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The supraclavicular brachial plexus: A global review of
anatomical variants and a report on Mexican cases
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Background: A thorough understanding of the normal anatomy and
anatomical variants of the brachial plexus is essential for safe surgical
planning in the supraclavicular region. Although the classical anatomy is well
documented, supraclavicular variants—particularly involving the anterior
scalene muscle—may alter surgical landmarks and increase the risk of
complications in plastic and reconstructive procedures.

Methods: A comprehensive literature review was achieved using PubMed,
Scopus, Web of Science, and ScienceDirect, covering anatomical variants of
the supraclavicular portion of the brachial plexus. Additionally, 10
anatomical dissections were performed on corpses donated to the Faculty of
Medicine of National Autonomous University of Mexico by Body Donation
Program.

Results: Anatomical variants were identified in two female cadavers. In one,
the anterior ramus of C5 coursed anterior to the anterior scalene muscle
unilaterally; in the other, this finding was bilateral. To our knowledge, this
represents the first reported case of bilateral finding of this variant.
Conclusions: Awareness of supraclavicular brachial plexus variants is crucial
for surgeons performing procedures in the cervical region. The bilateral
course of the C5 anterior ramus anterior to the scalene muscle highlights the
need for meticulous anatomical evaluation during surgical planning.
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nervous plexus is defined as the union of
several anterior rami of the spinal nerves. For
the brachial plexus, the most common
origin—sometimes referred to as the true form—
consists of the anterior rami of spinal nerves C5, C6,
C7, C8, and TI' (Figure1). The brachial plexus is
divided into five parts. From proximal to distal and
medial to lateral, the first are the roots (since the term
"roots" can be confused with the nerve roots that are
the nervous structures formed by the union of the
nerve rootlets of the spinal cord, we prefer to refer to
this part of the brachial plexus as anterior rami). The
second are the trunks, the third are the divisions, the
fourth are the fascicles (occasionally referred to as
cords), and the fifth are the terminal branches?. There's
another classification that separates the brachial plexus
into two portions: supraclavicular (cervical) and
infraclavicular (axillary). The anterior rami, trunks,
and divisions are included in the supraclavicular
portion of the plexus, while the cords and terminal
branches are included in the infraclavicular portion®.
To study the supraclavicular portion of the
brachial plexus, we've subdivided it into three zones,
from proximal to distal and medial to lateral: the
prescalene, interscalene, and postscalene zones. Each
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zone corresponds to a division of the supraclavicular
brachial plexus: the prescalene zone corresponds to the
anterior rami, the interscalene zone to the trunks, and
the postscalene zone to the divisions.

Preescalene zone

The spinal nerves C5, C6, and C7, after
originating from the union of the anterior and posterior
roots of the spinal cord, emerge through the
intervertebral foramen. At this point, the spinal nerves
lie in a groove located on the superior surface of the
transverse processes of the cervical vertebrae. This
groove has two walls: an anterior and a posterior,
formed respectively by the anterior and posterior
intertransverse muscles. An important relationship in
this area (the groove of the transverse processes of the
cervical vertebra) is as follows: anterior to the anterior
intertransverse muscles and the spinal nerve, they
relate to the transverse foramen and its contents: the
vertebral artery, vertebral veins, and the perivertebral
sympathetic plexus (Frangois-Franck plexus)*.

Spinal nerves C5 and C6 originate from a superior
region within the brachial plexus's location, and on
their way to the cervicoaxillary canal, these spinal
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Figure 1. General Anatomy of Brachial Plexus

nerves form a sort of downward curve at the lateral
and sharp edge of the transverse process. This position
of the spinal nerves makes them prone to injuries from
inferior traction of the upper limb or lateral
hyperextension of the head, as occurs during childbirth
in Erb-Duchenne paralysis (lesion of the C5 and C6
spinal nerves)®. Unlike the spinal nerves previously
described, C7 continues a horizontal path after
crossing the lateral border of the transverse process.
The C7 spinal nerve is typically found in a posterior
and inferior (distal) zone to C6.

