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Objective: To assess halo vest applications for type II and III odontoid fractures and to ascertain the radiological and clinical
outcomes of this approach.

Methods: A cross-sectional retrospective study was conducted by reviewing the medical charts of selected patients having type II and
III odontoid fractures who underwent halo vest treatment at the King Saud Medical City Orthopaedic Department. Radiographic
evaluations for the cervical spine (anterior-posterior, lateral, and open-mouth views) were used. Computed tomography scans were
used to delineate the extent of the fracture and to measure the magnitude of displacement, the degree of the angulation, the vertebrae
involved, and the fracture type.

Results: A total of 45 patients with odontoid fractures (55.6% of the patients with type II odontoid fractures and 44.4% of patients
with type III) received halo vest treatment. In the present study, in type II odontoid fractures, union was achieved in 15.6% of patients,
28.9% of patients had malunion and 11.1% had nonunion. In type III odontoid fractures, union cases comprised 15.6% of patients,
while malunion cases accounted for 28.9% of patients and nonunion cases were found in 4.4% of the patients.

Conclusion: The halo vest management for type II and III odontoid fracture requires a prolonged course of cervical immobilisation.
Multiple factors contribute to the alteration of the management protocol, patient adherence, and difficulties related to HV, and
a significant rate of reduction loss ultimately results in malunion or nonunion.
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Introduction

Despite being rare, cervical spine injuries can cause serious and protracted impairment. Seven vertebrae make up the
cervical spine, which contains and protects the spinal cord.' > Due to its structure and flexibility, the cervical spine is the
part of the spine that is most prone to injury. The most frequent sites of injury in the cervical spine are close to the second
cervical vertebra C2 (the axis) or in the region of C5, C6, and C7. The most frequent cause of cervical injuries is trauma,
which can result from sports-related or diving accidents, falls, penetrating or blunt trauma, or car accidents.*

The most frequent cervical spine fractures in the senior population, especially in individuals over 70 years, are
traumatic odontoid fractures.” Despite the rare incidence of spinal cord injury, more than 50% of patients who receive
halo vest immobilisation (HVI) for type II odontoid fractures have unstable fractures that are worsened by nonunion.'®
Avulsion fractures at the base have a higher rate of nonunion with nonsurgical therapy, while fractures of the tip are less
frequent but more stable.'' Posterior displacement of the odontoid process is more commonly associated with spinal cord
injury and is likely to result in nonunion.'>'* However, the ideal treatment for type II odontoid fractures is still
controversial and debatable Recent recommendations suggest that surgical intervention should be the main treatment
in such cases.'*

Perry and Nickel originally developed the halo cast in 1959 to treat cervical instability and other spinal
abnormalities.'> Thereafter, Blount modified it to the halo vest (HV).'®!” Although the HV has been conventionally
used in the treatment of type II odontoid fractures, a high number of complications from its use have been noticed.'*'*
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Limited studies have explored the radiological parameters of type II and III odontoid fractures and their affection in
union rate with HV treatment. In this study, we present the outcomes of HV management for type II and III odontoid
fractures in young individuals to ascertain the radiological and clinical outcomes of this approach. Furthermore, this
study aims to identify whether the displaced odontoid fractures are good candidates for the use of HV as a definitive
treatment method. We also seek to determine the main causes of acute and long-term complications.

Methods
Study Design
A cross-sectional retrospective study was conducted after evaluating the medical records of a sample of patients with

type II and type III odontoid fractures who had HV therapy in the King Saud Medical City Orthopaedic Department from
January 2014 to October 2017.

Inclusion and Exclusion Criteria

The inclusion criteria for this study comprised patients aged between 15 and 44 years with a diagnosis of type II or type
IIT odontoid fractures in which the traumatic mechanism of injury was caused by road traffic accidents or falls and which
were initially treated conservatively using an HV. A minimum of 12 months of follow-up was required and all the
patients included in the study attended follow-up in the orthopaedic clinic every two weeks after the surgery until the HV
was removed. Exclusion criteria included patients below 14 and above 45 years of age, patients who presented with
osteolytic lesions, a compression fracture, those who had a history of rheumatoid arthritis or any other inflammatory
disease that may lead to odontoid fractures, and patients who had undergone previous cervical spine fixation with a lack
of full postoperative follow-up and a lack of computed tomography (CT) scan evaluations of their results.

