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Thoracic outlet syndrome (TOS) is a frequently overlooked peripheral nerve compression or tension event
that creates difficulties for the clinician regarding diagnosis and management. Investigators have
categorized this condition as vascular versus neurogenic, where vascular TOS can be subcategorized as
either arterial or venous and neurogenic TOS can subcategorized as either true or disputed. The thoracic
outlet anatomical container presents with several key regional components, each capable of compromising
the neurovascular structures coursing within. Bony and soft tissue abnormalities, along with mechanical
dysfunctions, may contribute to neurovascular compromise. Diagnosing TOS can be challenging because
the symptoms vary greatly amongst patients with the disorder, thus lending to other conditions including a
double crush syndrome. A careful history and thorough clinical examination are the most important
components in establishing the diagnosis of TOS. Specific clinical tests, whose accuracy has been
documented, can be used to support a clinical diagnosis, especially when a cluster of positive tests are
witnessed.
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Thoracic outlet syndrome (TOS) is a frequently

overlooked peripheral nerve compression that creates

difficulties for the clinician regarding diagnosis and

management.1 The term ‘thoracic outlet syndrome’

was originally coined in 1956 by Peet to indicate

compression of the neurovascular structures in the

interscalene triangle corresponding to the possible

etiology of the symptoms.2–4 Since Peet provided this

definition, the condition has emerged as one of the

most controversial topics in musculoskeletal medicine

and rehabilitation.5 This controversy extends to

almost every aspect of the pathology including the

definition, the incidence, the pathoanatomical con-

tributions, diagnosis and treatment.6,7

The controversy surrounding the definition exists

because the term TOS only outlines the location of

the problem without actually defining what comprises

the problem. In response, investigators have categor-

ized TOS as vascular versus neurogenic, where

vascular TOS can be subcategorized as either arterial

or venous and neurogenic TOS can subcategorized as

either true or disputed. Furthermore, the term TOS

fails to identify the compressing insult or mechanism,

thus prompting individuals to propose an alternative

nomenclature that identifies the anatomical factors

involved.6

The disagreement regarding the definition of TOS

makes the overall incidence of the condition difficult

to track. Complicating matters, the recognized

prevalence of the diagnosis varies between disciplines.

For example, Campbell and Landau8 estimated that

surgeons diagnose TOS 100 times more frequently

than neurologists. Cherington and Cherington5 go

further to imply that the diagnosis is made by

surgeons according to potential reimbursement avail-

able for particular surgical procedures. Regardless of

the overall incidence of TOS, it is estimated that over

90% of all TOS cases are of neurogenic origin,

whereas less than 1% are arterial and approximately

3–5% are venous.7 Neurogenic TOS has been further

subcategorized as either true neurogenic or disputed

neurogenic, with the former being defined as a

condition with objective diagnostic findings and the

latter being a condition without the same objective
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findings.9 As a result, disparities in the definition have

produced different opinions regarding diagnostic

standards for TOS.6,7,9,10 Furthermore, given the

controversy surrounding the definition and diagnosis

of TOS, conflict exists regarding the optimal treat-

ment approach for this condition.10–12

The purpose of this paper is to provide the reader

with clarity through: (1) a review of the relevant

pathoanatomy; (2) a discussion regarding pathology

and differential diagnosis; and (3) a presentation of the

examination and special test measures, along with

suggested diagnostic paradigms. A second manuscript

(part 2 of this series) will examine both non-surgical

and surgical management strategies appropriate for

the treatment of TOS.

Review of pathoanatomy
The neural container described as the ‘thoracic outlet’

is comprised of several components. Proximally, the

cervicoaxillary canal is divided by the first rib into

two sections. The proximal portion of this canal is

comprised of the interscalene triangle and the

costoclavicular space, whereas the axilla comprises

the distal aspect of the canal. The proximal portion is

more clinically relevant, due to its role in neurovas-

cular compression.12 More specifically, the thoracic

outlet includes three confined spaces extending from

the cervical spine and mediastinum to the lower

border of the pectoralis minor muscle (Fig. 1). The

three compartments include the interscalene triangle,

the costoclavicular space and the thoraco-coraco-

pectoral space or retropectoralis minor space.4,13 The

interscalene triangle is bordered by the anterior

scalene muscle anteriorly, the middle scalene muscle

posteriorly, and the medial surface of the first rib

inferiorly.

