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Atlas fractures with and without simultaneous dens
fractures differ with respect to clinical, demographic, and
management characteristics

ABSTRACT

Background: Patients with simultaneous fractures of the atlas and dens have traditionally been managed according to the dens fracture’s
morphology, but data supporting this practice are limited.

Methods: We retrospectively examined all patients with traumatic atlas fractures at our institution between 2008 and 2016. We used multivariable
regression and propensity score matching to compare the presentation, management, and outcomes of patients with isolated atlas fractures
to patients with simultaneous atlas-dens fractures.

Results: Ninety-nine patients were identified. Patients with isolated atlas fractures were younger (61 + 22 vs. 77 + 14, P = 0.0003), had
lower median Charlson Comorbidity Index (3 vs. 5, P=0.0005), had better presenting Nurick myelopathy scores (0 vs. 3, P< 0.0001), and had
different mechanisms of injury (P=0.0011). Multivariable regression showed that having a simultaneous atlas-dens fracture was independently
associated with older age (odds ratio [OR] =1.59 [1.22, 2.07], P = 0.001), worse presenting myelopathy (OR = 3.10 [2.04, 4.16], P < 0.001),
and selection for surgery (OR = 4.91 [1.10, 21.97], P = 0.037). Propensity score matching yielded balanced populations (Rubin’s B = 23.3,
Rubin’s R =1.96) and showed that the risk of atlas fracture nonunion was no different among isolated atlas fractures compared to simultaneous
atlas-dens fractures (P = 0.304). Age was the only variable independently associated with atlas fracture nonunion (OR = 2.39 [1.15, 5.00],
P =0.020), having a simultaneous atlas-dens fracture was not significant (P = 0.2829).

Conclusions: Among patients with atlas fractures, simultaneous fractures of the dens occur in older patients and confer an increased risk
of myelopathy and requiring surgical stabilization. Controlling for confounders, the risk of atlas fracture nonunion is equivalent for isolated atlas

fractures versus simultaneous atlas-dens fractures.
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INTRODUCTION

Traumatic atlas fractures often coincide with dens fractures,
and while management has traditionally been driven
by the dens fracture’s morphology, data supporting
this practice are limited."® Existing series have lacked
comparison groups to assess the validity of this reported
management strategy.%12l Moreover, recent guidelines
on the management of combined atlantoaxial fractures
noted that 40 out of 47 relevant articles (85.1%) featured
only 10 or fewer patients.’ In addition, existing studies
on simultaneous atlas-dens fractures topic often have not
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controlled for confounding factors that affect outcomes in
this population. As such, data supporting treatment according
to the dens fracture’s morphology are severely limited. Here,
we compared all patients with traumatic atlas fractures who
presented to our institution with and without simultaneous
dens fractures with respect to their demographics, clinical
characteristics, fracture morphology, presenting neurology,
management of choice, and fracture healing.

METHODS

Data source

We used an institutional data repository to retrospectively
identify all patients who presented to our institution with
traumatic fractures of the atlas between January 1, 2008,
and December 31, 2016. Patients with simultaneous subaxial
cervical spine fractures, or fractures of the axis other than
the dens, were excluded from analysis. Patients with isolated
atlas fractures were compared to patients with simultaneous
fractures of the dens. The study was approved by our
institutional review board, and patient consent was waived
due to the retrospective study design.

Baseline clinical and demographic data

We collected data on all atlas fractures patients for the
following characteristics at presentation: age, sex, mechanism
of injury, comorbid disease burden, myelopathy severity,
and the presence of any associated dens fracture. Comorbid
disease burden was quantified using the Charlson Comorbidity
Index (CCI).I"3 Myelopathy severity was quantified using the
Nurick score.™ Injury mechanisms were classified as fall,
motor vehicle collision (MVC), or other.

