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Abstract

Keywords:

BACKGROUND CONTEXT: Although facet dislocations account for only 6% of cervical
trauma, the consequences are often devastating. Cervical facet dislocations are associated with a
disproportionate amount of spinal cord injuries; however, neurologic examination of patients is
often difficult, as patients commonly present with reduced levels of consciousness. There are lim-
ited studies that have investigated the impact of spinal canal diameter and translation on neurologic
injury following facet dislocations.

PURPOSE: Review a consecutive series of patients with facet dislocations to assess the impact of
sagittal diameter and translation on Spinal Cord Injury (SCI).

STUDY DESIGN: Retrospective review at a level I trauma center identified 97 patients with facet
dislocations.

METHODS: Between 2004 and 2014, a retrospective review at a level I trauma center identified patients
with traumatic facet dislocation. Demographic data, neurologic exams, and radiographic findings were
reviewed. We assessed sagittal diameter at the injury level, as well as above and below, and translation.
This study has no funding source and its authors have no potential conflicts of interest-associated biases.
RESULTS: Ninety-seven patients presented with facet dislocations. Fifty-nine (61%) presented with a
SCIL Those with ASIA A averaged 8.0 mm of injury level canal diameter, and ASIA E averaged
12.6 mm (p < .001). Additionally, those with ASIA A averaged 8.0 mm of translation, and ASIA E
averaged 4.2 mm (p < 0.001). Two groups were created based on their general motor function. Those
with ASIA A—C averaged 8.4 mm of injury level canal diameter, and ASIA D—E averaged 12.3 mm
(p < .001). Those with ASIA A—C averaged 7.8 mm of translation, and ASIA D—E averaged 4.4 mm
(p < .001). Receiver operating characteristic (ROC) curves demonstrated that translation was a good
predictor of ASIA A—C and canal diameter was an almost perfect predictor of ASIA D—E.
CONCLUSIONS: Our data indicate that patients with greater translation and/or a smaller canal
diameter at the injury level have a higher rate of SCI. Adjacent canal diameter did not correlate
with neurologic injury. Published by Elsevier Inc.

Cervical facet dislocation; Diagnostic imaging; Recovery of function/prognosis; Spinal canal diameter/translation;
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Introduction

Cervical facet dislocations represent about 6% of cer-
vical spine fractures. There is a bimodal distribution.
Younger patients present after high-energy mechanisms
of injury, and older patients present after low-energy
mechanisms of injury [1,2]. Cervical facet dislocations
are associated with a disproportionate amount of spinal
cord injuries; however, neurologic examination is often
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difficult, as patients commonly present with reduced
levels of consciousness. The neurologic deficits seen
after such injuries are thought to be attributable to
the narrow cervical spinal canal and resultant compres-
sion of the spinal cord by the dislocated and anteriorly
translated superior vertebral body [3.,4]. Seventy-five
percent of all cervical spine dislocations occur
between C3 and C7, with the highest incidence at
C5-6 [5].

There are limited studies that have investigated the
impact of spinal canal diameter and translation on neuro-
logic injury following facet dislocations. Previous studies
investigated the impact of lateral canal diameter and
Torg ratio [6] on neurologic outcomes in patients with cer-
vical spine fractures and dislocations [7—9]. Another study
investigated the role of anterior vertebral translation on
clinical outcomes following cervical facet dislocations
[10]. These studies used lateral cervical spine radiographs
and included small cohorts of heterogeneous patient
populations.

The purpose of this study was to investigate the
impact of sagittal canal diameter and vertebral body
translation on neurologic injuries following cervical
facet dislocations using CT imaging. We hypothesized
that the amount of residual canal diameter and vertebral
body anterolisthesis would correlate with neurologic
injury. We also hypothesized that smaller preinjury cer-
vical canal diameter would correlate with greater neuro-
logic injury.

