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Abstract
Background: Variations of the brachial plexus are common and a better awareness of the variations is of crucial 
importance to achieve successful results in its surgical procedures. The aim of the present study was to evaluate the 
anatomical variations of the brachial plexus in adult cadavers.

Methods: Bilateral upper limbs of 32 fresh cadavers (21 males and 11 females) consecutively referred to Guilan legal 
medicine organization from November 2011 to September 2014, were dissected and the trunks, cords and terminal 
nerves were evaluated.

Results: Six plexuses were prefixed in origin. The long thoracic nerve pierced the middle scalene muscle in 6 cases 
in the supra clavicular zone. The suprascapular nerve in 7 plexuses was formed from posterior division of the superior 
trunk. Five cadavers showed anastomosis between medial brachial cutaneous nerve and T1 root in the infra clavicular 
zone. Terminal branches variations were the highest wherein the ulnar nerve received a communicating branch from 
the lateral cord in 3 cases. The median nerve was formed by 2 lateral roots from lateral cord and 1 medial root from the 
medial cord in 6 cadavers. Some fibers from C7 root came to the musculocutaneous nerve in 8 cadavers. 

Conclusion: The correlation analysis between the variations and the demographic features was impossible due to the 
small sample size. The findings of the present study suggest a meta-analysis to assess the whole reported variations 
to obtain a proper approach for neurosurgeons.
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Introduction

A good awareness of human neural system 
anatomy can be a passport to success in elective 
neurosurgeries (1). Due to critical conditions of 

traumatic patients, a speedy surgical promptitude in 
emergency circumstances requires knowledge of the 
human neural system anatomy (2).

Variations in human anatomy are one of the most 
important challenges. The extremities, particularly 
upper limbs, are susceptible to traumas, but 
unfortunately, the anatomical variations of brachial 
plexus are not rare (3-4). More than 50% of anatomical 
variations in cadaveric studies of human neural system 
have been reported to belong to the brachial plexus 
(5-7). The plexus supplies both motor and sensory 
innervations to the upper limb as well as the extrinsic 
thoracic muscles (8).  

Normal anatomy of the Brachial Plexus
The brachial plexus is constituted by the ventral rami 

of spinal cervical nerves including C5-C8 and the first 
thoracic spinal nerve (9). A complex of nerves originating 
from the neck and axilla shapes the brachial plexus. The 
brachial plexus extends laterally towards the cervico-
axillary canal located below the clavicle, but above the 
first rib and then enters the axilla through this passage. 
The brachial plexus provides a network of terminal 
nerves innervating the upper limb (9-10). 

Three trunks lie in human brachial plexus, stemming 
from the spinal roots of C5-T1. The ventral rami of C5 
and C6 are joined to make the superior trunk. C7 root 
continues and becomes the middle trunk, and the inferior 
trunk is shaped by the union of C8 and T1 roots (11).

These three trunks bifurcate into anterior and 
posterior divisions enumerating the origin of the 
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cords. The posterior cord is formed by the fusion of 
the posterior divisions of all the trunks. However, the 
anterior divisions of the superior and middle trunks 
unite to shape lateral cord. The anterior division of the 
inferior trunk continues to form the medial cord and the 
peripheral nerves emanate from these cords (10-12) 
[Figure 1].

Effective local anesthesia and successful surgical 
interventions in the axillary region and the arm depend 
on a comprehensive appreciation of the plexus anatomy. 
The aim of the present study was to evaluate the 
anatomical variations of the brachial plexus in Iranian 
cadavers. More precisely, we determined the length of 
the plexus compartments including the cord branches 
and peripheral nerves in the origin and described the 
variations of brachial plexus in the origin and respective 
branches.

Materials and Methods
The Study Protocol

An observational design was selected to explore 
human cadavers (age of death between 18 to 75 
years), consecutively referred to Guilan legal medicine 
organization for dissection between November 2011 
to September 2014. A total of 32 adult cadavers were 
included in the ongoing research and 64 bilateral upper 
extremities were finally assessed. All the cadavers were 
fresh and non formalinated and the maximum duration 
between the death and dissection times was 12 hours. 
Impairments and surgical interventions of the brachial 
plexus before death were the exclusion criteria. All these 
cadavers were Iranian and born in Guilan province. The 
dissection procedures were performed by the senior 
author of this article (an expert neurosurgeon) and the 
study protocol approved by the ethics committee of 
Guilan University of Medical Sciences. Informed consents 
were obtained from all the legal representatives of the 
cadavers.

