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Abstract
Objective: Diagnosis of cervical facet dislocation is difficult when relying on plain radiographs alone. This 
study evaluates the interobserver reliability of helical computed tomography (CT) in the assessment of 
cervical translational injuries, correlates the radiographic diagnosis with intraoperative observation, and 
examines the role of neurologic injury in the evaluation and diagnosis of these injuries.
Methods: Clinical histories and radiographic studies of 10 patients with cervical facet dislocations were 
presented to 25 surgeons. Participants classified cases as unilateral or bilateral facet dislocations after 
reviewing selected axial CT slices and sagittal reconstructions. Surgeons' interpretations were compared 
with intraoperative diagnosis. Participants interpreted the same radiographic studies with 3 different clinical 
scenarios: neurologically intact, incomplete, and complete spinal cord injury. Vertebral body translation 
from midsagittal CT was evaluated to confirm whether all unilateral facet dislocations had <25% translation. 
Results: Interrater k coefficient showed moderate agreement between observers in classifying injuries as 
unilateral or bilateral (k: 0.54-0.58), regardless of neurologic status. Percent agreement among observers 
varied from 50% to 100% for each individual case. Agreement was statistically higher for bilateral facet 
dislocation (85%) than for unilateral dislocations (78%), with 1 unilateral fracture showing nearly 50% 
translation on a midsagittal image.
Conclusions: The addition of helical CT to reconstruction enables spine surgeons to more reliably 
distinguish bilateral from unilateral cervical facet dislocations. Despite frequent occurrence of these injuries 
and presumed agreement on injury description, agreement may be improved by a more precise definition of 
facet dislocations and subluxations and thorough review of all imaging studies.
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INTRODUCTION
Facet dislocations of the cervical spine have the potential 
to cause devastating neurologic injuries. Patients need
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prompt evaluation and clear identification of the type 
and extent of the injury. Radiographic evaluation of the 
patient with suspected cervical spine fracture has 
traditionally consisted of a cross-table lateral view 
supplemented as necessary by additional plain radio­
graphic views (1-3). Historically, cervical dislocations 
have been artificially categorized by defining them as 
either unilateral or bilateral. Although magnetic reso­
nance imaging (MRI) studies have identified widespread
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soft tissue injury, the categorization and definition of 
particular injuries as either unilateral or bilateral remains 
useful (4). Translation of the cephalad vertebrae by 
approximately 25% of the anteroposterior diameter of 
the vertebral body on radiographic imaging has been 
used to define a unilateral facet dislocation, whereas 50% 
or more translation typically occurs with a bilateral facet 
dislocations (5,6). Some injuries can be easily appreciated 
on the lateral view alone; however, in some patients (up 
to 60%), even the addition of anterior posterior (AP), 
open-mouth odontoid (3-view), and oblique (5-view) 
radiographs may not substantially aid in discerning the 
injury type (7).

Computed tomography (CT) has been used as an 
adjunct to the 3-view plain radiograph series in the 
evaluation of cervical trauma with some success. Before 
the widespread use of 2-dimensional reformations, 
surgeons evaluating nonhelical CT scans often missed 
the presence of some cervical injuries, depending on the 
relationship of the plane of the axial cuts and the plane of 
the injury. The advent of helical CT scans, which provide 
more precise reconstruction in the coronal and the 
paramedian sagittal planes, has dramatically reduced 
the number of missed cervical spine injuries, with recent 
reports showing greater than 98% sensitivity and 
specificity (2,8). The improved sensitivity and accuracy 
of this imaging technique has led most trauma centers to 
conclude that helical CT, with appropriate reconstruc­
tion, is superior to plain radiography for the initial 
assessment and diagnosis of cervical spine injury (9,10).

Despite the improvements in diagnostic accuracy of 
CT imaging, confusion remains regarding the precise 
definitions of various cervical injuries, particularly when 
there is associated injury to the posterior elements. New 
cervical classification systems, such as the Sub-Axial 
Cervical Spine Injury Classification System (SLIC), rely 
on the accurate identification and categorization of 
specific morphologic injury patterns (11). The reliable 
identification of unilateral and bilateral facet dislocation is 
important to the reliability of these classification systems 
and thus may have therapeutic implications.

