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Why are medial cord variations
seen infrequently?
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SUMMARY

The brachial plexus is formed by a series of
stages- roots, trunks, divisions, cords and
branches. The lateral and medial cords are
derived from ventral divisions of the trunks,
while the dorsal divisions together form the
posterior cord. The lateral and medial cords
are destined to supply the pectoral region and
front of the entire upper limb. Often, during
their formation and course, the cords and their
branches show a plethora of variations, espe-
cially the lateral cord and its branches.
Compared to the lateral cord, the medial cord
shows variations much more infrequently. In
the present work, a comparative study was
performed in a set of one hundred upper limbs
to note the variations in these two cords and
their branches. It was observed that the later-
al cord variations outnumbered those of the
medial cord. The reason for this probably lies
in the development and histogenesis of the
brachial plexus during embryonic life. The
stepwise journey of the path-finding axons
and their interactions with guidance cues
probably explains why medial cord variations
are seen more infrequently than those of the
lateral cord.
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INTRODUCTION

The brachial plexus is a complex network
of spinal nerves seen to extend from neck to
the upper arm. It consists of complex anasto-
moses, branching and reanastomoses of anteri-
or primary rami of the spinal nerves C5, 6, 7,
8 and T1; to form the 5 roots, 3 trunks, 6 divi-
sions, 3 cords and their branches. The roots
give rise to trunks. After its formation from
the roots, each of the trunks divides into ante-
rior and posterior divisions to supply the ante-
rior and posterior compartments of the limb
respectively. Hence the lateral cord (formed by
the union of the anterior divisions of the upper
and middle trunks), and the medial cord
(formed as a continuation of the anterior divi-
sion of the lower trunk) are destined to supply
the anterior or flexor compartment of the
entire upper limb, while the posterior cord
(formed by the union of the posterior divisions
of all three trunks) is destined to supply the
posterior or extensor compartment of the
entire upper limb. The lateral cord gives off
three branches: namely the lateral pectoral
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nerve (supplying the pectoralis major and
minor muscles), the musculocutaneous nerve
(supplying the arm flexors and skin of the
outer side of forearm) and the lateral root of
the median nerve (supplying the forearm flex-
ors). The medial cord gives off five branches:
namely the medial pectoral nerve, (supplying
the pectoralis major and minor muscles), the
medial cutaneous nerve of the forearm (sup-
plying the skin of the inner side of the fore-
arm), the medial cutaneous nerve of the arm
(supplying the skin of the inner side of the
arm), the ulnar nerve (supplying the intrinsic
muscles of the hand and two of the forearm
flexors) and the medial root of the median
nerve (supplying the thenar muscles). These
cords of the brachial plexus show many varia-
tions. The lateral cord shows variations more
commonly but medial cord variations are not
seen so frequently. In the present study the
variations of these two cords were observed
and compared. An attempt was made to find a
possible explanation for this disparity
observed in the incidence of variations in the
lateral and medial cords.

MATERIAL AND METHODS

Fifty pairs of upper limbs obtained from
the same number of embalmed cadavers were

r

used for this study. The cadavers were dissect-
ed according to Cunningham’s manual of
practical anatomy (Romanes, 1999). The
study was performed over 3 years during
Anatomy dissection classes for undergraduate
students of the GSL medical college. The vari-
ations of the lateral and medial cords were
carefully observed, documented, and pho-
tographed.

RESULTS

The lateral cord of brachial plexus showed
variations more frequently than the medial
cord. The variations of lateral cord and its
branches as observed in the present study were
as follows: (1) a communicating branch
between the musculocutaneous and median
nerve was seen in 15 cases, with an average
length of 2.7 c¢m, (seven on the right side and
four on the left side); and two cadavers showed
such a branch bilaterally (Fig. 1); (2) The
median nerve was observed to be formed at a
much lower level than normal in 6 cases,
(three on the right side and one on the left
side), with an average distance of 13.3 c¢m
from the tip of coracoid process, while one
cadaver showed such a formation bilaterally
(Fig. 2); (3) In two cases, the musculocuta-
neous nerve passed down the arm without

Fig. 1. A communicating branch between the median nerve and the musculocutaneous nerve. BB- Biceps brachii, CRB: Coracobrachialis,
MSCN: Musculocutaneous nerve, MDN: Median nerve, Arrow: indicates the communicating branch.



Why are medial cord variations seen infrequently?

piercing the coracobrachialis muscle, giving
off one to two branches to the muscle instead.
In another limb that nerve gave off a commu-
nicating branch to the median nerve (Fig. 3);
(4) There was one case in which both the mus-

culocutaneous and median nerves pierced the
coracobrachialis muscle (Fig. 4); (5) One case
was seen with two accessory communicating
branches from the lateral cord and lateral root
of the median nerve to the medial root of the

Fig. 2. Delayed formation of the median nerve. BB: Biceps brachii, CRB: Coracobrachialis, MSCN: Musculocutaneous nerve, LR: Lateral root
of median nerve, MR: Medial root of median nerve, UNN: Ulnar nerve, AA: Axillary artery.

