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Background: Combined atlas-axis fractures are rare occurrences with substantially higher rates of neurologic
deficits compared with isolated injuries. Given the intricate anatomic relationship between the atlas and axis
vertebra, variable fracture patterns may occur, warranting special considerations from surgeons.

Methods: A systematic search of PubMed and EMBASE was performed following the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) guidelines. Relevant studies on acute combined atlas-axis frac-
tures that provided data on patient demographics, presentation (injury mechanism, neurologic deficits, fracture
type), management, complications, and study conclusions were reviewed.

Results: A total of 22 articles published from 1977 to 2022, comprising 230 patients, were included in the final
analysis. Thirty-seven of the 213 patients (17%) presented with neurologic deficits. The most common atlas
injuries were posterior arch fractures (54/169 patients; 32%), combined posterior arch/anterior arch fractures
(44/169 patients; 26%), and anterior arch fractures (43/169 patients; 25%). The most common axis injuries were
type II odontoid fractures (115/175 patients; 66%). Of the 127 patients managed operatively (127/230 patients;
55%), 45 patients (35%) were treated with C1-C2 posterior spinal fusion, 33 patients (26%) were treated with
odontoid screw fixation and anterior/posterior C1-C2 trans-articular screws, 16 patients (13%) were treated with
occiputocervical fusion and 12 patients (9%) were treated with odontoid screw fixation alone.

Conclusions: Management strategies are generally based on the type of axis fracture as well as the condition of the
transverse ligament. Patients with stable fractures can be successfully managed nonoperatively with a cervical
collar or halo immobilization. Combined atlas-axis fractures with an atlantodental interval >5 mm, C1 lateral
mass displacement >7 mm, C2-C3 angulation >11° or an MRI demonstrating a disrupted transverse ligament are
suggestive of instability and are often successfully managed with surgical intervention. There is no consensus
regarding surgical technique.

While prior literature advocates that management strategies are gen-
erally based on axis fracture characteristics, more recent studies have
described additional injury patterns that denote instability and war-

Introduction

Combined atlas-axis fractures are rare occurrences that account

for approximately 4% of all acute cervical spine injuries [1-3].
Neurologic deficits associated with combined fractures range from
12% to 34%, which are substantially higher than isolated injuries
(0%—-2%) [4-6]. Given the intricate anatomic relationship between
the atlas and axis vertebra, variable fracture patterns may occur
in the setting of cervical trauma. These combined patterns warrant
special considerations from surgeons to formulate an optimal treatment
plan.

FDA device/drug status: Not applicable.

rant surgery [3,4,7-10]. Furthermore, there are a multitude of patient
factors that surgeons must consider, including age, activity level, and
comorbidities, which may further complicate management decisions
[3,4,7,8,11]. Additionally, there is no consensus in regards to specific
surgical treatments, which include posterior cervical instrumented fu-
sion, anterior/ posterior C1-C2 transarticular fixation and anterior odon-
toid fixation.
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The purpose of this investigation is to systematically review the lit-
erature to provide clinicians management guidelines in the setting of
acute combined atlas and axis fractures.

Methods

A systematic review was conducted according to preferred reporting
items for systematic reviews and meta-analysis (PRISMA) guidelines.
The goal was to identify all studies discussing acute combined atlas and
axis fractures. Two reviewers (NVM and ASK) independently conducted
a literature search in June 2022 using PubMed (MEDLINE) and Ovid
(EMBASE) databases. The following terms and Boolean operators were
queried in each database: 1 (atlas OR C1 OR Jefferson) AND (axis OR C2
OR dens OR odontoid OR Hangman) AND (fractures); 2 (atlantoaxial)
AND (fractures). After duplicates were screened, the search resulted in
1,290 articles in PubMed and EMBASE.

The 2 authors (NVM and ASK) independently examined all articles
for inclusion in accordance with PRISMA guidelines as shown in the
flow diagram (Fig. 1). First, the 1,290 titles were evaluated for rele-
vance, resulting in 184 studies. Second, the remaining articles under-
went further screening by abstract review and relevant references of
the included studies were identified. Finally, 46 full text manuscripts
were evaluated for inclusion and exclusion criteria for analysis. The
main criteria for selection were articles within the aforementioned

Records identified in database
search (n = 1,290)
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databases that were written in English, involved patient case studies
and provided demographics/ management options specific to combined
atlas-axis fractures. Studies in which combined atlas-axis fractures were
pooled with isolated cervical injuries were excluded. No time frame was
identified regarding publication date. The reviewing authors indepen-
dently filtered through resulting articles and any discrepancies were
coreviewed.

Using the mentioned inclusion and exclusion criteria, a thorough ap-
praisal of the remaining articles was performed. The following data were
extracted from the included articles: patient demographics (age, sex,
comorbidities), presentation (injury mechanism, presence of neurologic
deficits, atlas/axis fracture type), management, complications, conclu-
sions, and secondary measures. Of the 1,290 articles found in the origi-
nal search, a total of 22 articles were included in the review. A pooled
data analysis was not conducted due to variability in the reported out-
comes among included studies.

Results

The 22 articles identified during our literature review were published
from 1977 to 2022, totaling 230 patients. A description of each article
is presented in Table 1 [1,4,8,9,11-28]. There were 12 case series, 7
case reports, and 3 retrospective reviews. There were no prospective
studies.

