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This report presents a detailed anatomical investigation of an upper limb specimen
showing an atypical formation of the musculocutaneous nerve (MCN) and median
nerve (MN). The study was refined by intraneural dissection, which supplements
earlier descriptions of similar anatomical variations and allows for revision of the
accepted classification.

The case described in this report was an incidental finding during routine dissec-
tion of a fixed isolated upper limb. Intraneural dissection revealed partial fusion
between the MCN and aberrant bundles of the MN. Those aberrant bundles
Joined the main steam of the MN at the level at which the MCN branched off as
an independent nerve. The procedure allowed the aberrant fibres of the MN to
be differentiated from the MCN. The presence of separate bundles in a territory
corresponding to the MCN was confirmed, although those bundles and the
aberrant MIN bundles were covered by a common epineurium. The aberrant MN
bundles running within the MCN did not contribute to innervation of the forearm
muscles. They rejoined the main nerve trunk in the arm.

A comprehensive understanding of the diverse anatomical variations of the upper
limb nerves could be crucial for the safety and success of surgical procedures,
especially procedures for reconstructing the brachial plexus or its branches. (Folia
Morphol 2021; 80, 4: 1020-1026)
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INTRODUCTION about 90.5% of cases the MCN shows a typical origin.

The musculocutaneous nerve (MCN) is typically de- During its later course it pierces the coracobrachialis
rived from the C5, C6 and C7 spinal cord segments. It muscle at the lower border of the axillary cavity. It
is a direct continuation of the lateral cord of the then runs between the biceps brachii and brachialis
brachial plexus. Bergman et al. [3] reported that in muscles. It provides branches to both those muscles
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and travels to the lateral side of the biceps, where
it pierces the brachial fascia lateral to biceps brachii
muscle to emerge lateral to its distal tendon and
brachioradialis muscle, and then continues as the
lateral antebrachial cutaneous nerve, also known as
the lateral cutaneous nerve of the forearm [22, 31].

In most cases (about 85%) the median nerve (MN)
arises from two roots (the terms “branches”, “heads”
or “radices” are occasionally used), lateral and medial,
which take origin from the lateral and medial cords
of the brachial plexus, respectively [22]. The lateral
root provides fibres derived from ventral roots of the
C5-C7 spinal nerves, while the medial cord typically
contains contributions from C8 and T1. Typically, the
two roots merge within the axillary cavity anterior to
the axillary artery. The V-shaped origin of the MN thus
created is called “the loop of the median nerve” [6].
During its further course, the MN descends the arm,
accompanying the brachial artery. It seldom provides
muscular branches to the arm [22]. Its territory in-
cludes the anterior group of forearm muscles and it
terminates by supplying the muscles and the skin of
the hand [31].

Both the MCN and MN exhibit numerous anatom-
ical variants with respect to their origins from the
brachial plexus, topographical relationships, anas-
tomotic connections with the neighbouring nerves,
and branching patterns [3, 5-8, 10-23, 25, 27, 30,
33]. A comprehensive understanding of the diverse
anatomical variations of the upper limb nerves could
be crucial for the safety and success of surgical pro-
cedures, especially procedures for reconstructing the
brachial plexus or its branches, particularly since the
distribution of brachial plexus lesions is also highly
variable [9, 11, 15, 18, 24, 29, 34]. As stressed by
Sinha et al. [29], knowledge of the fascicular orienta-
tion of the nerves of the brachial plexus is important
for neurosurgeons and can “improve the surgical
outcome of nerve grafting in brachial plexus injuries
by anastomosing related fascicles and avoiding possi-
ble axonal misrouting”. In this context, refinement of
gross anatomical descriptions of brachial plexus vari-
ations by intraneural dissection could help to deepen
and organize existing knowledge about deviations
from typical morphology and the targeting of nerves
derived from that plexus. However, the technique of
intraneural dissection is not commonly used.

The present report details the anatomical investi-
gation of an upper limb specimen showing an atypical
formation of the MCN and MN. The study was refined
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by intraneural dissection. It supplements earlier de-
scriptions of similar anatomical variations and allows
for revision of the accepted classification. One of our
aims was to demonstrate the usefulness of intran-
eural dissection in anatomical research. Both clinical
significance of the observed variation and surgical
importance of the findings in this study were also
discussed.

