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Abstract Fractures of the second cervical vertebra (C2, axis)
are common in adult spine surgery. Those fractures occurring
in younger adult patients are often associated with high-
energy mechanism trauma, resulting in a “Hangman’s
Fracture.” Management of these fractures is often successful
with nonoperative means, though surgery may be needed in
those fractures with greater displacement and injury to the C2-
C3 disc. Older patients are more likely to sustain fractures of
the odontoid process. The evidence supporting surgical man-
agement of these fractures is evolving, as there may be a
mortality benefit to surgery. Regardless of treatment, longer-
term mortality rates are high in this patient population, which
should be discussed with the patient and family at the time of
injury. Pediatric patients may suffer fractures of the axis,
though differentiation of normal and pathologic findings is
necessary and more difficult with the skeletally immature
spine.
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Introduction

Fractures of the second cervical vertebra (C2, axis) comprise
approximately one-third of cervical spine fractures [1]. The
mechanisms for these fractures may occur from high-energy
mechanisms in younger patients, but can commonly occur
with low-energy trauma in the geriatric population. The anat-
omy of the second cervical vertebra varies greatly from
subaxial levels, with the odontoid process and an elongated
pars interarticularis between the atlantoaxial joint and the C2-
C3 joint. Treatment of C2 fractures varies according to frac-
ture morphology and patient demographics. Here, we offer an
introduction to the evaluation and management of fractures of
the axis.

Pediatric fractures of the atlas

High cervical injuries are uncommon in the pediatric pop-
ulation and are commonly associated with high-energy
mechanisms, such as motor vehicle accidents and pedes-
trians struck by automobiles [2–4]. Fractures of C2 are
more likely to happen in younger children (age <8).
Historically, neurological deficits were reportedly uncom-
mon, although one study reported a 66 % prevalence of
neurological deficits with pediatric cervical injuries [3].
As these injuries are uncommon, missed injuries and mis-
diagnoses are not uncommon. Identification of cervical
injuries in children is essential, as misdiagnosis has been
associated with high rates of neurological deficits at the
time the correct diagnosis is made [5]. Young (age <8)
children may be the population most susceptible to incor-
rect diagnoses, as a result of the immature spine and dif-
ficulty with examination, and the upper cervical spine is
the most common region for incorrect diagnoses. These
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facts emphasize the need for an organized method for
evaluation of the upper cervical spine in the pediatric
population. While several studies have attempted to pro-
vide a “perfect” decision algorithm, the consensus seems
to be that application of the National Emergency X-
Radiography Utilization Study (NEXUS) to children older
than 9 years old is appropriate, while any concerning sign
or symptom in a younger child should elicit a radiograph-
ic evaluation of the cervical spine [4, 6].

Skeletally immature children are at risk of misdiagno-
sis because of incomplete fusion of their ossifying C2
vertebra [7]. Development of C2 involves ossification of
four separate ossification centers consisting of the verte-
bral body, the odontoid, and right and left facet/pars/lam-
ina. The odontoid process fuses to the vertebral body be-
tween 3 and 6 years of age. A secondary ossification
center develops at the apex of the odontoid process, fus-
ing by 12 years of age. The facet/pars/lamina centers fuse
to the vertebral body also between the ages of three and
six. These separate centers may not be completely fused
until young adolescence, and as a result, normal areas of
incomplete fusion may be mistaken for fractures. In addi-
tion, variance in the process of ossification can lead to
areas susceptible to fracture as well.

Fractures of the odontoid may occur through the odontoid-
body synchondrosis. These fractures often heal when treated
with halo or Minerva immobilization as the synchondrosis is
well vascularlized [8]. In some cases, the fragment may re-
tract, forming an os odontoideum. This radiographic finding
may be a normal anatomical variant as well, so care to distin-
guish the two is essential. Magnetic resonance imaging may
be useful for this purpose. Older pediatric patients are more
likely to sustain a traumatic spondylolisthesis, similar to
adults. The majority of these cases are treated with rigid halo
or Minerva immobilization. C1-C2 arthrodesis is indicated in
cases of neglected odontoid process fractures that have gone
on to develop an os odontoideum with C1-C2 instability.

Odontoid fractures

Classification

The Anderson and D’Alonso system is commonly used in
classification of odontoid fractures [9]. Type I fractures
involve avulsion of the tip of the odontoid by the alar
ligament. These are generally treated effectively in a hard
cervical collar, as they are stable injuries. Type II fractures
(Fig. 1) occur at the base of the odontoid process, at the
odontoid-body junction. These are common fractures in
the geriatric population, and significant debate exists re-
garding appropriate management of this injury as many
will go on to a nonunion. Type III fractures extend into
the body of C2 and have good healing potential.

