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Abstract: Cervicothoracic junction trauma is an important cause of morbidity and mortality
in trauma patients. Imaging has played an important role in identifying injuries and guiding
appropriate, timely therapy. Computed tomography is currently a method of choice for diag-
nosing cervicothoracic junction trauma, in which the pattern of injuries often suggests possible
mechanisms and potential injuries. In this article, the authors describe and illustrate common
and uncommon injuries that can occur in the cervicothoracic junction.
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Introduction

Cervical spine injury has long been recognized as a significant cause of mortality and
morbidity in trauma patients. The cervicothoracic junction is well recognized as a
potential area of significant injuries.! Early diagnosis can lead to appropriate treatment
and improved outcome. Imaging has played a critical role in diagnosing bony injuries
and clearing cervical spine in patients presenting with blunt trauma. The advent of
cross-sectional imaging such as multidetector computed tomography (CT) and mag-
netic resonance imaging (MRI) has revolutionized cervical spine imaging in trauma
patients by allowing visualization of structures commonly obscured on conventional
radiography, particularly the cervicothoracic junction. In this article, the authors discuss
incidence, epidemiology, injury pattern and classification of cervicothoracic junction
trauma, and illustrate cross-sectional imaging findings of various injuries.

Incidence and epidemiology

The incidence of all types of cervical spine injury is approximately 4.3% in blunt
trauma and ranges from 2.7% to 22% in penetrating neck trauma. The prevalence
of cervical spine injury increases with age.!” Motor vehicle collisions, motorcycle
collisions, falls, recreation, and assaults can result in cervical spine trauma. Certain
injury mechanisms, particularly traffic accident- and sport activity-related injuries,
may be more closely associated with cervical spine injury. Between 11 and 70 years
of age, male patients are more likely to have cervical spine injury, but after 70 years
of age, in contrast, female patients tend to have higher incidence.!!

Injuries to the cervical spine often occur at the craniocervical and cervicotho-
racic junctions. According to one report, the most common location for cervical
spine fracture is C2 (23.9%), followed by C6 (20.3%) and C7 (19.08%), while the
most common location for dislocation and subluxation is C5/C6 (25.11%), followed
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by C6/C7 (23.37%) and C4/C5 (16.45%) (Figure 1).'> Many
of these injuries can be obscured on both clinical examina-
tion and initial radiographic evaluation. Delayed or missed
diagnosis of cervical spine trauma can be devastating because
of the potential for neurological damage associated with it.
The overall rate of delayed or missed diagnosis ranges from
0.01% to 26%, but is generally believed to be 5%—-20% of
all cases.* "

The incidence of cervicothoracic junction trauma has
been reported ranging from 2.4% to 50% of all cervical spine
fractures.>>'® Detection of injuries in this location is very
important because of a very high risk of neurological deficit
due to spinal cord injury, reportedly as high as 59%—78%.>°
The injury is commonly overlooked on radiographic evalu-
ation because of suboptimal imaging (especially in obese
patients, muscular men, and with other distracting injuries)
and subtlety.>5*20

Many factors may contribute to cervical spine injury.
Cervical motion decreases with age, making the cervi-
cal spine of older individuals more susceptible to injury.
Spondylotic degeneration produces some changes in either
mechanical character or morphology of the spinal column.
In these patients, the most severe level of injury is often
adjacent to the region of maximal degenerative changes
because of increased local stiffness. Osteopenia, osteoporo-
sis, congenital spinal stenosis and some arthritides (such as

C6/7 = 23.4%

C7/T1 =3.9%

ankylosing spondylitis) also increase susceptibility to injury
after a relatively minor trauma.?!

Cervical spine imaging: when and how
There is a wide range of clinical presentation of cervical spine
injury, from no symptoms, midline neck tenderness, limited
neck movement, to significant neurological deficit. In patients
with distracting injuries or minor symptoms, important clues
to the diagnosis include age older than 50 years, concomitant
severe head injury, high-energy trauma mechanism, altered
or depressed mental status, and focal neurological deficit
referable to the spine.??? Two well-known clinical prediction
rules used in current practice are the National Emergency
X-Radiography Utilization Study (NEXUS) criteria and the
Canadian C-spine Rule (CCR).

