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ABSTRACT

Introduction: Brachial plexus has been the subject of various studies as it is an important nerve plexus at the
junction of neck and upper limb. For procedures like neurotisation, nerve grafting and shoulder joint surgery by
anterior approach, knowledge of brachial plexus and its variation will be helpful to prevent any iatrogenic
trauma to the nerves. Aim of this study was to find out about the variation in the branching pattern of the cords
of brachial plexus.

Methods: The present study was carried out by dissection of 120 (60 right and 60 left) upper limbs in 60
embalmed cadavers that were available in the department of Anatomy of Seth G. S. Medical College and KEM
hospital Mumbai.

Result: Variations were encountered in the branching pattern of lateral and posterior cord, while medial cord
branches did not show any variation.

Conclusion: Knowledge pertaining to the variation in the branching pattern of the cords of brachial plexus will
guide the operating surgeon to prevent any iatrogenic trauma.
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INTRODUCTION to form upper trunk at the lateral border of

scalenus medius; the seventh cervical ramus

Brachial plexusis the important nerve plexus at
the junction of neck and upper limb hence it is
widely used in different studies. Sushruta, has
described the function of many components of
peripheral nervous system by examining
different injuries. Galen has contributed by
differentiating nerves from tendon and by
reporting the successful repair of nerves by other
physicians [1].

The most common arrangement of brachial
plexus is as follows, the fifth and sixth rami unite
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forms the middle trunk; the eight cervical and
first thoracic rami unite to form lower trunk
behind scalenus anterior. The three trunks
projects laterally, and behind the clavicle. Each
of these trunks bifurcates into anterior and
posterior divisions. The lateral cord is formed
by the union of anterior divisions of upper and
middle trunks. The medial cord is formed by the
anterior division of the lower trunk, which often
receives a branch from the seventh cervical
ramus. Posterior cord is formed by the union of

5803



Prashant Moolya . VARIATIONS IN THE BRANCHING PATTERN OF THE CORDS OF THE BRACHIAL PLEXUS.

posterior divisions of all the three trunks [2].

For procedures like neurotisation [3], nerve graft-
ing [3], shoulder joint surgery by anterior
approach [4], knowledge of brachial plexus and
any variation will be helpful to prevent any
iatrogenic trauma to the nerves. Internal
fixation of a humeral fracture by the common
anterior approach and during other orthopaedic
and neurosurgical procedures on cervical spine
and prosthetic implant placements, knowledge
of brachial plexus and its variations, is of
utmost importance.

Aim: Aim of this study was to find out about the
variation in the branching pattern of the cords
of the brachial plexus.

Objectives:

1. To note any variation in the branching
pattern of the lateral cord

2. To note any variation in the branching
pattern of the medial cord

3. To note any variation in the branching
pattern of the posterior cord

MATERIALS AND METHODS

The present study was carried out in the
Department of Anatomy of Seth G. S. Medical
College and KEM hospital Mumbai by dissec-
tion of 120 (60 right and 60 left) upper limbs in
60 embalmed cadavers that were available over
a period of 2 years i.e. from 2012- 2014. All
cadavers of both sexes available during the
study period were included. In this study, 6 limbs
(4 left and 2 right) were excluded because of
damaged nerves and a fractured humerus.
Dissection was done on the upper arm and
axilla as per Cunningham’s manual of practical
Anatomy [5], using forceps, scalpel, and
scissors. The skin, superficial fascia and deep
fascia were dissected and the pectoralis major
and pectoralis minor muscles were cut and
reflected. The skin over the axillary region was
incised and the fascia was reflected to uncover
the axillary sheath, which surrounds the axillary
vessels and brachial plexus. The axillary vein
and its tributaries were identified and separated
from the underlying axillary artery and brachial
plexus. Then the axillary vein was cut along with
the associated lymph nodes.
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The infraclavicular part of the brachial plexus
was dissected and exposed. The three cords of
the brachial plexus (lateral, medial and poste-
rior) were identified. Variation in the branching
pattern of the brachial plexus was noted. The
dissected specimens were numbered; photo-
graphs were taken and the observations were
tabulated and statistically analysed.

RESULTS

114 upper limbs were dissected of which 58 were
of a right side and 56 were of the left side. A
hundred limbs belonged to male cadavers and
fourteen limbs belonged to female cadavers. The
ages of cadavers, at the time of death, ranged
between 18 to 90 years.

