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Multidetector CT of Blunt Cervical 
Spine Trauma in Adults1

A number of new developments in cervical spine imaging have 
transpired since the introduction of 64-section computed tomo-
graphic (CT) scanners in 2004. An increasing body of evidence 
favors the use of multidetector CT as a stand-alone screening test 
for excluding cervical injuries in polytrauma patients with obtun-
dation. A new grading scale that is based on CT and magnetic 
resonance (MR) imaging findings, the cervical spine Subaxial 
Injury Classification and Scoring (SLIC) system, is gaining ac-
ceptance among spine surgeons. Radiographic measurements de-
scribed for the evaluation of craniocervical distraction injuries are 
now being reevaluated with the use of multidetector CT. Although 
most patients with blunt trauma are now treated nonsurgically, 
evolution in the understanding of spinal stability, as well as the 
development of new surgical techniques and hardware, has driven 
management strategies that are increasingly favorable toward sur-
gical intervention. It is therefore essential that radiologists recog-
nize findings that distinguish injuries with ligamentous instability 
or a high likelihood of nonfusion that require surgical stabilization 
from those that are classically stable and can be treated with a col-
lar or halo vest alone. The purpose of this article is to review the 
spectrum of cervical spine injuries, from the craniocervical junc-
tion through the subaxial spine, and present the most widely used 
grading systems for each injury type.
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After completing this journal-based SA-
CME activity, participants will be able to:
 ■ Discuss the role of 64-section CT for 

excluding unstable cervical spine injury 
in polytrauma patients with obtundation.

 ■ Describe the commonly used grading 
systems for injuries involving the oc-
cipital condyles, atlas, axis, and subaxial 
cervical spine.

 ■ List the three separately graded compo-
nents used to determine the SLIC score 
and the need for surgical stabilization.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Cervical spine injuries occur in 5%–10% of patients with blunt 
polytrauma. Of the approximately 10,000 spinal cord injuries that 
are diagnosed each year, 55% involve the cervical spinal cord. The 
estimated yearly cost for treating quadriplegic patients in the United 
States approaches $5.6 billion (1–3).

Multidetector computed tomography (CT) is used throughout 
major U.S. trauma centers as the initial screening examination 
for high-risk patients who are suspected of having cervical spine 
trauma, and multidetector CT is increasingly incorporated into 
whole-body CT protocols in the evaluation of blunt polytrauma. 
Radiologists can provide added value to their traumatology col-
leagues by developing an evidence-based understanding of the role 

TEACHING POINTS 

See lasi page 



RG • Volume 34 Number 7 Dreizin et al 1843

College of Surgeons Committee on Trauma (6). 
After blunt trauma, the cervical spine should be 
considered injured until proven otherwise. Before 
cervical spine precautions can be safely removed, 
the cervical spine must be effectively excluded 
from injury, or “cleared.”

In this article, clearance refers to the confident 
exclusion of unstable cervical spine injuries that 
could otherwise result in neurologic injury or 
death. Since the establishment of low-risk criteria 
by the Canadian C-spine rule study (7) and the 
National Emergency X-Radiography Utilization 
Study (NEXUS) (8) (Table 1), clearance of the 
cervical spine on clinical grounds alone has be-
come the standard of care in alert adult patients 
with no midline cervical tenderness, neurologic 
symptoms, or distracting injuries (8). In the 
NEXUS study, fractures were missed in only 
eight of 818 cases by using their clinical decision 
tool, with a negative predictive value of 99.8% 
(8). The Canadian cervical spine clinical predic-
tion rule (7) excluded cervical spine injury with 
100% sensitivity in 8924 adults who presented 
with blunt neck trauma.

Polytrauma Patients with Obtundation
The American College of Radiology currently 
recommends cervical spine CT for patients with 
distracting injuries or other positive findings (9). 
On the basis of recent evidence, the suggestion 
is that for alert blunt trauma patients with major 
distracting injuries who are asymptomatic for cer-
vical spine injury, imaging may not be needed to 
exclude cervical injuries. Rose et al (10) found an 
overall sensitivity of 99% for findings from clini-
cal examination alone in a prospective cohort of 
761 patients who suffered blunt trauma and had 
a Glasgow Coma Scale score greater than 14.

As many as one-third of polytrauma patients 
have a closed head injury, a finding that increases 
the risk of cervical spine injury by 8.5% (11,12). 
Others require analgesia or sedation, which can 
mask evidence of neurologic compromise (12). 
Missed or delayed diagnoses in these patients 
produce 10 times the rate of secondary neuro-
logic injury (12,13), whereas early discontinu-
ation of cervical spine precautions is associated 
with fewer complications, fewer days of mechani-
cal ventilation, and shorter stays in the intensive 
care unit (14).

The rate of missed injury with conventional 
radiography is high; in a retrospective evaluation 
of 800 patients with polytrauma, Nuñez et al (15) 
found that CT could be used to identify fractures 
with a sensitivity of 98.5%, compared with a 
sensitivity of 43% for radiography. Concerns have 
lingered with regard to the cost and increased 
radiation of CT because there is a difference of 

of multidetector CT in (a) evaluating the cervi-
cal spine in alert polytrauma patients and those 
with obtundation, (b) assessing the stability of 
cervical spine injuries, and (c) determining when 
surgical intervention is necessary. A high degree 
of suspicion based on a dangerous mechanism of 
injury or a neurologic injury should flag a cervi-
cal spine that appears normal at initial inspection 
for careful appraisal. Identification of cervical 
spine injury should trigger imaging of the re-
maining spinal axis because noncontiguous inju-
ries occur in 10%–15% of cases (4,5). An aware-
ness of (a) the limitations and blind spots of 
multidetector CT, (b) the appearance of normal 
variants, and (c) the complementary role of mag-
netic resonance (MR) imaging in determining 
injury severity and surgical approach is needed.

The purpose of this article is to describe the 
role of multidetector CT for screening and diag-
nosis of cervical spine trauma in adults. First, the 
concept of cervical spine “clearance” is explained, 
followed by a discussion of technique. Then vari-
ous types of cervical spine injuries are described, 
from the craniocervical junction through the 
subaxial cervical spine. Finally, the limitations of 
multidetector CT, as well as normal variants and 
pitfalls, are discussed.

Cervical Spine Clearance

Asymptomatic Patients
Airway protection and cervical spine immobiliza-
tion are the first steps of the Advanced Trauma 
Life Support protocol developed by the American 

Table 1: Low-Risk Criteria for Clinical Exclusion 
of Cervical Spine Injury in Alert Stable Patients

NEXUS criteria
 No posterior midline cervical tenderness
 No intoxication
 No focal neurologic deficit
 No painful distracting injuries
Canadian C-spine rule criteria
 Age < 65 years
 No dangerous mechanism, such as:
  Fall from height of >91 cm (>3 ft)
  Axial loading injury (eg, diving accident)
  High-speed motor vehicle collision (MVC)  

  (>100 km/h), rollover, or ejection
  Recreational motor vehicle, motorcycle, or  

  bicycle injury
 No paresthesias
 Sitting position in emergency department
 Ambulatory at any time

 Neck rotation of 45° left and right
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(Miami, Fla), a dedicated neck CT angiography 
protocol is used for isolated neck trauma. Also, 
continuous-pass whole-body CT angiography is 
performed in the case of generalized polytrauma.

CT angiography is performed because (a) vas-  
cular injury can result from traction of vessels 
against adjacent, sometimes fractured or dislocated 
bone structures during extreme hyperflexion or 
extension (26); (b) blunt cerebrovascular injury 
is frequently masked in patients with obtundation 
(27); and (c) injuries may be clinically silent for 
long periods, later manifesting with ischemia, with 
a mortality as high as 38% (28). Although digital 
subtraction angiography remains the reference stan-
dard, routine screening CT angiography has been 
shown to improve morbidity and mortality related 
to blunt cerebrovascular injury and appears to be 
cost-effective (28,29).