The authors of the NEXUS study developed low-risk
criteria based on five clinical factors: no midline cervical
spine tenderness, no focal neurological deficit, normal alert-
ness, no intoxication, and no painful or distracting injury.
Patients who met all of these five criteria were classified
as having a low probability of injury and imaging was not
necessary. Based on 34,069 trauma patients evaluated with
these criteria in their study (818 patients had cervical spine
injury, prevalence 2.4%), the sensitivity and negative predic-
tive value were 99% and 99.8%, respectively.* The CCR
used three high-risk criteria (age > 65 years, dangerous

Common dislocations/subluxations

Figure | Diagram of the cervicothoracic junction illustrating the incidence of injuries (percentages presented are from separate category for fractures and dislocations),

based on Goldberg et al."?
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mechanism, paresthesias in extremities), five low-risk criteria
(simple rear-end motor vehicle collision, sitting position in
the emergency department, ambulatory at any time, delayed
onset of neck pain, absence of midline cervical spine tender-
ness), and the ability to actively rotate the neck 45° left and
right to determine the need for imaging.?

Direct comparison between these two clinical prediction
rules showed that the CCR was superior to the NEXUS in
terms of sensitivity and specificity for detecting clinically
significant cervical spine injury. However, the CCR is rela-
tively extensive, so it is difficult to apply to daily practice.
Emergency physicians should use any of these two clinical
prediction rules (NEXUS or CCR), based on their institu-
tional preferences.?¢3?

Conventional radiography

vs computed tomography

Multidetector CT (MDCT) scan is the modality of choice to
assess bony injuries in high-risk patients. However, three-view
cervical spine radiography (anteroposterior [AP], lateral, and
open-mouth odontoid views) may be the primary examina-
tion in low-risk cases.® The lateral view of the three-view
radiographic series has the highest yield for injury detection.
However, overlapping of the shoulder girdle and rib cages can
result in inadequate visualization of the cervical spine. An
adequate lateral radiograph must include all cervical spines
from C1 to the C7-T1 junction. A swimmer’s view can be
done if the lateral view fails to demonstrate the C7-T1 junc-
tion, but this view is adequate in only 55% of cases.* Despite
additional views and repeated examinations, a significant
number of cervical spine radiography is inadequate. The
data from many studies collaborate this fact suggesting that
the rate of inadequate cervical radiographs might be as high
as 37%—72%.%7 Radiography is also a time-consuming
procedure, and most importantly has a variable sensitivity
for detecting cervical spine injury.>*38 Reported sensitivity of

cervical spine radiography for detection of fractures ranges
from 36% to 98%.%4363942

The use of MDCT for detection of cervical spine injury
has increased worldwide, owing to its high accuracy, speed,
wide availability, and proven clinical values. Thin-slice
MDCT with sagittal and coronal reformations revolutionize
the assessment of cervical spine injury. It is cost-effective,
with faster image-acquisition time and higher sensitivity than
conventional radiography.’63%4043-° The American College of
Radiology and the Eastern Association of Surgery for Trauma
recommend MDCT as a first-line imaging modality for
diagnosis of cervical spine injury in high-risk patients.?-!2
MDCT is also indicated in trauma patients with abnormal
conventional radiographs, inadequate lateral radiographs, or
unexplained focal neurological deficit with negative plain
radiographs.*®* A summary of recommendations for selection
of appropriate imaging methods is provided in Table 1.

Flexion/extension radiography
Flexion/extension (F/E) cervical radiography is a dynamic
evaluation for potential ligamentous instability. If patients
have adequate cervical motion, which is defined by greater
than 30° movement from neutral position, the F/E views
have a very low negative rate. In the acute setting, F/E radi-
ography is not recommended because of a high frequency of
inadequate neck movement. It often adds little information
in the acute diagnosis. F/E views may be useful in delayed
evaluation after pain and muscle spasm has subsided. It is
indicated in conscious patients who have persistent neck pain
in the absence of abnormality on standard views.>'*>

Magnetic resonance imaging

MRI gives better soft-tissue details and contrast than a
CT scan; therefore, it is useful for evaluation of injuries to
the spinal cord, disk, ligaments, and other soft tissues. Acute
spinal epidural hematoma and traumatic disc herniation are

Table | Recommendations for use of appropriate imaging in cervical spine injuries

Techniques Suggested use

MDCT with coronal and sagittal reformations High-risk individuals

Three-view conventional radiography Low-risk individuals

CT angiography

Fractures involving transverse foramen, subluxation/dislocation

Penetrating injury adjacent to vascular structures

Flexion/extension radiography

Not recommended in acute setting

Conscious patients who have persistent neck pain in the absence of abnormality on standard views