Amongst the branches given by the lateral cord
of the brachial plexus, the lateral pectoral nerve
did not show any variations. The musculocuta-
neous nerve was totally absent bilaterally in 4
limbs (2 right and 2 left) and in 5 limbs even
though the musculocutaneous nerve was
present, it was not piercing the coracobrachia-
lis muscle, such variation was present bilater-
ally in 2 cadavers (3 right and 2 left). Communi-
cation between musculocutaneous nerve and
median nerve were noted in 23 upper limbs, in
one limb (right side) communication was seen
after piercing the coracobrachialis muscle and
remaining 22 limbs (12 right and 10 left)showed
communication before piercing the muscle, with
bilateral distribution in 2 cadavers.

Variations in the branching pattern of the
posterior cord of brachial plexus were as
follows, the appearance of two upper subscapu-
lar nerves was seen in five upper limbs (2 right
and 3 left) with bilateral distribution in two
cadavers. Common trunk for USN, TN, LSN, and
AN was seen in only one right limb. Common
trunk for TN, LSN, and AN was seen in 7 upper
limbs (4 right and 3 left) with bilateral distribu-
tion in two cadavers. Common trunk for TN and
LSN was seen in 3 upper limbs (1 right and 2
left) with bilateral distribution in one cadaver.
Common trunk for LSN and AN was seen in 10
upper limbs (5 right and 5 left) with bilateral
distribution in 2 cadavers.

Branches of medial cord did not show any
variation pattern.
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Fig. 1: Absence of musculocutaneous nerve
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Fig. 2: Musculocutaneous nerve not piercing coraco-
brachialis muscle

I= Inferior M= Medial
Fig. 3: Communicating branch of musculocutaneous
nerve with median nerve after piercing coracobrachialis
muscle

S= Superior L=Lateral

\

usculocutaneous nerve
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Fig. 4: Two upper subscapular nerves, axillary nerve and
lower subscapular nerve arising as a common trunk.
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Fig. 5: Common trunk of thoracodorsal nerve, lower sub-
scapular nerve and axillary nerve
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Fig. 6: Common trunk for upper subscapular nerve,
thoracodorsal nerve, lower subscapular nerve, axillary
nerve
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Fig. 7: Variation in the branches of posterior cord
showing common trunk for thoracodorsal nerve and
lower subscapular nerve
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Fig. 8: Superior and inferior division of posterior cord
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Table 1: Absence of musculocutaneous nerve.

Authors Percentage of absence of
musculocutaneous nerve
Prasad rao P.V.V.(2001) 8.33%
Badawoud MH (2003) 1.90%
Beheiry EE (2004) 1.70%
Arora L, Dhingra (2005) 15%
Guttenberg et al. (2009) 3.60%
Present study 3.51%

Table 2: Musculocutaneous nerve not piercing
coracobrachialis.

Authors Pecentage
Rao H. (1955) 9.33%
Bergman R.A. (1988) 22%
Venierators and Anaguostopoulou (1998) 1.89%
Present study 4.40%

Table 3: Variant pattern of communication between
median nerve and musculocutaneous nerve (According
to the Choi D. system of classification).

Study Sample size | Pattern 1| Pattern2a | Pattern2b | Pattern3
Gegenbaur(1867) 41 3 18 2 5
Testut(1883) 105 6 29 0 1
Villar(1888) 37 7 9 0 1
Vallois (1922) 200 11 65 1 5
Hirasawa (1931) 106-123 2/123 37/106 0/106 9/106
Buch-Hansen(1955) 75 2 5 0 0
Kosugi et al. (1992) 75 3 26 9 5
Venieratos and 158 0 n 0 0
|Anagnostopoulou (1998)

Choi D. (2002) 276 14 51 2 5
Present study 114 0 23 0 0

Table 4: Intercommunication between median nerve and
musculocutaneous nerve.

Name of the study Percentage

Kerr A.J.(1918) 28%

Yang (1998) 12.50%
Chiarapattanakom (1998) 16%

Venierators and Anaguostopoulou(1998) 13.90%
Aktan (2001) 10.40%
Choi D.(2002) 26.44%
Fazan V.P.S.(2003) 7.40%
Beheiry EE (2004) 5%

Guttenberg et al. (2009) 53.60%
Present study 20.91%

Table 5: Variations in the branches of posterior cords of
the brachial plexus.

