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Objective: Demographic changes have led to a higher incidence of C-2 fractures, especially 
in elderly patients. For patients with type II fractures, treatment remains controversial, as 
discussed by Anderson and D’Alonzo, due to the rising morbidity and mortality rates for any 
treatment. The aim of this study was to compare conservative and surgical management in 
patients with type II C-2 fractures regarding outcomes, complications, and the mortality rate.
Methods: A retrospective analysis was performed of the medical records, X-rays, and/or 
computed tomography scans of patients ≥ 80 years of age with type II fractures who were 
admitted to our Department of Neurosurgery between January 1990 and December 2017. 
The success of treatment was evaluated 3 months after surgery.
Results: In total, 125 patients were included, of whom 98 were treated surgically and 27 
were treated conservatively. Surgical treatment was successful in 90.8% of cases, while con-
servative treatment was successful in 70.0%. The in-hospital mortality was 14.29% and the 
3-month mortality was 27.8% in the surgical group, compared to 3.7% and 20% in the 
conservatively treated group. The in-hospital complication rate was 22.4% in the surgically 
treated patients and 7.4% in the conservatively treated patients.
Conclusion: Surgical treatment of type II fractures seemed to be associated with higher suc-
cess and complication rates than conservative treatment. Nevertheless, 3-month mortality 
was comparable in both groups. Therefore, we conclude that surgical treatment for type II 
fractures in elderly patients is superior to conservative management, although conservative 
treatment remains a valuable option in elderly patients with severe comorbidities.

Keywords: Odontoid fracture, Geriatric patients, Conservative management, Surgical 
management, Mortality, Complication rate

INTRODUCTION

Odontoid fractures contribute to 9%–15% of all cervical spine 
injuries.1 Type II fractures according to Anderson and D’Alonzo2 
are the most common type of C-2 fractures (up to 65%–74%). 
In the younger population (20–30 years of age), they account 
for 38%–46% of the fractures3,4 and in the elderly population 
(70–80 years of age), even for 82%–95%.5-7

The United Nations analyzed the demographic change in the 

population. In 2015, 1 in 8 people worldwide was aged > 60 
years. By 2030, this age cohort is projected to account for 1 in 6 
people globally, and in 2050, 1 in every 5 people will be aged 
> 60 years.8

This will also lead to a rising incidence of cervical spine frac-
tures, especially C-2 fractures.9

As a matter of fact, comorbidities in elderly patients are com-
mon and, therefore, the peri- and postoperative risk for compli-
cations rises. Associated risk rates for the surgical treatment of 
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odontoid fractures have been published before.10,11

Up to date, general guidelines for the treatment of the type II 
fracture are still a subject of great controversy despite numerous 
studies on this topic. Operative treatment for type II fractures 
includes anterior stabilization with 1 or 2 odontoid screws, an-
terior transarticular screw fixation, or different approaches for 
posterior fusion. The conservative management of odontoid 
fractures requires an external immobilization with either a rigid 
cervical collar or a halo thoracic vest.12-14

In the present study we conducted a retrospective single cen-
ter analysis of a large cohort of elderly patients suffering from 
odontoid fractures classified type II according to Anderson and 
D’Alonzo to assess the superiority of one treatment method over 
the other.

MATERIALS AND METHODS

1. Including and Excluding Criteria
We included all consecutive patients with type II fractures 

classified according to the Anderson and D’Alonzo classifica-
tion who were admitted to the Department of Neurosurgery, 
University Hospital Essen between January 1990 and Decem-
ber 2016. Medical records and computed tomography (CT)-
scans of the cervical spine of 125 elderly patients, who were 
≥ 80 years of age (mean age, 85.7± 4.2 years; 30 males and 95 
females), were retrospectively analyzed. Patients were excluded 
if: (1) age at the treatment was < 80 years; (2) concomitant ab-
normalities of the C-1 and C-2 were found; (3) metastatic or 
rheumatoid disease may have caused the C2-fracture. Patients 
demographics are summarized in Table 1.

The study has been carried out in accordance with The Code 
of Ethics of the World Medical Association (Declaration of Hel-
sinki) and was approved by the Institutional Review Board (IRB) 
of Medical Faculty, University of Duisburg-Essen (registration 

number: 18-8049-BO). Individual informed consent from each 
patient was not required by the IRB due to the retrospective na-
ture of this study.

