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Cervical rib and thoracic outlet syndrome

Abstract

The cervical rib is an extra rib that develops as a result of elongation of the costal element
of the transverse mass of the C7 vertebra. Its incidence ranges from less than 0.5 to
2.5%, with some gender and laterality predilections, in different populations. It is rarely
symptomatic. When large, it can cause various vascular and neurological symptoms.
Thoracic outlet syndrome (TOS) is a group of manifestations that result from compression
of one or more of the neurovascular structures in the thoracic outlet. The causes of TOS
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include musculoskeletal variations or anomalies, fibrous bands, tumors and post-traumatic

conditions. Clinically, three forms of the TOS are identified: arterial, venous and neurogenic.
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Surgical options for decompression of the TOS include the transaxillary, the supraclavicular

and the posterior subscapular approaches.
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Introduction

A cervical rib is a supernumerary rib that occasionally projects
from the lateral mass of the 7th cervical vertebra. Clinically, it can
cause obscure nervous or vascular symptoms, and it is difficult to
diagnose. Studies have shown the prevalence of cervical ribs to lie
between 0.03% on radiographs and 3% in postmortem investigations,
depending on the sex and race of the population studied. The term
thoracic outlet syndrome (TOS) refers to a heterogeneous group of
disorders that compress one or more of the neurovascular elements
within the thoracic outlet (superior aperture of the thoracic cavity)
on their way to the axilla. Cervical ribs are congenital variants that
are known to cause TOS or brachial plexopathy in up to 10% of
the affected individuals. In symptomatic cervical rib, surgical rib
resection may be adopted.

Morphological and developmental aspects of
cervical rib

The presence of a foramen transversarium in each of the lateral
masses is a characteristic feature of all cervical vertebrae. It allows
the passage of the vertebral artery; an important artery supplying the
brain and spinal cord. This foramen is bounded by bony elements:
the anterior and posterior roots, the anterior and posterior tubercles,
and the costotrasverse bar. Developmentally, the posterior root
represents the true the transverse process while the remaining bony
parts represent the costal element that when elongated it results in a
supernumerary rib.!

Thoracic vertebrae typically bear facets on the sides of their bodies
and on the transverse processes for articulation with the heads and
tubercles of the ribs, respectively. A complete foramen in the left
transverse process of the first thoracic vertebra has been discovered
as a very rare anatomical variation, it was present near the root of
the transverse process in alignment with the foramina transversaria
of the cervical vertebrae of the same side.? There is a single report of
an adult possessing a phalanx-like bone in the cervical region, it lay
posterior to the spinous process of the C5 vertebra, and it was attached
to the left lamina of the C5 vertebra.’ Growth differentiation factor 11
(GDF11) is one of the significant genes that is considered to control
skeletal formation. It was observed to induce formation of extra rib in

mice as a result of transformation of the C7 vertebra into a thoracic
vertebra.*

The prevalence of cervical ribs in the human population has been a
source of uncertainty due to the difficulty in detecting this often subtle
congenital variation. The incidence of cervical rib is mentioned, in
one reprot, to be less than 1% of the population.” The prevalence of
the transverse process elongation and cervical ribs was investigated
in a Saudi population showing that cervical ribs were present in
3.4%; a female to male ratio was 2.01 to 1; they were bilateral in
41% of affected individuals, and elongated transverse processes were
present in 23%.° On MRI examinations, cervical ribs were identified
on 1.2% scans, being lower than on CT scans (2%).” In Americans,
cervical ribs were found in 2.0% of the population; of them 40.3%
had bilateral ribs. The prevalence of cervical ribs in women was
assessed to be twice that in men, and African Americans constituted
70.1% of patients with cervical ribs, whereas whites were 26.9%.°
In a London population of mixed sex and ethnicity, the incidence
of cervical rib was 0.74% with a higher rate in females compared
with males (1.09 and 0.42%, respectively). Of 10 individuals with a
cervical rib, five were on the left side, three were on the right side and
two were bilateral. The presence of elongated C7 transverse processes
(transverse apophysomegaly) was noted in 2.21% of population.’