Magnetic resonance imaging

Acute neurological deficits referable to cervical spine after negative CT

Obtunded patients with negative CT

Presence of moderate-to-severe spinal degenerative disease

Abbreviation: MDCT, multidetector computed tomography.
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well demonstrated on MRI. MRI is generally indicated in
trauma patients with acute neurological deficits referable to
cervical spine who have negative CT scan. It may be per-
formed for cervical spine clearance in (1) obtunded patients
with negative CT since the neurological examination is
unreliable and (2) when it is difficult to interpret CT, such
as in the presence of moderate-to-severe spinal degenerative
disease. 06!

Cervicothoracic junction trauma
The cervicothoracic junction is a region between the C6
and T3 vertebra. It is a unique location of the spine in terms
of anatomy, biomechanics, and imaging appearance.'’ It is
a transition zone from a mobile cervical lordotic curve to a
more rigid thoracic kyphosis with a gradual change of bony
anatomy. Much stress is put on the cervicothoracic junction
in both static and dynamic states, making it predisposed to
deformity and instability,!2811.20.62.63

On imaging evaluation, abnormalities in this area are
frequently overlooked because of distracting injury and
suboptimal technique, especially in muscular or very obese
patients.>>® Surgical fixation of this area can be technically
difficult, so it needs complete and thorough preoperative
evaluation with special attention.? Accurate and timely diag-
nosis of cervicothoracic junction injury inevitably depends
on a high index of suspicion, use of appropriate imaging
techniques, and attention to adequacy of imaging.

Biomechanics

The basic functions of the spinal system are to allow move-
ment, to carry loads, and to protect the spinal cord and nerve
roots. These functions are established via three interdependent
subsystems: bone, disk, and ligamentous structures; muscle
and tendon; and neural control.** If one of these subsystems
fails, other subsystems will compensate to maintain needed
spinal stability. When the force exceeds the spine’s absorp-
tion capability, soft- and hard-tissue components will fail and
may result in osseous injury or cord injury. The cervical spine
is generally viewed as a two-column structure with regard
to anatomical stability. The anterior column consists of ver-
tebral bodies, disks, and anterior and posterior longitudinal
ligaments. Facet joints, spinous processes, and lamina and
posterior ligamentous structures are in the posterior column.
Stability defines symmetrical movement and configuration
whether the spinal column is normal or abnormal, and does
not change with time. Mechanical compromise of the indi-
vidual element may result in deformation under physiologic
loads. By determining the extent of injury to soft tissues and

bony components of a column, physicians may be able to
assess the risk of injury to the neural structures that lie within
the spinal canal.

Many different force vectors may be applied to the
cervicothoracic junction, including extension, flexion, axial
load, lateral bending, and rotation. Distractive and compres-
sive forces produce a unique pattern of expected injuries.
The former often results in soft-tissue/ligamentous injuries,
while the latter causes bony fractures. It is important to note
that more than a single force vector may be seen in the same
patient, and what we observe in a patient may not always
be representative of injuries at the moment of impact (when
the cervical spine and spinal canal undergo major transient
geometric changes).

Fracture classification

Classification of lower cervical spine injury (Table 2 and
Figure 2) is based on a dominant mechanism of injury in an
individual patient.® Most injuries are due to hyperextension
or hyperflexion, either alone or in combination with rotation.
Imaging is used to predict the mechanism of injury, which
may have a distinct biomechanical aspects and stability.%

Hyperextension injuries

Hyperextension is the most common mechanism of injury
of lower cervical spine trauma, particularly cervicothoracic
junction, accounting for up to 50% of all cervical spine
injuries.®®%” The hyperextension force can be of a direct-
contact or noncontact mechanism. It produces anterior
distraction, posterior compression, or both, with maximal
force being in the lower cervical region. The direct-contact
mechanism is an impacted force to the forehead or face,
producing significant extension of the spine and subsequent
hyperextension injury, whereas the noncontact mechanism
(also known as whiplash injury) occurs in unrestrained neck
motion during rear-end motor vehicle collision without direct
impact to the head-and-neck complex. These two mecha-
nisms can produce similar radiographic patterns. Extension
teardrop fracture, hyperextension dislocation, hyperexten-
sion sprain, and hyperextension/rotation are examples of
cervicothoracic junction injuries from the hyperextension
mechanism.

