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Odontoid fractures: Characteristics and outcomes
from a single-center retrospective study
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ABSTRACT

Introduction: Odontoid fractures represent a clinically significant subset of cervical spine injuries, with an
increasing incidence among the elderly population. Understanding their demographic characteristics, fracture
subtypes, and treatment outcomes is crucial for optimizing management strategies and guiding prevention
efforts.

Methods: This retrospective study included 65 patients with odontoid fractures treated between 2018 and 2023
at a tertiary neurosurgical center. Fractures were classified according to the Anderson and D’Alonzo system
and further subclassified using the Grauer classification for Type II fractures. Clinical data, including age,
mechanism of injury, fracture subtype, treatment modality, and radiologic outcomes, were analyzed.

Results: The mean age of the cohort was 61.9 years, with 56.9% of patients aged >65 years. Low-energy ground-
level falls were the most common mechanism of injury (50.7%), occurring predominantly in elderly patients.
According to the Anderson and D’Alonzo classification, Type II fractures were the most frequent (53.8%),
followed by Type III (44.6%). Among Type II fractures, 82.5% were Type IIB. Surgical treatment was performed in
33.8% of cases—most commonly anterior odontoid screw fixation—while 66.2% were managed conservatively.
CT-based follow-up (n=42) demonstrated an overall osseous union rate of 76.1%. Fusion was achieved in 84.2%
of surgically treated and 69.5% of conservatively treated patients. Patients younger than 65 years had a higher
fusion rate (81.8%) compared with older patients (70%).

Conclusion: Odontoid fractures are predominantly geriatric injuries, most often resulting from low-energy
ground-level falls. Type II fractures, particularly the IIB subtype, remain the most common and carry a higher
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risk of nonunion. Surgical fixation provides superior fusion rates compared to conservative treatment. These
results emphasize the importance of patient-specific management and suggest that future studies should further
refine treatment algorithms in light of evolving surgical techniques and demographic trends.

Keywords: odontoid fracture, C2 fracture, cervical spine, surgical fixation, osseous union

0z
Giris: Odontoid kiriklari, servikal omurga yaralanmalarinin klinik acidan 6nemli bir alt grubunu olusturmakta
olup ozellikle yash popiilasyonda goriilme siklhigl giderek artmaktadir. Demografik 6zelliklerin, kirik alt

tiplerinin ve tedavi sonuclarinin anlagilmasy; hasta yonetiminin optimize edilmesi ve koruyucu stratejilerin
gelistirilmesi acisindan 6nemlidir.

Yontemler: Bu retrospektif calismaya, 2018-2023 yillar1 arasinda Uclncii basamak bir beyin cerrahisi
merkezinde tedavi edilen 65 odontoid kirikli hasta dahil edildi. Kiriklar, Anderson ve D’Alonzo siniflamasina
gore degerlendirildi; Tip II kiriklar ayrica Grauer siniflamasi kullanilarak alt gruplara ayrildi. Yas, travma
mekanizmasi, kirik alt tipi, tedavi yontemi ve radyolojik sonugclar gibi klinik veriler analiz edildi.

Bulgular: Hastalarin ortalama yasi 61,9 yil olup, olgularin %56,9’u >65 yasindaydi. En sik travma mekanizmasi,
ozellikle yagli hastalarda gorilen disik enerjili kendi seviyesinden diismelerdi (%50,7). Anderson ve
D’Alonzo siniflamasina gore en sik Tip II kiriklar (%53,8) saptanirken, bunu Tip III kiriklar (%44,6) izledi.
Tip II kiriklarin %82,5’i Tip IIB alt grubundaydi. Hastalarin %33,8’ine cerrahi tedavi uygulanmis olup, en sik
tercih edilen yontem anterior odontoid vida fiksasyonuydu. Hastalarin %66,2’si ise konservatif olarak tedavi
edildi. Bilgisayarh tomografi ile yapilan takiplerde (n=42) fiizyon orani %76,1 olarak bulundu. Cerrahi tedavi
uygulanan hastalarda flizyon orani %84,2 iken, konservatif tedavi edilenlerde %69,5 idi. Flizyon orani, 65 yas
alt1 hastalarda (%81,8) yash hastalara (%70) kiyasla daha ytiksek bulundu.

Sonug: Odontoid kiriklari, cogunlukla diisiik enerjili kendi seviyesinden diismeler sonucu gelisen geriatrik
yaralanmalardir. Ozellikle Tip IIB alt tipi olmak {izere Tip II kiriklar en sik gériilen kirik grubunu olusturmakta
ve daha yuksek flizyon gelismeme riski tagimaktadir. Cerrahi fiksasyon, konservatif tedaviye kiyasla daha
yuksek flizyon oranlari saglamaktadir. Bu ¢alismadan elde edilen bulgular, hastaya 6zel tedavi yaklagimlarinin
Onemini vurgulamakta ve gelecekteki calismalarin, gelisen cerrahi teknikler ve degisen demografik egilimler
15181nda tedavi algoritmalarini daha da netlestirmesi gerektigini gostermektedir.

