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Abstract: Anatomical variation in the brachial plexus may result in a variety of clinically relevant
patterns, including various neuralgias of the upper extremity and differing nerve territories. Some
conditions can be debilitating in symptomatic patients, resulting in paresthesia, anesthesia, or weak-
ness of the upper extremity. Others may simply result in cutaneous nerve territories that deviate
from a traditional dermatome map. This study evaluated the frequency and anatomical presentations
of a large number of clinically relevant brachial plexus nerve variations in a sample of human body
donors. We identified a high frequency of various branching variants, of which clinicians, especially
surgeons, should be aware. The medial pectoral nerves in 30% of the sample were found to originate
from either the lateral cord, or both the medial and lateral cords of the brachial plexus rather than
exclusively from the medial cord. The dual cord innervation pattern greatly increases the number of
spinal cord levels traditionally believed to innervate the pectoralis minor muscle. The thoracodorsal
nerve arose as a branch of the axillary nerve 17% of the time. The musculocutaneous nerve sent
branches to the median nerve in 5% of specimens. The medial antebrachial cutaneous nerve shared a
common trunk with the medial brachial cutaneous nerve in 5% of individuals and derived from the
ulnar nerve in 3% of specimens.
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1. Introduction

The brachial plexus is a crucial nerve network located in the upper extremity that
is formed by the anterior rami of C5-T1 nerves. Recent studies have revealed that the
brachial plexus is a far more variable anatomical structure than has traditionally been
recognized [1-29]. The regular composition of trunks occurs in approximately 84% of
studied cases. The divisions form cords in a classic pattern in 96% of cases. The terminal
branches of the brachial plexus have been found to be more variable than the trunks and
cords, retaining a classic arrangement in approximately 75% of cases [30].

Nerve branching variations may be associated with various upper extremity neuralgias
and other clinical presentations [21,22,30-32]. Circumscapular pain has been investigated
as resulting from entrapment of the dorsal scapular and long thoracic nerves, secondary
to brachial plexus piercing variation [32]. Furthermore, research has been collected on
general differences in brachial plexus roots, discovering that most of the variations oc-
curred unilaterally and almost exclusively on the left side [21]. It was discovered that
variations resulting in nerve branches coursing through the scalene musculature were quite
common [21]. These piercing variants may be diagnosed via ultrasonography and are
associated with higher risks of thoracic outlet syndrome symptoms [22].

Recently, a particular set of brachial plexus nerve variants was proposed to have
clinically relevant results or symptoms [9]. Connections between nerves, for example,
a proximal connection between the medial brachial cutaneous and medial antebrachial
cutaneous nerve may result in overlapping sensory nerve territories. As clinicians often use
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classic dermatome maps for diagnostic purposes, such deviations from normal cutaneous
innervation could result in misinterpretations in cases of nerve symptoms.

Similarly, the classic anatomical pattern presented in most medical school anatomy
textbooks is that the medial pectoral nerve arises from the medial cord, while the lateral
pectoral nerve arises from the lateral cord. However, recent studies have suggested that
the pattern may be more complicated [26,33]. Some individuals possess an ansa pectoralis,
in which the medial and lateral pectoral nerves connect and exchange fibers [33]. A dual
cord origin suggests that the pectoral musculature may receive innervation from a far
wider range of spinal cord levels (C5-T1) than is typically recognized [34]. This pattern
has implications for the understanding and treatment of pectoral musculature deficits, as
lesions to almost any part of the plexus would be expected to have at least minor effects on
the strength of the pectoral girdle. However, there is conflicting information about how
frequent these variations may be [26,33-37].

Similarly, if the ulnar nerve were to receive communicating branches from the lateral
cord or the median nerve from the lateral cord, the myotomes associated with the nerves
would differ from the classically understood patterns. In each case, lesions proximal to
the peripheral nerve could have unexpected consequences that may lead to misdiagnoses.
A similar situation could arise if the thoracodorsal nerve originated from the axillary
nerve. A fracture to the surgical neck of the humerus commonly affects the axillary nerve,
resulting in difficulty for the patient in abduction of the glenohumeral joint, and anesthesia
or paresthesia in the skin of the lateral shoulder [36]. However, if the thoracodorsal nerve
branched off the axillary nerve distal to such damage, the resulting symptoms would likely
be expanded to include weakness of the latissimus dorsi and a reduced ability to adduct,
medially rotate, and extend the arm [36]. Similarly, while a median nerve that received
communicating branches from the musculoskeletal nerve might not have dramatic clinical
symptoms in a patient without lesions, any damage to the latter could affect the nerve
territory of the former. In all cases, nerve variants could cause unexpected presentations in
cases of lesions, which may result in misdiagnoses.

Recent meta-analyses have also revealed substantial variation in reported frequencies
of variations among studies, suggesting that regional differences may exist [35]. Only three
of the seventy-five (4%) studies considered by Benes and colleagues [35] included cadavers
from the United States. Previous studies were heavily skewed towards representation from
Asia (75%), especially India. Thus, there is still a paucity of available data on these brachial
plexus variants in North American populations.