CASE REPORT

The case described in this report was an incidental
finding during routine dissection of an isolated upper
limb fixed in 10% formalin. Detailed examination
of an atypical MCN and MN formation was supple-
mented by intraneural dissection using microsurgi-
cal instruments at a magnification of 2.5x under
a HEINE® HR 2.5 x High Resolution Binocular Loupe
(HEINE Optotechnik GmbH & Co. KG, Herrsching,
Germany). The measurements were taken with a Digi-
matic Calliper (Mitutoyo Corporation, Kawasaki-shi,
Kanagawa, Japan). Measurements were performed by
two independent researchers. Each measurement was
repeated twice and an average was calculated and as
final result, with an accuracy of two decimal places.

In this case, the deviations from typical MCN and
MN morphologies coincided. The variation involved
partial fusion between the two nerves, which during
initial assessment resembled a double loop of the
MN (Fig. 1). The diameter of the lateral cord of the
brachial plexus, measured at the level of the third
part of the axillary artery, was 5.53 mm; the diameter
of its medial cord, measured at the same level, was
6.58 mm. The first, typical loop of the MN covered
the third part of the axillary artery (Fig. 1). The two
roots of the MN merged just below the origin of
the subscapular artery (the medial root was crossed
anteriorly by this artery). The diameter of the lateral
root was 3.12 mm and that of the medial root was
4.18 mm. An additional band of fascicles (1.75 mm in
diameter), connecting the lateral cord of the brachial
plexus to the medial cord of the plexus and the ulnar
nerve, ran just above the two roots (Figs. 1, 2); this
communication crossed the third part of the axillary
artery anteriorly below the origin of the subscapular
artery (Fig. 1). The MCN was remarkably thickened
and resembled an elongated lateral cord of the bra-
chial plexus (Fig. 1). Its diameter below the origin of
the lateral root of the MN was 4.87 mm. It ran anterior
to the brachioradialis muscle (which was one-headed
and not pierced by any nerve), perpendicular to the



Folia Morphol., 2021, Vol. 80, No. 4

Figure 1. Co-occurrence of deviations from musculocutaneous
(MCN) and median nerve (MN) typical morphology. Anterior view
of the isolated right upper limb. The point at which those nerves
merge is marked by a black arrow. An additional band of fascicles
(marked by a white asterisk) connecting the lateral cord of the
brachial plexus to the medial cord (MC) of the plexus and with the
ulnar nerve (UN) runs just above the two roots of the MN. White
arrows indicate an atypical thickened segment of the MCN accom-
panied by fibres of the MN; AA — axillary artery; BA — brachial
artery (removed during dissection of the distal two-thirds of the
arm); BM — brachialis muscle; CB — coracobrachialis muscle;
LACN — lateral antebrachial cutaneous nerve; LH — long head of
biceps brachii muscle; LR — lateral root of the MN; MR — medial
root of the MN; MB, — branch to biceps brachii muscle; MB, —
branch to brachialis muscle; SA — subscapular artery; SH — short
head of biceps brachii muscle; SM — subscapularis muscle;

PMi — pectoralis minor muscle (reflected); PMj — pectoralis ma-
jor muscle (reflected); TDA&N — thoracodorsal artery and nerve.

proximal third of the MN (diameter 4.31 mm; Fig. 1).
This anomalous, thickened segment of the MCN gave
off one muscular branch (diameter 0.98 mm) to the
coracobrachialis muscle and another to the biceps
brachii muscle (1.16 mm diameter; Fig. 1). Fifty-seven
millimetres below the inferior border of the pectoralis
major muscle, the MCN rejoined the trunk of the
MN, resembling a second loop of the MN (Fig. 1).
Next, the MCN (with a smaller diameter of 2.39 mm)
branched off again 9 mm below the level of its fusion
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Figure 2. Result of intraneural dissection performed to revise the
variation observed in Figure 1. Posterior view of the isolated spec-
imen of part of the right brachial plexus. The fascicular dissection
revealed fusion between the musculocutaneous nerve (MCN) and
aberrant fibres of the median nerve (MN); those aberrant fibres are
marked by white arrows. They joined the mains team of the MN at
the level at which the MCN branched off as an independent nerve
(marked by a grey arrow); LACN — lateral antebrachial cutaneous
nerve; LC — lateral cord of the MN; LR — lateral root of the MN;
MC — medial cords of the MN; MR — medial root of the MN;
MB, — muscular branch to the biceps brachii muscle; MB, — branch
to brachialis muscle; UN — ulnar nerve; white asterisk — addi-
tional band of fascicles connecting the lateral cord of the brachial
plexus to the medial cord of the plexus and the ulnar nerve.

with the MN and 66 mm below the inferior border
of the pectoralis major muscle. It soon entered be-
tween the biceps brachii and brachialis muscles and
then followed a typical course. In the later part of its
course the nerve gave a muscular branch (0.96 mm
diameter) to the brachialis muscle and continued as
the lateral cutaneous nerve of the forearm (1.74 mm
diameter; Fig. 1). Just below the level of the fusion,
the MN crossed the brachial artery and moved to its
medial side. The subsequent course and branching
pattern of the MN were typical.

