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MEDIAN NERVE

Primary Disciplinary Field(s): Anatomy, Neuroscience, Orthopedics, Physiology

1. Core Definition and Overview

The Median Nerve (C5, C6, C7, C8, T1) is a critical component of the peripheral nervous system,

originating in the brachial plexus and traversing the length of the upper limb. It is classified as a

mixed nerve, meaning it carries both motor and sensory fibers. Functionally, it is often referred to

as "the eye of the hand" due to its indispensable role in controlling the fine motor movements and

providing crucial sensation to the lateral aspects of the palm and digits. Originating from the lateral

and medial cords of the brachial plexus, the Median Nerve descends alongside the brachial artery

through the arm, crossing the elbow joint, and continuing into the forearm and hand.

This nerve's distribution ensures the proper functioning of many critical structures. In the forearm, it

primarily innervates the muscles responsible for pronation and flexion of the wrist and digits. Upon

reaching the wrist, it passes through the narrow carpal tunnel, a location where it is particularly

vulnerable to compression, leading to the widely recognized condition known as Carpal Tunnel

Syndrome (CTS). The integrity of the Median Nerve is paramount for daily tasks requiring

grasping, pinching, and tactile discrimination, positioning it as one of the most clinically relevant

nerves in the upper extremity.

Understanding the precise anatomical pathway and the specific muscles and dermatomes supplied

by the Median Nerve is fundamental for diagnosing neurological deficits in the upper limb. Injuries

to this nerve at various points along its course--from the axilla down to the wrist--produce distinct

and predictable patterns of sensory loss and motor weakness, which neurologists and orthopedic

surgeons use to localize the site of damage. Its unique path, nestled between bones and tendons,

makes it susceptible to trauma, repetitive strain, and entrapment neuropathies, necessitating

careful clinical attention across various medical specializations.

2. Anatomy and Course

The Median Nerve forms in the axilla, where the lateral root (from the lateral cord) and the medial

root (from the medial cord) of the brachial plexus unite, typically surrounding the axillary artery.

These roots combine to contribute fibers derived from spinal segments C5 through T1. This high

concentration of spinal contributions ensures the nerve's broad control over the complexity of hand

function. In the arm, the nerve travels distally on the medial side, lying adjacent to the brachial

artery. Crucially, it crosses anteriorly over the artery, usually halfway down the arm, before entering

the cubital fossa (the anterior aspect of the elbow joint).

Upon entering the forearm, the Median Nerve typically passes between the two heads of the
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pronator teres muscle, a common site for high-level nerve entrapment known as pronator teres

syndrome. Once past this area, it descends deep to the flexor digitorum superficialis muscle,

remaining centrally located in the forearm. A major branch in the forearm is the Anterior

Interosseous Nerve (AIN), which is purely motor, supplying deep flexor muscles of the thumb and

index finger, playing a key role in the 'OK' sign gesture. This branch separates the Median Nerve's

function into superficial and deep motor components within the forearm.

As the nerve nears the wrist, it becomes more superficial, situated between the tendons of the

flexor digitorum superficialis and the flexor carpi radialis. It then enters the palm via the carpal

tunnel, where it is accompanied by the nine flexor tendons. Within the hand, it terminates by

dividing into recurrent and palmar digital branches. The recurrent motor branch supplies the three

thenar muscles (abductor pollicis brevis, flexor pollicis brevis, and opponens pollicis), which are

essential for thumb opposition and dexterity. The digital branches provide sensation to the lateral

three-and-a-half digits (thumb, index, middle, and half of the ring finger) and motor innervation to

the first two lumbrical muscles, which contribute to finger flexion and extension at specific joints.

3. Functions: Motor Supply

The motor function of the Median Nerve dictates the ability to perform crucial actions of grip and

pronation. In the forearm, the nerve supplies most of the flexor-pronator group of muscles, with the

notable exception of the flexor carpi ulnaris and the ulnar half of the flexor digitorum profundus,

which are supplied by the ulnar nerve. Key Median Nerve supplied muscles include the pronator

teres, flexor carpi radialis, palmaris longus, and flexor digitorum superficialis. Damage to the nerve

high in the arm results in the inability to adequately pronate the forearm and severely compromises

wrist and finger flexion, significantly impeding gripping power.

The anterior interosseous nerve branch (AIN) controls the deep flexors--specifically the flexor

pollicis longus (thumb flexion) and the lateral half of the flexor digitorum profundus (flexion of the

index and middle fingers). Injury to the AIN results in the inability to form a proper "OK" sign, a

classic clinical manifestation known as the AIN sign or Kiloh-Nevin syndrome, where the patient

attempts to compensate by extending the interphalangeal joints instead of flexing them. The

function of the AIN is critical for precision pinch, which involves the coordination of the thumb and

index finger.

