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KEY POINTS

� The subclavian artery and brachial plexus travel together through the costoclavicular space poste-
rior to the anterior scalene muscle, whereas the subclavian vein travels anterior to the anterior
scalene muscle.

� The brachial plexus is composed of C5-T1 nerve roots, trunks, divisions, cords, and branches, and
variability in development may influence anomalies of the surrounding structures.

� The first rib normally develops from the T1 costal process to the manubrium. Anomalous first ribs
originate from T1 and may fuse to the second rib, whereas cervical ribs arise from cervical vertebral
bodies (usually C7).

� The scalene muscles may have significant variability, including several anomalies associated with
thoracic outlet syndrome.
INTRODUCTION

The thoracic outlet is defined as the space in the
lower neck between the thorax and axilla through
which the subclavian vein, subclavian artery, and
brachial plexus travel from their central origins to
their peripheral termini. It is bounded by the clav-
icle anteriorly, the first thoracic rib posteriorly,
the insertion of the pectoralis minor muscle onto
the coracoid process of the humerus laterally,
and the sternum medially. It is subdivided into
three areas: the scalene triangle above the clav-
icle, the costoclavicular space or cervicoaxillary
canal between the clavicle and first rib, and the
subcoracoid or pectoralis minor space below the
clavicle1,2 (Fig. 1).

The subclavian vasculature and brachial
plexus—together termed the neurovascular
bundle—pass from the scalene triangle into the
costoclavicular space before exiting through the
subcoracoid space. The thoracic outlet is both a
confined and a dynamic space: compression of
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the neurovascular bundle resulting in the clinical
syndrome generally termed thoracic outlet syn-
drome (TOS) may occur constantly or intermit-
tently with movement of the neck, thorax, and
arm (Fig. 2).

Aberrant anatomy is common in the thoracic
outlet. Such anatomy predisposes patients to
compression of the neurovascular bundle and
development of clinical TOS. Much of this aber-
rancy is explained by the embryologic origins of
the structures that comprise the thoracic outlet.
A thorough understanding of this anatomy and
embryology is therefore critical to the understand-
ing of TOS.

NEUROVASCULAR ANATOMY AND
EMBRYOLOGY
Subclavian Artery

The subclavian arteries are the primary blood sup-
ply to the upper extremities. The left subclavian ar-
tery branches directly from the aorta, whereas the
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Fig. 1. Three spaces of the thoracic outlet. (From Klaassen Z, Sorenson E, Tubbs RS, et al. Thoracic outlet syn-
drome: a neurological and vascular disorder. Clin Anat. 2014;27:724–32; with permission.)

Fig. 2. Compression with movement of the scalene muscle. As the anterior scalene muscle goes from rest (A) to
contracted (B), it pulls the first thoracic rib cranially and compresses the brachial plexus and subclavian within the
costoclavicular space. Presence of a supernumerary cervical rib, as demonstrated in this figure, may constrict this
space further. (From Adson AW. Surgical treatment for symptoms produced by cervical ribs and the scalenus anti-
cus muscle. Surg Gynecol Obstet. 1947;85:687. Reprinted with permission from the Journal of the American Col-
lege of Surgeons, formerly Surgery Gynecology & Obstetrics.)
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right subclavian artery arises from the brachioce-
phalic artery. Each subclavian artery ascends su-
periorly into the neck before arching laterally and
traveling posterior to the anterior scalene muscle
through the scalene triangle and exiting the
thoracic outlet via the costoclavicular space
(above the first rib, below the clavicle) to become
the axillary artery. Because of the close proximity
of the clavicle, first rib, and anterior and middle
scalene muscles, the costoclavicular space is the
most frequent site of arterial compression.

The left subclavian artery develops from the left
seventh intersegmental artery, whereas the right
subclavian artery arises from the fourth aortic
arch, right dorsal aorta, and right seventh interseg-
mental artery.3 Anomalies of the distal subclavian
artery are rare, although anomalies of the aortic
arch frequently encompass the origin of the either
artery. In the thoracic outlet, the subclavian artery
occasionally penetrates the anterior scalene mus-
cle and rarely may pass entirely anterior to it.