Although results are conflicting with regard 
to the diagnostic performance of CT angiogra-
phy and its suitability as a first-line screening test 
(30,31), many centers now use CT angiography as 
the initial screening examination because of practi-
cal considerations; CT angiography is considerably 
less labor-intensive and time-consuming than digi-
tal subtraction angiography, is less expensive, and 
has a much lower risk profile (30), allowing more-
liberalized screening protocols that incorporate a 
greater number of risk factors as indications. These 
risk factors are listed in Table 2 (26,27). Common 
findings and grading scales used in the diagnosis 
of blunt cerebrovascular injury are beyond the 
scope of this article, and the reader is referred to 
the 2008 article by Sliker (26) for a comprehensive 
discussion of this topic.

Dedicated neck CT angiography is performed 
with the patient’s arms down as a single acquisition 
from the circle of Willis to the aortic arch, with 
the use of bolus tracking. Whole-body scans are 
generally performed with the patient’s arms el-
evated alongside the head and neck. Scanning is 
extended to the pubic symphysis or can include 

nearly two orders of magnitude in the effective 
dose between the two modalities. Recently, Theo-
charopoulos et al (16) tested a risk-benefit deci-
sion analysis model comparing radiography and 
CT in a hypothetical cohort of 1 million patients 
and found that the higher diagnostic accuracy of 
CT counterbalanced the increased estimated life-
time cancer risk and monetary cost by substantial 
margins in both low- and high-risk patients of all 
ages. These findings support the American Col-
lege of Radiology’s recommendation of screening 
CT as the standard of care for initial screening of 
polytrauma patients with obtundation (9).

Controversial Role of MR Imaging for 
Clearance in Patients with Obtundation
The relative benefit of MR imaging in the clear-
ance of the cervical spine in patients with obtun-
dation who have negative findings at screening 
cervical spine CT remains a contentious issue. 
MR imaging has superior sensitivity, compared 
with that of CT, for evaluating disk and ligament 
injury but also has a high false-positive rate (17–
19). Isolated signal abnormalities without bone 
injury or abnormal alignment are common but of 
uncertain importance, sometimes prompting un-
necessary spinal immobilization (17). Because of 
the high sensitivity, several societies recommend 
MR imaging as the modality of choice in patients 
expected to be unexaminable for longer than 
24–48 hours (9,20).

In 2005, Hogan et al (21) retrospectively 
evaluated 366 obtunded or “unreliable” patients 
who had exclusion of unstable cervical spine in-
jury with both multidetector CT and MR imag-
ing, and these investigators found that CT had a 
negative predictive value of 98.9% for ligament 
injury and 100% for unstable cervical spine in-
jury. None of the MR imaging findings required 
treatment as unstable injuries. The preponder-
ance of available evidence, including evidence 
from several large studies and a meta-analysis of 
17 studies with 14,327 patients (19), favors early 
discontinuation of cervical spine precautions on 
the basis of CT alone in polytrauma patients with 
obtundation because few patients with positive 
MR imaging findings but negative CT findings 
require a change in management or develop evi-
dence of delayed instability (22,23). Studies with 
findings that support MR imaging for cervical 
spine clearance when CT findings are negative 
are small, few in number, and prone to verifica-
tion bias because prolonged collar immobilization 
is often used as an end point (24,25).

Technique
At the R Adams Cowley Shock Trauma Center 
(Baltimore, Md) and the Ryder Trauma Center 

Table 2: Risk Factors for Blunt Cerebrovascu-
lar Injury

Le Fort II or III facial fractures
Skull base fracture extending to petrous internal 

carotid artery canal
Fractures of C1–C3
Fracture line reaching a transverse foramen
Facet subluxation or dislocation
Scalp degloving injury
Severe mandibular fractures
Closed head injury
Major chest trauma
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the lower extremities when complex extremity 
fractures are suspected. A fixed delay of 17–20 
seconds is used for the whole-body protocol for 
patients younger than 55 years old, and an ad-
ditional 5 seconds of delay are added in patients 
older than 55 years because peak enhancement 
is slightly delayed in this population (32). Repre-
sentative protocols for 64-section dedicated neck 
and whole-body trauma CT angiography are 
shown in Table 3.

Sliker et al (33) have shown previously that 
neck CT angiography integrated into the whole-
body scan has equivalent diagnostic perfor-
mance to dedicated CT angiography of the neck 
despite (a) increased quantum mottle from arm 
elevation and (b) the use of a fixed delay. Coro-
nal and sagittal multiplanar reformatted images 
are routinely generated by the technologist for 
both dedicated neck and whole-body scans, and 
thin-slab maximum intensity projection (MIP) 
images are generated for neck CT angiography. 
Additional postprocessing is performed by the 
interpreting radiologist as needed, using thin-
client software (TeraRecon, Foster City, Calif) 
that is available on all workstations.

Select patients with low-energy trauma, such 
as elderly individuals being evaluated for injuries 
to the head or face after a fall from standing, 
sometimes undergo nonenhanced cervical spine 
CT in conjunction with head and facial CT.

Primary image review should always be per-
formed by using a combination of axial and stan-
dard coronal and sagittal reformatted images, and 
three-dimensional rendering should be used on an 
as-needed basis for problem solving and to facili-

tate communication with the surgical team. Evalu-
ation in nonstandard planes by using postprocess-
ing software improves the detection of fractures 
and aids in inspection of anatomic relationships of 
the craniocervical junction and subaxial cervical 
spine (34–36). Additionally, three-dimensional im-
ages play a role in characterizing dislocations and 
subluxations with rotatory components (36) and 
have great value as an educational tool.

Injuries of the  
Craniocervical Junction

Craniocervical Dissociation
Craniocervical dissociation is an umbrella term 
that describes both (a) complete dislocations, 
which are common in fatal motor vehicle trauma, 
and (b) subluxation or distraction injuries, which 
may be subtle and potentially survivable (34,37). 
Traumatic atlanto-occipital dissociation is more 
common and more survivable in skeletally imma-
ture pediatric trauma patients; in a recent series, 
adults represented 50% of the presenting patients 
but only six of the 22 patients surviving the peri-
operative period (38). By definition, atlanto-occip-
ital dissociation is an unstable injury with severe 
ligamentous disruption and is usually accompa-
nied by severe neurologic deficit (39). Associated 
closed head injuries and upper cervical spine inju-
ries are the main predictors of outcome (38).

Early detection and treatment are essential in 
patients with craniocervical distraction; however, 
the diagnosis is often missed prospectively, re-
gardless of experience level, and is easy to overlook 
at whole-body CT (40,41). Findings may be 

Table 3: Representative Protocols for CT Angiography

Variable Whole-Body CT Angiography Neck CT Angiography

Head CT Nonenhanced Nonenhanced
Arm position Arms raised Arms down
Intravenous contrast material 

injection
100 mL 100 mL

Contrast-enhanced imaging 20-second delay (25-sec delay 
if >55 y)

Bolus tracking

Acquisition Single acquisition, circle of  
Willis to symphysis pubis

Circle of Willis to aortic 
arch

Scan parameters
 Peak voltage (kVp) 120 120
 Pitch 0.7 0.7
 Revolution time (sec) 0.5 0.5
 Collimation (mm) 0.6 0.6
Reconstruction interval (mm)
 Three-dimensional post- 

 processing
1.5 1.5

 Primary interpretation 3.0 3.0
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subtle, and qualitative evaluation is often not suf-
ficient. In the past several years, a number of cra-
niocervical measurements that were established 
by using conventional radiography have been 
re-assessed with CT (Table 4) (35,37,41–47). 
Normal intervals for the most commonly used 
measurements are shown in Figure 1, and ex-
amples of craniocervical distraction injuries with 
abnormal relationships are shown in Figure 2.

The Powers ratio (ratio of the distance from the 
posterior margin of the foramen magnum to the 
anterior arch of the atlas divided by the distance 
from the tip of the basion to the posterior arch 
of C1) (42) has also been assessed with CT in a 
small series (43) and was found to have a sensitiv-
ity of 74% when a value of 1.0 was used as the 
upper limit of normal. The Wackenheim basilar 
line (drawn along the dorsal margin of the clivus) 
should normally intercept the tip of the dens. The 
utility of this line for diagnosing craniocervical dis-
traction is controversial in the trauma setting (48) 
and has not been well explored by using CT.

