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Mortality rate is an important indicator of the severity 
of traumatic injuries, and these values have been 
described for different orthopedic injuries and 

fractures. Studies have identified 3 distinct trends in patient 
survival when compared with the age- and sex-matched un-
injured population:  

1.  Hip fractures bring about a transient increase in mortality 
relative to age-matched controls that normalizes after a few 
months to 1 year.1-10 

2.  Thoracic and lumbar compression fractures are associ-

ated with an ongoing, lifelong increase in mortality rate 
relative to age-matched controls without an initial marked 
upswing.11-15

3.  Certain injuries such as isolated rib or wrist fractures do 
not adversely affect survival relative to age-matched con-
trols.12,16-18

Understanding the mortality patterns after these injuries 
can help guide management and even facilitate the develop-
ment of appropriate treatment algorithms.19-21 While studies 
have examined mortality in specific odontoid fracture types,22 
such mortality trends have not been broadly established in 
persons with cervical spine fractures.  

Cervical spine fractures are common: 60% of spine fractures 
localize to this region,23-26 and this equates to 2% to 3% of all 
blunt-trauma patients.27,28 These injuries can lead to devastating 
consequences, including neurologic compromise, permanent 
disability, and death.29-31

Studies have estimated that up to 20% of cervical fractures 
involve the odontoid process.23-26 These injuries are more com-
mon among the elderly population because of their greater 
prevalence of osteoporosis and likelihood of falling.32 Because 
of demographic similarities to those of the hip fracture popula-
tion, a survival analysis of all odontoid fractures is particularly 
interesting. Published odontoid mortality rates vary signifi-
cantly, with reports ranging from 13% to 44%.22,33-35 Unfortu-
nately, these studies largely evaluated survival rates specific to 
an individual treatment modality, such as nonoperative com-
pared with operative, or specific to certain odontoid fracture 
types (eg, type II). Additionally, studies have generally only 
considered survivorship during initial hospitalization, have 
been specific to a constrained age group, or have been based 
solely on inpatient records that do not permit the longer-term 
follow-up critical to determining the effect of odontoid frac-
tures on overall mortality.36-39 

Likewise, mortality rates after fractures of the subaxial spine 
(ie, the motion segments between C3 and C7) have yet to be 
established. In 1 study, the mortality risk of a cohort of elderly 
patients with cervical fractures appeared to be elevated for the 
first 6 to 12 months after the traumatic event.40 However, the 
sample size was too small to examine mortality beyond 1 year.

In this context, the purpose of the current study was to 

Abstract
Cervical spine fractures can lead to many devastating 
consequences. However, mortality rates of older indi-
viduals with odontoid or subaxial spine fractures have 
not been definitively established. 

We conducted a retrospective review of all patients 
who underwent computed tomography of the cervical 
spine in the emergency department of a level I trauma 
center over 9 years to compare mortality rates after 
odontoid and subaxial fractures in elderly persons with 
those of the general population. We searched the Na-
tional Death Index for patient death records, and com-
pared mortality rates at 3 months, 1 year, and 2 years to 
sex- and age-matched data from the general population. 

Odontoid fracture survival was 84.4% at 3 months, 
82.2% at 1 year, and 72.9% at 2 years. Male survival 
was significantly worse compared with age- and sex-
matched counterparts (P < .001), but female survival 
was not (P = .568). In subaxial fractures, survival was 
87.9% at 3 months and 85.7% at 1 and 2 years. Male 
survival was decreased compared with age- and sex-
matched counterparts (P < .0001), whereas female 
survival was not (P = .554). 

In conclusion, the mortality of men with either frac-
ture was greater compared with age-matched men 
initially, but this normalized. Female survival was not 
affected by either fracture.
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determine the mortality rates at several time points (3 months, 
1 year, and 2 years) of patients 50 years or older (start of 
the second mode of the bimodal age distribution of odontoid 
fractures41-44) with fractures of the odontoid and subaxial cervi-
cal spine. A secondary purpose of this study was to compare 
survival rates of these 2 cohorts relative to each other and to 
the general population.