In this study, a group of surgeons with a primary 
interest in spine trauma (members of the Spinal Trauma 
Study Croup) were each asked to diagnose the type of 
cervical translational injury as unilateral or bilateral facet 
dislocation based on CT with reconstructions through the 
facet joints. The primary purpose of this study is to 
measure the variability among a group of experienced 
spinal traumatologists when attempting to identify 
unilateral or bilateral facet injuries on a series of CT 
images and validate the radiographic diagnosis with the 
intraoperative findings.

METHODS
Ten cases representing either a unilateral or bilateral facet 
dislocation confirmed with intraoperative observation 
were distributed to 25 members of the Spine Trauma
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Table 1. Interrater Percent Agreement for 2 Different 
Clinical Scenarios: Neurologically Intact and Incomplete 
Injuries

Patient Percent
No. Diagnosis Intact Incomplete Translation

1 Unilateral 50 58 50
2 Unilateral 100 100 25
3 Bilateral 100 100 87
4 Unilateral 100 100 21
5 Unilateral 70 78 17
6 Unilateral 75 72 13
7 Bilateral 75 78 51
8 Unilateral 75 72 23
9 Bilateral 88 78 62
10 Unilateral 58 67 24
Overall 77.7% 80.3%
reliability agreem ent 

k  =  0.535
agreem ent 
k  =  0 .576a

Except for Case 9, there was an overall trend toward higher 
percent agreem ent w hen observers w ere presented with an 
incom plete or com plete patient.
aP < 0.05 for difference between intact and incomplete. Data 
for com plete injuries w ere identical to  those for incom plete 
injuries except for Case 9, which showed a 84% agreem ent in 
the com plete scenario.

Study Croup. CT examination was performed on a 
General Electric (CE, Fairfield, CT) multislice scanner with
4 detectors. The axial images were acquired in 2.5-mm 
slices and reconstructed at 2-mm intervals in the sagittal 
plane. CT images were supplemented with a cross-table 
lateral radiograph. All patient identifiers were removed 
from the images, which were distributed on CD-ROM as 
jpeg images grouped according to case number. 
Participants were asked to classify each injury as a 
unilateral or bilateral facet dislocation.

The original CT scans were examined and edited so 
that the best representative sections were distributed to 
Study Croup members, consisting of 1 midline sagittal 
reconstruction, 2 paramedian reconstructions through 
both the right and left facet joints, and 2 axial cuts 
through the level of the involved facet articulations. 
Participants reviewed each case on 3 separate occasions 
for the different clinical presentations: a patient with 
neurologically complete injury, a patient with a neuro­
logically incomplete injury, and a neurologically intact 
patient. To determine whether some cases were more 
ambiguous in the diagnosis, an interrater percent 
agreement was calculated for each case (Table 1). CT 
studies are presented for those cases with low agreement 
(Figures 1 and 2).

The diagnosis of unilateral facet dislocation from 
plain radiographs can be determined by measuring the 
percent translation of the superior vertebral body on that 
of the inferior vertebral body. More than 50% translation 
is generally thought to represent bilateral dislocations
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and less than 25% represents unilateral dislocation (5,12). 
Because of the limited sensitivity of plain radiographs in 
acute trauma, many trauma centers have adopted CT as 
the primary screening method for cervical injury (9). 
Therefore, we examined the percent of vertebral body 
translation from the midline sagittal CT reconstructed 
image. Vertebral body width was determined from the 
vertebra below the dislocation and the distance of 
subluxation for the cephalad vertebra (1 3). A percentage 
translation was determined for each case and correlated 
with percent agreement among study participants (Table 
1)-

Interrater reliability was assessed by Cohen k value 
and percent agreement among observers. In addition, 
the validity of the observer's diagnosis was assessed by 
comparison with the gold standard, which is the clinical 
diagnosis confirmed by intraoperative observation. The 
most commonly used interpretation of the k statistic is 
that reported by Landis and Koch (14), in which a value 
of 0.41 to 0.60 indicates moderate agreement and values 
0.61 to 0.80 indicate substantial agreement among 
observers. These standards were applied in this study. 
For significance tests on k coefficient comparisons, all 
unweighted coefficients were converted into Fisher z- 
scores. Alpha level was set at 0.05 (AZ/SE > 1.96). 
MedCalc Version 8.1 software (Mariakerfe, Belgium) was 
used for all statistical analyses.