With previous studies in mind, we will integrate the results with newly collected data
to better understand the unique clinical implications of additional anatomical variations in
the brachial plexus, placing heavy emphasis on thoracic outlet and associated syndromes.
The focus of the current project was to thoroughly study these deviations from “normal” in
the brachial plexus in a North American sample and investigate how they may be correlated
with a plethora of clinical conditions. North American populations have been historically
understudied regarding brachial plexus variations, as the vast majority of such studies have
been conducted on populations in Asia and the Middle East. Thus, the percentage of nerve
variations in North American populations is largely unknown. Of particular interest is the
role that this complex network of nerves plays in traumatic injuries to the neck leading to
anesthesia, paresthesia, and weakness in the upper extremities and hands.

The purpose of this study is to collect data from a sample of North American human
cadavers to observe, document, and quantify the frequency of potentially clinically relevant
anatomical variations in the branching patterns of the brachial plexus in a North American
sample. The project tracked the routes of anomalies, paying particular attention to areas
in which impingement/compression of the nerve is likely. As data and images of the
brachial plexus nerve branches reaching their target tissues are collected, the variants were
compared to the typical anatomical arrangement with the aim of determining if these
alterations in nerve course could be relevant to neuralgias of unknown etiology in the
upper extremity.



Diagnostics 2023, 13, 830

30f15

2. Materials and Methods
2.1. Samples

For this study, a total of 39 previously dissected cadaveric specimens from the Anatomy
Department at Midwestern University were analyzed from February to July 2022. The
sample consisted of twenty females and nineteen males. Analysis required meticulous
cleaning of the brachial plexus, specifically its cords and terminal branches. Prior to data
collection, the “M” of the brachial plexus, which is composed of the musculocutaneous,
median, and ulnar nerves, was assessed to determine suitability of the body donor for study.
Those donors with severely damaged brachial plexus nerves or pathological anomalies
were excluded from the study. For included specimens, additional dissection and cleaning
was conducted to improve the visual field for pertinent nerves and to enable tracing
the nerves from their origin to target. The use of student-dissected cadavers limited the
available intact anatomy to those variations listed in Table 1. All the specimens were coded
by both researchers (NTP and HFS). This study was determined to be IRB-exempt by the
Midwestern University Institutional Review Board (#AZ 1354).

Table 1. Variables on clinically relevant brachial plexus branching variations collected in this study.

Variable

1. Is the “M” of the brachial plexus a classic anatomical arrangement?

2. Do the medial brachial cutaneous nerve and medial antebrachial cutaneous nerve arise from a
common trunk?

3. Does the medial antebrachial cutaneous nerve arise from the inferior trunk or ulnar nerve?

4. Does the medial pectoral nerve receive fibers from only the lateral cord or from both medial
and lateral cords?

5. Does the thoracodorsal nerve originate from the axillary nerve?

6. Does the ulnar nerve receive communicating branches from the lateral cord?

7. Does the median nerve receive branches from the musculocutaneous nerve?

8. Does the median nerve receive branches from the posterior cord?

2.2. Data Collection and Analysis

Each cadaver was scored separately on the left and right sides because the anatomy of
the brachial plexus is known to vary bilaterally, e.g., [21]. Branching variants were investi-
gated that have been hypothesized previously to have ramifying clinical symptoms [34]
and were intact on the available sample of student-dissected cadavers. On each side of
the specimen, the nerves that compose the “M”, plus the medial brachial cutaneous nerve,
medial antebrachial cutaneous nerve, medial pectoral nerve, and thoracodorsal nerve were
all followed from their origin to insertion points (Table 1). Variations in the typical “M”
branching pattern were noted, paying particular attention to the meeting point of both
medial and lateral cords to form the median nerve. In addition, both the medial brachial
cutaneous and medial antebrachial cutaneous nerves were followed back to their origin,
typically off the medial cord, and any modifications in this branching pattern were docu-
mented. Next, alterations in the origin of the medial pectoral nerve were investigated using
the pectoralis minor muscle as a key landmark in identifying the correct nerve. Specimens
in which the medial pectoral nerve did not originate from the medial cord directly were
further inspected. Finally, the latissimus dorsi muscle was utilized to locate the thoracodor-
sal nerve, which was then traced along its route to determine whether it originated from
the posterior cord as normal or whether a variation was present. True prevalence values
were calculated for each variant by dividing the number of affected limbs by the number
of limbs that could be scored for that variant. Upon collecting these data, a Chi-squared
analysis was performed in SPSS 21 (IBM Corp.) to determine whether the distribution of the
variables differed significantly between males and females or between left and right sides.
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3. Results
3.1. “M” Branching

Out of our cadaveric samples with intact brachial plexuses, 29 of the donors presented
with classic “M” branching (Table 2 and Table S1). However, even among these normal
contributions, in five specimens (6.6%), the axillary artery was positioned more anteriorly
and intertwined with the contents of the “M”, referred to as a superficial brachial artery
(Figure 1). Additionally, there were four specimens in which the “M” presented with its
typical contributions but was asymmetrical due to abnormalities in how proximal or distal
certain nerves were bifurcating (Figure 2).

Table 2. True prevalence of brachial plexus branching variants identified in the present study.

