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Introduction

Thoracic outlet syndrome (TOS) is a syndrome of 
pathologic neurologic and vascular symptoms involv-
ing the upper limb [1–3]. The most common cause 
is compression of the brachial plexus region and the 
upper limb’s vascular bundle in this area, including the 
subclavian and axillary arteries and the subclavian vein 
[1, 4, 5]. Compression and damage most often occur 
at the neurovascular bundle between the cervical spine 
and the upper limb’s axillary region [5, 6]. The causes of 
compression syndrome include anatomical conditions 
(congenital anomalies and past trauma), as well as pos-
tural abnormalities in the muscular structures and liga-
mentous apparatus of the upper thoracic orifice [5–8]. 

The literature emphasizes among the congenital anom-
alies causing compression of neurovascular structures 
such as defects as an additional cervical rib, residual first 
rib, first bicuspid rib, fibromuscular pathologies in the 
triangle of inclined muscles, displacement of inclined 
muscle attachments or their adhesions [4, 5, 9, 10]. 
Authors of publications covering this issue emphasize 
that, to a large extent, upper thoracic compression syn-
drome may develop in patients with abnormal posture 
during work, with the so-called physiological dropping 
of the shoulder girdle [7, 8]. However, it is also a phe-
nomenon affecting athletes, especially those practicing 
sports requiring repeated use of specific movements 
with excessive upper limb strength (e.g. during gym ex-
ercises) [11]. There is also a large group of patients with 
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excessive hypertrophy of the shoulder girdle muscles, 
such as bodybuilders, construction workers, or miners 
[11]. Trauma, especially to the clavicle and first rib, 
and less commonly, dislocations of the humeral head, 
also play a role in developing compression symptoms 
in the upper thoracic orifice [2, 4]. The importance of 
stress as a predisposing factor contributing factor in 
the weakening and decreased capacity of structures 
within the upper thoracic orifice has received increas-
ing attention in the literature [4]. TOS syndrome is 
estimated to occur in approximately 0.3–8.0% of the 
population [10]. It is more repeatedly seen in women, 
and the average age of patients developing symptoms 
of the syndrome is between 30–40 years [1, 4]. Authors 
of publications related to this issue emphasize the 
variability of the symptoms of compression syndrome. 
It is emphasized that the manifestations of the upper 
thoracic compression syndrome depend primarily on 
the degree of compression applied to the brachial 
plexus and the choroid bundle [6]. They are usually 
classified in the literature into three primary groups 
of symptoms. In the first group, symptoms of the so-
called venous syndrome are noted, which affect 3–5% 
of patients and result from compression exerted on the 
subclavian or axillary vein between the clavicle and the 
first rib [2, 5, 12]. This most severe complication of the 
venous component of compression has been described 
as the so-called Paget-Schroetter syndrome, resulting in 
thrombosis of the upper limb veins at the compression 
site, which can lead to life-threatening thromboembolic 
complications, including pulmonary embolism and 
even death [2, 3]. Paget-Schroetter syndrome usually 
affects young people and usually results from prolonged 
physical exertion involving the upper limbs. Among 
the predominant symptoms are dull pain and a feeling 
of heaviness of the limb, especially aggravated in the 
supine position due to prolonged fixed position of the 
upper limb, mainly during sleep [2, 3]. In the clinical 
presentation, purplish-red discoloration and increas-
ing swelling of the limb are observed over time [1–3]. 
During the disease development, significantly dilated 
venous vessels of the upper extremity, chest wall, and 
neck are observed [3]. In the case of the so-called ar-
terial syndrome, which affects 1–2% of patients with 
TOS, an acute or chronic disease course is noted [2]. 
The arterial syndrome symptoms often result from local 
irritation of the arterial wall against the base of the first 
rib, which leads to arterial fibrosis and sometimes to 
the development of an aneurysm [13–15]. In the acute 
state of the arterial syndrome, symptoms of acute limb 
ischemia are usually observed by thrombotic and em-
bolic mechanisms within the artery and microemboli 
in the small vessels of distal parts of the upper limbs 
[16]. In the chronic phase, a cold sensation of the hand 

skin is observed, often Raynaud’s sign and symptoms 
analogous to those observed in chronic ischemia, such 
as intermittent claudication, increasing trophic changes 
in fingers, and with increasing ischemia, even subungual 
ulceration and necrosis [2, 3]. The most numerous 
group of symptoms resulting from upper thoracic com-
pression syndrome are those of neurogenic syndrome, 
which are reported in approximately 95% of patients 
with TOS and result from compression or injury to the 
brachial plexus [6]. As noted in the literature, patients 
with symptoms of neurogenic syndrome typically report 
complaints of cervical spine or shoulder pain, upper 
extremity paresthesias, numbness, and tingling in the 
entire arm or forearm and hand [1, 6]. Over time, 
motor and muscle strength disorders in the forearm 
and hand may also occur. In the case of compression 
syndrome of the upper thoracic aperture and its most 
serious complication, Paget-Schroetter syndrome, the 
diagnosis of the disease is based on the clinical history, 
the so-called provocative tests, and extensive imaging 
diagnostics including both non-invasive and invasive 
diagnostic procedures used in vascular surgery and 
angiology [2, 3, 17].