Extension teardrop fracture

Extension teardrop fracture (Figure 3) is an avulsion of the
anteroinferior corner of a vertebral body. In elderly patients
with underlying osteoporosis, it typically involves C2.
However, in younger individuals this injury often involves
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Table 2 Classification of lower cervical

spine injuries

Mechanism of injuries

Imaging characteristics

Hyperextension injuries
Extension teardrop fracture
Hyperextension dislocation
Hyperextension sprain
Extension/rotation injuries

Hyperflexion injuries

Bilateral facet dislocation

Flexion teardrop fracture

Hyperflexion sprain

Anterior wedge compression fracture
Clay-shoveler’s fracture

Flexion/rotation injuries
Axial-loading injuries
Burst fracture

Lateral hyperflexion injuries

Triangular fragment from anteroinferior aspect

Vertical dimension of the fragment is equal to or greater than horizontal dimension
Size does not exceed one-quarter of the diameter of the vertebral body

Thin linear shadow of avulsed fragment at anteroinferior vertebral end plate
Neurological deficit, but subtle change in normal radiographs

No significant disruption of ligaments and disks, but sustained neurological deficit
Occurs in patient with degenerative disease

Unilateral fracture of the posterior bony structures

Bilateral “naked facet” or “reversed hamburger-bun sign”
Anterolisthesis of superior vertebra greater than half of the sagittal diameter of the vertebral body
Anterior teardrop fragment

Kyphotic deformity at level of injury

Disruption of posterior ligamentous structures

Anterior subluxation

Localized kyphotic angulation

Simple compression fracture of one or more vertebrae
Oblique fracture of the spinous process

“Double spinous sign”

Anterolisthesis of the superior vertebra

“Bow tie” appearance of the articular facet

Unilateral “naked facet”

Compression fracture of anterior and middle columns with retropulsion of the posterior vertebral
body into the spinal canal
Fractures of the transverse process, uncinate process, lateral wedge-type fracture of the vertebral body

Normal

Extension-compression | | Extension-distraction | | Lateral bending |

Figure 2 Diagram showing different types of cervicothoracic junction based on mechanism of injury.
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Figure 3 Extension teardrop fracture.

Notes: A sagittal-reformatted computed tomography image shows a small triangular
bone fragment (arrow) arising from the anteroinferior corner of Cé. Note the
vertical dimension of the fragment is equal to the horizontal dimension, and size
does not exceed a quarter of the vertebral body diameter. No kyphotic deformity
or evidence of posterior structure injuries.

the lower cervical spine and usually requires a greater
force. Extensive soft-tissue injury and spinal cord injury
tend to occur in younger patients, causing acute spinal cord
syndrome, seen in up to 80% of cases. A typical radio-
graphic feature is a triangular bone fragment avulsed from
the anteroinferior aspect of the vertebral body. This is an
avulsion of the intact fibers of the anterior longitudinal liga-
ment from the anteroinferior end plate of the vertebral body.
The vertical dimension of the fragment is equal to or greater
than its horizontal dimension, and its size does not exceed
one-quarter of the diameter of the vertebral body.®*¢”

Hyperextension dislocation

Severe hyperextension force applied to the spine without
any associated compression may cause hyperextension
dislocation. The most commonly affected level is C5/C6,
followed by C4/C5.% There is a tear of the anterior longitudi-
nal ligament, intervertebral disk ruptures, or avulsion fracture
at the site of insertion of the annulus fibrosus. Neurological
deficit is almost always present, but the radiographs may be
normal or show very subtle changes because of immediate
realignment after removal of the traumatic force. Therefore,
radiographs may underestimate the extent of the dislocation.