The Dissection Protocol
Initially an incision was made in the lateral section of 

sternocleidomastoid muscle and continued to above the 
clavicle to mid-clavicle (supra clavicular zone), where 
the origins of the long thoracic and suprascapular nerves 
were assessed.

The incision was thereafter exerted toward the delto-
pectoral groove going on to the insertion point of 
pectoralis major muscle (infra clavicular zone), where 
the origins of subscapular, thoracodorsal, medial 
pectoral, lateral pectoral, medial brachial cutaneous and 
medial antebrachial cutaneous nerves were investigated. 
The incision ultimately opens the area between the 
biceps and triceps muscles vertically (terminal branches 
of the brachial plexus). Here, the axillary, radial, ulnar, 
musculocutaneous and median nerves were perceived 
as terminal branches of the brachial plexus and assessed 
for origination. Furthermore, the length of the nerves 
(measured from the nerve origin towards the target 
muscle) and variations of the trunks, divisions and cords 
were scrutinized.

Statistical Analysis
Data analysis were carried out using SPSS software 

(Version 21.0). The data were shown as N (%) and 
mean ± SD and 95% confidence interval (CI 95%) was 
reported.

Results
A total of 32 adult cadavers (64 upper extremities 

including; 21 males and 11 females; mean age of death: 
48.75±13.31; mean height: 174.5±7.4) were included in 
the present study. 

The variations of the brachial plexus origin
56 (87.5%) plexus showed usual origin, 6 plexuses 

(9.4%; 5 males and 1 female) were pre-fixed (fourth 
cervical root contributed to the origin) and 2 plexus 
in a young male cadaver (3.1%) was post-fix (second 
thoracic spinal root contributed to the origin). 

In addition, we reassessed the data wherein the cases 
were divided into the following groups:

1) Supra clavicular zone: The long thoracic nerve 
pierced the middle scalene muscle in 6 cases (12 plexus). 
The variation of suprascapular nerve encompassed the 
nerve formation from posterior division of the superior 
trunk in 7 plexuses [Table 1].

Figure 1. Normal Brachial Plexus pattern.
Figure 2. Unusual connection between musculocutaneous nerve 
and median nerve in arm.
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2) Infra clavicular Zone: In the majority of the cadavers, 
the medial brachial cutaneous nerve was separated 
from the medial cord in a single large branch, while 
5 cadavers exhibited the anastomosis between the 
mentioned nerve and the T1 spinal root. The medial 
cord gave origin to the medial antebrachial cutaneous 
nerve in 37 plexuses (57.81%), however, the others was 
originated from inferior trunk, in all male cadavers. The 
subscapular nerve was directly formed by C5 spinal root 
in 6 brachial plexuses. The subscapular nerve commonly 
originated from posterior cord divisions. There was a 
variation in the origin of the upper subscapular nerve, 
originating from superior trunk. The medial pectoral 
nerve unnaturally sprouted from the anterior division of 
the medial trunk in 2 plexuses. No variations were seen 
in the lateral pectoral nerve. The results of dissection 
demonstrated that thoracodorsal nerve was variable in 
a 60 old woman in origin in both arms, emanating from 
the axillary nerve. In other cases, the thoracodorsal 
nerve normally originated from posterior cord divisions 
as total spinal roots from C5 to T1 partook to form the 
nerve [Table 2].

3) The Terminal Branches of Brachial Plexus: The 
ulnar nerve typically originates from C8 and T1 roots. 
Variations on the ulnar nerve were present in 3 cadavers 
(one male and two females). In these cases, the ulnar 
nerve received a communicating branch from the lateral 
cord. Variation on the median nerve was observed in 22 
plexuses. The median nerve was formed by two lateral 

roots from the lateral cord and one medial root from the 
medial cord in 6 cadavers. In the other 5 cases, either the 
musculocutaneous nerve gave a communicating branch 
to median nerve or the median nerve took one branch 
from the posterior cord of the plexus [Figure 2]. 