The C8 spinal nerve exits the intervertebral
foramen between the C7 and T1 vertebrae, and the T1
spinal nerve does so between the T1 and T2 vertebrae.
Upon exiting their respective intervertebral foramina,
these nerves wrap around the neck of the first rib; the
C8 nerve passes superiorly and the T1 nerve inferiorly.
At this point, the T1 spinal nerve divides into its
anterior and posterior ramus. As it was previously
described for the T1 nerve, the other spinal nerves,
once they cross the intervertebral foramen and cross
the lateral border of the cervical vertebrae's transverse
processes, also divide into an anterior and a posterior
ramus. In the area immediately distal to the
intervertebral foramen, where the C8 and T1 spinal
nerves emerge and divide, important relationships are
found. Inferiorly (floor) and posteriorly (posterior
wall), this area would be formed by the suprapleural
membrane (Sibson's fascia), which is the connective
tissue supporting the cervical pleura. Anteriorly
(anterior wall), it's formed by two structures: the
costocervical trunk and the cervicothoracic ganglion
(stellate ganglion). The costocervical trunk lies
immediately
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Figure 2. Case 1: Unilaterally variation of anterior ramus of C5
(right side). ASM Anterior Scalene Muscle, PSM Posterior
Scalene Muscle.

anterior to the anterior rami of C8 and T1, and anterior
to this artery is the cervicothoracic ganglion®.

The anterior ramus of the brachial plexus
gives rise to three collateral nerves. From the posterior
aspect of the anterior ramus of C5 (and occasionally
with contributions from C4), the dorsal scapular nerve
originates. During its course, it usually pierces the
middle scalene muscle before heading towards the
rhomboid muscles, locating deep to the levator
scapulae muscle, which it also innervates'. Although
isolated neuropathy of the dorsal scapular nerve is
uncommon and more frequently due to spasm of the
middle scalene muscle secondary to anterior scalene
syndrome, it's important to be aware of its existence
and clinically it is presented as pain, hypoesthesia, or
even pain in the interscapular and superior dorsal
region. Due to hypotrophy of the rhomboid and levator
scapulae muscles, scapular position is often altered,
being displaced laterally, this position is accentuated
with scapular retraction.

The long thoracic nerve originates from the
anterior rami of C5, C6, and C7. This nerve innervates
the serratus anterior muscle. Injury to this nerve and/or
the anterior rami of C5-C7 manifests similarly to
dorsal scapular nerve injury, with a deformity in
scapular position, which is accentuated when the
patient is asked to push a wall with their arm, resulting
in medial and superior displacement of the scapula,
giving a clinical sign called “winged scapula.”’ As
previously described, the anterior rami of T1 gives rise
to the first intercostal nerve, which innervates the
adjacent intercostal muscles, the thoracic wall, and a
portion of the thoracic pleura®.

Although the phrenic nerve primarily
originates from the anterior rami of C4, it's vital to
mention it because in some cases, the anterior ramus
of C5 and less frequently C3 contribute some axons to
the phrenic nerve. The phrenic nerve nucleus is
located at the C4 spinal cord level, specifically in the
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Figure 3. Case 2: Bilaterally variation of anterior ramus of C5 (right side). ASM Anterior Scalene Muscle, MSM Middle Scalene Muscle,

PN Phrenic Nerve.

anterior horn of the spinal cord (Rexed lamina IX).
The origin of the phrenic nerve can be found at the
lateral border of the anterior scalene muscle along a
horizontal line drawn at the superior border of the
thyroid cartilage (C4 level). During its course towards
the diaphragm, it descends anterior to the anterior
scalene muscle, and at this point, the anterior ramus of
C5 and the cervicothoracic ganglion contribute some
axons to the phrenic nerve*.

The sympathetic autonomic response of the
upper limb carries out functions like sweating or
piloerection. The C5, C6, and C7 spinal nerves receive
sympathetic fibers from the perivertebral nervous
plexus (Frangois-Franck plexus), sometimes simply
referred to as the vertebral nerve. The C6 to T1 spinal
nerves receive fibers directly from the cervicothoracic
ganglion (stellate ganglion). Since the perivertebral
plexus originates mainly from the cervicothoracic
ganglion, it can be concluded that the sympathetic
innervation of the upper limb is entirely provided by
the cervicothoracic ganglion?.