At the atlantoaxial articulation, the presence of 
a cranially divergent predental angle (“V sign”) is 
suggestive of transverse ligament injury and also 
increases the likelihood of atlanto-occipital dis-

traction (35). Isolated distraction of the C1-C2 
lateral masses is uncommon and typically occurs 
without cruciate ligament injury or neurologic 
sequelae. One group of investigators has classi-
fied craniocervical distractions into type I (iso-
lated atlantoaxial injuries) and type II (combined 
atlanto-occipital and atlantoaxial injuries) (49).

Abnormal values tend to be sensitive but not 
specific. Although normal intervals virtually rule 
out craniocervical distraction, values greater than 
established upper limits can be normal in some 
patients but abnormal in others. In a recent series 
of 18 patients with atlanto-occipital dissociation, 
evidence of atlanto-occipital capsular injury on MR 
images was always associated with some degree of 
articular displacement in the abnormal range (49).

Occipital Condyle Injuries
Occipital condyle fractures have a 3% incidence 
in patients with severe blunt cervical trauma, 
occur in as many as 16% of craniocervical in-
juries, and should be considered markers of 
a high-energy mechanism of injury (50,51). 
Most occipital condyle fractures are associated 
with closed head injury, although a substantial 
proportion of patients with such fractures have 

Table 4: Normal Measurements in the Craniocervical Junction

Interval Ligaments Injured
Radiography  

Cutoff/Reference
Multidetector CT  
Cutoff/Reference

Basion-to-dens  
interval

Alar ligaments, tectorial mem-
brane

12 mm/Harris et al (44) 8.5–9.5 mm/Rojas et al 
(37), Chang et al (35)

Basion–axial line  
interval

Alar ligaments, tectorial mem-
brane

>12 mm anterior or 4 
mm posterior to the 
posterior axillary line/
Harris et al (44)

Difficult to reproduce/Ro-
jas et al (37)

Atlantodental  
interval

Transverse ligament, atlanto-
occipital and C1-C2 capsules, 
tectorial membrane, alar liga-
ments

3 mm (men), 2.5 mm 
(women)/Hinck and 
Hopkins (45)

2 mm/Rojas et al (37)

Atlanto-occipital  
interval

Atlanto-occipital joint capsules, 
alar ligaments, tectorial mem-
brane

No data in adults 4.0 mm (summed)/Chang 
et al (35); 2.5 mm 
(single atlanto-occipital 
interval)/Rojas et al (37)

Atlantoaxial interval C1-C2 joint capsules, alar liga-
ments, tectorial membrane

No data in adults Midsagittal, 2.6–4.0 mm/
Gonzalez et al (46), 
Chaput et al (41); lateral 
margins, 1.2 mm/Rad-
cliff et al (47); posterior 
and anterior margins, 1 
mm/Gonzalez et al (46)

Powers ratio Transverse ligament, atlanto-oc-
cipital joint capsules, tectorial 
membrane, alar ligament

Anteriorly displaced 
atlanto-occipital dis-
traction indicated by 
Powers ratio >1/ 
Powers et al (42)

Anteriorly displaced 
atlanto-occipital distrac-
tion indicated by Powers 
ratio >1/Dziurzynski et 
al (43)
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Figure 1. Normal intervals of the craniocervical junction. (a) Midsagittal half-
space volume-rendered CT image shows the atlantodental interval (solid line), 
the basion-dens interval (double-headed arrow), the posterior axial line (dashed 
line), the basion-to–posterior axial line interval (dotted line), and the C1–C2 
spinolaminar distance (parallel lines). (b) Volume-rendered CT image shows the 
normal relationship of an occipital condyle and the lateral mass of C1, with close 
apposition, and the nearly equidistant intervals (solid lines) along all points in 
the midsagittal plane of the joint.

normal Glasgow Coma Scale scores (52). As-
sociated injuries that may be seen at CT include 
facial fractures, vertebral and carotid artery in-
juries, and fractures anywhere along the cervical 
spinal column (52).

Classification of  
Occipital Condyle Fractures
Anderson and Montesano (53) introduced the 
most widely used radiologic classification system 
for occipital condyle fractures, describing three 
different patterns of injury: (a) comminution-
impaction injury resulting from axial loading, with 
minimal or no fracture displacement (type I) (Fig 
3a); (b) skull base fracture extending through the 
occipital condyle, resulting from a direct blow to 
the skull (type II) (Fig 3b); and (c) avulsion frac-
ture resulting from tension on the alar ligament 
from forced rotation and lateral bending (type III) 
(Fig 3c) (Table 5) (53–58).

Type I and II injuries are thought to be stable, 
with preservation of the alar ligaments. Type III 
fractures, in which the alar ligaments are dis-
rupted or functionally incompetent from bone 
avulsion, are unstable and may cause neurologic 
injury from excessive motion or displaced condy-
lar fragments (51,53).

Fractures may be unilateral with minimal 
distraction, may be bilateral, or may extend in a 
ringlike configuration along the anterior foramen 
magnum, with bilaterality increasing the likeli-
hood of instability (36,50). Approximately 75% 
of occipital condyle fractures are type III injuries 
(51). Differentiating between type I occipital 
condyle fractures with minimal displacement and 

type III occipital condyle fractures may be diffi-
cult at multidetector CT. An MR imaging–based 
classification scheme has been introduced by Tuli 
et al (59) to determine stability on the basis of 
direct depiction of ligament integrity.

Fractures of the Atlas
Atlas fractures account for 25% of craniocervi-
cal injuries. As many as 44% of atlas fractures 
have associated fractures of the axis. Jefferson 
introduced the first classification system for atlas 
fractures, which is still in use with some modifi-
cations (54,60). Fractures of the posterior arches 
alone are type I (Fig 4a). Isolated fractures of 
the anterior arch are type II. Bilateral posterior 
arch fractures with unilateral or bilateral anterior 
arch fracture are type III (classic Jefferson burst) 
(Fig 4b). Fractures of the lateral mass are type 
IV. Transversely oriented anterior arch fractures 
resulting from avulsion of the longus colli or at-
lantoaxial ligament are type V (60).

Bilateral fractures of the posterior arches and 
burst fractures are the most common patterns. 
Isolated anterior arch fractures are relatively rare 
(61,62).

Fractures of the atlas are usually mechanically 
stable and rarely result in neurologic injury. For 
atlas fractures, associated cervical spine fractures 
and the integrity of the transverse ligament are 
the main determinants of the need for surgical 
intervention (60).

Jefferson Fractures
Burst fractures of the atlas are thought to result 
from axial loading. Fractures through the anterior 
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Figure 2. Widened intervals in craniocervical distraction injuries in four patients. 
(a) Half-space slab volume-rendered CT image of a patient with atlanto-occipital 
dissociation after an MVC shows the “V sign” of cranially divergent predental lines 
(solid lines), a widened basion-dens interval (double-headed arrow), the posterior 
axial line (dashed line), a widened basion-to–posterior axial line interval (dotted 
line), and a widened C1–C2 spinolaminar interval (parallel lines). (b) Volume-
rendered CT image of a 45-year-old patient after an MVC shows a widened atlan-
todental interval (solid line) secondary to a transverse ligament injury. (c) Coronal 
volume-rendered CT image of a 26-year-old man with craniocervical distraction 
after a motorcycle collision was obtained with a “virtual radiograph” template and 
shows bilateral widening of the atlanto-occipital joints (AO) and the atlantoaxial 
joints (AA). (d) Volume-rendered CT image of a 23-year-old man with cranio-
cervical distraction after a motorcycle collision shows the occipital condyles (OC) 
dissociated from the lateral masses of the atlas and shifted anteriorly. (e) Midsagit-
tal half-space slab volume-rendered CT image of a 23-year-old man (same patient 
as in d) shows a marked widening (solid lines) of the atlanto-occipital articulation, 
with anterior translation of the condyles and skull base.

a. b. 

c. d. 

e. 
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or posterior arches may be single along the mid-
line, or bilateral with a number of permutations. 
An atypical Jefferson burst with unilateral anterior 
and posterior arch fractures is shown in Figure 4c. 
The fracture pattern results in outward displace-
ment of the lateral masses, a finding that indicates 
possible injury to the transverse ligament.