Fracture morphologic characteristics

Atlas fractures were classified into 5 types according to the
Gehweiler classification system." A given fracture could
simultaneously meet criteria for more than one fracture
type, and in such cases, it would be classified as both types.
For all patients for whom magnetic resonance imaging (MRI)
was obtained within 72 h of presentation at the discretion of
the treating provider, ligamentous injury to the transverse
atlantal ligament (TAL) was evaluated. For patients with
dens fractures, dens fractures were classified using the
Anderson-D’Alonso fracture type.!'l

Outcomes

We assessed predictors of myelopathy severity at presentation,
the presence of TAL injury, selection for surgical stabilization,
having a simultaneous atlas-dens fracture, and fracture
nonunion at 12 weeks. Nonunion was defined as an absence
of bony bridging on follow-up imaging. Only patients with
imaging that confirmed fracture healing before 12 weeks,

or who had at least 12 weeks of follow-up with imaging
demonstrating no fracture healing, were included for
analysis. Twelve weeks was chosen because of existing
recommendations on the duration of immobilization for atlas
fracture treatment."'” Radiographic outcomes were screened
from attending neuroradiology reports and confirmed by the
study authors.

The distribution of fracture types was determined for all
patients' atlas fractures, as well as the distribution of dens
fracture types for the subset of patients with atlas-dens
fractures. Any morphologic association between atlas
fractures and simultaneous dens fractures was assessed.
Length of stay was compared for patients with and without
simultaneous dens fractures.

Data management

Data were managed with Microsoft Excel version
16.61 (Microsoft, Redmond, WA, USA). Figures were
generated with Prism 10.0 (GraphPad Software, Inc., La Jolla,
CA, USA). Statistical analysis was performed using Stata
12.0 (StataCorp, College Station, TX, USA).

For analysis, CCI and Nurick score were treated as ordinal
variables. Age was treated as a continuous variable scaled
by a factor of 10, such that calculated odds ratios (ORs)
reflect a change in the outcome of interest associated with
a 10-year difference in patient age. Atlas fracture type was
treated as a binary variable (type 3 or 4 vs. other types), as
Gehweiler type 3 and type 4 fracture morphologies have been
demonstrated to be associated with instability necessitating
more aggressive intervention.!'”'f Mechanism of injury (fall
vs. not) and the presence or absence of a simultaneous
atlas-dens fracture were also treated as binary variables.

For univariate analysis, continuous or ordinal variables were
compared with Mann-Whitney U-tests, as normality was not
assumed. Binary variables were compared with Fisher’s exact
test when two groups were compared and a )2 test when more
than two groups were compared. Bonferroni corrections for
multiple univariate comparisons were used.

Stepwise, backward multivariable logistic regression was
used to identify factors independently associated with binary
outcomes of interest (selection for surgery, TAL injury, and
fracture nonunion). Ordinal logistic regression was used to
identify factors independently associated with worsening
myelopathy as measured by the Nurick score. An initial P value
threshold =0.20 was used to select candidate variables for
retention in these models, and P < 0.05 was considered
statistically significant. Length of stay was compared using
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logrank statistics, and a corresponding Kaplan—-Meier curve
was generated.

The following candidate variables were included to model
selection for surgery: age, sex, CCl, myelopathy severity, TAL
injury, atlas fracture type, and the presence of a simultaneous
atlas-dens fracture. The the aforementioned variables were
also used to model myelopathy severity at presentation,
except for myelopathy severity itself was excluded, and
mechanism of injury was included. Nonunion was modeled
with age, sex, CCl, atlas fracture type, whether the patient
underwent surgery, and the presence of a simultaneous
atlas-dens fracture. Having a simultaneous atlas-dens fracture
was modeled with age, sex, CCI, mechanism of injury, and
atlas fracture type.

In addition, we used two-nearest neighbor propensity
score matching to quantify the effect, if any, of having a
simultaneous dens fracture on atlas fracture nonunion.
Matching was performed with the psmatch2 algorithm in
Stata, across the following variables: age, sex, CCl, fracture
type, and whether the patient underwent surgery. The
propensity score matching was assessed using Stat’s Pstest
algorithm, and models were considered balanced if Rubin’s
B < 25.0 and 0.5 < Rubin’s R < 2.0. The mean bias was
calculated before and after matching, and any differences in
covariates were assessed before and after matching.

