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Abstract 
Thoracic Outlet Syndrome (TOS) is a condition that results 
from the compression of nerves, blood vessels, or both in 
the space between the collarbone and the first rib, known 
as the thoracic outlet. This syndrome can cause pain, 
numbness, and weakness in the neck, shoulders, and arms, 
as well as possible blood circulation issues. There are three 
primary forms of TOS: neurogenic, venous, and arterial, 
each affecting different structures. This article explores the 
anatomy of the thoracic outlet, the causes of TOS, its 
symptoms, diagnostic methods, treatment options, and 
preventive measures. Additionally, the role of genetics, the 
influence of lifestyle, and the various pharmacological 
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treatments available are discussed, providing an in-depth 
understanding of this condition for patients, healthcare 
providers, and their loved ones. 
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Introduction 
Thoracic Outlet Syndrome (TOS) is a relatively rare but often 
debilitating condition that affects individuals of various 
ages. It occurs when the nerves or blood vessels in the 
thoracic outlet become compressed, leading to a range of 
symptoms that may include pain, tingling, numbness, and 
muscle weakness. TOS can significantly impact daily 
activities and quality of life if left untreated. This condition 
is particularly relevant to individuals who engage in 
repetitive motions, such as athletes, manual laborers, and 
those with poor posture or congenital anomalies in the 
thoracic region. Understanding TOS requires a thorough 
examination of the anatomy involved, the various types of 
the syndrome, and the ways in which it can be diagnosed 
and treated. In this article, we will cover these aspects in 
detail, while also examining genetic factors, medical 
treatments, and surgical options that are available for 
individuals suffering from this condition (1-3). 
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What is Thoracic Outlet 
Syndrome? 
Thoracic Outlet Syndrome refers to a group of disorders that 
arise due to the compression of blood vessels or nerves in 
the area known as the thoracic outlet. This space is located 
between the collarbone (clavicle) and the first rib and is a 
crucial passageway for the major nerves and blood vessels 
that serve the arms. The syndrome can be divided into three 
main types, depending on which structures are affected: 
neurogenic TOS, venous TOS, and arterial TOS. Neurogenic 
TOS, the most common form, affects the brachial plexus, a 
bundle of nerves that travel from the spinal cord to the arm. 
Venous TOS involves compression of the veins, often 
leading to swelling and discoloration of the arm, while 
arterial TOS involves the compression of arteries, 
potentially resulting in more severe complications like 
ischemia. 

Causes of Thoracic Outlet 
Syndrome 
The causes of Thoracic Outlet Syndrome can be varied, 
ranging from congenital abnormalities to traumatic injuries. 
Anatomical variations such as an extra rib (cervical rib) or 
unusually tight fibrous bands around the nerves and blood 
vessels are common congenital causes of TOS. Individuals 
who have these abnormalities are more likely to experience 
compression of the neurovascular structures in the 
thoracic outlet. Trauma, such as car accidents or falls, can 
also lead to TOS by causing structural damage or scar tissue 
that puts pressure on the nerves or blood vessels. 
Repetitive motions, particularly those that involve lifting the 
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arms overhead or extended use of the arms, are another 
significant cause. This is why TOS is more commonly seen 
in athletes like swimmers, baseball players, and 
weightlifters. Poor posture, especially rounding of the 
shoulders and forward head position, can exacerbate the 
problem by further narrowing the thoracic outlet and 
increasing the risk of compression. 

Symptoms of Thoracic Outlet 
Syndrome 
The symptoms of TOS can vary widely depending on the 
type of TOS and the structures involved. In neurogenic TOS, 
individuals often experience numbness, tingling, and 
weakness in the arm or hand. There may also be a feeling of 
heaviness or fatigue in the arm, particularly after activity. In 
more severe cases, muscle atrophy, especially in the hand, 
can occur due to prolonged nerve compression. Venous 
TOS can cause swelling, pain, and a bluish discoloration of 
the arm, while arterial TOS may lead to coldness, 
numbness, and pale or bluish skin. In arterial TOS, the risk 
of blood clots or emboli traveling to other parts of the body 
becomes a significant concern, potentially leading to more 
dangerous complications such as stroke. 

Diagnosis of Thoracic Outlet 
Syndrome 
Diagnosing Thoracic Outlet Syndrome can be challenging, 
as the symptoms often mimic other conditions such as 
carpal tunnel syndrome or cervical spine disorders. A 
thorough physical examination is the first step in diagnosing 
TOS, during which the healthcare provider will assess 
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posture, range of motion, and the presence of tenderness or 
swelling in the affected area. Special tests, such as the 
Adson's test or the Roos test, may be performed to 
reproduce symptoms and help pinpoint the cause of the 
compression. Imaging studies, including X-rays, MRIs, and 
CT scans, can help visualize the structures involved and rule 
out other conditions. Doppler ultrasound is often used to 
assess blood flow in individuals suspected of having venous 
or arterial TOS. In some cases, electromyography (EMG) 
may be conducted to evaluate the function of the nerves 
and determine the extent of any nerve damage. 

Treatment Options for Thoracic 
Outlet Syndrome 
The treatment of Thoracic Outlet Syndrome depends on the 
severity of the symptoms and the underlying cause. In many 
cases, conservative treatments are effective in relieving 
symptoms and improving function. Physical therapy is often 
the first line of treatment, with a focus on exercises to 
improve posture, strengthen the muscles around the 
shoulder and neck, and increase the flexibility of the chest 
muscles. These exercises can help relieve pressure on the 
compressed nerves and blood vessels. Anti-inflammatory 
medications, such as ibuprofen or naproxen, can help 
reduce pain and swelling, while muscle relaxants may be 
prescribed to alleviate muscle tension. In cases where 
nerve pain is significant, medications such as gabapentin 
(Neurontin) or pregabalin (Lyrica) may be used. 
 
