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Abstract

Incidence of upper cervical vertebra injuries in elder population augments in accordance with the
increase in mean life expectancy of the general population. These injuries can be easily misdiagnosed
since they can be caused by low-accelerated traumas due to the osteo-degenerative changes in elderly
patients, and with generally no neurological findings. Odontoid fractures are the most common among
these injuries. Treatment algorithms of odontoid fractures are not still well established because of pre-
existed co-morbidities and high rates of morbidity and mortality in older individuals.
We have retrospectively evaluated 16 cases admitted to our clinic in last 3 years, which were older than
65 years of age and which have been diagnosed with C2 fractures. In 13 of these cases (81.3%) odontoid
fractures (10 cases with type II and 3 cases with type III), in 2 cases (12.5%) lateral mass fractures and 1
pars interarticularis fracture were identified. 14 of the patients (87.5%) were treated with medical
corsets (7 Halo vests, 7 Minerva braces) and 2 patients (12.5%) had undergone surgery. All patients who
had rigid cervical immobilization (RCI) were discharged in cured conditions whereas 2 patients, who
were treated with surgical intervention, had died in early post-operative period. In patients with RCI
bone fusion rate was 63.6% and recovery with stable fibrosis rate was 36.4% for odontoid fractures. At
the end of the medical corset application period, all patients were checked with dynamic X-ray imaging
and in an unrelated manner to the bone fusion rates no instability, greater than 1 mm, was determined.
In the mean follow-up period of 30 months, no complications were seen after the medical corset
application for stabilizations. Therefore, we have the conclusion that in patients from the older
population, with no certain indications for surgery, a suitable RCI should be tried at first, and recovery
with a stable fibrosis can be adequate for this patient group.

Keywords: Cervical, Odontoid, Fracture, Stabilization.
Accepted on June 24, 2016

Introduction
Incidence of upper cervical vertebra injuries in elder
population augments in accordance with the increase in mean
life expectancy of the general population [1]. Upper cervical
injury rate in the geriatric population is reported as 69%,
whereas in younger population it is 36% according to the
literature [2]. And even according to the publication of Daniels
et al. in patients older than the age of 84, in 2014, the number
of C2 fractures was reported to increase 3 times in the period
of 2000-2010; and the expenditures caused by those injuries
were also raised 4.7 times and reached up to 1.5 billion USD
[3]. In upper cervical injuries which are not so rare to see in
elderly population, Type II odontoid fractures are the most
common to occur [4,5]. This kind of fractures which are
originated from osteopenia of the joints of upper cervical
vertebrae, can be seen easily after low-energy traumas, like
mild hyperextension-hyper flexion forces, due to high-mobility
of this region and more frequent degenerative changes in older
ages [6-8]. In small series of Lakshmanan et al. a possible
relation between upper cervical spinal degeneration and type II

odontoid fractures has been published [9]. After this kind of
low-energy traumas majority of the patients remain
neurologically intact and because of the anterior and posterior
degenerative changes, standard X-rays are insufficient for
diagnosis; therefore these fractures can be easily misdiagnosed
[10,11].

Saltzherr et al. divided their patients with cervical injuries into
low-risk and high-risk groups; and if the patient was older than
64 years of age, the patient was directly classified as high-risk
and the need for a detailed work up was underlined [12]. Also
it is known that if this kind of a fracture is left undiagnosed it
may have consequences with very severe disabilities which can
even lead to mortality. Therefore in this age group of patients,
many of the authors suggest to have a CT-scan if the patient
describes any pain in the neck region, independently from the
severity of the trauma [12]. But routine MRI scanning is still
debatable in upper cervical injuries [12]. Modern day's most
sensitive method of imaging for soft tissue injuries in upper
cervical spine is accepted to be the MRI, as also shown in the
meta-analysis of Muchow et al. In addition it is the only way to
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have an image for the spinal cord [13]. Even though cervical
MRI provides very valuable information about the ligament
and spinal cord status, bone marrow oedema, and the disc
space evaluation it has limited sensitivity in diagnosing bone
tissue and its fractures; and since it is not superior to CT in
bone pathologies, a correlated benefit together with CT scan is
suggested for the usage of MRI [12].