Computed tomography scanning is essential to character-
ize C2 fractures, as inter-rater reliability is variable, and
this may affect management options [10].

Geriatric injuries

The incidence of odontoid fractures is increasing, with a
135 % increase from 2000 to 2011 in the Medicare population
[11••]. This increase may be due to a combination of an in-
creasingly active older population and improved diagnostic
accuracy with modern imaging techniques [12]. The rate of
surgical management of C2 fractures in the elderly seems to be
relatively constant, near 15% [11••]. The appropriate manage-
ment of odontoid fractures in this population remains a matter
of debate, as the immediate risks of surgery are weighed
against the long-term risks of odontoid nonunion.

Chapman et al. reviewed 322 patients with type II odontoid
fractures [13•]. The average age of patients in this study was
81.8 (range 65–101.5). Fourteen percent of patients expired
within 30 days of their fracture diagnosis, and 44 % had died
at an average of 2-year follow-up. Nonoperative management
was associated with a higher 30-day mortality risk (hazard
ratio=3) when adjusting for age, gender, and comorbid con-
ditions. This association was lost when looking at longer-term
follow-up, however, underscoring the poor prognosis for pa-
tients sustaining these fracture and emphasizing the need for
appropriate discussion with the patient and family. The
AOSpine North America multi-centre prospective geriatric
odontoid fracture study (GOF) followed 159 patients 65 years
of age or older with type II odontoid fractures [14••]. The
majority of patients enrolled in the study were treated with
surgery (63.5 % surgery and 36.5 % nonoperative).
Approximately half (54.1 %) of the enrolled patients were
considered to have failed treatment, which was defined by
death, decline of Neck Disability Index (NDI) by more than
9.5 points, or any major complication attributed to the treat-
ment. Analysis of their results found increasing age, nonoper-
ative treatment (OR=3.09), male gender (OR=4.33), and
neurological comorbidity (OR=4.13) to be associated with
treatment failures. This study, however, was not a randomized

Fig. 1 Type II odontoid fracture in a 74-year-old woman after a fall from
standing
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trial, and superiority cannot be claimed for surgical interven-
tion. These findings support the conclusion that surgical treat-
ment of a type II odontoid fracture should be considered if the
patient is physically fit for surgery. This is supported by
Pearson, who found lower mortality in the surgical group both
at 30 days (8.3 versus 16.2 %) and at 1 year after surgery (21.7
versus 32.3 %) [11••].

Nonoperative management

Nonoperative management of type II odontoid fractures may
be with a soft cervical collar for comfort or immobilization
with a hard cervical collar or a halo-vest. Halo-vest orthoses
are associated with high rates of complications, and the risk of
mortality in the geriatric population is elevated [15–17].
Complications associated with halo-vest treatment are often
mild and most frequently pin-site infections. In most cases,
these infections can be treated with local wound care and
antibiotics [15]. In some rare cases, surgical debridement of
the infection site may be needed. Nonunions persist in the
halo-vest, and this is a cause for delayed surgical intervention.
Nonunion rates may be as high as 50 %, which may be con-
sidered a high failure rate when the risks of halo-vest immo-
bilization are considered [18]. The most concerning risk is
mortality associated with the halo-vest, which may be as high
as 20 % in the geriatric population [17]. In younger patients,
halo-vest orthoses are considered to be safer [16]. In the geri-
atric population, halo-vest immobilization is frequently asso-
ciated with high mortality rates. Pneumonia, cardiac arrest,
and respiratory arrest have been associated with mortality in
geriatric patients treated with halo-vests, and this method of
nonoperative treatment has been termed “a last resort.” [17]
Hard cervical collar may be a more appropriate treatment op-
tion, as lower rates of respiratory complications have been
reported [19]. Polin et al. and Patel et al. have reviewed their
single-center experiences comparing halo-vest with rigid cer-
vical collar for immobilization of both type II and III odontoid
fractures [18, 20]. Halo-vest was not found superior to hard
cervical collar immobilization for these fracture types, leading
them to recommend hard collars, which do not carry the risks
associated with halo-vests. These results are supported by the
GOF study, where nonunions were more common following
halo-vest treatment than hard collar treatment. Patel et al. and
others have noted that a solid union is not necessary to achieve
good outcomes with type II odontoid fractures and that a fi-
brous nonunion can offer good outcomes [20, 21]. Nonunions
are a concern with nonoperative management of type II
odontoid fractures, however, as pain and instability can lead
to delayed surgical management [22••]. Instability at C1-C2 is
an uncommon cause of myelopathy, but it remains a cited
reason for recommending surgery. Myelopathy due to an
odontoid nonunion is rare and frequently presents as a result
of a chronic nonunion [23, 24]. It may be associated with

gross instability or with a hypertrophic nonunion causing cen-
tral stenosis. Patients with a hypertrophic nonunion frequently
exhibit C2 radiculopathy as well, and this may serve as an
early warning for a developing myelopathy secondary to the
nonunion [25]. As with other causes of cervical myelopathy,
prompt management upon diagnosis can yield meaningful
improvements in neurological function [25].

