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Abstract. – BACKGROUND: According to 
the literature, the brachial plexus presents a 
high rate of anatomical variations in the human 
neural system. The musculocutaneous nerve, a 
vital component of the brachial plexus, exhib-
its significant anatomical variations that hold 
clinical relevance across multiple medical dis-
ciplines. This case report, with a comprehen-
sive review, explores the different variations in 
the course, branching patterns, and clinical im-
plications of the musculocutaneous nerve. Un-
derstanding these variations is essential for sur-
geons, radiologists, and clinicians to enhance 
surgical precision, improve diagnostic accura-
cy, and reduce the risk of iatrogenic complica-
tions.

CASE REPORT: During an anatomical dissec-
tion we observed a very rare anatomical varia-
tion of the musculocutaneous nerve. Based on 
this discovery, we performed research in the 
literature with the aim of finding if this varia-
tion has been previously described. Firstly, we 
identified various classifications of anatomical 
variations of communicating branches between 
the musculocutaneous and median nerves, and 
then we observed that these variations corre-
sponded to various rates of frequency. Our find-
ing is a rare undescribed anatomical variant 
within the variants classified as Type II accord-
ing to Le Minor, which is observed in 6.8-10.7% 
of cases.

CONCLUSIONS: The peculiar position of an-
atomical variations and anastomosis has clin-
ical and functional relevance. Healthcare pro-
fessionals must be aware of these variations 
to minimize surgical complications, accurately 
diagnose neurovascular pathologies, and opti-
mize patient management. Further research into 
the genetic and embryological underpinnings of 
these variations may provide additional insights 
into this intriguing aspect of human anatomy.
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Introduction

The musculocutaneous nerve, originating from 
the lateral cord of the brachial plexus, plays a piv-
otal role in motor and sensory innervation of the 
anterior arm1,2. Its variations are of considerable 
interest in clinical practice due to their potential 
impact on surgical procedures, diagnosis, and pa-
tient management3,4. 

The musculocutaneous nerve typically arises 
from the lateral cord of the brachial plexus and 
pierces the coracobrachialis muscle before con-
tinuing as the lateral cutaneous nerve of the fore-
arm. However, anatomical variations have been 
documented2,3, including: 
1. Variations in origin: the musculocutaneous 

nerve may occasionally originate directly from 
the anterior division of the upper trunk or the 
lateral cord of the brachial plexus. 

2. Branching patterns: branching variations 
involve communications with neighboring 
nerves, such as the median nerve or radial 
nerve or the absence of a distinct musculocuta-
neous nerve.

3. Course alterations: variations in the course of 
the musculocutaneous nerve can include loop-
ing around or passing through the coracobra-
chialis muscle, impacting surgical dissections.

An important role in the observed variations is 
played by the embryological development of the 
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brachial plexus and genetic factors. Therefore, 
elucidating these mechanisms further may en-
hance our understanding of why certain individu-
als exhibit specific nerve variations.

Knowledge of the anatomical variations of the 
musculocutaneous nerve is crucial in various 
clinical scenarios:
1. Surgery: surgeons, particularly those involved 

in procedures on the anterior shoulder and up-
per arm, must be aware of nerve variations to 
prevent iatrogenic injuries.  

2. Diagnostic: radiologists interpreting imaging 
studies of the brachial plexus need to recognize 
variations to avoid misinterpretation of pathol-
ogy.

3. Rehabilitation and therapy: knowledge of mus-
culocutaneous nerve variations can help guide 
rehabilitation protocols following nerve inju-
ries, optimizing patient outcomes.

This report describes a new morphology in an-
atomical variations of musculocutaneous and me-
dian nerves, and the accompanying review aims 
to provide an in-depth analysis of the anatomical 
variations of the musculocutaneous nerve and 
their clinical significance.

Case Presentation

After obtaining the authorization of the ICLO 
San Francesco of Sales in Arezzo in 2018, we 

performed the routine dissection of the left up-
per limb of an old caucasian female cadaver. The 
specimen was obtained within two days of death 
and stored at -5.2°.