To allocate the patients to pretreated angulation or displacement groups, we conducted the analysis based on two main
domains, displacement type and angulation type, with three subcategories (union, malunion and nonunion), to see which
factors offered less stability during HV treatment and had a greater impact on union rate at the fracture level, leading to
malunion or nonunion (malunion means the fracture healed crookedly and nonunion means the fracture did not heal and
unite the bones).

Radiological Evaluation

None of the selected subjects in this study presented with neurological deficits. All the patients underwent an initial
radiographic evaluation of the cervical spine (anterior-posterior, lateral, and open-mouth view). Further evaluation using
CT scans was conducted to delineate the extent of the fracture, measure the magnitude of displacement, the degree of the
angulation, the vertebrae involved, and the fracture type.

The radiographic evaluation was made for all patients at scheduled follow-up appointments every two weeks for six
weeks to monitor the alignment of the odontoid process with the body of C2. Then, at 12 weeks, a CT scan was requested
to assess the union status. This series of follow-up X-ray and CT scan evaluations for a few cases from the periphery
were obtained at four, eight and 12 weeks. Results are archived on the institution’s system. Through follow-up and
radiograph results, we monitored the progress of the treatment by comparing pretreatment angulation and displacement to
the latest findings. All measurements were taken by two spine surgeons and were based on a CT scan mid-sagittal view
(see Figures 1-4).

We used the Smiley-Webster scale through structured telephone interviews to assess the clinical outcome as
a subjective response of the patient to grade their functional outcomes. Complications encountered during the treatment
period were ascertained from the patients’ hospital charts. Union status was assessed using a CT scan. The union criteria
were callus bridging without sclerotic edges or lysis at the centre and integrity of the anterior and posterior cortices.
Malunion was defined as odontoid fractures that ended with a complete union in angulation of more than 5 degrees and/
or displacement of more than 2 mm."? The anterior translation of the odontoid fracture fragment concerning the C2 or C3
vertebral body was referred to as displacement. Surgery to fuse the bones was advised whenever alignment or
displacement significantly deteriorated.
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Figure | Type Il odontoid fracture showing 37-degree posterior angulation.

Figure 2 Type Il odontoid fracture showing 4.4 mm anterior displacement.

Ethics Approval
This research has been approved by the institutional review board of the authors’ affiliated institutions (HAPO-01-R-011/
05-02-2019), which follows the rules of the National Committee of Bio-Ethics.
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Figure 4 Before HV application. Type Il odontoid fracture showing 13 mm anterior displacement.
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Statistical Analysis

Statistical Package for Social Science software, version 27, was used to analyse the data (IBM Corp, Armonk, NY, USA).
The patients’ characteristics were described using descriptive statistics. The frequencies and percentages for categorical
variables were presented. A Chi-squared test and Fisher’s test and their non-parametric equivalent tests were used to
compare proportions for categorical variables.

Results

A total of 45 patients with odontoid fractures were included in this study, of which 55.6% (n = 25) had type II odontoid fractures
and 44.4% (n = 20) had type III odontoid fractures. Gender and nationality were included in the data but were not significant in
the study. The vast majority of the participants (95.6%) were males. The vast majority (97.8%) of the odontoid fractures among
the study participants were caused by road traffic accidents, and only 2.2% were fall-related incidents. More than half of the
patients (55.6%) were between 15 and 24 years old. The mean follow-up period ranged from one year to 28 months. Anterior
pretreatment displacement contributed to around two-thirds (66.7%) of the cases. Anterior and posterior pretreatment angulation
contributed similarly, with 46.7% for each. For further details on the baseline characteristics of the study participants, refer to
Table 1.

Union Status

In the present study, union was achieved in seven patients (15.56%) with type II odontoid fractures, while 13 patients
(28.89%) were malunion and five patients (11.11%) were nonunion. Among patients with type III odontoid fractures,
there were seven union cases (15.56%), 11 malunion cases (28.86%), and two nonunion cases (4.44%)(Table 2).

