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Introduction and importance: Odontoid fracture (OF) is among the most common and challenging cervical spine
fractures in regards to the treatment and surgical approach. Atlanto-axial dislocation (AAD) is considered a
significant complication after failed non-surgical treatment of OF. Traditionally, it requires anterior odontoi-
dectomy followed by posterior C1-C2 reduction and fusion. In latest studies, Atlanto-axial joint (AAJ) remodeling
in a posterior-only approach has got attention.

Case presentation: We herein present a 30-year-old man with missed type-II OF, presenting with irreducible
anterior AAD and progressive neurological deficit. Old non-united OF with dorsal callous formation, compressing
spinal cord, was detected. The patient underwent correction of the deformity and reduction of the fracture
utilizing the posterior-only approach. AAJ remodeling, callous release and C1-C2 fusion was performed in
standard prone position, under fluoroscopic guide and intraoperative electrophysiological monitoring. The pa-
tient had uneventful surgery and postoperative course and was neurologically intact with appropriate alignment
in 6-month follow-up.

Clinical discussion: The irreducible AAD following type-II OF could be successfully treated with posterior-only
approach (C1-C2 fusion).

Conclusion: Type-II OF is considered unstable requiring surgical management. Close follow-up and appropriate
patient education is mandatory in non-surgical treatment. Irreducible AAD has been managed with anterior
odontoid resection and posterior fusion. Several complications of anterior surgery, makes posterior-only
approach a noticeable choice.

and considerations in treatment [1,5]. Success in non-operative man-
agement, depends in many circumstances including age, medical
comorbidities and fracture type. In type-II fractures, there is a 30-60 %

1. Introduction

Odontoid fracture (OF) accounts for approximately one third of

cervical spine fractures [1,2]. In the elderly, it is the most common
spinal fracture, even due to low-energy trauma [3,4]. Type-II OF in
D'Alonso's classification is the most common type [5] and is classified to
different subgroups based on comminution of fragments [6]. OFs rarely
causes neurological deficit, due to anatomic location and wider spinal
canal at C1-C2 level [7]. External immobilization is widely acceptable
for management of type-I and III OFs; but, type-II has many challenges

chance of effective fusion with non-operative management depending
on patients' condition and fracture characteristics [1]. Non-union and
mal-union of the odontoid are the most common hazards, threatening
non-operative managed cases of OFs. Atlanto-axial dislocation (AAD) is
also a major complication [7-9] of the missed cases of failed non-
surgical treatment of OFs. Commonly, failure in non-operative man-
agement, indicates surgical intervention [1,10]. Anterior, posterior or
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combined approaches for non-united OF has been utilized based on
clinical and anatomic characteristics [7]. We herein report a delayed
presentation of irreducible traumatic AAD in a missed case of non-
united, type-II OF; and its successful management utilizing posterior-
only approach.

2. Case presentation

A 30-year-old man was referred to out center with quadriparesis and
signs of myelopathy. He was in a car accident 6 months before the
presentation, and has been admitted in a hospital due to head, face and
neck trauma. He has been diagnosed with stable, type-II OF (Fig. 1A)
and was discharged with a Philadelphia collar and instructions for close
follow-up. He has undergone facial and mandibular internal fixation 2
weeks after the trauma. He was operated by maxillofacial surgeons
during the same admission. In his post-operative course, he developed
quadriparesia and distal paresthesia for what he had undergone vascular
investigations with conventional and CT-angiogram (Fig. 1B) of carotid
and vertebral arteries (Fig. 1C). Displaced OF and dislocated AAJ was
missed in imaging investigations (Fig. 1B). The patient was discharged
and did not refer for months afterward, till he presented to a neuro-
surgeon with progressing neurologic deficit. Initial evaluations revealed
missed type-II OF with anterior AAD and bilateral locked C1-C2 facet
joints (Fig. 1D).

In our spine surgery center, we further evaluated the patient with
computed tomography (CT), magnetic resonance imaging (MRI), CT-
angiography and dynamic cervical radiogram. Type-II OF with ante-
rior displacement of distal segment associated with AAD and bilateral
locked C1-C2 facet was identified (Fig. 1D, E). Posterior fibro-osseous
bundle (bone callous) was connecting fracture segments (Fig. 1D).

International Journal of Surgery Case Reports 114 (2024) 109104

Proximal, posteriorly displaced segment, beside posterior fibro-osseous
connecting bundle, was compressing upper cervical spinal cord
segment and lower medulla (Fig. 1F).