To prevent atlantoaxial dissociation, Jefferson 
fractures may require surgical stabilization if the 
transverse ligament is compromised or the ante-
rior arch is appreciably displaced. At radiography, 
a combined sum of lateral mass displacement 
measuring 6.9 mm was identified as a predic-
tor of transverse ligament disruption (“rule of 
Spence”) (63). Subsequently, Dickman et al (64) 
showed that applying the rule of Spence would 
have missed 61% of fractures. Absence of magni-
fication at cross-sectional imaging may account 
for this poor performance (65), but a useful 
smaller cutoff value has not been established 
for CT, to our knowledge. Dickman et al (64) 
provided a new CT and MR imaging–based clas-
sification; disruptions of the ligament substance 
are type I injuries. Avulsions of the tubercle at 
the insertion on the lateral mass are type II. Type 
II injuries are physiologically incompetent even 

though the ligament is not torn. A total of 74% of 
type II injuries healed with rigid cervical orthosis, 
whereas none of 15 patients with type I injuries 
healed with nonsurgical treatment (64).

Fractures of the Axis
Approximately 17%–20% of cervical spine frac-
tures involve the axis (66). Odontoid fractures, 
hangman fractures, and fractures of the axis 
body account for the three main types of injury 
patterns (67).

Odontoid Fractures.—Odontoid fractures rep-
resent the most common fracture of the axis, 
accounting for approximately 59% of cases in a 
series of 340 axis fractures (66). The incidence of 
odontoid fractures appears to be higher in elderly 
patients and may be related to the increased 
transmission of forces to the dens in stiff spondy-
lotic spines (68).

A three-part classification system for odontoid 
fractures proposed by Anderson and D’Alonzo 
(55) in 1974 has gained wide acceptance. Type 
I odontoid fractures are obliquely oriented frac-
tures through the tip of the odontoid, likely rep-
resenting avulsions of the alar ligament (Fig 5a). 

Figure 3. Occipital condyle fractures in three 
patients. (a) Coronal multiplanar reformatted 
CT image of a 24-year-old man after a mo-
torcycle collision shows a right type I condylar 
fracture (arrows) resulting from impaction of 
the condyle against the right lateral mass of 
C1. (b) Off-axial MIP image of a 52-year-old 
man after an MVC shows a type II right oc-
cipital condyle fracture associated with a skull 
base fracture (arrows). (c) Coronal MIP image 
of an 18-year-old man with severe polytrauma 
after an MVC shows an avulsion fragment off 
the right occipital condyle (type III occipital 
condyle fracture).

a . 

b. c. 
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These odontoid fractures are the least common, 
accounting for 1%–3% of cases (55,66,67), with 
a bone fusion rate approaching 100% with the 
use of collar or halo immobilization (69,70).

Type II odontoid fractures occur at the junc-
tion of the dens and body and are the most com-
mon odontoid fractures, representing 54%–60% 
of cases (Fig 5b). In a study of 107 axis fractures, 
Hadley et al (71) found that nonunion occurred 
in approximately 26% of the patients with type II 
fractures who were treated nonsurgically. When 
there was a 6-mm or greater displacement of the 
dens, the incidence of nonunion in type II odon-
toid fractures increased to 67% (71). In several 

studies, investigators have documented a correla-
tion between increasing fracture gap and nonunion 
(72,73). Age older than 50 years is another signifi-
cant risk factor (P = .002) (74). Type II odontoid 
fractures with comminution and splinter frag-
ments at the fracture site were described as highly 
unstable, with a greatly increased rate of nonfu-
sion, by Hadley et al (75) in 1988 and were sub-
categorized as type IIa (Fig 5c). These injuries are 
rare, but subtle comminution is appreciated with 
increased frequency at multidetector CT (76). The 
clinical importance of small splinter fragments 
with regard to stability remains uncertain. The risk 
factors for nonfusion of type II odontoid fractures 

Table 5: Craniocervical Injury Classification Systems

Types of Craniocervical Injury (Classification System Reference) Stability

Occipital condyle fractures (Anderson and Montesano [53])
 Type I: axial loading with minimal or no fracture displacement Stable
 Type II: skull base fracture extending through the condyle Stable
 Type III: alar ligament avulsion fracture Unstable
Atlas fractures (Jefferson, as modified by Gehweiler et al [54])
 Type I: posterior arches Stable
 Type II: anterior arch Stable
 Type III: bilateral posterior arch with bilateral or single unilateral  

 anterior arch (“Jefferson burst”)
Depends on integrity of transverse liga-

ment
 Type IV: lateral mass Stable
 Type V: transversely oriented anterior arch fractures (avulsion of  

 longus colli or atlantoaxial ligament)
Stable

Odontoid fractures (Anderson and D’Alonzo [55])
 Type I: oblique fracture through the tip of the odontoid, result of  

 alar ligament avulsion
Stable

 Type II: dens-body junction Unstable* 
 Type III: cancellous portion of the axis body Heals well with immobilization but can 

cause canal compromise
Hangman fractures (Effendi et al [56], modified by  

Levine and Edwards [57])
 Type I: hairline fractures, <2-mm translation Stable

 Type II: angulation > 11°, >2-mm translation Variable, external immobilization often 
used

 Type IIa: severe angulation without translation, intact anterior  
 longitudinal ligament

Angulation can worsen with initial trac-
tion

 Type III: bilateral facet dislocation Unstable
Atlantoaxial rotatory subluxation and fixation  

(Fielding and Hawkins [58])
 Type I: rotatory fixation in normal physiologic range (<48°–52°  

 left or right), dens acts as a pivot, intact alar and transverse  
 ligaments

Need for surgery depends on degree of 
rotation, prognosis improves with early 
reduction

 Type II: transverse ligament injured, center of rotation shifts to  
 lateral mass, anterior displacement of the atlas < 5 mm

Unstable

 Type III: transverse and alar ligaments both deficient, similar to  
 type II but anterior displacement of the atlas > 5 mm

Unstable

 Type IV: deficient odontoid, with posterior displacement  
 of the atlas

Unstable

*The risk factors for nonfusion of type II odontoid fractures are (a) age older than 50 years, (b) 6 mm or more 
of dens displacement, and (c) comminution and splinter fragments at the fracture site.
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Figure 4. Fractures of the atlas in three patients. (a) Off-axial MIP image of a 27-year-old woman after an MVC 
shows bilateral posterior arch fractures. Head rotation within the physiologic range results in asymmetry of the lat-
eral atlantodental intervals. (b) Off-axial MIP image of a 49-year-old woman after an MVC shows a three-part Jef-
ferson fracture of the atlas. A congenital cleft (arrow) is incidentally depicted anteriorly at the foramen transversar-
ium. The cleft is distinguished from a fracture by its smooth sclerotic appearance and because ring fractures should 
occur in at least two parts. The patient also had burst fractures at T5 and T6 related to the axial loading mechanism 
(not shown). (c) Off-axial MIP image of a 50-year-old female pedestrian who was struck by a motor vehicle shows 
unilateral fractures of the left anterior and posterior arches, with separation of the lateral mass.

are (a) age older than 50 years, (b) 6 mm or more 
of dens displacement, and (c) comminution and 
splinter fragments at the fracture site.

Type III odontoid fractures make up 39%–
42% of cases (67). In type III fractures, the frac-
ture line extends through the cancellous portion 
of the C2 body (Fig 5d, 5e). These fractures are 
potentially mechanically unstable because the 
atlas and dens can move together as a unit (77), 
but type III odontoid fractures heal with immo-
bilization in 88% of cases, and surgical fusion is 
often not necessary (69,70).