Materials and Methods
Identification of Cervical Fractures and Collection of 
Demographic Information
This protocol was approved by the human investigation com-
mittee of our institution. Every computed tomography (CT) 
scan of the cervical spine performed in the emergency de-
partment (ED) of an academic hospital between November 
27, 1997, and December 31, 2006, was identified. Since the 
threshold for obtaining a CT scan of a patient with suspected 
cervical spine trauma is relatively low, it was assumed that 
virtually all acute cervical spine fractures during this time 

period would be successfully identified through this approach.
Radiology reports for all identified CT scans were reviewed 

for any findings consistent with acute fractures and/or disloca-
tions of the cervical spine (Figure 1). Every study noted to be 
positive or equivocal for cervical trauma was directly visualized, 
including those that did not specifically mention the presence 
or absence of an injury. Scans with no signs of acute trauma or 
that showed fractures caused by a pathologic process or pen-
etrating mechanism (eg, metastatic lesions or gunshot wounds) 
were omitted from this series. Finally, relevant demographic 
information, such as the medical record number, age, gender, 
and date of study, was recorded for every subject in this group. 

Fracture Classification
Next, the level and the type of cervical injury were document-
ed for each patient. Fractures were segregated according to 
their involvement with the odontoid or the subaxial vertebrae.  

Odontoid fractures were categorized into type I (limited 
to the tip), type II (across the base of the process) and type 
III (through the base with extension into the C2 vertebral 
body).45,46 Since many systems for classifying subaxial cervi-
cal spine trauma require a subjective inference of the injury 
mechanism, which is difficult to ascertain from imaging stud-
ies alone, all of these fractures were pooled together.

A preliminary survey of the data indicated that the odon-
toid fractures appeared to exhibit a bimodal age distribution, 
with the beginning of the second cluster occurring around 
age 50 years (Figure 2). As noted above, this has been shown 
in previous studies.41-44 As a consequence, the mortalities of 
those older than 50 years became the focus of this study. To 
control for comorbid conditions, mechanism of injury, and to 
allow for more direct comparison with the odontoid fractures 
in this study, the same age demarcation was used for subaxial 
cervical fractures.

Mortality Data
The mortality status of every patient diagnosed with an acute 
cervical injury at our institution between November 27, 1997, 

Figure 1. Flowchart depicting the study design and the man-
ner in which the final cohorts were identified. Abbreviations: ED, 
emergency department; CT, computed tomography; CSI, cervical 
spine injury.
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Figure 2. Incidence and survival data of patients with odontoid fractures at (A) 1 and (B) 2 years after the time of injury. These fractures 
are divided into 2 distinct populations based on the bimodal age distribution that was evident for this specific fracture type. Subjects 
with less than 2-year follow-up are not included in Figure 2B.

A B

AJO 
DO NOT COPY



Mortality Rates Associated With Odontoid and Subaxial Cervical Spine Fractures C. P. Miller et al

www.amjorthopedics.com  June 2015 The American Journal of Orthopedics®  E175

and December 31, 2006, was determined by referencing the 
National Death Index (NDI). The NDI is a computerized data-
base of death records maintained by the National Center for 
Health Statistics (NCHS). The time window for the current 
study was selected because we had access to NDI information 
only through 2007 at the time of this study. Social Security 
numbers (SSNs), which were available for approximately half 
of the subjects, were used to search the NDI catalog. For indi-
viduals whose SSNs were unavailable, patient names and birth-
dates were considered to be sufficient to confirm a true match. 
Our center’s medical records of this cohort were also examined 
to verify whether any had died during their initial hospitaliza-
tions and to substantiate the NDI data. Finally, patient deaths 
were categorized as trauma (eg, motor vehicle accident, fall 
from a height) or medical comorbidity (eg, diabetes mellitus, 
cancer, congestive heart failure), based on information in the 
NDI listing.