Author Common trunk | Common trunk JUSN two in| Two divisions of
for LSN&AN | for SN&TN | number | posterior cord

Ballesteros et al. (2007) 31(54.4%) 7(123%) |12(21.1%)
Fazan et al. (2011) 29 (54%) 4(7.4%)
Chaudhary P. et al. (2011) 2(3.3%)
Bhat K (2008) 1(1.04%)
Jamuna M (2010) 1(2%)
Present study 10(8.8%) 3(2.6%) 5(4.3%) 1(0.8%)
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DISCUSSION

Absent musculocutaneous nerve: Le minor
(1990) has reported an absence of musculocu-
taneous nerve and the lateral cord of brachial
plexus gave muscular branches to coracobra-
chialis and biceps brachi [6].

Hollinshead (1982) [7] has stated that rarely the
musculocutaneous nerve is not found and its
various branches arise from the median nerve.
The absence of musculocutaneous nerve was
noted by Sud M and Sharma A (2000) [8], Le
Minor (1990) [6], Nakata et.al (1997) [9] and
Gumusburn(2000) [10].

Gumusburn (2000) have noted a bilateral
absence of musculocutaneous nerve. Two
branches from the lateral cord innervated the
coracobrachialis muscle. The median nerve
innervated the biceps brachii and brachialis
muscle [10].

Prasad Rao PV and Chaudhary SC (2001)
observed the musculocutaneous nerve to be
absent in two cases out of 24 upper limbs. The
area of supply of the musculocutaneous nerve
was contributed by median nerve by giving both
muscular and sensory branches [11].

Beheiry EE (2004) has noted the absence of
musculocutaneous nerve in one limb (1.7%) out
of 60 upper limbs studied [12].

Guttenberg et al. (2009) in their study of 56
upper limbs have noticed the absence of

musculocutaneous nerve in 2 (3.6%) upper limbs
[13].

Renata P. et al (2011) [14] observed the absence
of the musculocutaneous nerve, with innerva-
tion of the anterior compartment of the muscles
of the arm by the lateral root of the median
nerve. This neural variant of the brachial plexus
coexisted with a three-headed biceps brachiiand
an unusual loop around the axillary artery made
by the medial cord of the brachial plexus.

The musculocutaneous nerve innervates
muscles of the anterior compartment of the arm
and the lateral margin of the forearm. The me-
dian nerve does not have any muscular branches
in the arm. If the musculocutaneous nerve is
absent, its fibers run in the median nerve [15,
10, 14, 16] and muscles of the anterior compart-
ment of the arm are innervated by the median
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nerve[15,11,8,10,16-19].

This anatomical variation may be explained by
embryological development of the upper limb.
Mesenchyme, which comes from the dorsolat-
eral part of the somites, migrates and forms the
muscles of a limb. At the same time, the
mesenchyme is penetrated by the ventral
primary rami of the appropriate spinal nerves,
located opposite to the bud. Contact between
nerves and muscle cells are necessary to
provide mesenchymal condensation to form
muscles. Nerves supplying the limbs are joined
by connecting loops of nerve fibers to form
plexuses. The ventral segmental branches unite
to form median nerve which gives rise to
musculocutaneous nerve. Any disturbances in
these processes of development, during the
4th—7th weeks, lead to anatomical variations in
the form of inappropriate innervation of muscles
[20, 11].

Based on embryological development, an
absence of the musculocutaneous nerve means
the nerve did not branch from the lateral cord or
from the median nerve, But its fibres ran in the
median nerve [15, 10]. As the nerves are named
due to the course they take or the innervation,
and not from their origin, it is reasonable to
assume that the combined nerve was the
median nerve carrying fibres of musculocutane-
ous nerve and a separate musculocutaneous
nerve did not actually exist.

In the present study, 4 cases (2 on the right side
and 2 on the left side) did not show a separate
musculocutaneous nerve (Fig. 1). This variation
of the absence of musculocutaneous nerve is
compared with similar studies done as shown
in table 1.

Musculocutaneous nerve not piercing cora-
cobrachialis muscle: Hollinshead (1982) [7]
guoting Rao et al. has described that 9.3% of
musculocutaneous nerves did not pierce cora-
cobrachialis muscle.

Normally the musculocutaneous nerve pierces
the coracobrachialis muscle from its medial as-
pect at an approximate distance of 5 cm distal
to the tip of the coracoid process. The musculo-
cutaneous nerve may pass behind the coraco-
brachialis muscle without piercing it or remain
attached for some distance to the median nerve
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or pass behind the biceps or may be accompa-
nied by fibres from the median nerve as it
transits coracobrachialis, less frequently the
reverse occurs [21].

Rao et al, have described that 9.3% of musculo-
cutaneous nerves did not pierce coracobrachia-
lis muscle [11]. The percentage of cases where
the musculocutaneous nerve did not pierce the
coracobrachialis in the present study is
compared with those of earlier studies and
tabulated in table 2.