Fig. 1. PRISMA for the systematic review of combined atlas-
axis fractures preferred reporting items for systematic reviews
and meta-analyses (PRISMA) demonstrating search and selec-
tion criteria for the systematic review of the literature on acute

Remaining articles

Studies excluded that did not
involve combined atlas and axis
fractures (n=1106)

combined atlas and axis fractures.

underwent independent
two-author screening by
title and abstract
(n=184)

Remaining articles
underwent independent
two-author full manuscript
review
(n=46)

| —

The remaining articles
were used in the final
analysis (n=22)

Articles were excluded based on
primary topic
(n=141)

References of articles were
reviewed and included based on
relevance
(n=3)

Articles were excluded based on
inclusion criteria (n=24)
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Table 1
Description of articles
Author Year  Title Journal Type of article Level of
(case report, evidence
case series, etc.)
Lipson [12] 1977  Fractures of the atlas associated with fractures of the odontoid process and  The Journal of Bone and Joint Case Series I\
transverse ligament ruptures Surgery
Esses [13] 1981  Fracture of the atlas associated with fracture of the odontoid process Injury Case Report v
Deen [14] 1989  Combination Jefferson Fracture of C1 and Type II Odontoid Fracture Neurosurgery Case Series A%
Requiring Surgery: Report of Two Cases
Dickman [4] 1989  Neurosurgical management of acute atlas-axis combination fractures Journal of Neurosurgery Case Series A%
Guiot [1] 1999 Complex atlantoaxial fractures Journal of Neurosurgery Retrospective 111
Review
Vieweg [15] 2000 Differential treatment in acute upper cervical spine injuries: a critical Surgical Neurology Retrospective 111
review of a single-institution series Review
Tannoury [16] 2004  Multiple Unstable Cervical Fractures With Cord Compromise Treated Spine Case Report v
Nonoperatively A Case Report
Agrillo [17] 2006  Acute combination fracture of atlas and axis: “triple” anterior screw fixation Surgical Neurology Case Report v
in a 92-year-old man
Aicha [18] 2009  Surgical management of a combined fracture of the odontoid process with ~ Orthopaedics and Traumatology: Case Series v
an atlas posterior arch disruption: a review of four cases Surgery & Research
Q Dean [19] 2010 Minimally invasive technique of triple anterior screw fixation for an acute  Spinal Cord Case Report I\
combination atlas-axis fracture: case report and literature review
Wu [20] 2012 Management of acute combination atlas-axis fractures with percutaneous Orthopaedics & Traumatology: Case Series v
triple anterior screw fixation in elderly patients Surgery & Research
Liu [21] 2014 Management of combination fractures of the atlas and axis: a report of four International Journal of Clinical and  Case Series I\
cases and literature review Experimental Medicine
Malagelada [22] 2015 Combined Type II Odontoid Fracture With Axis Anterior Arch Fracture: A Geriatric Orthopaedic Surgery & Case Report v
Case Report in an Elderly Patient Rehabilitation
Pawar [11] 2015 Combined Type II Odontoid Fracture with Jefferson’s Fracture Treated with ~Asian Spine Journal Case Report I\
Temporary Internal Fixation
Lin [23] 2016 Management of combined atlas-axis fractures: a review of forty one cases International Orthopaedics Case Series v
DiDomenico [8] 2017 Management of acute combined fractures of the atlas and axis: A Journal of Craniovertebral Junction Retrospective 111
retrospective study of two trauma centers and Spine Review
Josten [24] 2018  Odontoid fractures in combination with C1 fractures in the elderly treated Archives of Orthopaedic and Trauma Case Series v
by combined anterior odontoid and transarticular C1/2 screw fixation Surgery
Dagtekin [25] 2018 Management of occipitocervical junction and upper cervical trauma Journal of Craniovertebral Junction Case Series A%
and Spine
Takami [26] 2018 Combined Fractures Involving the Odontoid and Unilateral Superior Journal of Orthopaedic Case Reports ~ Case Series A%
Articular Processes of the Axis: A Report of Three Cases and Literature
Review
Zhao [9] 2019 Management of Combined Atlas Fracture with Type II Odontoid Fracture: A Indian Journal of Orthopaedics Case Series v
Review of 21 Cases
Kolz [27] 2021  C1 and C2 fractures above a previous fusion treated with internal fixation The Journal of Bone and Joint Case Report I\
without fusion Surgery Case Connector
Verma [28] 2022  Use of Intraoperative Imaging to Preserve C1-C2 Mobility in Complex Neurology India Case Series v

Atlas-Hangman Fractures

Most patients were male (121/207 patients; 58%), although 3 stud-

ies did not report gender [15,18,25]. The mean age of 221 patients with
reported data was 58 years. Only 2 studies reported on comorbidities,
which included hypertension, myocardiopathy, diabetes, cerebrovascu-
lar accident, hypothyroidism, and smoking [8,22]. Thirty-seven of the
213 patients (17%) presented with neurologic deficits, which is con-
sistent with previously reported data [4-6]. The most common mecha-
nism of injury was fall (118/203 patients; 58%), followed by motor ve-
hicle accidents (65/203 patients; 32%). The demographics, neurologic
deficits, and mechanism of injury of included articles are presented in
Table 2.

The most common atlas injuries were posterior arch fractures
(54/169 patients; 32%), combined posterior arch/ anterior arch frac-
tures (44/169 patients; 26%), and anterior arch fractures (43/169

patients; 25%). Of note, 4 studies consisting of 61 patients did not spec-
ify the type of atlas injury [13,15,23,25]. The most common axis injuries
were type II odontoid fractures (115/175 patients; 66%). Three studies
consisting of 55 patients were excluded due to no specification of the
type of axis fracture or having type II odontoid fractures as part of the
inclusion criteria [9,24,25].