In gestational ages ranging from less than 18weeks to 42weeks,
calculated from the LMP, a separate costal element of the C7 vertebra,
the possible precursor of a cervical rib, could be observed in 63%
of fetuses with males outnumbering females (403:311). Of the cases
with separate costal elements, 73% were bilateral and of the unilateral
group 60% were on the right and 40% on the left side. Nonsignificant
differences were correlated to the gestational ages with disappearance
of the separate costal element after birth.'” The overall prevalence of
cervical ribs was found to be higher in stillborn fetuses than in live
born infants and they were strongly associated with fetal aneuploidy."!
In a study on adult dry and clean C7 vertebrae of Egyptians, the
mean length values of the anterior root, the costotransverse bar,
and the whole costal element were assessed to be 11.3+4.06mm (on
right side) and 13.9+4.97 (on left side), 12.8+3.20mm (on right side)
and 11.0£2.79 (on left side), and 24.6+4.95mm (on right side) and
25.1+4.55mm (on left side), respectively.'
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Anomalies of the bilaterally dissected thoraco-cervico-axillary
regions, of 40 aborted human fetuses, were discovered in 60% of
the dissections. The scalene hiatus, between the scaleni anterior and
medius muscles, had an oval shape in 6.3%. Fibromuscular bands
were found in 15% of the fetuses while hypertrophied scalenus
anterior muscle was seen in 12.5% of the dissections. In 28.7% of
the cervical dissections, hypertrophy of the C7 transverse process
was noted, being bilateral in seven cases. In one case, a “C-shaped”
clavicle anomaly was observed. Absent internal thoracic artery was
also noted in one case."

Thoracic outlet syndrome (TOS) and its
clinical types

Thoracic outlet syndrome (TOS) is a controversial clinical entity
in medicine that is defined as a set of symptoms induced by the
compression of the brachial plexus and subclavian vessels on their
way from the thoracic outlet to the axilla. The term TOS refers to a
group of disorders that have, in common, the entity of compression of
one or more neurovascular elements at some point within the thoracic
outlet. Most of these disorders have all of the expected parameters of
a syndrome: a recognized group of clinical features, an anatomical
derangement accounting for these features, and a diagnostic method
for identification of this anatomical derangement; hence their
recognition and management are relatively straight forward.'*

Anomalies in musculoskeletal structures that may be responsible
for the TOS include prolonged transverse process of the C7 vertebra,
cervical rib, anomalous first rib, and clavicle fractures. Cervical ribs
may cause TOS in adults, but symptoms are poorly described in
children. In a study on a group of children with cervical ribs, 88.8%
were asymptomatic. The most common symptoms, in this group,
were neck mass and pain. Useful diagnostic tools, in these conditions,
were cervical spine and chest radiographs, considering the differential
diagnosis of a supraclavicular mass including cervical ribs."® An
asymptomatic cervical rib presenting as a hard neck lump was also
discovered in a 56year-old woman.'®

Skeletal anomalies are recognized as potential causes of thoracic
outlet syndrome (TOS).!"2° A retrospective clinical and imaging study
was conducted, on 400 patients operated upon for the TOS, to identify
the prevalence of bone anomalies associated with different clinical
types of the syndrome. Of the total number of patients, only 29%
exhibited a bone anomaly in the form of cervical ribs (69%), clavicular
anomalies (22%) and isolated first rib aberrations (9%). Of the bone
anomalies 78% were congenital while 22% were post-traumatic. The
bone anomalies were predominantly found in females (76%) with
an average age of 36 years. The distribution of neurogenic, arterial
and venous types of the TOS, with bone anomalies, was 63%, 33%
and 4%, respectively.?! Bifid rib is usually asymptomatic anomaly
but sometimes is associated with other pathological conditions when
there is downward extension of the cervical or first rib to articulate
with the upper branch of the bifid first or second rib, respectively.?>?