The trunks of the brachial plexus and subclavian

artery are located in the interscalene triangle.12 The

subclavian vein does not cross the interscalene

triangle but runs beneath the anterior scalene before

joining the internal jugular vein to form the

brachiocephalic vein. The costoclavicular space is

bordered anteriorly by the middle third of the

clavicle, posteromedially by the first rib, and poster-

olaterally by the upper border of the scapula.4 The

borders of the thoraco-coraco-pectoral space include

the coracoid process superiorly, the pectoralis minor

anteriorly and the ribs 2 through 4 posteriorly

(Fig. 1).14,15

Several types of bony abnormalities exist that

produce the compromising events related to TOS.

Cervical ribs are supranumerary ribs originating from

the seventh cervical vertebra and occur in less than

1.0% of the general population, with only 10% of

those patients with the rib experiencing symptoms

affiliated with its presence.16 Samarasam et al.3 found

four main varieties of cervical ribs including: (1) type

I: a complete cervical rib articulates with the first rib

or manubrium of sternum; (2) type II: incomplete

cervical ribs with a free end expanded to form a

bulbous tip; (3) type III: an incomplete rib that is

continued by a fibrous band; and (4) type IV: a rib

that appears as a short bar of bone with a length of a

few millimeters beyond the C7 transverse process.

Additionally, an elongated C7 transverse process can

produce neurovascular compression. Conversely, an

abnormal first rib or clavicle can create compression

through exostosis, tumor, callus or fracture of the

first rib, subsequently irritating the brachial plexus.13

When a clavicular fracture demonstrates malunion,17

fragmentation,18 or retrosternal dislocation,19 the

risk for TOS is enhanced.

Soft tissue abnormalities may create compression

or tension loading of the neurovascular structures

found within the thoracic outlet container. For

example, congenital abnormalities have been

reported and include several anatomic variations of

the scalene muscles. Demondion et al.13 reported

that scalene muscle variations include hypertrophy

of the anterior scalene muscle, passage of the

brachial plexus through the substance of the anterior

scalene muscle, and a broad, excessively anterior

middle scalene muscle insertion on the first rib.

Further complicating the soft tissue compromised

within the thoracic outlet, anomalous fibrous bands

have been found within the thoracic outlet container,

increasing the stiffness and decreased compliance of

the container, resulting in an increased potential for

neurovascular load.20 These congenital abnormal-

ities can be visualized by magnetic resonance

imaging. In addition, an indirect sign of the presence

of a tight fibrous band is elevation of the subclavian

artery demonstrated on sagittal magnetic resonance

imaging.13 Roos classified 10 different types of

Figure 1 Diagram showing the thoracic outlet. (A) Clavicle;

(B) first rib; (C) coracoid process; (D) middle scalene; (E)

posterior scalene; (F) brachial plexus; (G) subclavian artery;

(H) pectoralis minor; (I) sternocleidomastoid.

