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Understanding the anatomy of the brachial plexus is essential for healthcare professionals,
students, and anyone interested in human physiology. The brachial plexus is a complex
network of nerves that originates from the spinal cord and supplies motor and sensory
innervation to the upper limb. While it gives rise to many important nerves, it does not
directly give rise to the phrenic nerve, which has a different origin and function. This article

provides an in-depth overview of the brachial plexus, its nerve branches, and clarifies
common misconceptions regarding its innervation patterns.

Overview of the Brachial Plexus

The brachial plexus is a network of intertwined nerve fibers that emerge from the cervical
and thoracic spinal nerve roots. Its primary function is to supply the upper limb with motor
innervation (muscles responsible for movement) and sensory innervation (skin and tissues).
The plexus is formed by the ventral rami of the spinal nerves C5 to T1, with occasional
contributions from C4 and T2.

Anatomical Course of the Brachial Plexus

The brachial plexus is organized into roots, trunks, divisions, cords, and branches:

e Roots: Ventral rami of C5-T1.

e Trunks: The roots combine to form three trunks:
o Upper trunk (C5-C6)
o Middle trunk (C7)

o Lower trunk (C8-T1)

e Divisions: Each trunk splits into anterior and posterior divisions.

e Cords: Divisions recombine to form lateral, posterior, and medial cords:



o Lateral cord (from anterior divisions of C5-C7)
o Posterior cord (from all three posterior divisions)

o Medial cord (from anterior division of C8-T1)

* Terminal branches: The cords give rise to the major nerves of the upper limb.

Major Nerves Originating from the Brachial
Plexus

The brachial plexus supplies a variety of nerves that control the muscles of the shoulder,
arm, forearm, and hand, as well as provide sensory innervation to the skin. Below are the
key nerves that arise from the plexus:

Musculocutaneous Nerve

- Origin: Lateral cord (C5-C7)
- Function: Innervates the flexor muscles of the anterior arm (biceps brachii, brachialis,
coracobrachialis) and provides sensation to the lateral forearm.

Axillary Nerve

- Origin: Posterior cord (C5-C6)
- Function: Supplies deltoid and teres minor muscles, and skin over the deltoid.

Radial Nerve

- Origin: Posterior cord (C5-T1)

- Function: Innervates the posterior compartment of the arm and forearm, including the
triceps brachii, extensor muscles, and provides sensory innervation to the posterior arm
and forearm.

Median Nerve

- Origin: Lateral and medial cords (C5-T1)
- Function: Supplies most of the flexor muscles in the forearm, thenar muscles, and
provides sensation to the lateral palm and fingers.



Ulnar Nerve

- Origin: Medial cord (C8-T1)
- Function: Innervates some forearm flexors and most intrinsic hand muscles, and provides
sensation to the medial hand.

What About the Phrenic Nerve?

While the brachial plexus gives rise to many nerves, the phrenic nerve does not originate
from it. Instead, the phrenic nerve arises mainly from cervical nerve roots C3, C4, and C5,
with C4 being the primary contributor. Its primary role is to provide motor innervation to
the diaphragm, which is essential for respiration.

Origin and Course of the Phrenic Nerve

- Origin: Anterior rami of C3-C5
- Course: It descends through the neck, traverses the thorax, and innervates the
diaphragm.

Function of the Phrenic Nerve

- Motor: Diaphragm muscle (main muscle for breathing)
- Sensory: Fibers to the mediastinal and diaphragmatic pleura, pericardium, and
peritoneum.

Why Is the Phrenic Nerve Not Part of the Brachial
Plexus?

The key distinction lies in the embryological and anatomical origins:

- The brachial plexus develops from the ventral rami of C5-T1. Its fibers are aimed at
innervating the upper limb structures.

- The phrenic nerve develops from the cervical spinal nerves C3-C5, which are part of the
cervical plexus, not the brachial plexus.

This separation reflects the different functions: the brachial plexus is dedicated to limb

innervation, while the cervical plexus (including the phrenic nerve) primarily supplies the
diaphragm and neck muscles.