Variant Yes— Yes— Yes—
Male Female Total

Classic M pattern 11/38 (29%) 18/38 (47%) 29/76 (38%)
Common trunk of MBC + MAC 1/38 (3%) 3/38 (8%) 4/76 (5%)
MAC from IT or ulnar n. 2/36 (6%) 0/33 (0%) 2/69 (3%)
MPN from MC + LC 4/23 (18%) 3/21 (14%) 7/44 (15.9%)
MPN from LC 1/23 (4%) 5/21 (24%) 6/44 (14%)
Thoracodorsal n. from axillary n. 6/25 (24%) 2/22 (9%) 8/47 (17%)
Ulnar n. rec bb. from LC 4/38 (11%) 2/38 (5%) 6/76 (8%)
Musculocutaneous n. bb to Y o o
median n. 0/38 (0%) 4/37 (11%) 4/75 (5%)
PC gives bb. to median n. 0/38 (0%) 1/38 (3%) 1/76 (1%)

Abbreviations: bb. = branches; IT = inferior trunk; LC = lateral cord; MAC = medial antebrachial cutaneous
nerve; MBC = medial brachial cutaneous nerve; MC = medial cord; MPN = medial pectoral nerve; n. = nerve;
PC = posterior cord.

Figure 1. Photograph of the axillary artery located more anteriorly and positioned within the contents
of the brachial plexus “M”. Abbreviations: Ax = axillary artery; LC = lateral cord; MC = medial cord;
Med = median nerve; Musc = musculocutaneous nerve; Uln = ulnar nerve.

The remaining individuals were found to have abnormal “M” branching. Most com-
monly, the median nerve was formed via two branches from the lateral cord and one branch
from the medial cord; this was discovered to be the case directly in 14 cases and indirectly
in 15 cases, in which the lateral cord contributed a branch that dove into the medial cord’s
contribution to the median nerve. In 29 total specimens, the median nerves were composed
of two branches from the lateral cord and one branch from the medial cord (see Section 3.7).
Contrastingly, the median nerve was formed by two branches from the medial cord and
one branch from the lateral cord only once (Figure 3).
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Figure 2. Photograph of a variant in which the brachial plexus “M” is asymmetrical but presents oth-
erwise with its typical contributions and branches. Abbreviations: LC = lateral cord; MAC = medial
antebrachial cutaneous nerve; MC = medial cord; Med = median nerve; Musc = musculocutaneous
nerve; Uln = ulnar nerve.

Figure 3. Photograph of the anatomical variant in which the median nerve is formed by two branches
from medial cord and one branch from lateral cord. Abbreviations: LC = lateral cord; MC = medial
cord; Med = median nerve; Musc = musculocutaneous nerve; Uln = ulnar nerve.
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Two other frequent atypical branching patterns involved the musculocutaneous nerve.
Nine examples were found of the musculocutaneous nerve not piercing through coraco-
brachialis and the nerve route was much longer than normal; instead, the nerve pierced
through brachialis and /or biceps brachii muscle (Figure 4). The other disparity pertaining
to the musculocutaneous nerve was multiple proximal branches of this nerve emanating
prior to the nerve diving into the anterior arm muscles, which was also noted on nine
separate occasions (Figure 5).

Figure 4. Photograph of musculocutaneous nerve piercing biceps brachii rather than coracobrachialis.
Abbreviations: BiBr = biceps brachii muscle; LC = lateral cord; MAC = medjial antebrachial cutaneous
nerve MC = medial cord; Med = median nerve; Musc = musculocutaneous nerve; Uln = ulnar nerve.

Figure 5. Photograph of multiple proximal branches of the musculocutaneous nerve. Abbreviations:
LC = lateral cord; Med = median nerve; Musc = musculocutaneous nerve; Uln = ulnar nerve.
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The remaining three branching patterns were far less common and only observed
one time each—a medial antebrachial cutaneous nerve arising from the medial cord’s
contribution to the median nerve, a crisscrossing connection between the medial and lateral
cords proximal to the “M”, and the fusion of medial and lateral cords proximal to the “M”.

3.2. Common Trunk of Medial Brachial Cutaneous Nerve and Medial Antebrachial
Cutaenous Nerve

There were four occurrences in which the medial brachial cutaneous and medial
antebrachial cutaneous nerves arose from a common trunk coming off the medial cord
(Figure 6).

Figure 6. Photograph showing a common trunk of medial brachial cutaneous nerve and medial
antebrachial cutaneous nerve. Abbreviations: LC = lateral cord; MAC = medial antebrachial cuta-
neous nerve; MBC = medial brachial cutaneous nerve; MC = medial cord; Med = median nerve;
Musc = musculocutaneous nerve; Uln = ulnar nerve.

3.3. Medial Antebrachial Cutaneous Nerve Arising from Inferior Trunk or Ulnar Nerve

In this sample, there were no cadavers in which the inferior trunk gave rise to the
median antebrachial cutaneous nerve. However, there was one instance in which a long
medial cord gave rise very proximally to the medial antebrachial cutaneous nerve (Figure 7).
There were two cases in which the medial antebrachial cutaneous nerve branched directly
off the ulnar nerve instead of the medial cord (Figure 8).
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Figure 7. Photograph of an individual in which a long medial cord gives rise very proximally
to medial antebrachial cutaneous nerve. Abbreviations: LC = lateral cord; MAC = medial ante-
brachial cutaneous nerve; MC = medial cord; Med = median nerve; Musc = musculocutaneous nerve;
Uln = ulnar nerve.