Hooper et al. Thoracic outlet syndrome: Part 1

Journal of Manual and Manipulative Therapy 2010 VOL. 18 NO. 2 75



fibrous bands that tend to stiffen the already

unforgiving boundaries of the thoracic outlet con-

tainer. These anomalous structures traverse through

the thoracic outlet and tend to reduce thoracic outlet

container compliance, potentially elevating, kinking

and compressing the neurovascular bundle against

the surrounding anatomic borders of the thoracic

outlet.20,21

Because the thoracic outlet is bordered by the

clavicle, clavicular movement is essential for normal

thoracic outlet container compliance. The normal

clavicle is expected to elevate, retract and spin

backwards during upper extremity elevation.22

However, if this behavior is compromised, then the

thoracic outlet container could be reduced and the

brachial plexus placed at risk for increased load. This

increased load could lead to direct neural compres-

sion, angulation, or tension loading.23

Clavicular movement is influenced by the struc-

tural and functional integrity of both the acromio-

clavicular joint (ACJ) and sternoclavicular joint

(SCJ). The ACJ allows movement of the scapula on

the clavicle in three planes about the coronal, sagittal,

and vertical axes.24,25 Ligamentous support for the

ACJ (ACJ capsular ligaments) serves as a primary

restraint for posterior axial rotation and posterior

displacement of the clavicle on the acromion.24,26 The

integrity of the ACJ is indirectly controlled by the

coracoclavicular ligament complex (trapezoid and

conoid ligaments), which provides 75% of the

constraint against axial compression of the clavicle

toward the acromion.24–26 Moreover, this complex

tension loads during arm elevation, producing dorsal

axial rotation of the clavicle about its longitudinal

axis. Any compromise to this movement could

contribute to TOS by compromising the container

and loading the nerve tissue.

The SCJ is a diarthrodial, synovial, sellar joint. The

various ligament systems (costoclavicular and sterno-

clavicular) reinforce the capsule and limit anterior-

posterior movement of the medial end of the clavicle.

The SCJ can be susceptible to anterior and posterior

subluxations via direct and indirect trauma.24,27 Any

dysfunction of the clavicle associated with either a

limit or subluxation of the SCJ can contribute to

thoracic outlet compromise and subsequent symptom

development.

Epidemiology
While the majority of TOS cases are diagnosed

between the ages of 20 and 50 years,4 TOS can occur

in teenagers28 or more rarely in pediatric patients.29

Women are three to four times more likely to develop

neurogenic TOS,30 while the incidence of vascular

TOS is more equal between non-athletic men and

women,31 but found to be even greater in competitive

athletic men versus women.32

History and clinical examination
Diagnosing TOS can be challenging because the

symptoms vary greatly amongst patients with the

disorder, thus lending to other conditions including a

double crush syndrome.33,34 Diagnoses of the two

vascular forms of TOS are generally accepted in all

healthcare circles. On the other hand, neurogenic

TOS, especially ‘disputed’ neurogenic TOS, is more

difficult to diagnose because there is no standard

objective test to confirm clinical impressions.35

A careful history and thorough clinical examina-

tion are the most important components in estab-

lishing the diagnosis of TOS,36 which remains a

diagnosis of exclusion. As such, other conditions

that present with overlapping or similar clinical

pictures must be considered during the examination

process.21 Further challenges are found in the fact

that the diagnosis of entrapment neuropathies of the

upper limb does not exclude TOS, constituting a

double crush that is observed in approximately

50% of cases.33,37,38

Patient history
Vascular TOS can develop secondary to repetitive

upper limb activities that lead to claudication,

especially in young adults with arterial TOS.

However, the same condition can develop sponta-

neously, unrelated to trauma. Conversely, neurogenic

TOS more commonly develops following a macro-

trauma to the neck or shoulder girdle area, such as a

motor vehicle accident or work-related repetitive

stressful activities.7 Table 1 summarizes the clinical

profile associated with vascular and neurogenic

TOS.7,31

Signs and symptoms of TOS vary with every

patient according to the location of the neurovascular

tension and/or compression injury within the thoracic

outlet. Symptoms of TOS can range from mild pain

and sensory changes to limb- and/or life-threatening

complications.29,39 Patients can present with multiple

unilateral or bilateral signs and symptoms associated

with involvement of both neurogenic and vascular

components.40

The quality, location and timing of symptoms all

present valuable information to the clinician. Arterial

TOS, while infrequent, can produce a series of

profound symptoms. Patients suffering from this

condition can present with pain, numbness in a non-

radicular distribution, coolness to touch and pale

discoloration, all of which worsen with cold ambient

temperatures.41 Conversely, venous TOS results in

excruciating deep pain the chest, shoulder and entire

upper extremity, accompanied by a feeling of heavi-

ness that occurs especially after activity. The patient

will present with cyanotic discoloration and dis-

tended collateral veins, potentially accompanied by

edematous increases in the volume of the extremity.42

Hooper et al. Thoracic outlet syndrome: Part 1
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Symptoms associated with neurogenic TOS

include pain, paresthesia, numbness, and/or weak-

ness. Here, the examiner should investigate if the

symptoms are radicular or non-radicular in nature.