Table | Characteristics of the Study Participants

Variable Subtype Frequency %
Odontoid Fracture Type Type |l 25 55.6
Type lll 20 44.4
Gender Male 43 95.6
Female 2 4.4

Cause Fall | 22
RTA 44 97.8
Age 15-24 years 25 55.6
25-34 years 14 311

35-44 years 5 1.1
Pre-treatment displacement Anterior 30 66.7
Posterior 7 15.6
Not Displaced 8 17.8
Pre-treatment angulation Anterior 21 46.7
Posterior 21 46.7

Normal Alignment 3 6.7

Abbreviation: RTA, road traffic accidents.
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Table 2 Distribution of the Studied Cases According to
Union Status (n=45)

Union status Type 1l Type 1l Total
No. (%) No. (%) No. (%)
Union 7 (15.56%) 7 (15.56%) 14 (31.1%)
Mal union 13 (28.89%) | |1 (24.44%) 24 (53.3%)
Non-Union 5 (11.11%) 2 (4.44%) 7 (15.6%)

Displacement Type

Pretreatment, there was a statistically nonsignificant difference between groups. Posttreatment, there was a statistically
significant difference between groups. In the union group, during pretreatment, 42.9% (n = 6) showed anterior
displacement, 14.3% (n = 2) had posterior displacement and 42.9% (n = 6) were without displacement. In posttreatment,
21.4% (n = 3) showed anterior displacement, 7.1% (n = 1) had posterior displacement and 71.4% (n = 10) were without
displacement. Anterior and posterior displacement decreased by 50%. The number of patients without displacement
increased by 67%. Regarding malunion, in pretreatment, 75.% (n = 18) showed anterior displacement, 16.7% (n = 4) had
posterior displacement, and 8.3% (n = 2) were without displacement. Posttreatment, 58.3% (n = 14) showed anterior
displacement, 12.5% (n = 3) had posterior displacement, and 29.2% (n = 7) were without displacement. Anterior
displacement decreased by 22.%. Posterior displacement decreased by 25.%. The number of patients without displace-
ment increased by 250%. Regarding nonunion, in pretreatment, 85.7% (n = 6) showed anterior displacement, 14.3% (n
=1) had posterior displacement, and no patients were without displacement. Posttreatment, 85.7% (n =6) showed anterior
displacement, 14.3% (n = 1) had posterior displacement, and no patients were without displacement. No change was
observed (Table 3).

Thirty patients (66.6%) presented with anterior displacement and seven patients (15.6%) presented with posterior
displacement, while the remaining eight patients (17.8%) presented with no displacement. There were 21 cases each of
anterior (46.7%) and posterior angulation (46.7%), while the angulation direction varied between anterior (46.7%) and
posterior angulation (46.7%) in 21 cases each. Only three cases (6.6%) showed normal angulation.

In the anterior displacement group (66.6%), 20 cases (66.7%) showed anterior angulation on top of the anterior
displacement, while the other 10 cases (33.3%) showed posterior angulation on top of the anterior displacement.

Table 3 Comparison Between the Three Studied Groups According to Sub Displacement Type (n=45)

Displacement Type Union Mal Union Non-Union P-value
(n=14) (n=24) (n=7)
Pre-treatment Anterior 42.9% 75.0% 85.7% 0.061
Posterior 14.3% 16.7% 14.3%
Not displaced 42.9% 8.3% 0%
Post-treatment Anterior 21.4% 58.3% 85.7% 0.010*
Posterior 7.1% 12.5% 14.3%
Not displaced 71.4% 29.2% 0%
Percentage change between pre and | Anterior —50.0% —22.0% 0
post-treatment Posterior ~50.0% ~25.0% 0
Not Displaced + 67.0% +250.0 -
Note: *Statistically significant at p < 0.05.
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However, the seven cases (15.6%) that were presented with posterior displacement showed posterior angulation. The
magnitude of the displacement and angulation changed after the application of the HV, as shown in Table 2 and Table 3.
The fracture angulation tends to shift posteriorly after the application of an HV (Table 3).