Because of the high prevalence of co-morbidities, high risk of
morbidity and mortality rates in every treatment option and the
medical fragility of the elderly population; a treatment
algorithm is not well established yet [14].

In recent neurosurgical practice for the treatment of this kind of
fractures, rigid cervical collar immobilization (if reduction is
needed Halo vest or an equivalent management; if no reduction
is needed Minerva brace e.g.) or surgical options (anterior
odontoid screwing or posterior occipitocervical stabilization)
are preferred. But every treatment option has its own problems
or complications, for sure. Therefore, the treatment option
which is chosen should aim to cure the patient with minimal
challenges.

Hereby, we have evaluated the outcomes, complications and
treatment options of 16 cases with C2 fractures in a 3-year
period at our clinic.

Material and Methods

Patient population
Following the institutional ethical committee approval, 97
patients with cervical fractures and/or dislocation, in the period
of 2011-2014, were evaluated. Patients older than 64 years of
age and diagnosed with C2 fractures after cervical trauma were
included; and finally 16 patients were studied according to
their diagnoses, treatment options, co-morbidities and
treatment outcomes as shown in Table 1.

Table 1. Demographic information for the patients.

Total number of cases 16 (100%)

Mean age 77.2 (65-91)

Gender

Male 9

Female 7

Co-morbidities

Diabetes 5

Hypertension 16

Dementia 3

Coronary artery disease 5

Osteoporosis 7

Hyperthyroidism 1

Chronic kidney failure 1

COPD 5

Rheumatoid arthritis 3

Mechanisms

Fall 11 (68.7%)

Motor vehicle accident 5 (31.25%)

Type of fractures

Odontoid fracture 13 (81.3%)

Odontoid type II 10 (76.9%)

Odontoid type III 3 (23.1%)

Lateral mass fracture 2 (12.5%)

Pars interarticularis fracture 1 (6.2%)

Combined fractures (Odontoid + C1) 5

Average fracture displacement 4.2 mm (+2.4 mm)

Neurological conditions

Neurologically intact cases 14 (87.5%)

Quadriparesis 2 (12.5%)

Data collections and statistical analysis
All data about main demographics of the patients and medical
histories (age, gender; presence of diabetes, hypertension,
hyperlipidaemia, coronary artery disease, chronic obstructive
pulmonary disease, osteoporosis and history of dementia),
mechanisms of injuries, pre-operative and post-operative
imagings and complications were collected from patient
records.

All diagnostic decisions, treatment options and outcomes were
evaluated by the same spinal surgery team as shown in Table 2.

Table 2. Treatment and results.

Non-Surgical 14 (87.5%)

Halo vest 7

Minerva brace 7

Surgical 2 (12.5%)
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Posterior occipitocervical stabilization 2

Anterior odontoid screw fixation -

Mean follow-up period (after medical corset application) 30 months

Total recovery with bone fusion 10 (71.4%)

Odontoid fracture bone fusions 7 (63.6%) 4 halo vest (66.6%), 3 Minerva brace (33.4%)

Lateral mass fracture bone fusions 2 (Minerva brace 100%)

Pars interarticularis fractures bone fusions 1 (Minerva brace 100%)

Odontoid fracture recovery with stable fibrosis 4 (36.4%) 3 halo vest (75%), 1 Minerva vest (25%)

Instability greater than 1 mm on dynamic X-ray -

Cure (all patients with RCI) 14

Exitus (operated patients) 2

Results
In a period of 3 years, 16 (16.4%) of the 97 patients; who were
over the age of 64, hospitalized and treated in our clinic for
upper cervical injury, had full filled the inclusion criteria. In
radiographies of all cases over the age of 64, with upper
cervical injuries, osteodegenerative changes were seen in
different aspects; therefore, it was hard to conclude a diagnosis
just by the result of an X-ray. So patients who defined neck
region pain or suspected of cervical trauma, were evaluated
with cervical CT scans in addition to radiographies; also 8
patients had cervical MR imagings.

Figure 1a. Hangman fracture Type-I; 1b. Sagittal view, Ct
section; 1c. Dynamic X-ray.

