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Introduction

The cervicothoracic junction (CT]) is a unique area of spine
and is the junction between the mobile lordotic cervical
spine and the rigid kyphotic thoracic spine. It extends from
C6 through T4. There are significant biomechanical forces
acting on this region, thereby predisposing it to increasing
loads and potential instability. It includes the lower brachial
plexus, the thoracic outlet, and the superior mediastinum.
The fractures of the CTJ are uncommon and not well known.
Nichols et al reported' an incidence of approximately 9% of
CT]J injuries out of 397 cervical spine injuries studied. How-
ever, delayed diagnosis or missed diagnosis lead to underesti-
mation of the true incidence of CT] injuries. Inadequate imag-
ing and complicating comorbidities are the major factors
resulting in their missed diagnosis at the initial evaluation.
CT] is a difficult zone to evaluate with X-rays as the shoulder
obscures the image and hence their reliability is low. Com-
puted tomography (CT) and magnetic resonance imaging
(MRI) are of utmost value in evaluating CTJ injuries. Motor
vehicle injuries and fall from height are the most common
mode of injury associated with CT] injures. There should be
a high index of suspicion in patients with concomitant head
or chest injuries, concurrent spinal fractures, or acceleration—
deceleration as the mechanism of injury.!
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The cervicothoracic junction (CT]) is a unique area of spine and is the junction between
the mobile lordotic cervical spine and the rigid kyphotic thoracic spine. It extends from
C6 through T4. The fractures of the CT] are uncommon and not well known. The article
focuses on biomechanics of cervicothoracic region, management strategies of frac-
tures of cervicothoracic region, and reviews pertinent literature.

Biomechanics and Operative Anatomy

The biomechanics at CTJ is unique as there is a transition
from the lordotic mobile spine to the kyphotic and more rigid
thoracic spine. This region represents a transition from the
lateral masses of the cervical vertebra to the transverse pro-
cesses of the thoracic spine and has a marrow spinal canal.
The CT] is exposed to significant forces, particularly in flex-
ion and distraction. The anterior elements primarily transfer
compressive forces between the adjacent vertebral bodies
whereas the posterior spinal components are important for
the attachment of supporting ligaments and resistance to the
extremes of motion. The anterior and posterior longitudinal
ligaments prevent extreme flexion and extension, whereas
the intertransverse and capsular ligaments inhibit lateral
bending and axial rotation. The rib cage and its sternal artic-
ulations also contribute to thoracic spine stability. Disruption
to any two spinal columns at CTJ is considered unstable and
should be treated accordingly. C7 vertebra is a transitional
vertebra, and it has small, thin lateral masses compared with
the rest of the subaxial cervical spine. Pedicle size increas-
es gradually in width from 5.2 mm at C5 to 6.5 mm at C7.
However, the height of the C7 pedicle still averages 6.9 mm.
Considering the above factors, C7 vertebra is better suited for
a pedicle screw rather than lateral mass screw.?
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Classification System

At present, there is no system which is unique to classify CT]
injuries. Allen and colleagues’, Vaccaro et al’s, and AO (Arbe-
itsgemeinschaft fiir Osteosynthesefragen) classification sys-
tem have been applied to classify CT] injuries.?

Management

Nonoperative

Cervicothoracic compression, a lateral mass, and spinous
process fractures may be treated successfully with external
orthosis or halo immobilization. More severe injuries, how-
ever, may require operative intervention.

Operative

The goals of management of traumatic injury to the CTJ are
neural decompression, stabilization, restoration of anatomic
spinal alignment, and early mobilization and rehabilitation.

Surgical Approaches

The surgical approaches to the CT] depend upon the location
of the pathology, local anatomy, medical comorbidities, and
the familiarity of the operating surgeon with the local anato-

my of this complex region (=~Tables 1 and 2 ).

Anterior Approaches to the Cervicothoracic Junction*>
The following are the approaches:

1. Used for

 Access to the anterior C7-T1 through T1-T2 levels.

» Decompression.

* Reconstruction of the injured anterior spinal column.

* Access to the lower levels may require partial resec-
tion of the manubrium and clavicle (transmanubrial
window).

» Formal sternotomy can be used for access to the upper
thoracic spine below T2 (transsternal approach).

2. Access to lower levels

Incision
The incision is made along the medial border of the sterno-
cleidomastoid muscle till the sternal notch.