Based on the underlying structure(s) compressed, the TOS has
traditionally been divided into vascular and neurogenic types, of
which neurogenic TOS (nTOS) is commoner (95%) and typically
presents with compression of the brachial plexus; mostly the lower
trunk. Vascular TOS (vTOS) primarily involves compression of the
subclavian artery or vein, or it is sometimes secondary to thrombus
formation in the venous vasculature. Anatomical anomalies in the
thoracic outlet has the potential to predispose to any of the types of the
TOS like variable insertions of scalenus anterior, scalenus minimus or
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pectoralis mino muscle, cervical rib, fibrous and muscular bands, and
atypical course of neurovascular structures of the outlet.?*

Vascular type of TOS (vTOS)

Cervical ribs are rarely symptomatic. Stroke is an exceedingly rare
presentation of arterial thoracic outlet syndrome (aTOS). Subclavian
arterial compression is usually due to a cervical rib, and is rarely
associated with thromboembolic or ischaemic stroke. The mechanism
of cerebral embolisation associated with the thoracic outlet syndrome
is poorly understood, but may be due to retrograde propagation of
thrombus or transient retrograde flow within the subclavian artery
exacerbated by arm abduction.?*?* Cerebral ischemia or infarct due
to cervical rib is extremely rare and these patients usuall have a
history of upper limb symptoms before the initial presentation with
a stroke.* Subclavian arterial thrombosis and both cerebellar and
cerebral infarctions secondary to retrograde thromboembolisation
were reported in a middle-aged male with a right cervical rib. The
cervical and first ribs were surgically removed to prevent further
events.’’ An unusual case of thrombosis of left subclavian artery in a
female patient with bilateral cervical rib, longer on the left side, was
described, embolectomy was performed and the patient was planned
for rib excision.*?

Cervical ribs causing clinical symptoms are large, frequently
fused with the first rib, and they can result in aneurysmal formation or
thrombosis. In such cases, both the cervical and first ribs have to be
excised to relieve arterial compression, usually through a transaxillary
approach unless in patients with aneurysms, needing arterial
reconstruction where a supraclavicular approach is adopted.*® There
is a report of three patients who had arterial thoracic outlet syndrome
associated with a cervical rib that was fused to the second rib in the
absence of the first rib. These patients underwent transaxillary cervical
and second rib resections together with anterior scalenectomy;
complete resolution of the symptoms had occurred.** Stenosis
of the internal jugular vein is also noted in some cases of thoracic
outlet syndrome.*® It is postulated that aggregated costochondral
calcifications may predispose to osteophyte formation and stress-
induced occult first rib fractures, and that neighbouring soft tissue
inflammation, fibrosis, and anatomical disruption may contribute to
subclavian vein compression (venous TOS).*® Regrown, remaining or
residual cervical or first rib is the cause of recurrent TOS.?7 %

Some authors described a case of a young woman with pain in the
left forearm, accompanied by intermittent claudication, weight loss,
myalgias, ischemia of the fingers, no radial pulse, and no measurable
blood pressure in the left arm. The case was initially diagnosed as
“Takayasu arteritis”. However, chest radiography showed accessory
cervical ribs while Doppler ultrasonography and angiography revealed
bilateral compression of the subclavian artery.*’ Embolism of the arm
and finger arteries can occur with a cervical rib, mild or moderate
symptoms could be relieved through a conservative treatment , while
severe cases may necessitate surgical resection of the cervical and first
ribs.*!

Neurogenic type of TOS (nTOS)

The most common clinical presentation of the TOS arises from
compression of the lower trunk of the brachial plexus. In a study
on embalmed cadavers, a fibrous band consistent with Roos’ type
3 was identified in 41 percent of cadavers and it had dimensions of
3.45%0.27cm. It lay anterior to the T1 ventral primary ramus, creating
a tunnel through which this nerve root must ascend before joining the
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C8 nerve root to form the lower trunk of the brachial plexus. It was
believed that such a tunnel could compress the T1 nerve root against the
first rib, potentially predisposing in susceptible individuals to thoracic
outlet syndrome.*> This fibrouse band, sometimes called the “first
thoracic rib ligament or intracostal ligament”, can cause preclavicular
entrapment of the T1 ventral primary ramus leading to radiculopathy,
nTOS, or both, the so called “double crush” phenomenon. This
ligament was demonstrated in 81% of embalmed cadavers: 52%
bilateral and 29% unilateral. It was trapezoidal in shape, being wider
anteriorly. Its average length was 31.0mm, anterior width was 7.1mm,
midsubstance width 3.6mm, and posterior width 3.5mm. Its mean
thickness was 0.5mm, and the maximal opening through which the
T1 nerve passed between the first rib and the ligament was 6.3mm.*

