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Abstract

Thoracic outlet syndrome is an often overlooked or misdiagnosed cause of neck, shoulder, and arm impairment. It is due to compres-
sion disorders of the neurovascular bundle in its passage from the cervical spine toward the axilla and proximal arm. The major
source of confusion with regard to diagnosis is cervical spine or peripheral compressive/entrapment neuropathies and shoulder
pathology. A careful and detailed medical history and physical examination is essential in the diagnosis of the syndrome, which is

mainly clinical. The purpose of this review is to present a range of the clinical appearances of the syndrome in both children and

adults, and to review the related literature.
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Review
Thoracic outlet syndrome (TOS) is due to irritation or compression of brachial plexus and/or subclavian vessels at various points be-
tween the base of the neck and the axilla. Neurovascular compression may be observed most commonly in the interscalene triangle, but it

has also been described in the costoclavicular and the subcoracoid space. Therefore, two levels or kinds of TOS are defined.

The upper thoracic or most likely called cervical outlet syndrome is due to compression in the scalene triangle between the anterior
and medius scalene muscles in the neck. The lower or true thoracic outlet syndrome involves compression of the brachial plexus between
the clavicle and the first rib in the costoclavicular space. The TOS was first described by the Greek physician Galen and Vesalius in the 2™

century AD.

A surprising amount of confusion surrounds TOS in general. However, most of the controversy involves patients with compression
of the brachial plexus. The evaluation and treatment of patients with TOS is usually performed by vascular surgeons or neurosurgeons,
but occasionally neurologists, physiatrists, family physicians, thoracic surgeons, orthopaedic surgeons, general surgeons and sometimes

psychiatrists may also be involved.

A high index of suspicion and thorough knowledge is necessary to diagnose the disease, especially among orthopaedic surgeons.
Although the orthopaedic surgeon is not involved in the treatment of these patients, he may be helpful in the localization of the site of

compression excluding other commonly involved areas or in the identification of overlooked clinical symptoms and signs. Despite the
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wide range of reports referring to the syndrome in the literature, most of the pictures of the reported cases usually refer to its imaging

features rather than to the different aspects of the clinical appearance of the patients.

There are three main types of TOS: neurogenic, venous, and arterial. However, the medical literature reflects 5 types of TOS: arterial;
venous; traumatic neurovascular; true neurogenic; and disputed. Neurogenic TOS includes disorders produced by compression of the
brachial plexus elements (brachial plexopathy). It accounts for 95% of all cases of TOS. Arterial TOS results from obstruction of the sub-
clavian artery with claudication, thrombus formation, and possible embolization and accounts less than 1% of all cases of TOS. Venous
TOS, also referred as Paget-Schroetter syndrome or primary ‘effort-induced thrombosis’, involves subclavian-axillary venous intermit-

tent/positional occlusion, thrombus formation, and rare embolization, accounting about 4% of all cases of TOS.

Common local anomalies include an elongated transverse process of the seventh cervical vertebra, variations in the insertion of the
anterior scalene muscle (ASM) or scalenus minimus muscle, the presence of a cervical rib, fibrous and muscular bands or hypertrophic
scar tissue after clavicle fracture, variations in insertion or local hypertrophy, in athletes, of pectoralis minor, atypical course of neuro-
vascular structures or abnormalities of the first thoracic rib. An elongated transverse process of the seventh cervical vertebra is the most
commonly recognized cause of TOS (Figure 1). It is considered elongated if it extends beyond the tip of the first thoracic vertebra process

immediately below it, as seen on cervical radiographs. A fibrous band connecting it to the first rib may also be evident.

v/

Figure 1: Cervical plain radiograph of a 10-year-old girl
indicated elongated C7 transverse process on both sides that

was more pronounced and symptomatic on the left side.

Some people are born with an extra incomplete and very small rib above their first rib, which protrudes out into the superior tho-
racic outlet space. This is called a ‘cervical rib’ because of its attachment to the seventh cervical vertebra. Most cases of cervical ribs vary
widely in size and shape and are not clinically relevant since they do not have symptoms. Cervical ribs causing clinical symptoms are
usually large and frequently fused to the first rib (Figure 2), and may be complicated by aneurysm formation or thrombosis. A rudimen-
tary rib may be associated with fibrous changes around the brachial plexus nerves inducing compression and causing the symptoms
and signs of TOS. On imaging, cervical ribs can be distinguished because their transverse processes are directed inferolaterally, whereas

those of the adjacent thoracic spine are directed anterolaterally.
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Figure 2: A 22-year-old woman complained for a painless bony lump over the medial border
of the left clavicle. Physical examination revealed brachial plexus nerve compression symptoms
that were more expressed in the left side, though they were also present on the right side too.
The radiograph showed fully developed symmetrical cervical ribs originating from the seventh
cervical vertebra. A joint process of the first rib at the place of insertion of the cervical rib was

clearly evident on the left side. The cervical column was not abnormally shaped.