Materials and methods

After obtaining Institutional IRB approval, we retrospec-
tively identified all patients presenting to a level 1 trauma
center with unilateral or bilateral cervical facet dislocations
between 2004 and 2014. All patients with a prereduction
cervical spine CT scan were included in our analysis. We
excluded four patients who presented with facet disloca-
tions associated with ankylosing spondylitis or diffuse idio-
pathic skeletal hyperostosis. We also excluded patients in

Fig. 1. Illustration demonstrating the technique to measure canal diameter at the injury level using midsagittal CT reconstruction. Canal diameters were mea-
sured posteriorly from the vertebral body perpendicular to the spinolaminar line. Line A, above the injury level. Line B, at the injury level. Line C, below the
injury level. Line D, spinolaminar level. This was assessed with cross-reference to the axial CT cut.
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which the mechanism was more consistent with an exten-
sion-translation type injury.

Patient demographic data including age, gender, and
mechanism of injury were gathered from the medical
record. We recorded the initial neurologic exam as an
American Spinal Injury Association (ASIA) grade, which
was determined in accordance with the International Stand-
ards for Neurological Classification of Spinal Cord Injury.
Orthopedic surgery residents performed this examination,
which was verified by an orthopedic spine fellow and an
orthopedic spine attending. Fracture-specific data were also
collected and included the following: level of facet disloca-
tion, unilateral vs. bilateral facet dislocation, and presence
of facet fractures.

Residual canal diameter at the level of injury and
amount of anterolisthesis was measured on immediate post-
injury and prereduction cervical CT scans. Canal diameter
was measured on the midsagittal CT reconstructions. Canal

"J !

diameter at the injury level was measured from the poste-
rior superior body of the caudal vertebral body perpendicu-
lar to the spinolaminar line (Fig. 1). The canal diameters of
adjacent levels were measured from the mid-vertebral body
to the spinolaminar line.

Anterior translation was measured from the midsagittal
CT reconstruction for bilateral and unilateral dislocations.
Anterior translation was measured from a line indicating
the posterior aspect of the dislocated vertebral body to the
posterior margin of the adjacent caudal vertebral body
(Fig. 2). All measurements were recorded by an orthopedic
spine attending, orthopedic spine fellow, and an orthopedic
surgery resident. All analyses were completed using the
average of these measures.

There may be benefit from measurements done on both
CT and MRI imaging. This study focuses on CT to compare
prereduction measurements. Though controversial, MRI
scans are not always performed prior to closed reduction.

Fig. 2. Illustration demonstrating the technique to measure translation at the injury level using midsagittal CT reconstruction. Anterior translations were mea-
sured posteriorly from the dislocated vertebral body to the posterior margin of the caudal vertebral body. Line A, posterior margin of the dislocated vertebral
body. Line B, posterior margin of the caudal vertebral body. Line C, anterior translation measured from the intersection of Line A and the superior margin of

the caudal vertebral body to Line B.
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Our institutional protocol is that for awake, cooperative
patients, we do not do a prereduction MRI prior to reduc-
tion and therefore do not have MRI data for most of our
patients.

Patients were then grouped into two cohorts for addi-
tional statistical analysis. One cohort included those
patients who presented with ASIA grades of A—C (non-
functional motor strength), and the other cohort consisted
of patients who presented with ASIA D—E (functional
motor strength).

Statistics

All analyses were done using SPSS v23@IBM. Descrip-
tive analysis was done for all variables. One-way ANOVA
was performed to determine differences across the ASIA
grades. Receiver operating characteristic (ROC) curves
were created to determine the predictive ability of the out-
come variables. This provides a graphical demonstration of
the sensitivity and specificity of the different measurements
by measuring the area under the curve.

To assess the sensitivity and specificity of stenosis and
translation to spinal cord injury, we used ROC curves.
Assessing translation of each point on the ROC curve repre-
sents a sensitivity/specificity pair corresponding to a partic-
ular decision threshold. A test with perfect discrimination
(no overlap in the two distributions) has a ROC curve that
passes through the upper left corner (100% sensitivity,
100% specificity) with an area under the curve (AUC) =1
[11].