In up to 30% of cases, the only radiographic finding is pre-
vertebral hematoma, making it the most reliable indicator,
especially when diffuse prevertebral soft-tissue swelling with
normally aligned vertebra is observed. Retrolisthesis above
the level of injury may be seen in 20% of patients, but may be
of minimal degree. The characteristic of the avulsed fragment
is thin, linear shadow at the anteroinferior vertebral end plate.
This fragment is produced by avulsion at the site of attach-
ment of Sharpey’s fibers and typically wider than tall, making
it distinguishable from hyperextension teardrop fracture. MRI
is indicated in most patients due to the high prevalence of
spinal cord injury and may show extensive soft-tissue injury,
spinal cord involvement, ligamentous/disk injury, edema, and
susceptibility artifact from hemorrhage.*¢¢

Hyperextension sprain

Hyperextension sprain is different from hyperextension
dislocation in that it does not result in significant disrup-
tion of the ligaments or disks, but the neurological deficit is
sustained. This injury often occurs in patients with underlying
degenerative spine disease. The spinal stability is maintained
during the injury, and the characteristic neurodeficit is cen-
tral cord syndrome, believed to be spinal cord compression
between the posterior osteophytes and infolded ligamentum
flava. The radiographs may be normal, and no fracture is seen
on CT. MRI plays a significant role to confirm the diagnosis
when neurological injuries are present but not explained by
radiographic and CT findings.®

Extension/rotation injuries

A combination of extension, compression, and rotation results
in unilateral fracture of the posterior bony structures (articular
pilla or lateral mass, lamina; Figure 4), which occurs in about
3%—11% of all cervical spine fractures.® The true prevalence
is probably underestimated because they are difficult to detect
on both frontal and lateral radiographs unless severely com-
minuted or displaced.®%*%° The most common sites of injury
are C6/C7 and C5/C6 levels.” ™ CT scans can readily show
these fractures, which may extend into the adjacent facets,
transverse foramen, transverse process, pedicle, or lamina.®6
Vertebral artery injury and spinal cord injury can occur.®7

Hyperflexion injuries

Hyperflexion injuries are a common mechanism of injury
of the cervical spine, accounting for up to 46% of cervi-
cal spinal injuries. The traumatic force is usually directed
against the occiput, forcing the face towards the chest, and
resulting primarily in distraction of the posterior structures,
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Figure 4 Extension/rotation injuries. An axial (A) and sagittal-reformatted (B and C) computed tomography images show a mildly displaced fracture of the right inferior

articular process of Cé (arrows) without spondylolisthesis.

with a lesser force vector resulting in compression of the
anterior column.

Bilateral facet dislocations
Bilateral facet dislocations (bilateral facet lock; Figure 5)
are most commonly found at C6/C7 because it is the most

mobile segment of the cervical spine.”’® Bilateral facet
dislocation represents an unstable injury resulting from a
combination of flexion and axial loading that causes severe
disruption of the posterior and middle spinal ligamentous
structures. Variable disruption of the anterior spinal column
may occur, and rupture of the posterior annulus fibrosus,

Reports in Medical Imaging 2013:6
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Figure 5 (A—C) Bilateral facet fractures/dislocations.
Notes: Sagittal-reformatted computed tomography images from right to left demonstrate a fracture of the right C7 superior articular process (short arrows), perched right

C6/7 facet, grade II/Ill anterolisthesis of Cé on C7, and dislocation of the left C6/7 facet (arrow).

Reports in Medical Imaging 2013:6

18 submit your manuscript

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Imaging in cervicothoracic junction trauma

posterior longitudinal ligament, and capsular, interspinous,
and supraspinous ligaments is present. Bilateral inferior
articular processes of the superior vertebra translate anteriorly
to the superior articular processes of the inferior vertebra.
There is narrowing of the central spinal canal and interver-
tebral foramina, leading to severe neurological deficit up to
75%—-90% of cases.®®’” Bilateral facet dislocations are easily
detected on lateral radiographs due to severe malalignment.
Anterolisthesis is greater than half of the sagittal diameter of
the vertebral body. On AP radiographic view, widening of
interspinous space with little or no displacement of spinous
process from midline is characteristic.”” On axial CT images,
the “naked facet sign” or “reversed hamburger-bun sign” is a
hallmark, representing an inferior articular process of supe-
rior vertebra lying anterior to the superior articular process
of the inferior vertebra.”’® Sagittal reformation is helpful to
demonstrate abnormal facet alignment. Prereduction MRI
may be performed to evaluate for any potential soft-tissue
and spinal cord injuries.” Disk herniation and vertebral artery
injury are a common complication.