Symptomatic cervical ribs should not be considered as a pathology
peculiar to the adult population but although uncommon, they may
present in children with neurological sequelae that may necessitate
surgical intervention.*“ The causes of neonatal brachial plexus palsy
include obstetrical palsy, familial congenital palsy, maternal uterine
malformation, congenital varicella syndrome, osteomyelitis involving
the head of the humerus or cervical vertebral bodies, exostosis of the
first rib, tumors and hemangioma in the region of the brachial plexus,
and intrauterine maladaptation.*® Congenital brachial plexus palsy
(CBPP) usually occurs as a birth injury but this is not always the case.
Cervical ribs are reported to increase the risk of CBPP in association
with birth injury.***

A true neurogenic thoracic outlet syndrome associated with
a cervical rib is considered extremely rare. Five females of “true
nTOS” associated with radiographically confirmed cervicl ribs
and of average age of 34.8years described their pain as intense and
debilitating before surgical treatment. They were operated on via a
supraclavicular approach and the cervical ribs were resected. Two
years postoperatively, all patients felt improvement and they were
able to resume their daily life activities.*

Atrophy of the intrinsic muscles of the hand is considered to be
a typical feature of the true form of the “nTOS”. The classical type
of this entity has been described to consist of a cervical rib or a
prolonged transverse process of the C7 vertebra, completed with a
fibrous band attached to the first thoracic rib, and resulting in atrophy
of the intrinsic muscles of the hand. Based on this observation, the
“nTOS” is currently classified in clinical practice into “disputed”
and “true” neurologic subgroups. In all cases of the “true nTOS”
with atrophy of the intrinsic muscles of the hand, the lateral thenar
muscles are affected first.® The majority of patients suffering from a
post-traumatic TOS present with a neurogenic type of the syndrome.’!
It has been emphasized that intrinsic hand muscle and lateral thenar
muscle atrophy and weakness, as well as medial hand and forearm
numbness are all suggestive of lower trunk involvement in “nTOS”,
and this condition is very rare to occur in the pediatric population.®

Cervical rib or elongated costal element of the C7 vertebra and
sacralization of a lumbar vertebra are associated with neurological,
vascular, and obstetrical problems. An association between these three
morphological variations is reported with a suggestion that clinicians
could use the incidence of one of them to predict the presence of the
others. However, another study has presumed that sacralization is
not a predicate for either cervical rib or elongated transverse process
of the C7 vertebra.”® Furthermore, isolated cervical rib fracture and
cervical rib pseudoarthrosis are reported to be extremely rare causes
of TOS.3*3¢

The scalenus minimus muscle strengthens the suprapleural
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membrane (Sibson’s fascia) and it extends from the anterior tubercle
of the transverse process of the C7 vertebra to the inner border of the
first rib and cupula of the pleura. A large scalenus minimus muscle
was detected on the right side of a dissected white old male cadaver in
Saudi Arabia. This case was considered as noteworthy because of its
great dimension and relation to the brachial plexus.’’

Actions of the scalene muscles include ventral and lateral flexion
of the cervical spine as well as elevation of the first and second ribs.
Rotation of the cervical column by these muscles remains a subject
of debate. Experimental models of the scalene muscles supported
the accepted main actions of the muscles and succeeded to produce
ipsilateral rotation of the cervical spine. An assumption was raised
that a knowldge of the cervical rotational properties of the scaleni
helps in the clinical diagnosis, management, and treatment of cervical
pain conditions as well as thoracic outlet syndrome.*®

Patients with “nTOS” may have signs and symptoms of concomitant
arterial compromise without thrombosis or aneurysm.>° A potential
relationship has been elucidated between carpal tunnel syndrome
(CTS) and TOS. A great number of subjects with CTS presented with
history of neck and shoulder pain suggestive of TOS.®!