In the hand, the motor supply is primarily targeted at the thenar eminence. The Median Nerve's

recurrent branch enables opposition of the thumb, the most complex and functionally important

movement of the hand. Opposition allows the thumb pad to meet the pads of the other fingers,

facilitating precision grip and tool use. Weakness or atrophy of the thenar muscles, often visible as

a flattening of the muscle bulk at the base of the thumb, is a classic sign of chronic Median Nerve

compression within the carpal tunnel. The ability to manipulate small objects and maintain a strong
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pinch grip relies heavily on the intact motor pathways of this nerve, making its motor contributions

essential for functional independence.

4. Functions: Sensory Supply

The sensory function of the Median Nerve is equally vital, supplying cutaneous innervation to the

palmar surface and fingertips of the radial side of the hand. This includes the entire palmar surface

of the thumb, index finger, middle finger, and the radial half of the ring finger. Furthermore, it

supplies the nail beds and dorsal tips of these same three-and-a-half digits. This sensory

distribution is crucial for fine tactile feedback, temperature sensation, and proprioception necessary

for manipulating tools and distinguishing textures, effectively acting as the primary sensory receiver

for the working parts of the hand.

Sensory deficits arising from Median Nerve injury are often the first sign of pathology, particularly in

entrapment syndromes. Patients commonly report paresthesia (tingling or "pins and needles") or

numbness in the characteristic three-and-a-half finger distribution. The pattern of sensory loss is

key to localizing the lesion. Importantly, the palmar cutaneous branch of the Median Nerve usually

arises proximal to the carpal tunnel and courses superficially, supplying sensation to the central

palm. This anatomical detail is clinically significant because sensation in the central palm is

typically preserved in true Carpal Tunnel Syndrome, aiding in its differentiation from more proximal

nerve lesions (like those occurring in the forearm or arm).

Loss of sensation, or anesthesia, particularly in the fingertips, severely compromises hand

function, leading to difficulty grasping objects without visual feedback and increasing the risk of

burns or cuts due to lack of protective sensation. The quality of sensation provided by the Median

Nerve is essential for stereognosis--the ability to identify objects by touch alone--highlighting its

role in advanced neurological processing related to manual dexterity and fine motor control. The

loss of this critical feedback mechanism is often more disabling than the purely motor weakness

associated with certain Median Nerve injuries.

5. Clinical Significance: Carpal Tunnel Syndrome

Carpal Tunnel Syndrome (CTS) represents the most common clinical pathology associated with

the Median Nerve, earning it immense clinical importance. It is a classic entrapment neuropathy

occurring when the nerve is compressed as it passes through the carpal tunnel at the wrist. This

tunnel is a rigid osteofibrous passage bounded by the carpal bones posteriorly and the strong

flexor retinaculum (transverse carpal ligament) anteriorly. Any condition that increases pressure

within this confined space--such as inflammation, swelling, or trauma--can compromise the nerve's

blood supply (ischemia) and impede axonal transport, thereby disrupting function.

The etiology of CTS is often multifactorial, including repetitive motions, tenosynovitis (inflammation
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of the tendon sheaths), diabetes mellitus, rheumatoid arthritis, and hormonal changes (such as

those occurring during pregnancy or hypothyroidism). Clinically, patients present with nocturnal

exacerbation of tingling and numbness in the median nerve distribution, often waking them from

sleep. Symptoms frequently improve temporarily by shaking the hand (the "flick sign"). Classic

physical examination maneuvers, such as the Tinel's sign (percussion over the nerve at the wrist

causing tingling) and Phalen's maneuver (forced wrist flexion causing symptoms), help confirm

the diagnosis.

Early diagnosis is crucial, as chronic compression can lead to irreversible axonal damage, resulting

in permanent sensory loss and severe thenar muscle atrophy. Treatment for CTS ranges from

conservative measures, such as night-time wrist splinting to maintain a neutral position, non-

steroidal anti-inflammatory drugs (NSAIDs), and corticosteroid injections to reduce local

inflammation. If conservative treatment fails or if nerve damage is advanced, surgical

decompression, known as carpal tunnel release, is performed. This procedure involves surgically

dividing the transverse carpal ligament to increase the volume of the tunnel, thereby relieving

chronic pressure on the Median Nerve and restoring blood flow. The high prevalence and

functional impact of CTS make the Median Nerve a central focus in hand surgery, rheumatology,

and occupational medicine.

6. Other Pathologies and Injuries

While CTS is the most common pathology, the Median Nerve can be injured or compressed at

several other locations along its course, each resulting in a unique clinical presentation. High

Median Nerve lesions, often resulting from penetrating trauma, fracture of the distal humerus, or

elbow dislocations, cause massive functional loss, including paralysis of all forearm flexors

(excluding those supplied by the ulnar nerve) and complete loss of thenar function. These high

lesions are often devastating because they affect all motor and sensory branches distal to the

injury site.