We observed a double accessory branch of 
communication between the musculocutaneous 
nerve and the median nerve at the first third 
of the arm (Figure 1). The first branch, which 
originated from the musculocutaneous nerve, 
reinforced the median nerve, which has a larger 
diameter distally to communication. The second 
branch, which originated from the median nerve, 
reinforced the musculocutaneous nerve, which 
has a larger diameter distally than proximally.

According to the classifications of anatomi-
cal variants of the musculocutaneous nerve, we 
found an undescribed morphology of the anatom-
ical variant classified in Type II of Le Minor5, 
which is observed in 6.8-10.7% of cases.

This variation has never been observed in sub-
sequent dissections performed on 48 cadavers in 
the following years.

Based on this finding, we performed a liter-
ature search on variations of communicating 
branches between musculocutaneous and median 
nerves, on the frequency of presentation, on the 
different types of classifications, and on function-
al outcomes connected.

In PubMed, we searched the following key-
words: “variations” and “communicating branch-
es” and/or “musculocutaneous nerve” and “medi-
an nerve”. 47 articles were retrieved and analyzed.

Figure 1. Our anatomical finding of the double communication between the musculocutaneous nerve and the median nerve. 
In the circles: the double branch of communication. Green arrows: musculocutaneous nerve; red arrows: the median nerve that 
runs down to the wirst.
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Discussion

The brachial plexus (BP) is a network of nerve 
fibers formed by intercommunications among the 
ventral (anterior) rami (roots) of the four lower 
cervical nerves (C5-C8) and the first thoracic root 
(T1). 

At the infraclavicular level, the lateral fasci-
cle of the brachial plexus usually bifurcates and 
forms the musculocutaneous nerve (MCN) and 
the lateral root of the median nerve (MN)1.

The MCN runs downward, passing through the 
coracobrachialis muscle (CBM), and then moves 
to the anterior compartment of the arm2. More 
than 50% of anatomical variations of the human 
neural system occur in the brachial plexus3,4.

The peculiar position of anatomical variations 
and anastomosis has clinical and functional rele-
vance. 

Anatomical variations firstly described and 
more commonly found are between median and 
ulnar nerves: the Martin Gruber6 anastomosis, 
between the median and the ulnar nerve; the Can-
nieau and Richè7 anastomosis, between the thenar 
motor branch of the median nerve and the deep 
branch of the ulnar nerve in the palm of the hand, 
the Berrettini8 anastomosis, between the sensory 
branches of both nerves in the hand palm. 

In literature, the prevalence of variations of the 
MCN is reported9 to be around 6.25%. 

These anatomical variations (nerve anasto-
moses) lead to the exchange of fascicles between 
nerves and contribute to changes in motor and 
sensory innervation. Different investigations, such 
as electromyography studies, selective anesthetic 
nerve block, and anatomical dissections, show a 
variable incidence of nerve communications10.

Different types of communications between 
MN and MCN have been described.

The classification proposed by Maeda et al11 is 
based on the localization of connections.

In Type I, the communication is present at the 
mid or distal thirds of the arm, and four subtypes 
are present. In subtype Ia, the communication 
originates from MCN in its intramuscular via the 
coraco brachialis muscle (CbM). In subtype Ib, 
the communicating branch takes its origin from 
MCN before the biceps muscle (BM) branch. In 
subtype Ic, the communication is between the 
branches going to the BM and to the brachialis 
muscle (BrM). In the last subtype, the Id, the 
communicating branch takes origin distally to the 
formation of the BrM branch. Type II considers 
the communicating branches between the MN 

and the MCN11. Venieratos and Anangnostopou-
lou12 classified the connections between the MCN 
and MN in relation to the CBM. In Type I, the 
communication is proximal to the entrance of the 
MCN into the CBM, whereas in Type II, the com-
munication is distal to the muscle, and in Type III, 
the CBM is not pierced either from the nerve or its 
communicating branch. 

