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Abstract: Objective: Several patterns of communication between the median nerve (MN) and the mus-
culocutaneous nerve (MCN) have been described along with a number of classification systems. However,
some atypical patterns of communication find no place in the existing classification systems. Knowledge
about these variable communications is crucial for the accurate clinical management of peripheral nerve
lesions of the upper limb.

Methods: 48 formalin-fixed dissected specimens of upper limb (36 right and 12 left) were examined for
presence of communications between MN and MCN. The observed gross anatomical features were recorded
and photographed using a digital camera. Measurement of length and thickness of communications was
done using a non-stretchable measuring tape and digital Vernier callipers.

Results: A total of 8 communications were observed, all unilateral, extending from MCN to MN and located
either in the axilla or in the arm. Five communications were on the right side and 3 on the left. Five communica-
tions adhered to typical previously reported patterns, while three were novel and atypical. Most communications
arose from the MCN after it traversed the coracobrachialis (CRB) muscle, only one arising proximal to the CRB.
Conclusion: Eight cases of unilateral MN-MCN communication were found among the 48 upper limbs
examined, including three atypical cases that cannot be categorized in any existing classification system and
may therefore be easily missed during surgery. Their identification is crucial to avoid inadvertent damage
during surgical procedures.
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Introduction

The brachial plexus is formed by the anterior primary rami of the C5 through T1 spinal nerves and
has the following components: roots, trunks, divisions, cords and branches. The infraclavicular
part of the brachial plexus consists of the three cords and their branches. The anterior primary
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rami forming the supraclavicular plexus are termed as the roots. The median nerve (MN) and
the musculocutaneous nerve (MCN) are two important mixed peripheral nerve branches of the
plexus.

The MN has a root value of C5-T1 and the MCN has a root value of C5-C7 [1, 2]. The main
trunk of the MN is formed by two roots, the medial root arising from the medial cord (MC) and
the lateral root arising from the lateral cord (LC). The medial root of the median nerve has contri-
butions from the anterior divisions of the lower trunk and the lateral root of the median nerve has
contributions from the anterior divisions of the upper and middle trunks [3]. The MN descends
through the arm without giving any muscular branches, except vascular twigs. It provides motor
supply to most forearm flexors, thenar muscles and the first two lumbricals. The sensory supply
of the skin of the lateral half of the palm, the palmar aspect of the lateral three and half digits, and
the dorsum of the distal phalanges of these digits are also supplied by the MN [1-3]. Damage to
the MN has minimal effect on the movements of the arm, but adversely affects pronation, crude
flexion at the wrist joint and some intrinsic hand movements with sensory loss in the lateral half
of the palm and digits.

The MCN is a terminal branch of the lateral cord, the other terminal branch being the lateral
root of MN. The MCN first gives a motor branch to the coracobrachialis (CRB) muscle and then
pierces through this muscle to supply the biceps brachii and the brachialis muscles [1-3]. In the
arm, just above the elbow, it pierces the deep fascia and descends superficially as the lateral cuta-
neous nerve of the forearm. Therefore, damage to the MCN manifests as weakness or loss of elbow
flexion and sensory deficits in the anterolateral forearm.

Materials and Methods

The axilla and the anterior compartments of the arm and forearm were meticulously examined
for the presence of communications between the MN and MCN in 48 dissected cadaveric upper
limbs. All the cadaveric specimens were fixed in 10% formalin solution and maintained im-
mersed in the same formalin solution. The origin & course of MN, MCN and other branches
of the brachial plexus, as well as their topographical relations with the adjacent structures, were
carefully examined. The observed gross anatomical findings were recorded and photographed
using a Nikon D3500 DSLR digital camera. Various dimensions (notably, length and thickness
of communications) were measured using a non-stretchable measuring tape and digital Vernier
callipers.

Ethical consideration

Ethical clearance was not required from the local institutional ethical committee as the study was
carried out on donated cadavers. The dissection procedure was in accordance with the ethical
guidelines of Declaration of Helsinki (1964) and as per the institutional protocol of our institute
for use of human cadavers for medical teaching and research.

Informed consent

The cadavers used in this study were donated to the department with written and informed con-
sent obtained from the family members at the time of body donation.
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Statistical analysis

Statistical calculations such as percentage, mean etc. were calculated using Microsoft Excel ver-
sion 2019.

Results

Communications between the MN and MCN were observed in a total of 8 of the 48 examined
upper limbs. Five of these were right-sided and 3 were left-sided. The communications were cat-
egorized on the basis of their origin from the MCN (with respect to the CRB) and meeting point
with the MN. Most communications were found to connect the MCN with the MN in the middle
third of the arm.

