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Abstract

Objective: The aim of this study was to review the results of non-operative
treatment of odontoid fractures in Steve Biko Academic Hospital, Pretoria.
Methods: Records for all patients treated for odontoid fractures from 2008 to
2018 were reviewed. 28 patients met the study criteria. Demographic data,
mechanism of injury, associated injuries, neurology, imaging studies and
treatment were reviewed. Results: There were 23 males and 5 females. The
average age at presentation was 39.5 years. 25 patients were injured in road
traffic accidents. Associated injuries were present in 21 patients, mostly in-
volving the spine and head. 18 fractures were classified as Type II and 15 as
Type III. Fracture comminution (5), angulation (6) and translation (10) were
noted. Primarily treatment modalities were cones callipers, Philadelphia
collar or halo vest. Fracture union was assessed radiologically at 3, 6 and 9
months. Type II and III fractures had high union rates at 6 and 9 months.
Significantly displaced fractures had a statistically lower union rate (p =
0.0285) at 6 months. Conclusion: Minimally displaced odontoid Type II and
III fractures can be effectively treated non-operatively in young adults. Extent
of fracture displacement is the single important factor in non-union rate.
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1. Introduction

The second cervical vertebra is an important component of the cervical spine,

being responsible for most lateral rotation of the head. Even though the space
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available for the cord at this level is large, it is not always sufficient to avoid in-
jury to the cord. Odontoid fractures account for as much as 20% of all cervical
spine fractures. Their incidence increases significantly in elderly patients [1].
Anderson and D’Alonzo Type II fractures of the odontoid are the most com-
mon, being found in 65% to 74% of all cases [2]. Type III is the one most asso-
ciated with vertebral artery injury [3].

Recent studies have identified a decrease in osseous healing of odontoid frac-
tures with increasing age. Consequently, elderly patients have higher non-union
and mortality rates [4] [5]. Non-union has also been correlated with a fracture
gap more than 1 mm, posterior displacement more than 5 mm, delayed treat-
ment greater than 4 days and posterior re-displacement of more than 2 mm [6].

The extent of associated injuries is determined by the energy transfer and age
of the patient. Young patients usually sustain odontoid fractures from high
energy trauma, like motor vehicle accidents. Older patients experience low
energy deadly falls. Their advanced skeletal age with associated degeneration
predisposes them to serious associated injuries [7]. Both groups may have spinal
cord injuries leading to neurological fallout. Literature reports the rate of neu-
rological fallout between 0% and 27% [8] [9].

Data from the National Crash Severity Study showed a 40% mortality rate at
the crash scene in cervical spinal cord injury victims [8]. Elderly patients who
sustain cervical spine fractures after falls from a standing height have a mortality
of 24% - 26% [10].

Treatment for Type II odontoid fractures has historically been surgical for
young and non-operative for elderly patients. In non-operative treatment, Koech
et al. showed that both hard neck collar and halo vest treatment resulted in ra-
diographic healing. However, in both the rates of union were low [11]. It has
been shown that immobilisation with a halo vest provides more stability than a
hard neck collar [11] [12]. Close radiological follow-up is important in conserv-
ative management for early detection of worsening displacement [13].

Surgical treatment of type II fractures in the elderly does not negatively im-
pact survival [14]. It is also more cost-effective than conservative treatment in
this patient group. However, the advantage of surgery over nonsurgical man-
agement is lost as the patients age further, with studies placing the turn between
75 years and 84 years [15] [16]. Treatment with halo vest immobilisation is asso-
ciated with higher mortality in elderly than younger patients [17]. Knowledge of
factors associated with poor outcomes for conservative treatment raises the pos-
sibility to better stratify and manage patients. Careful patient selection for each
procedure is very important since the modifiers have a significant impact on
outcomes [18].

We undertook this study to review the results of non-operative treatment of
odontoid fractures in our institution. Our secondary aim was to identify the
demographic patterns of this injury in the population within the service area of

the hospital.
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2. Materials and Methods

This study was a retrospective review over eleven years, from January 2008 to
December 2018. It was conducted in the tertiary care orthopaedic unit at Steve
Biko Academic Hospital. All patients admitted to the orthopaedic unit for frac-
tures involving the axis and treated non-operatively were included in the study.
Patients treated surgically and those with axis fractures not involving the odon-
toid peg, incomplete clinical records or pathological fractures were excluded.
Demographic, clinical, treatment data was collected from patient files in hospital
records. Radiological data was collected from the hospital’s Picture Archiving
and Communication System (PACS).

The patient’s age at the time of injury, gender and pre-injury co-morbidities
were recorded. Neurological deficits and associated injuries on admission were
documented. Fracture pattern and displacement were evaluated on the initial ra-
diographs and computed tomography (CT) scans where applicable. On the basis
of this information, each fracture was classified according to the Anderson and
D’Alonzo classification of odontoid fractures. Fracture displacement was as-
sessed on three parameters as described by the Spine Trauma Study Group ‘e
translation, angulation and fracture gap. A tangent line is drawn along the ante-
rior aspect of the odontoid fragment and the anterior aspect of the C2 body. At
the level of the fracture, a transverse line is drawn connecting these 2 lines. This
distance is measured in millimetres and represents sagittal fracture translation.
A tangent line is drawn along the posterior aspect of the odontoid fragment and
the posterior aspect of the C2 body. The angle subtended by these lines would be
the degree of fracture angulation [19]. Significant displacement was defined as a
translation > 5 mm, fracture gap > 1 mm or angulation > 10° [6].

