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ABSTRACT
Introduction: Brachial plexus is network of nerves present 
in the neck and axilla supplying the upper limb. It is formed 
by the ventral rami of lower four cervical and first thoracic 
nerves. Surgical intervention in axilla, root of neck, brachial 
plexus block, orthopaedic surgeries in shoulder region 
requires detailed knowledge of anatomy of the brachial 
plexus and its variations. 

Aim: To note for any variations in the supraclavicular part 
of brachial plexus. 

Materials and Methods: The study was carried on 30 
adult cadavers (60 upper limbs) in the Department of 
Anatomy, Kasturba Medical College, Manipal. Posterior 
triangle were dissected and any variations in roots, 
trunks and divisions of brachial plexus were noted and 
photographed. 

Results: Out of 60 upper limbs, in 57 there was normal 
formation of brachial plexus. In one cadaver there was 
bilateral absence of middle trunk and lower trunk was 
formed by C7, C8 and T1. Upper and lower trunks formed 
a single cord instead of forming divisions and gave all the 
branches of brachial plexus. In one another cadaver on the 
right side formation of trunks were normal but lower trunk 
did not divide into anterior and posterior divisions instead 
continued down as medial cord and gave all the branches of 
medial cord. In the same cadaver posterior cord was formed 
by posterior division of upper and middle trunk only. 

Conclusion: Knowledge of these variations of the brachial 
plexus has clinical significance especially in prevention 
of injuries to these nerves in surgical interventions of the 
axilla, neck and arm. Therefore, the present study will be of 
importance to surgeons, anaesthetists and radiologists.
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InTROduCTIOn
The brachial plexus is a system of connected nerve fibres 
which supplies nerves to the upper limb and is formed by the 
ventral rami of lower four cervical and the first thoracic nerves 
(C5, C6, C7, C8, T1). If there is contribution from C4,the plexus 
is called prefixed whereas, if T2 is giving contribution in plexus 
formation it is called post fixed type of brachial plexus [1].

The brachial plexus consists of   roots, trunks, divisions and 
cords. Supraclavicular part of brachial plexus consists of 
roots, trunks and divisions. The ventral rami of C5, C6, C7, 
C8 and T1 forms the roots. C5 and C6 forms upper trunk, 
C7 continues as middle trunk and C8 and T1 forms lower 
trunk. Branches from the roots are dorsal scapular nerve and 
long thoracic nerve and branches from the trunks are nerve to 
subclavius and suprascapular nerve. Each trunk divides into 
anterior and posterior divisions. Anterior divisions of upper and 
middle trunk unite to form the lateral cord. Anterior division of 
lower trunk forms the medial cord. Posterior division of upper, 
middle and lower trunk forms the posterior cord [1]. The cords 
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are named according to their relationship with the second 
part of the axillary artery. The cords and their branches form 
the infraclavicular part of the brachial plexus. Branches from 
the lateral cord are lateral pectoral nerve, musculocutaneous 
nerve and lateral root of median nerve. From the medial cord 
the branches are medial pectoral nerve, medial cutaneous 
nerve of arm, medial cutaneous nerve of forearm, medial root 
of median nerve and ulnar nerve. Posterior cord branches are 
upper and lower subscapular nerve, thoraco-dorsal nerve, 
axillary nerve and radial nerve [1].

The anatomical variations of these nerves are very common 
thus making clinical interventions in the region difficult. The 
knowledge of anatomical variations in this region helps in 
clinical interventions which are usually performed in this region 
including anaesthetic blocks, surgical approaches, treating 
nerve compressions caused by tumour or trauma.

MATERIALS And METHOdS
The present study was a descriptive study conducted on 
60 upper limbs dissected in the department of Anatomy, 
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Kasturba Medical college, Manipal, Karnataka over a period 
of two years from January 2014 to March 2016.  Institutional 
Ethical Clearance was obtained before conducting the study. 
The cadavers were embalmed and preserved in weak formalin 
solution. All normal cadavers were included in the study and 
Cadavers with traumatic lesion or with any surgery done in neck 
and axilla were excluded. The posterior triangle of neck was 
dissected according to the guidelines of Cunningham’s manual 
of Practical Anatomy [2]. Skin, superficial fascia and platysma 
are removed. Boundaries of the posterior triangle were defined. 
The floor muscles were identified. The trunk of the brachial 
plexus was noted between scalenus medius and anterior. All 
its root, trunk, division and cord were cleaned. Formation of the 
trunks was noted and also other branches from the roots were 
observed. The divisions of each trunk and also the formation 
of the cord were observed [2]. Photographs were taken by the 
digital camera under good lighting. Results were obtained and 
percentage of cadavers with any variations was calculated. 

