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Variations in the formation of the trunks of brachial plexus
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Abstract

Background: The brachial plexus is a complex network of nerves that innervates the upper limbs. Variations 
in brachial plexus are common, as well as its relationships with other anatomical structures, gaining thus 
clinical and surgical importance. The aim of this study was to report variations in the formation of the trunks 
of brachial plexus. Material and Methods: Forty upper limbs from 20 human fetuses were used, fixed and 
kept in 10% formol solution. Fetal age was estimated from the hallux-calcaneus length and ranged from 
20 to 37 weeks of gestation, with a mean of 25.63 weeks. The plexus were dissected without the aid of optical 
instruments, and the access route for dissection began 2 cm below the mastoid process, followed the posterior 
border of the sternocleidomastoid muscle until the medial third of the clavicle, and then went through the 
deltopectoral groove until the arm. Results: Of the 40 plexuses investigated, 37 (92.5%) had the usual trunk 
formation, and 3 (7.5%) showed variation in its formation. Among these, in 2 (5%) plexuses of a single fetus, 
the upper trunk was formed by the C5, C6 and C7 roots, the middle trunk by the C8 root, and the lower 
trunk by the T1 root, both on left and right sides. In 1 (2.5%) plexus of another fetus, there was the formation 
of four trunks on the left side: the first trunk was formed by the C4 and C5 roots, the second by the C7 root, 
the third by the C8 root, and the forth by the T1 root. Conclusion: Studies on variations in brachial plexus 
should continue to draw the attention of different healthcare professionals who work directly or indirectly with 
this plexus in their daily routine.
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1 Introduction

The brachial plexus is characterized by having a complex 
anatomical formation since its origin in the neck and also by 
establishing relationships with other anatomical structures 
throughout its path. These relationships are of great 
clinical and surgical importance, especially when there are 
anatomical variations of the plexus (FAZAN, AMADEU, 
CALEFFI et al., 2003).

The brachial plexus is usually described as being formed 
by primarily by the union of the anterior ventral branches 
of the fifth, sixth, seventh and eighth cervical nerves (C5 
to C8) and the first thoracic nerve (T1), with the possible 
contribution of the fourth cervical nerve (C4) and the 
second thoracic nerve (T2) (BOLLINI, 2004; JOHNSON, 
VEKRIS, ZOUBOS et al., 2006). According to Costabeber, 
Almeida, Becker et al. (2010) the plexus is located between 
the anterior and middle scalene muscles and is organized 
throughout its path in five distinct portions: roots, trunks, 
divisions, cords, and terminal branches (peripheral nerves).

In the organization of the brachial plexus, several types of 
variations have been described with regard to the formation 
of its upper, middle and lower trunks (AGGARWAL, PURI, 
AGGARWAL et al., 2010; MATEJCIK, 2003; SINGHAL, 
RAO and RAVINDRANATH, 2007; UYSAL, SEKER, 
KARABULUT  et  al., 2003; VILLAMERE, GOODWIN, 
HINCKE et al., 2009). Shetty, Nayak, Madahv et al. (2011) 
described that the middle trunk would be formed by the 
union of C7 and C8 roots and pointed out that this type of 
variation has not been reported in the literature yet. Given 

the importance of knowing the anatomy of the brachial 
plexus, emphasized recently by Orebaugh and Williams 
(2009), the present study aimed to examine the variations 
that occur in the formation of the trunks of brachial plexus.

2 Materials and Methods

Forty upper limbs from 20 human fetuses were used for 
this study. These had been fixed and were being kept in 
10% formol solution. The fetuses belonged to the anatomy 
laboratory of the Federal University of Sergipe and had been 
obtained in accordance with Law 8,501 of November 30, 
1992, which deals with the use of unclaimed cadavers for 
studies and research purposes. The age of the fetuses were 
estimated from the hallux-calcaneus length and ranged from 
20 to 37 weeks of gestation, with a mean of 25.63 weeks. The 
brachial plexuses were dissected without the aid of optical 
instruments, the cadaver was placed in the supine position, 
with the head extended and facing the side opposed to that 
which was being explored. The access route began 2  cm 
below the mastoid process, followed the posterior border 
of the sternocleidomastoid muscle until the medial third of 
the clavicle, and then went through the deltopectoral groove 
until the arm. Each finding was drawn and recorded taking 
into account the side where the variations occurred. The 
study was approved by the Research Ethics Committee of 
the Federal University of Sergipe, under protocol number 
1497.0.000.107.
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(Figure 2). In this last plexus, the posterior cord was formed 
by the posterior divisions of the upper and middle trunks 
(first and second trunks respectively) and by the posterior 
divisions of C8 (third trunk) and T1(fourth trunk), and 
the medial cord was formed by the anterior divisions of C8 
(third trunk) and T1 (fourth trunk).