Interscalene Zone (Scalene Gorge or Interscalene
Triangle)

Lateral and distal to the prescalene zone is an
anatomical site called the scalene gorge or interscalene
triangle. This is a narrow space bounded inferiorly by
the superior border of the first rib, anteriorly by the
posterior border of the anterior scalene muscle, and
posteriorly by the middle and posterior scalene
muscles. It is at this site that the anterior rami (roots)
of the brachial plexus unite to form the trunks. The
anterior rami of C5 and C6 form the upper trunk. The
anterior ramus of C7 does not join with any other
anterior ramus; however, at this site, it changes its
name to the middle trunk. The union of the anterior
rami of C8 and T1 forms the lower trunk. In the
interscalene zone, the brachial plexus trunks are
enveloped in the connective tissue of the prevertebral
lamina of the deep cervical fascia, which also encases
the scalene muscles*.
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Anterior and inferior to the brachial plexus
trunks lies the axillary artery. Regarding the
nomenclature of the arterial element in this region, it's
important to note that this area is superior to the first
rib, and at this point, the artery is still referred to as the
subclavian artery, becoming the axillary artery once it
crosses the lateral border of the first rib. The
transverse cervical artery, which originates from the
thyrocervical trunk, relates to the anterior surface of
the brachial plexus trunks and may occasionally cross
between them. The dorsal scapular artery, which most
frequently originates from the subclavian artery and
occasionally from the transverse cervical artery, runs
between the upper and middle trunks to reach the
superomedial region of the scapula®.

The upper trunk gives off two collateral
nerves: the subclavian nerve, which innervates the
subclavius muscle, and the suprascapular nerve, which
innervates the supraspinatus and infraspinatus
muscles!. Injury to the latter nerve, which is frequently
located at the shoulder and is of compressive or
traumatic origin, presents with hypotrophy in the
supra- and infraspinous fossae, as well as the inability
for shoulder abduction and external rotation. The
middle and lower trunks do not give rise to any
branches.

Postscalene Zone

Lateral to the interscalene zone and deep to
the clavicle lie the divisions of the brachial plexus.
Each brachial plexus trunk divides into an anterior and
a posterior division, resulting in a total of six
divisions.

Superficial and anterior to the brachial plexus
divisions, they relate to the inferior belly of the
omohyoid muscle, which is enveloped by the
connective tissue of the pretracheal lamina of the deep
cervical fascia. Occasionally, well-organized adipose
tissue, termed prescalene (Meckel's) adipose tissue,
can be found between the -carotid sheath, the
omohyoid muscle (and its surrounding pretracheal

DOI 10.5281/zenodo.16730349



Horta Carrillo D. et al.

fascia), and the brachial plexus divisions. As the
external jugular vein pierces the superficial lamina of
the deep cervical fascia to reach and drain into the
great veins of the neck, it also forms an anterior
relationship with the brachial plexus divisions*.

Methods

The anatomy of five cadavers, three male and
two female (n=10), was studied. The cadavers were
provided by the Anatomy Department of the Faculty
of Medicine at the National Autonomous University of
Mexico through its Body Donation Program. Inclusion
criteria were Mexican population over 18 years of age.
Exclusion criteria were any evidence of alteration in
the cervical region.

These cadavers were embalmed using the
modified carbowax technique, which allows for better
preservation and identification of anatomical
structures. An extensive and meticulous dissection of
all anatomical structures of the supraclavicular portion
of the brachial plexus was performed.

Results

Variations were observed in two cadavers,
both female. In one specimen, the anterior ramus of
C5 was found in the right side running anterior to the
anterior scalene muscle (Figure2). In the second
specimen, the C5 root ran anterior to the anterior
scalene muscle bilaterally.