Thoracic outlet symptoms will normally not produce

symptoms that follow dermatomal and myotomal

patterns, unless the thoracic outlet is accompanied

by cervical or upper thoracic nerve root compres-

sion. Reports of paresthesia in the upper limb

indicate mild perineural dysfunction,43 while objec-

tified numbness and/or weakness suggest true axonal

compression, which is indicative of a more serious

insult and a less favorable prognosis.44 Symptoms’

location most frequently reported in patients with

TOS include paresthesia in the upper limb (98%),

neck pain (88%), trapezius pain (92%), shoulder and/

or arm pain (88%), supraclavicular pain (76%), chest

pain (72%), occipital headache (76%), and parasthe-

sias in all five fingers (58%), the fourth and fifth

fingers only (26%) or the first–third fingers (14%).7

Compression and irritation of the upper plexus (C5,

C6, C7) can cause pain in the anterior aspect of the

neck from the clavicle to the mandible, ear and

mastoid area, occasionally radiating into the side of

the face. These symptoms can spread into the upper

chest anteriorly, the periscapular region posteriorly,

and across the trapezius ridge down the outer arm

and through the radial nerve distribution toward the

dorsum of the thumb and index finger.20 Patients

with this distinct pattern of symptoms may have

pathoanatomical anomalies that are typically multi-

ple, most often located in the posterior scalenic

triangle45,46 between the anterior and middle scalene

muscles20 and occasionally compressed by a scalenus

minimus muscle.47 Patients with lower plexus (C8,

T1) irritation will mainly complain of symptoms on

the ulnar side of the arm and hand, potentially

accompanied by symptoms found in the anterior

shoulder and axillary regions.

Historical questioning should include the timing of

symptoms, which may occur throughout the day

during activity versus only present at night.48 Many

patients report awaking at night with paresthesia in

the upper limb, a phenomenon coined in the

literature as the ‘release phenomenon’.49 This phe-

nomenon suggests release of tension and/or compres-

sion of the perineural blood supply to the brachial

plexus and signals a return of normal sensation that is

a prognostic indicator of favorable outcome. The

clinician can refer to these patients as ‘releasers’. On

the other hand, other patients may experience their

symptoms primarily throughout the day time while

using prolonged postures (such as shoulder girdles

protracted and depressed and the head forward) or

activities (such as working over head with elevated

arms) that would result in an increase in tension or

compression of the neurovascular bundle of the

brachial plexus. These patients can be referred to as

‘compressors’.

Clinical examination
The examiner should record the position of the

patient’s head, shoulders, scapulae and arms in the

seated and standing positions. The examiner should

pay attention to the presence of rounded shoulders,

forward head, increased thoracic kyphosis, as well as

posterior tilt, downward rotation and/or depression

of the scapulae. These postures tend to increase the

tension loading of the brachial plexus.50 Moreover,

the patient may present with supraclavicular fullness,

which could represent a first rib prominence versus

soft tissue swelling.51

Visual inspection of the upper limbs includes

observing for cyanosis and edema in case of venous

compromise or paleness in case of vascular compro-

mise (as previously described). Atrophy in the hand

region should additionally be noted. If the patient has

a cervical rib or an elevated first rib, the supraclavi-

cular fossa may appear to be full.51

The supraclavicular fossa, including the brachial

plexus found in the space, should be palpated for

pain.52 The brachial plexus is best palpated directly

posterior to the pulsation of the subclavian artery

with the head sidebent toward the contralateral side.

The patient’s hands are palpated for temperature

changes and moistness for the sake of detecting

sympathetically mediated symptoms.

