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ABSTRACT

The brachial plexus is a complex network of nerves that supplies motor
and sensory innervation to the upper limb. Its intricate anatomy is critical

for understanding various clinical conditions and performing surgical
interventions. This article reviews the structure, components, variations,
and clinical significance of the brachial plexus, highlighting its role in
neuroanatomy and medicine.
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INTRODUCTION

he brachial plexus is a network of nerves formed by the anterior rami

of spinal nerves C5 to T1. It is responsible for the sensory and motor
innervation of the shoulder, arm, and hand. Given its crucial role in upper
limb functionality, a detailed understanding of its anatomy is essential for
medical professionals, particularly in neurology, orthopedics, and surgery.
This article aims to provide a comprehensive overview of the brachial
plexus, including its formation, branches, anatomical variations, and clinical
implications [1].

ANATOMY OF THE BRACHIAL PLEXUS

The brachial plexus is a network of nerves that originates from the spinal
cord and is responsible for motor and sensory innervation of the upper limb.
It is formed by the anterior rami of the C5 to T1 spinal nerves, with some
contribution from C4 and T2 in certain individuals. The brachial plexus
passes through the neck, above the first rib, and into the axilla (armpit), where
it divides into roots, trunks, divisions, cords, and branches. The roots give
rise to three trunks: the upper, middle, and lower. Each trunk splits into an
anterior and posterior division, which then converge to form three cords: the
lateral, posterior, and medial cords. These cords give rise to several important
branches, including the musculocutaneous, axillary, radial, median, and
ulnar nerves, which provide motor control to muscles and sensation to the
skin of the shoulder, arm, and hand [2]. The brachial plexus is vital for the
coordinated movement and sensation of the upper limb, and injuries to any
part of the plexus can lead to a range of deficits, from weakness or paralysis to
sensory loss in the affected areas.

COMMON VARIATIONS IN THE BRACHIAL PLEXUS

Common variations in the brachial plexus refer to anatomical differences
in how the nerve roots, trunks, divisions, cords, and branches are formed,
leading to unique configurations that can affect the function of the upper
limb. One of the more notable variations is the prefixed and postfixed
brachial plexus. In a prefixed brachial plexus, the roots originate from C4
to C8, with the T1 root being positioned lower than usual. In contrast, a
post-fixed brachial plexus includes a contribution from T2, resulting in a
lower-lying plexus [3]. These variations can alter the distribution of nerve
innervation to the upper limb, which may influence the presentation of nerve
injuries or neurological symptoms in the arm and hand.

Another common variation is the presence of a cervical rib, an extra rib
arising from the seventh cervical vertebra. This anomaly can compress the
lower trunk of the brachial plexus (C8 and T1), leading to symptoms of
thoracic outlet syndrome, which include pain, numbness, and weakness in
the upper limb, particularly in the hand and fingers. This condition is more
likely to occur in individuals with a cervical rib, as it can physically impinge
on the brachial plexus or subclavian vessels as they pass through the neck and
into the arm.

Erb’s point anomalies are also significant variations, where the upper roots
of the brachial plexus (C5 and C6) form abnormal connections or have
additional nerve fibers [4]. This can lead to conditions like Erb’s palsy or
Klumpke’s palsy, which involve weakness or paralysis of the arm due to nerve
damage, often occurring during birth or trauma. Additionally, there can be
communication between the brachial plexus and other nearby nerves like the
phrenic or vagus nerves. These communications can cause unusual sensory
or motor symptoms and, in rare cases, dysfunction of the diaphragm (if the
phrenic nerve is involved), affecting breathing patterns.

In some cases, individuals may also exhibit contribution from the C4 root
to the brachial plexus, which is less common but can affect the sensory and
motor distribution to the upper limb. Lastly, duplication of nerve branches,
such as an additional musculocutaneous or median nerve, may also occur. While
these duplications are often asymptomatic, they can sometimes lead to unusual
patterns of nerve compression or injury, depending on the presence and location
of the duplicate nerve branches [5]. Understanding these variations is important
for diagnosing and treating brachial plexus injuries, as they can influence both the
clinical presentation and the approach to treatment.

