In the majority of 

cases, these tumors grow slowly over a period of years. In other cases, the growth rate is more 



rapid and patients develop symptoms at a faster pace. Usually, the symptoms are mild and 

many patients are not diagnosed until some time after their tumor has developed. Many patients 

also exhibit no tumor growth over a number of years when followed by yearly MRI scans. 

The first set of peripheral nerves are the twelve cranial nerves: olfactory (CN I), optic (CN II), 

oculomotor (CN III), trochlear (CN IV), trigeminal (CN V1, CN V2, CN V3), abducens (CN 

VI), facial (CN VII), vestibulocochlear (CN VIII), glossopharyngeal (CN IX), vagus (CN X), 

spinal accessory (CN XI), and hypoglossal (CN XII) nerves. 

Cranial nerves are peripheral nerves that mainly innervate anatomical structures of the head 

and neck. The exception to this is the vagus nerve, which also innervates various thoracic and 

abdominal organs. Cranial nerves originate from specific nuclei located in the brain. They leave 

the cranial cavity through foramina and project to their respective target structure. Cranial 

nerves are divided into three groups according to the type of information carried by their fibers: 

• Sensory 

• Motor 

• Mixed 

Spinal Nerves 

The second set of peripheral nerves are spinal nerves, of which there are 31 pairs: eight cervical, 

twelve thoracic, five lumbar, five sacral, and one coccygeal. Their numbering relates to the 

vertebral column exit level; cervical spinal nerves are numbered according to the vertebra 

located below, while all the rest according to the vertebra situated above. 

Thirty-one pairs of spinal nerves emerge laterally from the spinal cord. Each pair of nerves 

corresponds to a segment of the cord and they are named accordingly. This means there are 8 

cervical nerves, 12 thoracic nerves, 5 lumbar nerves, 5 sacral nerves, and 1 coccygeal nerve. 

Each spinal nerve is connected to the spinal cord by a dorsal root and a ventral root. The cell 

bodies of the sensory neurons are in the dorsal root ganglion, but the motor neuron cell bodies 

are in the gray matter. The two roots join to form the spinal nerve just before the nerve leaves 

the vertebral column. Because all spinal nerves have both sensory and motor components, they 

are all mixed nerves. Each spinal nerve starts as several rootlets that unite to form two main 

roots. The anterior root carries motor fibers from neurons whose cell bodies are located in the 

anterior horn of the spinal cord. The posterior root transports sensory fibers from neurons which 

have their cell bodies in the dorsal root ganglion. In the thoracic and upper lumbar region, the 

anterior root also carries autonomic fibers from preganglionic sympathetic neurons whose cell 

bodies are located in the spinal cord’s lateral horn. The anterior and posterior roots 

subsequently join to form the spinal nerve proper that carries mixed (sensory, motor, 

autonomic) fibers.  

Spinal nerves leave the vertebral column through the intervertebral foramina located between 

two successive, adjacent vertebrae. Each spinal nerve then divides into two branches called 

posterior/dorsal and anterior/ventral rami. Both rami carry mixed fibers. The posterior rami 

travel backward and divide into branches that supply post-vertebral structures. The anterior 

rami supply the skin and muscles of the limbs and anterior trunk. Immediately after the division 

of the spinal nerve into the two rami, smaller communicating fibers branch out. These white 

and grey rami communicantes establish a connection between spinal nerves and the two 



sympathetic trunks of the autonomic nervous system that run along the length of the vertebral 

column. Note that grey rami communicantes exist at all levels of the spinal cord, whilst white 

rami are only found at T1-L2 levels. 

Autonomic Nervous System 

The autonomic nervous system is a visceral efferent system, which means it sends motor 

impulses to the visceral organs. It functions automatically and continuously, without conscious 

effort, to innervate smooth muscle, cardiac muscle, and glands. It is concerned with heart rate, 

breathing rate, blood pressure, body temperature, and other visceral activities that work 

together to maintain homeostasis. 

The autonomic nervous system has two parts, the sympathetic division and the parasympathetic 

division. Many visceral organs are supplied with fibers from both divisions. In this case, one 

stimulates and the other inhibits. This antagonistic functional relationship serves as a balance 

to help maintain homeostasis. 
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