Figs. 1A and 1B present images showing the patterns of communication in all the 8 dissected
limbs. Fig. 2 depicts a schematic diagram illustrating the mode of MN-MCN communication.
The characteristic features and measurements pertaining to these communicating branches are
summarized in Table 1.

Fig. 1A. Dissected brachial plexus showing MCN-MN communications in first 4 cases.

1 — musculocutaneous nerve, 2 — lateral root of the median nerve, 3 — medial root of the median nerve,
4 — median nerve, 5 — ulnar nerve, 6 — axillary artery, 7 — axillary vein, 8 — coracobrachialis muscle,
9 — biceps brachii muscle; P minor — pectoralis minor muscle, (*) black asterisk — communication, black
arrow — muscular branches of musculocutaneous nerve.
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Fig. 1B. Dissected brachial plexus showing MCN-MN communications in last 4 cases.

1 — musculocutaneous nerve, 2 — lateral root of the median nerve, 3 — medial root of the median nerve,
4 — median nerve, 5 — ulnar nerve, 6 — axillary artery, 7 — axillary vein, 8 — coracobrachialis muscle,
9 — biceps brachii muscle; P major — pectoralis major muscle, P minor — pectoralis minor muscle, (*) black
asterisk — communication.

Fig. 2. Schematic illustration of the morphology and location of MCN-MN communications.

MC — medial cord, LC — lateral cord, UN — ulnar nerve, MN — median nerve, MCN — musculocutane-
ous nerve, CRB — coracobrachialis muscle, I — medial pectoral nerve, 2 — medial cutaneous nerve of the
forearm, 3 — medial cutaneous nerve of the arm, 4 — lateral pectoral nerve.
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Table 1. Communicating branches between the median and musculocutaneous nerves.

Length Width Description of communicating branch; origin w.r.t passage

ShINE | Rl (cm) (mm) through coracobrachialis (CRB)

Nerves joined for a distance of 2.48 cm, separating to follow their

1 Right — — ; .
& respective courses thereafter; distal

1.73 0.72 | Short thick communicating branch; distal

2 | Right
2.32 0.42 | Short thin communicating branch; distal

Short communicating branch after musculocutaeous (MCN)

3 Right 1.07 0.62 emerges out from CRB; distal

Long slender communicating branch distal to the CRB insertion;

4 | Right | 56 | 031 | %

Short slender communicating branch after MCN emerges from CRB;

5 Right 2.04 0.35 distal

Short slender communicating branch after MCN emerges from CRB;