The lateral roots of the lateral cord were classically 
joined to give origin to a musculocutaneous nerve. Some 
fibers from C7 root entered this nerve in 5 males and 3 
females. We found that the radial nerve in 96.8% of cases 
was formed by the posterior cord (C5-T1 roots), whereas 
salient joined divisions of the middle and inferior trunks 
(C7-T1 roots) were directly projected to make the 
radial nerve in the reminder bilateral brachial plexus 
of one male cadaver. According to classical description 
of brachial plexus, the axillary nerve originates from 
posterior cord conventionally. This occurred in 54 
plexuses (84.3%). The axillary nerve originated from the 
posterior divisions of middle trunks in 4 cases (2 males 
and 2 females) as well as the posterior division of mere 
superior trunk in one arm in a female cadaver [Table 3]. 

Discussion
The anatomical variations of the brachial plexus in 

human infant and adult cadavers are well documented. 
Kerr et al (13) listed 29 forms of the brachial plexus 
among 175 cadaver specimens dissected between 1895 
and 1910. Elsewhere, 38 variants of this plexus were 
observed at the several levels of the network such as 
trunks, cords and terminal nerves, routing mechanism 

Table 1. Brachial Plexus in Supra Clavicular Zone

Mean of Length (cm) 95% Confidence Interval

Variations

Male (n=42) Female (n=22)
Total Cadavers 

(n=32)*Right
(n=21)

Left
(n=21)

Right
(n=11)

Left
(n=11)

Long thoracic 21.94 ± 11.68 22.75-18.86 5 5 1 1 6 (18.75 %)

suprascapular 11.58 ± 3.57 10.4438-12.7312 2 3 1 1 4 (12.5 %)
* Some cases suffered from the variation in their both upper extremities

Table 2. Brachial Plexus in Infra Clavicular Zone

Mean of Length (cm) 95% Confidence Interval

Variations

Male (n=42) Female (n=22)
Total Cadavers

(n=32)*Right
(n=21)

Left
(n=21)

Right
(n=11)

Left
(n=11)

Medial brachial 
cutaneous 6.6 ± 1.21 6.3- 6.9 4 4 1 1 5 (15.62 %)

Medial antebrachial 
cutaneous 9.9 ± 1.41 9.2-10.6 14 13 3 3 17 (53.12 %)

Subscapular 8.83 ± 7.05 9.6500- 9.1806 2 2 1 1 3 (18.75%)

Thoracodorsal 6.63 ± 1.29 6.2222- 7.0528 --- --- 1 1 1 (3.12%)

Medial pectoral 8.04 ± 1.51 7.5577- 8.5273 1 1 --- --- 1 (3.12%)

Lateral pectoral 7.04 ± 1.60 6.5304- 7.75546 --- --- --- --- ---
* Some cases suffered from the variation in their both upper extremities
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and branching pattern of the nerve fibers (14). Moreover, 
projection of contributing branches from the fourth 
cervical (C4) or the second thoracic (T2) spinal root to 
brachial plexus was seen (13-16).  

Anatomical abnormalities might affect the conduction 
of the various brachial plexus blockades that have 
been extensively utilized as a component of anesthesia 
for upper extremity surgeries at the last century (16). 
Moreover, some variations, surprisingly, cause the 
damage of the plexus following radical neck dissection 
and other surgical operations of the axilla and upper 
arm (17). 

Furthermore, anomalies of brachial plexus could 
face surgeons to failure during procedures and 
surgical management of brachial plexus tumors or 
trauma (18-19).

Nowadays, the anesthetic implications such as blockage 
in different levels of the brachial plexus (interscalene, 
infra clavicular, supra clavicular and axillary) are used 
in different surgeries (such as the shoulder, elbow, arm, 
forearm or hand) or post-operative analgesia (such as 
shoulder arthroplasty). A better understanding of the 
brachial plexus variations may lead to a facilitated nerve 
blockage. Inasmuch as the nerve palsy syndrome can 
arise from a neuroanatomical variation and it’s relation 
with a respective muscle, descriptions of nerve variations 
are beneficial in clinical practice and diagnosis. 

