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Abstract
Background: The superior trunk of the brachial plexus provides innervation of the upper arm and shoulder regions, formed from nerve roots 

C5 and C6. The suprascapular nerve branches off the upper trunk, supplying innervation to the supraspinatus and infraspinatus muscles. Existing 
literature documents variations in the brachial plexus structures. Although the functional impact of these anomalies can vary, it is crucial to document 
them to expand on anatomical knowledge of the brachial plexus.

Methods: A unique variation of the superior trunk of the brachial plexus was discovered during a routine educational dissection in a male 
cadaver. The current authors present a case of a non-union of the C5 and C6 nerve roots at the upper trunk of the brachial plexus, along with 
variations in the structure and branching pattern of downstream nerves.

Discussion: While anatomical variations of the brachial plexus are not uncommon, anomalies of the upper trunk are not well documented. 
Specifically, variations in the C5 and C6 nerve roots can have effects such as plexopathies and other clinical disorders. Understanding these variations 
is particularly important for surgeons, as the upper trunk is a landmark during shoulder arthroscopy, rotator cuff repair, shoulder replacement 
surgery, and nerve blocks.

Conclusion: The current case report documents a variation of the upper trunk with the purpose of expanding current literature and 
understanding of anatomical variations within the brachial plexus. Due to the post-mortem nature of the current report, the scope is limited and 
there is no certainty regarding the effects of this anomaly on physiology.

Introduction

Understanding the upper trunk of the brachial plexus can be 
the ticket to a successful patient encounter, surgery, or other cir-
cumstances that require knowledge of human anatomy. Due to the 
commonality of anomalies or variations in this region, both motor 
and sensory innervations to the upper limb may be affected and 
thus, appreciated by physicians and medical students alike [1]. The  

 

brachial plexus is an intricate connection of nerves formed from 
the ventral rami of nerve roots C5-C8 and the first thoracic spinal 
nerve, T1. It supplies motor and sensational input to musculature of 
the upper extremity. The normal anatomical formation of the plex-
us begins at the posterior triangle of the neck and extends into the 
axilla at the angle between the clavicle and the lower posterior bor-
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der of the sternocleidomastoid muscle. This allows the nerve fibers, 
derived from the spinal cord, to be distributed to the nerve trunks 
supplying various parts of the upper limb [2]. The nerve roots C5 
and C6 normally unite to form the upper trunk, while C7 gives rise 
to the middle trunk, and C8-T1 unite to form the lower trunk. At 
the level beneath the pectoralis minor, each trunk splits into an an-
terior and posterior division. The anterior divisions unite to form 
the lateral and medial cords, and the posterior divisions form the 
posterior cord. The cords then give rise to the terminal branches 
that innervate upper limb muscles [3].

As this network of nerves is especially complex, anatomical 
variations in the brachial plexus are not infrequent and have been 
reported in up to 35% of patients [4]. Brachial plexus variations can 
arise due to genetic abnormalities, birth defects, or even trauma, 
and are typically asymptomatic, encountered incidentally during 
cadaveric dissections or autopsies. Unique anomalous of the bra-
chial plexus can however affect the use of local anesthesia or suc-
cessful surgical interventions in the axillary region and the arm [1]. 
An anomalous upper trunk of the brachial plexus, more specifically 
at nerve roots C5-C6, can develop a plexopathy which simulates a 
C5 or C6 root lesion, thoracic outlet syndrome, among other clini-
cal disorders [5,6]. Understanding anomalies of the brachial plexus 
is of great importance, particularly for surgeons, as knowledge of 
these variations can be crucial during procedures nerve blocks and 
surgical interventions involving the brachial plexus [7].

The current case presents a failed union of the ventral rami of 
nerve roots C5 and C6, consequently leading to an anatomical vari-
ation of the upper trunk of the brachial plexus. This observation 
was discovered upon dissection of a donor cadaver during routine 
medical education. This unique variation of the upper trunk is al-
most identical to a cadaveric specimen finding that was presented 
in 2011 by Adam et al. In this paper, we will discuss the implications 
of such an anomaly and why further awareness of the brachial plex-
us is imperative.

Methods

Disclaimer Regarding Use of Human Donor Patients 

The cadaver referenced in this study was obtained through a 
university anatomical donation program through which the patient 
provided written informed consent for the utilization of their re-
mains for the purposes of medical education and research such as 
this. The dissection of the donor body, specimen preparation, and 
variation discovery were performed following established univer-
sity protocols of good practice. The authors of this case report offer 
their sincerest thanks to all those who have participated in the an-
atomical donation program. Their donation aids in the education 
of future physicians and the discovery of anatomical variations and 

anomalies such as this one, which can improve patient care in the 
future and further our knowledge in the fields of anatomy and med-
icine as a whole [8].