Figure 8. Photograph demonstrating a medial antebrachial cutaneous nerve arising from the ulnar
nerve. Abbreviations: LC = lateral cord; MAC = medial antebrachial cutaneous nerve; MC = medial
cord; Med = median nerve; Musc = musculocutaneous nerve; Uln = ulnar nerve.

3.4. Medial Pectoral Nerve Receives Contributions from Both Medial and Lateral Cords or Just
Lateral Cord

There were seven occurrences in which the medial pectoral nerve received contri-
butions from both medial and lateral cords. Of these seven, in one cadaver, the pectoral
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branch of the thoracoacromial artery traveled between the two contributions from each
cord (Figure 9). Further, there were six additional cases in which the medial pectoral nerve
came from the lateral cord via a common trunk with the lateral pectoral nerve (Figure 10).
Lastly, one of our specimens presented with a split musculocutaneous nerve and its medial
pectoral nerve appeared to come off the second branch of the musculocutaneous nerve.

Figure 9. Photograph showing the medial pectoral nerve receiving contributions from both medial
and lateral cords with the pectoral branch of thoracoacromial artery travelling in between the
two contributions. Abbreviations: Ax = axillary artery; LC = lateral cord; MC = medial cord;
MPN = medial pectoral nerve; TAA = thoracoacromial artery (pectoral branch).

Figure 10. Photograph showing an example of a medial pectoral nerve sharing a common trunk with
lateral pectoral nerve. Abbreviations: Ax = axillary artery; CT = common trunk; LC = lateral cord;
LPN = lateral pectoral nerve; MPN = medial pectoral nerve.

3.5. Thoracodorsal Nerve Originating from the Axillary Nerve

There were eight different occasions on which the thoracodorsal nerve originated from
the axillary nerve, instead of from the posterior cord (Figure 11). Additionally, there were
several donors in which the thoracodorsal nerve branched off the posterior cord; however,
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the location was exactly at the point where the posterior cord bifurcated into the radial and
axillary nerves, making these specimens ambiguous with regards to the variable studied.

Figure 11. Photograph of the variant in which the thoracodorsal nerve originates from the axillary
nerve. Abbreviations: AN = axillary nerve; PC = posterior cord; TDN = thoracodorsal nerve.

3.6. Ulnar Nerve Receiving Communicating Branches from the Lateral Cord

Unfortunately, this variable was one of the most difficult to distinguish accurately.
On five separate occasions, it was definitively concluded that the ulnar nerve received
communicating branches from the lateral cord. For example, one cadaver emerged with
a crisscrossing connection between the medial and lateral cords proximal to the “M”;
therefore, we deduced that the ulnar nerve did, indeed, receive branches from the lateral
cord via its overlapping connection (Figure 12). In another case, it was uncertain of whether
the ulnar nerve was receiving branches from the lateral cord because there was an extra
branch connecting the medial and lateral cords, which appeared to share a small connection
with the ulnar nerve. In another case, one of the lateral cord’s contributions to the median
nerve was also suspected of sending some fibers to the ulnar nerve.

Figure 12. Photograph demonstrating a crisscrossing connection between the medial and lateral
cords proximal to the “M”. Abbreviations: Conn = connections between lateral cord and medial
cord; LC = lateral cord; MC = medial cord; Med = median nerve; Musc = musculocutaneous nerve;
Uln = ulnar nerve.
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3.7. Median Nerve Receiving Branches from the Musculocutaneous Nerve

There were four different instances in which the median nerve received branches from
the musculocutaneous nerve (Figure 13). Of these, half were due to the initial free portion
of the musculocutaneous nerve being substantially longer than normal and not piercing
through the coracobrachialis muscle. Instead, the nerve dived into the brachial musculature
more distally than normal, piercing either the brachialis and/or biceps brachii muscle. This
arrangement permitted closer access between the musculocutaneous and median nerves
and resulted in a connection between the two nerves.

Figure 13. Photograph of the median nerve receiving branches from the musculocutaneous nerve.
Abbreviations: Br. = branch from musculocutaneous nerve to median nerve; Med = median nerve;
Musc = musculocutaneous nerve.

3.8. Median Nerve Receiving Branches from the Posterior Cord

While this variable was rare, it did occur in one individual, solely due to the fusion of
the medial and posterior cords. This resulted in median nerve being composed of fibers
from all three cords—medial, lateral, and posterior. Thus, in this specimen, the median
nerve did indirectly receive branches from the posterior cord.

3.9. Results of Statistical Analyses

The chi-squared tests revealed no significant differences in the distribution of the tested
brachial plexus branching variants. Similarly, no significant differences were observed in
the variables between the left and right sides of the body.

4. Discussion

Anatomical variation is extremely relevant for any surgical or other invasive medical
procedures that rely upon an assumption of classical human anatomy. It is crucial that
clinicians, especially surgeons, be aware of how common clinically relevant nerve variations
may be in order to avoid compromising patient care and to improve patient outcomes.

