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ABSTRACT

The brachial plexus presents a complex anatomical organization of a tangle of nerves,
with frequent variations that may have relevant clinical implications, such as the findings
of Thoracic Outlet Syndrome (TOS). This study combined anatomical dissection and
literature review to explore these variations and their similar implications in TOS. An
upper limb of a male cadaver, preserved in a 10% formaldehyde solution, was dissected
in the anatomy laboratory of the Campos Medical School. During dissection, nerve
anastomoses were identified, such as the communication between the musculocutaneous
and median nerves in the axillary region. These anatomical changes may predispose to
neurovascular compressions. The study reinforces the importance of detailed knowledge
of anatomical variations to improve diagnostic, anesthetic, and surgical interventions.

RESUMO

O plexo braquial apresenta uma complexa organizag¢ao anatomica, caracterizada por um
emaranhado de nervos, com frequentes variagées que podem ter implicagées clinicas
relevantes, como, por exemplo, nos achados da Sindrome do Desfiladeiro Toracico
(SDT). Este estudo combinou a disseccao anatomica e a revisao da literatura para
explorar essas variagoes e suas implicagoes na SDT. Foi dissecado um membro superior
de um cadaver masculino, conservado em solugao de formol a 10%, no laboratorio de
anatomia da Faculdade de Medicina de Campos. Durante a dissec¢ao, identificaram-
se anastomoses nervosas, como a comunicag¢do entre os nervos musculocutaneo e
mediano na regiao axilar. Essas alteragées anatomicas podem predispor a compressoes
neurovasculares. O estudo refor¢a a importancia do conhecimento detalhado das variagées
anatémicas para o aprimoramento de intervengoes diagnosticas, anestésicas e cirurgicas.
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INTRODUCTION

Thoracic Outlet Syndrome (TOS) is a
group of disorders resulting from compression
of neurovascular structures as they pass
through the thoracic outlet, an area located
between the neck, the upper thorax, and the
axillary region. This compression may affect
the brachial plexus, the subclavian artery, and/
or the subclavian vein, leading to different clin-
ical manifestations depending on the structure
involved!-3.

Thoracic Outlet Syndrome is classified into
three main subtypes: neurogenic, venous, and
arterial. Venous TOS occurs due to compression
of the subclavian vein and may cause swelling,
pain, and cyanosis of the affected arm*. Arterial
TOS involves compression of the subclavian ar-
tery, resulting in symptoms such as pallor, cold-
ness, and pain in the upper limb*. Neurogenic
TOS is the most common form and involves
compression of the brachial plexus, leading to
symptoms such as pain, paresthesia, and weak-
ness in the upper limbs®.

The brachial plexus is composed of the
anterior rami of the spinal nerve roots from
segments C5 to T1 of the spinal cord®. The an-
terior rami of the C5 and C6 nerve roots join
to form the upper trunk; the C7 root forms
the middle trunk; and the C8 and T1 roots
form the lower trunk’. Each trunk divides into
an anterior and a posterior division. The pos-
terior divisions of all three trunks unite to
form the posterior cord. The union of the an-
terior divisions of the upper and middle trunks
forms the lateral cord, whereas the anterior
division of the lower trunk constitutes the
medial cord’. The major nerves of the brachi-
al plexus arise from these cords: the posteri-
or cord gives rise to the axillary and radial
nerves; the lateral cord forms the musculo-
cutaneous nerve and the lateral root of the
median nerve; and the medial cord forms the
ulnar nerve and the medial root of the medi-
an nerve’®, Finally, the lateral and medial roots

of the median nerve unite to form the median
nerve proper.