According to Choi et al13, communications be-
tween MN and MCN could be classified into three 
types. In Type I, the MCN and MN are fused; in 
Type II, there is only one link between the MCN 
and MN; and in Type III, two connecting branch-
es between the MCN and MN are found.

Guerri-Guttemberg and Ingolotti14 proposed 
a four-step algorithm that assigns numbers and 
letters at each step. The first step considers the 
presence or absence of the MC; the second step 
considers whether the MC pierces the coracobra-
chialis muscle, while the third step determines 
whether communications between the MC and 
the median nerve or other variations exist. The 
last step focuses on the relationship of the com-
munications between the MC and the median 
nerve with the point of entry of the MC into the 
coracobrachialis muscle13. 

Le Minor5 distinguished between five types of 
communications: in Type I, there is no commu-
nication between the MN and the MCN, as de-
scribed in classic textbooks2. The MCN pierces 
the CBM and innervates it and two other muscles 
of the anterior compartment of the arm, as well as 
the anterolateral region of the antebrachial skin. 
In Type II, some fibers of the medial root of the 
MN pass through the MCN and join the MN in 
the middle of the arm to form the main trunk of 
the MN. In Type III, the lateral root fibers of the 
median nerve (MN), originating from the later-
al cord, travel along the musculocutaneous nerve 
(MCN) before diverging after a certain distance 
to form the lateral root of the MN or join its main 
trunk. In Type IV, the fibers of the MCN initially 
merge with the lateral root of the MN, and after 
a non-constant distance, the MCN separates from 
the MN. In Type IV, the MCN is absent, and its 
fibers travel entirely within the MN throughout its 
course without piercing the coracobrachialis mus-
cle (CBM). In Type V, the MCN is also absent, 
with all its fibers passing through the lateral root, 
and the muscles usually supplied by the MCN re-
ceive innervation directly from the MN.

According to the classifications of anatomi-
cal variants of the musculocutaneous nerve, we 
can define our finding as a rare, previously un-
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described anatomical variant within the Type II 
variants of Le Minor5, which are observed in 6.8-
10.7% of cases.

Gumusburun and Adiguzel15 describe the bi-
lateral absence of the musculocutaneous nerve. 
The lateral cord of the brachial plexus is formed 
by an anterior division with the upper and mid-
dle trunks, and two branches appear to supply the 
coracobrachialis muscle; the fibers of the muscu-
locutaneous nerve are incorporated into the later-
al root of the median nerve15. A complete lack of 
the musculocutaneous nerve is a very rare anom-
aly, and few authors have referred to it, like Rav-
ishankar et al16.

The development of the brachial plexus during 
embryogenesis is a highly coordinated process 
involving precise molecular signals and cellular 
movements17-20.

Between the 3rd and 4th weeks of gestation, the 
neural tube forms from the neural plate through 
neurulation. Neural crest cells, which will be-
come peripheral neurons, migrate from the neural 
tube to their destined locations17-20.

During the 4th and 5th weeks of gestation, neural 
crest cells differentiate into various cell types, in-
cluding the sensory and motor neurons that form 
the brachial plexus. These cells migrate ventrally 
to create the dorsal root ganglia and ventral roots 
of the spinal nerves17-20.

From the 5th to the 8th week of gestation, motor 
axons extend from the spinal cord, while sensory 
axons emerge from the dorsal root ganglia. These 
axons navigate toward their targets in the devel-
oping limb, guided by a combination of chemoat-
tractive and chemorepulsive signals17-20.

Between the 7th and 10th weeks of gestation, the 
formation of the brachial plexus occurs with the 
development of trunks and cords. During the 10th 
to 12th weeks of gestation, these cords give rise to 
the terminal branches of the brachial plexus17-20.

The development of the brachial plexus is reg-
ulated by a complex interplay of molecular sig-
nals and genetic factors, including growth factors 
[such as nerve growth factor NGF and brain-de-
rived neurotrophic factor (BDNF)], guidance 
cues (like semaphorins, netrins, and ephrins), and 
transcription factors [such as the subset of homeo-
box genes (HOX), Paired box genes (Pax), and ho-
meobox LIM family]17-20. 