In odontoid fractures Anderson and D'Allonzo criteria and in
Hangman fractures Levine classification criteria were used
[15,16]. 16 patients over the age of 64, with C2 fractures, 10
patients had Type II (62.5%), 3 patients had Type III (18.7%)
odontoid fractures, totally 13 patients with odontoid fractures
were identified. Out of 16 patients, 2 (12.5%) cases had lateral
mass fractures and 1 had bilateral isthmic fracture Levine
(modified Effendi) classification, Hangman fracture Type-I as
shown in Figures 1a, 1b and 1c. 5 of the cases (31.2%) had
accompanying C1 fractures.

11 cases (67.8%) had incidents, which can be defined as
simple-falls, with low-energy traumas. Only in 2 cases (12.5%)
neurological deficits (quadriparesis, difficulty in swallowing)
were detected. Rest of the patients was neurologically intact
except the complaint of neck region pain as shown in Table 1.

Rigid cervical immobilization was performed for the
neurologically intact 14 patients (87.5%). In 7 cases which had
dislocation above 4.5 mm or angulations, correction was
needed; so those cases were treated with Halo vest
immobilization as shown in Figure 2a.

Figure 2a. Dislocation on sagittal view, CT section.
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In cases with Type II and III odontoid fractures with a
dislocation measurement below 4.5 mm or had no angulations;
and in C2 lateral mass and isthmic fractures, RCI was
performed with Minerva braces. All RCI performed patients
were discharged with recovery. Halo vests and Minerva braces
were used for 12-weeks duration. Complications were
observed in 2 Halo vest patients (14.3%). In one patient (7.1%)
due to pin site infection the pin had to be replaced. The other
patient (7.1%) had intolerance to the Halo vest; therefore,
Minerva brace was used instead in the second week as shown
in Figure 2b.

Figure 2b. After Halo vest application, 1-month follow-up, sagittal
view, CT section.

Figure 2c. Dynamic X-ray, 2-years follow-up, no bone fusion,
no instability.

For the next four weeks, patients were followed with
Philadelphia corsets and then without corsets. All cases, which
have treated with corset implementation, were controlled with
dynamic X-rays at the end of the treatment period, at the 4th

month. No instabilities over 1 mm were observed in any cases,
with or without bone fusion as shown in Figure 2c.

In our study with a mean follow-up period of 30 months; 7
cases of the 11 patients, who had odontoid fractures and treated
with RCI, were observed to have bone fusion (63.6%). Bone
fusions were obtained in 4 Halo vest immobilizations (66.6%)
and in 3 Minerva brace immobilizations (33%). And in the rest

of the cases-2 with lateral mass fractures and 1 patient with
pars interarticularis fracture- RCI was achieved by Minerva
brace and bone fusion was observed in all three cases. In cases
with bone fusion the fact could have been observed after 6
months, in 7 cases. In other 4 cases with odontoid fractures,
which were treated with RCI, recovery on stable fibrosis was
noted as shown in Table 2 and Figure 2c.

Figure 3a. Type-II unstable odontoid fracture, MRI.

Figure 3b. Sagittal view, CT section.

One of the two cases with neurological deficits, who had
admitted to our hospital one month after the incident, was
undiagnosed at the first clinic that evaluated the patient; since
the patient had been noted as neurologically intact and no need
for further full scans was decided. The other patient with
neurological deficits describes a fall during a heart attack,
Type-II odontoid fracture could have occurred with this fall or
in intubation for resuscitation; when the patient gained
consciousness quadriparesis was realized. In those two cases of
Type II odontoid fractures (67 and 91 years old) who were
conscious, cooperative, had compression on spinal cord with
findings of quadriparesis and problems in swallowing; the
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posterior decompression and occipitocervical stabilization
surgery was performed as shown in Figures 3a, 3b and 3c.
Both patients died 1 month after the operation due to
pulmonary embolism.

Figure 3c. Occipitocervical stabilization.

Figure 4a. Uncertain fracture line, non-dislocated Type-II odontoid
fracture, sagittal view, CT section.

