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Imaging of Cervical Spine Injuries  
in Athletes
Eric A. Bogner, MD

Trauma of the cervical spine is one of the most harrowing injuries seen in athletics. Although such injuries are not common, 
their impact can be devastating. Based on a thorough review of the literature, this article explains the identification of cer-
vical spine trauma and the importance of stability therein. Multiple examples are given highlighting these findings and the 
way that multiple modalities can be used to asses such injuries. The article concludes with a brief review of the current rec-
ommendations as they relate to imaging in the initial assessment of cervical spine trauma.
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Injuries of the cervical spine are conservatively estimated to 
occur in over 1 million blunt trauma patients per year.2,5 As 
of the mid-1990s, more than $3.4 billion per year was being 

spent in the evaluation and treatment of cervical spine injuries.1 

The major causes of cervical spine injury are as follows: motor 
vehicle accident, acts of violence, falls, and sporting injuries.18 
Although sporting injuries are not the most common cause of 
cervical spine injury, the potential harrowing consequences of 
these injuries and their litigious implications have made imag-
ing a strong component in their clinical treatment.15 This review 
covers the common and potentially most dangerous injuries 
that the sports-related clinician may encounter. Given the lack 
of clarity regarding whom to image and how to do so, a brief 
review of the literature with recommendations is also presented.

There are many ways to approach cervical spine trauma; 
unfortunately, none of them is easy. One helpful way is to think 
of the injury patterns based on mechanism—namely, flexion, 
extension, compression/axial load, and shearing/rotation. This 
classification allows one to predict what trauma may occur in a 
given athletic injury and what injuries to be alert for. The draw-
back of this classification is that, given the speed of athletics, it 
may always be a question of exactly what the injury mechanism 
was. A detailed discussion of all such injuries would be too 
vast for this article; however, the mechanisms are thoroughly 
described (see figures).

Injuries to the cervical spine are grave, given the potential 
injury to the spinal cord and other neural elements. The injury 
to the neural elements may occur at the time of the initial  

athletic trauma, or the trauma may leave the person predis-
posed to future injury. Studies have shown that delayed onset 
of paralysis occurs in up to 15% of missed fractures,6 which 
underscores the importance of recognizing spine instability and 
its potential to lead to neurological complication. White and 
Panjabi33 define clinical instability as “the loss of the ability of 
the spine under physiologic loads to maintain its pattern of dis-
placement so that there is no initial or additional neurological 
deficit, no major deformity, and no incapacitating pain.”33 Given 
that much of the decision making that relates to patient treat-
ment is based on this concept of stability, much of this article 
deals with a further examination of this concept.

CERVICAL SPINE ANATOMY AND INJURY

Within the cervical spine, the multiple ligaments supporting the 
cervical spine are of the utmost importance. These include the 
anterior longitudinal ligament, posterior longitudinal ligament, 
and the posterior ligament complex of Holdsworth, which is 
composed of the ligamentum flavum, apophyseal joint capsules,  
interspinous ligament, and the supraspinous ligament / ligamentum  
nuchae.16 The greater the degree of injury to these structures,  
the greater the risk for translation in the cervical spine and  
neurological injury.11 Ligaments themselves are now exquisitely 
visualized on magnetic resonance imaging (MRI) (Figures 1  
and 2). These ligaments, when disrupted, render the spine 
unstable. However, if the ligaments remain intact or partially 
intact, it does not imply stability, because a stretched, sprained, 
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or partially disrupted ligament may not be able to sustain phys-
iologic loads and so lead to further osseous or neurological 
injury.4 As described in cadaveric examinations by Stabler,  

multiple soft tissue injuries were seen in ligaments and facet 
capsules in the setting of no associated clinical symptomatol-
ogy.28 Therefore, the degree of injury necessary to produce 
instability or significance is still in question.5

ATLANTOAXIAL ARTICULATION

The ligaments mentioned thus far are seen throughout the cer-
vical spine, but the atlantoaxial articulation is unique in its liga-
mentous architecture. The key ligament in maintaining stability 
at the atlantoaxial articulation is the transverse atlantal ligament, 
which extends between the lateral masses of C1 to support the 
dens. Disruption of this ligament may be seen in the setting of 
an axial load injury yielding a comminuted fracture of the ante-
rior and posterior arches of C1, or a Jefferson fracture. On MRI, 
the transverse atlantal ligament disruption may be seen (Figure 
3), but on radiographs or computed tomography (CT), the lig-
ament is presumed to have been disrupted in a Jefferson frac-
ture with an atalantoaxial distance measuring greater than 3 mm 
or with a lateral mass offset of C1 on C2 measuring more than 7 
mm (Figures 4 and 5).24,25

HYPEREXTENSION INJURIES

Hyperextension injuries can be seen in addition to the 
axial load mechanism for injury in the upper cervical spine. 
Hyperextension injuries frequently lead to so-called  

Figure 1. T1, T2, and IR (inversion recovery) sagittal sequences of the cervical spine demonstrate normal anterior longitudinal 
ligament (white arrow), posterior longitudinal ligament (yellow arrow), and ligamentum flavum (red arrow).