Of the 230 patients, 103 underwent nonoperative management
(45%). Nonoperative management consisted of a cervical collar or
halo vest. Of the 127 patients managed operatively, 45 patients (35%)
were treated with C1-C2 posterior spinal fusion, 33 patients (26%)
were treated with odontoid screw fixation and anterior/posterior C1-
C2 transarticular screws, 16 patients (13%) were treated with occiputo-
cervical fusion and 12 patients (9%) were treated with odontoid screw
fixation alone. Of note, one study of 23 patients only assessed patients
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Table 2
Study demographics
Reference Patients (#) Mean age (SD) Sex (male) Comorbidities Neurologic Mechanism
deficits?
Lipson et al. [12], The Journal of 4 54.25 (21-71) 2/4 (50%) Not Reported 0/4 (0%) Fall 3/4 (75%), MVC 1/4 (25%)
Bone and Joint Surgery, 1977
Esses et al. [13], Injury, 1981 1 34 1/1 (100%) Not Reported 1/1 (100%) Miscellaneous 1/1 (100%)
Deen et al. [14], Neurosurgery, 1989 2 69 2/2(100%) Not Reported 0/2 (0%) Bicycle Accident 1/2 (50%), MCC 1/2
(50%)

Dickman et al. [4], Journal of 25 40 (14-82) 16/25 Not Reported 3/25 (12%) MVC 13/25 (52%), Fall 7/25 (28%), MCC
Neurosurgery, 1989 (64%) 2/25 (8%), Miscellaneous 3/25 (12%)
Guiot et al. [1], Journal of 10 57 (20-74) 6/10 (60%) Not Reported 3/10 (30%) Fall 7/10 (70%), MVC 2/10 (20%),
Neurosurgery, 1999 Miscellaneous 1/10 (10%)
Vieweg et al. [15], Surgical 10 58 (52-79) Not Not Reported Not Reported Not Reported
Neurology, 2000 Reported
Tannoury et al. [16], Spine, 2004 1 17 1/1 (100%)  Not Reported 1/1 (100%) MVC 1/1 (100%)
Agrillo et al. [17], Surgical 1 92 1/1 (100%)  Not Reported 1/1 (100%) Fall 1/1 (100%)
Neurology, 2006
Aicha et al. [18], Orthopaedics and 4 64.5 (20-87) Not Not Reported 2/4 (50%) Bicycle Accident 2/4 (50%), Fall 1/4
Traumatology: Surgery & Research, Reported (25%), MVC 1/4 (25%)
2009
Q Dean et al. [19], Spinal Cord, 2010 1 39 1/1 (100%)  Not Reported 0/1 (0%) Fall 1/1 (100%)
Wu et al. [20], Orthopaedics & 7 72.4 (65-84) 6/7 (85.7%) Not Reported Not Reported Not Reported
Traumatology: Surgery & Research,
2012
Liu et al. [21], International Journal 4 42.75 (18-59) 3/4 (75%) Not Reported 0/4 (0%) Fall 2/4 (50%), MVC 2/4 (50%)
of Clinical and Experimental
Medicine, 2014
Malagelada et al. [22], Geriatric 1 92 1/1 (100%) HTN, 0/1 (0%) Fall 1/1 (100%)
Orthopaedic Surgery & myocardiopathy,
Rehabilitation, 2015 CVA
Pawar and O’Leary [11], Asian Spine 1 18 1/1 (100%)  Not Reported 0/1 (0%) MVC 1/1 (100%)
Journal, 2015
Lin et al. [23], International 41 50.9 (24-78 28/41 Not Reported 7/41 (17%) MVC 23/41 (56%), Fall 14/41 (34%),
Orthopaedics, 2016 years) (68%) Miscellaneous 4/41 (10%)
DiDomenico et al. [8], Journal of 48 75.6 16/48 HTN 24/48 (50%), 6/48 (12.5%) Fall 41/48 (84.5%), MVC 5/48 (10.4%),
Craniovertebral Junction and Spine, (33%) Hypothyroidism Miscellaneous 2/48 (4.2%)
2017 10/48 (20.8%), Type

11 DM 5/48 (10.4%),

Smoking 10/48

(10.4%)
Josten et al. [24], Archives of 23 84.6 (73-94) 9/23 Not Reported 0/23 (0%) Fall 23/23 (100%)
Orthopaedic and Trauma Surgery, *Inclusion (34.8%)
2018 criteria age >70*
Dagtekin et al. [25], Journal of 9 Not Reported Not Not Reported 0/9 (9%) Not Reported
Craniovertebral Junction and Spine, Reported
2018
Takami et al. [26], Journal of 3 77.7 (65-87) 1/3 (33.3%) Not Reported 0/3 (0%) Fall 2/3 (66.7%), MVC 1/3 (33.3%)
Orthopaedic Case Reports, 2018
Zhao et al. [9], Indian Journal of 23 52.4 (24-72) 16/23 (69.6  Not Reported 9/23 (39.1%) MVC 12/23 (52.2%), Fall 8/23 (34.8%),
Orthopaedics, 2019 %) Miscellaneous 3/23 (13%)
Kolz et al. [27], The Journal of Bone 1 71 0/1 (0%) Not Reported 0/1 (0%) Not Reported
and Joint Surgery Case Connector,
2021
Verma et al. [28], Neurology India, 10 47.7 (23-81) 10/10 Not Reported 4/10 (40%) Fall 7/10 (70%), MVC 3/10 (30%)
2022 (100%)

MVC, motor vehicle collision; MCC, motorcycle collision; HTN, hypertension; CVA, cerebrovascular attack; DM, diabetes.
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treated with odontoid screw fixation and anterior C1-C2 transarticular
screws [24]. The fracture type, management, complications and study
conclusions are presented in Table 3.

Discussion
Management of combination CI-type II odontoid fractures

Similarly to isolated type II odontoid fractures, management strate-
gies involving those in combination with C1 fractures are controversial
and require clinicians to consider a multitude of factors. Options include
semirigid immobilization (cervical collar), rigid immobilization (halo
vest), occiputocervical fusion, posterior C1-C2 fusion, temporary C1-C2
fixation, anterior/ posterior C1-C2 transarticular fixation and anterior
odontoid fixation.