RESULTS

Clinical and demographic characteristics

Ninety-nine patients with traumatic atlas fractures were
identified, of whom 43 (43.4%) had simultaneous dens fractures.
The mean age of the population was 68 + 21 years old, 51.7%
were men, and their median CCl was 4, and Nurick was 0. 68.7%
of patients had fall as their mechanism of injury, 13.1%had MVC,
and the remainder had a variety of other traumatic etiologies.
24.7% of patients had MRI-confirmed injury to the TAL. 12.1% of
patients were treated with surgical stabilization, 7.1% with halo
vest immobilization, and the remainder (80.8%) were treated
with rigid cervical collar (c-collar) only. The median length of
stay was 3 days among patients with isolated atlas fractures,
compared to 6 days among patients with simultaneous atlas-dens
fractures [hazard ratios = 0.5000 (0.3295, 0.7586), P = 0.0072,
Figure 1].

Compared to patients with atlas-dens fractures, patients
with isolated atlas fractures were younger (61 = 22 vs.
77 = 14, P = 0.0003), had lower median CCI (3 vs. 5,
P = 0.0005), and had a different distribution of injury
mechanisms (¥ P = 0.0011), where P < 0.0024 (0.05/21) was

the threshold for significance after correcting for multiple
univariate comparisons [Table 1]. On multivariable regression,
older age independently predicted having a simultaneous
atlas-dens fractures (OR = 1.59 [1.20, 2.09], P = 0.001) (area
under the receiver operator characteristic curve [AUROC]
=(0.76) [Table 2 and Figure 2].

Fracture type

Type 4 fractures were the most common type among
patients with isolated atlas fractures (n = 25, 44.6%), and
type 1 and type 3 fractures were the equally most common
among patients with atlas-dens fractures (n = 13, 34.2%
each) [Table 3 and Figure 3]. There was no overall difference
in the distribution of fracture types between patients with
and without simultaneous dens fractures (¥* P = 0.1480) or
in the proportion of patients in each group with type 3 or
type 4 fractures (50.0% vs. 71.4%, P = 0.0501).

Myelopathy

Patients with simultaneous atlas-dens fractures had
worse myelopathy at presentation (median Nurick score
3 vs. 0, P < 0.0001). On ordinal multivariable logistic
regression, having a simultaneous atlas-dens fracture
was independently associated with worse myelopathy at
presentation (OR = 3.10 [2.04, 4.16], P < 0.001) [Table 2].

Management

Regardless of the presence of a dens fracture, equal proportions
of patients in each group were selected for surgery (7.1% vs.
18.6%, P = 0.1178), halo (5.4% vs. 9.5%, P = 0.4575), and c-collar
alone (87.5% vs. 71.4%, P = 0.0696) on univariate analysis, and

100
.ﬂ .
2 ]
Q0 ]
"&,’ i
o )
S 504
= ]
5 ]
o ]
[0) J
& ]

0-IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 10 20 30

Length of Stay (days)

— Simultaneous Atlas-Dens Fractures
----- Isolated Atlas Fractures

Figure 1: Kaplan—Meier curve comparing the length of stay for patients with
isolated atlas fractures and patients with simultaneous atlas-dens fractures.
The median length of stay was 3 days among patients with isolated atlas
fractures, compared to 6 days among patients with simultaneous atlas-dens
fractures (hazard ratios = 0.5000 [0.3295, 0.7586], P = 0.0072)
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Table 1: Demographic and clinical characteristics

All patients Atlas-dens fracture Isolated atlas fracture P
Demographics
Age 68+21 17+14 61+22 0.0003
Male sex (%) 49,5 46.5 51.8 0.6029
CCl 3.9+26 5.0+2.2 3.1+26 0.0005
Nurick score 1.5=1.9 27+19 0.6=1.4 <0.0001
Injury mechanism (%) 0.0011
Fall 67.7 83.7 55.4 0.0044
MvC 10.1 11.6 8.9 0.7428
Other 22.2 4.7 35.7 0.0002
Fracture morphology
C1 fracture type (%) 0.1480
1 245 34.2 17.9 0.0889
2 18.1 21.1 16.1 0.5914
3 35.1 34.2 35.7 1.0000
4 35.1 21.1 44.6 0.0272
5 1.4 5.3 8.9 0.6973
Type 3 or 4 59.6 50.0 7.4 0.0501
TAL injury 24.7 15.0 32.1 0.0884
Management (%) 0.1268
Cervical collar 80.6 7.4 87.5 0.0696
Halo 71 9.5 5.4 0.4575
Surgery 12.2 19.0 11 0.1178