The nerve not piercing the muscle can be
explained on the embryological basis. During the
5t week of embryonic life, the muscles of fore-
limb are developed from the mesenchyme of the
paraxial mesoderm. The limb bud mesenchyme
is reached by growing axons of spinal nerves.
There are multiple possibilities for the route
taken and the guidance of the developing axons,
is regulated by expression of chemoattractants
and chemorepellants in a highly co-ordinated
site-specific fashion. Any alteration in signal-
ing between the mesenchymal cells and
neuronal growth cones can lead to significant
variations. The above mentioned developmen-
tal anomalies for the axon to guide itself towards
the coracobrachialis can lead to a situation
where the musculocutaneous nerve does not
pierce the coracobrachialis [22].

In cases where the musculocutaneous nerve
does not pierce the coracobrachialis, the nerve
has a superficial course in the upper arm and
subsequently, it will be predisposed to injury by
trauma or surgical procedures in this area. These
cases are not prone to compression injury by
coracobrachialis muscle [23].

In 5 limbs (4.4%), in the present study, the mus-
culocutaneous nerve did not pierce the coraco-
brachialis muscle (Fig. 2).

Communication between median and muscu-
locutaneous nerve: Musculocutaneous nerve
frequently communicates with the median nerve.
Communication between the musculocutaneous
and the median nervesinthe armis considered
as a remnant of phylogeny. Kosugi (1986) re-
ported that there was one trunk equivalent to
the median nerve in the thoracic limb of lower
vertebrates (amphibians, reptiles, birds) [24].

Le Minor (1992) [6] noted 5 types of classifica-
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tion for communications between musculocuta-
neous nerve and median nerve:

Type 1 - No communication between the
musculocutaneous nerve and median nerve

Type 2 - Fibres of the medial root of median
nerve pass within the musculocutaneous nerve
and join the median nerve in the middle of the
arm

Type 3 - Llateral root fibres of median nerve
pass through the musculocutaneous nerve for
some distance and then separate from it to form
the lateral root of median nerve

Type 4 - Musculocutaneous nerve fibres unite
with the lateral root of the median nerve and
after some distance, the musculocutaneous
nerve arises from the median nerve

Type 5 — Absence of musculocutaneous nerve
and all the fibres of musculocutaneous nerve
pass through the lateral root of the median nerve
and the muscles supplied by musculocutaneous
nerve branch out directly from the median nerve

Venierators and Anagostopoulou (1998) [25]
classified the communication between the two
nerves into 3 types:

Type 1 - Communication between musculocu-
taneous nerve and median nerve is proximal to
the entrance of musculocutaneous nerve into the
coracobrachialis

Type 2 - Communication is distal to the muscle

Type 3 - The nerve or communicating branch did
not pierce the muscle

A study done by Atkan ZA et al (2001) showed
that connections between the musculocutane-
ous nerve and median nerve were found in five
arms. The connections were not bilateral in any
cadaver [26].

Choi et al. (2002)[27] generally classified the
communications between the musculocutane-
ous nerve and median nerve into three patterns:

Pattern 1 - Both the nerves are fused

Pattern 2 - One communicating branch between
musculocutaneous nerve and median nerve

Pattern 3 - Two communicating branches
between musculocutaneous nerve and median
nerve

During the 5" week of embryonic life [1], the
muscles of forelimb are developed from the
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mesenchyme of the paraxial mesoderm. The
limb bud mesenchyme is reached by growing
axons of spinal nerves. The peripheral processes
of the sensory and motor neurons grow in the
mesenchyme, in different directions [28].
Significant variations in the nerve patterns may
be a result of altered signalling between
mesenchymal cells and neuronal growth cones
or circulatory factors at the time of formation of
brachial plexus [29].

In the present study, variations in the lateral
cord were seen as the absence of the musculo-
cutaneous nerve in 4 limbs (Fig.1); musculocu-
taneous nerve not piercing coracobrachialis in
5 upper limbs (Fig.2); communication between
musculocutaneous and median nerve before
piercing coracobrachialis muscle in 22 upper
limbs and communication between musculocu-
taneous nerve and median nerve after piercing
coracobrachialis muscle in one limb (Fig. 3).

In the present study as per the classification of
Venieratos and Anagnostopoulou, out of 114
limbs, Type 1 was seen in 22 limbs; Type 2 was
seen in 1 limb and Type 3 was not seen in any
limb. Earlier studies and present study of com-
munication between musculocutaneous nerve
and median nerve are compared in table 3 and
table 4.