The brachial plexus provides the sensory
and motor innervation of the upper limb®3and
is susceptible to anatomical variations, such as
nerve anastomoses, which lead to deviations
from the standard anatomical pattern of motor
and sensory innervation. These communica-
tions, which are highly variable, may interfere
with the pattern of anesthetic blockade of the
nerve plexus®. It is known that certain drugs
produce reversible blockade of nerve impulses
by inhibiting sodium channels, such as local
anesthetics, which may be administered with-
in or in close proximity to nerves®°. In addi-
tion, these substances may produce misleading
movements, as they can mimic and mask the
loss of original motor function, resulting in er-
rors in diagnosis and in the evaluation of clin-
ical outcomes!'-13.

Although the brachial plexus has been ex-
tensively studied, the diversity of its anatomical
variations continues to generate controversy
in the literature®2. Classical descriptions do not
always correspond to anatomical findings, un-
derscoring the ongoing need for investiga-
tion!45, Such variations may lead to an in-
creased predisposition to compression of
neurovascular structures!!.

With advances in medical technology,
improvements in traditional dissections of
fresh cadavers have been complemented, or
even replaced, by alternative methods, such
as the use of three-dimensional models and
the dissection of preserved cadavers'6Y,
These new approaches not only address eth-
ical and logistical concerns but also expand
the understanding of anatomy, enabling the
study of individual variations in an accessible
and reproducible manner?.

Using dissection techniques in preserved
cadavers, this study aims to deepen the under-
standing of anatomical variations of the brachi-
al plexus, in addition to associating these find-
ings with a review of the literature related to
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Thoracic Outlet Syndrome. By mapping nerve
pathways and bifurcations, this study seeks to
provide data that may assist surgeons and cli-
nicians in daily practice, for example by mini-
mizing the risk of complications during medical
interventions.

The research was conducted using the left
upper limb of an adult human male cadaver,
fixed and preserved in a 10% formalin solution.
The cadaver belonged to the Multidisciplinary
Anatomy Laboratory of the Faculdade de Me-
dicina de Campos. In accordance with Brazilian
Law No. 8,501 of November 30, 1992, which
regulates the use of unclaimed cadavers for
study or scientific research purposes, the ma-
terial was used in compliance with current leg-
islation. The study was reviewed and approved
by the Research Ethics Committee of the Fac-
uldade de Medicina de Campos under protocol
number 81269724.7.0000.5244.

Beginning in the supraclavicular region
and ending at the cubital fossa, a straight in-
cision was made in the anterior compartment
of the arm, following the anterior midline.
Both the skin and subcutaneous tissue were
reflected medially and laterally. To expose the
entire musculature, the fasciae were removed.
Tenotomy of the pectoralis major and minor
muscles was performed, and the clavicle was
sectioned to allow full exposure of the bra-
chial plexus, enabling identification of the
medial and lateral cords. Dissection followed
the course of the median and musculocuta-
neous nerves, proceeding from proximal to
distal, with verification of the presence of
possible nerve communications. These steps
were undertaken to ensure complete visual-
ization of the musculocutaneous nerve and
the median nerve throughout their trajecto-
ries in the upper limb.

The instruments used to assist the pro-
cedure were a Farabeuf retractor, No. 3 and
No. 4 scalpel handles, nylon suture threads,
No. 15 and No. 22 scalpel blades, surgical
gloves, straight-point surgical scissors, blunt-

point surgical scissors, anatomical forceps,
toothed forceps, and a needle holder.

The number of branches arising from each
nerve was counted, as well as their distribution
throughout the upper limb. In addition, the blood
vessels and their respective branches and tribu-
taries were examined at the axillary level. At the
end of the anatomical dissection, the observations
were documented using digital photographs.

It should be noted that, to complement
the study, a literature review was conducted
addressing anatomical variations of the bra-
chial plexus and Thoracic Outlet Syndrome,
including their clinical and diagnostic impli-
cations. The search was carried out using data
from the Scientific Electronic Library Online
(SciELO) and the Latin American and Carib-
bean Literature on Health Sciences (LILACS)
databases. The keywords used were: commu-
nication between the median and musculocu-
taneous nerves, thoracic outlet syndrome, and
neurovascular compression.