Our findings in the present study are summarized 
in table 4 Our data of most of neuroanatomical 
variations of the brachial plexus were consistent with 
those reported previously (13-16, 20-21). Albeit, the 
percentages in the present study differ from those of the 

Table 3. The terminal branches of Brachial Plexus

Mean of  Length (cm) 95% Confidence Interval

Variations

Male (n=42) Female(n=22)
Total Cadavers

(n=32)*Right
(n=21)

Left
(n=21)

Right
(n=11)

Left
(n=11)

Axillary 3.9 ± 0.5 3.7-4.1 2 2 3 2 5 (15.62 %)

Radial 7.6 ± 1.3 7.2-8.12 1 1 --- --- 1 (3.12 %)

Ulnar 56.3 ± 2.7 55.5-57.2 1 1 2 2 3 (9.37 %)

musculocutaneous 12.6 ± 2.2 12.1-13.1 5 4 2 3 8 (25 %)

Median 58.5 ± 7.4 57.0-60.0 8 8 3 3 11 (34.37 %)
* Some cases suffered from the variation in their both upper extremities

Table 4. All of the findings in the present study

Number of plexusesNumber of casesAnomaly

63C4 spinal root contributed to origin of the brachial plexus (pre-fix)

21T2 spinal root contributed to origin of the brachial plexus (post-fix)

126The long thoracic nerve pierced the middle scalene muscle

74Suprascapular nerve encompassed the nerve formation from posterior division of the superior trunk

105A anastomosis between the medial brachial cutaneous nerve and T1 spinal root

3317The inferior trunk gave origin to the medial antebrachial cutaneous nerve

63The subscapular nerve was directly formed by C5 spinal root

21The medial pectoral nerve sprouted from anterior division of medial trunk

21Thoracodorsal nerve originated from the axillary nerve

63The ulnar nerve received a communicating branch from lateral cord

126The median nerve was formed by two lateral roots from lateral cord and one medial root from the 
medial cord

105the musculocutaneous nerve gave communicating branch to median nerve or median nerve took one 
branch from the posterior cord of the plexus

148C7 root enters to musculocutaneous nerve

21C7-T1 roots were directly projected to make radial nerve

84The axillary nerve originated from the posterior divisions of middle trunks

11The axillary nerve originated from the posterior divisions of superior trunks
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preceding researches which may be due to a difference 
in the sample size. As we mentioned above, most of 
the frequencies of the variations in different parts of 
the brachial plexus belonged to the terminal branches. 
This needs to be considered by neurosurgeons or hand 
surgeons.

Consistent with the findings of Fazan et al (22), 
our results indicated that the musculocutaneous 
nerve received a communicating branch from C7. 
Furthermore, in line with the results of Kirazliet al (23) 
and El Falougy et al (24), we found that appearance 
of communicating branches between the median and 
the musculocutaneous nerves was partly common. 
The presence of communicating branches can be of 
importance in the evaluation of unexplained sensory 
loss after trauma or surgical intervention in a particular 
region. The absence of the musculocutaneous nerve 
has been previously reported (25-26); however, such 
variation was not seen in any of our cases. 

Sargon et al (27) reported the formation of the median 
nerve by three roots in that one of the lateral cord 
roots was located with a very close course over the 
axillary artery. This variation was present in 18.75% 
of the cadavers in the present study. It should be noted 
that this type of variation is attend to injury in surgical 
operations of the axilla and may lessen the blood supply 
of the upper extremity by compressing the vessel due 
to the very close course of the second lateral root of the 
median nerve to the axillary artery.

Surprisingly, the origin of the upper subscapular 
nerve from the superior trunk and the origin of the 
thoracodorsal nerve from the axillary nerve were found 
in the present study. To the best of our knowledge, this 
has not been previously reported.

This cadaveric study improves the knowledge of 
variations in anatomy of brachial plexus that is of great 
importance to anatomists, radiologists, anesthesiologists 
and surgeons. Further, the existence of anatomic 
variations of the peripheral nervous system explains 
unexpected clinical signs and symptoms.

A limitation of the present study was the small sample 

size due to the difficulty of obtaining informed constant 
from the legal representatives for achieving fresh 
cadavers for dissection and thus the correlation analysis 
between the variations and the demographic features of 
the cadavers was impossible. To produce more reliable 
results and make a proper approach for neurosurgeons 
a meta-analysis of the brachial plexus variations is 
recommended.
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