CCI - Charlson Comorbidity Index; MVC - Motor vehicle collision; TAL - Transverse atlantal ligament

p-value
Myelopathy Severity - —0— 0.001
Surgical Stabilization 0.037
Age —— <0.001
T
0.1 1 10
Odds Ratio

Figure 2: Forest plot depicting the calculated odds ratio and 95% confidence
intervals for factors found to be independently associated with having a
simultaneous atlas-dens fracture, among all patients with atlas fractures

there was no overall difference in the proportion of patients
selected for each management strategy (¥ P = 0.1268).
On multivariable regression, selection for surgery was
independently associated with transverse atlantal ligament
injury (OR = 6.81 [1.55, 29.80], P = 0.011) and having a
simultaneous atlas-dens fracture (OR = 4.91 [1.10, 21.97],
P = 0.037) (AUROC = 0.77).

Twelve patients were selected for surgery, including 4
with isolated atlas fractures and 8 with simultaneous
atlas-dens fractures. 58.3% were men, and their mean age
was 70 * 15 years, CCl was 4.1 £ 1.9, and Nurick score was
2.6 = 2.0 [Table 4 and Figure 4]. Six patients underwent
occipitocervical fusion, including three patients with

isolated atlas fractures and two patients with atlas-dens
fractures (P = 0.2222). The remainder underwent posterior
spinal fusion.

Follow-up data

Of the 99 patients included in the study, six patients died
within 30 days of their index trauma, including 2 (3.6%)
patients with isolated atlas fractures and 4 (9.3%) patients
with atlas-dens fractures (P = 0.3987). Of the remaining
93 patients, 74 (79.6%) had sufficient 12-week follow-up
with imaging, including 28 (71.8%) of the patients with
simultaneous atlas-dens fractures, and 46 (85.2%) patients
of the patients with isolated atlas fractures.

Nonunion

Overall, 9 of 74 patients with sufficient follow-up had
fracture nonunion (12.1%), including 6 (21.4%) patients
with combined atlas-dens fractures [Figure 5], and 3 (6.5%)
patients with isolated atlas fractures. The difference was
not significant (OR = 3.91 [0.96, 15.66], P = 0.0742)
on univariate analysis. On multivariable regression, age
was the only variable that independently predicted atlas
fracture nonunion (OR = 2.39 [1.15, 5.00], P = 0.020)
and having a simultaneous dens fracture was not
significant (P = 0.2829) (AUROC = 0.80).

Propensity score analysis matched 25 patients with
simultaneous atlas-dens fractures to 44 patients with isolated
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Figure 3: The distribution of atlas fracture type, stratified by (a) whether a simultaneous dens fracture is present and (b) by what kind of dens fracture is

present, among the subset of patients with simultaneous fractures

Figure 4: The patient is a 67-year-old woman who presented after a head trauma. Computed tomography demonstrated a type 3 atlas fracture (a) and a
type Il dens fracture (b). She underwent surgical fixation with C1 lateral mass screws (c), C2 translaminar screws (e, f), and C3 and C4 lateral mass screws
(e, f). Follow-up imaging showed bony bridging of the C1 anterior and posterior arches (c), as well as reconstitution of the odontoid peg (d)

atlas fractures. The match successfully yielded a balanced
model (Rubin’s B = 23.3, Rubin’s R = 1.96). The mean bias
after matching was 4.7%, representing a 90.8% reduction in
overall bias, and no covariates remained significantly different
between groups after matching [Table 5]. The presence of a
simultaneous atlas-dens fracture did not change atlas fracture
nonunion risk (average treatment effect = 16.0% [—14.5%,
46.5%], P = 0.304).