The clinical examination begins by questioning the

patient about the location and amplitude of present

symptoms, such as pain. The patient is asked to

report changes in the symptoms’ amplitude asso-

ciated with movements of the neck, shoulder girdle

and upper limb.

In suspecting thoracic outlet problem, the cervical

spine and shoulders should be examined. A descrip-

tion of cervical and shoulder clinical examination are

beyond the scope of this discussion and are described

elsewhere.25,53 The decision to perform specific

clinical testing for TOS is based on the examiner’s

clinical reasoning and is carried out mainly in the

presence of neck–shoulder–arm symptoms that are

non-radicular in nature and influenced by the

position of the upper limb and/or neck. If the testing

of the cervical spine, shoulder and TOS are negative,

a peripheral compression neuropathy is suspected54

and further testing should be performed in order to

focus on those possibilities.

The diagnosis of arterial, venous and true neuro-

genic TOS has the advantage of implementing

standard diagnostic tests. The validity of vascular

diagnostic tests is improved when performed dyna-

mically in the positions that produce the patient’s

symptoms.55 The following diagnostic tests have been

recommended: (1) venous ultrasound studies, venous

scintillation scans, venography and plethysmography
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for venous TOS;31 (2) Doppler ultrasound and

angiography in the seated position for arterial

TOS;55 and (3) nerve conduction velocities and

electromyography of the medial antebrachial cuta-

neous nerve for the true neurogenic TOS.30,56

Conversely, no valid standard diagnostic test is

available for disputed neurogenic TOS, resulting in

controversies in the frequency of TOS diagnosis.57,58

Commonly, nerve conduction velocities and electro-

myography are negative for disputed neurogenic

TOS. Thus, the examiner must rely on a thorough

history and a cluster of clinical TOS provocation test

findings to solve the disputed neurogenic TOS

diagnostic puzzle.

Provocative clinical testing for TOS has been

reported to display high rates of false positive

findings.59 The reliability and validity of provocative

clinical tests for TOS and one motion test for

assessment of the presence of an elevated first rib

are summarized in Table 2. The supraclavicular

pressure test and the Adson’s test more specifically

address compromise to the plexus through the scalene

triangles.54 The costoclavicular maneuver evaluates

provocation produced by costoclavicular space nar-

rowing, while the Wright’s test examines neural tissue

compromise through the thoraco-coraco-pectoral

gate.54 The elevated arm stress test examines the

result of loading the plexus throughout the TOS

container, while the Cyriax release test examines the

result of unloading the plexus in the same space.

Finally, the upper limb neural tension test examines

provocation to the neural tissue passing through the

thoracic outlet container under a tension load.

The Adson’s test and costoclavicular maneuver

display a fairly large percentage of false positives

when a change in the radial pulse is considered as a

positive test.60,61 Therefore, the clinician is encour-

aged to use the test position of those tests for

symptom provocation and not as a test for radial

pulse change. This is sensible, considering the low

incidence of vascular involvement in TOS.

Conversely, one can note from examining tabulated

data that the Wright’s test and the elevated arm stress

test appear to display the greatest sensitivity for

neurogenic and vascular TOS. The positive Cyriax

release test62 represents a ‘release phenomenon’,

which is most relevant when correspondent to a

history of nocturnal symptoms. These findings can be

used as a treatment guide.

Upper limb tension testing is sensitive for irritation

of the neural tissue including cervical roots,63

brachial plexus and peripheral nerves64 as well as

for patients with arm pain syndrome.65 It has been

advocated for the diagnosis of neurogenic TOS with

reported high sensitivity.7 The test appears to be

excellent for screening for sensitization of the

neural tissue in the cervical spine, brachial plexus

and upper limb but is not specific for one area. The

test is recommended as part of the examination and

for its usefulness in treatment that includes neural

mobilization.66,67

Each of the previously discussed tests should be

considered when establishing a diagnosis of TOS.