Angulation Type

Of the 45 cases, 25 (55.6%) had their angulation altered or forced posteriorly, nine (20%) shifted anteriorly, and the other
eight stayed in the posterior angulation zone, except for 11, the angulation of which remained unchanged. We found no
evident impact or association between displacement direction and angulation correction following the installation of an
HV. We found that a displacement of more than 4 mm is associated with malunion or nonunion in 85.7% of cases. During
pretreatment, there was a statistically nonsignificant difference between groups. Posttreatment, there was a statistically
significant difference between groups. In the union group, during pretreatment, 42.9% (n = 6) showed anterior
angulation, 35.7% (n = 5) had posterior angulation, and 21.4% (n = 3) were without angulation. Posttreatment, 14.3%
(n =2) showed anterior displacement, 28.6% (n = 4) had posterior angulation and 57.1% (n = 8) were without angulation.
Anterior angulation decreased by 67.%. Posterior angulation decreased by 20%. The number of patients without
angulation increased by 167%. Regarding malunion, during pretreatment, 45.8% (n = 11) showed anterior angulation,
54.2% (n = 13) had posterior angulation, and no cases were without angulation. Posttreatment, 33.3% (n = 8) showed
anterior displacement, 66.7% (n = 16) had posterior displacement, and no cases were without displacement. Anterior
angulation decreased by 28.% while posterior angulation increased by 23%. Regarding nonunion, during pretreatment,
57.1% (n = 4) showed anterior angulation, 42.9% (n = 3) had posterior displacement, and no cases were without
angulation. Posttreatment, 28.6% (n = 2) showed anterior angulation, 71.4% (n = 5) had posterior angulation, and no
cases were without angulation. Anterior angulation decreased by 50% and posterior angulation increased by 67%
(Table 4).

Based on the outcomes, we divided the patients into three main groups: union, malunion, and nonunion. We tested the
effect of displacement and angulation on the union status and found that regardless of age and the level of fracture (type
IT or III), the worst combination was anterior displacement followed by posterior angulation (58.3%), and ending with
malunion, while (33.3%) resulted in nonunion (Table 5). Table 5 presents odontoid fracture posttreatment angulation and
displacement outcomes stratified by union type.

The clinical outcome for 85.7% of the union group was excellent and good for 14.3%. The malunion and nonunion
groups had less favourable outcomes; the poor functional outcomes were 16.7% and 42.8%, respectively (Table 6).
Figures 5 and 6 present those showing union status four months after the HV application.

Table 4 Comparison Between the Three Studied Groups According to Angulation Type (n=45)

Angulation Type | Union (n=14) | Mal Union (n=24) | Non-Union (n=7) P-value

Pre-treatment Anterior 6 (42.9%) Il (45.8%) 4 (57.1%) 0.200
Posterior 5 (35.7%) 13 (54.2%) 3 (42.9%)
Not Displaced 3 (21.4%) 0 (0%) 0 (0%)

Post-treatment Anterior 2 (14.3%) 8 (33.3%) 2 (28.6%) <0.001*
Posterior 4 (28.6%) 16 (66.7%) 5 (71.4%)
Not Displaced 8 (57.1%) 0 (0%) 0 (0%)

Percentage change between pre and | Anterior —67.0% —28.0% —50.0%

post-treatment Posterior —20.0% +23.0% +67.0%
Not Displaced 167.0% - -

Note: *Statistically significant at p < 0.001.
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Table 5 Comparison Between the Three Studied Groups According to Type (n=45)

Type Total Union Mal-Union Non-Union P-value
(n=45) (n=14) (n=24) (n=7)
Post treatment anterior displacement vs post treatment 24.4% 18.2% 63.6% 18.2% 0.003

anterior angulation

Post treatment anterior displacement vs post treatment 26.7% 8.3% 58.3% 33.3% 0.001

posterior angulation

Post treatment posterior displacement vs post treatment 11.1% 20.0% 60.0% 20.0% 0.008

posterior angulation

Post treatment not displacement vs post treatment anterior 2.2% 0% 100% 0% <0.001
angulation
Post treatment not displacement vs post treatment posterior 17.8% 25.0% 75.0% 0% 0.001
angulation
Post treatment not displacement vs post treatment normal 17.8% 100% 0% 0% <0.001
alignment

Table 6 Comparison Between the Three Studied Groups According to Smiley
Webster Scale (n=45) % from Total

Status Union (n=14) | Mal union (n=24) | Non- union (n=7) P-value
Poor 0% 16.7% 42.8% <0.001*
Fair 0% 0% 42.8%

Good 14.3% 54.2% 14.3%

Excellent 85.7% 29.2% 0%

Note: *Statistically significant at p < 0.001.