Common Nerves Derived from the Brachial Plexus



(Summary)

| Nerve Name | Origin from Brachial Plexus | Main Function |

| Musculocutaneous | Lateral cord (C5-C7) | Flexion of forearm; sensation of lateral forearm
I

| Axillary | Posterior cord (C5-C6) | Abduction of shoulder; sensation over deltoid |

| Radial | Posterior cord (C5-T1) | Extends wrist and fingers; sensation posterior forearm |

| Median | Lateral and medial cords (C5-T1)| Flexion of wrist and fingers; thenar muscles |

| Ulnar | Medial cord (C8-T1) | Intrinsic hand muscles; sensation of medial hand |

These nerves are vital for upper limb movement and sensation, supporting daily activities
and fine motor skills.

Additional Nerves and Variations

Beyond the main named nerves, the brachial plexus gives rise to several smaller branches,
including:

- Suprascapular nerve

- Subscapular nerves (upper and lower)
- Lateral pectoral nerve

- Medial pectoral nerve

- Thoracodorsal nerve

- Lower and upper subscapular nerves

These nerves innervate specific muscles of the shoulder and chest region, contributing to
shoulder movement, stability, and skin sensation.

Clinical Significance

Understanding the origin of these nerves is crucial for diagnosing nerve injuries, performing
nerve blocks, and understanding referred pain.

Nerve Injuries

- Injuries to the brachial plexus can cause paralysis, weakness, or sensory deficits in the
upper limb.

- Common causes include trauma, tumors, or surgical complications.

- The phrenic nerve, although not part of the brachial plexus, can be affected in neck
injuries or surgeries, leading to diaphragmatic paralysis.



Nerve Blocks

- Anesthesiologists often target the brachial plexus for regional anesthesia in surgeries
involving the shoulder, arm, or hand.
- Knowledge of the nerve origins helps in precise nerve block placement.

Summary

The brachial plexus is a vital network of nerves that supplies motor and sensory innervation
to the upper limb. It originates from the ventral rami of cervical spinal nerves C5 to T1 and
gives rise to several important nerves, including the musculocutaneous, axillary, radial,
median, and ulnar nerves. The phrenic nerve, however, arises from cervical nerves C3-C5,
primarily from the cervical plexus, and is responsible for diaphragm innervation and
breathing. Therefore, when considering the statement that "The brachial plexus gives rise
to all of the following nerves, except the group of answer choices Phrenic," it is clear that
the phrenic nerve is not a product of the brachial plexus.

Conclusion

A comprehensive understanding of the anatomy and nerve origins of the upper limb is
essential for effective clinical assessment and management of nerve injuries. Recognizing
that the brachial plexus does not give rise to the phrenic nerve emphasizes the importance
of precise anatomical knowledge. The differentiation between the cervical and brachial
plexuses underpins many diagnostic and therapeutic procedures, ensuring optimal patient
care.

Keywords: brachial plexus, nerves of the upper limb, phrenic nerve, cervical plexus, nerve
anatomy, nerve injury, regional anesthesia, upper limb innervation

Frequently Asked Questions

What is the main nerve origin of the phrenic nerve in
relation to the brachial plexus?

The phrenic nerve does not originate from the brachial plexus; it primarily arises from
cervical spinal nerves C3-C5, not the brachial plexus.

Which nerves are directly derived from the brachial
plexus?

The brachial plexus gives rise to nerves such as the musculocutaneous, axillary, median,



ulnar, and radial nerves.

Why is the phrenic nerve considered an exception
among nerves arising from the brachial plexus?

Because it originates from cervical spinal nerves C3-C5, not from the brachial plexus roots,
making it an exception.

What clinical implications are associated with the
phrenic nerve's origin separate from the brachial
plexus?

Damage to the cervical roots C3-C5 can impair diaphragmatic function, leading to breathing
difficulties, whereas brachial plexus injuries typically affect upper limb function.

Does the brachial plexus contribute to the formation of
the phrenic nerve?