Age- and Sex-Matched Controls 
Age- and sex-matched controls were determined from the 
Wide-ranging Online Data for Epidemiologic Research (WON-
DER) application distributed by the Centers for Disease Control 
and Prevention (http://wonder.cdc.gov). Composite mortality 
data from the state in which the study was performed was 
obtained for the years between 1999 and 2007, and this in-
formation was further stratified according to gender and age 
to estimate the mortality rates and construct survival curves 
for each group. Controls were used to establish a standardized 
mortality ratio (SMR) for subjects 50 years and older, a value 
that compares the number of observed deaths with the figure 
expected for matched populations from the general population.

Statistical Methods
Statistical analyses were performed by using both SAS 9.2 (SAS 
Institute Inc., Cary, North Carolina) and R (version 2.9; www.r-
project.org, Auckland, New Zealand). Relevant comparisons 
were planned, and all tests were 2-sided. The Wilcoxon rank 
sum test was applied to compare the survival times of patients 

with odontoid fractures with different documented causes of 
death, and Pearson χ2 test was used to compare the age distri-
butions of odontoid and subaxial fractures. Survival rates at  
3 months, 1 year, and 2 years were estimated from Kaplan-
Meier curves. The relative survival of these cohorts was com-
pared by completing a 2-sample log-rank test. In addition, a 
1-sample log-rank test was implemented to compare the mor-
tality from either odontoid or subaxial cervical spine fractures 
with that of the age- and gender-matched general population. 
Statistical significance was defined as a 2-sided α error of less 
than 0.05 (P < .05).

Results
Fifty-nine patients were diagnosed with odontoid fractures 
(28 men, 31 women), and 233 patients were diagnosed with 
subaxial cervical spine fractures (168 men, 65 women). 

Odontoid Fracture Patients
Odontoid fracture patients exhibited a distinct bimodal age 
distribution (Figure 2). In the younger population, there were 
14 subjects, 3 of whom died within days of the injury (mean, 
12 days; 78.6% survival). At 2-year follow-up, there were no 
further deaths. The fractures that caused death were high-
energy injuries, and only early deaths occurred in these cases.  

Because of the significant bimodal age distribution, it 
was believed these cohorts could not be directly compared. 
As a result, the remaining analysis focused on the older age 
group. In the older population mode (50 years and older) were  
45 patients with odontoid fractures. Of the 12 subjects who 
died after odontoid fracture, 5 were assigned a trauma code 
as the cause of death, while a medical comorbidity code was 
assigned for the remaining 7. Mean survival time of those who 
died secondary to trauma was significantly shorter than the 
medical comorbidity group (P = .025).  

In the cohort of subjects older than 50 years, 3-month, 
1-year, and 2-year survival rates were 84.4%, 82.2%, and 
72.9%, respectively. Figure 2 shows the 1- and 2-year follow-
up data by age group. 
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Figure 3. Comparison of the Kaplan-Meier survival curves of patients older than 50 years with odontoid fractures with those derived for 
the general population. (A) Survival curves of male and female subjects with odontoid fractures. (B) Survival curves of men with odontoid 
fractures and corresponding male controls. (C) Survival curves of women with odontoid fractures and corresponding female controls.
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Analysis was performed relative to gender. Of male pa-
tients (n = 22), the 3-month, 1-year, and 2-year survival rates 
were 72.7%, 72.7%, and 62.7%, respectively. Among women  
(n = 23), the 3-month, 1-year, and 2-year survival rates were 
95.7%, 91.3%, and 82.6%, respectively.

Figure 3 shows the Kaplan-Meier survival curves of the 
older patients with odontoid fractures. A comparison of the 
curves for each gender showed no significant disparities be-
tween the male and female survival (Figure 3A, P = .124). 
Compared with age-matched male counterparts, the survival of 
male subjects with odontoid fractures was significantly worse 
(Figure 3B, P < .001). Men experienced an initial acute decline 
in survival, with the remainder of the survival curve match-
ing that of the general male population. In contrast, odontoid 
fractures did not adversely affect female survival compared 
with the matched population (Figure 3C, P = .568).  