Due to neurological deficit and anterior spinal cord compression,
cervical traction was contraindicated, but we have applied the cervical
traction under general anesthesia with neurophysiologic monitoring.
Thus, we planned a posterior-only approach for correction of the
deformity. Surgery was performed with intraoperative neuromonitoring
comprising motor evoked potentials (MEP), sensory evoked potentials
(SEP), and electromyography (EMG). After posterior dissection of cra-
niovertebral junction in standard prone position and head fixation,
laminectomy of C1-C2, along with small suboccipital craniectomy was
performed. Then, C2-ganglion was dissected bilaterally in order to
expose C1-C2 facet joint completely. After bilateral wedge drilling of C1
and C2 articular processes, reduction was not achieved. Therefore,
under fluoroscopic guidance, facet joints were distracted utilizing an
osteotome. This maneuver provided appropriate space for partial
resection of posterior fibro-osseous bundle. It was done under close
fluoroscopic guide. This procedure, beside intraoperative cervical trac-
tion, lead to acceptable C1-C2 and odontoid reduction (Fig. 2A) and
released of the C1C2 facet joint (Fig. 2B). Posterior C1-C2 fusion was
then performed with bilateral C1 lateral mass screws, C2 pedicular and
laminar screws (Fig. 2C). The spinal canal was compromised secondary
to AAD and formation of the posterior fibro-osseous bundle (Fig. 2D).
The spinal canal was indirectly decompressed after proper reduction
(Fig. 2E, F). Surgery was performed with intraoperative neuro-
monitoring comprising motor evoked potentials (MEP), sensory evoked
potentials (SEP), and electromyography (EMG). No change in the elec-
trophysiological parameters was recorded during and after the surgery.

The patient was discharged from the hospital at 3rd postoperative

Fig. 1. A: Initial cervical sagittal CT-scan demonstrating a non-displaced type-II odontoid fracture (OF, arrow); B: displaced OF missed in sagittal brain CT-
angiogram; C: normal brain CT-angiogram of the patient being performed after the maxillofacial surgery; D: delayed cervical sagittal CT-scan demonstrating dis-
placed type-1I OF with AAD showing posterior fibro-osseous bundle (arrow); E: cervical sagittal CT-scan demonstrating the C1-C2 locked facet (arrow); F: lateral
cervical radiography demonstrating proximal, posteriorly displaced segment compressing upper cervical spinal cord segment and lower medulla.
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Fig. 2. A: Postoperative mid-sagittal cervical CT-scan demonstrating reduction of the odontoid fracture (arrow), resection of the callous resection, and decom-
pression of the spinal cord; B: postoperative sagittal cervical CT-scan demonstrating release of the C1-C2 facet (arrow), release of intervertebral foramen and fusion of
the C1-C2; C: postoperative lateral cervical radiography demonstrating reduction of the fracture and decompression of the spinal canal and C1-C2 fusion with
bilateral C1 lateral mass screws, unilateral C2 pedicular screw and unilateral C2 laminar screw; D: preoperative axial cervical CT-scan demonstrating compromise of
the cervical canal with cord compression due to displacement of the C1-C2 and formation of the posterior fibro-osseous bundle (arrow); E, F: postoperative axial
cervical CT-scan demonstrating proper reduction of the Atlanto-axial dislocation and complete release of the spinal canal and cord decompression with C1-C2 fusion.

day. The postoperative course was uneventful. After 6 months, complete
neurological recovery and acceptable C1-C2 facet joint fusion, was
reached. The work has been reported in line with the Updating
consensus Surgical CAse REport (SCARE) guidelines [11]. Written
informed consent was obtained from the patient's parents/legal guard-
ian for publication and any accompanying images. A copy of the written
consent is available for review by the Editor-in-Chief of this journal on
request.

3. Discussion

OFs have 3 main types according to D'Alonso's classification. Type-I
includes all fractures of tip of the dense process. In type-II, fracture in-
volves base of the odontoid process [5]. It also has a subclassification
based on distal segment comminution [6]. Type-IIl is extension of
fracture line into C2-vertebral body [5,6]. Impacts causing extension is
always responsible for OFs. While sagittal forces cause type-III fractures,
type-II occurs mostly when lateral force is present with angle near 45°
from midline [12]. Osteoporosis is a major predisposing factor in elderly
patients who had minor trauma, whereas in younger patients, high en-
ergy trauma is the cause [13].