Subclavian Vein

The subclavian veins provide the venous drainage
of the upper extremities. The left subclavian vein
also receives chyle from the thoracic duct
drainage. On either side, the vein ascends superi-
orly with the subclavian artery into the neck. It then
travels anterior to the anterior scalene muscle
(outside of the technical scalene triangle) and con-
tinues in parallel to the artery with the anterior
scalene muscle separating the two structures. It
then exits through the costoclavicular space as
the axillary vein. The subclavian vein is bound by
the anterior scalene muscle laterally, the costocla-
vicular ligament medially, the subclavius tendon
cranially, and first rib caudally1 (Fig. 3). This course
explains the compression of the subclavian vein
against the subclavius tendon found in patients
with an abnormally anterior insertion of the anterior
scalene muscle.1,2

The subclavian vein develops in the fourth
gestational week and is formed by the fusion of
venous tributaries from the upper limb bud.3 The
vein can be found in an anomalous location poste-
rior to the anterior scalene muscle, immediately
adjacent to the subclavian artery. More rarely,
the subclavian vein splits to form a “clavicular
loop” or travels between the clavicle and the sub-
clavius muscle.

Brachial Plexus

The brachial plexus is composed of nerves from
the C5 to T1 roots that innervate most of the shoul-
der and arm. As the nerve roots exit the spinal cord
and form the brachial plexus trunks, they travel
through the scalene triangle, posterior to the sub-
clavian artery and anterior to the middle scalene
muscle, split into anterior and posterior divisions,
and exit through the costoclavicular space along-
side the subclavian artery. In the axilla, they transi-
tion from trunks to divisions and then cords
(Fig. 4).

The brachial plexus develops before bone
maturation and influences bony development. At
the end of the first gestational month, the ventral
rami begin budding from the neural tube and
begin to form the brachial plexus as they grow to-
ward their sclerotomes and myotomes.3 The
developing brachial plexus splits the scalene
muscles into anterior and middle components.
This gives rise to considerable variability in the
relationship between the components of the
plexus and the anterior scalene muscle. Common
variations include a C5 root anterior to the ante-
rior scalene muscle, C5 and C6 anterior to the
anterior scalene muscle, C5 and C6 through the
anterior scalene muscle, C5 and C6 through a
double anterior scalene muscle, and C5 anterior
with C6 through the anterior scalene muscle.2,4,5

The contribution of nerve roots to the brachial
plexus may also vary. A prefixed plexus occurs
when a branch of C4 contributes to the brachial
plexus with or without contribution from T1. This
has a tendency to pull the plexus in a cephalad di-
rection. Alternatively, a postfixed plexus is drawn
closer to the thorax by contribution from T2 with lit-
tle or no contribution from C5. It is postulated that
the prefixed and postfixed plexi may be associ-
ated with anomalies of the cervical or first rib.6

Phrenic Nerve

The phrenic nerve innervates the diaphragm and
forms from branches of C3-5, of which C3 and
C4 normally combine cephalad to the thoracic
outlet.1 The combined branches and the C5
branch descend along the anterior surface of the
anterior scalene muscle posterior to the subcla-
vian vein. The C5 branch typically joins as the
combined branches cross the anterior scalene
muscle from lateral to medial. If the C5 branch
continues along a separate course, it is termed
an “accessory phrenic nerve.”1 Rarely, the phrenic
nerve may travel anterior to the subclavian vein
and may even obstruct it. This is termed a “preve-
nous” nerve1,7 (Fig. 5).

Long Thoracic Nerve

The long thoracic nerve innervates the serratus
anterior muscle and forms from branches of C5-
7. The C5 and C6 branches travel through the belly
of the middle scalene muscle where they combine



Fig. 3. The subclavian vein. (From Sanders RJ, Haug CE. Thoracic outlet syndrome: a common sequela of neck in-
juries. Philadelphia: JB Lippincott; 1991. p. 236; with permission.)
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and exit the muscle as a single nerve which
crosses the lateral edge of the first rib.1 The loca-
tion of the C7 contribution to the nerve is highly
variable and occasionally occurs within the belly
of the middle scalene muscle. It can be easily
injured during dissection of the middle scalene
muscle.

Dorsal Scapular Nerve

The dorsal scapular nerve innervates the rhomboid
muscles and part of the levator scapulae muscle. It
Fig. 4. The brachial plexus.
arises from C5, travels briefly with the C5 branch of
the long thoracic nerve, and then separates at the
top of the middle scalene muscle to descend
through its lateral edge.1

Cervical Sympathetic Nerve Chain

The cervical sympathetic nerve chain is part of the
autonomic nervous system and travels along the
anterior surface of the cervical transverse pro-
cesses. Although not technically located in the
thoracic outlet, operations to decompress the



