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Review Article

Neurogenic thoracic outlet syndromes
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Introduction

'Neurogenic thoracic outlet syndrome' is a poorly
defined and controversial term for a group ofupper
extremity nerve compression disorders.' The objec-
tive of this article is to summarize current
knowledge, review controversies, and formulate a
rational management plan for neurogenic thoracic
outlet syndromes (NTOS). We will present a
balanced perspective that considers thoracic sur-
gical and neurological viewpoints.

Thoracic outlet syndromes can be divided into
four groups: arterial, venous, classic neurogenic,
and non-specific neurogenic.2'3 The diagnosis of
arterial and venous thoracic outlet syndromes is
straightforward since characteristic clinical and
radiographic findings are present. Classic NTOS is
a diagnosis based on objective diagnostic features.
Non-specific NTOS is a diagnosis based on sugges-
tive symptomatology and exclusion of other
entities. Vascular thoracic outlet syndromes are not
discussed. Classic and non-specific NTOS will be
reviewed separately.

Classic neurogenic thoracic outlet syndrome

Classic NTOS (true NTOS, cervical rib syndrome)
is a universally accepted neurological entity (Table
I). Its incidence is approximately one per million.4
A cervical rib, abnormal C7 transverse process, or
abnormal cervical band is usually present. Com-
pression of the lower brachial plexus by the abnor-
mal rib or band produces characteristic neuro-
logical deficits. Patients complain of pain and
paraesthesiae of the medial forearm and hand. On
examination, sensory loss is detectable along the
medial forearm and over the fourth and fifth
fingers. Intrinsic hand muscles are weak and muscle
wasting is often apparent. The lateral thenar

muscles are the most severely affected muscles.
Electromyographic examination shows evidence of
chronic lower trunk, axon-loss brachial plexo-
pathy.4'5 A particular combination of nerve con-
duction study findings is characteristic. Median
nerve motor amplitudes are very low, ulnar sensory
amplitudes are low, ulnar motor amplitudes are
equivocally low, and median sensory amplitudes
are normal.4'67 Cervical spine radiographs usually
show a cervical rib or elongated C7 transverse
process. After exclusion of other entrapment
neuropathies and cervical radiculopathy, the above
noted physical findings and electrophysiological
abnormalities are virtually diagnostic of classic
NTOS.
The treatment of classic NTOS is not controver-

sial.8 Through a neck incision, the cervical rib is
removed or the abnormal cervical band is divided.
Adjunctive operative procedures, such as scaleno-
tomy, scalenectomy or first rib resection, are prob-
ably not required. Relief of sensory symptoms and
arrest of progressive muscle weakness can be
anticipated after surgical therapy. However, intrin-
sic hand muscle wasting usually does not improve.

Non-specific neurogenic thoracic outlet syndrome

Non-specific NTOS (disputed NTOS) is distin-
guished from classic NTOS by a lack of objective
findings on neurological examination and elec-

Table I Classic neurogenic thoracic outlet syndrome

Diagnosis
Examination

Sensory loss, wasting of small muscles of hand
Nerve conduction
Reduced median motor and ulnar sensory amplitudes

Radiograph
Cervical rib or abnormal C7 transverse process

Treatment
Excision cervical rib and/or bands
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trophysiological testing (Table II). The diagnosis
and treatment ofnon-specific NTOS are the subject
ofextensive debate. There are no standard diagnos-
tic criteria. Some investigators doubt its very
existence,9 while others believe it to be a common
cause of upper extremity complaints.2

Presumedpathogenesis ofnon-specific NTOS

The pathogenesis of non-specific NTOS is presum-
ably related to compression of the brachial plexus
across the 'thoracic outlet'.2 Compression can
occur in three areas of the thoracic outlet: inter-
scalene triangle, costoclavicular space, and sub-
coracoid space (Figure 1). The first rib is common
to both the interscalene triangle and costoclav-
icular space. Investigators have proposed a variety
of pathophysiological theories to explain brachial
plexus compression across the thoracic outlet.
These theories fall into three major groups: con-
genital anomalies, postural factors and sequelae of
trauma.