As inclusion criteria, review articles and
case reports published in full text, in Portu-
guese or English, and accessible through the
consulted platforms were considered, cov-
ering the period from 2005 to 2024. Exclu-
sion criteria included duplicate studies, re-
stricted-access publications, and those not
directly related to the objective of the study,
as well as studies using animal models, aca-
demic theses, or opinion articles. All studies
whose eligibility could not be determined
based solely on the title and abstract were
excluded from full-text assessment. Studies
written in languages other than Portuguese
or English were excluded due to the authors’
language proficiency.

Figure 1 illustrates the article search and
selection process. Initially, 175 articles were
identified; however, after applying all filters,
only 7 articles were deemed eligible for the
study. Following full-text review, 6 articles met
the inclusion and exclusion criteria and ad-
dressed aspects related to the study topic.
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References identified in
= databases. (n=175)
Scielo: 22

Lilacs: 153

IDENTIFICATION

Articles assessed. (n=75)

= Scielo: 12
n Lilacs: 63

SCREENING

L S —

Articles for detailed
= assessment. (n=7)
- Scielo: 1

Lilacs: 6

ELIGIBILITY

—

Articles included. (n=6)

= Scielo: 1
M Lilacs: 5

INCLUSION

Applied filter for full text,
published in the last 19 years
and English and Portuguese
languages

Articles that did not fit the
proposed theme, were not review
articles or reports, and had
restricted access were excluded

Articles with topics irrelevant to
the theme were excluded.

Figure 1. Flowchart of article selection for Thoracic Outlet Syndrome and nerve communications.

CASE REPORT

Following dissection of the left axillary
region, it was possible to identify a series of
visible neurovascular structures, in addition to
relevant findings of neural communication in
the proximal third of the arm. It was observed
that the musculocutaneous nerve, after pierc-
ing the coracobrachialis muscle, bifurcated
into two branches: one branch coursed toward
the median nerve, piercing the coracobrachi-
alis muscle again, while the other branch po-
sitioned itself near the biceps brachii muscle
and continued into the forearm as the lateral
cutaneous nerve of the forearm. This finding
demonstrates an important anatomical varia-
tion in the communication between the mus-
culocutaneous and median nerves. Figure 2
illustrates the dissection with multiple detailed
views of the brachial plexus.

The dissection also allowed visualization
of the axillary artery and the subclavian artery,
as well as important branches of the second

and third portions of the axillary artery, such as
the thoracoacromial artery and the subscapu-
lar artery (external mammary), respectively.
It is noteworthy that, at the axillary level, the
subclavian vein and the axillary vein were also
identified, along with one of its tributaries, the
cephalic vein, in addition to the axillary lym-
phatic plexus. Figure 3 enabled visualization
of the remaining vascular structures of the ax-
illary region. The cords of the brachial plexus
were also clearly highlighted during dissection,
particularly the medial and lateral cords.

The dissection also allowed visualization
of the axillary artery and the subclavian artery,
in addition to highlighting important branches
of the second and third portions of the axillary
artery, such as the thoracoacromial artery and
the subscapular artery (external mammary), re-
spectively. It is noteworthy that, at the axillary
level, the subclavian vein and the axillary vein
were also identified, along with one of its trib-
utaries, the cephalic vein, as well as the axillary
lymphatic plexus. Figure 3 enabled visualization
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Figure 2. Dissection of the left brachial plexus
showing: 1 - lateral cord; 2 - lateral root of the me-
dian nerve; 3 — musculocutaneous nerve; 4 - medi-
an nerve; 5 — coracobrachialis muscle; 6 - branch of
the musculocutaneous nerve (variation); 7 - neural
anastomosis between the musculocutaneous and
median nerves.

of the remaining vascular structures of the ax-
illary region. The cords of the plexus were also
clearly identified during dissection, particularly
the medial and lateral cords®. These structures
pass through narrow spaces, such that muscu-
lar alterations and bony deformities may lead
to their compression?'. Among the main causes
of this condition are structural abnormalities,
such as the presence of cervical ribs or anom-
alous fibrous bands, hypertrophy or excessive
tension of the scalene muscles, as well as trau-
ma or repetitive microtrauma associated with
prolonged arm elevation movements?'#26,
Table 1 presents a detailed description of the
causes of Thoracic Outlet Syndrome.