History, physical examination, provocative tests, ultrasound, radiological evaluation and electrodiagnostic evaluation are essential in
the diagnostic investigation of TOS. Compression of the brachial plexus may be identified by pain, muscle spasm, weakness and a ‘pins
and needles’ feeling and/or numbness, aggravated by overhead positions of the arms, in the cervical region, shoulder, arm, forearm or
hand. Tenderness of brachial plexus in the supraclavicular area and occasionally painless wasting of intrinsic hand muscles may be evi-
dent. Compression of the subclavian artery results in pain, coldness, and paleness of the arm, while compression of the subclavian vein

results in swelling, pain, and possibly a bluish coloration of the arm (Figure 3).

There is currently no single clinical sign that makes the diagnosis of TOS with any degree of certainty. Loss or weakening of the radial
pulse or signs of blanching of the skin in the hands may be evident during either abduction and external rotation of the shoulder while
the elbow is flexed to 90 degrees, which is described as Wright's test, or during abduction with slight extension of the patient’s shoulder
while he hyperextends the neck and turns the head toward the ipsilateral side, which is described as Adson’s sign. The tingling sensation
that may point to nervous system irritation caused by light percussion or by flicking specific nerves in the fingers or the wrists is de-

scribed as Hoffman'’s sign. The ‘compression test’ of the brachial plexus causes radiation of pain and/or numbness into the affected arm.

Therefore, the cervical spine, shoulder and distal peripheral nerves should be studied by radiological and electrophysiological stud-
ies in all cases. There is no laboratory test confirming TOS and radiological as well as electrophysiological testing is usually normal.
Axial imaging, including computed tomography and magnetic resonance imaging, has not been proved sufficiently useful because no
structural abnormality usually exists. In cases of suspected neurogenic TOS, electrophysiological nerve studies and ASM blocks provide

guidance when screening for patients likely to benefit from surgical decompression.
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Figure 3: A 13-year-old girl demonstrated the typical findings of vascular thoracic outlet

syndrome on the right side. Abduction of the arms to 90 degrees in external rotation, in
about one minute after the test, caused pain, cyanosis and a feeling of cooler and swollen
localized in the whole right upper extremity. The radiograph indicated rudimentary short

cervical ribs on both sides of the seventh cervical vertebra.

A common diagnostic technique for vascular TOS is duplex ultrasonography, which has generally replaced more invasive angiograph-
ic techniques. Lesser degrees of arterial compression have been shown in normal individuals in various arm positions and are thought
to be of little significance without other criteria of TOS. Venography may be both diagnostic and therapeutic in venous TOS. Helical com-
puted tomography offers a three-dimensional view of the thoracic outlet, and may be valuable in the detection of anatomical variations,
which may predispose patients to TOS.

TOS may also be due to acute or chronic injury. The most frequent cause is acute trauma following a clavicle fracture most likely
caused by a car accident. The two groups of people most likely to develop chronic TOS are either those suffering from neck injuries or
professionals who frequently raise their arms above the head, such as those working with computers in non-ergonomic postures for
extended periods of time, athletes (swimmers, volleyball players, dancers, badminton players, baseball pitchers, and weightlifters), rock

climbers, electricians and musicians. TOS can also be related to forward head posture.

Pediatric TOS may also be related to acute or chronic infection of the cervical lymph nodes and subsequent cervical inflammation.
Other rarer acquired causes include tumors, hyperostosis, osteomyelitis and pregnancy. TOS can be related to cerebrovascular arterial
insufficiency when affecting the subclavian artery. It can also affect the vertebral artery producing vision disturbances, including tran-

sient blindness, and embolic cerebral infarction.

TOS should be differentiated from other conditions that can produce similar symptoms including rotator cuff tear, cervical disc dis-
orders, fibromyalgia, multiple sclerosis, and complex regional pain syndrome. TOS is often the underlying cause of refractory upper limb
conditions like frozen shoulder and carpal tunnel syndrome that frequently defy standard treatment protocols. Increased awareness
of the clinical symptoms and signs of TOS is essential for the orthopaedic surgeon to secure that the syndrome will not be underrated,

overlooked and misdiagnosed at the discharge of the patient and that appropriate treatment will be offered.
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Furthermore, Paget-Schroetter disease, also known as Paget-von Schrétter disease, or primary ‘effort-induced thrombosis’ remains

largely an unfamiliar disease and the incidence of patients leaving the hospital undiagnosed is high. It is a form of upper extremity deep

vein thrombosis, a medical condition in which blood clots form in the axillary or subclavian veins. They have the potential to cause a

pulmonary embolism. The syndrome is commoner in young people who are engaged in competitive sports. It is differentiated from

secondary causes of upper extremity caused by intravascular catheters. Symptoms may include sudden onset of pain, warmth, redness,

blueness and swelling in the arm (Figure 4).

Figure 4: A 41-year-old woman with a diagnosed Paget-Schroetter syndrome 6 weeks ago. Clinical pictures

showing diffuse swelling and dilated prominent veins on the right side of the chest, shoulder, arm and breast.

Diagnosis is usually confirmed with an ultrasound. The evaluation of the vascular surgical team should always be asked to ensure

that an early diagnosis is made so that prompt treatment can be initiated for a better overall outcome.
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