Results

Between January 1, 2004 and December 31, 2014, we
identified 97 patients admitted to our level 1 trauma center
for treatment of unilateral or bilateral cervical facet disloca-
tions that met inclusion criteria (Table 1). There were 67
males and 30 females. The average patient age at presenta-
tion was 42 years and ranged between 16 and 88 years of
age. Most patients were involved in a high-speed motor
vehicle collision (52%). Other sources of injury included
diving accidents (24%) and ground-level falls (13%). The
remainder of injuries was attributed to assault or recrea-
tional accidents.

The most common level of injury was C6—7 (41%), fol-
lowed by C5—6 (24%) and C4—5 (22%). Fifty-eight were
bilateral dislocations, and 39 were unilateral dislocations.
Facet fractures were common. Thirty-two patients (33%)
presented with unilateral left-sided facet fractures, 31
patients (32%) presented with unilateral right-sided facet
fractures, 11 patients (11%) presented with bilateral facet
fractures. Twenty-three patients (24%) presented without
an associated facet fracture.

The neurologic status at presentation was bimodal. Most
patients presented with either intact neurologic function
(ASIA E) or complete spinal cord injuries (ASIA A).
Thirty-eight patients presented with neurologic injuries

classified as ASIA A (39%), 4 as ASIA B (4%), 4 as ASIA
C (4%), 13 as ASIA D (13%), and 38 as ASIA E (39%).

The average residual canal diameter of all patients at the
level of injury was 10.5 mm, and ranged between 4 and
18.4 mm. The average diameter at adjacent levels of all
patients was 14.6 mm (range 11.1—20.6 mm) cranially and
14.3 mm (range 9.8—19.5 mm) caudally. There was no cor-
relation between the mean canal diameters at adjacent lev-
els and ASIA status (Table 2). Adjacent level diameter can
be considered a proxy for preinjury canal diameter at the
dislocated level. This presumption compensates for multi-
level degenerative spinal stenosis and has been applied in
previous literature [8,12].

There was a direct relationship between mean canal
diameter and ASIA grade at presentation. Patients pre-
senting with ASIA A had a mean canal diameter at the
level of injury of 8 mm (95% confidence interval [CI]
7.49—8.49), whereas patients presenting with ASIA E
had a mean canal diameter of 12.6 mm (95% CI 11.8
—13.4, p < .0001). Patients with incomplete spinal cord
injuries had means of 11.4 mm for ASIA D, 11.7 mm
ASIA C, and for 8.9 mm ASIA B. These measurements
were not statistically different.

The average anterior translation at the level of injury
was 6.0 mm. There was a direct relationship between
amount of translation and ASIA grade at presentation.
Patients who presented with complete spinal cord injury,
ASIA A, had an average anterolisthesis of 8.0 mm (95% CI
7.2—8.9), whereas patients with ASIA E had average trans-
lation of 6.0 mm (95% CI 5.4—6.6, p < .001). The average
translation of ASIA B, C, and D patients were not statisti-
cally different (Table 3).

We then analyzed our two cohorts: ASIA A—C and
ASIA D—E. The average canal diameter at the level of
injury for patients with ASIA A—C was significantly
smaller than patients with ASIA D—E. The average diam-
eter for ASIA A—C was 8.4 mm (range 7.8—9.0 mm) com-
pared with 12.3 mm (range 11.6—13.0 mm) for patients
with ASIA D—E (p < .001). A similar correlation was
found when comparing anterolisthesis between these
groups. The average anterolisthesis for patients with
ASIA A—C was 7.8 mm (range 7—8.5 mm) compared
with 4.4 mm (range 3.8—5 mm) for patients with ASIA
D—E (p < .001; Table 4).

The cohort data were plotted on a ROC curve (Table 5).
Canal diameter was an almost perfect predictor of ASIA
D—E SCI, with the area under the curve =0.905 (Fig. 3).
Translation was a good predictor of ASIA A—C SCI, with
the area under the curve = 0.850 (Fig. 4).

