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Methods: Dissections were performed bilaterally on 30 formalin-fixed adult cadavers to
expose the individual segments and branches of the brachial plexus. Subsequently, various
measurements were taken. Measurements included the length of the roots, trunks, divisions,
cords, and terminal branches (musculocutaneous, median, ulnar, radial, and axillary nerves).

Results: The statistical test revealed the Mean+SD length of the middle and inferior trunk
was 34.75+£29.6 mm and 39.8+14.2 mm respectively. The Mean+SD of lateral cord was
47.75£14.98 mm, the posterior cord 45+13.20 mm, and the medial cord was 48.75+16.44 mm.
The terminal branches were as follows: Musculocutaneous nerve 67+25.03 mm, median nerve
206.20+116 mm, ulnar nerve 219.70+29.70 mm, radial nerve 117.30£17 mm and axillary
nerve 65.60%13.30 mm.

Conclusion: A thorough understanding of all relevant anatomical landmarks is mandatory
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Length, Variation. *  clinicians in pre- and perioperative surgical planning.

* Corresponding Author:

Sabashnee Govender-Davies, PhD.

Address: Department of Anatomy and Histology, School of Medicine, Sefako Makgatho Health Sciences University, Ga-Rankuwa, South Africa.
Tel: +98 (27) 125214502

E-mail: Sabashnee.govender@smu.ac.za



http://anatomyjournal.ir/
https://orcid.org/0000-0001-5647-8757
https://orcid.org/0000-0001-6738-9071
mailto:Sabashnee.govender%40smu.ac.za?subject=
http://anatomyjournal.ir/page/120/Open-Access-Policy
http://anatomyjournal.ir/page/120/Open-Access-Policy

Summer & Autumn 2022, Volume 19, Number 2

1. Introduction

he brachial plexus (BP) is a network of

nerves originating in the periclavicular

region and provides sensory and motor

innervation to the upper extremity. The

plexus is an important structure due to its
anatomical location and vulnerability to damage [1].
Therefore, BP injuries are common and can result from
accidental, traumatic, or surgical incidences [2]. As such,
surgeons need to be able to locate individual plexus seg-
ments or nerve branches when performing procedures.
However, it can prove challenging to identify the union
and dividing sites of nerves within the BP [3]. There is
considerable diversity of opinion regarding the anatomi-
cal landmarks for the BP. The supraclavicular triangle
or pectoralis minor muscle is commonly used as a refer-
ence point [4]. However, these landmarks do not predict
the branching pattern of nerves within the plexus. There-
fore, it is essential to map the segmentation and branch-
ing patterns of individual nerves within the BP, as this
can lead to the successful management of regional anes-
thesia and positive outcomes from surgical intervention.

The primary aim of this study was to determine the av-
erage length of individual segments and nerve branches
within the BP. The secondary purpose was to provide in-
sight into the anatomical landmarks and variations that
may occur within the BP in the periclavicular area. To
our knowledge, this is one of a few studies that examined
the length of the BP segments and nerve branches.

2. Material and Methods

Once approval was obtained, thirty formalin-fixed adult
cadavers (24 males and 6 females) were used in this study.
All cadaveric material was handled in accordance with the
South African National Health Act, 61 of 2003. Demo-
graphic information was recorded and kept confidential. The
cadavers ranged from 28 to 83 years of age. To expose the
BP, cadavers were placed in a supine position, with the arm
abducted for greater access to the axilla region. Several skin
incisions were done bilaterally (n=60) from the anterior tu-
bercle of the cervical transverse process to the distal aspect
of the hand. Dissections were performed from superficial to
deep using a standard dissection kit to ensure the removal of
structures while noting the anatomical landmarks. After skin
incisions, the platysma, sternocleidomastoid, pectoralis (both
major and minor), and anterior and middle scalene muscles
were reflected at their insertion sites, while the clavicle was
removed. The terminal branches of the BP were further dis-
sected to expose their course within the anterior and posterior
compartments of the arm, forearm, and hand.