RESuLTS
In the present study normal formation of brachial plexus was 
observed in 57 upper limb specimens out of 60. No pre-fixed 
and post-fixed brachial plexus were observed. Variations were 
observed in three upper limbs out of 60 (5%).

In two upper limbs, there was absence of middle trunk (3.3%). 
Lower trunk was formed by ventral rami of C7, C8 and T1 
in both the cases [Table/Fig-1]. When traced down the two 
trunks fused to form a single cord which in radiating manner 
gave all the branches of the brachial plexus [Table/Fig-2].

In one upper limb (1.66%), formation of trunks was normal but 
when traced down lower trunk did not divide into anterior and 
posterior divisions instead continued down as medial cord 
giving all the branches of the medial cord. The posterior cord 
was formed from posterior divisions of upper and middle trunk 
[Table/Fig-3].

[Table/Fig-1]: Absence of middle trunk; formation of lower trunk by 
C7, C8, T1 nerve roots.
 UT: Upper Trunk, LT: Lower Trunk

[Table/Fig-2]: One cord radiating branches, 1-musculocutaneous 
nerve. 2-median nerve, 3-ulnar nerve, 4-medial cutaneous nerve of  
arm, 5-medial cutaneous nerve of forearm, AA- Axillary Artery, PM- 
Pectorails Major.

[Table/Fig-3]: Posterior cord formed by posterior division of upper 
and middle trunk. 
lower trunk with only anterior division forming the medial cord, UT: Upper 
Trunk, MT: Middle Trunk, LT: lower Trunk, PC: Posterior Cord, MC: Median 
Nerve, CB: Coracobrachialis

dISCuSSIOn
Variations in pattern of Brachial plexus are due to abnormal 
formation in the development of trunks, divisions and cords. 
In the present study, normal formation and branching pattern 
of brachial plexus were observed in 95% cases. Variations 
were observed in three out of 60 cadavers (5%). With the 
recent advances, general anaesthesia for the upper limb 
surgery is not used much instead a regional anaesthesia like 
supraclavicular nerve block of brachial plexus is preferred. The 
success of such block depends on the detailed knowledge 
of the anatomy of brachial plexus in term of formation 
and its branching pattern. The present study provides 
knowledge regarding these and is helpful to the surgeons and 
anaesthetists operating in this area. Surgical intervention in 
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the neck and axilla, nerve block, treatment of neuropathy and 
nerve compression requires detailed anatomical knowledge 
of the brachial plexus. The brachial plexus has a complex 
anatomical structure originating in neck and extending in axilla. 
It has close association with important anatomical structures. 
Therefore thorough knowledge of formation of brachial plexus 
is necessary for surgical exploration of axilla and arm, cervical 
rib correction, nerve block, neurosurgical procedure of cervical 
spine and prosthetic implant procedure etc. The brachial 
plexus injury can be due to trauma, compression of nerves, 
shoulder dislocation, patients during anaesthetic block. 
Nerve injuries can be classified as neuropaxia, axontomesis 
and neurotemesis. These can cause various degrees of 
paresthesias, paresis or paralysis [3].

Mchonde GJ et al., reported bilateral multiple variations 
of roots, trunks, cords and branches of brachial plexus [4]. 
They found that C7-C8 joined to form middle trunk and lower 
trunk was formed only by T1. Upper trunk was formed by 
C5-C6 roots. The upper and middle trunks subdivided into 
anterior and posterior divisions but lower trunk did not divide 
and descended as solitary cord. Posterior cord was formed 
by posterior divisions of upper and middle trunk. Lateral cord 
was formed by anterior divisions of upper and middle trunks. 
Medial cord was formed by the lower trunk [4]. In the present 
study there was similar variation seen but there was difference 
in the formation of the trunks. The upper trunk was formed 
by C5-C6 roots, middle trunk by C7 roots and lower trunk by 
C8-T1. The upper and middle trunks subdivided into anterior 
and posterior divisions but lower trunk continued as a single 
cord. Lateral cord was formed by anterior divisions of upper 
and middle trunks and Posterior cord by posterior divisions 
of upper and middle trunks. Medial cord was formed by the 
lower trunk.

Vishwanathan U et al., reported bilateral single cord of brachial 
plexus in an adult female cadaver [5]. On the left side, the 
upper trunk was formed by C4, C5 and C6 the C7 formed 
the middle cord, and lower trunk was formed by C8 and T1. 
They united to form a single cord. On the right side, upper 
trunk was formed by C5 and C6 which divided into anterior 
and posterior divisions. C7, C8 and T1 roots united to form 
the lower trunk. Middle trunk was absent. The anterior and 
posterior divisions of upper trunk united with the lower trunk 
to form a single cord. This single cord gave rise to all the 
branches of the brachial plexus [5]. In the present study, there 
were two similar cases seen with the formation of single cord. 
But in both cases there was bilateral absence of middle trunk 
and single cord was formed by joining of upper and middle 
trunks. C5 and C6 root formed the upper trunk and C7, C8 
and T1 formed lower trunk on both the sides. These trunks 
did not divide into divisions but instead formed a single cord 
which gave all the branches of the brachial plexus.