No, the phrenic nerve does not originate from the brachial plexus; it arises mainly from the
cervical spinal nerves C3-C5.

Which nerve is not a derivative of the brachial plexus:
musculocutaneous, axillary, median, or phrenic?

The phrenic nerve is not a derivative of the brachial plexus; it originates from cervical
spinal nerves.

Can injuries to the brachial plexus affect the
diaphragm?

Generally, no, because the diaphragm is mainly innervated by the phrenic nerve, which
arises from cervical roots C3-C5, separate from the brachial plexus.

What is the role of the phrenic nerve in the nervous
system?

The phrenic nerve provides motor innervation to the diaphragm and sensory innervation to
parts of the mediastinal and diaphragmatic pleura.

Which of the following nerves does not arise from the
brachial plexus: radial, ulnar, median, or phrenic?

The phrenic nerve does not arise from the brachial plexus; it originates from cervical spinal
nerves C3-C5.
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Introduction

The human nervous system is a marvel of biological engineering, coordinating complex
sensory and motor functions that allow us to interact meaningfully with our environment.
Central to the peripheral nervous system is the brachial plexus—a network of nerves
originating from the cervical and upper thoracic spinal cord segments. This plexus is
responsible for the sensory innervation and motor control of the upper limb, including the
shoulder, arm, forearm, and hand.

In clinical neuroanatomy and surgical practice, understanding the nerve roots and the
nerve branches arising from the brachial plexus is essential. It facilitates diagnosis of nerve
injuries, planning of nerve repair procedures, and comprehension of various neurological
syndromes.

A common point of confusion involves the nerves that arise from the brachial plexus and
those that do not, notably the phrenic nerve. This article aims to clarify these relationships,
exploring the anatomy, origins, and implications of these neural structures.

Overview of the Brachial Plexus
Anatomy and Formation

The brachial plexus is formed by the anterior rami of the spinal nerves C5 through T1, with
occasional contributions from C4 and T2. These roots combine to form trunks, divisions,
cords, and finally terminal branches.

- Roots: C5, C6, C7, C8, T1

- Trunks: Upper (C5-C6), Middle (C7), Lower (C8-T1)

- Divisions: Each trunk divides into anterior and posterior divisions
- Cords: Lateral, posterior, and medial cords

- Terminal branches: Nerves that supply the upper limb

Major Nerves Arising from the Brachial Plexus
The brachial plexus gives rise to numerous peripheral nerves, including:

- Musculocutaneous nerve
- Axillary nerve

- Radial nerve

- Median nerve

- Ulnar nerve

- Dorsal scapular nerve



- Long thoracic nerve
- Suprascapular nerve
- Subscapular nerves

These nerves are primarily responsible for motor innervation to muscles and sensory
innervation to the skin of the upper limb.

The Phrenic Nerve: An Anomaly in Origin

Anatomy and Function

The phrenic nerve is a critical nerve responsible for motor innervation to the
diaphragm—the primary muscle involved in respiration. It also provides sensory fibers to
the mediastinal pleura, pericardium, and the central diaphragm.

- Origin: The phrenic nerve arises predominantly from the cervical spinal nerves C3, C4, and
C5, with the most significant contribution from C4.

- Course: It descends through the neck, passes between the subclavian artery and vein, and
enters the thorax to reach the diaphragm.

Significance in Clinical Practice

Damage to the phrenic nerve can result in diaphragmatic paralysis, leading to respiratory

compromise. Since its origin is from cervical nerve roots rather than the brachial plexus, it
is often considered an exception when listing nerves arising from the brachial plexus.

The Core Question: Does the Brachial Plexus Give Rise to the Phrenic Nerve?

Anatomical Clarification

While the brachial plexus indeed arises from cervical nerve roots, its terminal branches are
derived from the ventral rami of C5 through T1. The roots C3 and C4 contribute to the
phrenic nerve independently of the brachial plexus formation.

In other words,:

- The brachial plexus primarily involves nerve roots C5-T1.

- The phrenic nerve mainly originates from C3-C5, with C4 being the most significant

contributor.