The 2-year SMR of 2.98 for men showed that odontoid 
fractures led to greater mortality compared with a sex- and age-
matched population. This means that men older than 50 years 
who sustained an odontoid fracture had nearly 3 times the 
mortality rate after 2 years compared with a normal, matched 
population; this increase is attributed to the 3-month time 
point that subsequently normalized. The female rate was 1.33 
times that of a matched population, a difference that is not 
statistically significant.

Subaxial Fracture Patients
Of the 91 patients older than 50 years with subaxial fractures, 
3-month, 1-year, and 2-year survival rates were 87.9%, 85.7%, 
and 85.7%, respectively. Figure 4 shows the 1- and 2-year 
follow-up data by age group. 

Gender-specific analysis was performed. For men (n = 58), 
the 3-month, 1-year, and 2-year survival rates were 87.9%, 
84.5%, and 84.5%, respectively. Among women (n = 33),  
4 deaths were recorded at all time points (87.9% survival).  

Figure 5 shows Kaplan-Meier survival curves for the old-
er population with subaxial fractures. A comparison of the 
curves between genders again showed no significant differ-

ences between male and female survival (P = .683, Figure 5A). 
Compared with age- and gender-matched counterparts, men 
showed decreased relative survival (P < .0001, Figure 5B), 
whereas subaxial fractures did not decrease female survival 
(P = .554, Figure 5C).

The 2-year SMR of 2.90 for men showed higher mortal-
ity rates relative to sex- and age-matched controls. Men who 
were both 50 years old and sustained a subaxial fracture were  
2.9 times as likely to die within 2 years of follow-up compared 
with their counterparts. Similar to odontoid fractures, this 
increase occurred by the 3-month time point and subsequently 
normalized. The female rate, which was 1.34 times that of the 
uninjured population, was not statistically significant.

Comparison of Odontoid and Subaxial Fracture Patients
The survival of subaxial injuries was not significantly different 
from that of odontoid fractures (P = .113, Figure 6A). When 
analyzed by gender and controlled for age, the rates in both 
male (P = .347, Figure 6B) and female (P = .643, Figure 6C) 
patients did not differ between fracture types. 

Discussion
The US population is aging rapidly, with the demographic 
older than 65 years predicted to more than double in size 
between 2010 and 2050.47 As our elderly population grows, 
the incidence of age-related injuries will rise accordingly. An 
understanding of mortality risks associated with different 
fractures will not only assist practitioners in advising patients 
regarding prognosis but may also lead to improvements in 
clinical care.19,48-50 While we know cervical spine trauma is 
associated with significant morbidity,29-31 little is known about 
associated moderate-term mortality rates that can be compared 
with other known injury patterns, such as hip fractures or 
osteoporotic compression fractures.  

An interesting finding of the present study is the bimodal 
age distribution of the 59 odontoid fractures (Figure 2). The 
14 patients younger than 50 years included 3 individuals who 
died, all within days of their presentation from severe mul-

30

25

20

15

10

5

0

N
um

b
er

 o
f 

F
ra

ct
ur

es

Dead

Alive

50+ Age Group, N = 45
Alive = 78
Dead = 13

Age, y
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

0

30

25

20

15

10

5

0

N
um

b
er

 o
f 

F
ra

ct
ur

es

Dead

Alive

50+ Age Group, N = 78
Alive = 65
Dead = 13

Age, y
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

0

Figure 4. Incidence and survival data of patients with subaxial cervical spine fractures at (A) 1 and (B) 2 years after the time of injury. 
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tisystem trauma. This is consistent with the determination 
that high-energy forces are required to fracture the odontoid 
process in younger individuals.38,45,46,51,52 Given the severity 
of their nonspinal injuries, the cause of death was likely not 
primarily related to their odontoid fractures. Also in line with 
previous studies, the majority (76%) of odontoid fractures were 
documented in subjects older than 50 years.32,53,54 Within our 
cohort older than 50 years, the deaths appear to be spread 
evenly across age groups and do not seem to be skewed by the 
oldest portion of the population (Figure 2).