4 Discussion

The variations in the origin of trunks, divisions and 
cords of brachial plexus have been reported by several 
authors (BALLESTEROS and RAMIREZ, 2007; FAZAN, 
AMADEU, CALEFFI et al., 2003; MILLER, 1934). In the 
present study, three plexuses had anatomical variations in the 
formation of their trunks.

3 Results

Out of the 40 brachial plexuses dissected, 37 (92.5%) 
had the usual anatomical formation of the trunks: the 
upper trunk was formed by C5 and C6 roots, the middle 
trunk by the C7 root, and the lower trunk by the C8 and 
T1 roots, and three (7.5%) plexuses presented variations in 
trunk formation. In two brachial plexuses of a single fetus, 
the upper trunk was formed by the C5, C6 and C7 roots, 
the middle trunk was formed by the C8 root and the T1 
root formed the lower trunk, both on left and right sides 
(Figure 1). In another fetus, there was the formation of four 
trunks on the left side: the first trunk (I) was formed by the 
C4 and C5 roots, the second (II) by the C7 root, the third 
(III) by the C8 root, and the fourth (IV) by the T1 root 

Figure 1. Upper trunk formed by C5, C6 and C7 roots. UT– Upper trunk; MT – Middle trunk; LT – Lower trunk; C4, C5, C6, 
C7, C8 and T1 – Nervous roots.

Figure 2. Formation of four brachial trunks in the left upper limb. UT – Upper trunk; MT – Middle trunk; LT – Lower trunk; 
I – First trunk; II – Second trunk; III – Third trunk; IV – Fourth trunk; C4, C5, C6, C7, C8 and T1 – Nervous roots.
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The anterior ventral roots of the brachial plexus are almost 
equal in size, but they vary in the form of union. The C5 
and C6 roots join close to the lateral border of the medial 
scalene muscle to form the upper trunk, C7 alone forms the 
middle trunk, and C8 and T1 roots join to form the lower 
trunk (BOLLINI, 2004; COSTABEBER, ALMEIDA, 
BECKER et al., 2010; JOHNSON, VEKRIS, ZOUBOS et al., 
2006). This formation of origin of the brachial plexus 
occurred in 92.5% of the cases from the present study. These 
three trunks descend laterally in the axilla, passing over the 
first rib, behind the subclavian artery and between the scale 
muscles. This space is known as interscalene groove and 
should be acknowledged when performing interscalene and 
supraclavicular blocks (BOLLINI, 2004).

In our study, the variations in the formation of trunks of 
brachial plexus occurred in 7.5% (BOLLINI, 2004) of the 
cases. In 5% (BALLESTEROS and RAMIREZ, 2007), the 
anterior ventral roots of C5, C6 and C7 joined to form the 
upper trunk on the left and right sides of the same fetus. This 
variation was also found by different authors (MATEJCIK, 
2003; PRAKASH, PRABHU, KUMAR  et  al., 2006). 
According to Shetty, Nayak, Madahv et al. (2011), this type 
of formation of upper trunk of brachial plexus by C5, C6 
and C7 roots is considered very rare by most authors and 
would be often associated with anatomical absence of the 
middle trunk or fusion of upper and middle trunks.

In 2.5% (AGGARWAL, PURI, AGGARWAL et al., 2010) 
of the cases, there was the formation of four trunks on the 
left side of the fetus, which were craniocaudally numbered as 
I – IV. The first trunk was formed by the union of C5 and 
C6 (Trunk I) and the second, third and fourth trunks were a 
continuation of C7, C8 and T1 roots respectively. A similar 
finding was also described by Chaudhary, Singla, Kalsey et al. 
(2012), although differing with regard to the divisions for 
the formation of lateral, medial and posterior cords.

The presence of anatomical variations in brachial 
plexus can make it more vulnerable to injuries during 
the performance of procedures such as: radical neck 
dissections and surgical interventions for the treatment of 
breast carcinoma and neural complications in anesthetic 
injections. Therefore, knowing these variations is important 
for anatomists, radiologists, anesthetist, and surgeons and, 
more relevant, for use in computer graphics for diagnostic 
purposes (CORNISH and GREENFIELD, 1997).

5 Conclusion

We believe that the present findings with regard to 
anatomical variations of brachial plexus should continue 
to draw the attention particularly of different healthcare 
professionals who work directly or indirectly with this plexus 
in their daily routine.
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