Discussion

The odontoid process is a protrusion of the second cervical vertebra (C2, or the axis). The first cervical vertebra (atlas)
rotates around the odontoid process to give the biggest component of the cervical spine’s lateral rotation. Depending on
the position and shape of the fracture, fractures of the odontoid process are categorised as type I, type II, or type III
fractures.”® A cervical spine injury might result in odontoid fractures. These often originate from high-energy trauma in
younger individuals.'® Elderly people may experience trauma after lower-energy impacts, like falls from a standing
position. Hyperextension of the cervical spine, which forces the head and C1 vertebrae backward, is the most frequent
mechanism of injury. The odontoid fracture with varied displacement and degrees of comminution occurs if the energy
mechanism and consequent force are high enough or if the patient’s bone density is reduced as a consequence of
osteopenia/osteoporosis. '’

Type I and type III odontoid fractures based on the Anderson and D Alonzo classification®' heal well with external
immobilisation (with a 100% healing rate for type I and 84% to 88% for type III).'""'” Some studies report nonunion rates
between 35% and 85% in nonsurgical management.'”"'®2? In the present study, union was achieved in seven patients
(15.56%), while 13 patients (28.89%) had malunion and five patients (11.11%) had nonunion in type II odontoid
fractures. Type III odontoid fractures had seven cases of union (15.56%), 11 cases of poor union (28.86%), and two
cases of nonunion (4.44%). In this study, we tested the effect of displacement and angulation on union status and found
that regardless of age and the level of fracture (type II or III), the worst combination was anterior displacement with

posterior angulation (58.3%), ending with malunion, while 33.3% resulted in nonunion. The nonunion group was
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Figure 6 Four months after HV application. Type lll odontoid fracture showing good union with 5 mm anterior displacement.

associated with anterior displacement (85.7%) and was divided based on angulation into the anterior angulation subgroup
(33.3%), in which the cause of nonunion was the high level of displacement (5-7 mm), and the posterior angulation
subgroup (66.7%), in which the amount of displacement was at 1.75 mm but the magnitude of angulation increased
dramatically (10-25 degrees) while the displacement remained the same. Due to thin bone trabeculae and a watershed
zone at the base of dens, the nonunion rate after conservative care may be as high as 90%.>*> Nonsurgical management of
odontoid fractures might lead to solid fusion, unstable nonunion, or fibrous nonunion.>* Fusion is influenced by patterns
of damage, fracture subclass, the inclination of a fracture line, angulation (more than or equal to 11 degrees), displace-
ment (more or less than 5 mm), life support, bone quality, and the patient’s and fracture’s ages.”” The benefits of
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employing HVI for odontoid fractures rather than surgery are that it offers stiff immobilisation and a high level of
stability for atlantoaxial segments. This is crucial to achieving union because it is less invasive than posterior cervical
C1-2 fusion, is well-tolerated by the majority of patients (saving the patients from needless surgery) and preserves axial
rotation at C1-2 compared to C1-2 fusion.

The malunion rate in this study was high for two main reasons: The first is the definition of any healed fracture with
an angulation of more than 5 degrees and a displacement of more than 2 mm as malunion. Second, micromotion and
relative stability at the fracture line provided by the HV, as reported by Kim et al*® and Anderson et al,>' have a great
impact on the increased degree of angulation and, eventually, nonunion. We believe that the cases of low nonunion rates
are due to the young age group in this study. Clinical outcomes were excellent in 85.7% of patients and good in 14.3% of
patients for the union group. The group of malunion and nonunion cases had a less favourable result; the poor functional
result was 16.7% and 42.8%, respectively. Kim et al (2011)*® found that 93.3% of patients who had HVI treatment had
good or excellent clinical outcomes, as measured on the Smiley-Webster scale. Unfortunately, a high risk of insufficient
bone fusion is coupled with external immobilisation, which is also poorly tolerated.?® It has been shown that the HV
produced fusion rates of approximately 55% in type II and 50% to 60% in type III injuries.’” According to several
studies, surgical treatment has a greater recovery rate for odontoid fractures than nonsurgical treatment.”*® Clark and
White®® documented a 96% recovery rate following posterior surgery and a 68% recovery rate after HVI. Few studies
have examined how different treatment approaches affect individuals with odontoid fractures in terms of the healing
duration. In this study, the mean bone-healing time was 20 weeks (with a range between 12 and 28 weeks), and the high
overall fusion rate (union and malunion group) was 84.4%. Kim et al (2011)*° evaluated the clinical effects of surgical
fixation followed by immobilisation using an HV for the treatment of odontoid fractures. They concluded that the overall
healing rate after HVI was 60%, and following surgical management, it was 93.8% (see Table 2).