EMBRYOLOGICAL ORIGINS OF BRACHIAL PLEXUS
VARIATIONS

The embryological origins of brachial plexus variations are rooted in the
complex development of the neural tube and the patterning of the somites.
During early fetal development, the brachial plexus forms from the anterior
rami of the C5 to T1 spinal nerves, which arise from the ventral divisions
of the cervical and upper thoracic segments of the spinal cord. These spinal
nerves initially split into rootlets, which then combine to form the trunks
of the brachial plexus. The formation of the trunks and their subsequent
division into divisions, cords, and branches occurs within the first few weeks
of fetal life. However, disruptions in this developmental process, such as
errors in the migration, fusion, or branching of these nerve structures, can
lead to a variety of anatomical variations [6].

Variations in the brachial plexus, such as prefixed or postfixed brachial
plexuses, can result from the abnormal positioning of the nerve roots during
the early stages of development. A pre-fixed brachial plexus occurs when the
C4 root contributes to the formation of the plexus, whereas a postfixed brachial
plexus involves the T2 root. These variations are thought to result from deviations
in the segmentation of the cervical and thoracic somites, which can cause the
nerve roots to be located higher or lower than normal along the spinal cord. Such
shifts in the position of the nerve roots alter the plexus’s structure, leading to
differences in the distribution of nerves to the upper limb.

CLINICAL IMPLICATIONS OF BRACHIAL PLEXUS
VARIATIONS

Variations such as a prefixed or post-fixed brachial plexus can also lead to
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altered patterns of nerve distribution, which may predispose individuals to
specific nerve injuries or conditions. For instance, a pre-fixed brachial plexus,
which arises higher than normal (with C4 contributing to the plexus), may
result in a different arrangement of nerves, making certain regions of the
arm more susceptible to nerve compression or trauma. A post-fixed brachial
plexus, on the other hand, may be positioned lower in the neck or upper
thoracic region, potentially leading to altered motor or sensory functions in
the shoulder, arm, or hand [7]. These anatomical differences may require
adjustments in surgical or diagnostic approaches, as nerve damage or
dysfunction may manifest differently than in a typical brachial plexus.

Another important clinical consideration is the potential for birth injuries,
such as Erb’s palsy or Klumpke’s palsy, which are often linked to brachial
plexus variations. These injuries typically occur during difficult deliveries,
particularly when excessive pulling or traction is applied to the infant’s
neck or arm. Variations in the brachial plexus structure, such as abnormal
fusion or duplication of nerve roots, can increase the risk of nerve stretch
or tear, resulting in weakness or paralysis of the arm. In cases of Erb’s palsy,
the upper roots of the plexus (C5 and C6) are often damaged, leading to
weakness in the shoulder and arm muscles, while Klumpke’s palsy involves
injury to the lower roots (C8 and T1), affecting the hand and causing deficits
in fine motor skills [8].

CONCLUSION

In conclusion, variations in the brachial plexus are relatively common and
can have important clinical implications, affecting the motor and sensory
function of the upper limb. These variations, which can result from
differences in the positioning, branching, or structure of the nerve roots
and trunks, may lead to conditions such as thoracic outlet syndrome, birth-
related injuries (like Erb’s or Klumpke’s palsy), and nerve compression or
injury. While many of these anatomical differences are asymptomatic, they
can predispose individuals to specific neurological issues, complicating
diagnosis, treatment, and surgical interventions. Understanding these
variations is crucial for healthcare providers in diagnosing upper limb
disorders, planning surgical procedures, and providing effective treatment,
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ensuring that potential complications are recognized early and managed
appropriately. Ultimately, a thorough knowledge of brachial plexus
variations helps improve patient outcomes by allowing for personalized care
and minimizing risks associated with nerve injury or dysfunction.
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