Delayed surgery for odontoid fractures treated
nonoperatively has been reported at rates as high as 20–
30 % [22••]. Smith et al. reported a 22 % nonunion rate in
the GOF study, with over half (63 %) of these nonunions
requiring surgery. In addition to the confirmed nonunions re-
quiring surgery, this cohort found that a radiographic union
did not preclude delayed surgical intervention. Ten percent of
patients underwent surgery for “delayed fracture displace-
ment.” In combination with primary nonunions, 22 % of pa-
tients treated nonoperatively in the GOF study underwent de-
layed surgical intervention. This delay in “definitive” treat-
ment did not adversely affect patient-reported outcomes mea-
sured by the Neck Disability Index (NDI) and short form-36
instruments. All patients suffered declines in HRQOL from
their pre-injury state, regardless of union status, emphasizing
the need for informed patient counseling at the time of the
injury.

Techniques for operative management Anterior odontoid
screws are used in the management of geriatric odontoid frac-
tures [26, 27]. Nonunion rates are higher in older patients
(greater than 65 years of age) [27]. This may be due to factors
such as poor bone stock, which prevents appropriate lag screw
technique in the odontoid process. Placement of the odontoid
screw requires access to the C2-C3 disc level. In older pa-
tients, this is associated with a higher risk of postoperative
dysphagia, which may require gastrostomy tube placement.

Posterior instrumentation and fusion is more commonly
performed for the management of these fractures [13•, 28].
Modern instrumentation makes the Harms-Goel a commonly
accepted fixation strategy, with C1 lateral mass screws and C2
pars/pedicle screws. Wright has described the C2 intralaminar
screw as another fixation option for C2, providing adequate
biomechanical stability [29, 30]. Intralaminar screws may also
help limit distal dissection and are useful when vertebral artery
anatomy precludes pedicle or pars fixation (Fig. 2).
Transarticular screws may be used when the vertebral artery
anatomy allows and may be useful when subaxial surgery is
performed as well (Fig. 3). Atlantoaxial fusion has been re-
ported to have high union rates in this patient population.

There may be a benefit to mortality with operative interven-
tion. This finding is not consistent, however, and should be
interpreted with caution. The retrospective GOF study found a
benefit, as did an analysis of Medicare beneficiaries [11••, 13•].
These findings have been inconsistent across smaller, single-
center studies. Schoenfeld et al. reported high overall mortality
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rates regardless of intervention, but did suggest there is a mor-
tality benefit for patients aged 65 to 74 years old [31]. Similarly,
Woods et al. found a lower 30-day mortality rate in patient
treated with surgery [32•]. This benefit was not observed at 1
and 5 years after the injury, further reinforcing the overall poor
prognosis for patients sustaining type II odontoid fractures.

While there may be benefit to long-termmortality, there are
likely higher complication rates with surgical management in
the near term [19]. Tracheostomy (25 %) and feeding tube
placement (19 %) were the two most common complications
associated with surgery, which may carry their own morbidity
in an older patient population. Surgery has also been associ-
ated with longer hospital stays, increased ventilator require-
ments, and higher rates of venous thromboembolic events
[33].

Spondylolisthesis of the axis

Commonly referred to as “Hangman’s fracture,” traumatic
spondylolisthesis of the axis is more common in younger