6 Left 3.14 0.34 distal

Long communicating branch after MCN emerges out from the CRB;
distal

8 Left 2.71 0.48 | Short communicating branch before MCN pierces the CRB; proximal

7 Left 5.32 0.67

Discussion

Embryology: The upper limb bud appears by the end of 4th week of gestation. During the 5th
week, limb musculature develops under the influence of the homeobox D genes. Radicular cones
of axons develop and form a primary plexus in the mesenchymal tissues of the developing limb
bud. Subsequently the primary plexus divides into anterior and posterior divisions. The MN and
the ulnar nerve (UN) are first to develop from the anterior divisions. Subsequently the MCN gets
separated from the MN. Peripheral nerves from the developing brachial plexus grow into the
mesenchyme of the upper limb bud by forming growth cones of motor axons. Under the influence
of factors such as brain derived nerve growth factor, ephrins, neutrin-1, neutrin-2, semaphorins
etc. these growth cones of motor axons grow, differentiate and form accurate neural connections
to innervate specific muscles and target tissues [4]. Neurons of the corresponding dorsal root
ganglia project peripheral axons to the developing limb bud under the influence of runt-related
transcription factor-3 (RUNX3). Peripheral innervations are also regulated by transcription fac-
tor neurotrophin-3 (NT3, secreted by limb mesenchyme), with support from the simultaneously
developing motor neuron axons [5]. It is believed that deviation from the normal molecular sig-
nalling pathway results in anatomical variations of the brachial plexus. Altered signalling between
nerve growth factors and mesenchymal cells during the critical time of fusion of the cords of
the brachial plexus may result in aberrant communications [3, 5]. These communications can be
correlated with similar communications found in monkeys and apes. Therefore, aberrant commu-
nications seen in humans may be considered as arising from the persistence of primitive nerves
supplying the flexor muscles of the arm in our predecessors. Interestingly, these lower vertebrates
possess a single ventral nerve trunk equivalent to the MN, whose branches provide innervation
to the entire forelimb [6].
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Different types of communications between the MN and the MCN, including atypical vari-
ants, are known [7-9]. These nerve communications are sometimes referred to as anastomo-
sis [10], but we are using the term ‘nerve communication’ to denote such connections between
MCN and MN nerves. The currently reported prevalence of the MN-MCN communications
ranges between 3.3 and 35%, a vast majority of them unilaterally present in the arm, with-
out any known correlation with gender or laterality [11-15]. The morphometric dimensions of
these communications are believed to have clinical relevance, as in nerve grafting procedures.
A few authors have attempted to systematically classify some of these commonly encountered
communications. Le Minor (1990) provided a systematic classification of the anatomical vari-
ations of the MCN and observed the following five subtypes of MN-MCN communications:
Type I — typical appearance of MCN in brachial plexus, Type II — MN-MCN communications
at variable levels, Type III — lateral root of the MN originating from MCN, Type IV — all the
branches of the MCN directly arising from the lateral cord, and Type V — absence of MCN
with MN taking over its distribution [11]. Venieratos et al. (1998) described the location of the
communications in relation to the CRB muscle, classifying them into three varieties: Type I —
the communication arises proximal to the point of entry of MCN into the CRB, Type II — the
communication is located distal to CRB muscle, Type III — MCN does not course through the
CRB muscle [9]. Choi et al. (2002) later introduced a simpler modified system, classifying the
MN-MCN communications into three categories: Type 1 — fusion of the nerves in the arm,
Type II — single communication, Type III — two communications [16]. Hayashi et al. (2016)
introduced a comprehensive system of classification and categorized the variants into five dif-
ferent types, addressing the deficiencies of the earlier classification systems [17]. However, none
of the existing classification systems is explicit enough to allow atypical patterns to be placed in
a definite sub-category. In most cases, the communicating branch arises distal to the CRB in-
sertion in the middle third of the arm, terminating in the arm itself [18, 19]. A brief account of
the reported patterns of communication between the MN and MCN in the arm across various
population groups is presented in Table 2.

Among the atypical variety of communications, the notable ones include origin of the third
root of the MN from the MCN, distal communication in the elbow or below the elbow, fusion of
MN and MCN throughout, communication of MN with one of the muscular branches of MCN
etc. Previously Chauhan et al. (2002) reported communications between MCN and MN from
our department [20]. In our study, we found all the eight unilateral MN-MCN communications
in the axilla or the arm, of which five were on the right side and three on the left. In six cases, the
communicating branch was found to arise from the MCN after its emergence from the CRB. In
the first atypical case (Fig. 1A (i) & Fig. 2 (i)) the MCN and MN joined for a short distance in the
upper third of the arm, exchanged fibres and then separated. In the second atypical case, double
communications were seen between the MCN and MN. A separate distinct tiny branch of the
MCN was observed supplying the CRB. The MCN was then seen to descend without piercing the
CRB, supplying the biceps and brachialis muscles and communicating twice with the MN (Fig. 1A
(ii) and Fig. 2 (ii)). The proximal thick communication in this case may be considered as the third
root of the median nerve. The third atypical case in the present study, showed a communication
proximal to the MCN piercing the CRB muscle (Fig. 1B (viii) and Fig. 2 (viii)). A very few reports
of complete absence of MCN with functional compensation by the MN exist in literature [21].
Rarely, a tiny branch of the lateral cord is observed to supply the CRB in the absence of MCN [22].
Other atypical communications are described in the elbow or the forearm.
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Table 3 summarizes some of the notable atypical communications that have been recently
reported in literature. Usually these communications are incidental findings during cadaveric
dissection or surgery and do not seem to have any clinical implications. The high variability of
these communications however, especially the occurrence of atypical ones, makes them prone
to iatrogenic injuries and hence they become clinically relevant. Entrapment of MCN is a com-
mon condition which can occur following passive forceful movement. The MCN entrapment
may also occur because of an abnormal position adopted during sleep [23]. In the presence of
MN-MCN communications, MCN neuropathy may present with symptoms of MN neuropathy
[24]. In such a scenario, a patient of MCN neuropathy may be wrongly subjected to carpal tunnel
release procedure, incorrectly presuming it to be MN entrapment neuropathy. Similar confusing
findings may be obtained during functional assessment of these nerves while performing clin-
ical examination or nerve conduction studies. Where clinical confusion persists, its resolution
lies in confirming presence of these communications by electrophysiological or electromyog-
raphy methods. Electrophysiological studies facilitate identification of the specific distribution
of communicating fibres, thus aiding clinical decision-making. Such communications have the
potential for clinical application in nerve-grafting procedures following damage to the MN. Sim-
ilarly, in pathological lesions involving the MN such as neurofibroma that require resection of
a segment of the nerve, these communications may be therapeutically utilized. Hence, awareness
about the typical and atypical variations in communications between these two important nerves
is extremely important.