In individuals with venous or arterial TOS, blood thinners 
such as warfarin (Coumadin) or heparin may be prescribed 
to prevent the formation of blood clots. If conservative 
treatments fail to provide relief, surgical intervention may be 
necessary. Surgery for TOS typically involves removing the 
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first rib or the scalene muscles to reduce compression in 
the thoracic outlet. This procedure, known as thoracic 
outlet decompression, is generally successful in alleviating 
symptoms, although recovery can take several months, and 
there is a risk of complications. 

Genetic Factors and Thoracic 
Outlet Syndrome 
While most cases of Thoracic Outlet Syndrome are related 
to structural abnormalities or trauma, there is evidence to 
suggest that genetic factors may also play a role in the 
development of this condition. Certain congenital 
abnormalities, such as the presence of a cervical rib, are 
thought to be inherited. In some families, there is a 
predisposition to developing TOS due to inherited 
connective tissue disorders, which can affect the elasticity 
and function of the blood vessels and nerves in the thoracic 
outlet. Genetic mutations in genes such as COL5A1 and 
COL5A2, which are involved in collagen production, have 
been linked to disorders like Ehlers-Danlos syndrome, 
which increases the risk of developing TOS. Further 
research is needed to fully understand the genetic basis of 
this condition, but individuals with a family history of TOS or 
related disorders should be aware of the potential genetic 
component. 

Lifestyle Factors and 
Prevention 
Preventing Thoracic Outlet Syndrome often involves making 
lifestyle changes to reduce the risk of nerve or blood vessel 
compression. Maintaining good posture is crucial, as 
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slouching or hunching can contribute to the narrowing of 
the thoracic outlet. Individuals who work in jobs that require 
repetitive overhead motions, such as hairdressers or 
mechanics, should take regular breaks and incorporate 
stretching exercises into their routine to prevent muscle 
imbalances and tightness. Strengthening the muscles of 
the upper back and shoulders can also help support proper 
posture and reduce the risk of developing TOS. Athletes, 
particularly those involved in sports that require repetitive 
arm motions like swimming or tennis, should work with a 
coach or physical therapist to ensure they are using proper 
techniques and minimizing strain on the muscles and 
joints. 

Pharmacological Treatments 
for Thoracic Outlet Syndrome 
In addition to physical therapy and surgery, various 
pharmacological treatments are available for managing the 
symptoms of Thoracic Outlet Syndrome. Nonsteroidal anti-
inflammatory drugs (NSAIDs) such as ibuprofen and 
naproxen can help reduce pain and inflammation. For 
individuals with significant nerve pain, medications that 
target nerve function, such as gabapentin (Neurontin) or 
pregabalin (Lyrica), may be prescribed. Muscle relaxants 
like cyclobenzaprine (Flexeril) can also be used to reduce 
muscle spasms and tension. In cases of venous or arterial 
TOS, anticoagulants such as warfarin (Coumadin) or 
heparin may be necessary to prevent blood clot formation. 
Corticosteroid injections may be used in some cases to 
reduce inflammation around the compressed nerves, 
providing temporary relief from symptoms. 
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Surgical Intervention for 
Thoracic Outlet Syndrome 
For individuals who do not respond to conservative 
treatments, surgery may be necessary to relieve the 
compression in the thoracic outlet. The most common 
surgical procedure for TOS is thoracic outlet 
decompression, which involves removing part of the first rib 
or the scalene muscles to create more space for the nerves 
and blood vessels. This surgery is typically performed using 
a minimally invasive approach, which reduces the risk of 
complications and speeds up recovery time. However, as 
with any surgery, there are risks involved, including 
infection, nerve damage, and blood vessel injury. Recovery 
from thoracic outlet decompression can take several 
months, and individuals may need to participate in physical 
therapy to regain strength and mobility after the procedure. 
In most cases, surgery is successful in alleviating 
symptoms, but some individuals may experience persistent 
pain or nerve damage. 

Living with Thoracic Outlet 
Syndrome 
Living with Thoracic Outlet Syndrome can be challenging, 
especially for individuals who experience chronic pain or 
significant limitations in their daily activities. However, with 
proper treatment and management, many individuals are 
able to lead active and fulfilling lives. Physical therapy plays 
a key role in helping individuals with TOS regain strength and 
mobility, while medications can help control pain and 
inflammation. It is important for individuals with TOS to 
listen to their bodies and avoid activities that exacerbate 
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their symptoms. Lifestyle changes, such as improving 
posture and taking regular breaks during repetitive tasks, 
can also help prevent the recurrence of symptoms. For 
individuals who undergo surgery, following a rehabilitation 
program and adhering to the recommendations of 
healthcare providers is essential for achieving the best 
possible outcome. 

Conclusion 
Thoracic Outlet Syndrome is a complex condition that can 
have a significant impact on an individual's quality of life. 
Understanding the causes, symptoms, and treatment 
options available for TOS is essential for individuals 
affected by this condition, as well as their loved ones. Early 
diagnosis and intervention can prevent complications and 
improve outcomes, particularly for individuals with 
neurogenic, venous, or arterial TOS. While most cases can 
be managed with conservative treatments such as physical 
therapy and medications, some individuals may require 
surgical intervention to relieve compression and restore 
function. Ongoing research into the genetic factors 
underlying TOS may provide further insight into its causes 
and lead to more targeted treatments in the future. By taking 
steps to improve posture, reduce repetitive strain, and seek 
early treatment for symptoms, individuals can minimize 
their risk of developing TOS and improve their overall quality 
of life. 
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