Anahtar Kelimeler: odontoid kiriklari, C2 kir1g1, servikal omurga, cerrahi fiksasyon, fiizyon
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Introduction

The odontoid process of C2 plays a key role in
atlantoaxial biomechanics, and fractures of this
region represent a clinically important subgroup
of cervical trauma.! Odontoid fractures constitute
nearly one-fifth of all cervical spine fractures in
adults and are the most common fracture subtype
in the elderly population (> 65 years).>®* These
fractures demonstrate a bimodal age distribution,
with  high-energy
motor vehicle collisions—predominating in
younger individuals, and low-energy falls being
more frequent in elderly patients due to age-

trauma—most commonly
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related bone density loss and degenerative
changes. Improvements in road safety and
vehicle engineering have reduced high-energy
cervical trauma in younger populations, whereas
population aging, particularly in Europe, has
contributed to a rise in osteoporotic cervical spine
injuries among older adults. 5¢

The choice of treatment is influenced by several
factors, including fracture morphology, patient
age, comorbidities, and the extent of displacement.
treatment generally
external immobilization using a rigid cervical
collar or halo vest and is preferred in fracture

Conservative involves
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patterns considered biomechanically stable.
Surgical intervention, on the other hand, may
be required in unstable configurations or when
the likelihood of nonunion is high. Techniques
such as anterior odontoid screw fixation or
posterior C1-C2 fusion can be selected based on
the patient’s clinical profile and specific fracture
characteristics.”®

The aim of this study is to evaluate the distribution
of odontoid fracture subtypes and to analyze age-
and etiology-related subgroup patterns. A clearer
understanding of these distributions may support
the development of more precise treatment
strategies and targeted prevention measures.
Identifying variations in fracture characteristics
across different patient groups can also provide
useful guidance for clinical decision-making.
Furthermore, continued monitoring of these
demographic trends will help clinicians adjust
their management approaches in parallel with the
evolving needs of an aging population.

Material and Methods

This retrospective study included patients who
werediagnosedwithodontoid fracturesand treated
between 2018 and 2023 at a tertiary neurosurgical
center. Electronic medical records were reviewed
to identify all patients who presented with a C2
fracture during this period. Patients with non-
odontoid C2 fractures and fractures secondary
to oncologic etiologies were excluded from the
analysis. Demographic variables, mechanism of
injury, fracture subtype, and treatment modality
were recorded retrospectively.

All patients underwent cervical CT (computed
tomography) imaging at presentation. Odontoid
fractures were independently evaluated and
classified by two experienced neurosurgeons
according to the Anderson and D’Alonzo
classification. Type II fractures were additionally
subclassified using the Grauer system.>!° In cases
of disagreement, a consensus was reached through
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joint review. The minimum intended radiologic
follow-up target was >12 months.

The final radiologic outcome was evaluated
using cervical CT. Osseous union was defined
as restoration of cortical continuity and visible
trabecular bridging across the fracture line on
CT. Absence of these findings was considered
nonunion.

Results

A total of 110 patients with C2 fractures were
evaluated in our clinic between 2018 and 2023.
Among them, 65 patients (59%) had odontoid
fractures and were included in the final analysis.
The mean age of these patients was 61.9 years
(range: 15-100), and 37 patients (56.9%) were >65
years old. The most common trauma mechanism
was low-energy trauma. Falls from the ground
level were observed in 33 patients (50.7%),
followed by motor vehicle accidents in 21 patients
(32.3%), falls from height in 7 patients (10.7%),
diving injuries in 2 patients (3%), and other causes
in 2 patients (3%). Only 3 of the 33 ground-level
fall patients (9.09%) were younger than 65 years.

According to the Anderson and D’Alonzo
classification, 1 patient (1.53%) had type I, 35
patients (53.84%) had type II, and 29 patients
(44.61%) had type III fractures (Figure 1). Based on
the Grauer subclassification of type II fractures, 3
patients (8.5%) were type II A, 29 patients (82.5%)
were type II B, and 3 patients (8.5%) were type II
C (Table 1).

Table 1. Distribution of odontoid fractures according
to the Anderson-D’Alonzo and Grauer classifications

Fracture Type n %
Type I 1 1.53
Type II 35 53.84
ITIA 3 8.57
1B 29 82.85
IIC 3 8.57
Type III 29 44.61
Total 65 100
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Figure 1. Odontoid fracture types according to the Anderson and D’Alonzo classification. (A) Type I: avulsion
fracture at the tip of the odontoid. (B) Type II: fracture at the base of the odontoid. (C) Type III: fracture extending
into the body of C2.