Canal diameter of 9.2 mm demonstrated a sensitivity
(true positive) of 90% and a specificity (true negative) of
79% in predicting ASTIA D—E, which leaves a 21% false
positive rate. A canal diameter of 8.4 mm increased the sen-
sitivity of the prediction of ASIA D—E to 96%. However,
this decreased the specificity of the prediction to 46%,
which leaves a 54% false positive rate.
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Table 1
Demographics of study group population

So, if a canal diameter of 9.2 mm is used as a cutoff, then
90% of subjects predicted to be ASIA D—E will actually be
ASIA D—E. Alternatively, 21% of those predicted to be

Patient demographics N
ASIA A—C will actually be ASIA D—E.
Sex Male 7 If a canal diameter of 9.8 mm is used as a cutoff, then
Female 30 80% of patients will be correctly predicted to be ASIA
D—E. Alternatively, 15% of patients classified as ASIA
Age Minimum 16 A—C will actually be ASIA D—E.
Maximum 88 Using a translation of 3.7 mm as a cutoff demonstrated a
Mean 42.3 sensitivity (true positive) of 91% confirming those who
Mechanism of injury MVC 51 were ASIA A—C. However, this resulted in a specificity of
Diving injury 23 38% in predicting ASIA D—E, leaving a false positive rate
Ground level Fall 13 of 63%. So, if the translation measures greater than
Fall from height 7 3.7 mm, 91% of those you predict to be ASIA A—C will
Assault 3 actually be ASIA A—C, and 63% of those who you predict
Level of injury C2-3 5 to be ASIA D—E will actually be ASIA A—C.
C3—4 5 If you increase the translation cutoff to 5.2 mm, then the
C4-5 21 sensitivity becomes 78%. This results in 33% of those you
C5-6 23 predict to be ASIA D—E will actually be ASIA A—C.
gs:; 20 A translation cutoff of 2.9 mm demonstrated a sensitiv-
ity (true positive) of 96% and a specificity of 30% in pre-
Dislocation Unilateral 39 dicting ASIA A—C. Sixty-three percent of the ASIA D—E
Bilateral 58 would be incorrectly predicted to be ASIA A—C.
Facet fracture Unilateral left 32 A .
Unilateral right 31 Discussion
ﬁgit:ral ; Cervical facet dislocations are uncommon injuries, but
they have the potential to cause significant neurologic
ASIA grade at presentation A 38 effects. The incidence, evaluation, and management of cer-
B 4 vical facet dislocations have been extensively studied.
c 4 Despite this breadth of literature, there have been relatively
E ;g few studies investigating the importance of cervical spine
canal diameter on neurologic outcomes [7,8]. Our goal was
to test our hypotheses that smaller spinal canal diameters
and increasing anterolisthesis are associated with worsen-
ing neurologic injury.
Table 2
Canal diameter (mm) in 97 patients by ASIA grade
ASIA grade N Mean (Std. deviation) 95% C1 Minimum Maximum
Injury level A 38 8.0 (1.5) 7.5-8.5 4 10.7
B 4 8.9(1.8) 6.1-11.7 7.7 11.5
C 4 11.7 (2.8) 7.2—16.1 8.85 15.3
D 13 11.4(2.3) 10.0—-12.8 8.15 15
E 38 12.6 (2.5) 11.8—13.4 7.3 18.4
Total 97 10.5 (3.0) 9.9—11.1 4 18.4
Cranial level A 38 14.0 (1.7) 13.4—14.5 11.3 19.1
B 4 13.9 (2.1) 10.6—17.3 11.9 16.9
C 4 15.3(3.7) 9.4-21.2 12.0 20.6
D 13 14.6 (2.3) 13.2—16.0 11.1 19.2
E 38 15.2(1.9) 14.6—15.8 11.7 18.7
Total 97 14.6 (2.0) 14.2—-15.0 11.1 20.6
Caudal level A 38 14.3 (1.5) 13.8—14.7 11.4 18.1
B 4 12.9 (2.0) 9.7—-16.2 10.7 15.5
C 4 14.8 (3.2) 9.7-19.8 12.5 19.5
D 13 13.6 (2.1) 12.3—-14.8 9.8 17.8
E 38 14.8 (1.4) 14.35—-15.3 12.3 17.9
Total 97 14.3 (1.7) 14.4-14.7 9.8 19.5
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Table 3
Translation (mm) in 97 patients by ASIA grade