Figure 2. Yellow arrow (on the left) demonstrates a focal 
disruption of the posterior longitudinal ligament. White 
arrows (on the right) show a thickened, sprained ligamentum 
flavum with a partial intrasubtance disruption.
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hangman fractures, or bilateral C2 pars fractures. As described 
by Effendi, the hangman fracture is actually a constellation of  
fractures, which he classified as types I, II, and III.9 The frac-
tures are classified by degree of angulation at the fracture site, 
fracture fragment displacement, abnormalities at the C2-C3  
disk space, and C2-C3 facet dislocation. The hangman fracture 
can be obvious or subtle. The spinolaminar line is an excel-
lent tool for identifying the subtle hangman fracture because 
this line at C2 should not fall more than 2 mm from the spino-
laminar line connecting C1 and C3. An additional sign, help-
ful in identifying the subtle hangman’s fracture, is the fat C2 
sign, where the C2 body appears widened in the anteroposte-
rior dimension as compared to that of C3 (the anteroposterior 
dimensions of the C2 and C3 bodies are normally equal) (see  

Figure 6).27 Hangman fractures are unstable with greater than  
3 mm of fragment displacement, 15° or greater angulation at 
the fracture site, C2-C3 disk space abnormality, and/or C2-C3 
facet dislocation.9

RADIOGRAPHIC ASSESSMENT  
OF STABILITY

Because the assessment of stability is such a critical issue in 
cervical spine injury, great effort has been made in delineat-
ing the findings that indicate instability—the majority of which 
have been applied to radiographs and CT given their increas-
ing and now almost-ubiquitous usage. The same findings 
would indicate instability on MRI, but as described earlier, the 
soft tissue detail on MRI allows additional evaluation of liga-
ment injury for instability. Findings of instability include those 
discussed for hangman fractures and Jefferson fractures, but 
they also include anterior translation of more than 3.5 mm of 
one vertebrae relative to the adjacent vertebrae, greater than 
20° angulation of one vertebrae to the adjacent vertebrae, uni-
lateral facet dislocation, and bilateral facet dislocations. The 
last 2 injuries are typically seen in the setting of a hyperflex-
ion injury, often with concomitant rotation. The paired facet 
joints of the cervical spine are oriented such that the inferior 
facet (articular pillar) of the vertebrae above is posterior to the 
superior facet (articular pillar) of the vertebrae below. Although 
rudimentary, rigorous evaluation of this alignment is essential 
in assessing the facet joints. Unilateral facet dislocation is asso-
ciated with a 25% to 50% anterolisthesis of one vertebrae on 
the other, an offset of the articular pillars yielding a so-called 
bowtie sign, a widening of the laminar space secondary to the 
rotational component, and a widening of the interspinous dis-
tance related to hyperflexion (Figure 7). The bilateral facet 
dislocation gives rise to greater than 50% anterolisthesis and 
implies a disruption of all the major supporting ligaments of 
the cervical spine. Secondary to the anterolisthesis is a severe 
narrowing of the central canal (Figures 8-10). However, there 
is often an associated traumatic disk herniation, further exacer-
bating the situation (Figure 11).8

OTHER INJURIES

Traumatic disk herniation is much more common in the cervical 
spine than in the lumbar spine, and within the cervical spine, it 
typically occurs from C4 to C7.7,23 As stated previously, there is 
a high correlation with bilateral facet dislocation but also with 
hyperextension and certain flexion injuries. Disk herniation is 
an important determinant in treatment because the disk may be 
removed during surgery performed for stabilization purposes. 
As expected, residual cord compression secondary to an acutely 
herniated disk is associated with a greater degree of morbidity.26 
Given the well-accepted fact that MRI allows much better soft 
tissue detail than that of CT, MRI is an invaluable  
tool in assessing the degree of cervical spine injury. The  
value of MRI has been substantiated in multiple trials, nicely 
delineated in the meta-analysis by Muchow et al,20 which 

Figure 3. Transverse atlantal ligament disruption: A, white 
circle shows disruption of the transverse ligament of the 
atlas, or transverse atlantal ligament, in the setting of an 
axial load injury. Yellow circle demonstrates thickening of 
the ligament without clear disruption. B, axial images of 
the same patient, demonstrating edema pattern about the 
anterior and posterior arches of C1 (white arrows).

