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1. Introduction  

Thoracic outlet syndrome (TOS) is a group of conditions 

characterized by the compression of the neurovascular bundle within 

the thoracic outlet [1]. Based on the affected structure, TOS is 

categorized into three primary types: neurogenic (nTOS), arterial 

(aTOS), and venous (vTOS) [2]. 

The most common subtype is nTOS, representing more than 90% 

of cases, and is more frequently observed in females [1]. vTOS makes 

up 3–5% of cases, while aTOS is the least common, accounting for 

just 1% [3]. The overall incidence of TOS in the general population 

is estimated at 2.5 to 4 cases per 100,000 individuals per year [3]. 

Patients with aTOS and vTOS typically display noticeable signs of 

vascular issues in the upper limbs, such as venous thrombosis, 

swelling, or arterial emboli affecting the fingers. On the other hand, 

diagnosing nTOS mainly depends on the patient's clinical history and 

reported symptoms [4]. These subgroups can be linked to congenital, 

traumatic, or functionally acquired causes. Congenital etiologies may 

involve the presence of a cervical rib or an anomalous first rib. 

Traumatic causes are most commonly associated with whiplash 

injuries and falls. Functional acquired causes are often related to 

intense, repetitive activities linked to sports or work [5]. 

Diagnosing TOS is challenging because its broad spectrum of 

symptoms often mimics other conditions such as cervical 

radiculopathy, carpal tunnel syndrome, or rotator cuff disorders, 

resulting in frequent misdiagnoses. The absence of a universally 

accepted diagnostic standard adds to its complexity, leading to a 

heavy reliance on clinical evaluations and inconsistent use of 

diagnostic tests [6, 7]. Specifically, diagnosing nTOS is difficult due 

to the wide range of conditions that can cause shoulder and arm pain, 

weakness, and neuropathy. These conditions include various 

musculoskeletal and neurological disorders, which may either serve 

as primary causes or contribute as additional factors to the patient's 

symptoms [8]. 

Provocative tests are essential in diagnosing TOS by reproducing 

symptoms linked to nerve or vascular compression. These tests 

intentionally stress the thoracic outlet structures to elicit symptoms. 

Each test targets specific mechanisms of compression, whether 

neurogenic or vascular compression [9]. This study reviews the 

provocative tests used in the diagnosis of TOS, with all references 

evaluated for relevance and eligibility [10]. 

 

2. Provocative tests in diagnosing TOS 

2.1. Adson’s Test 

Thoracic outlet syndrome (TOS) is a group of conditions caused by the compression of the neurovascular bundle within the 

thoracic outlet. It is classified into three main types based on the affected structure: neurogenic, arterial, and venous TOS. 

Diagnosis remains challenging due to symptom overlap with other conditions and a lack of universally accepted criteria. 

Provocative tests are integral to clinical evaluation, aiming to reproduce symptoms by stressing anatomical structures prone to 

compression. This review evaluates the commonly used provocative tests for TOS, analyzing their diagnostic performance, 

limitations, and clinical utility. Individual provocative tests vary widely in diagnostic performance. The Roos test demonstrates 

high sensitivity but poor specificity, while tests like the Cyriax Release and Wright’s hyperabduction offer better specificity at 

the cost of sensitivity. Most tests show significant overlap in symptom reproduction with other upper limb or cervical 

pathologies, contributing to high false-positive rates. Combining multiple tests improves diagnostic accuracy but still falls 

short of a definitive standard. While provocative tests are valuable for screening and clinical assessment of TOS, their 

standalone diagnostic reliability is limited. A multimodal approach integrating clinical examination, imaging, and 

electrodiagnostic studies is essential for improving diagnostic confidence and patient outcomes. Future research should aim to 

standardize testing protocols and validate findings through large-scale, population-based studies. 
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Adson's test, also known as Adson's maneuver, is a diagnostic tool 

primarily used to assess aTOS. During the test, the patient extends 

their neck, turns their head toward the affected side, and holds their 

breath. If this position causes a reduction in the radial pulse or 

reproduces symptoms, it suggests vascular compromise due to 

muscular compression. The maneuver is named after Alfred Adson, a 

neurosurgeon at the Mayo Clinic in the early 20th century [11]. Since 

its initial description, multiple researchers have challenged Adson’s 

test. In 1945, Wright observed that pulse obliteration could occur 

when turning the head to either the ipsilateral or contralateral side 

[12]. In 1965, Woods reported that among TOS patients, Adson's test 

was positive more frequently when the head was turned to the 

contralateral side (63%) compared to the ipsilateral side (22%) [13].  