Flexion teardrop fracture
Flexion teardrop fractures (Figure 6) are a highly unstable
injury with a high chance of neurological deficit, which can

occur in up to 87% of cases.® Anterior cord syndrome is char-
acteristic, in which patients have complete paralysis, partial
sensory dysfunction, and loss of pain, touch, and temperature
sensation but preserved posterior column function.®** The
injury results from a combination of flexion and axial com-
pression force, typically occurring at the lower cervical spine.
The most common level of injury is C5 and less frequently
at C4 and C6 levels.®® On lateral radiographs, the injured
vertebral body is divided into a smaller anterior fragment
and a larger posterior fragment. The posterior fragment is
displaced posteriorly and inferiorly relative to the vertebral
body below. The anterior teardrop fragment may be large and
often involves one-third to one-half of the vertebral body.
It typically remains aligned with the vertebral body below.
The vertebrae above the level of injury are also displaced
backward in relation to the ones below the level of injury.
As a result, kyphotic deformity at the level of injury may
be seen.®® Associated widening of the facet joint space and
interlaminar and interspinous joint spaces is indicative of
complete disruption of posterior ligamentous structures and
is supportive of the diagnosis of flexion teardrop fracture.
The distinction from extension teardrop fracture can be made
because the extension teardrop fracture has no kyphotic defor-
mity and the posterior ligamentous structures are intact.*¢-0

Figure 6 (A and B) Flexion teardrop fracture. A sagittal-reformatted computed tomography image (A) shows a triangular bone fragment (arrow) arising from the
anterosuperior corner of the C7 vertebral body with localized prevertebral soft-tissue swelling. Posterior ligamentous injuries (arrowheads in B) are better appreciated on

sagittal short-tau inversion-recovery magnetic resonance image (B).

Notes: Disruption of the interspinous ligament of C6/7. Degenerative disk disease and compressive myelopathy are incidental.
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Other commonly associated injuries are laminar fractures
and sagittal-plane fracture of the vertebral body, which are
best seen on CT scan.®8!

Hyperflexion sprain

Hyperflexion sprain or anterior subluxation of the cervical
spine is characterized by localized pure disruption of pos-
terior ligamentous structures. The injury commonly occurs
below C4.%? The bony injury is typically absent, although
minor wedge compression on the anterior portion of the
vertebral body may coexist. Neurological deficit is usually
mild and reversible.®? About 20%—33% of patients with
posterior ligamentous disruption who received conserva-
tive treatment developed progressive kyphosis and delayed
spinal instability due to impaired healing of the ligaments.33
Radiographs are frequently normal or may show widening
of the interspinous space, localized kyphotic angulation of
the cervical spine, anterior narrowing and posterior widening
of disk space, and anterior rotation or displacement of the
subluxated vertebra.*® Diagnosis may be missed initially if
the sprain is mild and the patient is in a recumbent position.
Repeated lateral radiograph should be done after pain and

N

muscle spasm has disappeared and it may reveal kyphotic
angulation.®

Anterior wedge compression fracture

Occasionally, a pure hyperflexion force may completely
spare posterior ligaments and result in osseous disruption of
only the anterior column of the cervical spine, manifesting
as a simple compression fracture (Figure 7) of one or more
vertebrae. The compression fracture consists of comminution
of the anterosuperior aspect of the verterbral body, without
injury to the posterior portion of the vertebral body or pos-
terior ligaments. This type of injury is considered stable,
and neurological sequelae are uncommon. The fracture is
best demonstrated on lateral radiographs as a loss of anterior
vertebral height, buckling of the anterior or superior end plate
or both, and soft-tissue swelling.®

Clay-shoveler’s fracture

Clay-shoveler’s fracture (Figure 8) was initially described in
Australian miners by McKellar Hall in the 1940s.3¢ It is an
oblique fracture of the spinous process of the lower cervical
and upper thoracic vertebrae. The most common site is C7,

Figure 7 (A and B) Anterior wedge compression fracture. A sagittal-reformatted computed tomography image (A) demonstrates an anterior wedge compression fracture
of Cé (arrow) and widening of the C5/6 interspinous space (double-headed arrow). Posterior ligamentous injuries are directly visualized at several levels above C5/6

(arrowheads) on a sagittal short-tau inversion-recovery magnetic resonance image (B).
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Figure 8 (A and B) Clay-shoveler’s fracture. Axial (A) and sagittal-
reformatted (B) computed tomography images show a distracted fracture of the
spinous process of T (arrows).

but it can occur anywhere from C6 to T3.%% The fracture
may involve single or multiple spinous processes and usually
occurs at the narrowest part, which is the weakest point of the
spinous process. These fractures are best demonstrated on
a lateral view as an obliquely orientated lucent line midway
between the spinous process tip and spinolaminar line, with
the distal spinous fragment being displaced posteriorly or
posteroinferiorly. The AP view may show inferior displace-
ment of the tip of the involved spinous process, also known
as “double spinous sign.” This represents simultaneous
visualization of the fractured base and the caudally displaced

tip of the spinous process tip.¢%%¢ This is a stable fracture
because only the spinous process is involved. However, if
the fracture line extends beyond the spinolaminar line, one
should always exclude the possibility of instability, coexistent
fracture, or spinal cord injury by CT scan or MRI.