Congenital anomalies, such as cervical ribs and
cervical bands, are essential pathophysiological
features of classic NTOS. It seems plausible that
these same anomalies can cause symptoms ofnerve
compression without necessarily producing objec-
tive neurological findings. Non-specific NTOS may
share a common pathophysiology with classic
NTOS but be less severe. Unlike classic NTOS,
most patients with non-specific NTOS do not have
cervical ribs or abnormal C7 transverse processes.
Anomalous fibromuscular bands have reportedly
been found in many surgical patients with a
diagnosis of non-specific NTOS.'0-'2 Congenital
anomalies of the scalene muscles also may contri-
bute to brachial plexus compression.'3"4

Postural factors, such as descent of the shoulder
girdle in middle-aged adults, have been implicated
in the pathophysiology of non-specific NTOS.'5
Normal rib and muscle structures presumably
cause brachial plexus compression in these cir-

Table II Non-specific neurogenic thoracic outlet synd-
rome

Diagnosis
Suggestive symptoms
Exclusion of other diagnoses
Normal neurological and electrophysiological

examinations
Treatment
1. Conservative (most patients)

Reassurance
Physiotherapy

2. Surgery (selected patients)
Cervical rib excision (if present)
First rib resection (ifno cervical rib)
Scalenectomy (an alternative to first rib resection)

cumstances. Proponents of therapeutic neck and
shoulder girdle strengthening exercises support this
aetiological theory."' 6

Several authors have implicated 'whiplash' neck
injuries in the aetiology of non-specific NTOS.'7"'
Trauma-induced chronic muscle spasm allegedly
causes brachial plexus compression. Histochemical
and morphometric abnormalities consistent with
chronic spasm have been found in scalenus anticus
muscles removed from non-specific NTOS pat-
ients.'9'20 The relationship between neck trauma
and upper extremity symptoms may be compli-
cated by issues of litigation and secondary gain.

Clinicalpresentation and investigation of
non-specific NTOS

As with classic NTOS, patients with non-specific
NTOS complain of pain and paraesthesiae along
the medial forearm and hand. Some authors have
attributed headache, neck pain, chest pain and
almost any upper extremity complaint to non-spe-
cific NTOS. Neurological examination is unremark-
able but other indicators of possible neurovascular
thoracic outlet compression may be present.2'
These physical examination tests may be grouped
into three broad categories: shoulder girdle mani-

Figure 1 Three sites of possible nerve compression in
non-specific neurogenic thoracic outlet syndrome: I = in-
terscalene triangle - triangle of anterior scalene muscle,
middle scalene muscle, and first rib; 2 = costoclavicular
space - space between clavicle and first rib; 3 = sub-
coracoid space - space beneath pectoralis minor tendon.
(Reproduced from Dyck, P.J. (ed.) Peripheral
Neuropathy, 3rd edn, with permission of W.B. Saunders
Company and Dr A.J. Wilbourn.)

copyright.
 on M

ay 23, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.70.829.785 on 1 N

ovem
ber 1994. D

ow
nloaded from

 

http://pmj.bmj.com/


NEUROGENIC THORACIC OUTLET SYNDROMES 787

pulations with decrease in radial artery pulse
(Adson's test, hyperabduction test, military posi-
tion test),22"24 exercise tests that reproduce symp-
toms (elevated arm stress test of Roos)'" and direct
brachial plexus palpation that provokes symptoms
(Spurling's sign).2526 These physical examination
manoeuvres lack specificity; they may be 'positive'
in many normal subjects." Approximately 50% of
asymptomatic subjects have pulse deficits if pro-
vocative manoeuvres are vigorously performed.28'29

Electrophysiological testing is critical to the
diagnosis of most nerve entrapment syndromes,
including classic NTOS, but electrophysiological
testing is not diagnostic in non-specific NTOS.
Ulnar nerve conduction velocity was promoted as a
reliable diagnostic test2'30 but most investigators
have had difficulty confirming its validity.43' 3
Other electrophysiological tests, such as F-wave
response latency,34 somatosensory evoked poten-
tials34-36 and dynamic positioning electrophysio-
logical testing,37 are not sufficiently useful to war-
rant routine use.3

Because of the difficulties with electrophysio-
logical diagnosis of non-specific NTOS, vascular
assessment has been advocated as an indirect
indicator of general neurovascular compression
across the thoracic outlet. Angiography,37 photo-
plethysmography38 and Doppler flow studies have
been used.3940 These investigations are of limited
value in non-specific NTOS. As with the simpler
Adson's test, many normal subjects show evidence
of arterial compression with provocative arm posi-
tioning.38

Radiographs of the neck may show cervical ribs
in patients with non-specific NTOS. Cervical ribs
are found in 1.5% of the general population4' but
their presence in a patient with upper extremity
symptoms supports a diagnosis of non-specific
NTOS. Better delineation of subtle cervical trans-
verse process abnormalities is possible with com-
puted tomography but this modality has not been
widely used.42 Early experience with magnetic
resonance imaging (MRI) in various thoracic
outlet syndromes is promising.43 Fibrous bands
and brachial plexus deviation have been shown in
patients without cervical ribs. Further reports of
the role of MRI in thoracic outlet syndrome
investigation are awaited.