The following measurements were taken using a slid-
ing dial caliper: 1. The length of the roots from the cervi-
cal (and thoracic) transverse process (the first tangible
landmark) to the uniting point of the superior and infe-
rior trunk (and continuation point of the middle trunk),
2. The length of the trunks from the point of unity to the
point of division, 3. The size of the divisions from the
point of division to the point of uniting (continuation), 4.
The length of the cords from their point of unity to the
point of division, 5. The size of the individual terminal
branches (musculocutaneous, median, ulnar, radial, and
axillary nerves) from their point of division along their
course towards an end target structure (Figure 1).

Upon inspection of the course of the terminal branch-
es—specifically the median, radial, and ulnar nerves, most
branches were cut or damaged in the forearm region.
Therefore, to keep measurements consistent, the median,
radial, and ulnar nerves were measured until their entry/
course through the cubital fossa before the nerves gave
off branches or further divided into terminal branches.
The musculocutaneous nerve was measured to its end-
point as it pierced the coracobrachialis muscle, and the
axillary nerve was measured at its endpoint, which was
its entry into the triangular interval.

Photographs that included a scale were taken of each
sample (Figure 2). Images were then uploaded onto Im-
agel] softeware, version 1.53t (year 2022, 64-bit, Java 8) to
confirm the measurements taken. Additionally, any varia-
tions found within the BP were noted and recorded. Ana-
tomical landmarks related to the segments and branches
of the BP were noted throughout its entire course.

Statistical analysis

All measurements taken were inputted into a Micro-
soft Excel spreadsheet. Statistical analyses included
descriptive statistics, Mean+SD, and the minimum and
maximum values of measurements. Inter-rater and intra-
rater methods were used to further confirm validity and
accuracy. The principal investor completed all measure-
ments twice, first by using cotton and a sliding dial cali-
per and secondly by using image J to confirm measure-
ments from the photographs. A secondary investigator
completed 25% of the measurements which were further
tested for accuracy using a student t-test. After testing
the data for normality, comparisons between the left- and
right-hand sides were done using a paired t-test. If the
data was not statistically significant, the data were then
pooled together to create a list of means with new stan-
dard deviations.
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Figure 1. llustrated image displaying the various measurements taken bilaterally

a) The distance from the transverse process to the uniting point of the superior and inferior trunk, b) The distance from the
point of unity to the point of division, c) The distance from the point of division to the point of uniting, d ) The distance from the
point of unity to the point of division, i) Distance of the musculocutaneous nerve, ii) Distance of the axillary nerve, iii) Distance
of the radial nerve, iv) Distance of the median nerve, v) Distance of the ulnar nerve

3. Results
Measurements

All statistical analysis was performed using SPSS , version
26. Results revealed the data to be normally distributed. Sub-
sequently, paired t-tests were performed for left- and right-
hand side measurements. Normality was further confirmed
as the mean for each measurement was twice the standard
deviation. Overall, there were 11 comparisons, due to which
the Bonferroni correction method was adopted. This correc-
tion method is used to alter the P when numerous dependent
or independent statistical tests are being performed simul-
taneously on a single data set. The Bonferroni correction
method decreases the chances of obtaining type I errors when
multiple paired tests are performed on a single data set. The
test is done by dividing the critical P (o/alpha) by the number
of comparisons made. For this study, it was 0.05/11=0.0045.
Therefore, significance was determined by a P<0.0045. Table
1 summarizes the results from the paired t-tests.

Results from the paired t-test displayed a statistical sig-
nificance between left- and right-hand sides for the supe-
rior trunk as the P<0.0045 (confidence interval of 95%).
Measurements that weren’t statistically significant were
then pooled together to create means for each measure-
ment with a new standard deviation (Table 2).

Anatomy

Upon dissection of the BP segments and branches, the
plexus roots were found to be damaged in most samples.
Therefore, only variations (rather than measurements)
in the plexus roots were noted. All BPs were found be-
tween the anterior and middle scalene muscles. From the
total sample size (n=60), 90% of the sample displayed
normal anatomy, while the remaining 10% displayed
abnormal variants. In 5% (n=3) of cases, the median
nerve was seen splitting into the individual nerve roots
(lateral and median) before entering the forearm com-
partment. In 3.3% (n=2) of the cases, the axillary nerve
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Figure 2. Cadaveric image of the dissected BP running through the upper limb (with a scale included)

gave off anterior and posterior branches before enter-
ing the quadrangular space. Lastly, in 1.7% (n=1), the
median nerve gave off multiple secondary (muscular)
branches before entering the forearm. Moreover, the BP
was evaluated for pre and post-fixtures. Results revealed
that 30% of the sample had a pre-fixed BP, while 10%
was post-fixed. The remaining cadavers were normally
fixed (60%).