From Table 2, one can see that the validity of any

single test is troubled. In view of the lack of quality

research reporting both sensitivity and specificity of

TOS provocation testing, Gilliard et al.61 showed that

a cluster of two provocative tests displayed the

highest sensitivity (90%), while a cluster of five

positive provocative tests increased the specificity

for TOS to 84%.

A comprehensive diagnosis of disputed neurogenic

TOS is supported based on several levels of assess-

ment. First, the diagnosis is supported based on a

history that includes the presence of non-radicular

symptoms in the neck–shoulder–arm worsened by

movements and/or position of the neck, arms, and

shoulder girdle, accompanied by the presence of a

cluster of TOS provocation tests. Next, the diagnostic

picture is completed with an assessment of postural

dysfunctions and container mobility (thoracic outlet

container testing). As stated earlier, the examiner

should record the presence of rounded shoulders,

forward head, and increased thoracic kyphosis, as

well as posterior tilt, downward rotation and/or

depression of the scapulae.50 The mobility of the first

rib can be assessed using the cervical rotation lateral

flexion test (Table 2),9 as an elevated first rib can

potentially increase the tension on the neurovascular

bundle of the brachial plexus. The mobility of the

thoracic spine should be carefully assessed for lack of

motion, especially in the direction of extension.68

This assessment should be accompanied by an

appraisal of the muscle length of the scalene muscles,

especially in weight lifters, patients with severe

chronic obstructive pulmonary disease and after

whiplash. Shortening of these muscles can lead to

non-compliance of the thoracic outlet container

through its gates.7,69

To continue the assessment of the thoracic outlet

container, the motion of the clavicle should be

assessed during arm elevation, looking for decreased

mobility. When hypomobile, the clavicle moves too

quickly in a dorsal direction and produces a

narrowing of the costoclavicular space.54 In such a

case the joint play tests of the ACJ and SCJ should be

carried out. Hypomobility of these joints could lead

to dysfunction in the movement of the clavicle and

shoulder girdle, thus crowding the thoracic outlet

container through which the brachial plexus

courses.54 Finally, glenohumeral end-range mobility

testing is merited, where limits could force the clavicle

to compromise the brachial plexus during end-range

arm elevation.
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The clinician must consider the presence of

associated neural tissue irritations/entrapments along

the entire course of the peripheral nerves associated

with the brachial plexus. Rather than trying to

differentiate TOS from a peripheral nerve entrapment

as the sole cause of the patient’s symptoms, the

clinician is encouraged to consider the possibility of

both conditions that result from a double crush event

of the neural tissues along their course. In response, a

clinician’s suspicion for the relative contribution of

TOS versus a peripheral nerve entrapment is influ-

enced through the analysis of outcomes from the

clinical testing ensemble.

A description of relevant testing for peripheral

nerve structures and their resultant irritations/entrap-

ments (including ulnar nerve at the cubital tunnel and

tunnel of Guyon, dorsal interosseus nerve in the

tunnels of the dorsal forearm, median nerve at both

the pronator teres and carpal tunnel) is offered

elsewhere59 and is beyond the scope of this discus-

sion. However, due to the potential for a double

crush event, nerve irritation/compression/tension at

the brachial plexus (TOS) can lend selected peripheral

nerves to greater vulnerability and subsequent

symptoms in the sites distal to the thoracic outlet.

As a consequence, the patient suffering from entrap-

ment in the thoracic outlet is at risk for developing a

symptom profile that reflects both the TOS condition

and the other irritation/entrapment(s). Thus, the

clinician is encouraged to perform testing that is

relevant both to TOS and the peripheral nerve

irritation/entrapment.

The potential for double crush complicates the

clinical presentation and makes a differential diag-

nostic process challenging for the clinician. Once the

previously described testing (TOS provocation test-

ing, Thoracic outlet container testing, and peripheral

nerve irritation/entrapment testing) is completed,

Table 3 Double crush considerations for disputed neurogenic TOS

TOS
provocation
tests*

Thoracic outlet
container
testing{

Peripheral
nerve
provocation
tests{ Interpretation Management decisions

(2) (2) (2) Low suspicion for TOS and or
peripheral nerve irritation/
entrapment condition.
Symptoms are likely
due to other condition,
such as cervical spine or
central nervous system.