One of the most common nerve variations revealed here was a medial pectoral nerve
(MPN) that received fibers from both the medial and lateral cords of the brachial plexus
(17%). This pattern may involve an ansa pectoralis, in which the medial and lateral pectoral
nerves connect. Loukas and colleagues [33] reported a 28% occurrence of the ansa pectoralis
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in their sample. The ansa pectoralis arising has been described as originating from the deep
branch of the middle pectoral nerve [33,34]. Terminal branches from the ansa pectoralis
may innervate the pectoral muscles [36]. Another study reported that the medial pectoral
nerve may connect to the anterior division of the upper trunk (5%), middle trunk (25%), or
to a deep branch of the lateral pectoral nerve [37]. Interestingly, Benes et al. [6] categorized
the medial pectoral nerve into five types based on origin: from a medial cord (90.9%), from
C8 (<0.1%), from T1 (<0.1%), from the anterior division of a middle trunk (<0.1%), and from
the anterior division of an inferior trunk (7.2%). They did not recognize a classification
involving contributions to the medial pectoral nerve from the lateral cord, although the
anterior division of the middle trunk converges to form the lateral cord. Their results
contrast with that of Porzionato et al. [26], who found that the medial pectoral nerve only
displays a classic branching pattern from the medial cord in 49.3% of cases. Benes et al. [6]
ascribe these differing frequencies to methodological differences between the studies.

The thoracodorsal nerve originated from the axillary nerve in 17% of specimens. This
frequency is far higher than the 4% reported by Benes et al. [6]. However, within the
included studies of the Benes meta-analysis, two individual studies reported comparable
percentages to ours. In Al-Hubaity et al. [38], 10/50 cadavers (20%) had demonstrated
a thoracodorsal nerve branching off the axillary nerve; and in Rastogi et al. [39], it was
17/74 (23%). Therefore, it appears that this variation may vary more widely across samples
compared to other included variants.

We identified a common trunk of the medial brachial and antebrachial cutaneous
nerves in 5% of cases, similar to the 3% identified by Benes et al. [6]. Alternatively, we
found that the medial antebrachial cutaneous nerve arose from the ulnar nerve in 3% of
specimens. The latter was not a condition recognized by Benes et al. [6]; thus, its previously
documented frequency is unknown.

The median nerve had a high percentage of variations, consistent with previous stud-
ies. In particular, it received multiple contributions from the lateral cord in 43% of cases.
However, a confounding factor with this variable is that during student dissections, occa-
sionally some of the epineurium surrounding the cords may be inadvertently removed.
While we attempted to identify any such overly dissected specimens, it is conceivable that
some of the seemingly duplicated lateral cord contributions were initially single contribu-
tions that had been artificially separated during the dissection process. We also observed
the musculocutaneous nerve to supply branches to the median nerve in 5% of specimens.
This variable may be comparable to the variable of multiple contributions from the lateral
cord documented by Benes et al. [6]. While we defined the musculocutaneous nerve as
originating from the point at which the lateral cord sends its main contribution to the me-
dian nerve, an alternate definition is that the mucocutaneous nerve begins only after all the
lateral cord’s contributions have been sent to the median nerve. Under the latter definition,
the 8% of multiple lateral cord contributions of Benes et al. [6] may be equivalent to our 5%
musculocutaneous contributions. In 1% of specimens, the posterior cord contributed fibers
to the median nerve. This scenario was not discussed in Benes et al. [6], although they did
mention six unspecified cases of “other” variations. The musculocutaneous nerve was
observed emanating multiple proximal branches in 11.8% of our sample. Surprisingly, these
values are far lower than the 90% reported by previous studies [12,20,24]. However, the
more interesting functional detail is not whether multiple branches of the nerve emerged,
but their destination. This topic could be further explored in future studies.

We observed several cases (6.6%) in which the brachial artery coursed anterior to the
median nerve, often referred to as a superficial brachial artery. This artery has been previ-
ously documented in 3.6-9.6% of the population [13,18,25]. While not a nerve variation per
se, the relationship between the axillary artery and peripheral nerves of the brachial plexus
can affect how the latter functions. If a superficial brachial artery compresses the median
nerve, it could cause radiating pain, paresthesia, or weakness in the upper extremity.

The present study revealed that a sizeable percentage of the population may have
nerve branching variants in the brachial plexus. Such nerve variants have particular clinical
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implications for thoracic outlet syndrome, a relatively common condition affecting up to 8%
of the U.S. population [40]. In particular, neurogenic thoracic outlet syndrome results from
the compression of brachial plexus nerves as they course into the upper extremity, resulting
in pain, paresthesia, anesthesia, and even paresis [40—42]. Current diagnostic modalities are
typically based on an underlying assumption of a classical anatomical relationship among
the nerves of the brachial plexus; however, this is often not the case. Awareness of these
nerve variations may improve patient outcomes. Nerve anomalies may also be visualized
using ultrasound if a physician is aware to look for them in advance of a procedure.