95% confidence interval for mean

ASIAN Mean Std. deviation Std. error Lower bound Upper bound Minimum Maximum
Anterolisthesis A 38 8.0 2.5 0.4 7.2 8.9 2.6 14.8

B 4 59 2.0 1.0 2.7 9.1 2.9 7.1

C 4 7.2 3.0 1.5 2.5 11.9 2.9 9.3

D 13 4.9 2.0 0.6 3.7 6.1 0.0 7.9

E 38 4.2 2.2 0.4 35 5.0 0.0 10.2

Total 97 6.0 2.9 0.3 5.4 6.6 0.0 14.8

Given the small number of patients with incomplete spi-
nal cord injuries, we grouped patients into two cohorts for
additional statistical analysis. The groups indicate a clinical
level of functionality, as patients who present with ASIA
grades of D—E are far more likely to have functional motor
strength following cervical spinal cord injuries. One cohort
included those patients who presented with ASIA grades of
A—C (nonfunctional motor strength), and the other cohort
consisted of patients who presented with ASIA D—E (func-
tional motor strength).

We found a strong association between the canal diame-
ter at the level of injury and neurologic status at presenta-
tion. Our hypothesis that smaller residual canal diameter at
the level of injury correlated with worsening neurologic sta-
tus was supported. There was a direct and statistically sig-
nificant correlation between injury canal diameter and
ASIA grade at presentation. We found no significant differ-
ence between adjacent level canal diameters. This dis-
proved our hypothesis that preinjury canal diameter would
correlate with greater neurologic injury.

Eismont et al. in 1984 were the first to publish results
investigating canal diameter and neurologic injuries in all
forms of cervical spine trauma [7]. They found a correlation
between preinjury canal size and neurologic outcome.
Patients without neurologic injury had larger canal diameters

Table 4
Canal diameter and translation (mm) in 97 patients by ASIA A—C vs. D—E

compared with patients with incomplete injuries, and those
with incomplete injuries had larger canal diameters than
those with complete injuries. They concluded that a larger
canal diameter was protective against neurologic injury. The
conclusions reached in that study are tempered by relying
solely on radiographs, extrapolating data from postreduction
images, and combining a mixed presentation of cervical
spine injuries that included various types of fractures and dis-
locations. Dailey et al. demonstrated that the use of CT
images allows spine surgeons to more accurately diagnose
cervical trauma [13].

Lintner et al. investigated the relationship between pre-
injury canal diameter and neurologic injury in a small
cohort of patients (n=33) with cervical facet dislocations
[8]. They found no relationship between preinjury canal
diameter or Torg ratio and neurologic injury. They con-
cluded that preinjury canal diameter and Torg ratio are not
prognostic, as facet dislocations result in both bony and
soft tissue compression of the spinal cord. They recom-
mended additional avenues to assess the risk of neurologic
injury following facet dislocations. These included using
CT or MRI to investigate the soft tissue component of cord
compression and measuring the spinal canal diameter at the
time of injury. Their study was limited by relying solely on
radiographs, extrapolating data from postreduction images,

95% confidence interval for mean

ASIA N Mean Std. deviation Std. error Lower bound Upper bound Minimum Maximum
Injury level A-C 46 8.4 1.9 0.3 7.8 9.0 4.0 15.3
D-E 51 12.3 2.5 0.3 11.6 13.0 7.3 18.4
Total 97 10.5 3.0 0.3 9.9 11.1 4.0 18.4
Cranial level A—C 46 14.1 1.9 0.3 13.5 14.7 11.3 20.6
D-E 51 15.1 2.0 0.3 14.5 15.6 11.1 19.2
Total 97 14.6 2.0 0.2 14.2 15.0 11.1 20.6
Caudal level A—-C 46 14.2 1.7 0.3 13.7 14.7 10.7 19.5
D—E 51 14.5 1.7 0.2 14.0 15.0 9.8 17.9
Total 97 14.3 1.7 0.2 14.0 14.7 9.8 19.5
Anterolisthesis/ A-C 46 7.8 2.6 04 7.0 8.5 2.6 14.8
translation D-E 51 4.4 2.2 0.3 3.8 5.0 0.0 10.2
Total 97 6.0 2.9 0.3 54 6.6 0.0 14.8
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Table 5
Specificity and sensitivity values from ROC curves for diameter and
translation

