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Type ii OdOnTOid fracTureS in The elderly:  
riSK Of MOrTaliTy baSed On inTervenTiOn

andreW J. SchOenfeld, Md, chriSTOpher M. bOnO, Md, naTalie WarhOlic, Ma, WilliaM reichMann, 
Ma, KirKhaM b. WOOd, Md, elena lOSina, phd, Jeffrey n. KaTz, Md, MiTchel b. harriS, Md facS
Brigham anD womEn’s hospital

Type II Odontoid Fractures in the Elderly: An Analysis of 
Mortality Based on Intervention

ABSTRACT
bacKgrOund cOnTexT: 

Despite the relatively high incidence of odontoid frac-
tures, treatment of these fractures in elderly patients remains 
controversial. Some authors have proposed surgical treat-
ment is superior for all patients, while others have suggested 
nonoperative treatment is more prudent.  Furthermore, the 
effect of patient age and the presence of medical co-morbidities 
on mortality has not been clearly elucidated.  Adding further 
controversy, the manner of nonoperative treatment has been 
debated, as halo use is considered a highly morbid nonoperative 
treatment in the elderly. 
purpOSe: 

To define the influence of age and treatment, adjusting for  
co-morbidities, on mortality in elderly patients with acute type 
II odontoid fractures. 
STudy deSign: 

Retrospective series at a Level I University-affiliated trauma 
center.

paTienT SaMple: 
156 consecutive patients (age 65 years or older) who sus-

tained type II odontoid fractures
OuTcOMe MeaSureS: 

Mortality at 3 month and 1, 2 and 3 years from injury.
MeThOdS: 

An institutional Research Patient Data Registry (RPDR) 
was utilized to identify all type II odontoid fractures sustained 
by patients age 65 and older from 1991-2006. Demographic 
information, date of injury, injury mechanism, fracture clas-
sification, associated injuries, treatment type, co-morbidities, 
post-treatment complications, and outcome/mortality were 
asbtracted from medical records.  Data were analyzed by 
stratifying patients by age (65-74, 75-84, 85+) and treatment 
type (operative or non-operative treatment, and halo or collar 
immobilization).  
reSulTS: 

156 patients met the inclusion criteria.  The average age 
of the cohort was 81.5 years.  One-hundred and twelve patients 
were treated non-operatively while 44 patients underwent sur-
gery.  Of those managed non-operatively, 28 (25%) were treated 
with halo vest immobilization.  The mortality rate for the entire 
cohort was 21% at 3 months, 31% at 1 year, 37% at 2 years, and 
39% at 3 years.  At 3-year follow-up 29% of patients age 65-74 
had died, while 35% of patients 75-84 and 49% of patients over 
age 85 died.  
cOncluSiOnS: 

This study showed that surgery was associated with lower 
three year mortality than nonoperative therapy and that the 
survival advantage associated with surgery was restricted to 
patients younger than 85.  

Type II Odontoid Fractures in the Elderly: Risk of Mortality 
Based on Intervention

INTRODUCTION
The management of odontoid fractures has been recog-

nized as a challenge since they were first described in the early 
20th century.1 Despite significant advances in diagnostic and 
treatment modalities, these  injuries remain problematic, par-
ticularly in the geriatric population.1,2,3,4,5,6,7,8 Odontoid fractures 
are the most common cervical spine fracture in the elderly.  Due 
to their age associated co-morbidities and the ubiquitous pres-
ence of degenerative changes in the aging cervical spine6, such 
individuals are at a higher risk for morbidity and complications 
than younger patients sustaining similar injuries.1,2,3,4,6,7,9,10,11 
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Furthermore, as the number of elderly patients continues to 
rise in the United States,  the prevalence of such fractures can  
be expected to increase.

Several prior studies have documented increased morbid-
ity and mortality among geriatric patients sustaining odontoid 
fractures.1,2,3,4,5,6,7,9,10,12,13 Indeed, the non-union rate in this 
population has been reported to be as high as 85% (range 
20-85%)3,4,5,6,7,9,10,12,13,14 while the mortality rate approaches 50% 
in some investigations (range 10-57.1%).2,3,4,5,6,7,9,10,12,13 Moreover, 
all choices of management (operative vs. nonoperative, halo-
vest immobilization vs. cervical orthosis) has been consistently 
identified as having an adverse effect on outcome.  The halo 
vest, in particular, has been associated with an increased risk of 
negative outcomes in elderly patients.1,3,4,7,9,12,15   
Unfortunately, most available evidence for outcomes in elderly 
patients with odontoid fractures derives from reviews of cohorts 
comprising less than 50 patients.3,4,5,7,9,11,13 

Given the paucity of data available on treatment results for 
geriatric patients with odontoid process fractures, this investi-
gation sought to define the influence of treatment, number of 
co-morbidities, neurological injury and type of trauma (poly-
trauma vs. isolated injury) on mortality and final outcome in a 
cohort (n = 156) of elderly patients sustaining Anderson and 
D’Alonzo15 type II fractures of the odontoid.  