4. Discussion

Variations of the BP and its terminal branches are not
uncommon and have been thoroughly documented [5].
Therefore, it is essential to understand the complex ana-
tomical structure of the BP to be able to apply surgical
procedures to both normal and variant BPs. Further-
more, anatomical landmarks, variations, and segmental
distances are useful in a clinical setting to help reduce
the risk of complications or the number of failed regional
nerve blocks. This study aimed to determine the aver-
age length of individual segments and branches of the
BP. Results from this study revealed no significant dif-
ference between the left- and right-hand sides. The BP

segments and branches were easy to identify and follow
along their course towards their terminal destination. To
our knowledge, this is only one study that reported on
the distances of the parts of the BP (Table 2).

In a study conducted in Iran, the BP of 32 fresh none
embalmed cadavers were evaluated. The cadavers were
dissected bilaterally to measure the terminal branches of
the BP. Results from the study reveal the mean length
for the terminal branches to be as follows: The axillary
nerve 3.9£0.5 cm (confidence interval 3.7-4.1), the radi-
al nerve 7.6%+1.3 cm (confidence interval 7.2-8.1), the ul-
nar nerve 56.3+2.7 cm (confidence interval 55.5-57.2),
the musculocutaneous nerve 12.6+2.2 cm (confidence
interval 12.1-13.1) and the median nerve 58.5£7.4 cm
(confidence interval 57—60) [6]. Compared to the current
study, the length of the axillary nerve was similar. How-
ever, the size of the musculocutaneous nerve was half of
that found in Emambhadi et al.’s study [6]. Discrepancies
in the musculocutaneous distance could result from di-
verse measuring points, as the start and endpoints were
not specified. Additionally, the radial, ulnar, and median
nerves were almost double the distance compared to the
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Table 1. Results from the paired t-tests for left- and right-hand side measurements

Right Side Measurements

Left Side Measurements

Length P
No. MeanzSD (mm) No. MeanzSD (mm)
Superior trunk 29 40.21£12.90 29 33.69+11.09 0.00044"
Inferior trunk 28 43.61£9.82 28 41.68+10.48 0.073
Middle trunk 29 37.34+11.36 29 47.48+54.65 0.15
Lateral cord 28 49.71+£10.53 28 49.39+8.57 0.42
Posterior cord 27 47.52+12.36 27 45.96+13.45 0.20
Medial cord 27 49.6746.91 27 51.15+7.88 0.18
Musculocutaneous nerve 28 69.54+13.58 28 74.04+18.92 0.026
Median nerve 24 256+57.45 24 259.55456.11 0.21
Ulnar nerve 23 223.43+30.94 23 215.91+29.87 0.0052
Radial nerve 22 117.7715.55 22 116.91+19.57 0.32
Axillary nerve 23 66.39+13.14 23 64.91+14.81 0.21

SD: Standard deviation.

"Measurements that were statistically significant as the P<0.0045.

current study. However, the endpoint of these nerves was
at the cubital fossa, whereas, in Emamhadi et al.’s., study
the endpoints of the nerves were followed towards the
terminal muscles in the forearm.

Lee et al. conducted a study to determine the normal
morphometric landmarks of the uniting and dividing
points of the BP. Using 10 adult cadavers, the BP was ex-
posed to allow for various measurements above and be-
low the clavicle [3]. Results from the supraclavicular re-
gion revealed the distance from the chassaignac tubercle
to the uniting point of the superior trunk (the root of the
BP) was 21£7 mm. The distance from the Chassaignac
tubercle to the dividing point of the superior trunk was
42+5 mm. The distance from the chassaignac tubercle
to the dividing point of the middle trunk was similar to
the superior trunk, 43+10 mm. Additionally, the average
distance from the superior border of the clavicle to the
uniting point of the superior trunk was 44+11 mm, while
the distance to the dividing point of the superior trunk
was 194 mm. Results from the infraclavicular region
revealed the distance from the inferior border of the clav-
icle to the uniting point of the lateral cord was 1.5+8 mm.
The distance from the inferior border of the clavicle to
the exit point of the musculocutaneous nerve was 49+12
mm. The distance from the inferior border of the clavicle
to the uniting point of the median nerve was 57+7 mm.