2. Evaluation of the Fracture
Fractures were identified by thin multislices section CT-scan 

of the cervical spine (n= 99) or, in the early 1990s, by anterior/
posterior-fluoroscopy of the dens (n= 26) and classified accord-
ing to the Anderson and D’Alonzo classification.2

3. Evaluation of the Physical Status of the Patient
The American Society of Anesthesiologist physical status 

classification (ASA-Score) was used15 to evaluate the physical 
status of all patients and to determine the intraoperative risk.

4. Follow-up Examination of the Patients
Routine follow-up examination of the conservatively treated 

patients including CT-scan of the cervical spine, or anterior/
posterior-fluoroscopy of the dens in the early 1990s, was per-
formed after 4 and 12 weeks to assess bony consolidation.

Routine investigation of the surgically treated patients includ-
ed a postoperative CT-scan of the cervical spine or a postopera-
tive anterior/posterior-fluoroscopy of the dens assessing the 
alignment of the fracture and the osteosynthesis materials. Rou-
tine follow-up examination of the patients was performed 12 
weeks after surgery. 

5. Outcome Criteria
Successful conservative treatment was defined as bony con-

solidation of the fracture with restored alignment of the odon-
toid process after 12 weeks.

Surgical treatment was considered successful if: (1) the post-
operative imaging showed good alignment of the fracture and 
the implants and (2) bony consolidation of the fracture was ob-
served in the follow-up CT-scans, (3) the patient present pain-
free and neurologically otherwise intact for the follow-up ex-
amination 12 weeks after surgery.

6. Statistical Analysis
All data were included into an electronic database “C2-frac-

tures.” Analyzes of the data was performed using IBM SPSS 
Statistics ver. 23.0 (IBM Co., Armonk, NY, USA). Metric data 
were described by mean and standard deviation and nominal 
data by frequency and valid percent. Data was analyzed using 
the Fisher exact test for dichotomous variables. A p-value < 0.05 
was considered significant. 

Table 1. Patients demographics according to the different 
treatment regime

Variable
Therapy management

Surgical (n = 98) Conservative (n = 27)

Age (yr), mean ± SD 85.5 ± 4.2 86.5 ± 4.3

Sex

   Male 24   6

   Female 74 21

ASA-Score, mean ± SD 2.78 ± 0.71 3.15 ± 0.66

SD, standard deviation; ASA-Score, American Society of Anesthesi-
ologist physical status classification.  
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RESULTS

1. Patients
Urgent surgery was indicated in 98 of 125 patients (24 males 

and 74 females; mean age, 85.5± 4.2 years) due to the radiologi-
cal presentation of the C-2 fracture (lateral or posterior displace-
ment of the fracture, dehiscence of the fracture greater than 5 
mm), or because of associated neurological deficits. Therefore, 
27 of 125 patients (6 males and 21 females; mean age, 86.5± 4.3 
years) were treated conservatively using external immobiliza-
tion with a rigid collar in 26 patients or a halo thoracic vest in 1 
patient (Table 1).

2. Patient’s ASA-Score
Patients treated with surgery showed a mean ASA-Score of 

2.78± 0.71 compared to a mean ASA-Score of 3.15± 0.66 (Table 
1). The ASA-Score did not differ significantly in both groups 
(p= 0.016).

3. Treatment Regime of Type II Fracture
Of 125 patients, 58 were treated surgically by anterior odon-

toid screw fixation, another 7 underwent anterior transarticular 
screw fixation. Posterior fixation using C0–C3/4 stabilization 
with screws and rods was used in 11 cases. Seventeen cases 
were stabilized using C1/2 fixation with wire and a polymethyl-
metacrylate interpolant and 5 patients were treated using Rans-
ford-Loops. The later was mainly used during the 1990s and in 
the early 2000s. These days, anterior odontoid screw fixation, 
anterior transarticular screw fixation, and posterior screw fixa-
tion (C1–C2 or C0–C3/4, if required) are employed according 
to the individual situation.

Twenty-seven patients were treated conservatively by exter-
nal immobilization (rigid collar: n= 26; halo thoracic vest due 
to an accompanying instable C1/C2-fracture: n= 1).

Cases illustrating the different treatment modalities can be 
seen in Fig. 1.

Fig. 1. Type II fracture of the dens (A, C, E) treated with an anterior odontoid screw fixation (B), using C1/2 fixation with wire 
and a polymethyl-metacrylate interpolant (D) and with external immobilisation using a rigid collar showing the bony ossifica-
tion 3 months after trauma (F).