The position of the sternum relative to the CT] on lateral
radiograph or sagittal CT image can be used to estimate the
level that can be accessed through the anterior approach.

Dissection
The platysma is divided in line with the skin incision.

The deep fascia is identified and split along the antero-
medial border of the sternomastoid muscle.

Generous subplatysmal dissection facilitates easy expo-
sure of the deeper anatomic layers.

The omohyoid muscle encountered at the level of C6 can
be divided to improve exposure.

The sternohyoid and sternothyroid muscles can be divid-
ed to extend the exposure.
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The carotid pulse is palpated and further dissection is per-
formed medial to the carotid sheath.

Blunt dissection is done with a finger between the carotid
sheath laterally and trachea and esophagus medially down to
the prevertebral fascia.

For Transmanubrial Extension
The incision is extended along the proximal third of the
sternum.

A manubriotomy may be sufficient to provide sufficient
access.

For Sternoclavicular Approach
The incision is extended across the sternoclavicular joint
and continued just medial to the lateral border of the
manubrium.

The sternoclavicular joint is opened. The medial 3 cm of
the clavicle is resected to facilitate access.

The resected clavicle segment can be used as a strut graft.

Blunt dissection is done up to the brachiocephalic trunk
which is mobilized as needed.

The lung is protected using a sponge and retracted as
required.

The prevertebral fascia is divided longitudinally to visual-
ize the vertebra and the longus colli muscle.

The level is verified with fluoroscopy.

For the Trapdoor Approach®

The trapdoor approach is a more extensive approach wherein
a low cervical dissection is combined with a transsternal
approach with a thoracotomy to give a more expanded expo-
sure. The incision is curved laterally from the midline ster-
notomy incision and goes along the intercostal region at the
fourth intercostal space to the midaxillary line. This is fol-
lowed by sternotomy with a thoracotomy at the fourth inter-
costal space. This approach allows access from the C3 down
to the T4 or T5 level.

Closure
The split muscles are approximated and sutured.

The platysma is sutured followed by a subcutaneous
and skin closure. Skin closure with a subcuticular suture
enhances cosmesis.

A wound drain may be inserted through a separate stab
incision.

Posterior Access to the Cervicothoracic
Junction’

Incision
The skin and subcutaneous tissue are infiltrated with a
1:500,000 adrenaline solution to achieve hemostasis.

The exact location of the incision is identified with fluo-
roscopy and marked.

A midline skin incision is made centered over the marked
segment.
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Table 1 Various approach to cervicothoracic region enumerating indications and contraindications

Approach Indications Contraindications
Supraclavicular * Spinal tumor or metastases  Pathology below D1
» Deformity correction
Transsternal * Vertebral body fractures * Poor medical condition
* Spinal tumor or metastases
* Infections

* Herniated nucleus pulposus
» Deformity correction

Transmanubrial transclavicular « Vertebral body fractures * Poor medical condition
= Spinal tumor or metastases
* Infections

* Herniated nucleus pulposus
» Deformity correction

Trapdoor  Vertebral body fractures * Poor medical condition
= Spinal tumor or metastases
« Infections

* Herniated nucleus pulposus
» Deformity correction

Costotransversectomy * Vertebral body fractures * Poor medical condition
* Infections
* Herniated nucleus pulposus

Lateral extracavitary (lateral  Vertebral body fractures * Poor medical condition
parascapular) * Spinal tumor or metastases
* Infections

* Herniated nucleus pulposus
» Deformity correction

Laminectomy * Posterior element disease process only = Anterior vertebral body
« Intramedullary tumors lesions, fractures, herniated
disks, deformities
Thoracotomy/Transthoracic approach  Vertebral body fractures * Poor medical condition
= Spinal tumor or metastases
* Infections

* Herniated nucleus pulposus
= Deformity correction

Dissection Posterolateral Costotransversectomy
The dissection is carried down in the midline through the Approach7

subcutaneous tissue and the cervicodorsal fascia and paraspi-
nal muscles to the tips of the spinous processes.

The dissection is done through the midline to minimize
bleeding.

Self-retaining retractors are used to maintain soft tissue
tension during exposure.

The paraspinal muscles are elevated subperiosteally from
the laminae, using a Cobb elevator or cautery.

During exposure, care is taken to protect the facet joint cap-
sule of the levels cranial or caudal to the intended fusion, to
avoid unintended adjacent level joint fusion or degeneration.