RESULTS
The interrater reliability among the 25 physicians 
responding to the survey showed moderate agreement 
for all clinical scenarios. When presented with a 
neurologically intact patient, observers were less likely 
to agree (k- =  0.54; 77% agreement) than when patients 
with incomplete and complete injuries (k- =  0.58; 80% 
agreement for both scenarios) were included (P < 0.05 
for difference between intact k and both incomplete and 
complete k-). Except for 1 case of a bilateral facet 
dislocation (Case 9), the interrater percent agreement 
was identical for all other cases whether participants were 
presented with a scenario of incomplete or complete 
neurologic injury. The study participants' diagnoses were 
compared with the known clinical diagnosis of each case 
presented and showed excellent agreement (interme­
thod k =  0.71, 87% agreement). The agreement was

Figure 1. Left sagittal (a), right sagittal (b), and axial (c) 
CT scans of the patient in Case 1 who had a unilateral facet 
dislocation and a contralateral facet fracture. Percent 
agreement among observers was the lowest of all cases 
(50%), probably because of the limited number of images 
presented of the left C3-C4 facet on the sagittal recon­
structions (a) and the involvement of the facet with a 
fracture (arrow, c). The facet dislocation on the right C4-C5 
facet is clear on the sagittal images (b).

Utility o f  Helical CT
JS C M

45



Spin:-80
Till: 0

m m
E

higher for cases with a known diagnosis of bilateral facet 
dislocation than for cases of a known diagnosis of 
unilateral facet dislocation (85% agreement vs 78% 
agreement, P <  0.0001).

To determine whether specific cases provided more 
uncertainty in the diagnosis of unilateral or bilateral facet 
dislocation, reliability was calculated for each case and 
presented as percent agreement (Table 1). The percent 
agreement was compared for the intact and incomplete 
clinical scenarios to evaluate the effect of neurologic 
injury on diagnosis. Notably, the clinical scenarios of 
intact neurologic status had 2 cases of unilateral facet 
dislocation, which had agreement of 50% to 58%, 
whereas agreement for all other cases was 75% to 
100% (Figures 1 and 2). When the degree of translation 
was examined for all cases, all unilateral facet dislocations 
had 25% or less translation except for Case 1 (50%), 
which also had the lowest percent agreement among the 
study participants.

DISCUSSION
Cervical facet fracture dislocations can result in devastat­
ing neurologic injuries, with up to 100% incidence of 
neurologic injury reported in most series of bilateral 
lesions (12,15,16). Therefore, prompt recognition and 
correct diagnosis are the foundations for effective 
treatment. The difficulties in obtaining a radiographic 
diagnosis in the cervical spine have been well outlined, 
and the standardization of measurement techniques has 
been an objective of the Spinal Trauma Study Group (1 3).

This study showed excellent agreement (87%) 
between a diagnosis based on helical CT with recon­
structions and the actual intraoperative diagnosis. 
Furthermore, helical CT with reconstructions through 
the paramedian and midsagittal planes showed moder­
ate correlation between observers (k >  0.54) evaluating 
unilateral or bilateral facet dislocation with different 
degrees of neurologic injury. This contrasts with earlier 
radiographic studies that suggested the use of plain 
radiographs alone can lead to 60% of cervical spine 
injuries being missed (7-10). Although no interobserver 
reliability studies using plain radiographs alone to 
determine the diagnosis of facet dislocation have been 
reported, one might presume that the low sensitivity of 
plain radiographs would severely limit interobserver 
reliability when attempting to identify a facet dislocation. 
In our institutions, plain radiographs are rarely obtained 
and were often unavailable for review in the cases 
selected for this study. Although CT was initially 
promoted as an adjunct to clearing the cervical spine in

Figure 2. CT reconstructions of Case 70 show a dislocated 

facet on the left at C4-C5 (a) and a subluxation or perch of 

the facet on the right (b). The agreement among observers 

was only 58% because of the lack of clear differentiation of
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facet dislocation from facet subluxation. The remaining 

apposition of the right C4-C5 facet joint led the treating 
physician to classify this as a unilateral facet dislocation.
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the trauma patient, it has become the primary modality 
in the diagnosis of cervical fracture (2,8).

CT has proven more cost effective than plain 
radiographs for patients with the highest risk for cervical 
spine injury, such as the elderly and those with head 
injuries, distracting injuries, and injuries sustained in high­
speed motor vehicle accidents, with sensitivity and 
specificity approaching 100% (2,17,18). McCullogh et 
al (10) obtained cervical spine CT and 3-view plain 
radiographs in 407 consecutive patients with Level 1 and 
2 trauma and found that plain radiographs missed 48% of 
cervical fractures, whereas only 1 of 58 patients in whom 
a cervical fracture was ultimately diagnosed did not have 
the fracture identified on CT. This study supports the 
utility of helical CT in the identification of facet 
dislocations, but the moderate interobserver reliability 
shows that clearer definitions and classification systems 
are needed for surgeons to communicate effectively. To 
our knowledge, no studies have looked at the interob­
server reliability of CT when trying to diagnose a specific 
injury pattern.