Amongthe 65 odontoid fracture patients, 22 (33.8%)
underwent surgical treatment, and 43 (66.2%)
were treated conservatively (Table 2). Surgical
intervention was performed in 20 of 35 type II
fractures (60%) and in 3 of 29 type III fractures
(10.35%). One patient with a type I fracture
received conservative treatment.

Among surgically treated patients, 13 (59%)
underwent anterior odontoid screw fixation
(Figure 2), 7 patients (31.8%) underwent posterior
C1-C2 fusion (Figure 3), and 2 patients (9%) were
managed with combined anterior + posterior
approaches (Table 2).

The final radiologic outcome was evaluated using
cervical CT at a minimum of 12-month follow-up.
Six patients who died within the first year of follow-
up, as well as seventeen patients who could not be
reached at the 1-year control visit, were excluded
from the fusion outcome assessment. Therefore,
CT-based fusion analysis was performed on 42
patients with available radiologic follow-up.

Among 42 odontoid fracture patients with
assessable CT follow-up, union was observed in
32 patients (76.1%) and nonunion in 10 patients

20

(23.9%). By fracture subtype, union occurred in
1/1 (100%) type I, 16/23 (69.5%) type II (2/2 type
I1A, 12/19 type IIB, 2/2 type IIC), and 15/18 (83.3%)
type III fractures. When stratified by treatment,
CT-based union was achieved in 16/19 surgically
treated patients (84.2%) and 16/23 conservatively
treated patients (69.5%).

Age stratification demonstrated that union was
achieved in 18/22 (81.8%) patients younger than
65 years, compared with 14/20 (70%) in patients
aged >65 years.

Table 2. Distribution of treatment modalities and
surgical techniques in patients with odontoid fractures

Parameter n %
Total patients 65 100
Surgical treatment 22 33.8
Conservative treatment 43 66.2
Type II fractures operated 20/35 571
Type III fractures operated 3/29 103
Type I fractures operated 0/1 0
Surgical techniques (n = 22)
Anterior odontoid screw fixation 13 59.0
Posterior C1-C2 fusion 7 31.8
Combined approach 2 9.1
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Figure 2. (A) Preoperative sagittal CT showing a Type IIB odontoid fracture. (B) Postoperative CT image
after anterior odontoid screw fixation.

Figure 3. (A) Preoperative sagittal CT showing a Type IIB odontoid fracture. (B) Postoperative lateral
cervical radiograph demonstrating C1-C2 posterior arthrodesis.
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Discussion

The findings of this study reinforce the growing
recognition that odontoid fractures represent a
predominantly geriatric injury pattern. The mean
age of the cohort was 61.9 years, and more than
half of the patients were aged >65 years, reflecting
the high prevalence of these injuries among older
adults. In contrast to the high-energy trauma
mechanisms typically observed in younger
adults, low-energy ground-level falls were the
predominant cause of odontoid fractures among
elderly patients in our series, accounting for 91% of
cases. This trend is consistent with the age-related
shift toward low-energy trauma mechanisms
reported in the literature and likely reflects the
combined impact of frailty and postural instability,
highlighting the need for targeted fall-prevention
strategies and heightened clinical awareness in
this population.*12

In our cohort, Type II fractures constituted the
majority of odontoid injuries, followed by Type III
fractures, a distribution consistent with previous
epidemiological studies.*'** The predominance
of Type II fractures reflects the intrinsic
biomechanical weakness of the odontoid base,
where cortical support is limited and vascularity is
reduced.® According to the Grauer classification,
most Type II fractures in our series were identified
as the IIB subtype. In our series, approximately
one-third of all odontoid fractures and 60% of
Type II fractures were managed surgically, most
commonly with anterior odontoid screw fixation.

The overall osseous union rate in our study was
76.1%, which is in line with the outcomes reported
in the literature.>'®® Surgical management
resulted in higher fusion rates than conservative
treatment (84.2% vs. 69.5%), supporting the view
thatinternal fixationenhancesmechanical stability
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and facilitates bone healing. Most nonunion cases
were observed in Type II fractures, reflecting their
biomechanical susceptibility to instability. Age
also appeared to influence healing potential, as
osseous union was achieved in 81.8% of patients
younger than 65 years compared with 70% in
older patients. Overall, these results suggest that
fracture configuration and patient characteristics
are key determinants of fusion outcomes.

This study has certain limitations that should
be acknowledged. Its retrospective and single-
center design may limit the generalizability of
the results. Nevertheless, the present findings
provide valuable insight into the demographic
characteristics, fracture distribution, and
treatment outcomes of odontoid fractures across
different age groups. The results emphasize the
importance of individualized treatment strategies
that consider patient age and fracture morphology
and highlight the need for prospective multicenter
studies to further refine management algorithms.
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