Hangman Fractures.—Bilateral pars interar-
ticularis fractures associated with judicial hang-
ing were first described in 1913 by Wood-Jones 
(78). “Hangman’s fracture” as an eponym for 
traumatic spondylolysis of the axis was first used 
by Schneider et al (79) in 1965 as a catchall for 
these injuries in victims of MVCs and other sud-
den deceleration accidents (67). In spite of the 
name, these fractures can occur as the result of 
either compressive hyperextension or distractive 
hyperflexion and can involve any part of the axis 
ring, including laminae, pedicles, or part of the 
posterior wall of the axis body (56,80).

Hangman fractures (now sometimes referred 
to as “hanged man fractures”) account for 22% 
of axis fractures and 4% of cervical fractures 
overall. Both hangman fractures and Jefferson 
fractures decompress the already spacious canal 
at this level. Hangman fractures are associated 
with neurologic sequelae in only 26% of cases 
(81). Most hangman fractures are treated suc-
cessfully with immobilization (56,57). Associated 

atlas fractures are seen in 6%–26% of cases (67), 
and fractures of other cervical vertebrae occur in 
8%–32% of cases (66,80).

Classification of Hangman Fractures.—In the 
most commonly used system for classification of 
hangman fractures, which was initially proposed 
by Effendi et al (56) and was modified by Levine 
and Edwards (57), type I hangman fractures are 
minimally displaced, are associated with less than 
2-mm translation, and have no associated angula-
tion or posterior intervertebral disk space widen-
ing (Fig 6a, 6b). Type I injuries are considered 
stable and are treated only with cervical orthosis. 
Levine and Edwards (57) attributed type I inju-
ries to a hyperextension–axial loading mechanism 
and noted an association with Jefferson, odon-
toid, and posterior arch C1 fractures.

Type II hangman fractures are characterized by 
anterior angulation (>11°) and anterior translation 
(Fig 6c), with fractures resulting from distractive 
flexion or compressive hyperextension (56,57). 
These injuries are treated with halo traction and 
immobilization. Associated anterosuperior C3 
wedge compression deformities or C2 endplate 
avulsion fractures may result. An atypical type 
II hangman fracture involving part of the wall of 
the axis body was seen in a patient (Fig 6d, 6e). 
Levine and Edwards (57) classified hangman frac-
ture injuries with minimal or no translation but 
severe angulation as type IIa, in which the anterior 
longitudinal ligament remains intact (Fig 6f). Type 
IIa injuries may become more angulated with trac-
tion and require reduction with gentle extension 
before immobilization with a halo vest.

a. 
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Figure 5. Odontoid fractures in four patients. (a) Coronal multiplanar reformatted CT 
image of a 51-year-old man after a motorcycle collision shows an oblique fracture of the 
odontoid tip (type I odontoid fracture). (b) Coronal half-space volume-rendered CT  
image of a 24-year-old patient after a rollover MVC shows a type II odontoid fracture.  
(c) Sagittal MIP image of an 86-year-old patient after a fall from standing shows a type 
IIa odontoid fracture with posterior displacement, posterior angulation, and comminu-
tion. (d) Coronal multiplanar reformatted CT image of a 78-year-old patient involved 
in an MVC shows a type III dens fracture (arrows). (e) Lordotic volume-rendered CT 
image of a 78-year-old patient (same patient as in d) shows anterior displacement of the 
fractured dens (D) and the involved superior portion of the C2 body. A = atlas, B = frag-
ment of the C2 body, U = undersurface of the C2 body fragment.

a. b. 

C. d. 

e. 
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Figure 6. Hangman fractures in 
five patients. (a) Off-axial MIP im-
age of an 18-year-old patient after a 
fall from an all-terrain vehicle shows 
a type I hangman fracture with bi-
lateral fractures of the pars interar-
ticularis. (b) Sagittal half-space slab 
volume-rendered CT image of an 
18-year-old patient (same patient as 
in a) shows no translation or angula-
tion of C2. (c) Sagittal half-space 
slab volume-rendered CT image of 
a 27-year-old woman with a type 
II hangman fracture after an MVC 
shows anterior translation and angu-
lation of C2. The patient also had bi-
lateral posterior arch fractures from 
hyperextension. (d) Off-axial MIP 
image of a 62-year-old woman with 
an atypical type II hangman fracture 
after an MVC shows a pars fracture 
on the right and an oblique fracture 
through the posterolateral vertebral 
body. (e) Sagittal half-space slab 
volume-rendered CT image of a 
62-year-old woman (same patient 
as in d) shows anterior translation 
and angulation of C2 and a fracture 
involving the left vertebral body. 
(f) Sagittal half-space slab volume-
rendered CT image of a 26-year-old 
woman with a type IIa hangman 
fracture after an MVC shows a pars 
interarticularis fracture with anterior 
angulation of the body of C2 but no 
anterior translation. No disruption 
of the anterior longitudinal liga-
ment was depicted on MR images 
(not shown). (g) Sagittal half-space 
slab volume-rendered CT image of 
a 30-year-old woman with a type 
III hangman fracture after an MVC 
shows marked anterior translation of 
C2 with facet fracture-dislocation.

a. b. 

C. d. 

e. f. 

g. 
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Figure 7. Nonodontoid nonhangman 
fracture. Coronal MIP image of a 73-year-
old man after an MVC shows a nonodon-
toid nonhangman fracture involving the 
right lateral mass of C2.

Type III injuries are the least common, repre-
senting 7%–10% of hangman fractures, and re-
sult from severe distractive flexion with associated 
bilateral facet dislocation or fracture-dislocation 
(Fig 6g). These injuries are analogous to distrac-
tive injuries in the subaxial spine and require sur-
gical stabilization (57).

Axis Body Fractures.—Fractures of the axis body 
are the most common subtype of a group of 
fractures first referred to by Hadley et al (71) as 
“miscellaneous non-odontoid non-hangman frac-
tures of the axis,” which represent the remain-
ing 19%–32% of axis fractures (82) and include 
isolated lateral mass fractures (Fig 7), pedicle 
fractures, and transverse process fractures. Axis 
body fractures have a variety of morphologic 
structures and orientations and also include burst 
injuries. These injuries are often inherently stable 
and can usually be treated nonsurgically.

Atlantoaxial Rotatory  
Subluxation and Fixation
Traumatic rotatory subluxation and fixation 
are well documented in children but are rare in 
adults, with few reported cases (83). In normal 
individuals, rotation at the atlantoaxial joint can 
be as high as 48°–52° to one side (84). Bifacet 
dislocation is expected to occur at an average of 
63°–64°. Higher degrees of rotatory subluxation 
have a greater propensity to develop into rota-
tory fixation and have a greater need for surgical 
reduction. Early diagnosis may prevent perma-
nent deformity (85). The exact cause of fixation 
is not known but is suspected to be capsular and 
synovial swelling or a tear in the early stage after 
injury, ultimately resulting in contractures.

Classification of  
Atlantoaxial Rotatory Fixation
Fielding and Hawkins (58) have described a 
number of configurations of atlantoaxial rota-
tory fixation. Type I atlantoaxial rotatory fixa-
tion occurs within the normal physiologic range, 
with intact alar and transverse ligaments. The 
dens acts as the pivot, and there is no anterior 
displacement of the atlas (58). In type II atlanto-
axial rotatory fixation, the transverse ligament is 
injured. This injury causes the center of rotation 
to shift to one of the lateral masses. Anterior dis-
placement of the atlas should not exceed 5 mm 
because of restraint from the alar ligament.

In type III atlantoaxial rotatory fixation, both 
the transverse and alar ligaments are deficient. 
The configuration is similar to type II, but an-
terior displacement of the atlas exceeds 5 mm. 
Type IV describes the rare circumstance in which 
a deficient odontoid is present, resulting in pos-

terior displacement of the atlas. The spinal canal 
may be compromised in types II to IV.

Rotatory subluxation may be associated with 
a contracted sternocleidomastoid muscle on the 
ipsilateral side of the head. Diagnosis of fixation 
is often delayed, and fixation should be suspected 
when torticollis does not resolve within 5–7 days 
after the injury. Dynamic CT imaging is an im-
portant problem-solving tool in establishing the 
diagnosis. CT is performed first with the head in 
the resting position and then with maximal con-
tralateral rotation (58).