Histopathological changes in “nTOS”

Histopathological studies, on human cadavers, had demonstrated
the structural changes induced by cervical rib compression in the
lower trunk of the brachial plexus. These changes included epi- and
perineurial fibrosis leading to thickening with intersecting fibrous
bands, vascular hyalinization, focal mucinous degeneration of the
nerve fasciculi, and frequent intraneural collagenous nodules. None
of the control cadavers had shown such histological findings.®

Diagnostic aids and surgical approaches for
TOS

Helical computed tomography provides a three-dimensional view
of the thoracic outlet, and is valuable for the detection of anatomical
variations there. A common diagnostic technique for “vTOS” is duplex
imaging, which has generally replaced the more invasive angiographic
techniques. In cases of suspected “nTOS”, electrophysiological nerve
studies offer guidance in patients likely to benefit from surgical
decompression of TOS. In children, musculoskeletal sonography may
be a reliable method for diagnosis of cervical ribs without the need for
ionizing radiation.®®

Vascular and neurogenic compression induced by cervical ribs
should be promptly diagnosed and treated in order to avoid further
complications, including cerebrovascular ischemic events. Different
surgical approaches are available for the treatment of TOS.* Early
surgical intervention is recommended in patients with upper limb
ischemia and anatomical abnormalities in a thoracic outlet. A middle-
aged male with progressive ischemia of the right upper limb due to
compression of the subclavian artery by an accessory cervical rib had
undergone cervical rib resection together with a subclavio-brachial
venous bypass graft. Recovery of the limb ischemia and healing of the
finger ulcerations were permanently observed.®

Recurrent supratentorial and infratentorial stroke in the same
patient is very rare particularly when it occurs in the young.
Cervical rib can induce anterograde or retrograde thromboembolic
phenomenon leading to ischemic stroke. Such a case could be
managed through anticoagulant and antiplatelet therapy followed by
excision of the cervical rib.® In a group of paients with “vTOS”, the
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causes of arterial compression were identified to include cervical rib
in 74.1%, abnormal first thoracic rib in 11.1%, soft tissue anomalies
in 7.4%, and hypertrophic callus of healed clavicle fracture in 7.4%.
In all cases, a combined supraclavicular and infraclavicular approach
was performed. Decompression was achieved through cervical rib
excision in 48.1%, combined cervical and first rib excision in 26%,
and first rib excision in 22.2% of patients. Associated vascular
procedures included resection and replacement of the subclavian
artery, subclavian-axillary or axillary-brachial bypass, or brachial
embolectomies.®’

The transaxillary approach is one of the surgical approaches
described for the treatment of “nTOS”. It lies along a natural
corridor, is non-muscle splitting, allows definitive treatment of both
bony and soft-tissue variations in thoracic oulet, produces minimal
complications, and preservs the anatomical boundaries. However,
a persistent cervical rib requires an additional ventral cervical
approach.® It is also claimed that the transaxillary approach is
considered as the golden management standard because it provides
wide exposure and good cosmesis in patients with TOS.%

Endoscopic computerized instrumentation in transaxillary first rib
resection (FRR) decreases the risk of neurovascular or pleural damage,
promotes complete decompression, and consequently provides a safe
alternative to standard method of FRR.7*"!

A supraclavicular incision at the base of the neck is favored by
some surgeons for decompression of the TOS. This approach has been
found to provide ample access to the brachial plexus, the subclavian
vessels, and the cervical and first ribs. This procedure not only relieves
pain but also is cosmetically acceptable.” Adolescents undergoing
supraclavicular decompression of “nTOS” are reported to have more
favorable preoperative characteristics and more enhanced 3-month
and 6-month functional outcomes than adults.” Supraclavicular
approach for FRR remains an essential step in the management of
the TOS particularly when there are no bony abnormalities, it has a
minimal morbidity and an excellent outcome.”

First rib resection and scalenectomy (FRRS) has been shown
to improve short-term quality of life (QOL) in the treatment of the
“nTOS”.” Venous bilateral TOS patients are more oftenly younger,
competitive athletes, and they require close postoperative monitoring
for recurrent stenosis and thrombosis.” In a series of patients who
underwent FRR for all of the three forms of the TOS: neurogenic,
venous, and arterial, during a period of 10years, excellent outcomes
were obtained. An increasing role for surgical intervention in children
was reported.”’

A posterior subscapular approach to the brachial plexus is
commonly indicated in patients with the “nTOS” especially when
associated with a large C7 transverse process or cervical rib, paraspinal
tumors, or lacerations of the spinal nerves close to the spine. This
approach is also preferred in patients with previous anterior neck
operations and/or morbid obesity.” In a case of a 37year-old woman
critical upper limb ischemia caused by a cervical rib was discovered,
vascular bypass was performed with cinical failure, and after a 6month
therapy with sildenafil, successful revascularization of the arm was
observed and amputation was avoided.”
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