A

B

C

D

E

F
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4. Follow-up Examination of the Patients
The routine examination was possible in 20 patients treated 

conservatively. Two patients were lost to follow-up and 5 pa-
tients died before the last follow-up examination.

A routine investigation of the surgically treated patients in-
cluded a postoperative CT-scan of the cervical spine (n= 72) or 
a postoperative anterior/posterior-fluoroscopy of the dens (n=26) 
assessing the alignment of the fracture and the osteosynthesis 
materials. Eight patients treated surgically were lost to follow-
up and 25 patients died before the last examination. Therefore, 
65 patients attended to the follow-up examination 12 weeks af-
ter surgery. Of those, 26 patients were completely pain-free and 
neurologically unremarkable at the follow-up examination. Due 
to this, additional CT-scans were discarded. In 39 cases an ad-
ditional CT-scan of the cervical spine was performed at the fol-
low-up examination due to persisting complaints to rule out 
fracture displacement or loosening of the osteosynthesis mate-
rials (Table 2).

5. Outcome
A successful treatment, after excluding the patients who were 

lost to follow-up (n= 8) and those who died before the follow-
up examination (n= 25), was observed in 90.8% (n= 59/65) of 
the surgically treated patients 12 weeks after surgery. In 6 pa-
tients, a screw loosening was detected before/at the follow-up 
examination due to persisting nuchalgia (Table 2).

A successful treatment was seen in 70.0% (n= 14/20) of the 
conservatively treated patients after 12 weeks. Consequently, 
surgery was offered to them. Of these, 4 patients showed a suc-
cessful consolidation of their fracture 3 months after surgery. 
Two patients refused to undergo surgery and remained with a 
stable pseudarthrosis. However, the difference between both 
treatment modalities was not statistically significant (p= 0.03), 
presumably due to the low number of conservatively treated 

patients (Table 2, Fig. 1).

6. Complication Rate
Major intraoperative complications were observed in four of 

98 patients (n= 4/98 [4.1%]). Misplacement of a screw, detected 
in the postoperative CT-scan one day after surgery, occurred in 
2 cases, leakage of cerebrospinal fluid in one case and skin inci-
sion due to the Mayfield-clamp in 1 case.

Postoperative complications were recorded in 21 patients 
(n = 21/98 [21.4%]). Major complications were seen in 8 pa-
tients (n= 8/98 [8.2%]) including: myocardial infarction (n= 3), 
cardiac arrest with need for mechanical reanimation (n = 2), 
bradycardia with the need of a temporary pacemaker (n = 1), 
sepsis (n= 1), and postoperative swelling of the larynx followed 
by percutaneous tracheotomy (n= 1).

Minor complications (n= 13/98 [13.3%]) included: pneumo-
nia (n= 8), pleural effusion (n= 3) with the need for drainage 
(n= 2), postoperative hematoma (n= 1), and poor wound heal-
ing (n= 1).

Thus, the overall complication rate (intraoperative and post-
operative complications) was 22.4% (n= 22/98; 3 patients suf-
fered from intraoperative and postoperative complications).

In the conservative managed patient cohort, 2 patients suf-
fered from pneumonia during the hospital stay, bringing the to-
tal complication rate to 7.4% (n= 2/27).

There was no significant difference using Fisher exact test 
between the complication rates (p= 0.100) (Table 2).

7. Mortality
The in-hospital mortality was as high as 14.3% (n = 14/98) 

among the surgically treated patients, and 3.7% (n= 1/27) among 
the conservatively treated. Circumstances leading to death of 
the patients included heart failure, pneumonia or unfavorable 
postoperative clinical status of the patient falling under the de-
clared will of the patient regarding a limitation of therapy (Table 2).

Three-month mortality rose to 27.8% (n= 25/90) for the sur-
gically treated patients and reached 20.0% (n = 5/25) for the 
conservatively treated patients. Cardiopulmonary distresses re-
mained the leading cause of death within 90 days. There was no 
significant difference between both groups using Fisher exact 
test (in-hospital mortality rate: p = 0.185; 3-month mortality 
rate: p= 0.607) (Table 2).