Figure 4. Same patient as in Figure 3, who sustained an 
axial load injury with an unstable Jefferson fracture. Open 
mouth, or odontoid, radiograph and coronal CT reformation 
shows the offset of the lateral masses greater than 7 mm 
(ie, A + B is greater than 7 mm).
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showed an injury rate of 20.9% detected by MRI but not appre-
ciated on CT or radiographs. The authors clearly state that it 
particularly relates to the identification of ligamentous, disk, and 
extradural soft tissue injury. This is an important point to qual-
ify because MRI is notoriously insensitive to fractures in the 
cervical spine and within the posterior elements.19 Compare this 
to CT, which routinely shows sensitivity and specificity values 
higher than 98%,3,17 which underscores the importance of using 
modalities in concert and not isolation (Figure 5).

One clinical setting frequently encountered in athletics is that 
of cervical cord neurapraxia, which is defined as sensory and/
or motor disturbance involving the upper, lower, or both sets 
of extremities that lasts for several minutes to a few days. This 
relates to a temporary compression of the cord that may result 
from marked flexion or extension of the cervical spine.21,30,32 
Great attention has been paid to the role of congenital or 
developmental stenosis of the cervical spine and its role in cer-
vical cord neurapraxia as well as posttraumatic quadrapare-
sis. Developmental stenosis of the cervical spine is defined as a 
sagittal canal diameter of less than 14 mm or a Torg  
ratio of less than 0.80: the ratio between the diameter of the 

Figure 5. Jefferson fracture much more easily seen on CT study (yellow arrows) as compared to the MRI, where only an edema 
pattern (white arrows) can be seen.

Figure 6. Two examples of hangman’s fractures, or bilateral 
pedicle/posterior arch fractures of C2. On the more subtle 
fracture (A), note that the spinolaminar line from C1 to 
C3 (dotted line) falls greater than 2 mm posterior to the 
spinolaminar junction of C2 (double-headed arrow). Also 
note the fat C2 vertebral body relative to that of C3 (yellow 
single line versus yellow double lines).
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spinal canal and the diameter of a midcervical sagittal vertebral 
body (Figure 12).13,14,32 Developmental stenosis has been found 
to be a predisposition to cervical cord neurapraxia but not to 
permanent injury and, as such, does not preclude athletes from 
activity.31 The patient with developmental stenosis is inherently 
more predisposed to cord impingement from a disk herniation, 
such as that in a traumatic disk herniation (Figure 13).  
Thus, MRI may have a greater role in the setting of trauma in 
the patient with developmental stenosis but no CT or radio-
graphic findings of acute injury. As of yet, no data have been 

published directly addressing this issue, and this may be a 
source of future investigation.

IMAGING OF ACUTE SPINAL TRAUMA

Cervical spine trauma is fraught with medico legal implications. 
As such, the role of imaging is frequently called into question. 
Two large studies addressed the need for imaging in cervical 
spine trauma: the National Emergency X-ray Utilization Study 
(NEXUS) and the Canadian Cervical Spine Rule Group (CCR). 
Both studies were successful at identifying patients at low risk 
for cervical spine injury and so decreased the use of imaging 
in this population.15,29 The NEXUS study states that imaging is 
not necessary if all of the following criteria are met: no midline 
cervical tenderness, no focal neurological deficit, normal level 
of alertness, no intoxication, and no painful distracting injury. 
The CCR criteria are somewhat more elaborate and include  
an absence of high-risk criteria, the presence of any low-risk 
factor, and the ability to actively rotate the neck 45°. Both stud-
ies showed a sensitivity greater than 99%, but the specificity 
of the CCR was more than 3 times that of the NEXUS study, 
indicating that it is likely to cause a decrease in unnecessary 
imaging.

RADIOGRAPH OR CT IN THE EVALUATION 
OF CERVICAL SPINE TRAUMA

A Harborview study tried to delineate what type of imaging 
should be employed for the evaluation of cervical spine trau-
ma.12 Patients were stratified into high-risk and low-risk groups. 
High risk was defined as a high-energy injury mechanism or a 
high-risk clinical parameter. High-energy injury included motor 
vehicle accident at greater than 35 mph (56 kph), motor vehi-
cle accident with a death at the scene, or a fall from a height 
of greater than 10 feet (3.05 m). High-risk clinical parameters 
included significant head injury, neurological signs or symp-
toms referred to the cervical spine, and pelvic or multiple 
extremity fractures. What the researchers found, after evalu-
ating for optimal patient care and cost-effectiveness, was that 
patients who met the high-risk criteria should have an ini-
tial CT study and those who did not, should have the stan-
dard 3-view set of radiographs (anteroposterior, lateral, open 
mouth).