Many studies have described semirigid immobilization via a cervical
collar as a conservative treatment modality in the setting of combination
fractures [3,4]. However, clinicians must note that compared with rigid
halo immobilization, cervical collars have decreased union rates and
should therefore be reserved for stable fractures in patients without risk
factors for nonunion, which include age >40 years, delays in treatment,
and smoking [3,11,29,30].

Although halo immobilization provides a rigid external fixation,
there are numerous disadvantages. Compared with cervical collars, halo
vests are invasive and require a long treatment period with complica-
tions of pin loosening, pin site infections and loss of fracture reduction
[3,11,23]. Their role in the elderly population is particularly controver-
sial based on the significant morbidity.

Tashjian et al. conducted a retrospective review of 78 elderly patients
with odontoid fractures, of which 9 patients had combined C1 fractures
[31]. Despite no differences in injury severity or baseline comorbidities
from those treated with cervical orthosis or surgery, halo vest immobi-
lization was associated with increased mortality (42% compared with
20%, p=.03) and major complications (66% compared 36%, p=.003)
[31].

On the contrary, more recent studies have demonstrated overall suc-
cessful outcomes with halo vests. Lin et al. conducted a retrospective
review of combined atlas-axis fractures, where among the nonoperative
patients, 19 of the 22 patients (86.3%) were treated with halo vests,
with 2 reported complications (1 nonunion and 1 pin site infection)[23].
Zhao et al. conducted a similar review of combined C1-type II odontoid
fractures, where 10 out of the 13 nonoperative patients (76.9%) were
placed in halo immobilization with 2 complications (1 nonunion and 1
pin site infection)[9].

In the setting of atlantoaxial instability, surgical intervention is indi-
cated for management of C1-type II odontoid fractures. As the primary
stabilizer of the atlantoaxial junction, the transverse ligament must be
evaluated by clinicians when determining instability [3].

In 1989, Dickman et al. reported one of the earliest retrospective re-
views of combined atlas-axis fractures in literature, which consisted of
25 patients [4]. Of these, 20 patients (80%) were initially treated with
rigid immobilization for a median duration of 12 weeks [4]. Four pa-
tients underwent initial surgical management (occiput-C2 fusion or C1-
C2 fusion) due to an atlantodental interval (ADI) >6 mm on presentation
[4]. Of note, 1 patient with an ADI of 5 mm who was initially treated
with halo immobilization developed a nonunion and subsequently un-
derwent C1-C2 fusion [4]. Based on his findings, Dickman et al. pro-
posed that combination Cl-type II odontoid fractures with an ADI >5
mm suggests atlantoaxial instability and should be considered for early
surgical intervention [4]. Several studies following Dickman et al. have
corroborated that an ADI >5 mm suggests injury to the transverse liga-
ment, and therefore warrants surgery [4,8,9,11,23].

Initially described by Spence et al. another radiographic parame-
ter of potential transverse ligament injury is if the C1 lateral mass dis-
placement is >7 mm [32]. However, recent radiographic and cadaveric
studies have questioned the validity of the “rule of Spence” in assessing

North American Spine Society Journal (NASSJ) 14 (2023) 100224

transverse ligament injuries and should therefore be reserved as only an
adjunct in management [33,34]. Ultimately, magnetic resonance imag-
ing (MRI) should be obtained to evaluate transverse ligament compe-
tency.

In addition to atlantoaxial instability, surgery is warranted in
type II odontoid fracture patterns at risk for nonunion [35]. These
include patients with a fracture gap >2 mm, posterior displace-
ment >5 mm, angulation >11° and highly comminuted fractures
[35,36].

Several surgical techniques have been described in the treatment of
combined Cl-type II odontoid fractures. Lin et al. [23], DiDomenico
et al. [8] and Zhao et al. [9] have reported a combined total of 39 pa-
tients treated with posterior C1-C2 fusion and 4 patients treated with
occiputocervical fusion. These authors advocate for posterior cervical
fusion as it offers immediate stabilization with high rates of fusion, al-
lows for appropriate reduction in the setting of atlantoaxial dislocations
and presents less risk of vertebral artery injury compared with trans-
articular screws [9,23]. A case of a 30-year-old male who sustained an
anterior/ posterior C1 arch fracture, type II odontoid fracture (as well
as a C5 spinous process and right C6 facet fracture) after diving into
a shallow pool managed with a posterior C1-C2 fusion is presented in
Fig. 2.

Due to significantly restricted motion, occiputocervical fusion should
be reserved as a last resort in the setting of C1 pedicle bony defects,
comminuted C1 posterior arch fractures or risk of potential vertebral
artery injuries [3,9,23]. As a motion-preserving alternative, Pawar and
O’Leary [11] and Kolz et al. [27] reported 2 respective cases in which
combined C1-type II odontoid fractures were managed with temporary
internal fixation followed by hardware removal. The former study in-
volved an 18-year-old male, while the latter was a 71-year-old female
who previously underwent a C2-T2 anterior-posterior fusion for cervi-
cal spondylosis [11,27]. The authors advocate that in the setting of an
intact transverse ligament, temporary internal fixation is a viable alter-
native in certain patient populations in order to preserve postoperative
motion [11,27].

Josten et al. [24], Guiot et al. [1,20], Vieweg et al. [15], and Wu et al.
[20] successfully managed a combined 31 patients with an odontoid and
anterior C1-C2 transarticular screws, 6 patients with an isolated odon-
toid screw and 2 patients with a posterior C1-C2 transarticular screw.
While isolated anterior odontoid screws allow for maintenance of rota-
tional motion of the atlantoaxial joint, indications should be limited to
anterior oblique fracture patterns with minimal displacement and intact
transverse ligaments [1,11,24]. With concomitant atlantoaxial instabil-
ity, C1-C2 transarticular fixation is indicated with multiple described
techniques in literature, including Uehara et al. [37] and Wu et al. [20].
These techniques offer significantly less tissue dissection compared with
open posterior fusions, while providing adequate atlantoaxial stability
[20,24]. Furthermore, Josten et al. noted that although high rates of
postoperative dysphagia occurred in the elderly with anterior transar-
ticular fixation, the majority of cases resolved with conservative care
and remains a viable option in the elderly population [24]. It must be
noted, however, that the course of the vertebral arteries must be care-
fully evaluated and may necessitate other treatment options in certain
anatomic variations [24].