Discussion
As a result of the frequently seen osteodegenerative changes it
is hard to diagnose upper cervical region pathologies in elderly
population with plain X-rays. Additionally, land-marks needed
for diagnoses are disappeared, leading to challenges in
diagnosis [6]. Therefore, most of the authors suggest using
routine cervical CT scanning in upper cervical traumas of the
elderly population [1,2,17].

Having spinal MRI in routine evaluation for high-risk
comatose patients is debatable since its low sensitivity in bone

tissue imaging and due to the handicaps in monitoring the
patient, supplying life-support during the MRI and the
transportation. Even though the sensitivity rate of spinal CT-
scan is reported as 90-100% in some occasions low quality of
the images can end up with wrong or insufficient results which
may lead to misdiagnoses [18,19]. That's why especially in
patients with upper cervical risk and who are not in comatose
state, an MRI can supply additional benefits to CT scan. In a
couple of studies that were completed in patients with high-risk
classification regarding the spinal injury, spinal MRI was
found to detect extra lesions in 25% of the cases when
compared to CT scans; but those mentioned lesions were
defined not to have clinical importance [19,20]. However in
geriatric population, Lensing et al. declared that bone marrow
oedema in correlation with anamnesis and CT scans can be an
important indicator to diagnose the fractures [21]. It is known
that simple traumas with low-energy can even cause serious
results in geriatric population, so even in simple traumas
detailing the examinational options and verification of the
diagnosis is needed [6-8].

Figure 4b. Sagittal section view, fracture line, on MR T2 image.

Figure 4c. Sagittal section view, bone marrow oedema on odontoid
process, on MR T1 image.

Diagnoses of all cases in our series were confirmed with
cervical CT scans and additional MRI in 8 patients. During the
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acute trauma phase when MR imagings of 8 cases were
evaluated, MRI was found to be efficient in confirmation for
the diagnosis of odontoid fractures without dislocation as
shown in Figures 4a, 4b and 4c. Because in non-dislocated
fractures due to bone tissue artifacts-CT scanning can be
inefficient whereas cervical MRI can show findings like bone
marrow oedema in T1 sequences as shown in Figure 4c,
ligament ruptures, acute bleedings, etc. and therefore it
becomes possible to confirm the diagnosis of an odontoid
fracture.

In geriatric population odontoid fractures are the most common
upper cervical injuries and among those, Type II fractures are
the most frequent [4,5]. In our series odontoid fractures
compose 81.2% of the study population and 76.9% are seen to
be Type II fractures as shown in Table 1. Other fracture types
compose 18.8% of the population. According to Anderson and
D'Allonzo classification Type-II fractures are defined as the
rupture of the odontoid process from the junction of the skull
base; and complete stabilization is so important for the
treatment of these fractures [15,22].

Figure 5a. Dislocated Type-II odontoid fracture, sagittal view, CT
section.

In elderly population non-union rates for these fractures are
reported as 4-85% and mortality rates are reported as 10-57%
[7,23]. In meta-analysis by Harrop et al. non-union rates in
elderly population was reported as 78% [7,23]. Bone fusion
rate in surgical approach is reported to be higher (0% to 65%).
On the other hand, even in cases with anterior odontoid
screwing, which can achieve complete stabilization with high
bone fusion rates, mortality and morbidity ratios are reported to
remain too high [11]. In these cases bone fusion is important
for the safety of the patient whereas recovery with a stable
fibrosis is reported to be efficient in this age group [17,24]. In
Koech et al. series with 42 cases, non-union rate with Halo vest
was reported as 62.5% and 50% with other cervical
stabilizations. Also they claimed to achieve 100% stabilization
with Halo vest and 90% with other cervical immobilizations

according to the dynamic cervical X-rays [24]. In series of
Ryan et al. with 30 cases which had odontoid fractures that
were treated with rigid cervical immobilization, rates of non-
union were 77% but also they declared that no dislocations or
neurological deteriorations were detected in 30 months follow-
up period [17]. Similarly in their 55.5 months follow-up of 5
patients who were over the age of 81, had non-fused odontoid
fractures; Hart et al. reported that they have not observed any
myelopathies and dislocations greater than 1 mm, according to
dynamic X-ray images [25].