Figure 3. Detailed dissection of the left axillary re-
gion showing: 1 - axillary vein; 2 - cephalic vein; 3
- subclavian vein; 4 - axillary artery; 5 - subscapu-
lar artery (external mammary), a branch of the third
portion of the axillary artery; 6 - thoracoacromial
artery, a branch of the second portion of the axillary
artery; 7 - axillary lymphatic plexus.

Additionally, the anatomical variations
observed, such as accessory branches or al-
terations in the communications among the
nerves of the brachial plexus, represent find-
ings that are rarely described in the literature
and may predispose to nerve compression®%2.
These uncommon anatomical variants altered
the mechanical and biological balance of the
thoracic outlet, increasing the risk of neuro-
vascular compression.

In addition to the anatomical dissection,
a literature review was conducted to contex-
tualize the findings observed at the Multidis-
ciplinary Anatomy Laboratory of the Faculdade
de Medicina de Campos. The initial search
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Table 1. Causes Associated with Thoracic Outlet Syndrome.

CAUSES DESCRIPTION

Cervical ribs
the thoracic outlet.

Presence of additional or ectopic ribs that may compress vessels and nerves within

Anomalous fibrous bands

Fibrous tissue strands that may restrict the thoracic outlet space, leading to neu-
rovascular compression.

Hypertrophy or tension of
the scalene muscles

Increased volume or excessive tension of the scalene muscles may reduce the space
available for the brachial plexus and vessels.

Trauma or repetitive micro-  Injuries caused by repetitive movements or cumulative trauma over time, such

trauma

as activities involving prolonged arm elevation.

Accessory branches of the
brachial plexus

Presence of additional nerve branches or variations in nerve communications,
affecting neural transmission and predisposing to compression.

Alterations in nerve commu- Modifications in the nerves of the brachial plexus, leading to anatomical

nications

Adapted from: Masocatto, et al, 2019%.

identified 175 articles, of which 6 were includ-
ed after application of the eligibility criteria.
These studies primarily addressed anatomical
communications between the musculocutane-
ous and median nerves, as well as the clinical
implications of these variations in Thoracic
Outlet Syndrome?-26,

Among the reviewed articles, Ballesteros
et al?? (2015) and Lamonica et al® (2015) stand
out for presenting a detailed classification of
anastomoses between the musculocutaneous
and median nerves, which directly aligns with
the anatomical finding of the present study. In
contrast, Masocatto et al?' (2019), Silvestri et
al?* (2005), and Silva Filho et al*(2021) discuss
the etiology of Thoracic Outlet Syndrome with
emphasis on structural variations, such as cer-
vical ribs, reinforcing the argument that ana-
tomical alterations are predisposing factors for
neurovascular compression, particularly in the
axillary region.

DISCUSSION

Difficulty in preserving structures and
study limitations

Medical technology has enabled improve-
ments in traditional dissection methods using

changes that may favor neurovascular compression.

fresh cadavers, which have been complement-
ed by alternative techniques or even re-
placed in some contexts!. Currently, the use of
three-dimensional models and the dissection
of formalin-fixed cadavers has become more
common"® However, despite these advanc-
es, it is important to acknowledge that certain
anatomical structures, particularly those that
are more fragile or delicate, may be lost or be-
come more difficult to preserve under these
conditions. This occurs due to changes caused
by chemical fixation with formalin and by tis-
sue manipulation, which may affect the fidel-
ity and visibility of specific anatomical fea-
tures, such as smaller blood vessels, peripheral
nerves, and finer connective tissues!.