In summary, treatment options include external orthosis via cervical
collars or halo immobilization and surgery. There is no optimal surgical
technique in the treatment of combination C1-type II odontoid fractures.
Clinicians must be cognizant of fracture patterns suggestive of atlantoax-
ial instability and nonunion to help guide management when treating
patients.

Management of combination C1-type III odontoid fractures
In comparison to type II odontoid fractures, C1-type III odontoid frac-

tures are less frequently reported in the literature. Nevertheless, exter-
nal orthosis with cervical collars or halo vests has been described as an



Table 3
Fracture type and management
Reference C1 (atlas) fracture type  C2 (axis) fracture type Treatment ADI C2-C3 Length of stay (days) Complication (s) Follow-up Conclusions
angulation (months)
Lipson et al. [12], Posterior Arch 3/4 (75%) Type II Odontoid 4/4 Operative 3/4 (75%): Not Not Not Reported None 0/4 (0%) 27.75 Staged treatment is recommended
The Journal of Bone Lateral Mass 1/4 (25%) (100%) OCF Reported Reported with halo immobilization until atlas
and Joint Surgery, Nonoperative 1/4 (25%): fracture is healed and then posterior
1977 Halo Vest cervical fusion if late atlantoaxial
instability
Esses et al. [13], Not Reported Type II Odontoid 1/1 Nonoperative 1/1 Not Not Not Reported None 0/1 (0%) 4 Cervical collar immobilization is a
Injury, 1981 (100%) (100%): C-Collar Reported Reported valid treatment option in stable,
nondisplaced Jefferson-Type II
odontoid fractures
Deen et al. [14], Anterior + Posterior Type II Odontoid 2/2 Not Not 14 None 0/2 (0%) 6 Posterior cervical fusion indicated
Neurosurgery, 1989  Arch 2/2 (100%) (100%) Operative 2/2 (100%): Reported Reported in the setting of early or late
OCF atlantoaxial instability
Dickman et al. [4],  Multiple Ring Fractures  Type II Odontoid 10/25 Nonoperative 21/25 Not Not Not Reported Nonoperative: Neck Pain 41 Operative management based on C2
Journal of 10/25 (40%), Posterior ~ (40%) (84%): Halo Vest 18/25  Reported Reported 3/21 (14.3%) fracture type, displaced odontoid
Neurosurgery, 1989  Arch Fracture 7/25 Type III Odontoid 5/25  (72%), SOMI Brace 2/25 Operative: Neck Pain 3/4 fractures (>5 mm); Occiput fixation
(28%), Unilateral Ring (20%) (8%) (75%) indicated in multiple C1 ring
6/25 (24%), Lateral Hangman 3/25 (12%) Operative 4/25 (16%): fractures
Mass 2/25 (8%) Miscellaneous C2 7/25 C1-C2 PSF 3/25 (12%),
(28%) OCF 1/25 (4%)
Guiot et al. [1], Anterior Arch 2/10 Type II Odontoid 9/10 Operative 10/10 (100%): Not Not Not Reported None 0/10 (0%) 28.5 Odontoid screw fixation preserves
Journal of (20%) (90%) Odontoid screw 6/10 Reported Reported motion but requires an intact
Neurosurgery, 1999  Posterior Arch 2/10 Type III (60%), Posterior transverse ligament; C1-C2
(20%) Odontoid/Hangman transarticular C1-C2 transarticular fixation is indicated
Anterior + Posterior 1/10 (10%) screws 2/10 (20%), in transverse ligament injuries
Arch 6/10 (60%) Odontoid and anterior
transarticular C1-C2
screws 1/10 (10%),
Odontoid screw and C2
pedicle screws 1/10
(10%)
Vieweg et al. [15], Not Reported Type II Odontoid 5/10 Nonoperative 2/10 Not Not Not Reported None 0/10 (0%) 10 Operative management based on C2
Surgical Neurology, (50%) (20%): Halo Vest Reported Reported fracture type and atlantoaxial
2000 Type III Odontoid 1/10  Operative 8/10 (80%): instability
(10%) Odontoid screw 5/8
Hangman 2/10 (20%) (63%), C1-C2 PSF 2/8
Complex 2/10 (20%) (25%), OCF 1/8 (12.5%)
Tannoury et al. [16], Posterior Arch 1/1 Atypical traumatic Nonoperative 1/1 Not Not 14 None 0/1 (0%) 12 Halo immobilization is a valid
Spine, 2004 (100%) spondylolisthesis of C2 (100%) Halo Vest, Reported Reported treatment option in complex
1/1 (100%) C-Collar cervical fractures
Agrillo et al. [17], Posterior Arch 1/1 Type II Odontoid 1/1 Operative 1/1 (100%): Not Not Not Reported Operative 1/1 (100%): 6 Anterior odontoid and transarticular
Surgical Neurology, (100%) (100%) Odontoid and anterior Reported Reported Pneumonia C1-C2 fixation is a valid treatment
2006 bilateral transarticular option in elderly patients
C1-C2 screws
Aicha et al. [18], Posterior Arch 4/4 Type II Odontoid 4/4 Operative 4/4 (100%): Not Not Not Reported Operative: Death 2/4 (50%) 10.5 Operative management based on C2
Orthopaedics and (100%) (100%) Posterior transarticular ~ Reported Reported fracture type, displaced odontoid