METHODS
Following Institutional Investigational Review Board 

Approval, an institutional Research Patient Data Registry 
(RPDR) was utilized to identify all cervical spine fractures that 
occurred in patients age 65 and over from 1991-2006.  The 
RPDR is a data registry that has been maintained for all patients 
treated at two participating level-I trauma centers since 1979.  
For the purposes of this study, only those patients sustaining 
type II fractures of the odontoid process were included for 
review.  Additional inclusion criteria included age 65 or older at 
the time of injury and radiographic evidence of an acute frac-
ture documented in the electronic medical record.

Data obtained for each patient identified through the  
electronic medical record included age, race, gender, date 
of injury, fracture classification (Anderson and D’Alonzo16), 
associated injuries, presence of neurologic injury, treatment 
type, presence or absence of thirteen medical co-morbidities 
(Charlson index17), and mortality. Any discrepancies in the 
electronic medical record were resolved via a manual review of 
the patient’s hard copy medical record.   

Patients were initially divided into two groups based on 
whether they received operativeor nonoperative treatment.  The 
nonoperative group was further stratified into patients receiv-
ing halo vest immobilization or cervical orthosis as treatment 

Operative Treatment Non-Operative Treatment

(N=44)

N (%)

All (N=112)

N (%)

Halo (N=28)

N (%)

Collar (N=84)

N (%)

Age

  65-74

  75-84

  85+

13 (29.5%)

21 (48%)

10 (23%)

21 (19%)

42 (37.5%)

49 (44%)

10 (36%)

8 (29%)

10 (36%)

11 (13%)

34 (40.5%)

39 (46%)

Gender

  Male

  Female

19 (43%)

25 (57%)

52 (46%)

60 (53.5%)

16 (57%)

12 (43%)

36 (43%)

48 (57%)

Poly-Trauma*

  Yes

  No

16 (36%)

28 (64%)

40 (36%)

72 (64%)

10 (36%)

54 (64%)

30 (36%)

54 (64%)

Charlson 
Comorbidity Score

  0

  1

  2

  3+

  Missing

13 (29.5%)

8 (18%)

9 (20%)

8 (18%)

6 (14%)

32 (28.5%)

21 (19%)

19 (17%)

18 (16%)

22 (20%)

8 (29%)

6 (21%)

5 (18%)

4 (14%)

5 (18%)

24 (29%)

15 (18%)

14 (17%)

14 (17%)

17 (20%)

Neurologic 
Involvement

  Yes

  No
2 (4.5%)

42 (95%)

1 (1%)

111 (99%)

0 (0%)

28 (100%)

1 (1%)

83 (99%)

* The occurrence of 
injuries to more than 
one body system or 
region (i.e. Subdural 
hematoma, pneu-
mothorax and odon-
toid fracture).

Table 1: Demographic Characteristics of Patients With Type II Odontoid Fractures



84

for their odontoid fractures.  Patients who received surgery as 
the definitive intervention in the acute period (first 3 weeks) 
following injury were included in the operative group.  Patients 
treated with a halo vest for the majority of their clinical care (i.e. 
8 of 12 weeks) were included in the halo vest group.  Within 
each treatment group, patients were examined as a whole and 
based on age:  patients 65-74, 75-84, and >85 each comprising 
a separate cohort. 

Risks of mortality for 3-month and 1-, 2- and 3-year inter-
vals, were calculated for the entire cohort.  Since we hypoth-
esized that the effect of treatment on the risk of mortality would 
vary by age, we also calculated mortality risks stratified by age 
and treatment.18  

RESULTS
STudy SaMple

Between 1991-2006, 1,238 patients age 65 and older 
presented with cervical spine fractures to the authors’ institu-
tions.  Of these individuals, 261 (21%) had fractures involving 
the second cervical vertebra, of which 242 (19.5%) involved 
the odontoid process.  The majority (64.5%) of these odontoid 
process fractures (n=156) were found to be Anderson and 
D’Alonzo type II fractures as classified by the attending ortho-
paedic surgeon, and represented 13% of all patients age 65 and 
older presenting with cervical spine fractures.