DISCUSSION

C2-fractures due to falls are the most common injuries of the 

Table 2. Summary of the results according to the different 
treatment regime

Variable
Therapy management

p-valueSurgical 
(n = 98)

Conserva-
tive (n = 27)

Patients lost to Follow-up   8 2

In-hospital mortality 14 1 0.185

3-Month mortality 25 (14+11) 5 (1+4) 0.607

Complication rate (%) 22.4 7.4 0.100

Successful treatment, n (%) 59/65 (90.8) 14/20 (70.0) 0.030
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cervial spine in the elderly. The demographic change with an 
aging population will increase the incidence of those fractures.16 
While a general consensus on the treatment of type I- and type 
III-fractures according to the Anderson and D’Alonzo classifi-
cation has been established, this consensus lacks in the ap-
proach of odontoid fractures.13,17

Type I fractures can be treated safely conservatively using a 
rigid collar for immobilization of the cervical spine over a 6–8 
weeks period of time. Type III fractures may be treated conser-
vatively, too, employing a halo thoracic vest or a rigid collar 
over the same period.13,17 A recently published study showed 
that treatment with either a halo thoracic vest or the rigid collar 
is associated with similar rates of healing, opening the discus-
sion whether the higher rate of morbidity using a halo thoracic 
vest may be outweighed by the equal success rate especially in 
elderly patients.14

Treatment of type II fractures has been a subject of intense 
research over the past decades, nevertheless is still a matter of 
great controversy. The different treatment options, especially 
the different surgical approaches, should be individually tai-
lored based on the age, fracture pattern, presence of associated 
injuries and comorbidities of the patient.18,19 Bearing in mind, 
that the aging population remains their activity of daily living 
for much longer than it used to have 30 years ago, this new agil-
ity has to be taken into account when counseling the patient. 
Likewise, a cumulation of comorbidities is to be respected in 
the choice of treatment.

Factors predisposing to failure of conservative management 
of type II fractures include age,5,12,20 posterior displacement of 
the fracture,21 fracture distraction,22 lateral displacement on the 
posterior radiograph,22 displacement greater than 4 mm5,12,21 
and a delay in treatment.22 Nevertheless, conservative treatment 
by external immobilization may be referable in elderly multi-
morbid patients with increased anesthetic risk.23,24

In our single center analysis, conservative treatment warrant-
ed bony consolidation of the fractures in 70.0% (n= 14/20) of 
the octogenarians, whereas a surgical management led to frac-
ture healing in up to 90.8% (n= 59/65). Nevertheless, the com-
plication rate (7.4%; n= 2/27) vs. 22.4% (n= 22/98) as well as 
the in-hospital mortality rate (3.7% [n=1/27] vs. 14.3% [n=14/98]) 
were markedly lower for conservatively managed patients dur-
ing their in-hospital stay. However, the complication rate (p=  
0.100) and the in-hospital mortality rate (p= 0.185) did not dif-
fer significant (Table 2). This result might be biased due to the 
small number of cases analyzed. This effect was maintained at 
the 3-month follow-up (mortality rate in the nonsurgical vs. 

surgical group: 20.0% [n= 5/25] vs. 27.8% [n= 25/90]). Again, 
there was no significant difference between both groups (p=  
0.607) (Table 2).

Schoenfeld et al.11 found an increase of the mortality rate af-
ter surgery for patients over 85 years of age. The 3-month mor-
tality rate was 21%, (6% mortality for patients aged 65 to 74 
years [group I], 18% mortality for patients aged 75 to 84 years 
[group II], and 34% mortality for patients aged 85 years or old-
er [group III]). After 1 year, the mortality in their study raised 
naturally over all subgroups with 21% for group I, 29% in group 
II, and 45% in group III, respectively. The data are in concor-
dance to our findings.

We assume that the higher in-hospital mortality rate in the 
surgically treated group (14.29% vs. 3.7%) is driven by the bur-
den of the operation and the accumulated risk of complications. 