Pronator Teres Syndrome is a less common but clinically significant entrapment neuropathy

where the nerve is compressed by the pronator teres muscle or the fibrous arch of the flexor

digitorum superficialis in the proximal forearm. Unlike CTS, this condition typically causes pain in

the forearm and may involve weakness in AIN-supplied muscles, but importantly, sensation

supplied by the proximal palmar cutaneous branch is often affected, helping to distinguish it from

CTS. Another isolated neuropathy is the aforementioned Anterior Interosseous Nerve (AIN)

syndrome, characterized purely by motor weakness in the deep flexors without any sensory

involvement, often presenting as a sudden onset of specific motor deficits, particularly difficulty

pinching small objects.

The extent of functional loss following trauma is often categorized by specific hand deformities. A
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high lesion leads to the characteristic "Hand of Benediction" deformity, observable when the

patient attempts to make a fist; the index and middle fingers remain partially extended due to

paralysis of the flexor digitorum superficialis and the lateral half of the flexor digitorum profundus.

Chronic, severe paralysis leads to the "Ape Hand" deformity, referring to the flattening of the thenar

eminence due to muscle atrophy, resulting in the inability to oppose the thumb (pollex non

opponens), fundamentally compromising the hand's most essential gripping ability.

7. Diagnostic Techniques

Diagnosis of Median Nerve pathology relies on a combination of clinical assessment,

electrodiagnostic testing, and sometimes advanced imaging. The clinical assessment involves a

detailed patient history regarding symptom onset and exacerbating factors, followed by careful

testing of motor strength (e.g., thumb opposition, index finger flexion) and precise mapping of the

areas of sensory deficit, often utilizing two-point discrimination tests to quantify the degree of

sensory loss in the fingertips supplied by the nerve.

The definitive diagnostic tools are Nerve Conduction Studies (NCS) and Electromyography

(EMG). NCS measures the speed and amplitude of electrical signals transmitted along the nerve.

In focal entrapments like CTS, NCS typically shows significantly slowed conduction velocity or

reduced amplitude across the specific segment of the wrist, while conduction proximal to the

entrapment site remains relatively normal. This differential slowing helps isolate the lesion site.

EMG, on the other hand, assesses the electrical activity of the muscles supplied by the nerve,

revealing signs of acute denervation (active injury) or chronic reinnervation (long-standing damage

and attempted recovery).

Imaging studies, such as high-resolution ultrasound and Magnetic Resonance Imaging (MRI),

can provide valuable anatomical information complementary to electrodiagnostics. Ultrasound is

increasingly used as a non-invasive tool to visualize the Median Nerve directly, measuring its

cross-sectional area (which is typically enlarged and hypoechoic at the site of compression) and

assessing the condition of surrounding structures, such as the flexor tendons and the retinaculum.

MRI is particularly useful for ruling out large masses, cysts, or tumors, or for evaluating complex

anatomical variations that might be causing compression, especially in cases where the clinical

presentation is atypical or involves proximal lesions.

8. Significance in Neurological and Orthopedic Practice

The Median Nerve holds immense significance in both neurological and orthopedic disciplines due

to its control over specialized hand function and its high susceptibility to entrapment.

Orthopedically, its integrity is central to hand surgery, trauma reconstruction, and rehabilitation

following injury or disease. Procedures addressing tendon lacerations, complex wrist fractures
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(particularly distal radius fractures which can injure the nerve directly or through post-traumatic

swelling), and nerve repair are fundamentally dependent on a detailed knowledge of Median Nerve

topography and surgical approaches to avoid iatrogenic injury.

Neurologically, the distinct and predictable clinical syndromes associated with Median Nerve

pathology serve as crucial indicators for localizing lesions within the peripheral nervous system.

Distinguishing between root compression in the neck (radiculopathy), diffuse plexus injury

(plexopathy), and peripheral nerve entrapment allows clinicians to pinpoint the source of the

patient's symptoms and guide appropriate, targeted intervention. Furthermore, the Median Nerve is

often used as a standard reference in electrodiagnostic medicine when assessing generalized

polyneuropathies, making it a critical benchmark for overall peripheral nerve health.

The rehabilitation process following Median Nerve injury, whether surgical or traumatic, is lengthy

and complex, often involving intensive occupational therapy to restore fine motor control,

strengthen weakened muscles, and implement sensory re-education programs. Its critical role in

precision grip and tactile feedback means that even partial impairment can drastically reduce a

patient's quality of life, vocational capacity, and ability to perform activities of daily living,

emphasizing the importance of accurate initial management and dedicated long-term follow-up

care for optimal functional recovery.

Further Reading

Median nerve - Wikipedia

Anatomy, Shoulder and Upper Limb, Median Nerve - NCBI Bookshelf

Carpal Tunnel Syndrome - American Society for Surgery of the Hand (ASSH)
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