Injuries of the Subaxial Cervical Spine
Subaxial injuries account for 65% of cervical 
spine fractures and 75% of dislocations (3). Sev-
eral mechanism-based radiographic classifications 
specific to the subaxial cervical spine have been 
introduced. In 1982, on the basis of their retro-
spective experience with 165 patients, Allen, Fer-
guson, and colleagues (86) proposed that cervical 
spines with the same posture, force vectors, and 
magnitude will result in reproducible injury pat-
terns (87), and these investigators devised a new 
radiography-based scoring system in which cervi-
cal spine trauma was categorized into six “phy-
logenies” (spectra of injury): flexion compression, 
vertical compression, flexion-distraction, exten-
sion compression, extension distraction, and 
lateral flexion, with a separate severity scale for 
each mechanism. This system was subsequently 
modified by Harris et al (88) to include rotational 
components in lieu of lateral flexion.

The Allen-Ferguson descriptive terms are 
used pervasively; however, because of its com-
plexity, the scoring system has not been widely 
adopted. For example, hyperflexion injuries may 
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have both compressive and distractive flexion 
components, requiring two different scores for 
the same level of injury. Although mechanistic 
classifications appear intuitive, Vaccaro et al (3) 
found that the Allen-Ferguson system has poor 
inter- and intraobserver variability, which they 
attributed to (a) the wide range of fracture pat-
terns that can result from the same force vectors 
as the cervical spine buckles with stress and 
(b) the outsized role that the recoil position of 
the cervical spine played in inferring the injury 
mechanism (87,89).

To our knowledge, only two scoring systems 
have been developed that specifically incorporate 
multidetector CT: the cervical spine Subaxial 
Injury Classification and Scoring (SLIC) system 
(3) and the cervical spine injury severity score 
(90). To date, these two systems have received 
little attention in the radiology literature. Both 
systems have limitations but nevertheless mark a 
new era of cross-sectional imaging–based injury 
grading. Both de-emphasize the use of mecha-
nism and recoil position in grading injuries and 
rely on direct assessment of bone morphologic 
structure. These two systems appear to have 
higher interobserver reliability compared with the 
Allen-Ferguson and Harris systems (3,91).

Cervical Spine Injury Severity Score
The cervical spine injury severity score is a CT-
specific scoring system originally described by 
Moore et al (92). Four columns are defined: the 

anterior, the posterior, and two lateral columns. A 
value of 0–5 points is assigned to each column on 
the basis of the degree of displacement and indi-
rect evidence of ligamentous instability. Injuries 
are classified as (a) simple if there is bone injury 
to a single column or (b) complex if either more 
than one column is involved or there is evidence 
of both ligamentous and bone injury within a 
single column. The scores are summed to give a 
cumulative score ranging from 0 to 20. Surgical 
fixation is indicated when the score is 7 or more. 
This paradigm does not take into account the 
neurologic status or MR imaging findings. Be-
cause of its relative complexity, this score is un-
likely to gain widespread use in clinical practice.

SLIC System
The SLIC system, which was introduced in 2007 
by Vaccaro et al (3), follows the general concept 
and organization of the thoracolumbar injury clas-
sification and severity score, which had been previ-
ously developed by the same group of investigators 
(93). The SLIC system serves to provide a unified, 
more parsimonious, and easily applicable decision 
tool for evaluating, grading, and communicating 
injuries for the entire subaxial spine (3,87,94). 
The SLIC system is made up of three separately 
graded components, each ostensibly representing 
major independent predictors of outcome. The 
three components of SLIC are (a) morphologic 
findings of bone spinal column disruption, (b) the 
integrity of the discoligamentous complex, and  
(c) neurologic status (95). The three scores for 
these three components are summed to give the 
SLIC score (total score). Combined scores of 5 or 
more indicate the need for surgical intervention. 
Injuries with scores of 3 or less can be managed 
without surgery, and scores of 4 are indeterminate 
(Table 6). The SLIC system is quickly becoming 
widely adopted because of its ease of use and its 
potential clinical utility in helping distinguish sur-
gical injuries from nonsurgical injuries.

SLIC Morphology Score
The SLIC morphology score describes the 
structural integrity and relationships of verte-
brae at an injured motion segment, with higher 
scores corresponding with worse outcomes and 
an increased need for surgery (3,94). Morphol-
ogy can be characterized with CT alone, and 
complete discoligamentous injury can also usu-
ally be diagnosed with a high degree of speci-
ficity in more-severe cases. The most severe 
manifestation of an injury determines the SLIC 
morphology score. For example, if a burst injury 
has some associated distraction, it is called a 
distraction injury; if both distraction and trans-
lation are present, this injury is classified as a 

Table 6: SLIC Score Determination

SLIC Categories Score*

Morphology
 No abnormality 0
 Compression 1
 Burst 2
 Distraction 3
 Translation or rotation 4
Discoligamentous complex
 Intact 0
 Indeterminate 1
 Disrupted 2
Neurologic status
 Intact 0
 Root injury 1
 Complete cord injury 2
 Incomplete cord injury 3
 Incomplete cord injury with  

 ongoing cord compression
4

*Total SLIC score: ≤3 = nonsurgical, 4 = 
indeterminate, ≥5 = surgical.

Teaching 
Point 
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translation injury, and so forth. When multiple 
levels are involved, a separate score is given to 
each injured level. A score of 1 is assigned for 
simple compression, a score of 2 for burst, 3 for 
distraction, and 4 for translation or rotation.

Compression (Score of 1) and Burst (Score of 
2).—Compression and burst fractures are char-
acterized by loss of vertebral body height without 
evidence of distraction or translation, regardless 
of whether focal kyphosis is present (Fig 8). Vis-
ible endplate disruption or a fracture line in the 
sagittal or coronal plane may be seen (3,87,94). 
Fragments with a triangular teardrop morphology 
should still be characterized as compression injury 
with a score of 1 or 2 if there is no associated pos-
terior element distraction or vertebral body trans-
lation. Undisplaced or minimally displaced lateral 
mass, facet, laminar, or spinous process fractures 
without distraction are also classified as compres-
sion injuries and may occur in isolation or with 
vertebral body compression or vertebral burst.

Distraction (Score of 3).—Distractive injuries of 
the subaxial cervical spine are characterized by 
dissociation in the vertical axis. Distraction may 
occur anteriorly as a result of hyperextension or 
posteriorly from hyperflexion.

Hyperflexion.—Hyperflexion injuries range from 
facet subluxation, with decreased apposition or 
diastasis of the articular surfaces (Fig 9a, 9b), 
to perched facets (3,95) (Fig 9c, 9d). Facets are 
considered subluxated when there is less than 
50% overlap of the articular surfaces or more 
than 2 mm of diastasis (3). Associated find-
ings include (a) posterior disk space widening 

with angulation greater than 11° and (b) focal 
kyphotic deformity. Important cutoff values for 
hyperflexion-type distraction injuries and transla-
tion are shown in Table 7. When perched facets 
impact and fracture or dislocate, they become 
translational injuries (3,95).

Hyperextension.—Extension-type distraction 
injury is synonymous with the term hyperextension 
dislocation (96) and results from disruption of the 
anterior longitudinal ligament and intervertebral 
disk. Elderly or intoxicated patients who have im-
paired ability to break a fall are prone to this type 
of injury. Deceleration injury in MVCs is another 
common cause. Falls from standing can result in 
hyperextension injuries with severe cord injury in 
elderly patients with spondylotic and osteoporotic 
spines. These injuries manifest with “extension 
teardrop” fracture, an avulsed fragment of the 
anterior inferior corner of the involved vertebral 
body, in 65% of cases (96), most commonly at 
C2. Extension teardrop fracture is character-
istically a thin fracture fragment greater in the 
horizontal than the vertical dimension, is often 
associated with anterior disk space widening, and 
is further differentiated from flexion teardrop by 
location, with the latter usually occurring at C5 
and C6. Evidence of posterior distraction should 
be absent, and other stigmata of hyperextension 
injury such as facial trauma and compression 
fractures of the facets, laminae, and spinous pro-
cesses may be seen (Fig 10).