Fig. 5. Prevenous phrenic nerve. (From Sanders RJ,
Haug CE. Thoracic outlet syndrome: a common
sequela of neck injuries. Philadelphia: JB Lippincott;
1991. p. 236; with permission.)
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thoracic outlet place the sympathetic chain at risk
for injury, particularly when the middle scalene
muscle is released from the proximal rib in the
costotransverse space.1 Injury to the sympathetic
chain results in Horner’s Syndrome, although this
is typically self-limited.
BONY ANATOMY AND EMBRYOLOGY
First Rib

The first rib develops from the T1 costal process
and joins the manubrium. Together with the T1
vertebral body and manubrium, the first rib forms
the opening of the superior thoracic cage, also
known as the thoracic inlet or superior thoracic
aperture. Normal ribs have a costotransverse liga-
ment posteriorly and are joined to the manubrium
anteriorly. The anterior portion of the rib may
form a symphysis with the sternal head of the clav-
icle. Abnormal first ribs have a tendency to fuse to
with the second rib and are often thinner and more
cephalad in location.1 They often look like cervical
ribs on the radiograph but may be distinguished by
their T1 origin. Abnormal first ribs result in similar
pathology as do cervical ribs. They are primarily
associated with arterial or neurogenic TOS. It
should be noted, however, that most patients
with bony abnormalities are asymptomatic.
Cervical Rib

A cervical rib arises anomalously from a cervical
vertebral body, mostly commonly C7. It was first
described in dissections by Galen and Vesalius8

(Fig. 6). A complete cervical rib attaches to the
normal first rib by fusion or with a true joint. The
incidence is reported in 0.1% to 6% of the adult
population and is more frequent in women.2,9–12
Costal elements for cervical ribs 5 to 7 form dur-
ing embryologic development and then regress to
become transverse processes as a result of the
rapid development of brachial plexus nerve roots
during the formation of the upper extremity limb
bud. The formation of a cervical rib is considered
an error in HOX gene expression, which is respon-
sible for segmental development of the vertebral
column.3,13–15 Ossification of the C7 costal
element becomes a precursor to development of
a supernumerary cervical rib.3

The neurovascular structures are considered to
be the main limiting factor in the development of
a cervical rib. The contribution of the nerve root
to the brachial plexus has been linked to the pres-
ence or size of the rib, as the embryonic nerve
trunk is proportionally larger than the cervical
rib.3,16 This is demonstrated by the association
of persistent C7 rib in the prefixed plexus in which
the C4 nerve root may be included, and the T1
nerve root is often small, as opposed to the post-
fixed plexus, which has a larger T2 nerve root and
is associated with a rudimentary first thoracic
rib.2,16–18

Rather than a complete cervical rib, some peo-
ple may develop an enlarged C7 transverse pro-
cess or a rudimentary incomplete C7 rib 0.5 to
3 cm in length with a thick fibrocartilaginous
band attaching it to the first rib1,16,19 (Fig. 7). This
band is not visible on the radiograph but can cause
compression similar to a complete C7 rib. When
the band extends from a rudimentary cervical rib,
it is termed a Type I band. When it extends from
an enlarged C7 transverse process, it is termed a
Type II band. These were first described by
Roos, who identified and numbered many fibro-
muscular anomalies3,20 (Table 1). The enlarged
C7 transverse process has been reported in famil-
ial forms of TOS and is thought to be inherited in an
autosomal dominant pattern.21–23

The presence of a cervical rib tightens the
scalene triangle and elevates the thoracic outlet
such that when the subclavian artery exits the
costoclavicular space to become the axillary ar-
tery, it must ascend over the cervical rib.1,2 Not
surprisingly, cervical ribs are associated with arte-
rial TOS2 (Fig. 8). Neurogenic TOS may also occur
as the brachial plexus follows the same course ar-
tery over the supernumerary rib.
FIBROMUSCULAR
Scalene Muscles

The scalene muscles are accessory muscles of
respiration in that they function to elevate the up-
per thoracic cage. They consist of the anterior,
middle, and posterior scalene muscles and extend



Fig. 6. Anomalous cervical rib.

Fig. 7. The cervical rib may be complete, in which it is fre
incomplete with a fibrous band to the first thoracic rib (B)
similarly to an incomplete cervical rib, but is anatomically d
(C). ([A] From Makhoul RG, Machleder HI. Developme
1992;16:538; with permission; and [B] From Makhoul RG, M
outlet. J Vasc Surg. 1992;16:538; with permission; and [C] C
of Medicine.)
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from the cervical vertebrae to the first and second
ribs. The anterior scalene muscle separates the
subclavian vein (anterior) from the subclavian ar-
tery (posterior). The middle scalene is posterior
to the brachial plexus, which is posterior and
lateral to the subclavian artery. The posterior
scalene is posterior to the middle scalene, inserts
on the second rib, and does not play a role in the
thoracic outlet.
The development of the scalene muscles is