Traumatology:
Surgery & Research,
2009

C1-C2 screw 2/4 (50%),
OCF 1/4 (25%),
Odontoid screw 1/4
(25%)

fractures and atlantoaxial
instability; C1 wiring should be
avoided with posterior arch
discontinuity

(continued on next page)
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Table 3 (continued)

Reference C1 (atlas) fracture type  C2 (axis) fracture type Treatment ADI C2-C3 Length of stay (days) Complication (s) Follow-up Conclusions
angulation (months)

QDean et al. [19],  Anterior + Posterior Type II Odontoid 1/1 Operative 1/1 (100%): Not Not 4 None 0/1 (0%) 24 Anterior odontoid and transarticular
Spinal Cord, 2010 Arch 1/1 (100%) (100%) Odontoid and anterior Reported Reported C1-C2 fixation is a valid treatment

transarticular C1-C2 option

screws 1/1 (100%)
Wu et al. [20], Anterior Arch 2/7 Type II Odontoid 6/7 Not Not Not Reported None 0/7 (0%) 13.1 Anterior odontoid and transarticular
Orthopaedics & (28.6%) (85.7%) Operative 7/7 (100%): Reported Reported C1-C2 fixation is a valid treatment
Traumatology: Anterior + Posterior Type I Odontoid 1/7 Odontoid and anterior option in elderly patients
Surgery & Research, Arch 5/7 (71.4%) (14.3%) transarticular C1-C2
2012 screws 7/7 (100%)
Liu et al. [21], Posterior Arch 2/4 (50%) Type II Odontoid 3/4 Nonoperative 1/4 (25%): Not Not Not Reported None 0/4 (0%) 11.5 Operative recommended in
International Anterior + Posterior (75%) Plaster immobilization Reported Reported transverse ligament injuries,
Journal of Clinical Arch 2/4 (50%) Hangman Fracture 1/4 Operative 3/4 (75%): displaced odontoid fractures (>5
and Experimental (25%) Odontoid screw + C1-C2 mm) and C2-C3 angulation >11°
Medicine, 2014 pedicle screws 2/3

(66.7%), OCF 1/3

(33.3%)
Malagelada et al. Anterior Arch 1/1 Type II Odontoid 1/1 Nonoperative 1/1 Not Not 2 None 0/1 (0%) 12 In elderly patients, cervical collar
[22], Geriatric (100%) (100%) (100%): C-collar Reported Reported immobilization of C1 anterior arch
Orthopaedic Surgery and Type II odontoid fractures can
& Rehabilitation, lead to fibrous nonunion with good
2015 functional outcomes
Pawar and O’Leary  Anterior + Posterior Type II Odontoid 1/1 Operative 1/1 (100%): Not Not Not Reported None 0/1 (0%) 12 C1-C2 temporary internal fixation is
[11], Asian Spine Arch 1/1 (100%) (100%) C1-C2 temporary Reported Reported a valid treatment option in young
Journal, 2015 internal fixation (Left C1 patients since it preserves cervical

lateral mass and C2 motion

pedicle screws)
Lin et al. [23], Not Reported Type II Odontoid 19/41  Nonoperative 22/41 All Type I/ All fractures Not Reported Nonoperative 2/22 (9%): 1 19.3 Operative management based on C2

International
Orthopaedics, 2016

(46%)

Type III Odontoid 7/41
(17%)

Hangman 4/41 (10%)
Miscellaneous C2 11/41
(27%)

(53.7%): Halo Vest
19/22 (86.3%), C-Collar
3/22 (13.6%)

Operative 19/41
(46.3%): C1-C2 PSF
12/19 (63.2%), C1-C3
PSF 4/19 (21.1%), C2-C3
PSF 1/19 (5.2%), OCF
2/19 (10.5%)

III Odontoid
fractures
with ADI >5
mm or LMD
>7 mm
16/26
(61.5%)
managed
operatively

with C2-C3
angulation
>11° 5/41
(12.2%)
managed
operatively

nonunion, 1 pinsite infection (12-45)
Operative 3/19 (7%): 1

wound infection, 1

hematoma, 1 screw

malposition

fracture type, atlantoaxial
instability (ADI >5 mm, LMD >7
mm) and C2-C3 angulation >11°

DiDomenico et al.
[81, Journal of
Craniovertebral
Junction and Spine,
2017

Anterior Arch 15/48
(31.3%)

Posterior Arch 17/48
(35.4%)

Anterior + Posterior

Arch 16/48 (33.3%)

Type II Odontoid 35/48
(72.9%)

Type III Odontoid 4/48
(8.3%)

Hangman 2/48 (4.2%)
Miscellaneous C2 1/48
(2.1%)

Nonoperative 29/48
(60.4%): C-Collar, Halo
Vest

Operative 19/48
(39.6%): C1-C2 PSF 10

Nonoperative: 7.2

Nonoperative: Nonoperative: Operative: 13.5

1.78 mm
Operative:
1.94 mm
(p=.58)

6.06°
Operative:
7.81°
(p=.28)

(p=.001)

10
Operative 3/19 (15.8%): 1
vertebral artery injury, 1
intra-op pneumothorax, 1
aspiration pneumonia

Operative management performed
more frequently in the setting of
Jefferson fractures

(continued on next page)
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Table 3 (continued)

Reference

C1 (atlas) fracture type

C2 (axis) fracture type

Treatment

ADI

C2-C3
angulation

Length of stay (days) Complication (s)

Follow-up

(months)

Conclusions

Josten et al. [24],
Archives of
Orthopaedic and
Trauma Surgery,
2018

Anterior Arch 13/23
(56.5%)

Posterior Arch 5/23
(21.7%)

Anterior + Posterior
Arch 5/23 (21.7%)