Access to the anterior column can be achieved through a
posterolateral approach. The two options are the postero-
lateral costotransversectomy and far lateral extracavitary
approaches (LECAs).

Dissection is performed subperiosteally along the posteri-
or aspect of the ribs corresponding to the anterior vertebral
level(s) to be exposed.

Exposing one rib above and below decreases the soft tis-
sue tension and improves exposure.

The posterior 5 cm of the rib are exposed subperiosteally
and circumferentially taking care to avoid injury to the under-
lying pleura and the neurovascular bundle. The neurovascular
bundle lies against the anterior inferior aspect of the rib.

A bone cutter is used to cut the rib approximately 5 cm
from the costovertebral joint.

The free rib section is gradually released from its
surrounding soft tissue tethers including the various costo-
vertebral joint capsule and ligaments.
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Table 2 Various approach to cervicothoracic region enumerating advantages and disadvantages of each approach

Approach Advantages

Disadvantages

Supraclavicular * Relatively bloodless plane

* Limited access below D1

Transsternal * Provides access from C4 to D3
* Spares the sternoclavicular joint

* Preserves the sternal incision of sternocleidomastoid * Brachial plexus injury

e Sternal nonunion
* Mediastinitis

* Spares the sternoclavicular joint

Transmanubrial * Provides access from C5 to D3 * Pleural, mediastinal, vascular injury
transclavicular * Decreased morbidity over sternotomy approach
Trapdoor * Provides access from C4 to D3 * Pleural, mediastinal, vascular injury

* Preserves the sternal insertion of sternocleidomastoid

tomy transmanubrial approaches

tebral body

Costotransversec- * Lower morbidity as compared with transsternal or | < Limited access to anterior part of the ver-

* Provides access to the posterior and lateral part of ver-

tebral body

(lateral parascapular) vertebral body

Lateral extracavitary » Adequate access to posterior and anterior parts of | ¢ Associated with increased postoperative

* Extensile approach can be used for whole spine if | < Risk of pleura; pulmonary, neural, vascular

morbidity

needed injuries.
* Allows for anterior and posterior instrumentation * Restriction of scapular movements, inter-
costal muscles paralysis
 Prolonged surgical exposure
Laminectomy * Least morbid of all procedures * Provides limited exposure only
* (Can be used for whole spine * Risk of postoperative deformities
Thoracotomy/Trans- * Provides excellent access to C7 and thoracic spine » Associated with increased postoperative
thoracic approach * Allows anterior instrumentation morbidity
* Risk of pleura; pulmonary, neural, vascular
injuries.

* Restriction of scapular movements, inter-
costal muscles paralysis
* Prolonged surgical exposure

The lateral vertebral body and annulus are exposed
subperiosteally.

A malleable spatula is used to retract soft tissues anterior
and lateral to the anterior column of the spine.

Lateral Extracavitary Approach?®

The main difference in the lateral extracavitary approach is
the use of a plane of dissection lateral to the paraspinal mus-
cles. This more lateral plane allows a more transverse angle of
approach to the spinal canal and the anterior spinal column.
Approximately 8 to 10 cm of posterior rib is resected. After
the paraspinal muscle mass is elevated from the midline, it is
released along its lateral border and the entire muscle mass
may be then mobilized medially or laterally as needed with
a Penrose drain.

Closure
Drains are usually inserted via a separate stab incision.

The muscles are approximated over a deep suction drain
using interrupted sutures taking care to obliterate all dead
space.
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The subcutaneous layers and skin are sutured.

A postoperative upright chest radiograph to evaluate for
possible pneumothorax is mandatory.

Anterior and posterior approaches to the CT] are compli-
cated procedures because of the inherent anatomic restraints
and the biomechanics particular to this region. The posteri-
or approach is commonly used in CTJ injuries® and combined
anterior and posterior approach may be used in selected cases
depending on the pathology. Teng et al'® suggested utilization
of preoperative MRI in deciding the anterior approach for CT]J.

The low anterior cervical approach or the Smith-Robin-
son approach addresses the pathology ventral to the cervical
spinal cord. However, the low cervical approach is limited in
exposure of the caudal and upper thoracic spine, especially
the T2 vertebra, and depends on the body habitus and the
anatomy of sternum and manubrium. The superiority of
right-sided versus left-sided approach has been debatable in
the literature. However, most surgeons do favor right-sided
approach because of the more variable course of left recur-
rent laryngeal nerve and left thoracic duct."