similar to that of intercostal muscles.3 Like cervical
ribs, the embryologic development of the scalene
muscle is influenced by the neurovascular struc-
tures.16,24 They originate from the hypaxial meso-
derm of somital myotomes, beginning as a
common scalene muscle in the eighth gestational
week. This common scalene muscle is then sepa-
rated into two distinct components (anterior and
middle) by the brachial plexus.
Anomalies occur as a result of the location of the

traversing neurovascular bundle and are more
common than osseous anomalies. These include
supernumerary muscles and muscles with irreg-
ular shapes or fibrotic components. In cadaver
quently fused to the first thoracic rib (A), or it may be
. The elongated transverse process of C7 may function
istinct from a rib in its continuity with the C7 vertebra
ntal anomalies at the thoracic outlet. J Vasc Surg.
achleder HI. Developmental anomalies at the thoracic
ourtesy of Dave Klemm, Georgetown University School



Table 1
Congenital bands and ligaments described by Roos

Type 1 A band from the anterior tip of an incomplete cervical rib to the middle of the first
thoracic rib inserts into the upper rib surface posterior to the scalene tubercle.

Type 2 A band arising from an elongated C7 transverse process attaches to the first rib just
behind the scalene tubercle in the same place as a type 1 band.

Type 3 A band both originating from and inserting into the first rib arises posteriorly, near the
neck of the rib, and inserts more anteriorly, just behind the scalene tubercle.

Type 4 A band originating along with the middle scalene muscle from a transverse process
runs along the anterior edge of the middle scalene muscle and inserts with it into
the first rib. The lower nerves of the plexus may lie against it.

Type 5 The scalene minimus muscle is the 5th type of band. It arises with the lower fibers of
the anterior scalenemuscle and runs parallel to it but passes deep into it, behind the
subclavian artery, in front of the plexus, to insert into the first rib. Normally, the
entire anterior scalene muscle passes anterior to the artery. Any fibers that pass
anterior to the plexus but posterior to the artery belong to the scalene minimus
muscle.

Type 6 When the scalene minimus muscle inserts into Sibson’s fascia over the cupola of the
pleura and lung instead of into the first rib, it is labeled separately to distinguish its
point of insertion.

Type 7 A fibrous cord running along the anterior surface of the anterior scalene muscle down
to the first rib attaches to the costochondral junction or sternum. In this position,
the band lies immediately behind the subclavian vein and can be the cause of partial
venous obstruction.

Type 8 A band arising from the middle scalene muscle runs under the subclavian artery and
vein to attach to the costochondral junction.

Type 9 A web of muscle and fascia filling the inside posterior curve of the first rib forms the
ninth type of band.

Type 10 Some of the anterior scalene muscle fibers form a band that connects to the
perineurium of the brachial bundle.

Type 11 A band formed by fibers existing between the anterior and middle scalene muscles
passes between nerve roots.

Type 12 The upper part of an anomalous anterior scalene muscle passes behind the C5 and C6
roots.

Type 13 Fused scalene muscles form a band, and the brachial nerve roots pass through the
muscle like arrows.

Type 14 Fibrous bands passing vertically in front of the nerve roots behind the anterior scalene
muscle form the 14th type of band.

From Tokat AO, Atınkaya C, Fırat A, et al. Cadaver analysis of thoracic outlet anomalies. Turkish J Thorac Cardiovasc Surg.
2011;19(1):72–6; with permission.
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dissections, muscle fibers connecting the anterior
and middle scalene muscles were found interdigi-
tating through the brachial plexus in 75% of dis-
sections of patients with TOS.25 This can create
a sling that traps the brachial plexus and subcla-
vian artery. This is known as a Type 4 band of
Roos.20 (Fig. 9).

The division of the common scalene muscle may
lead to the development of supernumerary mus-
cles, most commonly the “scalenus minimus.”
This small muscle passes between the subclavian
artery and brachial plexus and may irritate the
lower trunk of the brachial plexus. It may result
from segmentation defects of the common
scalene muscle or failure of regression of the
mesodermal mass.3 The scalenus minimus may
be less of a muscle and more of a residual liga-
ment, defined as a Type 5 band if it inserts on
the rib (“costovertebral”). The scalenus pleuralis
similarly may be defined as a Type 6 band if it in-
serts on the apical suprapleural fascia of Sibson
(“pleurospinal”).3,16,20 In a study of human fetus
thoracic outlet anatomy, fibromuscular bands
were identified in 15% of 80 dissections, with
Roos’ Types 5 and 11 found most frequently26

(see Table 1).