The present study was limited by the use of
only a single dissected upper limb, which does
not allow generalization of the findings. There-
fore, future studies with larger sample sizes
may complement these data and strengthen the
association between anatomical variations and
Thoracic Outlet Syndrome.

Communication between the musculocuta-
neous and median nerves

The anastomotic finding identified at the
Anatomy Laboratory of the Faculdade de Me-
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dicina de Campos is consistent with reports in
the literature, as it predominantly occurs uni-
laterally rather than bilaterally®. Furthermore, a
predominance of the left side has been reported
in previous studies, which is consistent with the
finding observed in the laboratory. The commu-
nication between a branch of the musculocuta-
neous nerve, after it re-enters the more distal
portion of the coracobrachialis muscle, and the
median nerve is described in the literature as a
highly prevalent variation among musculocuta-
neous nerve alterations®.

According to Sirico et al.? (2019), the prev-
alence of communications between the mus-
culocutaneous and median nerves ranges from
15% to 43% across different populations, with a
higher occurrence of Le Minor type I, in which
the musculocutaneous nerve gives off branches
to the median nerve after piercing the coraco-
brachialis muscle'2.

Compression of the musculocutaneous
nerve is rare; however, this condition may occur
due to abnormal hypertrophy of the coracobra-
chialis muscle, as well as improper arm posi-
tioning during sleep, since the coracobrachialis
serves as a passage point for the musculocuta-
neous nerve'®®. Consequently, the clinical signs
may resemble those found in carpal tunnel syn-
drome and even Thoracic Outlet Syndrome®.

In addition, reports indicate a significant
prevalence of these communications, high-
lighting the need to contextualize the clinical
relevance of this finding. The presence of an
anastomosis may affect patterns of motor and
sensory innervation, interfering with clinical
diagnosis, anesthetic nerve blocks, and surgical
procedures®. For this reason, such variations
may mimic symptoms of Thoracic Outlet Syn-
drome or even mask neurological signs of oth-
er neuropathies!?. From a surgical perspective,
awareness of these variations is essential to
avoid iatrogenic injury, particularly during pro-
cedures such as thoracic outlet decompression
or repair of brachial plexus injuries®.

Signs and symptoms of Thoracic Outlet
Syndrome

Thoracic Outlet Syndrome shows a higher
prevalence in women, particularly between 20
and 50 years of age, which has been attribut-
ed to anatomical and hormonal differences, as
well as occupational patterns, with a higher fre-
quency in activities involving arm elevation?'.

Thoracic Outlet Syndrome may present
with neurological, arterial, and even venous
symptoms®. Neural compression in TOS can
lead patients to develop a range of symptoms,
with pain being one of the most predominant.
In these patients, pain is described as tingling
or burning in nature, may vary in intensity, and
often has an imprecise localization®. The most
commonly painful areas include the lateral re-
gion of the head and neck; the region of the
rhomboid muscles (major and minor) and the
suprascapular region; as well as the lateral as-
pect of the upper limb and the dorsal surface of
the hand (between the first and second fingers),
in addition to the nuchal region, the medial as-
pect of the upper limb, and the fourth and fifth
fingers. It should be noted that these patients
may also present with muscle weakness and
trophic changes, such as muscle atrophy™.

Vascular compressions are less common
but present a wide variety of semiological clini-
cal signs and may involve either venous or arte-
rial vessels. Venous compression causes a sen-
sation of heaviness due to edema, in addition
to venous engorgement, cyanosis, pain, and in-
creased skin temperature'. In contrast, arterial
symptoms may include Raynaud phenomena, as
well as ischemia, gangrene, fatigue, pain, pallor,
and ulcers®.

Diagnosis of Thoracic Outlet Syndrome

To confirm the diagnostic hypothesis of
Thoracic Outlet Syndrome, a detailed medical
history and a comprehensive physical examina-
tion are essential. Physical examination of a pa-
tient with TOS includes inspection, palpation,
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and percussion, in addition to the performance
of special maneuvers??. During inspection,
symmetry of the musculature in the thoracic
outlet region, the patient’s body habitus, and
the presence of bulging, signs of ischemia, and
deformities are assessed.