A review of various studies on nTOS patients who underwent 

Adson's test found that the rate of positive responses varied between 

22% and 100%, with a median of 31% [14]. In 2001, Gillard et al. 

reported that Adson’s test was among the better-performing tests 

commonly studied for TOS, with a positive predictive value of 85%, 

a sensitivity of 79%, and a specificity of 76% [15]. In an 

asymptomatic population, Rayan (1998) found that Adson’s test had 

a false positive rate of 13.5% for diminished or absent pulse but only 

2% for neurological symptoms [16]. Similarly, in 1998, Plewa and 

Delinger reported a similar false positive rate of 11% for pulse loss, 

a higher rate of 11% for paresthesia, and a notably low rate of 2% for 

pain reproduction [17]. 

Although Adson's test is useful, it has notable limitations. A 

primary concern is its reliance on vascular signs to diagnose nTOS, 

which can lead to misinterpretation. Many individuals with nTOS 

may not exhibit vascular compromise, resulting in false negatives 

[14]. Anatomical variations, such as cases where the brachial plexus 

roots pass through the anterior scalene muscle, can produce negative 

results even when TOS symptoms are present [18]. The variability in 

results across different populations also raises concerns about the 

test's reliability, with some studies suggesting that a considerable 

number of healthy individuals may also test positive on provocative 

tests like Adson’s [19]. Therefore, while Adson's test can offer 

valuable insights when used alongside a thorough clinical evaluation, 

it should not be relied upon as the sole diagnostic tool for TOS. 

 

2.2. Roos Test 

In 1963, Gilroy and Meyer modified Adson's test by introducing the 

90-degree abduction and external rotation maneuver, a provocative 

test later popularized by David B. Roos in 1966 [20, 21]. The Roos 

test, or elevated arm stress test, is a key diagnostic tool for nTOS, 

designed to provoke symptoms by dynamically compressing the 

thoracic outlet. The patient holds their arms in 90 degrees of 

abduction and external rotation while continuously opening and 

closing their hands for three minutes. A positive result is 

characterized by symptom reproduction, such as neck-to-arm 

radiating pain, finger paresthesia, or vascular manifestations like 

pallor or cyanosis [21, 22]. 

The Roos test has an estimated sensitivity of about 84%, making 

it effective in detecting individuals with TOS by eliciting symptoms 

in most cases. However, its specificity is considerably lower, around 

30%, meaning that it produces a high number of false positives. As a 

result, individuals without TOS may still exhibit symptoms during the 

test due to factors such as muscle fatigue or other conditions like 

carpal tunnel syndrome [15, 23].  

Research has used transcutaneous oxygen pressure 

measurements to investigate microvascular responses during the 

Roos test. A transcutaneous oxygen pressure reduction of more than 

15 mmHg during the test has been linked to arterial compression, 

demonstrating 67% sensitivity and 78% specificity compared to 

ultrasound findings [22].  

These findings emphasize that while the Roos test is valuable for 

screening due to its high sensitivity, its low specificity limits its 

ability to confirm TOS definitively. Therefore, it should be combined 

with other diagnostic methods and clinical evaluations for a more 

accurate diagnosis, such as electrodiagnostic studies and vascular 

imaging. 

2.3. Wright’s Hyperabduction Test 

In 1945, Dr. Irving S. Wright introduced the hyperabduction test to 

reproduce the arterial and neurological symptoms of TOS [12]. The 

test is conducted with the patient in a seated position. The examiner 

first palpates the radial pulse before passively abducting (90 degrees) 

and externally rotating the arm to ensure the elbow remains flexed at 

no more than 45 degrees. The arm is held in this position for one 

minute while monitoring the radial pulse and assessing the onset of 

symptoms. The procedure is then repeated with the arm placed in full 

hyperabduction (end-range abduction). A positive test is indicated by 

a diminished radial pulse and/or symptom reproduction, suggesting 

possible compression within the retropectoralis minor space [24]. 

The study by Gillard et al. (2001) remains a cornerstone for 

understanding the diagnostic performance of Wright’s 

hyperabduction test. The test was evaluated for its diagnostic utility 

in detecting TOS among 48 patients (31 diagnosed with TOS and 17 

without). Their findings revealed critical variations in sensitivity and 

specificity depending on interpretation criteria. When pulse abolition 

alone was used as a positive indicator, the test demonstrated moderate 

sensitivity (52%) but high specificity (90%), with a positive 

predictive value of 92% and a negative predictive value of 47%. 