This study contributes to the growing body of knowledge on anatomical variation in
brachial plexus branching patterns. Previous studies have revealed “piercing variants” in
which the roots or trunks of the plexus course through the bellies of the scalene musculature,
which may predispose patients to TOS symptoms [21,22,32]. The current study expands
upon these findings to reveal a high percentage of additional branching variations, which
also necessarily alter the function of peripheral nerves in the upper extremity.

5. Conclusions

Several anatomical variations in the brachial plexus branching patterns were evaluated
for the first time in a North American population. Only 40% of the sample presented with a
classic “M” arrangement. The medial antebrachial cutaneous nerve shared a common trunk
with the medial brachial cutaneous nerve in 5% of cases and originated from the ulnar
nerve in 3% of specimens. An ansa pectoralis connecting the medial and lateral pectoral
nerves was present in 16% of individuals. The thoracodorsal nerve arose from the axillary
nerve in 17% of cases, the ulnar nerve received branches from the lateral cord in 8% of cases,
and the musculocutaneous nerve gave fibers to the median nerve in 5% of cases. These
findings demonstrate the relative high rates of variation in the branching patterns of the
brachial plexus in a North American population and suggest that care should be taken in
any medical or surgical procedures in this area, which may be based upon an assumption
of normal anatomy.
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/ /www.mdpi.com/article/10.3390/diagnostics13050830/s1, The following are available as supple-
mentary files online—Table S1: Raw data file.

Author Contributions: Conceptualization, H.E.S. and N.T.P.; methodology, H.ES. and N.T.P.; data
analysis, H.ES. and N.T.P; investigation, H.ES. and N.T.P,; resources, H.ES. and N.T.P,; data curation,
H.ES.; writing—original draft preparation, H.ES. and N.T.P,; writing—review and editing, H.F.S. and
N.T.P,; supervision, H.ES.; project administration, H.ES. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was supported by Midwestern University’s Kenneth A. Suarez Summer
Research fellowship to NTP.

Institutional Review Board Statement: The Institutional Review Board at Midwestern University
indicated that IRB approval was not required for this project (#AZ 1354). Cadavers utilized in this
study were obtained from Midwestern University Body Donation Program in Glendale, AZ, USA.
The dissection of cadaveric specimens was performed according to The Common Rule regulations
established in the Code of Federal Regulations (USA).

Informed Consent Statement: Not applicable.

Data Availability Statement: All relevant data are provided within the paper or uploaded as
Supplementary Table S1.

Acknowledgments: The authors would like to thank the generous body donors whose cadavers
formed the basis of this study.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/diagnostics13050830/s1
https://www.mdpi.com/article/10.3390/diagnostics13050830/s1

Diagnostics 2023, 13, 830 14 of 15

References

1.  Al-Sobhi, M.G.; Zaki, A.L; El Hamid, F.A.A.; Alshali, R.A.; Mustafa, H.N. The pattern of branching and intercommunications of
the musculocutaneous nerve for surgical issues: Anatomical study. Folia Morphol. 2021, in press. [CrossRef]

2. Arad, E;Li, Z;Sitzman, T.].; Agur, A.M.; Clarke, H.M. Anatomic sites of origin of the suprascapular and lateral pectoral nerves
within the brachial plexus. J. Plast. Reconstr. Surg. 2014, 133, 20e-27e. [CrossRef]

3. Arquez, H.F; Hurtado, D.K.A. An anatomical study of formation of the median nerve. J. Chem. Pharm. Res. 2016, 8, 22-26.

4. Ballesteros, D.R.L.; Forero, P.L.P.; Ballesteros, L.E.A. Anatomic variations in relation to the origin of the musculocutaneous nerve:
Absence and non-perforation of the coracobrachialis muscle: Anatomical study and clinical significance. Int. |. Morphol. 2018, 36,
425-429. [CrossRef]

5. Balsurkar, S.K.; Ramdas, S.G.; Pathan, EJ.; Mahesh, U.; Anand, R. A cadaveric study of variations in branching pattern of brachial
plexus. IJRTSAT 2015, 16, 83-87.

6. Benes, M.; Kachlik, D. Atypical branching of the musculocutaneous and median nerves with associated unusual innervation of
muscles in the anterior compartment of the arm: Case report and plea for extension of the current classification system. Surg.
Radiol. Anat. 2021, 43, 671-678. [CrossRef]

7.  Boers, N.; Bleys, R.L.A.W,; Schellekens, PP.A. The nerve supply to the pectoralis major: An anatomical study and clinical
application of the denervation in subpectoral breast implant surgery. |. Plast. Reconstr. Aesthet. Surg. 2022, 75, 415-423. [CrossRef]

8.  Chaudhary, P; Singla, R.; Arora, K.; Kalsey, G. Formation and branching pattern of cords of brachial plexus-a cadaveric study in
north Indian population. Int. |. Anat. Res. 2014, 2, 225-233.

9.  Emamhadi, M.; Chabok, S.Y.; Samini, E; Alijani, B.; Behzadnia, H.; Firozabadi, F.A.; Reihanian, Z. Anatomical variations of
brachial plexus in adult cadavers; a descriptive study. Arch. Bone Jt. Surg. 2016, 4, 253-258.