Treatment given and its duration was recorded. Fracture union was assessed
using radiographs or CT scans. Union was defined as stability on cervical spine
flexion extension radiographs, cross trabecular at the fracture site. A CT scan
was used in cases where the radiographs were inconclusive to evaluate callus
formation. Fracture union was evaluated at three, six and nine months. Length

of hospital stay was recorded.

3. Results and Statistical Analysis
3.1. Results

A total of 186 patients were treated during the period under review. The follow-
ing exclusion criteria were applied: cervical fractures not involving the odontoid,
patients with incomplete radiological or clinical records, pathological fractures
and patients treated surgically as shown in Figure 1. Of the 28 patients eligible
for the study, 23 were male and 5 were female. The mean age at presentation was
39.5 years (range 16 - 78 years). There was a bimodal distribution and most of
the patients were aged from 21 years to 40 years. This is illustrated in Figure 2.
Road traffic accidents accounted for 25 (89.3%) of the injuries and the remaind-

er were due to falls (n = 2), and unspecified mechanisms (n = 1).
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Figure 1. Study flow diagram.
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Figure 2. Age distribution.

Patients had the following pre-injury co-morbidities, hypertension, diabetes
mellitus, spondylosis, gout, HIV infection, alcoholism, bipolar mood disorder
and epilepsy. Associated injuries are shown in Table 1. Neurological deficits on
admission were present in 6 patients and could not be assessed in another 3.
These were due to associated head and other cervical spine injuries. Three of
these patients did not regain full neurology.

There were 15 patients classified as Type II and 13 as Type III. Surgical treat-
ment was administered in 5 patients (Type II - 3, Type III - 2), these were ex-
cluded. A decision to treat surgically was made in patients with significant frac-

ture displacement, a need for decompression or failed non-operative treatment.
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Table 1. Associated injuries by body region.

Body Region Patients
None 12 (36.4%)
Head 10 (30.3)
Chest 4 (12.1%)
Limbs 4 (12.1%)
Spine 18 (54.5%)

Cervical 11 (30%)
Thoracic 6 (5.5%)
Lumbar 1 (3.0%)

In the non-operative group 6 patients had fracture angulation between 9° and
12° and 10° patients had translation from 2 mm to 10 mm. Five of these patients
had a significant displacement and a further 5 had comminuted fractures.
Non-operative treatment consisted of a Philadelphia collar (3 patients), cones
callipers (18 patients) or a halo vest (7 patients) as the primary mode of treat-
ment for 6 weeks. This was followed by another 6 weeks of immobilisation in a
Philadelphia collar. The average length of stay in hospital was 38.36 days (range
2 - 168) for this group. Fracture union was assessed at 3, 6 and 9 months. Pa-

tients had to be pain-free before flexion extension radiographs could be done.

3.2. Statistical Analysis

Statistical analysis using the Fisher exact test showed a significant difference in
the union rate of significantly displaced fractures and those with an insignificant
displacement at 6 months as illustrated in Table 2. Table 3 and Table 4 show
that age and fracture classification did not have a significant effect on the union

rate.

4. Discussion

The results of this study show that both Type II and III odontoid fractures can
be effectively treated non-operatively. Good fracture union rates were achieved
at 6 and 9 months from the injury. Displacement of the odontoid fracture plays a
key role in determining union. Significantly displaced fractures have lower un-
ion rates than fractures with insignificant displacement. This was demonstrated
by a statistically significant p-value (0.0285) at 6 months. It is therefore impor-
tant to use established fracture displacement criteria to carefully select patients
who can be successfully treated non-operatively.

In our population group, there is a bimodal distribution of odontoid peg
fractures with the first peak among young adults and the second as expected in
the elderly. High energy trauma accounts for the first peak, especially road traffic
accidents. This mechanism of injury gives rise to odontoid fractures that are of-
ten associated with other injuries. Identifying the associated injuries, particularly

of the head and cervical spine is an important part of management since these
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Table 2. Displacement and Union.

Displacement
Months P value
Significant Insignificant
3 2/5 16/23 0.3150
6 3/5 22/22 0.0285
9 4/5 22/22 0.1852

Table 3. Age and Union.

Months >65y <65y P value
3 0/1 18/27 0.3571
6 1/1 25/26 1
9 1/1 25/26 1

Table 4. Classification and Union.

Months Type II Type III P value
3 10/15 8/13 1
6 13/14 13/13 1
9 13/14 13/13 1

are often responsible for the neurological deficits observed.

Treatment for Type I and III odontoid fractures is traditionally conservative.
Controversy remains in the treatment of Type II fractures. The trend is to surgi-
cally fix Type II fractures with associated instability or specific risk factors for
non-union [13]. Dynamic radiographs to assess instability in the acute setting
are not done in our institution as they carry a risk of further displacement. In
this study, the union rate for Type III fractures was high and consistent with li-
terature [9] [20] [21]. For Type II fractures our union rate was higher than the
rates reported in literature [9] [21] [22]. A high incidence of cervical spine frac-
tures among young adults is reported in literature, however the subaxial spine is
the area usually affected. The age distribution in this study is in line with the
study by Zusman et al. who also reported an adult bimodal distribution [1]. As-
sociation of odontoid fractures in young adults with high energy mechanisms is
widely reported in literature [1] [23].

Limitations of the study were the retrospective design, a small cohort and the
number of patients lost to follow up or due to incomplete records. A prospective
study with a longer follow up period and patient reported outcome measures

could add valuable information in future.

5. Conclusion

Type II odontoid fractures can be effectively treated non-operatively. Applying
displacement criteria is important in selecting patients for successful

non-operative treatment.
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