Table 2. Reported patterns of communication between musculocutaneous and median nerves.

Type of study, population  Location of MN-MCN communications in arm,

Authors

& sample size with associated anomalies

Patil et al. 2012
(1]

Cadaveric case,
Indian, 1

Communicating branch on right side; MN formed
only by lateral root on left side

El-Falougy et al. 2013
(6]

Cadaveric cases,
Slovakian, 4

3 communications on right side, 1 on left side;
1 showed bilateral communications

Caetano et al. 2016
[10]

Cadaveric study,
Brazilian, 40

25% prevalence: MCN to MN in 9 specimens,
MN to MCN in 1; 4 on right side & 6 on left

Al-Sobhi et al. 2023
(14]

Cadaveric study,
Saudi, 40

35% prevalence

Hayashi et al. 2016
(17]

Cadaveric study,
Japanese, 130

Proposed a novel classification system with 5 sub-
types; also classified transposed innervation of arm
flexors into three sub-types

Ballesteros et al. 2015
(22]

Cadaveric study,
Columbian, 106

19.8% prevalence; 2.8% specimens exhibited MN
to MCN communication

Moasses et al. 2024
[25]

Cadaveric study,
Iranian, 26

1 of 16 specimens exhibited communication from
MCN to MN, communicating branch arising from
MCN just distal to CRB insertion

Antonopoulos et al.
2022
[26]

Cadaveric case,
Greek, 1

Communication from MCN to MN on right side
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Table 2. Cont.

Type of study, population

Location of MN-MCN communications in arm,

Ghosh et al. 2022
(27]

& sample size

Cadaveric study,
Indian, 60

with associated anomalies

3.3% prevalence

Chrysikos et al. 2020

Cadaveric case,

Communication on the left, communicating

[28] Greek, 1 branch from MCN arising proximal to CRB
Paraskevas et al. 2019 | Cadaveric case, Bilateral communications

[29] Greek, 1

Nasrabadi et al. 2017 | Cadaveric case, MCN arising from lateral cord on left side, de-

[30] Iranian, 1 scending without piercing CRB and communicated

with MN

Taib et al. 2017

Cadaveric study,

13.6% prevalence; all on left side

[31] Malaysian, 44
Liu et al. 2014 Cadaveric Case, Communication on right side
[32] Korean, 1

Table 3. Atypical MN-MCN connections reported in literature.

Authors Features

Agarwal et al. 2011 Communicating branch from MCN given above elbow joined MN below elbow
[3] after spiralling around persistent median artery

Gelmi et al. 2018 Long communicating branch on right side,
[18] extending from MCN in axilla to MN in cubital fossa

Chentanez et al. 2016 | Double communication: proximal one directed from MCN to MN; distal one
[33] directed from MN to MCN

Ozturk et al., 2010 Atypical branch of MCN on left side, piercing CRB without supplying it and then
[34] joining MN; bilaterally associated with third head of biceps brachii

Proper clinical evaluation of MN and/or MCN dysfunction together with accurate clinical cor-
relation of functional loss thereof, requires sound prior knowledge about various types of MN-MCN
communications. Communicating branches between the MN and MCN are much more prevalent
than previously believed. Their recognition is crucial as their location is highly variable and hence
prone to iatrogenic damage. A surgeon must therefore be quite vigilant for detecting or ruling out
such communications, considering their susceptibility to injuries during surgeries of the upper-limb.

Conclusions

Eight cases of unilateral MN-MCN communication were found among a total of 48 upper limbs
that were examined for the present study. The most noteworthy among these were three atypi-
cal cases, including one showing fused musculocutaneous and median nerves, another with two
communications between the nerves, and one instance of communication proximal to MCN en-
try into the coracobrachialis muscle. These atypical communications do not readily find a place in
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any existing system of classification and thus may be easily missed during surgery. Their identifi-
cation is crucial in order to avoid inadvertent damage during surgical procedures. They may yield
unusual findings in nerve conduction studies, thereby impacting the therapeutic protocol, while
additionally subjecting the patient to unnecessary investigations and procedures.
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