Type II Odontoid 23/23
(100%)
*Inclusion criteria*

Operative 23/23 (100%):
Odontoid and anterior
transarticular C1-C2
screws

*Inclusion criteria*

Not
Reported

Not
Reported

15.7

Operative 13/23 (56.5%): 6
dysphagia, 3 pneumonia, 3

screw loosening, 1 pleura
effusion

Not
Reported

Anterior odontoid and transarticular
C1-C2 fixation is a valid treatment
option in elderly patients but with
high rates of dysphagia

Dagtekin et al. [25],
Journal of
Craniovertebral
Junction and Spine,
2018

Not Reported

Not Reported

Nonoperative 9/9
(100%): Halo Vest or
C-Collar

Not
Reported

Not
Reported

Not Reported

None 0/9 (0%)

Not
Reported

Operative management
recommended in displaced Type II
odontoid fractures (>6 mm,
transverse ligament injuries and
unstable Hangman’s fracture

Takami et al. [26],
Journal of
Orthopaedic Case
Reports, 2018

Lateral mass + Superior
Articular Process 3/3
(100%)

Type III Odontoid 3/3
(100%)

Nonoperative 1/3
(33.%): Halo Vest
Operative 2/3 (66.7%):
C1-C2 PSF 1/2 (50%),
C1-C3 PSF 1/2 (50%)

Not
Reported

Not
Reported

Not Reported

Nonoperative 1/3 (33%):
Torticollis

18

Operative management
recommended in C1 lateral mass
and C2 superior articular process
fractures

Zhao et al. [9],
Indian Journal of
Orthopaedics, 2019

Anterior Arch 8/23
(34.8%)

Posterior Arch 8/23
(34.8%)

Anterior + Posterior
Arch 3/23 (13.0%)
Lateral mass 4/23
(17.4%)

Type II Odontoid 23/23
(100%)
*Inclusion criteria*

Nonoperative 13/23
(56.5%): Halo Vest
10/13 (76.9%), C-Collar
3/13(23.1%)

Operative 10/23
(43.5%): C1-C2 PSF 8/10
(80%), OCF 2/10 (20%)

Not
Reported

Not
Reported

Not Reported

Nonoperative 2/13 (9%): 1

nonunion, 1 pinsite infection

Operative 2/10 (20%): 1

occipital cervical pain, 1 CSF

leak

23.9
(1542)

Operative management based on C1
fracture type and atlantoaxial
instability (ADI >5 mm, LMD >7
mm)

Kolz et al. [27], The
Journal of Bone and
Joint Surgery Case
Connector, 2021

Lateral Mass 1/1 (100%)

Type II Odontoid 1/1
(100%)

Operative 1/1 (100%):
C1-C4 temporary
internal fixation

Not
Reported

Not
Reported

Not Reported

None 0/1 (0%)

Not
reported

Temporary internal fixation is a
valid treatment option in elderly
patients with a prior cervical fusion

Verma et al. [28],
Neurology India,
2022

Anterior Arch 2/10
(20%)

Posterior Arch 4/10
(40%)

Anterior + Posterior
Arch 3/10 (30%)
Lateral Mass 1/10 (10%)

Type II Odontoid 9/10
(90%)

Type I Odontoid 1/10
(10%)

Nonoperative 1/10
(10%): C-Collar
Operative 9/10 (90%):
C2 pedicle + C3 lateral
mass screws 5/9 (55.6%)
OCF 3/9 (33.3%),
Posterior transarticular
C1-C2 screws 1/9
(11.1%)

Not
Reported

Not
Reported

Not Reported

None 0/10 (0%)

28.7

Intraoperative CT navigation
systems allows for more accurate C2
pedicle screw placement and can
preserve C1-C2 rotation by avoiding
C1 instrumentation in certain
fracture patterns

AD], atlantodental interval; OCF, occiputocervical fusion; SOM], sternal occipital mandibular immobilizer; PSF, posterior spinal fusion; LMD, lateral mass displacement.
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Fig. 2. Case presentation of combined Jefferson fracture and type II odontoid fracture. A 30-year-old male was transferred from a tertiary trauma after sustaining a
neck injury while diving into a shallow pool. (A and B) He was found to have an anterior and bilateral posterior arch fractures of C1 and a type II odontoid fracture
(as well as a C5 spinous process fracture and a right C6 facet fracture). The atlantodental interval (ADI) and lateral mass displacement (LMD) were measured at 2 mm
and 6 mm, respectively. On presentation, patient exhibited 5/5 strength but reported transient numbness in his bilateral extremities which resolved spontaneously.
He was initially mobilized in a Miami-J with thoracic extension. (C) Upright radiographs were obtained which revealed interval displacement of the odontoid
fracture with extension angulation of 40° and gapping measuring 6 mm. (D) Due to risk of nonunion, patient underwent a posterior C1-C2 fusion with postoperative

radiographs demonstrating significantly improved atlantoaxial alignment.

effective management strategy in a majority of cases. Dickman et al. [4],
Lin et al. [23], and DiDomenico et al. [8] reported a combined 16 cases
of combined type III odontoid fractures with 13/16 patients (81.3%)
managed successfully without surgery. Those that were managed oper-
atively exhibited atlantoaxial instability, with an ADI >5 mm or LMD
>7 mm [8,23].

Management of combination C1-Hangman fractures

Combination C1-Hangman fractures are generally managed success-
fully with external orthosis. However, clinicians must be cognizant of
particular fracture characteristics that may denote instability. For in-
stance, Lin et al. [23] and Fielding et al. [38] reported combination
injuries and noted that C2-C3 angulation >11° suggests instability and
warrants surgery. These findings are consistent with prior literature on
isolated Hangman fractures, which also describe instability with C2 an-
terior translation >6 mm and >2 mm movement on flexion/ extension
radiographs [39,40].