10. Farashahi, M.S.G.; Mohammadi, A.H.; Abolhasani, F. Anatomic variations of brachial plexus: A cadaveric study. Anat. Sci. 2014,
11, 127-130.

11. Fazan, V.PS.; Amadeu, A.D.S,; Caleffi, A.L.; Rodrigues Filho, O.A. Brachial plexus variations in its formation and main branches.
Acta Cir. Bras. 2002, 18, 14-18. [CrossRef]

12.  Flatow, E.L.; Bigliani, L.U.; April, EW. An anatomic study of the musculocutaneous nerve and its relationship to the coracoid
process. Clin. Orthop. Relat. Res. 1989, 244, 166-171. [CrossRef]

13. Fuss, EK,; Matula, C.W.; Tschabitscher, M. Die Arteria brachialis superficialis. Anat. Anz. 1985, 160, 285-294.

14. Gaur, S.; Katariya, S.K.; Wani, IN.; Bondre, K.V.; Shah, G.V. A cadaveric study of variation of posterior cord of brachial plexus.
Int. J. Biol. Med. Res. 2000, 3, 2214-2217.

15. Hada, S.; Kadel, M.; Pandit, T.K.; Basnet, K.S. Variations in formation of median nerve: A cadaveric study. JCMC 2020, 10, 66-68.
[CrossRef]

16. Jamuna, M.; Amudha, G. A cadaveric study on the anatomic variations of the musculocutaneous nerve in the infraclavicular part
of the brachial plexus. J. Clin. Diagn Res. 2011, 5, 1144-1147.

17.  Kaur, P; Kumar, R.; Jain, A. Variations in innervation of muscles in anterior compartment of arm—A cadaveric study. J. Clin.
Diagn Res. 2014, 8, ACO1. [CrossRef]

18. Keen, J.A. Study of the arterial variations in the limbs, with special reference to symmetry of vascular patterns. Am. |. Anat. 1961,
108, 245-261. [CrossRef]

19. Khan, G.A,; Yadav, S.K.; Gautam, A.; Shakya, S.; Chetri, R. Anatomical variation in branching pattern of brachial plexus and its
clinical significance. Int. ]. Anat. Res. 2017, 5, 3324-3328. [CrossRef]

20. Klepps, S.J.; Goldfarb, C.; Flatow, E.; Galatz, L.M.; Yamaguchi, K. Anatomic evaluation of the subcoracoid pectoralis major
transfer in human cadavers. J. Shoulder EIb. Surg. 2001, 10, 453-459. [CrossRef]

21. Leonhard, V.; Smith, R.; Caldwell, G.; Smith, H.F. Anatomical variations in the brachial plexus roots: Implications for diagnosis of
neurogenic thoracic outlet syndrome. Ann. Anat. 2016, 206, 21-26. [CrossRef]

22. Leonhard, V.; Caldwell, C.; Goh, M.; Reeder, S.; Smith, H.F. Ultrasonographic diagnosis of Thoracic Outlet Syndrome secondary
to brachial plexus piercing variation. Diagnostics 2017, 7, 40. [CrossRef]

23. Malukar, O.; Rathva, A. A study of 100 cases of brachial plexus. Nat. J. Comm. Med. 2011, 2, 166-170.

24. Ozturk, A; Kutlu, C.; Taskara, N.; Kale, A.C.; Bayraktar, B.; Cecen, A. Anatomic and morphometric study of the arcade of Frohse
in cadavers. Surg. Radiol. Anat. 2005, 27, 171-175. [CrossRef]

25. Pabst, R.; Lippert, H. Beiderseitiges Vorkommen von A. brachialis superficialis, A. ulnaris superficialis und A. mediana. Anat.
Anz. 1968, 123, 223-226.

26. Porzionato, A.; Macchi, V.; Stecco, C.; Loukas, M.; Tubbs, R.S.; De Caro, R. Surgical anatomy of the pectoral nerves and the
pectoral musculature. Clin. Anat. 2012, 25, 559-575. [CrossRef]

27. Singh, R. Variations of cords of brachial plexus and branching pattern of nerves emanating from them. J. Craniofac. Surg. 2017, 28,
543-547. [CrossRef]

28. Taib, C.N.M.; Hassan, S.N.A.; Esa, N.; Moklas, M.A.M.; San, A.A. Anatomical variations of median nerve formation, distribution
and possible communication with other nerves in preserved human cadavers. Folia Morphol. 2017, 76, 38—43. [CrossRef]

29. Benes, M.; Kachlik, D.; Belbla, M.; Havlikova, S.; Kuncc, V.; Whitley, A.; Kaiser, R.; Kunca, V. A meta-analysis on the anatomical

variability of the brachial plexus: Part [Il—Branching of the infraclavicular part. Ann. Anat. 2022, 244, 151976. [CrossRef]


http://doi.org/10.5603/FM.a2021.0139
http://doi.org/10.1097/01.prs.0000436825.49580.82
http://doi.org/10.4067/S0717-95022018000200425
http://doi.org/10.1007/s00276-021-02731-8
http://doi.org/10.1016/j.bjps.2021.05.055
http://doi.org/10.1590/S0102-86502003001200006
http://doi.org/10.1097/00003086-198907000-00014
http://doi.org/10.3126/jcmc.v10i3.32048
http://doi.org/10.7860/JCDR/2014/8818.4316
http://doi.org/10.1002/aja.1001080303
http://doi.org/10.16965/ijar.2016.459
http://doi.org/10.1067/mse.2001.117125
http://doi.org/10.1016/j.aanat.2016.03.011
http://doi.org/10.3390/diagnostics7030040
http://doi.org/10.1007/s00276-005-0321-z
http://doi.org/10.1002/ca.21301
http://doi.org/10.1097/SCS.0000000000003341
http://doi.org/10.5603/FM.a2016.0045
http://doi.org/10.1016/j.aanat.2022.151976