Translation or Rotation (Score of 4).—Transla-
tion or rotation is demonstrated by vertebral 
offset in the horizontal axis and may occur with 
or without fracture. A pure translation of one ver-

Figure 8. Compression burst fracture. Sagittal 
half-space slab volume-rendered CT image of a 
23-year-old man after an MVC shows a burst fracture 
of C7 without associated facet distraction.
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Figure 9. Flexion-distraction injuries in two patients. (a) Oblique volume-rendered CT im-
age of a 39-year-old woman after an MVC shows bilateral C5-C6 facet distraction (arrows). 
(b) Sagittal “virtual radiograph” volume-rendered CT image of a 39-year-old woman (same 
patient as in a) shows C5-C6 kyphotic angulation and posterior disk space widening. (c) Sag-
ittal “virtual radiograph” volume-rendered CT image of a 43-year-old woman who fell a short 
distance and landed on her head shows perched facets (arrow) at C5-C6, with focal kyphotic 
deformity. (d) Oblique volume-rendered CT image of a 43-year-old woman (same patient as 
in c) shows interspinous widening (*) associated with the C5-C6 facet perch (arrow).

tebra relative to another may occur when disco-
ligamentous structures are disrupted bilaterally, 
or rotation may occur when an intact facet serves 
as a pivot point (87,95).

Translation or rotation injuries can result 
from unilateral or bilateral facet dislocations or 
fracture-dislocations (Fig 11a, 11b). Normal 
spinal alignment is shown for comparison (Fig 
11c). A horizontal distance of 3.5 mm between 
the posterior aspects of the rostral and caudal 
vertebral body at any given motion segment is 
used as a cutoff for translational injury (3,94). 
Traumatic anterior translation does not occur 

without distraction, and facet dislocation or 
fracture-dislocation should be evident. Greater 
than a 2-mm offset of the lamina of C2 from 
the C1–C3 spinolaminar line (Swischuk line) 
is used to distinguish traumatic subluxation 
from pseudosubluxation at C2-C3 in pediatric 
patients. In adults, translation injury at any mo-
tion segment of the cervical spine will result in 
spinolaminar line incongruity.

Unilateral locked facets usually cause less 
than 50% anterior translation of the rostral ver-
tebral body, whereas bilateral facet dislocations 
result in 50% or more translation (97). Lateral 

a. b. 

c. d. 
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Figure 10. Extension-distraction injury. Sagittal 
multiplanar reformatted CT image of a 61-year-
old patient after a fall from standing shows a 
“hyperextension teardrop” fracture (arrow) off the 
anterior inferior lip of C2, with associated poste-
rior spinous process fractures of C6-T1.

mass fracture-separations (ie, floating lateral 
mass) (95) can cause translation or rotation (Fig 
12), and bilateral pedicle fractures can result in 
translation morphology.

Rotational injuries can often be diagnosed 
on axial images and can also be appreciated on 
sagittal reconstructions as altered alignment of 
the midline sagittal plane at the injured level 
(93) (Fig 12b, 12c). Although the C7-T1 seg-
ment has received great attention because of the 
high rate of misses at this level on radiographs, 
it accounts for only 17% of all subaxial injuries 
(5,8). Most flexion-distraction and translation 
injuries occur at the C5-C6 and C6-C7 motion 
segments, where the fulcrum is located.

Flexion teardrop fractures and quadrangular 
fractures are morphologic descriptors that really 
imply an injury pattern in which there is severe 
disruption of both posterior and anterior disco-
ligamentous support structures, which results in 
severe instability, usually with complete neuro-
logic injury (95) (Fig 13). The rostral vertebral 
body fractures anteroinferiorly (ie, teardrop 
fragment) or anteriorly (ie, quadrangular frag-
ment). Because both the dissociated vertebral 
body and the facets lose their ligamentous sup-
port, the vertebra displaces posteriorly into the 
canal, and retrolisthesis with canal compromise 
is usually seen (95). Associated sagittally ori-
ented vertebral body split fractures (Fig 13b) 
and facet or laminar fractures are common.

SLIC Discoligamentous Complex Score
The term discoligamentous complex is a new term 
introduced by the authors of the SLIC system; 
the term refers to (a) the anterior longitudi-
nal ligament, intervertebral disk, and posterior 
longitudinal ligament anteriorly and (b) the 
ligamentum flavum, facet capsules, interspinous 
ligament, and supraspinous ligament posteriorly. 
The integrity of the capsular and ligamentous 
structures is strongly correlated with stability. In 
the SLIC system, the discoligamentous complex 
is graded as intact (score of 0), indeterminate 
(score of 1), or disrupted (score of 2). Discoliga-
mentous complex injury and bone injury are in-
dependent predictors of outcome; however, there 
is inherent overlap in the scoring system because 
abnormal bone relationships described in the 
morphology score are absolute indicators of  
discoligamentous complex injury; for instance, 
the capsules must be injured in the presence of 
facet subluxation or widening (discoligamentous 
complex score of 2). Abnormal bone relation-
ships at CT are the primary way that discoliga-
mentous complex injuries are diagnosed initially.

Distraction injuries, although given a score of 
3 on the basis of morphology, receive another 2 

points for discoligamentous complex injury and 
are therefore surgical. An indeterminate score of 1 
is assigned only for cases in which bone relation-
ships are normal but abnormal T2 signal intensity 
is seen in the capsules or ligaments at subsequent 
MR imaging. An indeterminate score may also be 
given when isolated interspinous widening is seen 
at CT, because the interspinous ligament is the 
weakest support structure, and its integrity plays a 
small role in overall stability. Although a score  
of 1 was meant to be used infrequently, Vaccaro 
et al (3) reported that it was used in 30% of cases. 
Because of the indeterminate designation, the  
discoligamentous complex is the least accurate 
of the three SLIC components. Whether indeter-

Table 7: Cutoff Values for Hyperflexion-Dis-
traction, Rotation, and Translation Injuries of 
the Subaxial Cervical Spine

Hyperflexion-distraction
 Overlap of facet articular surfaces < 50%
 Facet diastasis > 2 mm
 Posterior disk space widening with angulation  

 >11°
Rotation
 Listhesis > 3.5 mm but <50% of caudal verte- 

 bral body width
Translation
 Listhesis > 3.5 mm, usually >50% of caudal  

 vertebral body width
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Figure 11. Translation injuries. (a) Coronal posterior volume-rendered CT im-
age of an 85-year-old patient after an MVC shows bilateral locked facets (arrows) at 
C5-C6. (b) Sagittal “virtual radiograph” volume-rendered CT image of a 24-year-
old patient who was an unrestrained backseat passenger in an MVC shows locked 
facets at C5 (white arrow) on C6 (black arrow), with greater than 50% translation 
of the C5 vertebral body. (c) For comparison, this sagittal volume-rendered CT im-
age obtained with the “virtual radiograph” template shows normal alignment of the 
subaxial spinal lines: the anterior marginal line (yellow), the posterior marginal line 
(green), the spinolaminar line (blue), and the posterior spinous line (red).

minate discoligamentous complex injuries can 
still result in progressive instability is a matter of 
controversy and remains at the core of the debate 
about whether adjuvant MR imaging is needed for 
cervical spine clearance.

SLIC Neurology Score
Neurologic injury is graded from 1 to 4, with root 
injuries receiving a score of 1, complete cord inju-
ries a score of 2, incomplete cord injuries a score 
of 3, and incomplete cord injuries with ongoing 

cord compression a score of 4. The highest pri-
ority is given to incomplete injuries because the 
patient’s clinical outcome can be altered consider-
ably with surgical intervention. Neurologic injury 
may be the most important predictor of treatment 
(95) but is often masked in polytrauma patients 
with obtundation. Incomplete injuries may also be 
confounded by reversible spinal shock.