Anatomical Dissection

The current case report was discovered during routine dissec-
tion in a student medical education anatomy laboratory. After re-
moving the skin and superficial fascia, the pectoralis muscles were 
reflected, the axillary sheath was opened using blunt dissection. 
The axillary vein and associated branches were removed for better 
visualization of the plexus. The musculocutaneous nerve was then 
identified at the insertion into the coracobrachialis and followed 
proximally to the lateral cord of the brachial plexus. The remaining 
branches, cords, trunks, and roots were carefully teased out using 
blunt dissection [9].

Case Report

During routine dissection of the right brachial plexus in 
87-year-old male (cause of death ischemic cardiomyopathy), we 
found that the anterior rami of C5 and C6, which normally unite 
to form the superior trunk, remained separate and each acted as 
a trunk by dividing into two divisions. The entire plexus was care-
fully dissected to demonstrate the full details of the variation and 
identify any additional anomalies that may have resulted from the 
C5 and C6 variants. An illustration of the brachial plexus described 
in the current case report is provided in Figure 1 and will be refer-
enced for the majority of the case presentation. Photographs of the 
cadaveric dissection demonstrating the anomalous plexus can be 
found in the supplementary figures (Supplementary Figures 1-3). 
The branching of the anomalous plexus was traced on the original 
image to facilitate interpretation, with red lines indicating contri-
butions to the posterior divisions and blue lines for contributions to 
anterior divisions (Supplementary Figure 2 and 3). An illustration 
demonstrating the normal anatomy of the brachial plexus was in-
cluded for comparison (Supplementary Figure 4).

Anomalies in roots and trunks: 

In contrast to normal brachial plexus, where all roots (C5-T1) 
emerge between the anterior and middle scalene muscles, C5 and 
C6 roots emerged by piercing through the anterior scalene muscle 
while the remaining roots (C7-T1) emerged normally between the 
anterior and middle scalene muscles (suppl fig. 1). Rather than the 
anterior rami of C5 and C6 roots joining to form a traditional su-
perior trunk, each root behaves as an independent trunk, giving 
rise to their own anterior and posterior divisions (figure 1). The 
anomalous plexus therefore has four true trunks, a superior trunk 
composed of C5, an upper middle trunk composed of C6, a lower 
middle trunk composed of C7, and an inferior trunk composed of 
C8 and T1 (suppl. Fig. 1).
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Supplementary Figure 1: Magnified photograph of the roots, trunks, and divisions of the anomalous plexus. The C5 and C6 roots emerged by 
piercing the anterior scalene muscle whereas the remaining roots emerged normally between the anterior and middle scalene muscles. Note 
that the anterior rami of C5 and C6 did not unite to form the superior trunk. Instead, the C5 root gave rise to an independent trunk, the superior 
trunk, which divided into anterior and posterior divisions. Similarly, the C6 root also gave rise to an independent trunk, which the current authors 
refer to as the superior middle trunk, with this trunk also giving rise to anterior and posterior divisions. The supraclavicular nerve emerged prior 
to the superior trunk dividing into its two divisions. The C7 nerve root followed normal anatomy by forming its own trunk, however, it is referred 
to here as the inferior middle trunk, rather than the middle trunk, due to the four trunks present in the current case.  The inferior trunk is formed 
by the union of C8 and T1 nerve roots as in normal plexus anatomy. Cadaver orientation is indicated by arrows in the left lower corner and the 
camera’s viewing angle by dashed red line.
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Supplementary Figure 2: Photograph of the divisions and cords of the anomalous plexus. Anterior divisions have a blue line designation, 
whereas the posterior divisions have a red line designation. Dashed red lines indicate the hidden parts of the posterior divisions behind the 
anterior divisions. (A) Photograph with a magnified view of the upper three trunks of the anomalous plexus and their respective divisions and 
cords. The anterior divisions of the superior trunk (C5) and superior middle trunks (C6) join to form the lateral root of the lateral cord. Distally, 
the anterior division of the inferior middle trunk (C7), referred to here as the medial root of the lateral cord, unites with the lateral root of the 
lateral cord to form the lateral cord.  (B) Photograph of all roots, trunks, and divisions viewed from a caudal perspective. The posterior divisions 
of all 4 trunks joined to form the posterior cord. The anterior division of the inferior trunk alone formed the medial cord. The anterior divisions 
of the superior, superior middle, and inferior middle trunks join to form the lateral cord.
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Supplementary Figure 3: An overview of the divisions and cords contributing to the anomalous terminal branches. (A) The lateral pectoral 
nerve can be seen in the upper portion of the photograph arising from the lateral root of the lateral cord. The medial pectoral can be seen medial 
to the lateral pectoral nerve arising from the medial root of the lateral cord. (B) Photograph of the distal portion of the brachial plexus showing 
the terminal branches of the cords. A communicating branch can be seen connecting the lateral root of the lateral cord with the medial root of 
the median nerve. The musculocutaneous nerve gave a branch to the coracobrachialis muscle and continued distally between biceps brachii 
and brachialis, rather than piercing the coracobrachialis as is seen in normal anatomy.
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Supplementary Figure 4: Diagram displaying the normal brachial plexus anatomy. The brachial plexus typically arises from the anterior rami 
of C5-T1. The C5 and C6 roots unite to form the superior trunk, the C7 root alone forms the middle trunk, and the C8 and T1 roots form the 
inferior trunk. Each trunk further divides into anterior and posterior divisions. The anterior divisions of the superior and middle trunks form the 
lateral cord. The anterior division of the inferior trunk forms the medial cord, whereas all the posterior divisions contribute to the posterior cord. 
The lateral cord gives rise to three nerves: the lateral pectoral, musculocutaneous nerve, and medial root of median nerve. The medial cord 
gives off 5 branches: the medial pectoral, medial brachial cutaneous, medial antebrachial cutaneous, ulnar nerve, and medial root of median 
nerve. The posterior cord also gives off 5 branches: the upper subscapular, thoracodorsal, lower subscapular, and terminally the axillary and 
radial nerves.
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Figure 1: A Schematic of anomalous divisions of the brachial plexus. This figure presents a simplified illustration of the described case 
presentation. Noteworthy variations from traditional anatomy include the failed union of nerve roots C5 and C6, the medial pectoral nerve 
arising from the medial root of the lateral cord, and a communicating branch linking the medial root of the lateral cord to the medial root of 
median nerve.