Diagnostics 2023, 13, 830 15 of 15

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

Harry, W.G.; Bennett, ].D.; Guha, S.C. Scalene muscles and the brachial plexus: Anatomical variations and their clinical significance.
Clin. Anat. 1997, 10, 250-252. [CrossRef]

Sakamoto, Y. Spatial relationships between the morphologies and innervations of the scalene and anterior vertebral muscles. Ann.
Anat. 2012, 194, 381-388. [CrossRef]

Williams, A.A.; Smith, H.F. Anatomical entrapment of the dorsal scapular and long thoracic nerves, secondary to brachial plexus
piercing variation. Anat. Sci. Int. 2020, 95, 67-75. [CrossRef]

Loukas, M.; Louis, R.G.; Fitzsimmons, J.; Colborn, G. The surgical anatomy of the ansa pectoralis. Clin. Anat. 2006, 19, 685-693.
[CrossRef]

Aszmann, O.C.; Rab, M.; Kamolz, L.; Frey, M. The anatomy of the pectoral nerves and their significance in brachial plexus
reconstruction. J. Hand. Surg. 2000, 25A, 942-947. [CrossRef]

Benes, M.; Kachlik, D.; Belbla, M.; Havlikova, S.; Kuncc, V.; Whitley, A.; Kunca, V. A meta-analysis on the anatomical variability
of the brachial plexus: Part I—Roots, trunks, divisions and cords. Ann. Anat. 2021, 238, 151751. [CrossRef]

Johnson, D.; Collins, P. Pectoral girdle, shoulder region and axilla. In Gray’s Anatomy, 40th ed.; Standring, S., Ed.; Elsevier /Churchil
Livingstone: Edinburgh, UK, 2005; pp. 818-821.

Lee, K.S. Anatomic variation of the spinal origins of lateral and medial pectoral nerves. Clin. Anat. 2007, 20, 915-918. [CrossRef]
Al-Hubaity, A.Y.; AL-Ashou, H.A.; AL-Annaz, M.S. Anatomical study of the brachial plexus variations in Iraqi cadavers. Raf. J.
Sci. 2005, 16, 23-27.

Rastogi, R.; Budhiraja, V.; Bansal, K. Posterior cord of brachial plexus and its branches: Anatomical variations and clinical
implication. ISRN Anat. 2013, 2013, 501813. [CrossRef]

Klaassen, Z.; Sorenson, E.; Tubbs, R.S.; Arya, R.; Meloy, P.; Shah, R.; Shirk, S.; Loukas, M. Thoracic outlet syndrome: A neurological
and vascular disorder. Clin. Anat. 2014, 27, 724-732. [CrossRef]

Molina, J.E.; D’Cuhna, J. The vascular component in neurogenic arterial thoracic outlet syndrome. Int. J. Angiol. 2008, 17, 83-87.
[CrossRef]

Sanders, R.J.; Hammond, S.L.; Rao, N.M. Diagnosis of thoracic outlet syndrome. J. Vasc. Surg. 2007, 46, 601-604. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1002/(SICI)1098-2353(1997)10:4&lt;250::AID-CA6&gt;3.0.CO;2-W
http://doi.org/10.1016/j.aanat.2011.11.004
http://doi.org/10.1007/s12565-019-00495-1
http://doi.org/10.1002/ca.20315
http://doi.org/10.1053/jhsu.2000.17818
http://doi.org/10.1016/j.aanat.2021.151751
http://doi.org/10.1002/ca.20556
http://doi.org/10.5402/2013/501813
http://doi.org/10.1002/ca.22271
http://doi.org/10.1055/s-0031-1278286
http://doi.org/10.1016/j.jvs.2007.04.050

	Introduction 
	Materials and Methods 
	Samples 
	Data Collection and Analysis 

	Results 
	“M” Branching 
	Common Trunk of Medial Brachial Cutaneous Nerve and Medial Antebrachial Cutaenous Nerve 
	Medial Antebrachial Cutaneous Nerve Arising from Inferior Trunk or Ulnar Nerve 
	Medial Pectoral Nerve Receives Contributions from Both Medial and Lateral Cords or Just Lateral Cord 
	Thoracodorsal Nerve Originating from the Axillary Nerve 
	Ulnar Nerve Receiving Communicating Branches from the Lateral Cord 
	Median Nerve Receiving Branches from the Musculocutaneous Nerve 
	Median Nerve Receiving Branches from the Posterior Cord 
	Results of Statistical Analyses 

	Discussion 
	Conclusions 
	References