Disruptions in the normal development of the 
brachial plexus can lead to various neural abnor-
malities and clinical conditions, which may arise 
from genetic mutations, environmental factors, or 
mechanical injuries during development17-21. 

The cause of aberrant communication between 
MN and MCN is not completely understood. 

The presence of anomalies in the mechanism 
of formation of forelimb muscles and peripheral 
nerves during embryonic life could play a role in 
this sense17-21. During the fifth week of embryo-
logical development, the myotome (mesenchyme 
of the para-axial mesoderm) gives origin to the 
forelimb muscles18.

The BP originates as a single radicular cone 
of spinal nerve axons. The axons develop distally 
to achieve the limb bud mesenchyme. Then, they 
differentiate into the ventral and dorsal divisions. 
The median and ulnar nerves originate from the 
ventral division, while the musculocutaneous 
nerve is formed later from the median nerve18.

A complicated signaling interaction manages 
the growth of the axons, and any interference can 
cause significant alterations.

Although it is reported11,22 with low frequency, 
during the embryonic life, it is possible that fibers 
of the MCN initially run along the MN and later 
reestablish their configuration through a commu-
nicating branch.

Defects in the development of CBM can cause 
the MCN to not pierce the coracobrachialis mus-
cle12. The midrange frequency of the MCN-MN 
communication is between 17% and 36%1,13.  

Some authors11,14 reported an incidence of 
around 37-54.7%. 

A lower incidence range (5-16%) is reported in 
studies1,12 conducted in various populations. The 
dimension of the samples, the protocol applied, 
and the ancestral biologic factors could be respon-
sible for different expressions of these structures 
in the evaluated populations1,7. 

According to the literature13,22, there is a pre-
dominance of unilateral occurrence of these vari-
ations. 

A single communicating branch occurs 
around 90-93.2% of cases, while the observation 
of two communicating branches, like our Type 
II of Le Minor5, is less frequent (6.8-10.7%)12,14. 
The MCN-MN communicating branch could 
be present with an additional head of the biceps 
brachii1,11,22,23. This is a relevant finding that has 
to be considered during the planning of surgical 
procedures in the arm. This association was not 
present in our sample. The absence of a mus-
culocutaneous nerve is reported24 in 1.7-15% of 
cases and it has been described by Hoogbergen 
and Kauer25 and Nakatani et al26. The MCN en-
trapment can be caused by an inadequate po-
sitioning of the arm during sleep because the 
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coracobrachialis muscle (CbM) and biceps mus-
cle (BM) act as anchor points for the MCN14. In 
the presence of a communicating branch where a 
part of MN passes through CbM, the manifesta-
tion could be similar to the findings of MN neu-
ropathy in the hand. The diagnosis of MCN-MN 
communication in this clinical presentation by 
electromyographic methods could prevent un-
necessary releases of the carpal tunnel1.