These metrics underscore its utility in confirming arterial 

compression, particularly when corroborated by imaging evidence of 

subclavian artery stenosis. Conversely, when symptom reproduction 

(e.g., paresthesia, weakness) served as the diagnostic criterion, 

sensitivity improved to 84%, but specificity plummeted to 40%, 

reflecting the test’s susceptibility to false positives in nTOS due to 

overlapping symptoms with conditions like cervical radiculopathy or 

peripheral neuropathy. The authors emphasized that combining 

Wright’s test with other provocative maneuvers, such as Adson’s and 

Roos's tests, significantly enhanced specificity to 92%, though 

sensitivity remained suboptimal for neurogenic cases [15]. 

This test evaluates positional subclavian artery compression, 

focusing on the artery rather than the brachial plexus. Consequently, 

it is only indirectly related to nTOS. Additionally, the test often yields 

positive results in healthy, asymptomatic individuals, making it 

nonspecific [25]. 

2.4. Elvey Test (Upper Limb Tension Test) 

Australian physiotherapist Robert Elvey introduced the Upper Limb 

Tension Test (ULTT) in 1986 as a diagnostic tool to assess brachial 

plexus tension [26]. The test involves the patient sequentially 

abducting the arm to 90 degrees with a straight elbow, extending the 

wrist, and tilting the head to the opposite side. Each step 

incrementally stretches the brachial plexus. The test results are 

categorized as negative, mild positive (symptoms without distress), 

or strong positive (severe distress or inability to perform). This 

method is designed to evaluate the brachial plexus by inducing nerve 

elongation [25].  

The ULTT is commonly incorporated into a comprehensive 

clinical evaluation for TOS. While specific studies detailing its 

sensitivity and specificity for TOS are limited, the ULTT is 

considered a valuable screening tool. A negative ULTT can 

effectively rule out brachial plexus compression, whereas a positive 

result suggests the need for further assessment. Clinicians often 

combine the ULTT with other provocative tests, such as the Elevated 

Arm Stress Test and Adson's test, to enhance diagnostic accuracy. 

Utilizing multiple tests in conjunction has been shown to improve 

specificity, aiding in the accurate diagnosis of TOS [9]. 

2.5. Eden’s Test (Military Brace Test or The Costoclavicular 

Maneuver) 
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The costoclavicular space lies between the clavicle and the first rib, 

and it contains the subclavian artery, subclavian vein, and the brachial 

plexus. A reduction in this space, caused by congenital anomalies 

such as a cervical rib, poor posture, or muscle hypertrophy, can 

compress these structures, leading to vascular insufficiency or 

neurogenic symptoms. The costoclavicular maneuver (CCM), also 

known as the Military Brace Test or Eden’s Test, deliberately 

decreases this space by approximating the clavicle and first rib, 

replicating positions that intensify compression [27]. 

During this test, the patient is instructed to push the chest forward 

and retract the shoulders, mimicking a military posture, while the 

therapist assesses the strength of the radial pulse. Expanding the chest 

moves the first rib forward, while retracting the shoulder girdle pulls 

the clavicle backward, reducing the space between them. A weakened 

radial pulse indicates a positive test, suggesting compression of the 

subclavian artery within the costoclavicular space. Given this arterial 

compression, it is likely that the brachial plexus is also affected [25]. 

If the patient reports sensory symptoms such as pain, tingling, or 

numbness in the upper extremity during the test, these are also 

considered a positive finding, indicating direct compression of the 

brachial plexus within the costoclavicular space [27]. 

Despite the widespread use of CCM, comprehensive studies 

evaluating its diagnostic accuracy are limited. In a blinded assessment 

involving 93 patients diagnosed with TOS, the CCM demonstrated a 

sensitivity of 67.74%. Specificity was not explicitly reported; 

however, the study emphasized that combining multiple tests could 

achieve sensitivities exceeding 90% [28]. 

Overall, while the CCM is a well-established provocative test for 

TOS, its diagnostic accuracy is limited when used in isolation. 

Combining multiple clinical tests may improve sensitivity and 

specificity; however, clinicians should be mindful of the risk of false 

positives and interpret results within the broader clinical context. 