Anomalies in the divisions, cords, and terminal nerves: 

Due to the anomalous anatomy of the brachial plexus trunks, 
eight divisions of the brachial plexus emerged from the four trunks, 
as opposed to six divisions emerging from three trunks in normal 
anatomy (Figure 1). The anterior divisions of the superior and up-
per middle trunks unite to form a portion of the lateral cord, which 
we refer to here as the lateral root of the lateral cord (C5, C6). The 
anterior division of the lower middle trunk (C7), which we refer 
to here as the medial root of lateral cord, joined the lateral root of 
lateral cord to form the complete lateral cord (Figure 1). Variations 
in the origin of smaller branching nerves also existed. The lateral 
pectoral nerve, which typically arises from the lateral cord, arose 
here from the lateral root of the lateral cord. Furthermore, the me-
dial pectoral nerve, which typically arises from the medial cord, 
arose here from the medial root of the lateral cord. A communicat-
ing nerve branch was also identified, emerging proximally from the 
medial root of lateral cord, and connecting distally to the medial 
root of median nerve (Figure 1).

The posterior cord formed from the four posterior divisions 
of the four trunks, with the posterior divisions of the superior and 

superior middle trunk joining together first, followed by the poste-
rior division of the inferior middle trunk and finally the posterior 
division of the inferior trunk. The medial cord was formed from the 
anterior divisions of C8 and T1 alone, as in the traditional plexus. 
After formation of the three cords, the plexus in this case report 
resembled the anatomy of a traditional plexus, except for the mus-
culocutaneous nerve. The musculocutaneous nerve did not pierce 
the coracobrachialis muscle, instead giving off a branch to inner-
vate the coracobrachialis muscle and traveling distally between the 
biceps and brachialis muscles.

Discussion

The brachial plexus is an intricate network of nerves usually 
formed from the ventral primary rami of the nerve roots C5-C8 and 
T1 and serves as an important landmark for clinical procedures 
[10]. Variations in the overall structure of the brachial plexus are 
not uncommon; however, variations at the roots and trunk level are 
rare [1]. In some cases, anomalies at the root and trunk levels occur 
without affecting the terminal branches, leading to asymptomatic 
anatomic variation. Asymptomatic anomalies can be discovered 
unexpectedly during clinical procedures, such as ultrasound guid-
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ed nerve blocks, causing delays and challenges in patient manage-
ment. Symptomatic brachial plexopathies are often diagnosed via 
electrophysiology or ultrasound and may present with an abrupt 
onset of painful, asymmetric, upper limb weakness with associat-
ed wasting of shoulder girdle and arm muscles [5,11]. These more 
severe symptoms can have debilitating consequences, therefore 
understanding potential variations in structure can facilitate better 
clinical decision making [12].