The next stage of examination involved fascicular
dissection to refine the classification of this varia-
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tion. The brachial plexus was harvested (including
the atypical MN and MCNs) and immersed in 10%
acetic acid for 2 weeks to facilitate removal of the
epineural sheath according to the fascicular dissection
procedure [13]. This procedure revealed the fusion be-
tween the MCN and aberrant fibres of the MN (Fig. 2);
those aberrant fibres joined the main steam of the
MN at the level where the MCN branched off as an
independent nerve (Fig. 2). It allowed the aberrant
fibres of the MN to be differentiated from the MCN. It
also revealed that the muscular branch to the biceps
brachii muscle came from the nerve bundle (trunk)
corresponding to the MCN (Fig. 2). Aberrant fibres of
the MN running within the MCN did not contribute
to innervation of the forearm muscles. They rejoined
the main nerve trunk in the arm. The intraneural
dissection results allowed the observed findings to
be properly classified.

DISCUSSION

When neurovascular structures grow and differ-
entiate within the developing limb bud, some devi-
ations from the typical course of organogenesis are
possible. These can lead to anatomical variations
[4, 13, 14]. The case presented in this report describes
an aberrant course of the nerve fibres derived from
the brachial plexus and enables it to be analysed.

Anatomical variants can include the relationship of
the first MCN segment to the coracobrachialis muscle;
the MCN can lie anterior to that muscle instead of
piercing it. Claassen et al. [6] estimated the incidence
of this aberrant course of the nerve at 1.8%. In other
variants, part of the MCN pierces the coracobrachialis
muscle and then rejoins the main trunk after pass-
ing through it; or only the cutaneous branch of the
MCN (i.e. the lateral cutaneous nerve of the forearm)
pierces that muscle [3, 22].

Numerous variations have been reported in the
courses and anatomical relationships of the MCN
and MN. However, it is challenging to compare the
different classifications applied by various authors
because their criteria are not uniform [27, 30]. The
literature is ambiguous about the classification of
variations in which there is complete or partial fusion
between the MCN and MN. The MCN can be fused
with the MN over a certain distance and then branch
off and continue its course as a single trunk or as
several branches. Such cases are sometimes classified
as the MCN being a branch of the MN, and some-
times as absence of the MCN [1, 7, 11, 15, 22, 30].
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According to Bergman et al. [3], the prevalence of
the MCN branching off the MN ranges from 0.6% to
2%. In research of Guerri-Guttenberg and Ingolotti
[11], the MC was absent in 2 out of 54 cases and
in 1 case the MC and the median nerve had a distal
origin. Sirico et al. [30] noted in their extensive me-
ta-analysis that fusion between the MCN and MN and
the origin of the MCN from the MN can be placed
in the same category, as reflected in some scientific
reports. However, there are other approaches. For
example, in series of Beheiry [2], the MN gave off
muscular branches to the brachialis muscle as well
as a branch from its lateral root to supply both heads
of the biceps brachii muscle, while the MCN was
reported to be absent. Thus, various cases can be
classified as absence of the MCN when branches to
the brachialis and biceps brachii muscles and the
lateral antebrachial cutaneous nerve emerge from
the MN. Our case resembles this variant, considering
that an MCN following a typical course branched
off only just below the place of fusion with the MN.
However, in the light of the intraneural dissection
results, it seems most justifiable to class this variant
as “partial fusion between the MCN and MN". The
presence of separate nerve bundles with territories
corresponding to the MCN was confirmed, though
those bundles and the aberrant MN fascicles were
covered by a common epineurium. A recent report
describing fascicular dissection of a case with absent
MCN also revealed distinct fascicles corresponding
to the MCN accompanying the MN [7]. Nerve fibres
tracing of branches to the coracobrachialis muscle
was also assessed by Kawashima et al. [18].