Diagnosis of TOS and Paget-Schroetter 
syndrome

Diagnosis of TOS and its complication Paget-Schro-
etter syndrome is based on medical history, provocative 
tests, diagnostic ultrasound, noninvasive and invasive ra-
diological procedures [12, 18]. The literature emphasiz-
es the significance of provocative tests such as Adson’s 
test, Falconer and Weddel’s test, Wright’s hyperabduc-
tion test, AER (abduction-external-rotation) test, based 
mainly on the intensification of existing compression 
of structures of the upper limb neurovascular bundle 
[12, 18, 19]. As noted in the literature, provocative 
tests have limited specificity for these syndromes and 
are characterized by a high rate of false positives. One 
of the most frequently performed provocative tests 
is the Adson’s test, which evaluates a segment of the 
subclavian artery in the triangle of the oblique muscle 
[12]. This test, described by American neurosurgeon 
Alfred Washington Adson, relies on the disappearance 
of the radial artery pulse when the subject turns his or 
her head toward the diseased side after taking a deep 
breath. One of the widely used clinical provocative tests 
is the hyperabduction test, which allows assessment 
of the subclavian artery at the pectoralis minor muscle 
attachment [4, 18]. This test is often used in conjunction 
with flow assessment of the subclavian vein and artery 
by ultrasound and arteriography. As emphasized in 
the literature and clinical studies, this test is currently 
not recommended due to a high rate of false-positive 
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results (about 50%) [19]. Clinical studies emphasize 
the significance of imaging in the diagnosis of TOS and 
its complications [19]. Special attention is given to the 
use of radiological examinations, including traditional 
X-rays of the chest and cervical spine and shoulder 
joints, which allow the diagnosis of possible anatomical 
and functional changes of the skeleton based on which 
the compression syndrome develops. Of particular im-
portance in patients with TOS is ultrasound diagnostics, 
especially the dual ultrasound imaging method [2, 18, 
19]. The literature emphasizes the high sensitivity and 
specificity of ultrasonography in diagnosing flow abnor-
malities in the upper extremities’ venous and arterial 
vessels. In addition to anatomical changes and arterial 
complications, it allows functional assessment of the 
vascular system [18]. Nevertheless, the anatomy of the 
upper thoracic aperture region may pose some limita-
tions to ultrasound evaluation, especially in the venous 
system, especially when thrombotic complications of 
upper thoracic aperture syndrome are suspected. It is 
recommended to extend the diagnosis with radiological 
studies using phlebography, arteriography, or phlebog-
raphy and computed tomography arteriography in case 
of diagnostic doubt [1–3, 18]. Since venous thrombosis 
of the upper limb is the most severe complication of 
TOS, there are critical clinical reasons in the literature 
for using phlebography as the primary method of di-
agnosis [16, 20]. Phlebography is recommended in all 
cases of acute thrombosis of the subclavian vein, with 
attention paid to the fact that the examination should 
be performed using the Seldinger method [20]. It is 
crucial that phlebography, apart from its diagnostic value 
in diagnosing thrombotic complications of TOS, allows 
local thrombolysis and possible endovascular plastic 
surgery [21]. The authors of the studies are unanimous 
in stating that phlebography is one of the methods to 
determine the cause of the compression syndrome [2]. 
In the literature, the diagnosis of TOS is considered 
an indication for surgical treatment, which consists of 
resection of the first rib and scalenectomy [18]. Never-
theless, it is strongly stated that of great value in treating 
patients with this condition is the implementation as 
soon as possible of physical therapy treatment aimed 
at relieving the vascular and nerve bundle of the upper 
thoracic aperture region. [17, 21–23].