patients and often associated with higher-energy mechanisms
of injury [1]. These fractures are often classified by the system
proposed by Effendi and modified by Levine and Edwards
[34, 35]. Type I fractures are the result of axial loading and
hyperextension, with minimally displaced (<3 mm) fractures
through both pars interarticularis and a competent C2-C3 disc.
Type II fractures are the result of hyperextension, with re-
bound flexion causing displacement of the fractures, disrup-
tion of the C2-C3 disc, and flexion of the vertebral body frag-
ment. Type IIa fractures (Fig. 4) are distinct as they are asso-
ciated with severe flexion of the body fragment, with minimal
displacement of the fractures. A variant of type I and type II
fractures, termed “atypical Hangman’s,” exist, which carry a
higher risk of neurological deficit for type II fractures [36].
These atypical fractures are characterized by an oblique frac-
ture through one pars, leaving the contralateral pars intact with
a posterior vertebral body fragment (Fig. 5). Ventral displace-
ment of the odontoid results in spinal canal stenosis from the
residual body and the ventral C1 ring. Type III fractures are
the result of flexion/rebound extension with unilateral or bi-
lateral facet joint dislocations and are the least common injury
type [37] (Fig. 6). Knowledge of this classification system is
essential to management of these fractures, as the fracture type
will often dictate management and understanding the mecha-
nism of injury will assist with reduction of the C2 injury.

Type I fractures

These injuries, characterized by minimally displaced fractures
with a competent C2-C3 disc, are often effectively treated
with a halo-vest orthosis or a hard cervical collar, with report-
ed union rates approaching 100 % [38–40]. This is not unex-
pected, given the stability of the fracture in concert with a
large surface area of apposed cancellous bone at the fracture
site. There remains debate regarding the most appropriate im-
mobilization technique, hard collar versus halo. Coric et al.
presented a consecutive series of 64 patients, all treated with
Philadelphia collars and all achieving union [38]. While halo-
vests are generally safe, they are associated with minor com-
plications such as pin-site infections and avoidance of a halo
may be best when possible. Surgical treatment of type I inju-
ries has been reported, with lag screw fixation; though given
the effectiveness of nonoperative treatment, one must consider
the costs and risks of surgery for these injury types.

Type II fractures

These injuries are characterized by displacement of the frac-
ture site as well as angulation of the C2-body fragment. The
C2-C3 disc is incompetent, and the anterior longitudinal liga-
ment is disrupted. Nonoperative and operative treatments have
been recommended for these injuries. Proponents of surgical
treatment note the instability of the fracture fragments, as the

Fig. 3 Transarticular screws fixing a type II odontoid fracture in a patient
with falls due to subaxial spondylotic myelopathy. Surgery consisted of
C1-C2 transarticular screws with posterior element wiring (using the C3
lamina) and C4, C5, and C6 laminoplasty

Fig. 2 Foramen transversarium residing within the pars interarticularis,
precluding safe pedicle or pars screw fixation
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disc and all are disrupted. As surgical management of a
subaxial fracture would often be recommended in such a sit-
uation, so should the rule be at C2-C3 [41]. However, nonop-
erative management with rigid external immobilization with a
halo has been described in numerous series. Vaccaro et al.
described early halo immobilization after a brief period of
traction (average 2 days) with Gardner-Wells tongs [42].
Seventy-eight percent (21/27) of these patients went on to
union, without displacement of the fracture fragment. Those
that displaced the fracture were treated with a second episode
of traction, followed by rigid immobilization. Greater degree of
fracture angulation (>11.5°) at presentation was associated with
a higher risk of fracture displacement. Successful healing of this
fracture may result in ossification through the C2-C3 disc, rather
than through the fracture fragments. Surgical management often
consists of C2-C3 arthrodesis, either through an anterior ap-
proach (C2-C3 anterior cervical discectomy and fusion
(ACDF)) or posterior approach. In the rare instance of a trau-
matic disc herniation at C2-C3 with the spondylolisthesis, an
anterior approach would be preferred, as this offers direct access
to ventral canal for decompression. Anterior and posterior fixa-
tion techniques are, in general, similarly stable [43, 44]. In
cases with severe comminution or a vertebral artery
course that preclude safe C2 instrumentation, then a

posterior technique will require fusion of more than
one cervical segment. Temporary immobilization with a
C1-C3 construct, followed by removal of the C1 im-
plants after C2-C3 arthrodesis, has been described as a
method to encourage motion preservation [45]. Lag
screw fixation through the fracture fragments has also
been described for type II injuries. This technique ne-
glects the C2-C3 discoligamentous injury, however, and
significant displacement through the C2-C3 disc may
preclude lag screw management [46]. Muller et al. em-
phasized the importance of the C2-C3 disc integrity,
noting that nonoperative management was most likely
to fail in these patients, with nearly half of those pa-
tients undergoing a delayed surgery [37].