Of the 156 individuals included in this investigation, 71 
(45.5%) were male and 85 (54.5%) were female.  One hundred 
thirty-five (86.5%) of the patients were Caucasian.  Eighteen 
(11.5%) were African-American.  The average age of the cohort 
was 81.5 years.   Thirty-four patients (22%) were age 65-74, 63 
(40%) were 75-84, and 59 (38%) were age 85 or greater.

Fifty-six patients (36%) sustained odontoid fractures in 
conjunction with polytrauma and 3 (2%) cases were associ-
ated with neurologic injury.  Forty-four (28%) patients received 
surgery as the definitive treatment for their fracture, while 112 
(72%) were managed non-operatively.  Twenty-eight (18%) 
patients treated non-operatively were managed with halo-vest 
immobilization and 84 (54%) received a cervical orthosis.  
Additional demographic data on the investigational cohort can 
be found in Table 1.
3-MOnTh TiMe-pOinT

The mortality for the entire cohort at the 3-month time-
point was 21% (33 patients).  Sixteen patients died during the 
initial hospital admission, for an in-hospital mortality of 10%.  
This included 1 of the 44 patients who received surgery and 
15 of the 112 individuals managed non-operatively. There was 
a lower mortality for patients aged 65-74.  When comparing 
non-operative versus operative groups, the risk of mortality 
was higher in the non-operatively treated patients (Figure 1).  
There was a 21% mortality rate for patients treated with halo 
immobilization.  

Patients with a higher Charlson score had an increased 
risk of mortality.  Gender and the type of trauma were not 
found to influence mortality.  The risk of mortality stratified by 
neurologic involvement was not definable because of the small 
number of patients (3/156) who sustained neurologic injury in 
conjunction with their odontoid fractures.  

1-year TiMe-pOinT

The 1-year mortality was 31% (49 patients).  Patients 
between 65 and 74 had the lowest mortality rate while those 
85 and over had the highest.  At the 1-year time-point, mor-
tality for the operative group was 20.5%, while it was 36% for 
the nonoperative group. (Figure 1)  Patients treated with halo 
immobilization had 32% mortality, while those managed in a 
collar had 37% mortality.    
TiMe-pOinTS beyOnd 1-year

Mortalities for the cohort at 2- and 3-years were 36.5% 
(57 patients) and 39% (61 patients), respectively.  At 2-year 
follow-up, mortality for the operative group was 25% and this 
remained constant at the 3-year time-point as no patients in 
the operative group died after 2 years. Patients in the nonop-
erative cohort had 41% mortality at 2 years, and this increased 
to 45% after 3 years.  Those treated with halo immobilization 
had 36% and 46% mortalities at 2- and 3-years, respectively 
(Figure 1).  

DISCUSSION
Odontoid fractures are the most common cervical spine 

fracture in elderly patients and are known to carry a high 
risk of complications and mortality.2,3,4,6,7,9-13,15,19  Over the last 
twenty-five years, reports have documented high mortalities 
in this population as a whole, and in those patients treated 
with halo vests in particular.  This trend may be attributed to 
the elderly population’s increased risk for cardiac events and 
airway compromise, as well as a markedly decreased functional 
reserve.12,19,20,21,22  

In light of these facts, controversy remains regarding 
the management of odontoid fractures in the elderly.  Some 
authors have advocated for aggressive surgical stabilization in 
these patients, citing an increased fusion, or fracture healing, 
rate and decreased morbidity and mortality.4,5,7,9,10,13  Other 
reports, however, have not shown a significant advantage for 
surgery versus non-operative management.3,5  Additionally, 
while a few authors have documented safe and efficacious 
use of halo-vest immobilization in the elderly,6,23  a variety of 
reports in the literature demonstrate poor outcomes in such 
patients.4,5,7,9,12  The current investigation sought to determine 

Figure 1
Mortality Rates for Patients by Treatment Type
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if such a finding held true for elderly patients with type II frac-
tures of the odontoid. 

The results of the present study indicate that surgical 
intervention for type II odontoid fractures may exert a protec-
tive effect on survival for patients 65-84.  Although this benefit 
decreased as patients aged, only 25% of those treated surgically 
had died at 3-years post injury compared with 45.5% of the 
individuals managed nonoperatively.    