During palpation, pulsatility, sensitivity,
mobility, and tissue consistency are evaluated,;
in addition, the presence of bruits or thrills is
investigated. To complete the physical exam-
ination, percussion of the supraclavicular fos-
sa is performed to assess the presence of pain,
known as Tinel’s sign'°.

Special tests and maneuvers, such as the
Wright maneuver, Roos test, and Adson ma-
neuver, may be performed to support the diag-
nostic hypothesis?2. However, it should be em-
phasized that none of these maneuvers alone
is confirmatory for the diagnosis of Thoracic
Outlet Syndrome, as they may also assist in the
identification of other diseases and syndromes.
The maneuver with the highest reliability is the
Adson maneuver, which consists of instruct-
ing the patient to turn the head toward the af-
fected side while maintaining neck extension,
combined with abduction and slight extension
of the arm. During this movement, arterial pul-
sation on the same side is assessed and is con-
sidered positive when there is a reduction or
absence of the pulse?223,

Treatment of Thoracic Outlet Syndrome

Initially, clinical management of Thoracic
Outlet Syndrome aims primarily to relieve the
patient’s symptoms. This includes measures
such as the use of simple analgesics, muscle
relaxants, anxiolytics, and anti-inflammato-
ry drugs, as well as the application of warm
compresses to the thoracic outlet region and
the recommendation of rest??23. Patients are
also advised to follow the principles of lifestyle
medicine, including weight reduction when
necessary, adoption of healthy lifestyle habits,
modification of occupational activities to avoid

arm hyperabduction, avoidance of carrying
heavy objects or shoulder bags, and strength-
ening of the shoulder girdle muscles. In cases
of venous involvement, therapeutic manage-
ment may include anticoagulation and throm-
bolytic therapy?3.

When clinical treatment is insufficient to
achieve symptom relief, surgical intervention
is indicated and is required in approximately
15% of cases. The main surgical techniques aim
to decompress the involved anatomical struc-
tures, including resection of the anterior sca-
lene muscle, the first rib, a cervical rib, or fi-
brous bands responsible for compression of the
neurovascular bundle?23,

Among the described surgical approach-
es, the transaxillary approach stands out as
historically the most commonly used due to
being less invasive and more cosmetically ac-
ceptable, although it has limitations regard-
ing vascular visualization. The supraclavicular
approach provides broad exposure of the vas-
cular structures and the brachial plexus and
is often preferred for resection of the scalene
muscles, the first rib, and cervical ribs. Infra-
clavicular approaches and anterior or posterior
thoracoplasty techniques are less commonly
employed. It should be noted that the posteri-
or approach, in particular, is rarely used due to
the high associated morbidity and the forma-
tion of extensive scarring??2s.

It can therefore be concluded that detailed
knowledge of anatomical variations and nerve
anastomoses of the brachial plexus is of funda-
mental importance in considerations related to
Thoracic Outlet Syndrome. When associated
with atypical anatomical findings, such as com-
munication between the musculocutaneous
and median nerves, these factors may increase
the predisposition to neurovascular compres-
sion, especially in anatomically vulnerable re-
gions such as the axillary region, resulting in
signs and symptoms that may mimic Thoracic
Outlet Syndrome.
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In this context, an in-depth understanding
of these variations not only supports differen-
tial diagnosis but also enhances medical prac-
tice, contributing to greater safety in surgical
and anesthetic procedures.

Furthermore, the importance of integrat-
ing traditional anatomical dissection approach-
es with modern methods, such as the use of
three-dimensional models, is emphasized in
order to expand the precision, reproducibility,
and scope of anatomical studies. In this way, the
present work establishes a foundation for fu-
ture investigations and contributes to medical
education and to clinical practice grounded in
refined anatomical knowledge.
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