The ventral fractures located distally as low as T4, can
be accessed by extending the low anterior approach by
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performing a partial median sternotomy.* The additional
exposure is gained by achieving sternotomy till the second
intercostal space. A transsternal or transmanubrial approach
is usually needed for access to the T3-T4 level. Typically, the
superior portions of the great vessels overlie T3-T4; however,
in the kyphotic patient, this can extend as high as T2.

When access below T4 is required, a thoracotomy may be
necessary. However, it is limited in the exposure of the cervi-
cal, and thoracotomy cannot be used to access the lower cervi-
cal spine. To have exposure of lower cervical spine along with
thoracotomy, a hemi-clamshell or trapdoor approach can be
used, consisting of a partial median sternotomy, anterior tho-
racotomy, and a neck incision. The “carotid” incision is extend-
ed to the sternum and swung around horizontally at the fourth
intercostal space to the anterior axillary line. Access from C3
potentially down to T4-T5 can be achieved in this manner. The
primary advantage of this approach is that it can be used for
an anterolateral pathology and provides an excellent visual-
ization of spinal cord anteriorly, but is limited in its ability to
assess to the posterior chest wall and neural foramina.

A transthoracic approach provides access to the CT]
through an inferior trajectory and used to gain access to the
middle and lower thoracic spine. The thoracotomy is per-
formed at the level of third rib and requires the mobilization
and retraction of the scapula

There are numerous posterior approaches to the CT] inju-
ries. A laminectomy is performed if the pathology lies poste-
rior to the spinal cord and involves the posterior elements.
The costotransversectomy is a posterolateral approach
exposing the posterior and anterolateral aspects of thoracic
vertebra. The LECA affords superior exposure of the ventral
thoracic cord through a posterolateral approach. A paramedi-
an or midline incision is made and the erector spinae muscles
reflected medially. The resection of proximal 10 cm of the rib
reveals the entire vertebral segment from the ventral aspect
to the posterior elements of the vertebral body.
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The transpedicular approach can be performed for ventral
and lateral decompression and requires facetal resection and
removal of the pedicle. However, this procedure may be risky
in CTJ due to thin pedicles and proximity of neural elements
in close proximity to the pedicle.

The pedicle screw insertion is routinely used for C7 level'?
and in the upper thoracic region (T1-T3) for CTJ injuries. For
C7 pedicle screws, four techniques can be used:

(1) The original technique described by Abumi and Kaneda.?
(2) Pedicle axis view by fluoroscopy.

(3) The laminoforaminotomy technique.

(4) Computer-assisted navigation techniques.

Implantation of pedicle screws in the upper thoracic spine,
specifically in vertebra T1, T2, and T3, needs precise knowl-
edge of the posterior projection of the pedicles and of their
orientation in space.' In a cadaveric study carried by Ebra-
heim et al,’® for T1-T2, the projection point of the pedicle
axis was approximately 7 to 8 mm medial to the lateral edge
of the superior facet and 3 to 4 mm superior to the midline of
the transverse process. For T3-T12, this point was 4 to 5 mm
medial to the lateral margin of the facet and 5 to 8 mm supe-
rior to the midline of the transverse process. The transverse
angle of the pedicle axis was found to be 30 to 40 degrees at
T1-T2, 20 to 25 degrees at T3-T11, and 10 degrees at T12.

Kretzer et al'® reported the first use of translaminar
screws in the upper thoracic spine. Biomechanical studies
have demonstrated equal efficacy between translaminar and
upper thoracic pedicle screws (=Fig. 1).

Conclusion

CTJ traumas are rare and frequently missed. CT] has a unique
biomechanics as there is a transition from a mobile, lordotic
cervical spine to a relatively more rigid and kyphotic thoracic
spine. CT scan and MRI are required to identify and define

Fig. 1 Management algorithm.

Management Wiy
Algorithm :
[ 1
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\
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Delayed Esdernal orthosis
| 7 ‘ ‘
3 . . If Kyphosis increases
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reduction achieved possible deterior ati;'lg
Early surgical Open reduction + Open reduction + . .
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the pattern of injury along with preoperative planning.
Combined anterior and posterior approaches and posterior
approach alone are commonly employed for such injuries
with the ultimate goal of neural decompression, stabiliza-

tion,

restoration of anatomic spinal alignment, and early

mobilization and rehabilitation.
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