DISCUSSION

Traumatic atlas fractures frequently coincide with dens
fractures, as was seen in 43.4% of atlas fracture cases in our
series. Existing series have reported management strategies
driven by the dens fracture’s morphology, but have not
measured the effect of such strategies on atlas fracture
outcomes.®'2% Here, on multivariable regression, we found

that patients with simultaneous atlas-dens fractures were
older, had worse myelopathy on presentation, and were
more likely to be selected for surgery than patients with
isolated atlas fractures. Moreover, these populations differed
with respect to mechanism of injury and comorbid disease
burden. While controlling for these factors, there was no
difference between patients with isolated atlas fractures and
simultaneous atlas-dens fractures with respect to fracture
nonunion. To our knowledge, our series is among the largest
to date on traumatic atlas or atlantoaxial fractures and is the
first to examine the effect of associated dens fractures on
atlas fracture outcomes while controlling for confounders.

Existing data guiding the management of simultaneous
atlantoaxial fractures are severely limited. Recent guidelines
on the management of atlantoaxial fractures examined the
literature over a 45-year period and noted that 40 out of
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47 relevant original articles (85.1%) featured 10 or fewer
patients.”! Only two original series included 30 patients or
more: a landmark 1997 study from Greene et al. that included
48 patients,'"l as well as another from Gleizes et al. that
included 31 patients.” However, neither series compared
the subpopulation of patients with atlantoaxial fractures to
patients with fractures of the atlas or axis alone. More recent
series have similarly lacked such comparisons: Zhao et al.
recently reported a series of 23 atlas fractures with concurrent
type II odontoid fractures,? and Lin et al. reported on 41
simultaneous atlantoaxial fractures,® but neither compared
their management strategies with a control group.

Notably, the populations affected by isolated atlas fractures
and simultaneous atlas-dens fractures differed across
clinically relevant parameters. Traumatic atlas fracture
patients are known to comprise distinct subpopulations that
are demographically and clinically distinct, and we here noted
differences in age and comorbid disease burden.?! Indeed,
we found a marked age difference of 16 years between these
populations, and older age is associated with atlas fracture

Table 2: Factors associated with simultaneous atlas-dens
fractures on multivariable regression

OR 95% CI P
Age 1.59 1.20-2.09 0.001
Surgical stabilization 4.91 1.10-21.97 0.037
Myelopathy severity 3.10 2.04-4.16 <0.001

Cl - Confidence interval; OR - Odds radio

Table 3: Cross-section of atlas and dens fracture types

Atlas Dens fractures

fractures Type | Type Il Type I
Type | 0 10 4
Type lI 0 6 2
Type lll 0 10 4
Type IV 0 5 4
Type V 0 1 1

Table 4: Clinical characteristics of patients selected for surgery

nonunion.!'8222 Moreover, age affects management, as halo
use for atlas fractures in patients age =50 is associated with
complications.?' Horn et al. noted a halo complication rate
as high as 52.3% among elderly patients, and Majercik et al.
reported 46.6% rate of pneumonia among elderly patients
treated with halo.**?! The difference in CCl we observed is
similarly relevant, as comorbid disease burden is associated
with complications among patients with spine fractures.?*!
As such, the differences we identified between patients
with isolated atlas fractures and patients with simultaneous
atlas-dens fractures are clinically significant.

In point of fact, having a simultaneous dens fracture may be a
marker for a more severe injury than having an atlas fracture
alone.’! This is consistent with our finding that simultaneous
atlas-dens fractures were associated with worse myelopathy
and selection for surgery. Similarly, Sonntag et al. saw no
neurologic deficits in their series of 32 patients with isolated
atlas fractures, but noted deficits in 3 of 25 patients with
simultaneous atlantoaxial injuries.”” Atlas fractures are not
typically associated with neurologic deficits due to the resultant
expansion of the spinal canal,?®! but fractures of the axis do carry
a higher risk of neurologic compromise.>*! Moreover, isolated
atlas fractures have low nonunion rates and rarely require
surgery.?% By contrast, dens fractures have high rates of
nonunion for which surgical intervention may be required.?>
As such, having an associated dens fracture likely implies a more
severe injury with an associated increased burden of care.”
Indeed, we observed that length of hospitalization was twice
as long for patients with simultaneous atlas-dens fractures than
with isolated atlas fractures alone. We find, therefore, that
patients with isolated atlas fractures and atlas-dens fractures
differ with respect to both baseline clinical characteristics and
the severity of their pathology.