This distinction means that, although the cervical nerve roots are shared, the phrenic nerve
is not considered a derivative of the brachial plexus.

Implications of the Anatomical Relationship

Understanding this relationship is vital in clinical diagnosis:



- In nerve injury: Damage to the brachial plexus (e.g., Erb's palsy) typically spares the
phrenic nerve.

- In cervical nerve root lesions: The phrenic nerve may be affected, leading to
diaphragmatic paralysis, independently of brachial plexus injury.

Other Nerves Arising from the Brachial Plexus

To appreciate what the brachial plexus does give rise to, it is essential to review the major
terminal branches and their origins:

Musculocutaneous Nerve

- Arises from the lateral cord (C5-C7)
- Innervates the anterior compartment of the arm (e.g., biceps brachii, brachialis)

Axillary Nerve

- Originates from the posterior cord (C5-C6)
- Supplies the deltoid and teres minor muscles

Radial Nerve

- From the posterior cord (C5-T1)
- Innervates the posterior arm and forearm muscles

Median Nerve

- From the lateral and medial cords (C6-T1)
- Innervates most of the anterior forearm muscles and some hand muscles

Ulnar Nerve

- From the medial cord (C8-T1)
- Supplies most intrinsic hand muscles and some forearm muscles

Additional Branches

- Dorsal scapular nerve: From C5

- Long thoracic nerve: From C5-C7

- Suprascapular nerve: From the upper trunk (C5-C6)

- Subscapular nerves: From posterior cord (C5-C6)

All these nerves are derived from the nerve roots and trunks of the brachial plexus,
illustrating the plexus’s role in upper limb innervation.

The Exception: The Phrenic Nerve



Embryological and Anatomical Context

The phrenic nerve's origin from C3-C5 explains why it is often considered outside the direct
domain of the brachial plexus, which is formed from C5-T1 nerve roots. Its primary
responsibility for diaphragmatic innervation makes it a crucial component of the cervical
plexus rather than the brachial plexus.

Clinical Significance of the Exception

- In nerve injury: While brachial plexus injuries generally do not affect respiration, cervical
nerve root injuries at C3-C5 can compromise phrenic nerve function.

- In surgical procedures: Care must be taken during neck surgeries to avoid damaging the
phrenic nerve, which could impair breathing.

Summary and Clarification

| Nerve | Origin | Innervation | Relationship to Brachial Plexus |

R a— oo o |

| Musculocutaneous | Lateral cord (C5-C7) | Anterior arm muscles | Yes |

| Axillary | Posterior cord (C5-C6) | Deltoid, teres minor | Yes |

| Radial | Posterior cord (C5-T1) | Posterior arm, forearm | Yes |

| Median | Lateral and medial cords (C6-T1) | Forearm, hand muscles | Yes |
| Ulnar | Medial cord (C8-T1) | Hand intrinsic muscles | Yes |

| Phrenic | C3-C5 roots | Diaphragm | No |

Thus, the phrenic nerve is the nerve not arising from the brachial plexus, making it the
correct answer to the question.

Clinical Relevance and Final Remarks

Understanding the precise origins of these nerves is critical for clinicians, surgeons, and
anatomists:

- Brachial plexus injuries, such as in childbirth or trauma, typically spare the phrenic nerve.
- Cervical nerve root injuries may affect the phrenic nerve, leading to diaphragmatic
paralysis.

- Differentiating nerves arising from the brachial plexus from those that do not assists in
accurate diagnosis and surgical planning.

In conclusion, while the cervical nerve roots are shared components, the phrenic nerve's

primary origin from cervical roots C3-C5 separates it from the brachial plexus, making it an
exception in the list of nerves arising from this plexus.
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Final Note

Understanding the nuanced anatomy of the nerves of the upper limb and neck is
fundamental to effective clinical practice. Recognizing that the brachial plexus does not
give rise to the phrenic nerve is a key conceptual point that underscores the importance of
detailed neuroanatomical knowledge in diagnosis, treatment, and surgical intervention.
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