A burst fracture (morphology score of 2) with 
ongoing spinal cord compression (neurology 
score of 4) from retropulsion of a fragment is 
a classic example in which neurologic findings 
dictate the need for surgery, even though there 
may be no ligamentous instability (discoliga-
mentous complex score of 0) (5) (Fig 8). In 
another example, an elderly patient may develop 
central cord syndrome with ongoing compres-
sion of a swollen cord by a narrowed spondylotic 
canal (Fig 14). There may be no evidence of dis-
coligamentous injury at CT, but cord injury may 
be appreciated at MR imaging. Even though 
bone and ligaments may not be disrupted, a 
neurology score of 4 and a total SLIC score of 
at least 4 would be assigned. An indeterminate 
score of 4 reflects the varying opinions among 
spine surgeons as to whether decompression in 
this setting is necessary.

a. c. 

b. 
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Figure 12. Translation injuries: rotation-translation injury in a 61-year-old patient who was an unrestrained driver 
in an MVC. (a) Axial MIP image shows left C6 pedicle and laminar fractures (arrows), with separation of the lateral 
mass (*). (b) Multiplanar reformatted CT image through the midsagittal plane of the spine below the injured seg-
ment shows off-center spinous processes of C2 through C6 (arrow). (c) Sagittal half-space slab volume-rendered 
CT image shows less than 50% anterior translation of the C6 vertebral body, with rotated vertebral bodies at and 
above the injured level (arrow).

SLIC Modifiers
A number of preexisting conditions affecting the 
spine may influence management decisions. These 
conditions include underlying severe spondylosis, 
diffuse idiopathic skeletal hyperostosis, prior sur-
gery, osteoporosis, posterior longitudinal ligament 
ossification, rheumatoid arthritis, and ankylosing 
spondylitis. Spinal fracture in ankylosing spondyli-
tis causes the portions of the spine that are located 
cephalad and caudad to the injury to behave as 
long lever arms. These fractures may be subtle ini-
tially but are extremely unstable (5).

Limitations of Multidetector CT
Although multidetector CT is often sufficient for 
making the binary determination of whether sur-
gery is necessary or not, important determinants of 
management, including disk herniations, ligamen-
tum flavum infolding, cord swelling, contusion or 
hemorrhage, and epidural hematoma, are not well 
evaluated with CT but are clearly depicted at MR 
imaging (98). MR imaging is also often performed 
before closed reduction because disk herniations in 
this setting may worsen neurologic injury (5,99). 
MR imaging plays an important role in planning 
whether an anterior or posterior surgical approach 
is needed, because diskectomy may be necessary for 
traumatic disk herniation.

Normal Variants and Pitfalls
Congenital defects may occasionally predispose 
patients to injury disproportionate to the severity 

of the injury mechanism and may be confused with 
fractures or dislocations (100). Congenital absence 
of the posterior arches may occur (101,102) (Fig 
15a). Absence of the anterior arch or pedicles can 
also be seen, although both are rare (100).

Typically, congenital clefts are smooth and 
well corticated, whereas fractures are sharp and 
nonsclerotic. In the atlas, congenital clefts occur 
posteriorly at a rate of 4% and anteriorly at a rate 
of 0.1% (103) (Fig 15b). Osseous clefts may also 
occur at the anterior margins of the transverse 
foramina (Fig 4b).

Os odontoideum can potentially be confused 
with fracture and is a source of instability (104). 
The consensus is increasing that os odontoideum 
is caused by trauma in childhood, rather than be-
ing a congenital anomaly (102). Os odontoideum 
is distinguished from os terminale, a secondary 
ossification center at the odontoid tip, by its large 
size, and os odontoideum is distinguished from a 
chronic type II fracture of a fully developed odon-
toid by the presence of a large gap separating the 
os odontoideum from the axis body (Fig 16). Os 
odontoideum is often treated surgically and should 
be mentioned when found incidentally.

Partial ossification of the atlanto-occipital 
membrane is relatively common and can be a 
source of diagnostic confusion. This ossification 
may appear as a well-corticated bone fragment 
posterior to the lateral mass of the atlas (102) or 
can manifest as a bone excrescence termed pon-
ticulus posticus (Latin for little posterior bridge) 

a. b. C. 
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Figure 13. Translation injuries: flexion teardrop injury in a 27-year-old woman 
who was a victim of assault. (a) Sagittal half-space slab volume-rendered CT image 
shows the flexion teardrop injury pattern, with the classic findings of a triangular 
fragment (arrow) off the anterior inferior C6 vertebral body and posterior transla-
tion of the vertebral body and posterior elements, resulting in facet widening (*). 
(b) Axial MIP image shows a sagittal fracture line (arrow) through the C6 vertebral 
body posterior to the teardrop fragment.

partially covering the horizontally oriented verte-
bral artery. When the excrescence completely sur-
rounds the vertebral artery, it is called an arcuate 
foramen (Fig 15c) (102).

Conclusions
Multidetector CT has become the standard of care 
as the initial screening examination for evaluating 
blunt cervical spine trauma in patients who do not 

meet criteria for clinical clearance. In addition to 
being able to recognize and accurately commu-
nicate the wide spectrum of craniocervical junc-
tion and subaxial cervical spine injuries seen at 
multidetector CT, radiologists can provide added 
value to their trauma and spine surgery colleagues 
by developing a working knowledge of both well-
established and newly introduced grading systems 
and their implications for patient management.

Figure 14. Neurologic 
injury without discoligamen-
tous injury in a 95-year-old 
patient after a fall from stand-
ing. Sagittal multiplanar 
reformatted CT image shows 
a spondylotic spine with 
fractures of the tips of the 
C5 and C6 spinous processes 
(arrow). There were no other 
fractures or evidence of liga-
ment injury. Clinically, the 
patient had central cord syn-
drome, and at MR imaging, 
cord edema was depicted (not 
shown). Surgical decompres-
sion was performed on the 
basis of the neurologic injury.

a. b. 
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Figure 16. Old odontoid fracture compared with os odontoideum. (a) Half-
space slab volume-rendered CT image of a 61-year-old patient struck with a brick 
in the back of the head shows an old unfused odontoid fracture with a short gap 
between the odontoid and the C2 body, which maintains the basic shape of the 
dens (arrow). (b) Half-space slab volume-rendered CT image of a 9-year-old pa-
tient shows an os odontoideum (arrow). Note the large gap between the os odon-
toideum and the axis body.

Figure 15. Congenital anomalies in a 50-year-old man with a type II dens fracture after a bodysurfing accident. 
(a) Axial MIP image of the atlas shows a congenital defect involving a portion of the right posterior arch. The tip of 
the developed portion of the right posterior arch is fractured (arrow). (b) Volume-rendered CT image of the atlas 
with anterior and posterior congenital clefts. The atlas has been virtually disarticulated by using the mask function. 
(c) Volume-rendered CT image of the atlas shows the vertebral artery (V) coursing through the right transverse fo-
ramen (TF) and entering a right arcuate foramen (AF).
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Page 1843
Clearance of the cervical spine on clinical grounds alone has become the standard of care in alert adult 
patients with no midline cervical tenderness, neurologic symptoms, or distracting injuries.

Page 1855
The three components of SLIC are (a) morphologic findings of bone spinal column disruption, (b) the 
integrity of the discoligamentous complex, and  (c) neurologic status (95). The three scores for these three 
components are summed to give the SLIC score (total score). Combined scores of 5 or more indicate the 
need for surgical intervention. Injuries with scores of 3 or less can be managed without surgery, and scores 
of 4 are indeterminate.

Page 1856
Fragments with a triangular teardrop morphology should still be characterized as compression injury with a 
score of 1 or 2 if there is no associated posterior element distraction or vertebral body translation.

Page 1858
Flexion teardrop fractures and quadrangular fractures are morphologic descriptors that really imply 
an injury pattern in which there is severe disruption of both posterior and anterior discoligamentous 
support structures, which results in severe instability, usually with complete neurologic injury (95) 
(Fig 13). The rostral vertebral body fractures anteroinferiorly (ie, teardrop fragment) or anteriorly (ie, 
quadrangular fragment). Because both the dissociated vertebral body and the facets lose their ligamen-
tous support, the vertebra displaces posteriorly into the canal, and retrolisthesis with canal compro-
mise is usually seen (95). 

Page 1858
Abnormal bone relationships at CT are the primary way that discoligamentous complex injuries are di-
agnosed initially.