Type IIa

Type IIa fractures are a result of a flexion-distraction mecha-
nism. As a result, there is flexion of the odontoid fragment
without translation. This results in gapping at the fracture site
and widening of the posterior aspect of the disc space.
Identification of these fractures is necessary, as reduction of
the fracture requires extension without traction. Traction may
cause further displacement of the fracture fragments (Fig. 7).
As with type II fractures, these have been treated successfully
with rigid halo immobilization. However, surgical treatment
through an anterior or posterior approach is reasonable as these
fractures may displace within the halo and the C2-C3 disc is
disrupted. As noted by Vaccaro, fracture angulation more than
11.5° was associated with redisplacement within the halo, and
surgical treatment of those injuries with greater angulation
should be considered [42, 47].

Type III

These injuries, characterized by a C2-C3 facet subluxation/
dislocation, are often treated with an open posterior surgery.
As with posterior surgeries for type II injuries, the fracture or

Fig. 4 Effendi-Levine type 2a spondylolisthesis of the axis. Notice the angulation of the odontoid fragment with the relative absence of translation

Fig. 5 “Atypical” Hangman’s fracture with an oblique fracture line
leaving a portion of the posterior vertebral body wall (arrow) attached
to the dorsal fragment
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vertebral artery coursemay preclude safe C2 screw placement.
In these cases, C1-C3 arthrodesis or C1-C3 stabilization
followed by implant removal at C1-C2 may be performed. A
posterior approach is required to reduce the C2-C3 facet injury
(Fig. 8). As the anterior fragment is not attached to the poste-
rior fragment, ACDF will not allow for reduction of the facet
joints. Similar to type II fractures, nonoperative management
can still be successful [47]. Initial fracture displacement and
angulation are associated with treatment failure and delayed

surgery. An informed discussion with the patient is necessary
to determine optimum treatment, understanding the risks and
benefits of operative and nonoperative interventions.

C2 vertebral body fractures

Fractures of the vertebral body of C2 are uncommon, though a
number of case series have been presented. These fractures are
generally stable and successfully treated with nonoperative
management and external immobilization. Though rarely re-
ported, burst fractures of C2 may be an exception, and poste-
rior cervical fusion has been reported. Application of the con-
cepts of the load-sharing classification may help guide indica-
tions for surgery in C2 burst fractures, with fracture commi-
nution and kyphosis driving the decision to operate [48]. One

Fig. 6 Effendi-Levine type 3 spondylolisthesis with dislocation of the right C2-C3 joint (arrow). Notice the large pedicle on the left, without fracture
involvement of the foramen transversarium

Fig. 7 Traction applied to the patient in Fig. 4. Notice the worsening of
fracture displacement. The patient was reduced and immobilized for
surgery using a Mayfield positioner

Fig. 8 Postoperative radiographs of Fig. 6. A C2 lag screwwas placed on
the left to fix the fracture and the segment, sparing a fusion level
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must be aware of the possibility of vertebral artery injury in
these fractures. Comminution of the vertebral body and in-
volvement of the foramen transversarium have been associat-
ed with vertebral artery injuries [49, 50•]. Thus, some form of
angiography may be indicated in C2 body fractures with gross
comminution or fracture fragments within the foramen
transversarium.

Conclusion

Fractures of the atlas are common, with traumatic
spondylolisthesis (Hangman’s fracture) occurring in younger
patients while fractures of the odontoid process are more com-
mon in elderly patients. Children are at risk as well, with
children younger than 8 more likely to sustain a C2 fracture
than a subaxial fracture. Knowledge of normal, developing
anatomy is necessary to minimize the rate of misdiagnosis
and missed diagnosis in pediatric patients. Delayed diagnosis
has been associated with neurological deficits. Traumatic
spondylolisthesis is often successfully managed with external
immobilization, in the form of a hard cervical collar or a halo-
vest orthosis. Greater amounts of displacement and fracture
angulation are associated with failure of nonoperative man-
agement, and surgery, anterior or posterior, should be consid-
ered for type II, IIa, and III fractures.

Odontoid fractures pose an interesting and important frac-
ture subtype, as their incidence is increasing with the aging
population. While there is no level I data to support surgery in
geriatric fractures, there is evidence supporting early surgical
intervention for patients that are deemed surgical candidates.
Regardless of initial management, mortality rates at 1 year and
beyond are high and similar for geriatric patients sustaining
odontoid fractures. A careful history and physical examination
in combination with a discussion with patient and family will
help guide decision making for these fractures.

Treatment of fractures of the atlas requires an understand-
ing of anatomy and fracture mechanisms. This will aid in
classification of fracture types, which may aid in decision
making with respect to surgery. Attention to possible concom-
itant subaxial injuries and injuries to the vertebral arteries must
be paid. Good outcomes can be expected for most fractures of
the atlas, provided that the risk factors for failure of nonoper-
ative management are identified and surgical intervention is
used judiciously.
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