Complication rates in our study are in line with other studies 
showing similar rates of complication and mortality.25-27 Smith 
et al.27 analyzed the complication rate and the mortality rate in 
conservatively and surgically treated patients (mean age: 85.5±  
3.5 years) suffering from type II fractures. They observed a com-
plication rate in the surgically treated group of 62% compared 
to complication rate of 35% in the nonsurgical group. Despite 
this, mortality rate did not vary significantly between the groups 
(nonsurgical: 12.5% vs. surgical: 15%). Molinari et al.25 showed 
comparable results with respect to complication rate (surgical: 
24% vs. nonsurgical: 6%) and mortality rate (surgical: 20% vs. 
nonsurgical: 12.5%) for type II fractures. However, treating 
physicians are well aware of the problems coming along with 
patients of advanced age, and management policies have been 
adjusted. Not surprisingly, several contemporary studies have 
demonstrated a significant decrease in the mortality rate in ge-
riatric patients treated surgically compared to those treated non-
surgical.28-30

Chapman et al.29 demonstrated that surgical treatment of 
type II odontoid fractures in an elderly population did not neg-
atively impact survival, even after adjusting for age, sex, and co-
morbidities. They suggested a significant 30-day survival ad-
vantage and a trend towards improved long-term survival for 
operatively treated over nonoperatively treated patients.

After adjusting the analyzes for age, sex, comorbidity and year 
of injury, Robinson et al.31 could show a lower 1-year mortality 
of surgically treated patients compared to nonsurgical treated 
patients. Nevertheless, the positive effect of surgical treatment 
lost its effect on survival in patients aging > 85 years of age.

Vaccaro et al.28 published a prospective study demonstrating 
the severity of these fractures in geriatric patients showing a 
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significantly lower nonunion rate in the surgical group com-
pared to the nonsurgical group (5% vs. 21% in the nonsurgical 
group; p= 0.0033). This was confirmed by others too.32-34 Inter-
estingly, complication rate did not differ significantly compar-
ing both groups even in experienced hands. There was a trend 
in the mortality at 1 year towards a higher rate in the nonsurgi-
cal group compared with the surgical group (26% vs. 14%, re-
spectively; p= 0.059).28

A possible selection bias of patient’s eligible/noneligible for 
surgery might change the results in complication rate and mor-
tality rate, independently from the study design (retrospective/
prospective). Presumably, healthy patients or patients with an 
acceptable risk for an operation are more often referred to sur-
gery than to conservative treatment. Therefore, nonsurgical 
treatment is mainly used for multimorbid patients with a sig-
nificantly raised anesthetic risk. Our data support this hypothe-
sis. The surgically treated patients showed a mean ASA-Score 
of 2.78± 0.71 compared to a mean ASA-Score of 3.15± 0.66 for 
the nonsurgically treated patients. Although, there was no sig-
nificant difference (p = 0.016), there might be a tendency to-
wards sicker patients treated conservatively.

Conservative management employing a halo thoracic vest or 
a semirigid collar is not as “noninvasive” as one could assume. 
Patients are as well restricted in their activity of daily living as 
compromised in their normal food intake and the excursion of 
the chest. The latter may result in an insufficient respiratory 
function35 and increased risk of pneumonia or respiratory dis-
tress.36 Furthermore, dysphagia caused by external immobiliza-
tion may lead to aspiration,37,38 dehydration and malnutrition.39,40

Early rehabilitation may diminish the risk of pneumonia and, 
possibly, lead to a higher level of restored function, and greater 
quality of life. It is speculative, whether this effect may be spoiled, 
if an early mobilization and restoration of activity of daily living 
are not possible due to external immobilization devices.

Limiting factors regarding this study have to be acknowledged. 
The retrospective character of this study leads to associated in-
herent biases. Furthermore, data were collected from document-
ed electronic records, operative reports, radiological data, and 
reports of the patients. The treatment regime was solely defined 
by the attending neurosurgeon. Thus, a standardized operating 
procedure for the fracture treatment was missing. Additionally, 
the number of conservative treated patient is relatively low di-
minishing the conclusiveness of statistical analysis. The follow-
up, a 90-day-period, was relatively short, therefore, data on long-
term survival and functional status are lacking.

CONCLUSION

According to our data, surgical treatment of type II fractures 
shows a higher rate of bony consolidation compared to patients 
treated conservatively. Nevertheless, surgery may imply a high-
er complication rate for the patients. Mortality rate nears for 
both groups to a nonsignificant difference according to our data. 
This implies that any treatment regime should be individually 
tailored to the patient. We suggest that—whenever the anesthet-
ic risk is acceptable—surgery should be offered as the treatment 
of choice. Yet, conservative management remains a valuable op-
tion especially in octogenarians with striking comorbidities.

CONFLICT OF INTEREST	

The authors have nothing to disclose.