Diameter
Sensitivity Specificity
8.1 mm 98% 67%
8.4 mm 96% 54%
9.3 mm 90% 20%
10.0 mm 77% 89%
11.4 mm 63% 94%
12.5 mm 51% 98%
Translation
Translation Sensitivity Specificity
2.7 mm 98% 28%
3.0 mm 94% 29%
4.3 mm 89% 51%
6.6 mm 67% 90%
8.6 mm 35% 96%
9.9 mm 15% 98%

and having a small sample size. Our study supports these
conclusions.

More recently, Quarrington et al. reviewed a group of
patients who sustained both facet dislocations and subluxa-
tions. A combination of modalities including radiographs,
CT, and/or MRI was used to collect their data. Though the
patients were not stratified according to specific ASIA
grade, they were able to conclude that greater spinal occlu-
sion led to spinal cord injury. Further, they determined that
CT-derived values of spinal canal occlusion and MRI-
derived values of spinal cord compression are equivalent at
predicting spinal cord injury [14].
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Fig. 3. ROC curve for injury level canal diameter/ASIA D—E with area
under the curve =0.91.
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Fig. 4. ROC curve for translation/ASIA A—C with area under the
curve =0.85.

We were able to confirm our hypothesis that increasing
anterolisthesis correlates with worsening neurologic injury.
There was a direct correlation between mean translation
and ASIA grade at presentation. Patients who presented
with complete spinal cord injury had an average anterolis-
thesis of 8 mm, whereas patients with no spinal cord injury
sustained an average translation of 4.2 mm. The average
anterolisthesis for patients with ASIA grades A—C was
7.8 mm, compared with 4.4 mm for patients with ASIA
grades D—E.

The effect of anterolisthesis on neurologic injury has
been less studied. O’Connnor et al. investigated the effect
of anterolisthesis and neurologic injury in patients with cer-
vical facet dislocations [10]. They measured the ratio of
anterior displacement of the cranial vertebral body to the
midsagittal diameter of the caudal nondisplaced body. This
result was then compared with the patient’s presenting
ASIA classification. They identified a significant correla-
tion between anterolisthesis and worsening ASIA grades.
Their analysis was limited due to its small sample size of
33 patients. Our larger sample size confirmed this clinically
significant correlation.

There were several weaknesses to our study. This was a
retrospective cohort review which introduces multiple
forms of bias. The research team was not blinded to the
ASIA grade at presentation, which may have introduced
detection bias. We did not use validated ratios, including
Torg ratios, and instead relied upon CT calibration to limit
magnification artifact. We believe this is justified, as most
trauma patients are currently worked up with CT imaging
as opposed to plain radiographs.
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Despite our large cohort of patients, there was an
insufficient number of patients with incomplete spinal
cord injuries (ASIA B—D) to perform adequate sub-
group statistical analyses. We managed this by grouping
incomplete injuries into two functional groups, those
with potential to have functional motor strength follow-
ing their injury (ASIA D and E) and those who
would most likely not have functional motor strength
(ASIA A, B, and C). Additionally, this study only com-
pared CT imaging with a patient’s neurologic status.
Future studies intend to compare ASIA grade with MRI
data describing spinal cord diameter and indication
of injury.

Our study indicates that patients with a smaller injury
level diameter and/or greater translation have a higher
rate of SCI. We found an average canal diameter of
8.4 mm and translation of 7.8 mm in those with ASIA
A—C injuries compared with a diameter of 12.3 mm
and translation of 4.4 mm in those with ASIA D—E
injuries. Diameter was a better predictor of ASIA D—E,
and translation was a better predictor of ASIA A—C.
Adjacent canal diameter did not correlate with neuro-
logic injury. Predicting motor recovery based on initial
CT imaging can guide expectations for patient goals and
planning of care.
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