Aggarwal A et al., reported four cases of single cord formation 
out of 90 upper limb specimen (4.4%). In cases 1 and 2, the 
upper trunk (fused C5 and C6 roots), C7, C8, and T1 roots 
united to form the single cord, which descended deep to the 
clavicle to enter into the axilla [6]. In case 3 (left side), formation 
of upper, middle, and lower trunks followed the usual pattern. 
After the suprascapular nerve emerged from the upper trunk, 
the trunk divided into anterior and posterior divisions. The 
middle and lower trunks, without dividing, directly fused with 
two divisions of the upper trunk, resulting in the formation of 
an 8-mm-long single cylindrical cord. In case 4 (right side), 
following normal upper, middle, and lower trunk formation, the 
three trunks directly fused to form a single cord. In all cases, 
the fused cord was lying superior to the subclavian artery in the 
posterior triangle of the neck, and anterolateral to the axillary 
artery while descending deep into the clavicle, and was finally 
lateral to the artery in the axilla. In the present study, presence 
of single cord was seen in two cases out of 60 (3.33%)

Sannes DH et al., suggested that development of the peripheral 
nerve is influenced by expression of chemo-attractants and 
chemo-repulsants in a site specific pattern [7]. Variations in 
the brachial plexus in its formation and branching pattern can 
be attributed to the evolutionary evidence. Lower vertebrates 
differ from humans in the formation of the brachial plexus. In 
amphibians, reptiles and dogs there is no formation of trunks 
from the roots. Two trunks are being formed from roots in 
gorillas [8]. Clinical implications of common single cord are 
not certain as this variation is not very common. However, 
it is likely that any supraclavicular brachial plexus injuries in 
such individuals would have serious clinical manifestations as 
all branches are coming from single cord [5].

Khan GA et al., in his study on supraclavicular part of brachial 
plexus observed formation of four trunks in three limbs out 
of 60 [9]. In the present study no limb with four trunks was 
noted. Absence of middle trunk and formation of upper trunk 
by ventral rami of C5, C6 and C7 and lower trunk by C8 and 
T1 was noted in one limb. In the present study similar findings 
was observed in both limbs of a cadaver and when traced 
down they formed a single cord.

Nayak S et al., reported absence of middle trunk and formation 
of upper trunk by C5, C6, C7 [10]. In the present study one 
case of bilateral absence of middle trunk was observed but 
the formation of upper trunk was normal. Lower trunk was 
formed by C7, C8, T1. Uysal II et al., reported absence of 
upper trunk in 1% cases and absence of lower trunk in 9% 
cases [11]. However, in the present study upper trunk and 
lower trunk was present in all the cases. In a dissected upper 
limb there was bilateral absence of middle trunk and lower 
trunk was formed by C7, C8, T1.

Singh R et al., reported an anomalous single cord after 
fusion of all the three trunks without splitting into anterior and 
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posterior divisions [12]. In the present study, there was bilateral 
absence of middle trunks in one of the dissected cadaver with 
the presence of a single cord which was formed by upper and 
lower trunks. The presence of a single cord makes the brachial 
plexus more complex with more chances of injury during any 
surgical interventions. Hasan M et al., also reported a single 
cord of brachial plexus in 1964 [13].

Havaldar PP et al., reported absence of middle trunk with 
presence of two trunks [14]. The Upper Trunk (UT) was formed 
by C5 and C6 roots and the Lower Trunk (LT) was formed 
by C7, C8 and T1. Anterior divisions of UT and LT formed a 
superior cord whereas the posterior divisions formed the inferior 
cord. Both cords were lateral to axillary artery. Branches of 
medial cord and lateral cord were given by the superior cord 
and the branches of lateral cord were given by the inferior cord. 
Sweekritha et al., also reported same findings in a male cadaver 
during routine dissection for undergraduate students [15]. 
Jamuna M et al.,  also reported a case with two cords similar to 
the above two case reports [16]. In the present study absence 
of middle trunk was reported bilaterally but no such formations 
of superior cord and inferior cord was noted. It is observed that 
most of the reported case of single cord was from India.