The most common symptom in pure OFs is headache, mainly in oc-
cipital area. Neurological deficits are uncommon due to wider spinal
canal cross sectional area at this level. Dysphagia may also be present. In
elderly patients, asymptomatic fractures are common due to neurolog-
ical age-related comorbidities [14,15]. Type I and type III OF are
considered stable and managed with external immobilization with
excellent fusion rate [2,3,5]. Type-II, has many variations and consid-
erations. Non-operative management includes Halo-vest (HV) and col-
lar. Although HV showed superior success rate in some studies, its higher
morbidity and lower tolerance by the patients makes collar the standard
non-operative management [1,12]. Fracture dislocation >5 mm, angu-
lation >10° and failed external immobilization are considered as rela-
tive indications for surgical management [1]. In a 2017 review of OFs,
considering osteoporotic basis of OFs and higher failure rate in type-II,
surgical management got more attention, especially in elderly patients
(>65 years) [13]. Rizvi et al. suggested that surgical intervention is of
great benefit in patients >50 years old with type-II OF [14]. In 2022,
additional factors noted for consideration of surgical management in
type-II OF. Some of them are: age of 45-55 years or older, posterior
displacement and displacement >6 mm, Transverse Atlas Ligament
injury, delayed diagnosis or treatment (>4 days), osteoporosis, smoking,
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fracture comminution, angulation >10° and the inability to achieve
adequate reduction (>1 mm fracture gap) or loss of reduction (>2 mm
posterior re-displacement). Also HV is mentioned superior to collar for
non-operative management of type-II fractures [15]. In the aspect of
craniovertebral junction stability, C1-C2 is a highly mobile joint and any
major fracture in this region (specially OFs) should be considered un-
stable until otherwise proven [16-18].

Traumatic AAD has been such a challenging case, for which many
studies aimed to reach a standard management in recent decade. It ap-
pears that mobility in fracture site is starting point of a cascade leading
to AAD [19]. Presenting symptoms are usually altered neck range of
motion, neck pain and delayed onset-progressive neurological deficit
[20]. Radiologic evaluations must include CT-scan, MRI, dynamic X-ray
and vertebral artery (VA) angiogram [19,20]. In these imaging evalua-
tions, callous formation, Atlanto-axial joint (AAJ) relation, reducibility,
cord compression and vertebral artery injury should be sought [21].
Irreducible AAD (IAAD) has been traditionally managed with trans-oral/
facial decompression and posterior fusion; but, anterior decompression
has brought about severe morbidities [7]. Therefore, recent attempts
aimed eliminating anterior surgery and managing IAAD with posterior
only approaches. This was successfully tried by Goel in 2005 manipu-
lating C1-C2 joints [19]. In posterior approach, AAJ is realigned with
drilling with or without joint expander. In selected cases and appro-
priate occasions, this procedure has been successful in reduction, fusion
and morbidity control through elimination of anterior surgery
[7,19-22]. Some points help selecting proper cases for this approach:

e Callous formation and progressive/new neurological symptoms,
indicate chronic motion at fracture site, thus “feasibility” of posterior
reduction [7].

e As this approach needs bilateral AAJ remodeling, any reason blocks

access to one joint -such as VA injury or its relation to the joint-

makes reduction less feasible [7].

Pre-operative traction usually failed and caused morbidity in these

cases [7].

In our case, reducibility was investigated by cervical dynamic
radiogram, showing no reduction. Thus, concerning little chance of
reduction in such cases with cervical traction and anterior spinal cord
compression by callous bulk, we decided not to try traction prior to
surgery. Gardner traction without weight application was fixed after
general anesthesia. In effort for reduction, bilateral joint manipulation
and osteotomy was done just as it was described by Salunke et al. [7].
Gradual weight application on traction beside joint remodeling could
not reduce dislocated joints. Thus, under fluoroscopic guide, we released
callous at fracture site. Then reduction was achieved and fusion was
performed.

4. Conclusion

Type-II OF is considered unstable due to many reasons and needs
early surgical management in most cases. External immobilization with
collar is a treatment choice in selected cases, but close follow-up beside
excellent patient education and compliance is mandatory. This fracture
has great chance of non-union. Irreducible AAD is a consequence of non-
union and has been managed with anterior odontoid resection and
posterior fusion in past decades. In last years, due to several morbidities
of anterior surgery, posterior-only approach has got attentions and many
progresses have been achieved.
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