The MCN can also be accompanied by fibres de-
rived from the MN. Such aberrant fibres can form an
anastomosis between the MCN and the MIN [27]. Cas-
es of this kind could also resemble the one presented
in our report. Sirico et al. [30] stress that variations in
the communication between the MCN and MN may
be classified as: communicating branches of the MCN;
double lateral root of the MN; or “the third root of
the median nerve”. Communications with the MN
usually appear in the lower third of the arm and can
form a loop [3, 6, 17, 30, 33]. In research of Guerri-
-Guttenberg and Ingolotti [11], communications
were seen between the MC and MN in 53.6% of the
dissections from which 84.6% were proximal, 7.7%
distal, and 7.7% had one proximal and one distal
communication to the point of entry of the MC into
coracobrachialis muscle. Loukas and Aqueelah [20],
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in turn, identified four different patterns of commu-
nications between MN and MCN. Type | (45%): the
communications were proximal to the point of entry
of the MCN into the coracobrachialis, type Il (35%):
the communications were distal to the point of entry
of the MCN into the coracobrachialis, type Ill (9%): the
MCN did not pierce the coracobrachialis and type IV
(8%): the communications were proximal to the point
of entry of the MCN into the coracobrachialis and
additional communication took place distally. Con-
comitantly the MCN was absent. Based on their own
research, Maeda et al. [21] concluded, that the MCN
and MN have the possibility of forming plexuses in
the arm. Further studies supplemented by intraneural
dissection on various cases of atypical MN and MCN
formation should enable the distribution and origin
of those aberrant nerve fibres to be traced. Fine dis-
section makes the nerve communications and separa-
tions clearly visible. For instance, studies of the MCN
and MN by Kawashima et al. [18] and Maeda et al.
[21] were performed with removing the epineurium
under water immersion.

Bergman et al. [3] provide a concise and clear
explanation of phenomena relating to atypical for-
mations of nerves. The cited authors describe them
as: "errors in the pathway (course) of some, inap-
propriately placed nerve fibres. For these nerve fibres
to get to their proper endpoint, the bundle of nerve
fibres leaves the inappropriate trunk and joins the
proper nerve trunk”. The background of anatomical
variations among neurovascular structures based on
molecular signals and factors was stressed by Car-
meliet [4]. Comparative anatomical research could
explain the occasional close relationship between
the MN and MCN. Since the MCN is absent in lower
vertebrates, the lack of a separate trunk of this nerve
in humans could be considered a phylogenetic rem-
nant [22]. Embryological studies also suggest that the
MCN is derived from the MN [22]. Case of absence
of the MCN associated with a supernumerary head
of biceps brachii was described by Pacholczak et al.
[25]. Thus, combinations of anatomical variations
should be taken into account in the clinical practice
[6,7,14, 19, 24-238].

Awareness of variable anatomy of the brachial
plexus and its branches could influence the safety and
success of surgical procedures [12, 16, 17, 32]. This is
perhaps reflected in the case described by Hagemann
et al. [12], who reported an adverse clinical outcome
of a MN to MCN transfer abandoned because of
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a neuroanatomical variation. Many surgical expo-
sures of the humerus could potentially harm the MCN
[9, 26, 32, 35]. An atypical MCN or an elongated lat-
eral cord of the brachial plexus occupying an atypical
position anterior to the coracobrachialis muscle seem
to be at greater risk of injury during surgery [35].
Atypical formations of nerves can also influence
the clinical manifestation of neurological lesions af-
ter repair of a nerve injury [13, 16, 29, 32]. Sinha et
al. [29] emphasized that the first factor influencing
repair of a nerve lesion is the number of axons that
successfully cross the anastomotic site. According to
those authors, approximately 30% of axons are lost
while traversing one anastomotic site. In this regard,
Sinha et al. [29] conclude that “The knowledge of
exact fascicular location might be translatable to the
operating room and can be used to anastomose re-
lated fascicles in brachial plexus surgery, thereby avoid-
ing the possibility of axonal misrouting and improving
the results of plexal reconstruction”. Considering the
numerous variations of the MN and MCN, advanced
anatomical studies using intraneural dissection could
fill the gaps in our knowledge of the origin of nerve
fibres and help clinicians to deal with atypical cases [7].
It may be concluded, after Guerri-Guttenberg and In-
golotti [11], that the knowledge of these nerve’s varia-
tions “will allow physicians to correctly interpret anom-
alous innervation patterns of the upper limb”. It should
also be noted that anatomical variability is the rule [36].

CONCLUSIONS

When the musculocutaneous nerve does not pen-
etrate the coracobrachialis muscle, it may have a close
relationship with the median nerve. The intraneural
dissection confirmed the presence of separate fascicles
corresponding to the MCN in cases of atypical formation
of the MN and MCN. Awareness and detailed knowl-
edge of anatomical variations can be crucial during
clinical examination, brachial plexus repair or peripheral
nerve surgeries (level of evidence IV, case series).
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