2.6. Cyriax Release Test  

The Cyriax Release Test is a methodical procedure designed to detect 

nTOS. It is based on the differential diagnosis and selective tissue 

tension testing techniques developed by Dr. James Cyriax [29]. To 

perform the test, the patient sits while the examiner stands behind, 

holding the patient's forearms just below the elbows with elbows bent 

at 80–90 degrees. The examiner then leans the patient's upper body 

backward by approximately 15 degrees to reduce tension in the 

shoulder blades and passively lifts the shoulder girdle. This position 

is maintained for up to three minutes. A positive result is indicated if 

the patient experiences typical symptoms, such as tingling or pain, 

during or immediately after the procedure [30]. 

A study conducted by Brismée et al. (2004) evaluated the 

specificity of the Cyriax Release Test in an asymptomatic population. 

They found that specificity was highest at one minute (97.4%) and 

decreased over time, reaching 77.4% at 15 minutes. This indicates 

that shorter test durations may reduce the likelihood of false-positive 

results [30]. 

Another study by Hixson et al. (2017) highlighted that while the 

Cyriax Release Test, along with other clinical diagnostic tests, can 

provoke symptoms in patients with upper extremity pathology, these 

tests do not exclusively differentiate TOS from other conditions 

suchas cervical radiculopathy, carpal tunnel syndrome, or rotator cuff 

pathology. Therefore, while the test has high specificity, especially 

within the first few minutes, it should be used with other diagnostic 

procedures to accurately identify TOS [31]. 

2.7. Scalenus Tenderness (Supraclavicular Pressure Test) 

The Supraclavicular Pressure Test (SPT) focuses on the interscalene 

triangle area by exerting manual pressure on the supraclavicular 

fossa, compressing the anterior scalene muscle and the nearby 

brachial plexus. In this test, the patient sits with their arms relaxed 

while the examiner places their thumb on the anterior scalene muscle 

near the first rib, applying steady pressure for 30 seconds. A positive 

result is indicated by the onset of pain or tingling sensations in the 

same-side upper extremity (Table 1), which suggests neurogenic 

compression at the scalene triangle [32]. 

The sensitivity of the SPT has been reported inconsistently 

across studies due to variations in diagnostic criteria and testing 

methods. A systematic review that examined data from various 

provocative maneuvers, including the SPT, found a combined 

sensitivity of 72% for detecting nTOS [33]. However, this percentage 

reflects the performance of several maneuvers rather than the SPT 

alone. Notably, the individual sensitivity of the SPT remains largely 

unquantified in large-scale studies, as most research evaluates 

clusters of tests to enhance diagnostic accuracy [31]. 

In their prospective study, Plewa and Delinger found that the 

SPT induced symptoms in 21% of healthy participants during 

controlled testing, indicating a high false-positive rate and raising 

concerns about its standalone sensitivity. Based on a 10% false-

positive rate in asymptomatic individuals, they determined the SPT’s 

specificity to be 90% [17]. 

The European Association of Neurosurgical Societies 

emphasizes that a diagnosis of nTOS requires at least three positive 

provocative tests, including the SPT. This strategy helps reduce the 

risk of overdiagnosis, especially considering the SPT’s high false-

positive rate in asymptomatic individuals [33].  

 

3. Future perspectives 

 
Advancing the diagnosis of TOS requires a shift toward more 

standardized, objective, and reproducible assessment methods. While 

provocative tests remain a cornerstone in clinical evaluation, their 

variability in sensitivity and specificity underscores the need for 

improved diagnostic accuracy. Future research should focus on 

refining these tests through large-scale, multicenter studies that 

validate their sensitivity and specificity across diverse patient 

populations. 

Emerging imaging modalities, such as dynamic ultrasound and 

functional MRI, hold promise in providing real-time visualization of 

neurovascular compression, potentially reducing reliance on 

subjective clinical tests.  

Ultimately, the future of TOS diagnosis and treatment lies in a 

multidisciplinary approach that combines clinical expertise with 

technological advancements. Establishing universally accepted 

diagnostic criteria and evidence-based treatment guidelines will be 

essential in improving patient care and reducing misdiagnosis. 

 

4. Conclusion 

 

TOS remains a complex and often misdiagnosed condition. While 

provocative tests play a crucial role in reproducing symptoms 

associated with neurovascular compression, no single test can 

definitively confirm TOS. Instead, clinical evaluation, imaging, and 

electrophysiological studies are essential for enhancing diagnostic 

accuracy. 
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