Psychological assessment is a neglected aspect of
investigaton.2' When compensation and litigation
issues are present, secondary gain may influence
severity and chronicity of symptoms. '5"44The Min-
nesota Multiphasic Personality Inventory has been
used to assess non-specific NTOS patients.45'46
Personality abnormalities have been detected but
the test has not consistently predicted response to
surgical therapy.' Some investigators have report-
ed a high incidence of somatization disorders in
non-specific NTOS patients."'47

Investigation of non-specific NTOS is essentially
a process of excluding other causes of upper
extremity neurological symptoms.' Diagnoses
such as cervical radiculopathy, carpal tunnel syn-
drome and musculoskeletal conditions must be
excluded by appropriate history, examination,
electrophysiological testing and radiographic in-
vestigation. Neurology consultation is mandatory,
since most thoracic surgeons lack the necessary
expertise to exclude subtle neurological abnor-
malities. In one series of carefully investigated
subjects, 65% of patients with a presumptive
diagnosis of non-specific NTOS who were referred
to a thoracic surgery clinic were found to have
other neurological or musculoskeletal conditions."

Treatment ofnon-specific NTOS

Considering the problems of defining and diagnos-
ing non-specific NTOS, it is not surprising that
treatment of this condition is controversial. Treat-
ment should be as conservative as possible (Table
II). Simple explanation of the syndrome and reas-
surance satisfies many patients. Shoulder girdle
strengthening exercises may be prescribed; im-
provement is reported in 50-90% of pat-
ients."'6'48'49 Surgery is reserve for failures of
conservative management. Surgical approaches are
directed towards a variety ofnormal and abnormal
structures that are presumably inmportant in nerve
compression. Operations can be categorized into
three major groups: cervical rib r section,2' first rib
resection2'50 and scalenectomy (excision of scalenus
anticus and medius muscles).'7 These operations
are sometimes combined, either through the same
operative incision or, less commonly, through two
separate incisions.'35,"52 Scalenotomy (simple divi-
sion of scalenus anticus)22'53 may be a useful
adjunctive procedure when done with other opera-
tions, but it has otherwise been abandoned as a
NTOS operation.

If a cervical rib is present in a patient with
non-specific NTOS, it is reasonable to presume that
the pathophysiological processes that characterize
classic NTOS are present, although to a lesser
degree. The logical operation in this setting is
cervical rib removal through a supraclavicular
approach.2' Abnormal bands are also divided. In
the absence of a cervical rib, first rib resection is a
logical operation for non-specific NTOS.2'2' First
rib resection decompresses both the interscalene
and costoclavicular spaces. In addition, most
anomalous compressive soft tissue structures arise
or attach to the first rib. First rib resection is usually
done through a transaxillary incision,2 but supra-
clavicular54 and posterior approaches55'56 have pro-
ponents. Scalenectomy for non-specific NTOS is
based on the trauma-scalene spasm aetiologic
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theory.'7 The operation is done through a supra-
clavicular approach.

Brachial plexus injury is a rare, but extremely
serious, complication of NTOS operations.57-62
The intrinsic safety of the various operations is
frequently debated.51'57'58 Most reported brachial
plexus injuries have complicated transaxillary first
rib resection, but this operation is also the most
commonly performed procedure.60-62 Nerve trac-
tion, from excessive arm retraction, is the usual
mechanism of plexus injury. Traction injury is
unique to the transaxillary approach; direct
operative trauma is the mechanism of brachial
plexus injury in the other thoracic outlet syndrome
operations. The skill of the surgeon is probably
more important in preventing plexus injuries than
the operative approach.
The reported results of surgical treatment for

non-specific NTOS are often difficult to interpret.
Follow-up is usually short and assessment of
treatment efficacy is subjective. Review of the
surgical literature suggests that good results are
obtained in approximately 75% of patients, irre-
spective of the operative approach used.'3465163

Ten-year follow-up shows good results in approxi-
mately 65% of patients.5' Most reports of poor
results are found in the neurology literature.58-6'
Poor outcomes are usually associated with diag-
nostic errors and inappropriate surgery."4

Summary of neurogenic thoracic outlet syndromes

Classic NTOS is rare entity with specific defining
electrophysiological and physical examination
findings. A cervical rib or anomalous cervical band
is usually present. Surgical excision of the cervical
rib or band relieves symptoms and stops progres-
sive brachial plexus injury.

Non-specific NTOS probably does exist but its
incidence is much lower than some proponents
report. In a patient with symptoms suggesting
classic NTOS, but lacking objective evidence of
classic NTOS, the diagnosis of non-specific NTOS
can be made after exclusion of other conditions.
Operative treatment is reserved for failures of
conservative management. Good surgical results
are dependent on careful patient selection.
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