Findings presented here would seem to support prior evi-
dence of increased mortality rates among elderly patients with 
odontoid fractures, irrespective of the choice of treatment.  For 
example, the in-hospital mortality rate in this study was 10%. 
While this value is fairly high, it is substantially lower than 
values presented in other investigations examining mortality in 
elderly patients with similar injuries.  Three papers have previ-
ously cited a greater than 25% in-hospital mortality rate.3,7,10  
Koech et al., focused entirely on non-operative management 
of elderly patients with odontoid fractures, reported a 14% in-
hospital mortality.23  The work of Koech et al.23, as well as that 
of Hart and colleagues24, documented satisfactory outcomes in 
elderly patients with odontoid fractures treated non-operatively.  
However, both these investigations were conducted using com-
paratively small series of patients.  

Additionally, the results of this study show a high mortal-
ity rate over the first 3 months post-injury that plateaus within 
1-2 years.  The mortality in this investigation may have been 
influenced by the presence of medical co-morbidities.  The 
presence of medical co-morbidities may predispose patients 
to an increased risk of complications in the setting of fracture 
care, such as thromboembolic disease, urinary tract infections, 
cardiac events, and pneumonia.7,12,25  The recent work of Stelfox 
et al. has documented a higher complication rate in elderly 
patients treated with prolonged cervical immobilization25 and 
such a factor may account for the disparate outcomes between 
cohorts in this investigation as well.  

The 3-month mortality in this investigation is comparable 
to figures presented by Frangen et al.4 while the 2-year mortal-
ity is lower than that encountered in the work of Hanigan and 
colleagues.10  While the data presented here cannot elucidate 
whether mortality was directly related to the fracture, or to 
complications surrounding fracture care, it does indicate that 
such injuries are a marker for an increased risk of mortality at 
1-year.  

Of note, patients in this study who were treated with 
halo-immobilization were not found to be at an increased risk 
for mortality when compared with patients receiving operative 
intervention or cervical orthosis (Figure 1).  This is in contrast 
to prior reports documenting a higher mortality rate among 
elderly patients treated with a halo.7,12  Majercik et al.12 and 
Tashjian and colleagues7 each documented greater than 40% 
acute mortality rates for elderly patients treated with halo-vest 

immobilization.  Mortality rates for those managed with halo-
vests in this study were markedly lower, 21% at 3-months and 
32% at 1-year.  Similarly, mortality rates for the operative and 
nonoperative cohorts in this investigation were lower than the 
estimates of 22-57.1% mortalities previously reported.3,4,10 

 It is important to note that most studies addressing this 
topic are retrospective in nature and conducted using small 
samples (mean = 34.4 patients, range 11-78) with short-term 
follow-up (mean = 15.5 months, range 3-28.8 months) and 
average patient age of 80.9 (range 74-85.5).3,4,5,7,9,10,23  This series 
represents one of the larger studies investigating mortality in 
elderly patients with type II odontoid fractures and mid-range 
follow-up.  Therefore, the mortality estimates presented here 
may be more valid than those encountered in studies utilizing 
smaller cohorts with less than 2-year follow-up.  Moreover, as 
the average age of patients in these investigations was 80.9, it 
is possible that the higher mortality rates could be attributed to 
patient age alone.  Unfortunately, most previous reports did not 
stratify their cohorts by age. 

There are several limitations to the current investigation.  
First, this was a retrospective study, conducted using informa-
tion compiled from an institutional database. Therefore by 
its very design, it suffers from the limitations inherent to all 
retrospective reviews, including the possibility of a strong bias 
in terms of surgical selection.  The most accurate answer to the 
question of optimal intervention for these injuries could only 
be derived from a prospective, randomized trial that allocated 
elderly patients to specific arms of operative or non-operative 
management, stratifying them by age.  

Another limitation was that data regarding the cause of 
death was not recorded.  Such information would have been 
useful in order to quantify the number of patients who suc-
cumbed to complications directly related to their odontoid 
fracture or from the treatment rendered.  As findings in this 
study demonstrated higher mortality rates among patients of 
advanced age, as well as in those with more co-morbidities, the 
roles of treatment, co-morbidity and age could have been more 
clearly elucidated had the cause of death been recorded.

CONCLUSIONS
The results of this investigation confirm the devastating 

nature of odontoid fractures, highlighting a high mortality rate 
that increases with patient age and the number of co-morbid-
ities.  While surgery may offer a protective benefit in patients 
less than 85 years old after adjusting for co-morbidity, the avail-
able data do not permit firm conclusions.  More research of a 
prospective nature must be conducted in order to definitively 
describe the factors responsible for mortality in elderly patients 
with odontoid fractures.  However, in light of the results 
presented here, future investigations regarding outcomes in 
elderly patients with odontoid fractures should stratify patients 
by age. 
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