Variation in branches of the posterior cord:

Fazan et al. (2003) [30] in their study gave a
classical description of the origin of the
thoracodorsal nerve, describing two different
types including an axillary nerve origin and a
radial nerve origin in 13% and 5.5% of cases
respectively.

Tubbs et al. (2007)[31] in their study found 1.5%
of thoracodorsal nerve coming from the radial
nerve.

A similar study by Ballesteros (2007) [32] had
reported about thoracodorsal nerve variations.
The thoracodorsal nerve originated from the
posterior cord in 44 (78.6%) cadavers in the
study. Remaining 12 (21.4%) cadavers had
variations in the origin of thoracodorsal nerve;
among which the origin from the radial nerve
was reported in 5 (8.9%), from the middle trunk
in 2 (3.6%) and from the axillary nerve in 5 (8.9%)
cadavers. Chaudhary P. et al. (2011) noted that
the posterior cord showed normal branching
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pattern in 52 (86.67%) limbs, the remaining 8
(13.33%) showed variation in one form or the
other. The branches of posterior cord like upper
subscapular nerve, lower subscapular nerve,
thoracodorsal nerve and the axillary nerve were
seen to arise normally in 91.66%, 96.66%,
96.66%, and 98.33% of the limbs respectively.
While the radial nerve had a normal origin in all
of the limbs [33].

In the present study, variations in the posterior
cord were seen as the presence of two upper
subscapular nerves in 5 upper limbs (Fig. 4);
Common trunk for upper subscapular nerve,
thoracodorsal nerve, lower subscapular nerve,
axillary nerve in one upper limb (Fig. 6);
Common trunk for thoracodorsal nerve, lower
subscapular nerve, axillary nerve in 7 upper limbs
(Fig 5); Common trunk for lower subscapular
nerve and axillary nerve in 10 upper limbs
(Fig. 4); Common trunk for thoracodorsal nerve
and lower subscapular nerve in 3 upper limbs
(Fig. 7).

Two divisions of posterior cord of brachial
plexus: Bhat K. et al (2008) [34] studied
brachial plexus in 48 cadavers and noted a single
case of the posterior cord variation in infraclav-
icular part of the brachial plexus. The posterior
cord splitinto a thick posterior and thin anterior
roots and enclosed the subscapular artery near
its origin. After enclosing the subscapular ar-
tery, the two roots fused to continue as radial
nerve.

The branches of the posterior cord like upper
subscapular nerve arose from the main trunk of
the posterior cord. Thoracodorsal nerve, lower
subscapular nerve, and the axillary nerve have
originated from the thick posterior root of the
cord. The radial nerve, which was formed after
the fusion of two roots of the posterior cord, gave
rise to the nerves to a long and medial head of
triceps. On the other hand, in the left axilla, the
posterior cord did not show any variation.

Jamuna M (2010) [35] studied 50 upper limbsin
25 cadavers and noted a rare variation in the
mode of termination of the posterior cord of the
brachial plexus. The radial nerve was formed by
the union of two divisions of the posterior cord
and the axillary nerve was arising from one of
those divisions.
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In the present study, the posterior cord was
divided into superior and inferior divisions, and
an axillary arch muscle was noted passing in
between these two divisions of the posterior
cord. The thoracodorsal nerve was seen arising
from superior division while inferior division
gave rise to upper subscapular nerve, lower
subscapular nerve, and axillary nerve. Both the
division united to continue as radial nerve
distally (Fig. 8). The variations in the branches
of posterior cord were compared with previous
studies as shown in table 5.

CONCLUSION

Itis reasonable to believe that a thorough knowl-
edge of variations of brachial plexus is binding
during surgical exploration of axilla and arm
during coracoid graft transfer surgery and in
neurotisation and nerve grafting techniques.

In the present study, an attempt has been made
to find out about the possible variations of the
brachial plexus in Indian subjects with reference
to its branching pattern. Though the variations
mentioned may not alter the normal function-
ing of the limb of the individual, knowledge of
the variations is of prime importance to be kept
in mind, during surgical procedures. The re-
stricted sample size was a limitation in the
present study. Yet an earnest effort made in this
study has opened new avenues for further re-
search, which would provide guidelines for suc-
cessful surgical interventions.

ABBREVIATIONS

USN: Upper subscapular nerve
TN: Thoracodorsal nerve

LSN: Lower subscapular nerve
AN: Axillary nerve

RN: Radial nerve
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