Fig. 3. Musculocutaneous nerve not piercing the coracobrachialis muscle and a communicating branch between the median and musculocu-
taneous nerve. BB: Biceps brachii, CRB: Coracobrachialis, MSCN: Musculocutaneous nerve, MDN: Median nerve, Arrow: communication
between the musculocutaneous and median nerve.
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Fig. 4. Musculocutaneous and median nerves piercing the coracobrachialis. BB: Biceps brachii, CRB: Coracobrachialis, MSCN: Musculocu-
taneous nerve, MDN: Median nerve.

median nerve; (6) In another case, the median
nerve was formed behind the axillary artery;
(7) In yet another case, the median nerve
joined the musculocutaneous nerve for a dis-
tance of 3.1 cm in the arm before parting
ways, proximal to the cubital fossa.

In contrast, the medial cord did not show
many variations. Those seen were a lower for-
mation of the median nerve (six cases), a com-
mon trunk for the medial cutaneous nerve of
the arm and forearm (one case) and the forma-
tion of the median nerve by the union of the
medial and lateral roots behind the axillary
artery (one case).

DiscussioNn

Owing to its complex formation, variations
are frequently encountered in the brachial
plexus and its branches.

The communicating branch between the
musculocutaneous and median nerve is well
documented in the literature. In the study by
Choi et al. (2002), connections between the
musculocutaneous and median nerves were
observed in 26.4% of 138 arms. The nerves
were either fused or communicated by one or
more branches. In their study, Venieratos and
Anagnostopoulou (1998) reported an inci-

dence of 13.9% of connections between the
musculocutaneous and median nerves. They
proposed a classification for communications
between the musculocutaneous and median
nerves. Type I — the communication is proxi-
mal to the entrance of the musculocutaneous
nerve into the coracobrachialis muscle; Type 11
— the communication is distal to the muscle,
and Type III — the nerve, as well as the com-
municating branch, do not pierce the muscle.

Kaus and Wotowicz (1995) reported an
anastomotic branch from the musculocuta-
neous nerve to median nerve bilaterally in a
cadaver. Kosugi et al. (1992); addressing the
supernumerary head of the biceps brachii and
the branching pattern of the musculocuta-
neous nerve, found a communication between
the musculocutaneous and median nerves in

43 out of 75 limbs.

A more distal union than normal has also
been reported in the literature for the two
roots of the median nerve. Jakubowicz and
Ratajczak (2000) reported that the two roots
of the median nerve united lower than normal.
They added that the two roots united with
each other at about 5 cm above the epicondy-
lar line. A low fusion of the two roots of the
median nerve was also reported by
Mohammed Badawoud (2003).
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The musculocutaneous nerve commonly
pierces the coracobrachialis muscle but in
some cases, such as in the present study, the
nerve does not pierce the muscle. This finding
was also reported by el Naggar (2001).

In the present study, the musculocutaneous
and median nerves pierced the coraco-
brachialis muscle at different sites in one case.
Abhaya et al. (2003) have described a case in
which the lateral cord pierced the coraco-
brachialis muscle.

Variations in the formation of the median
nerve have ben reported. In the present study,
there was a case in which there were two acces-
sory communications: one between the lateral
cord and the medial root of the median nerve
and other between the lateral root and medial
root of the median nerve. A similar formation
was reported by Joshi et al. (2008) in their
series of 85 cadavers. They described the for-
mation of the median nerve in two stages.
There were two roots from the lateral cord: a
short root and a long root. The short root unit-
ed first with the medial root of the median
nerve, followed by the so-called long root.

Usually, the median nerve is formed anteri-
or or anterolateral to the axillary artery, but in
the present study in one case the nerve was
formed by the fusion of lateral and medial
roots behind the artery. Such a formation is
rarely seen and when present it implies a pos-
sible source of compression of the nerve by the
artery. A similar formation was reported by
Chitra (2007).

After their formation, the median nerve
and the musculocutaneous nerve run their sep-
arate courses and distribute their branches in
the target areas. However, in the present study
in one case the median nerve joined the mus-
culocutaneous nerve for a short distance before
separating from it. Such an observation was
reported by Joshi et al. (2008) in their study,
where the musculocutaneous nerve fused with
the median nerve and its branches were dis-
tributed through those of the median nerve.

Along its course, the medial cord did not
show many variations apart from a lower for-
mation of the median nerve due to the fusion
of the medial and lateral roots; a common
trunk for the medial cutaneous nerve of the
forearm and the medial cutaneous nerve of the
arm; and the formation of the median nerve
posterior to the axillary artery due to the
fusion of the medial and lateral roots. These
variations of the medial cord have not been

reported often individually, since they are not
encountered frequently.