Additionally, due to suboptimal healing rates with nonoperative
care, surgical stabilization is recommended in Levine and Edwards
type Ila (flexion-distraction with severe angulation) and III (flexion-
compression with bilateral facet dislocations) injuries [39,41]. Opera-
tive cases in combination C1-Hangman fractures have been performed
with posterior cervical stabilization and fusion in reported literature
[15,23,38].

Management of combination CI1-miscellaneous C2 body fractures

The management of combination Cl-miscellaneous C2 body frac-
tures is nonoperative in the majority of cases. Outcomes have been
described by Dickman et al. [4] and Lin et al. [23] with a combined
16 cases successfully treated via rigid (halo vest or sterno-occopital
mandibular immobilizer) or semirigid (cervical collar) immobilization.

C1 fracture considerations

Although most literature on combined fractures asserts that opera-
tive management is generally based on C2 fracture characteristics, clin-
icians must be cognizant of C1 fracture patterns that also suggest in-
stability. As with any atlantoaxial injury, the integrity of the transverse
ligament must be closely evaluated as it is the key structure that pre-
vents anterior translation of the axis. As previously discussed, C1 lateral
mass displacement >7 mm may indicate a transverse ligament injury
and should be confirmed with an MRI [32-34].

DiDomenico et al. conducted a retrospective review of 48 cases of
combined atlas-axis fractures, of which 16/48 (33.3%) patients sus-
tained bilateral anterior and posterior arch (Jefferson) fractures, 15/48
(31.3%) patients sustained anterior arch fractures and 17/48 (29.2%)
patients sustained posterior arch fractures [8]. He noted that patients
with C1 Jefferson fractures tended to be managed more frequently with
surgery when comparing those with anterior or posterior arch fractures
(p=.030) [8].

Nevertheless, consistent with literature on isolated atlas fractures,
Guiot et al. [1] and several studies have described successful cervical
collar immobilization in stable Jefferson, anterior arch, posterior arch
or lateral mass fractures in combined patterns [9,42]. With atlantoax-
ial instability, surgical techniques have included occiputocervical fu-
sion, posterior C1-C2 fusion and anterior/posterior transarticular fix-
ation [1,9,15].

Combined atlas-axis fractures in adolescents

We did not use age in our exclusion criteria. Therefore, we captured
available data related to adolescents. Four of our studies included pa-
tients 19 years or younger. Dickman et al. included patients as young
as 14 in their study, but the authors did not provide age-specific [4].
Liu et al. provided one case report of an 18-year-old patient, but this
patient refused surgery and was lost to follow-up [21]. Two of the in-
cluded studies have usable data regarding combined injuries in adoles-
cents. Tannoury et al. is a case report of a 17-year-old male who was
involved in a high-speed rollover motor vehicle accident, sustaining a
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posterior arch fracture of the atlas, atypical traumatic spondylolisthesis
of the axis, bilateral pedicle fractures of C3, 80% anterior subluxation
of C3 on C4, a burst fracture of C6, and compression fractures of C7 and
[16]. The patient had significant motor weakness on presentation. He
was treated with cervical traction for 1 week, followed by 9 weeks in a
halo vest, followed by an additional 4 weeks in a hard cervical collar. At
4 months after injury, the patient had regained most of his motor func-
tion. Finally, Pawar and O’Leary described the case of an 18-year-old
male involved in a rollover motor vehicle accident, sustaining a type II
odontoid fracture and anterior and posterior arch fractures of the atlas
with an unstable left lateral mass of [11]. The patient had no neuro-
logic deficits and MRI demonstrated an intact transverse ligament. The
patient was treated with temporary unilateral internal fixation with lat-
eral mass fixation of C1 and pedicle fixation of C2 without fusion to pre-
serve his range-of-motion. CT revealed complete healing by 6 months.
The hardware was removed at 9 months. At 1 year, the patient had
full cervical range-of-motion. The lack of data on combined injuries in
adolescent patients underscores the need for further research in this pa-
tient population. These 2 cases demonstrate that these fractures can be
treated without fusion or even without surgery in adolescents, even in
the setting of concomitant multilevel injuries and motor weakness.

Conclusions

There were a few limitations to this systematic review. The primary
limitation was that the level of evidence in the published literature on
combined atlas-axis fractures is low, as most studies were case series.
Second, the heterogeneity of the data in the reviewed studies made it
difficult for the authors to directly compare the studies. Because of these
limitations, the authors opted to do a systematic review of the literature
rather than a meta-analysis. While there has been several recent studies
on combined patterns, this review highlights the lack of prospective and
comparison data on different management strategies.

In summary, combined atlas-axis fractures are rare occurrences with
substantially higher rates of neurologic deficits compared with isolated
injuries. Management strategies are generally based on the type of axis
fracture as well as the condition of the transverse ligament, which pro-
vides atlantoaxial stability. The majority of patients can be successfully
managed with external orthosis via cervical collars or halo immobiliza-
tion.

Combined atlas-axis fractures with an atlantodental interval >5 mm,
C1 lateral mass displacement >7 mm, C2-C3 angulation >11° or MRI
findings demonstrating a disrupted transverse ligament are suggestive
of instability and often successfully managed with surgical intervention.
Additionally, surgery is warranted in setting of potential nonunion with
an odontoid fracture gap >2 mm, posterior displacement >5 mm, an-
gulation >11°, highly comminuted fractures or in patients with certain
risk factors.

There is no consensus in regards to specific surgical treatments,
which include occiputocervical fusion, posterior C1-C2 fusion, tempo-
rary C1-C2 fixation, anterior/ posterior C1-C2 transarticular fixation and
anterior odontoid fixation. Ultimately, future prospective studies would
provide clinicians with more well-defined strategies to optimize patient
outcomes.
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