ACKNOWLEDGMENTS 

An IFOREs grant (D/107-40960) to Oliver Gembruch from 
the University Duisburg-Essen supported the research (https://
www.uni-due.de/med/forschung/forschungsfoerderung/ifores-
programm). The funders had no role in study design, data col-
lection and analysis, decision to publish, or preparation of the 
manuscript.

REFERENCES

1.	Maak TG, Grauer JN. The contemporary treatment of odon-
toid injuries. Spine (Phila Pa 1976) 2006;31(11 Suppl):S53-60.

2.	Anderson LD, D’Alonzo RT. Fractures of the odontoid pro-
cess of the axis. J Bone Joint Surg Am 1974;56:1663-74.

3.	Hadley MN, Dickman CA, Browner CM, et al. Acute axis 
fractures: a review of 229 cases. J Neurosurg 1989;71(5 Pt 
1):642-7.

4.	Pepin JW, Bourne RB, Hawkins RJ. Odontoid fractures, with 
special reference to the elderly patient. Clin Orthop Relat 
Res 1985;(193):178-83.

5.	Clark CR, White AA 3rd. Fractures of the dens. A multicenter 
study. J Bone Joint Surg Am 1985;67:1340-8.

6.	Müller EJ, Wick M, Russe O, et al. Management of odontoid 
fractures in the elderly. Eur Spine J 1999;8:360-5.

7.	Ryan MD, Taylor TK. Odontoid fractures in the elderly. J 
Spinal Disord 1993;6:397-401.

8.	United Nations, Department of Economic and Social Affairs, 



Treatment of Odontoid Type II Fractures in OctogenariansGembruch O, et al.

https://doi.org/10.14245/ns.1836250.125366  www.e-neurospine.org

Population Division, (2015). World Population Ageing 2015 
(ST/ESA/SER.A/390).

9.	Robinson AL, Möller A, Robinson Y, et al. C2 fracture sub-
types, incidence, and treatment allocation change with age: 
a retrospective cohort study of 233 consecutive cases. Biomed 
Res Int 2017;2017:8321680.

10.	Frangen TM, Zilkens C, Muhr G, et al. Odontoid fractures 
in the elderly: dorsal C1/C2 fusion is superior to halo-vest 
immobilization. J Trauma 2007;63:83-9.

11.	Schoenfeld AJ, Bono CM, Reichmann WM, et al. Type II 
odontoid fractures of the cervical spine: do treatment type 
and medical comorbidities affect mortality in elderly patients? 
Spine (Phila Pa 1976) 2011;36:879-85.

12.	Gembruch O, Lemonas E, Ahmadipour Y, et al. Nonopera-
tive management of C-2 dens fractures: single center experi-
ence and review of the literature. Clin Neurol Neurosurg 
2018;169:166-73.

13.	Vieweg U, Schultheiss R. A review of halo vest treatment of 
upper cervical spine injuries. Arch Orthop Trauma Surg 
2001;121:50-5.

14.	Waqar M, Van-Popta D, Barone DG, et al. External immo-
bilization of odontoid fractures: a systematic review to com-
pare the halo and hard collar. World Neurosurg 2017;97: 
513-7.

15.	Owens WD, Felts JA, Spitznagel EL Jr. ASA physical status 
classifications: a study of consistency of ratings. Anesthesi-
ology 1978;49:239-43.

16.	Robinson AL, Olerud C, Robinson Y. Epidemiology of C2 
fractures in the 21st century: a national registry cohort study 
of 6,370 patients from 1997 to 2014. Adv Orthop 2017;2017: 
6516893.

17.	Julien TD, Frankel B, Traynelis VC, et al. Evidence-based 
analysis of odontoid fracture management. Neurosurg Fo-
cus 2000;8:e1.

18.	Joaquim AF, Patel AA. Surgical treatment of Type II odon-
toid fractures: anterior odontoid screw fixation or posterior 
cervical instrumented fusion? Neurosurg Focus 2015;38:E11.

19.	Iyer S, Hurlbert RJ, Albert TJ. Management of odontoid frac-
tures in the elderly: a review of the literature and an evidence-
based treatment algorithm. Neurosurgery 2018;82:419-30.

20.	Butler JS, Dolan RT, Burbridge M, et al. The long-term func-
tional outcome of type II odontoid fractures managed non-
operatively. Eur Spine J 2010;19:1635-42.

21.	Schatzker J, Rorabeck CH, Waddell JP. Fractures of the dens 
(odontoid process). An analysis of thirty-seven cases. J Bone 
Joint Surg Br 1971;53:392-405.