Further testing merited
before management is initiated

(z) (2) (2) High suspicion for TOS without
associated thoracic outlet
container dysfunction; low
suspicion for peripheral
nerve irritation/entrapment

Treat TOS for
symptom management

(z) (z) (2) High suspicion for TOS with
associated thoracic outlet
container dysfunction;
low suspicion for peripheral
nerve irritation/entrapment

Treat TOS for symptom
management and
improvement of thoracic
outlet container mobility

(z) (2) (z) High suspicion for TOS without
associated thoracic
outlet container dysfunction;
high suspicion for peripheral
nerve irritation/entrapment; high
suspicion for double crush

Treat TOS for symptom
management; treat peripheral
nerve irritation/entrapment

(z) (z) (z) High suspicion for TOS with
associated thoracic outlet
container dysfunction;
high suspicion for peripheral
nerve irritation/entrapment;
high suspicion for double crush

Treat TOS for symptom
management and improvement
of thoracic outlet container
mobility; treat peripheral
nerve irritation/entrapment

(2) (z) (z) Low suspicion for TOS; high
suspicion for thoracic outlet
container dysfunction; high
suspicion for peripheral nerve
irritation/entrapment; high
suspicion for double crush.

Treat for improvement of thoracic
outlet container mobility;
Treat peripheral
nerve irritation/entrapment

(2) (2) (z) Low suspicion for TOS; low
suspicion for thoracic outlet
container dysfunction; high
suspicion for isolated peripheral
nerve irritation/entrapment;
low suspicion of double crush.

Treat peripheral nerve
irritation/entrapment

*For any UE symptoms; A (z) cluster of tests increases the suspicion.
{For mobility loss/dysfunction in any joint system in the container, such as first rib, ACJ, or SCJ.
{For specific peripheral nerve symptoms provoked through peripheral nerve clinical provocation testing.
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then the clinician is left to interpret the clinical testing

results. Table 3 presents a suggested approach to

interpreting test results and clinical decision making

for patients with potential complex presentations.

The interpretation of said tests raises or lowers the

clinician’s suspicion for any combination of the

following: TOS, thoracic outlet container dysfunc-

tion, peripheral nerve irritation/entrapment, and

underlying double crush. Without consideration for

related peripheral nerve irritations/entrapments and

potential double crush, the management of complex

patients may be incomplete.

Summary
The diagnosis and management of TOS has remained

controversial, based on a potential lack of corre-

spondence between neurophysiological testing and

clinical examination outcomes. An appreciation for

the complexity of the anatomical and mechanical

features associated with the thoracic outlet container

can serve as a foundation for understanding a

patient’s clinical presentation. A thorough historical

account and clinical examination can guide the

clinician towards a selection of specific tests that will

support the diagnostic process. The accuracy of

numerous tests has been established, and a clinician

can implement these tests to strengthen a diagnostic

suspicion. This is especially important when neuro-

physiological testing contradicts the clinical presenta-

tion. Rather than trying to differentiate TOS from a

peripheral nerve entrapment as the cause of the

patient’s symptoms, the clinician is encouraged to

consider the possibility of both conditions that result

from a double crush irritation of the neural tissues

along their course. In response, a clinician’s suspicion

for the relative contribution of TOS versus a

peripheral nerve entrapment is influenced through

the analysis of outcomes from the clinical testing

ensemble.

Once a thorough history and clinical examination

is completed, the clinician can decide upon a

management strategy appropriate for the individual

patient. Part 2 will discuss non-surgical, as well as

surgical, treatment options. Non-surgical treatment

focuses on symptom reduction and addressing the

specific dysfunctions responsible for the patient’s

symptoms. Surgery is generally reserved for cases of

vascular TOS or neurogenic TOS that does not

respond to conservative measures.
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