In our case series, bone fusion rate was 63.6% whereas stable
fibrosis union rate was 36.4% for odontoid fractures. Bone
fusion rate was partially in favour of Halo vest (66.6%) but it
should be kept in mind that dislocation rate was higher in Halo
vest application. So Halo vest can be argued to be better in
odontoid fractures. Also as mentioned above no instabilities
greater than 1mm was observed in 24 weeks follow up with
cervical dynamic lateral cervical radiographies. Additionally,
no neurological deterioration was reported in 30-months
follow-up in cases which had recovery with stable fibrosis as
shown in Figures 5a, 5b and 5c.

Figure 5b. After Halo vest application, 1-month follow-up, sagittal
view, CT section.

We do also think that in this age group union with stable
fibrosis is efficient for treatment, without any neurological
complications. But on the other hand many authors oppose
Halo vest option in geriatric population due to its low
tolerability and high frequent possible related pulmonary,
cardiac complications [26-29]. Similarly Taitsman et al.
reported that in patients with cervical spinal traumas, over the
age of 65, they had observed at least one complication in 55%
of the cases which were treated with Halo vest immobilization
[29]. Tashjian et al. concluded that, in their 78 cases odontoid
fracture series, Halo vest corset application had the highest
complication (66%) and mortality rates (42%) when compared
to the other treatment options [27]. In our study 7 (50%) cases
were treated with Halo vest and 7 (50%) were treated with
Minerva brace. In only 2 cases (14.3%) with Halo vest
application, complications have occurred. In one of those
mentioned two cases, replacement with Minerva brace was
carried out in the second week. And in the other patient pins
were displaced due to infection on pin site. In none of the
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patients with Minerva brace a serious problem was observed.
In accordance with the literature, when tolerance and
achievement in upper cervical fractures with Minerva was
evaluated, it was found to be high (6 fusions (85.7%) detected
in 7 Minerva applied patients). When only the odontoid

fractures were taken into account it was seen to be still
successful (3 bone fusions in 4 cases, 75%). But it should not
be omitted that in cases with Minerva braces, dislocation rates
were lower.

Figure 5c. Dynamic X-ray, 3-years follow-up, no bone fusion, no instability.

Treatment modality is so important in geriatric population
since they are so fragile and they have prevalent co-morbidities
[14]. Surgical indication is more preferable generally in
dislocations and in cases with high risk of instability and spinal
cord injury. Both in anterior and posterior approach of surgery,
very high rates of morbidity (10.3%-62.5%) and mortality
(0.0%-40%) are reported [30]. And also in meta-analysis of
White et al. rates for mortality, morbidity and early mortality in
hospitalization were declared as in order: 10.1%, 37.5%, and
6.2% [31]. In the retrospective study of Harris et al. in which
surgery performed and not performed patients were evaluated;
regardless of the treatment option preferred, it was reported
that as the age increases in the population mean mortality rate
also increases. But in the same study no significant difference
was observed between two treatment modalities (27% vs. 28%-
surgery vs. non-surgery). But also when the patients were
analysed according to the age-groups; in patients older than the
age of 85 and had surgery mortality rate was reported to
increase (56%) whereas it was reported to decrease (37%) in
patients which had been treated without surgery [32]. In the
retrospective cohort study of Smith et al. in octogenarians, who
had odontoid fractures, at least one important complication was
reported, which was found to be statistically significant, in
surgery performed group versus non-surgery group (62% vs.
35, respectively, p ≤ 0.05) [33]. Unfortunately, due to their bad
state of general situation and the burden of such a surgery; two
operated cases in our series were died because of pulmonary
embolism, in one-month period after the operation as shown in
Figures 3a, 3b and 3c).

Conclusion
Except from certain surgical indications, rigid cervical
immobilization should be considered in geriatric patients with
upper cervical trauma. Even in odontoid process fractured
patients, that bone fusion cannot be achieved, union with stable
fibrosis can be efficient. Giving support on cooperation can
positively affect the tolerance to the corset application and
success of the treatment. And the need to perform an operation,
if the non-invasive treatment options fail to treat the fracture,
should be explained to the patient in every aspect.
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