Flexion/rotation injuries

Unilateral facet dislocation (Figure 9) is a common cervical
injury produced by a combination of flexion and rotation,
accounting for 4%-16% of all cervical spine injuries.®
Rupture of the interspinous ligament and facet capsule on one
side allows the inferior articular process of superior vertebra
to slide anteriorly to the superior articular process.®®” The
most common levels of involvement are C4/C5, C5/C6
and C6/C7.%7° This type of injury is generally considered
stable, but there is a potential mechanical and neurologi-
cal instability. The lateral radiograph demonstrates abrupt
rotation of the vertebra at the level of the dislocation, with
loss of normal superimposition of the paired facets at and
superior to the level of injury. Displacement and rotation
of the articular facets produce the “bow tie” appearance,
representing an anteriorly displaced facet above and the
normally positioned facet below. Anterolisthesis of the
superior vertebra also occurs, but to a lesser degree than that
of bilateral facet dislocations. The degree of anterolisthesis
is about one-quarter of the sagittal diameter of the vertebral
body and not exceeding half of the diameter. The AP view
demonstrates lateral displacement of the spinous process of
superior vertebra to the side of injury. On axial CT scan, the
unilateral “naked facet sign” or “reversed hamburger-bun
sign” is also seen.%”

Axial-loading injuries

Cervical burst fractures (Figure 10) are typically the result
of a combination of flexion and axial-loading injuries. The
most common location is the cervicothoracic junction.®’ The
characteristic imaging features are compression fracture of
the anterior and middle columns with retropulsion of the
posterior vertebral body into the spinal canal. Neurological
deficit is common due to a compromised spinal canal.®’
On lateral radiographs, the presence of sagittal vertebral
body widening and retropulsed bone may lead to confusion
with flexion teardrop injury, but the burst fracture lacks the
anteroinferior triangular fragment, exhibits loss of vertebral
height, and is not associated with kyphotic deformity or
injuries to posterior ligamentous structures.®® On the AP view,
the sagittal fracture line may be demonstrated and extends
across the entire height of the involved vertebra body.®
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Figure 9 (A-C) Unilateral facet dislocation. An axial computed tomography image (A) reveals a reversed hamburger-bun sign (arrow) of the left Cé6/7 facet.
Sagittal-reformatted computed tomography images (B and C) show grade | anterolisthesis of C6 on C7 and a jumped C6/7 left facet (long arrow).
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Figure 10 (A and B) Burst fracture. A sagittal-reformatted computed tomography image (A) demonstrates a burst fracture (arrow) of the C7 vertebral body with mild
posterior cortex retropulsion (arrowhead). Note a sagittally oriented fracture line (short arrows) extending to the posterior half of the C7 body, better seen on the coronal-

reformatted image (B).

CT readily confirms the nature of this fracture and demon-
strates the degree of posterior retropulsion and spinal canal
compromise.

Lateral hyperflexion injuries

Lateral hyperflexion injuries, also known as lateral bending
injuries, are uncommon and often unrecognized cervical
spine trauma. These injuries represent only 6% of all cervical
injuries.*® A direct force delivered to the lateral aspect of the
cervical spine produces these injuries, which include fractures
of the transverse process, uncinate process, lateral wedge-
type fracture of the vertebral body, and brachial plexopathy
in association with cervical spine fracture or dislocation.®*
The most common injury is transverse-process fracture, which
accounts for approximately 35% of cases. The most frequently
involved level is C7.% Associated fracture of the vertebral
arch may also occur. The presence and degree of neurological
deficit varies, depending on the level of injury and its severity,
ranging from minor transient neurological deficit to complete
quadriplegia or even death.®#® This injury was probably under-
reported because it is not often demonstrated on lateral cervical
radiographs, but is now readily detected with CT.%