When describing the developmental role of the anomalous bra-
chial plexus, Rao, et al. hypothesize that the embryological brachial 
plexus is a singular radicular cone within the upper limb bud. The 
plexus forms via the anastomosis of spinal nerves developing into 
a solid plate that later divides into separate trunks and divisions 
[13]. In a 2023 study by Nichols et al., the brachial plexus emerges 
from one axon extending from the spine into the arm bud. The ana-
tomic obstacles that arise during concurrent embryological devel-
opment, such as formation of blood vessels and cartilage, guide the 
development of the brachial plexus [14]. Variations of branching 
patterns may occur during this time because of anatomical spatial 
constraints. For instance, as the lateral cord is developing around 
veins, it may split to allow for the veins to form without interfer-
ence [15]. This spatial limitation may be the cause of the increasing 
variability of brachial plexus anomalies in the more distal aspects 
of the plexus.

The current case describes the phenomenon of a non-union of 
C5 and C6 at the upper trunk of the brachial plexus. Our observa-
tions describe the inherent variability and potential deviations in 
the anatomical configuration that can present in the upper trunk 
in individuals, despite its rare occurrence. While there is abundant 
literature discussing the phenomenon of brachial trunk anomalies, 
there were a total of two studies reporting an anomaly of the supe-
rior trunk of the brachial plexus. Adam et al., described their find-
ings of an “absent” superior trunk, with the provided photograph 
of the cadaver specimen appears almost identical to the findings of 
our donor cadaver [2]. From our observations, however, we argue 
that the upper trunk is not absent but instead lacks the union of 
C5 and C6 at the trunk level. We believe this better describes this 
anatomical variation, as an observed “absent” superior trunk would 
result in an anomalous or failed formation of the terminal branches. 
This theory derives from a study conducted by Singla et al., where 
upon dissection they discovered two trunks instead of three. The 
upper trunk was formed by the normal fusion of the C5 and the C6 
roots [16]. However, the C7 root, instead of continuing as the mid-
dle trunk, joined with the roots of C8 and T1 to form a single trunk 
(which was termed the lower trunk in this case). The “absence” of 
the middle trunk led to downstream anomalous configurations of 
the cords coming off the trunks. Additionally, Fazan et al. reported 
a right sided variation of the superior trunk on two cadaveric plex-
uses. In both plexuses, it was noticed that the C5 and C6 roots were 
split into anterior and posterior divisions. The anterior divisions 
joined to give rise to an “anterior superior trunk” and the posterior 
divisions gave rise to a “posterior superior trunk” [17].

The presence of our upper trunk variation was rarely report-
ed, with only one case report found discussing a similar varia-

tion. By investigating this phenomenon and exploring underlying 
mechanisms, researchers can gain insight into how the occurrence 
of brachial plexus anomalies arise as well as how to successfully 
approach them during surgical procedures. One such example is 
a case of a 71-year-old male who presented for a revision rotator 
cuff repair surgery. When evaluating the right supraclavicular fos-
sa, it was observed that the brachial plexus divisions were antero-
medial to the subclavian artery rather than posterolateral. This 
led the surgical team to place the brachial plexus catheter using a 
more proximal, instead of distal, interscalene approach, where the 
anatomical structure appeared normal, which provided adequate 
postoperative analgesia to the patient [4]. This case report serves 
to document an anomaly of the upper trunk with the purpose of 
furthering the importance of understanding the anatomical varia-
tions of the brachial plexus, particularly for surgeons performing 
procedures in the neck or shoulder region. Surgical interventions 
such as nerve sheath tumor resection or ultrasound guided nerve 
blocks may improve due to enhanced understanding or abnormal 
anatomy [18,19]. Moreover, clinical trials aimed to enhance anes-
thetic or surgical techniques will continue to form as we advance 
our knowledge of the brachial plexus and possible anomalies. In-
creasing the base of knowledge surrounding normal and abnormal 
brachial plexus anatomy has the potential to improve clinical out-
comes, such as improved pain control, shorter hospitalization pe-
riods, and reduced systemic toxicity from errors during anesthetic 
injections [20]. The current case report is limited in scope due to 
the observations stemming from a single donor cadaver. Given that 
it was a post-mortem case report, there is no certainty regarding 
the effects of this anomaly for the patient. Further studies detailing 
these anomalies in live patients would be needed to establish defin-
itive conclusions regarding the experienced effects, if any. 

Conclusion

Variations in the brachial plexus are not a rare occurrence, but 
this paper highlights one such rare case involving the non-union of 
the ventral rami of nerve roots C5 and C6 at the upper trunk lev-
el. Understanding this anomaly can provide clinical significance 
during various medical procedures.
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