The treatment of TOS  
and Paget-Schroetter syndrome

Authors of clinical studies discussing the treatment 
of patients with TOS syndrome emphasize the im-
portance of physical therapy, including rehabilitation, 
consisting of physical therapy and kinesitherapy [19, 24, 
25]. The main goal of physical therapy in treating this 

condition is to reduce pain and increase muscle tone in 
the shoulder girdle and cervical spine. Physical therapy 
usually depends on the type of compression syndrome, 
the type of pain, and the patient’s tolerance to the 
treatments. As emphasized in the literature, physical 
therapy is used to prepare the patient for kinesitherapy 
treatment, which may be successfully applied simulta-
neously [7, 24, 25]. Kinesitherapy in patients with TOS 
syndrome should be strictly personalized, subject to 
appropriate individual selection. Before initiating kine-
sitherapy treatment, the patient’s capacity should be 
considered; after the physiotherapeutic examination, 
the type of therapeutic techniques and exercises, their 
starting position, and degree of intensity are selected 
[24]. The authors emphasize that kinesitherapy is one 
of the essential elements of the combined treatment 
of patients with compression syndrome [21]. Attention 
is drawn to the significant acceleration of repair pro-
cesses, protects against the development of abnormal 
compensatory schemes, prevents secondary changes in 
the musculoskeletal system [25]. Particularly notewor-
thy is that in the applied assessment of the mobility of 
the joints of the upper thoracic orifice, segments are 
differentiated into hypomobile and hypermobile ones. 
Segments characterized by low mobility (hypomobile) 
should be mobilized in order to maintain maximum 
motor harmony. In segments with excessive mobility 
(hypermobility), treatments are aimed at stabilizing 
them. The stability of segments of the upper thoracic 
aperture, especially the cervical spine and shoulder 
girdle, depends on the functional and stable position 
of the scapula. The imbalance of muscle tone in the 
scapular region (weakening of the inferior part of the 
serrates anterior muscle and inferior part of the tra-
pezius muscle, and excessive tension of the pectoralis 
minor and rhomboid muscles) leads to protraction of 
the scapula and distension of its lower angle from the 
thorax. A common postural problem in TOS is the 
presence of excessive forward head extension leading 
to overuse of the sternocleidomastoid muscles [7, 25]. 
When the superficial Sternocleidomastoid muscles are 
overactive, there may be a tendency to underactive the 
deep cervical flexors, leading to cervical dysfunction. 
Various soft tissue therapy techniques are used to re-
duce excessive muscle tension. However, what is cru-
cial for physiotherapeutic management is the patient’s 
education on ergonomics, especially during heavy work 
duties. The literature emphasizes that in patients with 
neurological symptoms in the compression syndrome, 
especially despite the intensification of conservative 
management, or especially in patients with vascular 
complications with particular emphasis on potential 
thromboembolic complications, surgical intervention 
should be considered [6, 18]. For potential arterial 
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complications, a vascular reconstruction procedure is 
usually performed [8]. As emphasized in the literature, 
occlusion of the arterial lumen due to compression by 
the cervical rib is usually eliminated by removing the 
first rib [10]. Surgical eligibility for surgical treatment in 
upper thoracic orifice compression syndrome is usually 
based on a broad diagnostic spectrum including clinical 
trials, noninvasive studies such as chest radiographs, 
cervical spine radiographs, computed tomography, and 
magnetic resonance imaging, especially with contrast 
and evaluation of the results of invasive imaging such 
as phlebography and arteriography [21]. As underlined 
extensively in the literature, the surgical treatment of 
choice mainly involves resection of the first rib, often 
combined with surgery to remove bony or fibromus-
cular pathologies [5, 10, 12, 19]. Surgery is usually 
assumed to be necessary when vascular complications, 
both venous and arterial, are confirmed on imaging 
examinations [5, 18]. In the case of the venous com-
plication of TOS, such as Paget-Schroetter syndrome, 
it is believed that the effects of surgical treatment of 
venous compression allow stenting to be omitted, and 
decompression of the subclavian vein prevents recur-
rent occlusion or stenosis of the vessel in most cases 
[26, 27]. As pointed out in the literature, the preferred 
and appropriate method of revascularization in the sub-
clavian vein is the use of thrombolytic therapy, noting 
that thrombectomy is rarely performed, potentially 
resulting in recurrent thromboembolism [21, 27].

Summary

Thoracic outlet syndrome, including its most serious 
complication, Paget-Schroetter syndrome, is a major 
clinical problem, posing a significant diagnostic and 
therapeutic challenge to specialists not only in angi-
ology and vascular surgery but also in neurology and 
physiotherapy. It is particularly noted that patients com-
plaining of TOS symptoms and diagnosed complications 
are mainly young, physically, and professionally active 
people. Thus, the symptoms of compression syndrome 
may cause a significant reduction in the quality of life 
and lead to life-threatening complications in extreme 
cases. As emphasized in the literature, there is a need 
for in-depth examination and differentiation of patients 
with suspected compression syndrome. The multi-
tude of currently existing diagnostic methods greatly 
contributes to the improvement of the diagnosis and 
the incorporation of appropriate therapeutic manage-
ment. The variety of symptoms, their varying nature 
and severity accompanying thoracic outlet syndrome, 
and potentially life-threatening complications such as 
Paget-Schroetter syndrome, among others, usually 
require a multidisciplinary evaluation of patients, their 

potential risk factors, and their possible response to 
the therapeutic management used.
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