Discussion

An anatomical variation in a body structure
refers to a different presentation of morphological
characteristics than those classically described. Often,
these anatomical variations come along with diseases
or syndromes, impacting the structure's functionality.
However, in other cases, these variations go unnoticed
throughout a person's life, only being found as an
incidental discovery during a surgical procedure,
autopsy, or anatomical dissection. It's reported that up
to 53.5%?° of brachial plexuses exhibit an anatomical
variation, and only 60 % show bilateral symmetry in
an individual.

Regarding the brachial plexus's origin, the
prefixed variation (when the anterior ramus of C4
contributes to the origin) is reported to occur in 9.4 %°
to 24 %7, or even up to 41 %> of individuals. For the
postfixed variation (when the anterior ramus of T2
contributes to the origin), incidence ranges from
2.5%°t03.1%° or 4%/".

Different anatomical variations of the scalene
muscles have been documented. An anterior scalene
muscle with two bellies*—one wide medial and one
narrow lateral—has been reported. In the presence of
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this variation, we can refer to the narrower belly as the
accessory scalene muscle. The anterior ramus of C5
exits the interscalene zone behind the lateral border of
the medial fasciculus of the anterior scalene muscle,
while the other anterior rami do so behind the lateral
border of the lateral fasciculus of the same muscle. In
this scenario, C5 and C6 remain separate and do not
form an upper trunk. C5 then gives rise to the
subclavian and suprascapular nerves.

A variant of the middle scalene muscle has
been described as a muscular band originated in the
cervical region from the middle scalene muscle and
inserting into the first rib°. When this muscular band
exists and inserts into the first rib, between the
subclavian artery and the brachial plexus, we could
refer to it as the minimum scalene muscle—also
named by Testut as the intermediate scalene muscle,
or described in other texts as the pleural scalene
muscle. When the scalenus minimus muscle is absent,
a fibrous band may be observed during dissection that
joints with the suprapleural membrane (Sibson's
fascia).

The anterior rami vary in their relationship
with the anterior scalene muscle in approximately 15—
35% of cases. It is reported that only 60% of the
anterior rami pass through the interscalene space. As
discussed further below, most frequently the anterior
rami of C5 and C6 pass anteriorly to or penetrate the
anterior scalene muscle!®. Of these two variations,
penetration of the anterior scalene muscle is the most
common, with the anterior ramus of C5 doing so more
frequently than C6°.

The trunks can present different variations. As
mentioned previously, the absence of the upper trunk
due to the presence of a double-bellied anterior scalene
muscle has been reported®. Up to 25 % of upper trunks
can pass anteriorly to or penetrate the anterior scalene
muscle®. In the middle trunk, a contribution from C8 to
its formation has been reported’. The absence of the
middle trunk has also been reported; in such cases,
only two trunks exist: C7-T1 unite to form a single
lower trunk, which subsequently divides into two, with
each of these lower trunk divisions providing an
anterior and a posterior division. In these reported
cases, the three anterior divisions joined to form a
single fasciculus''.

Regarding the collateral branches of the
supraclavicular portion, it has been described that the
long thoracic nerve pierces the middle scalene muscle
in 18 % of cases®. The suprascapular nerve originates
in the postscalene zone in up to 27 % of cases’, and in
up to 10% of cases, the suprascapular nerve may
originate from the posterior division of the upper
trunk®. As previously described, the phrenic nerve may
receive contributions from the brachial plexus;

however, it has been described that this nerve
can originate exclusively from the brachial plexus in
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up to 20% of cases’. The presence of an accessory
phrenic nerve following the course of the subclavian
nerve has been described in 22 %7 to 75 %?° of cases.

There are four types of variants involving the
anterior rami of the brachial plexus and the anterior
scalene muscle: single-root perforation (23-38 %),
perforation by more than two roots (3-8%), C5
perforating (3—-19 %), and C5 anterior to the muscle
(3 %)™

Conclusion

The bilateral anterior course of the C5 anterior
ramus with respect to the anterior scalene muscle, as
observed in our study, represents a novel anatomical
variant’®. This finding reinforces the importance of
considering anatomical variations during surgical
planning, especially in the context of nerve blocks or
cervical procedures.
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