The distance from the inferior border of the clavicle to
the uniting point of the ulnar nerve was 3.3+10 mm. In
most cases, the musculocutaneous nerve exited at a point
22 mm distal to the lateral margin of the pectoralis minor
muscle rather than 16 mm proximal to the lateral margin
of the muscle [3]. Results from Lee et al.’s., study are
different from the current study as they focused on the
clavicle being the main point of reference when taking
measurements. Furthermore, they only reported on parts
of the BP, not the entire BP.

In another study, the length of the branches of BP was
measured in an adult cadaveric sample. The authors re-
ported that, on average, the uniting points of the trunks
from the intervertebral foramen were 43 mm from the
spinal root C5, 50 mm from spinal root C6, and 58 mm
from the spinal root C7. The average length of the lateral
cord was 60 mm, while the average length of the medial
cord was 50 mm [7]. Compared to the current study, the
average length of the lateral cord was shorter, 48 mm
(ranging from 42 to 55 mm). The average length of the
medial cord was comparable (49 mm).

In a study conducted by Zhong et al., the detailed mi-
croanatomy of the BP roots was explored to provide an
anatomical basis for BP injuries. The authors used the
cervical and thoracic region of 15 adult anticorrosive ca-
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Table 2. Summary of the descriptive statistics after pooling the data together

Interquartile Range Interquartile Range

Measurement Segment/Branch MeanSD (mm)

Lower Upper

Middle trunk 34.75+29.6 28.5 49

Trunks

Inferior trunk 39.8+14.2 34.5 48

Lateral cord 47.75+14.98 42 54.5
Cords Posterior cord 45+13.20 39.25 50.75
Medial cord 48.75+16.44 46 53.50

Musculocutaneous 67+25.03 59.50 82

nerve

Median nerve 206.20+£116.0 201.50 293

Terminal branches Ulnar nerve 219.7029.70 192 239
Radial nerve 117.30£17.0 111.50 122.5

Axillary nerve 65.60+£13.30 56.50 75

SD: Standard deviation.

daveric samples. Results revealed the origin of the ante-
rior nerve roots in the dorsal to a ventral direction to be a
minimum of 2.2 mm at C5, while the maximum was 3.1
mm at T1. The posterior nerve root was a maximum of
4.2 mm at C5, yet a minimum of 2.7 mm T1. Addition-
ally, the authors recorded the angle between the anterior
and posterior nerve roots. The angle between the anterior
root and spinal cord gradually decreased from 51.4" at
C5t021.7°at T1. Likewise, there was a gradual decrease
in the angle of the posterior roots from 54.8" at C5 to
19.9" at T1. The authors concluded their study, by stating
that nerve roots C7-8 and T1 of the BP were more prone
to injury when compared to nerve roots C5-6 [8].

In a recent study, the origin of the anterior and posterior
divisions of the BP with their respective trunks, as well
as the positions of the cords of the BP were examined.
Results revealed the posterior divisions had a cranial and
dorsal origin, while the anterior divisions had a caudal
and ventral origin. Regarding the position of the cords,
the posterior cord was most cranial, while the lateral
cord was central and the medial cord was most caudal.
Additionally, they found the posterior division of the su-
perior trunk to be between the suprascapular nerve and
its anterior division. The authors concluded that the BP
diagrams in most articles differ in terms of the arrange-
ment of the posterior division of the superior trunk [9].

Although the BP is formed from spinal roots C5 to
T1, it can receive contributions from C4 and T2. If it
receives contributions from spinal root C4, the BP will

be formed from spinal roots C4 to C7 and is described
as being pre-fixed. However, if it receives contributions
from spinal root T2, the BP will be formed from spinal
roots C6 to T2 and is described as being post-fixed. In
the current study, 30% of the sample was found to be
pre-fixed, while 10% was post-fixed. These results were
much higher than previous studies, which reported an
average of 22% / 9.4% pre-fixed [6, 10] and 1% / 3.1%
post-fixed [11, 6]. In a cadaveric fetal study, the BP was
normally formed with contributions from both spinal
roots C4 and T2 in all cases [1]. In a more recent study,
the BP was found to have four trunks, with contributions
from both the C4 and T2 in 5% of the study [12].