Anomalies of the brachial plexus could lead 
to failure during brachial plexus blockade pro-
cedures and surgical management of brachial 
plexus tumors or trauma3. The MCN-MN com-
munication should be considered for clinical ex-
amination of nerve injuries at the axilla and the 
arm, for surgical approach to this region in case 
of neuromuscular flaps, peripheral nerve repair 
such as neurotization procedures, and in case of 
surgery for trauma or for the nerve blocks at the 
upper extremities in anesthetic practice. Isolated 
lesions of the MC have been reported with in-
creasing frequency. Atraumatic lesions can occur 
in the proximal area, affecting the entire nerve, 
or in the distal area, with the involvement of only 
the lateral cutaneous nerve14. In the first group, 
the causes were reported to be entrapment syn-
dromes at the level of the coracobrachialis14 as 
well as in between the biceps brachii and bra-
chialis muscle27. A narrow space, bordered by 
the coracobrachialis muscle anteriorly and by 
the upper third of the humerus posteriorly, is 
crossed by the musculocutaneous nerve after it 
moved under the pectoralis minor. In this area, 
the nerve is susceptible to dynamic compression, 
with paresthesia in the anterolateral surface of 
the forearm. Athletes and bodybuilders with hy-
pertrophic muscle can experience this. Compres-
sion can be caused either by intense contractions 
after strenuous physical activity28 or by chronic 
pressure secondary to hypertrophy29 as it occurs 
in weightlifters, leading to direct mechanical and 
ischemic injury to the nerve with subsequent fo-
cal demyelination and variable axonal degenera-
tion30. With prolonged compression, the anterior 
surface of the arm muscles (biceps and brachial) 
can present hypotrophy. The presence of fibrous 
bands between the biceps and brachial muscles 
may compress the musculocutaneous nerve31. 
Mass lesions should also be considered in patients 
with atraumatic MC neuropathies32. Guerri-Gut-
tenberg and Mariana Ingolotti14 reported an iso-
lated MC lesion in a 22-year-old patient caused 
by a proximal humeral osteochondroma. Symp-
toms similar to carpal tunnel syndrome or other 

less frequent compressive neuropathies (pronator 
teres syndrome or anterior interosseous nerve 
syndrome) can be referred to in the presence of a 
compression proximal to the nerve communica-
tion. Symptoms depend on the type of fibers that 
belong to the nerve communication10. Weakness 
of the flexor muscles of the forearm or of the the-
nar region muscles could be present after inju-
ry of the musculocutaneous nerve proximally to 
nerve communication with clinical signs similar 
to a partial injury of the median nerve. The diag-
nosis of these variations could be difficult, and a 
detailed clinical examination and an electroneu-
romyography might be mandatory10. 

Ultrasound and MRI could be useful and in-
tegrative to electroneuromiography in doubtful 
cases33-36.

Careful dissection during surgery may prevent 
the wound from an anastomotic branch. Meticu-
lous clinical examination supported by electro-
myographic methods can assist in the diagnosis 
and discourage unnecessary surgical procedures. 
The MCN has the potential to be effectively uti-
lized as a recipient nerve for restoring elbow flex-
ion1. In cases involving lower brachial plexus in-
juries, the motor branch of the MCN to the BrM 
can serve as a donor nerve for both the anterior 
interosseous nerve and the posterior interosseous 
nerve1.

Knowledge and understanding of these top-
ics have an important medico-legal implication. 
There is unanimous consensus that awareness of 
anatomical variations is paramount for healthcare 
professionals to prevent iatrogenic injuries, accu-
rately diagnose neurovascular pathologies, and op-
timize patient management. This implies that the 
physician must provide all relevant information to 
the patient regarding the potential risks of iatro-
genic injuries. In executing a thorough informed 
consent process, physicians have the professional 
obligation to elucidate and engage in a discussion 
about the risks, benefits, and possible alternatives 
to a specific procedure. Explaining and discussing 
possible alternatives is a fundamental component 
of the disclosure process; patients may not be able 
to evaluate risks in abstract terms and, therefore, 
require a comparative framework to make a truly 
informed decision37.

From a future perspective, it could be helpful 
to explore further how neural variations may vary 
among different ethnic groups or geographical 
populations. This could help better understand 
the differences in the prevalence and characteris-
tics of neural variations in different contexts.
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Conclusions

Variations in the anatomy of the musculocuta-
neous nerve are not uncommon and have signifi-
cant clinical relevance. These variations make the 
nerve vulnerable during routine neural repair and 
other surgical interventions in the pectoral and 
axillary regions.

Healthcare professionals must be aware of 
these variations. Adequate knowledge of neural 
and vascular variations may help interpret various 
clinical signs and symptoms with precision and 
is fundamental to minimizing surgical complica-
tions and optimizing patient management. Fur-
ther research into the genetic and embryological 
underpinnings of these variations may provide 
additional insights into this intriguing aspect of 
human anatomy.
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