Our gender-specific analyses revealed that older men with 
odontoid injuries exhibited higher mortality compared with 
an age-matched male cohort, with 6 of the 8 deaths occur-
ring within 3 months. However, after this exaggerated decline 
in survival, the rate normalized towards general population 
mortality rates (Figure 3B). As in the younger cohort, these 
earlier deaths were largely attributable to multisystem trau-
ma, whereas medical comorbidities were implicated in those 

who died later. In contrast, the Kaplan-Meier curve of older 
women with odontoid fractures closely approximates that of 
age-matched women at every time point (Figure 3C), indicat-
ing that these injuries do not decrease survival as they do in 
their male counterparts.

When comparing the survival of older patients with subaxial 
cervical spine fractures with that of gender- and age-matched 
controls, the mortality rates of women were, once again, es-
sentially equivalent. However, the survival of older men was 
significantly compromised by these injuries. In men, 7 of the 
9 deaths were within 3 months, with the remaining 2 deaths 
occurring within 7 months. Nevertheless, beyond this initial 
period of elevated mortality, the survival curve again stabilized 
and paralleled that of the general population. As with odontoid 
fractures, there was no sustained increase in the mortality of 
male patients who lived at least 3 months after injury.

The mortality rates of odontoid and subaxial fractures were 
also compared in the older population. When controlled for 
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age, there was no difference in mortality rates between these 2 
groups. When individually analyzed in both men and women, 
the mortality rates of both fracture types matched those of the 
general population at all time points. 

It is useful to contextualize our findings alongside the mor-
tality of older individuals with other fracture types. Based on 
our results, we believe that the survival curves of geriatric 
men with odontoid or subaxial cervical spine fractures most 
closely resemble the characteristic pattern seen in hip fractures. 
Hip fractures have shown an early spike in mortality by as 
much as 8% to 49% in the first 6 to 12 months that returns to 
baseline after 1 year.1-10 This presumably reflects the natural 
history of these injuries in response to appropriate therapeutic 
interventions. Interestingly, the male mortality rates for both 
odontoid and subaxial cervical spine fractures in this study 
are largely analogous to those reported by various hip fracture 
surveys.1,5,55-58 In contrast, similar to prior studies of rib or wrist 
fractures, older women with these cervical spine fractures did 
not show a survival decrease after their injuries.12,16-18 

While the reasons underlying the differential effects of 
cervical fractures on the mortality of men and women have 
not been established, one explanation is that the female geri-
atric population is relatively more osteoporotic; thus, cervical 
injuries may occur after lower-energy forces, leading to less 
severe associated trauma that could otherwise decrease sur-
vival. Another explanation is that men are more likely to be 
involved in high-energy accidents,59,60 thus decreasing their 
overall survival after injury.

This investigation is not without limitations. Our primary 
concern is the determination of survival. The NDI maintained 
by the NCHS is an extremely reliable tool regularly employed 
by epidemiologists to collect mortality data. However, it is 
possible that deaths may have been missed. We believe this 
number would be small, because the NDI database provided 
multiple probable matches that were carefully compared with 
supplemental personal information. It is also possible that 
deaths that were not appropriately registered with the NDI 
are not represented in this series. Another limitation lies in the 
determination of controls. As with any case–control study, the 
patients sustaining these odontoid fractures may differ in some 
significant way from the average population. A final limitation 
is that a small portion of patients in the study have only 1-year 
follow-up, because patient data was collected through 2006, 
although access to NDI data ended in 2007. 

Conclusion
Our results indicate that the survival of older men with either 
odontoid or subaxial cervical spine fractures shares many of 
the same mortality characteristics as hip fractures, with di-
minished survival in the first 3 months that normalizes to 
the survival rate of the age-matched population. Interestingly, 
and perhaps because of disparate rates of osteoporosis and 
traumatic forces, the mortality rates in the female cohort were 
similar to that of the age-matched general population at all 
time points. These trends were nearly identical for both odon-
toid and subaxial cervical fractures. 
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