Understanding the embryological stages in
the development of the brachial plexus is
important for explaining possible variations.
The upper limb bud appears at 26-27 days in
the developing embryo and motor axons from
the spinal cord enter the limb bud during the
fifth week (Moore, 1998). The motor neurons
that innervate a muscle or muscle group are
clustered in a motor pool in the spinal cord.
The pathways between the motor neurons and
muscles are accurate from the outset. Because
the distance from the spinal cord to muscle is
considerable, the axons receive guidance along
the way to their targets. The steps taken by
motor axons to reach limb muscles are as fol-
lows: first, motor axons leave the spinal cord
and come together into segmental ventral
roots. Second, axons rearrange in a plexus
region. Thus, the axons destined for dorsal or
ventral muscles are gathered into discrete
nerves by the time they enter the base of the
limb. Third, the axons run through large
nerves within the limb, avoiding cartilage and
skin. Fourth, the axons destined for one mus-
cle gather together and leave the large nerves
at discrete points to enter their target muscles.
Finally the axons leave the intramuscular
nerve to synapse on individual muscle fibers
(Jassel and Sanes, 2000).

During the histogenesis of peripheral
nerves, the normal development of peripheral
nerve networks depends upon the ability of
axons to locate & recognize their appropriate
target. Developing axons choose specific
routes in embryos during path-finding stage,
followed by growth cones navigating towards
their targets. Axon targets may be far away
from their soma and they generally pass
through intermediate targets to form axon
networks. The terminal enlargement of a
growing axon — ‘the growth cone’, arises from
filopodia and leads the growth of an axon
along its route. The growth cone is a sensory-
motor organ that recognizes and responds to
guidance cues which are present along the
path in the surrounding environment. The
cues are generally molecules which act as
chemoattractants  or  chemorepellents.
Reacting to these cues, the axon navigates
over long distances to find the correct target
(Kaplan et al., 2009). Axons reach their dis-
tant targets in a series of discrete steps, mak-
ing decisions at relatively frequent intervals
along their way. The axons take variety of
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paths to reach their destination. Some grow
directly to their termination site; but others
make a variety of apparent ‘decision mistakes’
and then change course or extend new branch-
es. This is because different axons respond dif-
ferently to a particular chemical molecule.
Such corrections imply the existence of posi-
tional cues (Jassel and Sanes, 2000). This
probably explains why variations occur in the
course of a nerve and also why nerve fibers
ultimately reach their destination. In doing
so, they give rise to many such branches which
are not usually seen and are regarded as varia-
tions.

In the present study, as well as in the liter-
ature, it was observed that the lateral cord of
the brachial plexus shows variations much
more frequently than the medial cord. Let us
now consider this scenario of variations in the
lateral and medial cords in the light of the
axonal path-finding concept. The lateral cord
through its branches —lateral pectoral nerve,
musculocutaneous nerve and lateral root of the
median nerve— is destined to supply the pec-
toral muscles, the anterior compartment mus-
cles of the arm and skin of outer side of the
forearm and most of the forearm flexors
respectively. This means that for growing
axons of the lateral cord in the path-finding
stage, there is a host of intermediate guidance
cues to be interpreted along the path to their
destination. Depending upon the nature of the
guidance cues, i.e. chemoattractants or
chemorepellents, an axon would choose to
continue along the same path, change the path
or cease to advance. Since there are diverse
destinations to be reached (pectoral region,
arm and forearm), the axons must make fre-
quent decisions all along their paths. Some
axons destined for the pectoral region need to
leave the lateral cord at a proximal level, while
others which are assumed to innervate the
flexors of the arm, would leave the lateral cord
at an intermediate level. Finally there is a
group of axons which continue distally to
innervate the forearm flexors. This frequent
decision-making along their path renders the
axons vulnerable to making ‘mistakes’; i.e.
they may stray from the actual path.

Typically, such strayed axons ultimately
reach their destination by correcting their
deviation and while doing so they give rise to
many variations. This explains the presence of
the abnormal course of a nerve or its branches
in relation to surrounding nerves and other
tissues.

Through its branches, the medial cord sup-
plies the pectoral muscles, the inner side of
the skin of the forearm and arm, two of the
forearm flexors, and all the intrinsic muscles
of the hand. This means apart from the pec-
toral muscles and the skin of the inner side of
the arm and forearm, the major region receiv-
ing motor innervation from the branches of
medial cord includes mainly the hand and
partly the forearm.

Barring the nerves for the pectoral muscles
(medial pectoral nerve), the motor axons run-
ning in the medial cord of the brachial plexus
have distant targets, located mostly in the
hand (the ulnar nerve and the axons running
in the medial root of the median nerve) and
partly in forearm (ulnar nerve). This implies
there are fewer decision-making points along
the journey of the axons of the medial cord,
since most of them are destined to supply
intrinsic hand muscles. This reduces the
chances of these axons straying and, concur-
rently, the formation of variations. This prob-
ably explains why medial cord variations are
seen infrequently.

Concluding remarks

It is not rare to find variations along the
path of the nerves of the brachial plexus.
Certain infrequent variations are worthy of
note, especially from the clinical point view,
where they may help to explain an odd symp-
tom or a clinical sign. The literature is replete
with data of variations of the cords of the
brachial plexus, but the reason for the pres-
ence of such variations lies in their embryolog-
ical development. Owing to the pioneering
work in the field of histogenesis and molecu-
lar biology, many anatomical riddles can now
be solved. It appears that the number of vari-
ations in a nerve/cord depends upon the num-
ber of decision-making points along its path.
Understanding the development of different
tissues may answer most of our queries related
to variations in anatomical structures.
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