Posterior angulation tends to deteriorate after HV application, while anterior angulation tends to correct to normal or
further to the posterior. Apuzzo et al*® reported that the total nonunion rate in undisplaced fractures was 16%, whereas 60%
of displaced fractures failed to unite and 88% of fractures displaced more than 4 mm failed to unite. They concluded that the
treatment of undisplaced odontoid fractures is appropriate for external immobilisation. Candidates for primary fusion are

12 found that the nonunion rate for a fracture that was

fractures that have a displacement greater than 4 mm. Kim et al 201
displaced by more than 4 mm was 20%. The combination of anterior displacement and posterior angulation was evident in
this study in 26.7% of cases; 58.3% of the patients had malunion, and 33.3% had nonunion. Ryken et al and Fujii et al have
suggested surgical treatment for fractures with a displacement > 5 mm.**?' Niemeier et al*® support conservative
management of type III odontoid fractures, regardless of their nature or location. A tiny fraction of fractures require fusion
surgery since external immobilisation is ineffective for treating the majority of cases.> If instability is noted or the patient
moves to nonunion, delayed surgery can be performed with effective results.**

Obtaining fracture stability is the cornerstone of management.*> The fibrous union may offer sufficient support.>>~° In
the absence of instability on flexion/extension views or ligamentous damage on an MRI scan, a stiff brace or HV may be
used to facilitate fracture repair, which may occur in 12 weeks.>> A conservative strategy may be justifiable for patients
with excellent alignment, no dynamic instability, and no impairments.** For fracture types I and III in the majority of
cases, halo fixation, cervical traction, and a stiff cervical collar result in the fusion of 100% of type 1 fractures, 90% of
type III fractures, and 60% of type II fractures.>’ Biomechanically, a cervical collar is preferable to halo orthoses, while
the risk of concomitant device-related problems is negligible.”> Soft collars provide the same advantages to elderly
patients as stiff collars.®® The use of an HV was not linked to an increase in mortality.*” The in-hospital mortality rates
for both conservative therapy and surgery were identical.

The clinical and radiological results of this study have justified changes in the treatment protocol for type II odontoid

12° made

fractures from nonsurgical to surgical treatment that started in October 2018 for all of these fractures. Kim et a
significant changes in the treatment protocol in their introduction to surgical treatment based on the correlated increase in
nonunion and the complications of this nonsurgical (HV) treatment for odontoid fractures.

Comprehending the biomechanics of odontoid fractures is crucial as it directly impacts the decisions made regarding
therapy, and the subsequent results. Biomechanical parameters are also important in predicting future issues, such as

a failure of bone-healing or improper bone alignment, and in comprehending the elements that affect the process of tissue
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repair. The stability of a fracture in the odontoid process is vital in selecting the most suitable approach for treatment.
Unstable fractures are frequently treated with surgical fixation to restore stability and alignment. The selection of
implants for fixing is determined by the biomechanical characteristics of the fracture and the surgeon’s personal
preference. Comprehending the ability of the odontoid process and its surrounding structures to bear weight is crucial
for developing efficient treatment strategies.

This study has limitations. The small sample size is one of the main limitations. It restricted our ability to do further
inferential analysis. The cross-sectional nature of the study prevented us from examining causality among the study variables.

Conclusion

The HV management for type II and III odontoid fracture requires a prolonged course of cervical immobilisation. We are
in an era of surgical intervention for all type II odontoid fractures, in which most cases are treated by HV. Several factors
play a role in changing the management protocol: patient compliance, complications associated with HV, and a high rate
of reduction loss may eventually lead to malunion or nonunion. Based on our findings, the efficacy of HV treatment for
odorous fracture type II and III should be considered for non-displaced fractures.
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