Fig. 8. Relationship of the subclavian artery to the cervical rib. In the lateral view of this 3D reconstruction of a CT
angiogram (A), compression of the subclavian artery is visible (black arrows) as it passes over a cervical rib. In the
posterolateral view (B), the compression is again seen (white arrows) as the subclavian vein passes over the cer-
vical rib (black arrow) at its joint with the tubercle from the first thoracic rib (black arrowhead). (From Klaassen Z,
Sorenson E, Tubbs RS, et al. Thoracic outlet syndrome: a neurological and vascular disorder. Clin Anat.
2014;27:724–32; with permission.)
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Symptomatic TOS is more commonly seen in
patients with anomalies that occur posterior to
the brachial plexus.3,27 The most common anom-
aly, termed an “outlet band,” is a ligamentous
band extending from the neck of the first rib to
its inner surface posterior to the scalene tubercle
where the anterior scalene muscle inserts.3

TOS may occur after hyperextension injuries to
the neck. The hyperextension tears some of the
anterior and middle scalene muscle fibers, which
form scar tissue in the process of healing. This
Fig. 9. Sling-like entrapment of neurovascular struc-
tures from incomplete scalene separation. (From Ma-
khoul RG, Machleder HI. Developmental anomalies
at the thoracic outlet. J Vasc Surg. 1992;16:539; with
permission.)
scarred muscle is less pliable than normal muscle,
which can compress the brachial plexus and
cause neurogenic TOS.1
Subclavius Muscle

The subclavius muscle stabilizes the clavicle with
shoulder motion. It originates at the junction of
the first rib and its cartilage, travels along the infe-
rior surface of the clavicle, and inserts at the sub-
clavian groove of the clavicle. The subclavius
muscle tendon compresses the subclavian vein
against the first rib when the shoulder is abducted
or retracted.16 Hypertrophy of the subclavius
tendon has been noted in Paget-Schroetter
deformity.28–30
Pectoralis Minor Muscle

The pectoralis minor moves the scapula anterior
and inferior. It also functions as an accessory mus-
cle of respiration by elevating the upper ribs. It
originates on the anterior surfaces of ribs 3 to 5
and inserts on the coracoid process of the scap-
ula. The pectoral nerve to the pectoralis major
muscle travels within the pectoralis minor muscle.
The tendon of the pectoralis minor plays a role in
compression of the neurovascular bundles as it
transits the subcoracoid tunnel.31 Excising the
tendon from the coracoid process and removing
2 to 3 cm of tissue results in decompression of
this space and is a useful adjunct to the first rib
resection and scalenectomy for TOS.1
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THORACIC DUCT

The thoracic duct is a lymphatic vessel that trans-
ports chyle and lymphatic drainage from the left
upper extremity, left thorax, and lower body to
the venous system. In the neck, it is located in
the left scalene fat pad, posterior and inferior
to the clavicle as it travels to the junction of the
left internal jugular and left subclavian veins. It
has an associated network of fine lymphatic chan-
nels along the internal jugular vein. Lymphatic
leaks in the left neck are avoided by careful atten-
tion to all small lymphatic tributaries during dissec-
tion and by avoiding separating the scalene fat
pad from the internal jugular vein.1

SUMMARY

The anatomy of the thoracic outlet is highly vari-
able. Understanding this variation and its roots in
embryology is crucial to safe and effective surgical
management of the myriad conditions that
comprise TOS.

Clinics care points

� The thoracic outlet is both a confined and a
dynamic space: compression of the neurovas-
cular bundle at varying sites may result in
symptoms of thoracic outlet syndrome (TOS).

� Abnormally anterior insertion of the anterior
scalene muscle may compress the subclavian
vein against the subclavius tendon.

� Prefixed and postfixed brachial plexi may be
associated with cervical or first rib anomalies.

� Abnormal first ribs and cervical ribs are typi-
cally asymptomatic, but when symptoms are
present, they are usually related to arterial
or neurogenic TOS.

� The presence of a cervical rib tightens the
scalene triangle and elevates the thoracic
outlet as the subclavian artery and brachial
plexus must ascend over the supernumerary
rib.

� The scalene muscles originate from one com-
mon muscle that is later separated by the
developing brachial plexus, and therefore,
anomalies commonly include supernumerary
or irregularly shaped muscles that may
compress aspects of the brachial plexus.

� Understanding anatomic anomalies and their
roots in embryology is crucial to safe and
effective surgical management of TOS.
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