In 2006, Platzer reported that in cervical trauma, CT  
was the most efficient modality in detecting skeletal inju-
ries and it was almost 40% more sensitive than a single lat-
eral radiograph.22 In 2007, the American College of Radiology 
formulated appropriateness criteria in the setting of cervical 
spine trauma after an initial investigation of over 5700 patients 
and a literature review involving more than 55 000 patients.5 
They stated that (1) if NEXUS or CCR criteria indicate low risk, 
then no imaging should be performed and (2) if NEXUS or 
CCR criteria indicate imaging, then a CT of the cervical  
spine with sagittal and coronal reformations is highly rec-
ommended. In 2008, Fisher reported that, secondary to the 
increased sensitivity of CT and the now increased speed from 

Figure 8. Lateral and magnified lateral views of the cervical 
spine demonstrate approximately 25% anterolisthesis in this 
setting of bilateral facet subluxation. There is a narrowing of 
the central canal secondary to the anterolisthesis.

Figure 7. Unilateral facet dislocation. Lateral radiographs in 2 
hyperflexion/rotation injuries. With hyperflexion, the posterior 
ligaments are stretched and torn, yielding a widening of 
the posterior elements (black line) and a subluxation of the 
vertebrae (red line). Note the loss of the normal alignment of 
the facet joints with the pathologic bow-tie configuration on 
the lateral view. Dotted yellow lines show the widening of the 
laminar line (distance between the spinolaminar junction and 
the posterior aspect of the articular pillars).
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multidetector CT units, lateral radiogrpahs should be elim-
inated; that is, CT is the sole choice for initial evaluation in 
cervical spine trauma.10

The role of MRI in acute cervical trauma is still being 
defined. The indications set by the American College of 
Radiology that relate to MRI are as follows: (1) If NEXUS or 

Figure 9. Three sagittal reformation views of patient in Figure 8: A and C, subluxation, or perched bilateral facets (black arrows); B, 
the anterolisthesis and multiple fractures of the posterior elements (yellow arrows).

Figure 10. Axial images of patient in Figure 8 demonstrate 
the normal configuration (A) and abnormal configuration 
(B) of the facet joints. A, the so-called hamburger bun 
configuration. In the circle, note an architecture similar to 
a hamburger bun. B, there is an uncovering of the facets, 
or naked facets, with little articulation (black arrow). Note 
that the top of the bun now points posterior (yellow arrow), 
instead of the orthotopic anterior.

Figure 11. A (T1) and B (T2) sagittal images of a different 
patient sustaining a hyperflexion injury. Not only is there 
central canal stenosis from the anterolisthesis, but an 
associated traumatic disk herniation exacerbates the 
stenosis and contributes to cord compression (arrow).
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CCR criteria are met and there are clinical fi ndings of myelop-
athy, then CT with reformations, MRI of the cervical spine, and 
lateral radiograph should be obtained. (2) If NEXUS or CCR 
criteria are met and there are clinical or imaging fi ndings to 
suggest ligamentous injury, then CT with reformations and MRI 
of the cervical spine should be obtained. (3) If NEXUS or CCR 
criteria indicate imaging and the mechanically unstable spine is 
anticipated, then CT with reformations, MRI, and radiographs 
should be obtained.5 The role that magnetic resonance plays in 
the evaluation of instability will continue to evolve, and atten-
tion should be paid to guidelines set forth in the future.

In summary, the use of cross-sectional imaging has greatly 
enhanced the imaging of cervical spine trauma. The gamut of 
cervical spine trauma pathology is vast, but of great impor-
tance is the assessment of stability for present and future 
injuries. 
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Figure 12. Measurements of the same patient on MRI and 
CT demonstrating congenital/developmental spinal stenosis.

Figure 13. Manual proprioceptive neuromuscular facilitation 
upper extremity D2 patterns with rhythmic stabilization.

SORT: Strength of Recommendation Taxonomy
A: consistent, good-quality patient-oriented evidence

B: inconsistent or limited-quality patient-oriented evidence
C: consensus, disease-oriented evidence, usual practice, expert opinion, or case series

Clinical Recommendations
SORT Evidence 

Rating

Criteria of both the National Emergency X-ray Utilization Study and the Canadian Cervical Spine Rule Group for imaging in cervical spine trauma may 
be used to identify patients at low risk for spinal trauma.15,29 A

Computed tomography scan is cost-effective and indicated in high-risk patients after cervical spine trauma.10,12,22 B

Clinical Recommendations

For more information about the SORT evidence rating system, see www.aafp.org/afpsort.xml and Ebell MH, Siwek J, Weiss BD, et al. Strength of Recommendation Taxonomy (SORT):
a patient-centered approach to grading evidence in the medical literature. Am Fam Physician. 2004;69:549-557.
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