After controlling for the above differences in demographic and
clinical characteristics, rates of nonunion after 12 weeks were

Age Sex Deficits Mechanism Dens fracture TAL injury Surgery Nonunion
83 Male Yes Fall Yes No 0-C4 PSF No
76 Female Yes MvC Yes No 0-C5 PSF No
86 Male Yes Fall Yes Yes C1-2 PSF No
61 Female Yes Fall Yes No C1-C2 PSF No
67 Female Yes Head trauma Yes Yes C1-C4 PSF No
71 Male Yes Fall Yes No C1-C2 PSF Yes
74 Female Yes Fall Yes No 0-C3°CF No
94 Female Yes Fall Yes No C1-C2 PSF No
62 Male Yes Fall No Yes 0-T4 PSF No
52 Male No Surfing No Yes 0-C4°CF No
65 Male No MVC No Yes 0-T3 PSF No
36 Female No Diving No Yes C1-2 PSF No

MVC - Motor vehicle collision; TAL - Transverse atlantal ligament; PSF - Posterior spinal fusion
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Figure 5: The patient is a 75-year-old woman who presented with neck pain after a ground-level fall. Computed tomography demonstrated (a) a type 3
atlas fracture and (b) type Il dens fracture. She was managed conservatively with a rigid cervical orthosis (c). On follow-up CT 12 weeks following her initial
injury (d, e, f), no bony bridging was noted of her atlas fracture or dens fracture, and the angulation of her dens fracture had progressed (e)

Table 5: Comparison between groups before and after propensity score matching

Unmatched Matched
Atlas-dens fracture Isolated atlas fracture P Atlas-dens fracture Isolated atlas fracture P
Age 77 62 0.002 17 75 0.673
Male sex (%) 40.7 50.0 0.451 40.0 40.0 1.000
ccl 5.0 3.2 0.004 4.9 5.1 0.783
Surgery (%) 22.2 8.7 0.108 16.0 18.0 0.854
Type 3 or 4 (%) 48.1 1.7 0.045 52.0 52.0 1.000

CCI - Charlson Comorbidity Index

no different for atlas fracture patients with and without dens
fractures. To our knowledge, no prior series has compared
rates of fracture healing between patients with isolated
atlas fractures and patients with simultaneous atlantoaxial
fractures, though these pathologies often coincide." Among
patients with sufficient follow-up, we observed a 12.2% rate of
fracture nonunion, which is comparable to existing literature:
Lleu et al., in their prospective series of 63 patients, noted
a 9.5% rate of nonunion after conservative management,
leading to subsequent surgical fixation.*> Segal et al. reported
a nonunion rate of 18% after nonoperative management
in their series.P® This provides an evidential basis for the
common practice of treating simultaneous atlas-dens
fractures according to the den’s fractures morphology.!"!

Our study has limitations

Our series is taken from an urban, tertiary care, level 1 trauma
center whose patient population may not reflect traumatic
atlas fracture patient populations in other settings. Our
study was conducted retrospectively and therefore is liable
to information bias and other weaknesses that accompany
a retrospective design. For example, there was 21.4% loss
to follow-up in our series, which may bias our results. In

addition, we used propensity score matching to control
for confounders when assessing fracture nonunion, but
propensity score-matched populations exclude patients
who cannot be matched, leading to a curated patient subset
that may not reflect the broader population from which
those patients are drawn. Despite these limitations, to our
knowledge, our series is among the largest on combined
atlantoaxial fractures to date, the first to compare isolated
atlas fractures to simultaneous atlas-dens fractures to
determine whether a clinical effect was noted, and the first
to do so when controlling for multiple clinical confounders.

CONCLUSIONS

Among patients with atlas fractures, simultaneous fractures
of the dens occur in older patients and confer an increased
risk of myelopathy and requiring surgical stabilization.
Controlling for confounders, the risk of atlas fracture
nonunion is equivalent for isolated atlas fractures versus
simultaneous atlas-dens fractures.
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