COnCLuSIOn
Knowledge of these variations of the brachial plexus has clinical 
significance especially in prevention of injuries to these nerves 
in surgical interventions of the neck and axilla. The knowledge 
of these variations can help neurophysicians to understand the 
weakness of specific pattern in relation to nerve damage and 
is important for interpretation of results of nerve conduction 
studies. It is also essential for physiotherapists in performing 
electrotherapy. Knowledge of variations is also useful in nerve 
grafting and in neurophysiological evaluation in case of peripheral 
nerve injury so anatomical knowledge of these variations are 
important for radiologists, surgeons and neurologists and even 
for anatomists during routine dissection.

LIMITATIOn
Infraclavicular part of the brachial plexus was not studied 
simultaneously.

REFEREnCES
Standring S. Gray’s Anatomy, 39[1] th ed. Curchill Livingstone 
Elsevier, New York, 2005. 
Romanes GJ. Cunningham’s Manual of Practical Anatomy. Vol [2] 
3. 15th ed. London, New York, Toronto: Oxford University Press. 
1986,22-25.
Hollinshed WH. Anatomy for surgeons. In: The back and limbs. [3] 
1sted. New York: Harper and Row. 1966, 220-40.
Mchonde GJ, Fabian FM, Nondoli HG. Bilateral multiple [4] 
variations in the formation of the brachial plexus and its terminal 
nerves: A case report. Int J Anat Res. 2013;02:78-82.
Viswanathan U, Madhivadhany V, Shankar N. Bilateral single [5] 
cord of the brachial plexus in an adult female cadaver of south 
Indian origin. Anat Cell Biol. 2013;46:223-27.
Aggarwal A, Sahni D, Kaur H, Batra YK, Sondekoppam RV. [6] 
A rare anatomical variation of the brachial plexus: single cord 
anomaly. Anesthe Analg. 2012;114:466-70.
Sannes DH, Reh TA, Harris WA. Development of the nervous [7] 
system. New York: Academic Press 2000. Pp. 187-189.
Miller RA. Comparative studies upon the morphology and [8] 
distribution of the brachial plexus. Am J Anat. 1934;54:143-47.
Khan GA, Yadav SK, Khatiwoda S, Chetri R. Cadaveric study [9] 
of variation in the formation of trunks of brachial plexus, 
embryological basis and its clinical significance. Int Arch Bio 
Med Clin Res. 2016;2(3):122-26.
Nayak S, Somayaji N, Vollala VR,  Raghunathan D, Rodrigues V, [10] 
Samuel VP, et al. A rare variation in the formation of the upper 
trunk of the brachialplexus. Neuroanatomy. 2005;4:37-38.
Uysal II, Seker M, Karabulut AK, Büyükmumcu M, Ziylan T. [11] 
Brachial plexus variations in human fetuses. Neurosurgery. 
2003;53(3):676-84; discussion 684.
Rajani Singh, Shane Tubbs R, Raj kumar. Abnormal cord formation [12] 
of brachial plexus. Basic Sciences of Medicine. 2016;5(1):01-04
Hasan M, Narayan D. A single cord human brachial plexus. J [13] 
Anat Soc India. 1964;13:103-04.
Havaldar PP, Gupta A, Rajsekhar HV. Case Report: Variation in [14] 
the formation of cords of brachial plexus and its relation with 
axillary artery. Current Neurobiology. 2012;3(1):07-09.
Sweekritha, Sultana Q, Pillai V, Rao CP. A rare case of variation [15] 
of the cords of brachial plexus. IJAJIMS. 2012;1(1):75-77.
Jamuna M, Anudha G. Two cord stage in the infraclavicular part [16] 
of brachial plexus. Int J Anat Var. 2010;3:128-29.

  
Author(S):
1. Dr. Abhilasha Priya
2. Dr. Chandni Gupta
3. Dr. Antony Sylvan D’Souza

PArtiCulArS oF ContributorS:
1. Assistant Professor, Department of Anatomy, School 

of Medical Sciences and Research, Sharda University, 
Greater Noida, Uttar Pradesh, India.

2. Associate Professor, Department of Anatomy, 
Kasturba Medical College, Manipal, Karnataka, India.

3. Professor, Department of Anatomy, Wayanad Institute
 of Medical Sciences, Wayanad, Kerala, India.

nAME, AddrESS, E-MAil id oF thE 
CorrESPondinG Author:
Dr. Abhilasha Priya,
Department of Anatomy, School of Medical Sciences and 
Research, Sharda University, Knowledge Park 3, Greater 
Noida, Greater Noida, Uttar Pradesh-201310, India.
E-mail: dr.abhilashapriya@gmail.com

FinAnCiAl or othEr CoMPEtinG intErEStS:  
None.

Date of Publishing: oct 01, 2018