Vertebral artery injury in blunt cervical
trauma

Injuries to the vertebral artery (Figure 11) may be a com-
plication of cervicothoracic junction trauma. The overall
incidence of vertebral artery injury ranges from 0.5% to 2%
of all blunt-trauma patients and less than 1% of penetrating
neck-trauma patients.®** Among patients with cervical spine
fracture, the incidence may be up to 39%, with mortality rate
ranging from 4% to 18%.%%92%4% Vertebral artery injuries
can occur anywhere along the course of the artery, from its
origin at the subclavian artery to where it enters the fora-
men magnum. The injuries associated with cervical spine
trauma most frequently occur at the intraforaminal segment
or V2 segment. The vertebral artery enters the C6 transverse
foramen in 71%—90% of normal population, with a minority
of cases entering C4, C5, and C7 transverse foramina.” 1%
Relatively fixed anatomy inside the transverse foramen makes
the vertebral artery vulnerable to shearing force and is prone
to injury. Screening for vertebral injury is indicated in selected
high-risk patients, including fracture involving transverse
foramen, subluxations, or penetrating injuries adjacent to vas-
cular structures.*%91:9497 CT angiography (CTA) of the head
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Figure |1 (A-D) Blunt vertebral artery injury. An axial computed tomography image (A) shows a severely comminuted fracture (arrow) of the left Cé articular pillar,
pedicle, lamina, and transverse process. Axial (B) and curved reformat of the left vertebral artery (C) postcontrast computed tomography reveals absence of flow in the right
vertebral artery at the level of fracture, above and below it (black arrows). Note an injury depicted on diagram D and a normal left vertebral artery in B (arrowhead).

and neck is currently recommended as a preferred method for
screening of vertebral artery injury, because of rapid image-
acquisition time and 24-hour availability with acceptable
sensitivity and specificity. Digital subtraction angiography
should be done to exclude lesion in cases of negative CTA
but high clinical suspicion or in cases that need interventional

procedures. MR angiography is another preferable modality
if the CTA cannot be done for any reason.>!$%1%

Dural injury
The true incidence of the cervical dural tear following blunt
injury to the cervical spine is unknown, whereas following
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nonmissile-penetrating injury to the neck, it has been reported
as high as 36% of cases.!”” The majority of cases are among
those suffered from thoracolumbar and lumbar burst frac-
ture and incidental durotomy during spinal surgery.'® !
Patients with Marfan syndrome and other connective tissue
disorders, dural ectasia and dural diverticula, and extensive
posterior osteophyte are at increased risk of this injury even
after trivial or less violent trauma. Most dural tears can heal
spontaneously, leaving an irregular outline of the thecal sac.
However, if meningitis occurs, it may result in an indefinite
opening tract, persistence or worsening of the neurological
symptoms, nerve-root entrapment, formation of pseudo-
meningocele, spinal cord compression, or even transdural
spinal cord herniation.!>"!15

Attention should focus on looking for the possibility of
dural injury on imaging, because the defect can be primarily
repaired at the time of surgery, particularly if it is accessible.
A dural tear is usually associated with unstable fracture
with a sharp bony fragment impinging on the dura. It is tra-
ditionally diagnosed on conventional myelography, which
is potentially not feasible in acutely traumatized patients.
Currently, MR myelography or MR cisternography seems
to be the investigation of choice.'”'"* Heavily T,-weighted
images combined with fat-suppression techniques provide
excellent contrast between the bright signal of cerebrospinal
fluid and the low signal of the adjacent soft tissue, mak-
ing MRI very sensitive for detecting cerebrospinal fluid
accumulation and pseudomeningocele. However, MRI is
subject to motion artifact and a small (less than 1 cm) dural
tear may still be overlooked. In addition, dural defect or
nerve-root herniation may not be demonstrated because
of severe encroachment of the spinal canal and coexisting
epidural hematoma.!''s

Summary

The cervicothoracic junction is a unique region of the cervi-
cal spine in terms of anatomy and biomechanics. Injuries
are often either of a hyperextension or hyperflexion type.
Radiography in this location is often difficult and inadequate;
therefore, CT with multiplanar reformations is usually
performed to diagnose or exclude the presence of cervico-
thoracic junction trauma. Knowledge about mechanisms
of injuries, as well as typical image findings, will make
physicians more comfortable and confident in managing
these injuries.
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