Throughout the dissections, anatomical landmarks
were noted for the various segments of the BP. The an-
terior rami of the spinal nerve roots of the BP exit at the
intervertebral foramen. The roots then travel in-between
the anterior and middle scalene muscles via the sulcus
nervi spinalis of the transverse process at grade as de-
scribed by Lee et al. [3]. In the majority of our cadavers,
the superior and middle trunks were noted to form at the
anterolateral border of the middle scalene muscle. While
the inferior trunk formed at the medial margin of the first
rib. The trunks then were divided into their anterior and
posterior divisions in the supraclavicular fossa at the
level of the 1% rib. Regarding the subclavian artery, the
superior and middle trunks were found anterolateral to
the artery, while the inferior trunk was located posterior
to the artery. The divisions then united into the cords po-
sitioned around the axillary artery. The lateral cord was

Hlongwan H. et al. Length Analysis of the Brachial Plexus Sections. ASJ. 2022; 19(2), 65-72.


http://anatomyjournal.ir/

found lateral to one-third of the axillary artery, while the
medial cord was found medial to the same one-third of
the axillary artery. The posterior cord was located poste-
rior to one-third of the artery.

Subsequently, the anatomical landmarks related to the
course of each of the terminal branches were also noted.
The musculocutaneous nerve, which is the lateral cord’s
terminal branch, originates/emerges at the inferolateral
border of the pectoralis minor muscle. The nerve then
pierced the coracobrachialis muscle (lower half of the
muscle) to travel inferiorly between the biceps brachii
and brachioradialis muscles. Proximal to the cubital fos-
sa, the nerve continued into the forearm as the lateral cu-
taneous nerve. The axillary nerve branched off the pos-
terior cord to travel posteriorly through the quadrangular
space to enter into the posterior compartment of the arm.
It then travels inferolateral on the subscapularis muscle
to further split into anterior and posterior branches. The
radial nerve (terminal branch of the posterior cord) trav-
els posteriorly through the triangular interval to enter
the arm’s posterior compartment. Once there, the nerve
traveled inferiorly in the radial groove towards the lat-
eral epicondyle. It then entered the cubital fossa anterior
to the lateral epicondyle to terminate into its superficial
sensory and deep motor branches.

The median nerve traveled inferiorly down the arm, an-
terior to the axillary artery, and lateral to the brachial ar-
tery. At the origin of the brachioradialis muscle, the me-
dian nerve crossed over the brachial artery to lie medial
to the artery while entering the cubital fossa. Then, the
nerve traveled through the flexor digitorum profundus
and flexor digitorum superficialis muscles in the fore-
arm while giving off two major branches. It then trav-
eled through the carpal tunnel to enter the hand before
terminating into two branches. Lastly, the ulnar nerve
descended the arm, between the axillary artery and vein.
Midway down the artery, the nerve shifted to lie medial
to the brachial artery. It then pierced the fascial septum
to enter the posterior compartment of the arm to travel
posterior to the medial epicondyle to enter the forearm.
In the forearm, the nerve traveled deep to the flexor carpi
ulnaris towards the wrist joint. At the joint, the nerve was
found superficial to the flexor retinaculum of the hand
and medial to the ulnar artery while entering the hand.

5. Conclusion

A thorough understanding of all relevant anatomical
landmarks is mandatory for any successful procedure.
Common techniques such as BP blocks require de-
tailed anatomical literature due to the complexity and

Summer & Autumn 2022, Volume 19, Number 2

variability of the plexus. The mean length of the trunks
was 37.3+£2.5 mm, and the cords 47+1.8 mm. The mean
length of the terminal branches ranged from 65 to 220
mm. Results from this study will add to the understand-
ing of the anatomy of the BP and further assist clinicians
in pre- and perioperative surgical planning.

Limitations and recommendation

A major limitation of this study was the sample size.
Therefore, we recommend future studies with a larger
sample size together with the aid of imagining modali-
ties such as ultrasound guidance to fully evaluate the
anatomy of the BP. Additionally, as this was a retrospec-
tive investigation using already embalmed cadavers, tis-
sue shrinkage may influence the measurements.
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