Although CT improves the diagnosis of cervical 
fractures, injuries can still be missed with its use. Most 
fractures that are missed on CT imaging are horizontally 
oriented fractures through the base of the dens or C2 
(8,19), and radiologists experienced in the evaluation of 
trauma (18) have emphasized the need for properly 
oriented sagittal and coronal reconstructions. One 
limitation of our study is that the entire set of axial and 
reconstructed images was not distributed, and interpre­
tation proved difficult if the facet contained a fracture or 
could not be fully visualized (Figure 2). The advantage of 
helical CT is rapid acquisition of a large amount of data 
that covers the entire anatomic area of the cervical spine 
and allows for review in axial, sagittal, and coronal 
planes. If all images are not reviewed or are not available, 
fractures and misalignments may be missed (20). For 
instance, when just a midline sagittal image is reviewed, 
even a relatively large percentage subluxation may 
correspond to a unilateral facet dislocation as seen in 
Case 1.

In previous work, we identified degree of neurologic 
injury as an important determinant of treatment modality 
in cervical facet dislocations (21). For instance, a 
neurologically intact patient with a unilateral facet injury 
was treated more commonly with an anterior approach, 
whereas a neurologic injury in the setting of a bilateral 
facet dislocation was thought to be better treated with a 
combined approach. Overall interobserver reliability was 
only k <  0.1 for surgical approach in this series of cervical 
facet injuries. This analysis suggests that clearer treatment 
algorithms could be defined for facet dislocations. Part of 
the difficulty in determining treatment may be the 
difficulty in radiographic interpretation of CT imaging. 
Although more severe injury patterns are often assumed 
with greater radiographic abnormalities, the moderate 
interobserver reliability in all clinical scenarios suggests

that further work is needed to precise define translational 
rotational injuries of the cervical spine.

The lack of standard definitions when differentiating 
facet subluxations from dislocations may explain our 
relatively modest interobserver reliability. In studies in 
which plain radiographs alone have been used, the 
authors were unable to differentiate a precise difference 
between dislocation and subluxation, resulting in a 
number of injuries not identified on cross-table lateral 
radiography (7,22,23). The improved imaging capabili­
ties of CT provide more precise identification of facet 
injuries and can differentiate a subluxation from a 
dislocation. To standardize definitions of cervical spine 
injuries, the Spinal Trauma Study Croup has proposed 
definitions for subluxation as a "facet joint disruption in 
which the inferior articular process of the cranial vertebra 
has translated antero-superiorly with respect to the 
superior articular process of the caudal vertebra with 
some apposition still remaining between the two 
surfaces.” A unilateral facet dislocation is defined as 
"the disruption of a single facet joint in which the inferior 
articular process of the cranial vertebra has translated 
antero-superiorly completely over the superior articular 
process of the caudal vertebra, leaving no apposition 
between the two articular surfaces” (Bono CM, written 
manuscript in preparation, November 2008). The clari­
fication and acceptance of these definitions will increase 
precise identification of cervical facet injuries and allow 
for increased agreement among clinicians when viewing 
cases where 1 facet is dislocated and the other is 
subluxed or dislocated (Figure 2, Case 10). Differentia­
tion of unilateral from bilateral facet injuries may 
influence not only the type of management (ie, operative 
vs nonoperative) but also the surgical approach (21). It is 
our impression that standardized definitions combined 
with more reliable diagnostic modalities will translate into 
improved intra- and interobserver reliability in the 
classification of facet dislocations.

CONCLUSION
In summary, the use of helical CT has decreased the 
number of cervical injuries that are missed on radio­
graphic evaluation. This modality provides clinicians with 
a means to differentiate unilateral from bilateral disloca­
tions with moderate interobserver reliability and good 
validity with respect to intraoperative diagnosis. The 
agreement is higher in cases with bilateral dislocations 
than unilateral dislocations, likely because of the uncer­
tainty when trying to determine differences of dislocation 
from subluxation. Further clarification and broad accep­
tance of precise definitions used to classify facet injuries 
will increase the reliability of helical CT in the diagnosis of 
cervical facet dislocations.
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