22.	Ryan MD, Taylor TK. Odontoid fractures. A rational approach 
to treatment. J Bone Joint Surg Br 1982;64:416-21.

23.	Andersson S, Rodrigues M, Olerud C. Odontoid fractures: 
high complication rate associated with anterior screw fixa-
tion in the elderly. Eur Spine J 2000;9:56-9.

24.	Seybold EA, Bayley JC. Functional outcome of surgically 
and conservatively managed dens fractures. Spine (Phila Pa 
1976) 1998;23:1837-45.

25.	Molinari WJ 3rd, Molinari RW, Khera OA, et al. Functional 
outcomes, morbidity, mortality, and fracture healing in 58 
consecutive patients with geriatric odontoid fracture treated 
with cervical collar or posterior fusion. Global Spine J 2013; 
3:21-32.

26.	Ardeshiri A, Asgari S, Lemonas E, et al. Elderly patients are 
at increased risk for mortality undergoing surgical repair of 
dens fractures. Clin Neurol Neurosurg 2013;115:2056-61.

27.	Smith HE, Kerr SM, Maltenfort M, et al. Early complications 
of surgical versus conservative treatment of isolated type II 
odontoid fractures in octogenarians: a retrospective cohort 
study. J Spinal Disord Tech 2008;21:535-9.

28.	Vaccaro AR, Kepler CK, Kopjar B, et al. Functional and qual-
ity-of-life outcomes in geriatric patients with type-II dens 
fracture. J Bone Joint Surg Am 2013;95:729-35.

29.	Chapman J, Smith JS, Kopjar B, et al. The AOSpine North 
America Geriatric Odontoid Fracture Mortality Study: a 
retrospective review of mortality outcomes for operative 
versus nonoperative treatment of 322 patients with long-
term follow-up. Spine (Phila Pa 1976) 2013;38:1098-104.

30.	Schroeder GD, Kepler CK, Kurd MF, et al. A systematic re-
view of the treatment of geriatric type II odontoid fractures. 
Neurosurgery 2015;77 Suppl 4:S6-14.

31	 Robinson Y, Robinson AL, Olerud C. Systematic review on 
surgical and nonsurgical treatment of type II odontoid frac-
tures in the elderly. Biomed Res Int 2014;2014:231948.

32.	Bhanot A, Sawhney G, Kaushal R, et al. Management of odon-
toid fractures with anterior screw fixation. J Surg Orthop 
Adv 2006;15:38-42.

33.	Fountas KN, Kapsalaki EZ, Karampelas I, et al. Results of 
long-term follow-up in patients undergoing anterior screw 
fixation for type II and rostral type III odontoid fractures. 
Spine (Phila Pa 1976) 2005;30:661-9.

34.	McCullen GM, Garfin SR. Spine update: cervical spine in-
ternal fixation using screw and screw-plate constructs. Spine 
(Phila Pa 1976) 2000;25:643-52.

35.	Majercik S, Tashjian RZ, Biffl WL, et al. Halo vest immobili-
zation in the elderly: a death sentence? J Trauma 2005;59:350-6.



Treatment of Odontoid Type II Fractures in OctogenariansGembruch O, et al.

https://doi.org/10.14245/ns.1836250.125 � www.e-neurospine.org   367

36.	Sime D, Pitt V, Pattuwage L, et al. Non-surgical interventions 
for the management of type 2 dens fractures: a systematic 
review. ANZ J Surg 2014;84:320-5.

37.	Mekata K, Takigawa T, Matsubayashi J, et al. The effect of 
the cervical orthosis on swallowing physiology and cervical 
spine motion during swallowing. Dysphagia 2016;31:74-83.

38.	Morishima N, Ohota K, Miura Y. The influences of Halo-
vest fixation and cervical hyperextension on swallowing in 

healthy volunteers. Spine (Phila Pa 1976) 2005;30:E179-82.
39.	Carrión S, Cabré M, Monteis R, et al. Oropharyngeal dys-

phagia is a prevalent risk factor for malnutrition in a cohort 
of older patients admitted with an acute disease to a general 
hospital. Clin Nutr 2015;34:436-42.

40.	Leibovitz A, Baumoehl Y, Lubart E, et al. Dehydration among 
long-term care elderly patients with oropharyngeal dyspha-
gia. Gerontology 2007;53:179-83.


