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Craniovertebral junction surgery is associated with unique difficulties. Type 2 odontoid 
fractures (Anderson and D Alonzo) have a great potential for nonunion and malunion. 
These fracture patients may require a circumferential decompression and fixation. The 
addition of intraoperative CT with neuronavigation greatly aids in craniovertebral junc-
tion surgery. We operated on a 59-year-old-male with a type 2 fracture with posterior 
subluxation of C1 anterior arch and a cranially displaced odontoid peg. First, a tran-
soral odontoidectomy was performed followed by a craniocervical fixation. Occipital 
plates and C3–C4 lateral mass screws were used as C1 was discovered to be occipi-
talized intraoperatively and atlantoaxial facet joints could not be reduced as discov-
ered by intraoperative CT resconstruction. Intraoperative CT scan was crucial to this 
circumferential decompression and fixation, allowed us to resect the odontoid peg 
safely and completely and to confirm adequate screw trajectory making this complex 
surgery easier for us and safer for the patient. The patient was discharged 4 months 
after admission with stable neurology. Intraoperative CT was fundamental to correct 
decision making.
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Introduction
Injuries to the craniovertebral (CV) junction account for a 
small proportion of spinal cord injuries, are usually associ-
ated with high energy trauma and affect the skull base at 
the occipital bone and the C1 and C2 vertebrae.1,2 The area 
is anatomically complex, its injuries peculiar and instability 
of this area can have devastating neurological consequences. 
As such spinal surgery in this area and its consideration are 
different from subaxial cervical spinal surgery.2

The Anderson and D Alonzo type II fracture occurs at the 
base of the odontoid process or superior to the junction with 
the vertebral body.3 These fractures are usually unstable, and 
surgery indicated as nonunion rates between 40 and 80% is 
reported.4,5 We present a case of a 59-year-old male patient 
who presented with a CV junction instability that indicated 
an anterior decompression and posterior fixation. We report 
the use of our intraoperative CT (iCT) scanner with neuronav-
igation and its benefit in such a procedure.
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Case History
A 59-year-old male presented to our outpatient clinic com-
plained of neck pain, quadriparesis, and right-sided torticol-
lis. He was involved in a fall from his donkey cart one and  
a half month prior in a road traffic accident. There was spon-
taneous movement in all four limbs and neurological exam-
ination revealed intact sensation and normal reflexes, 2+ 
(Deep Tendon Reflex scale), with motor power of four out of 
five in all limbs (MRC grading scale). Tone, sensation and gait 
were intact. Plantar reflex was normal. The patient brought 
his only previous investigation, a lateral X-ray of cervical 
spine which revealed instability at the CV junction with a 
posteriorly displaced anterior arch of C1 and invisible odon-
toid peg which was fractured from the body of C2 (►Fig. 1).

Upon admission to our department, Philadelphia Collar 
was applied the first day followed by skull traction for 
2 weeks. After the initial 2 weeks he developed a pin site 

infection, the traction was removed, and 1 g of ceftriaxone 
was initiated twice daily. Upon resolution of infection trac-
tion was reapplied at a different site for 1 week. Piroxicam 
2 mg twice daily was administered as an analgesic and tizan-
idine 2 mg twice daily as a muscle relaxant.

CT scan of the cervical spine with three-dimensional 
reconstruction revealed a C2 type II fracture (Anderson 
and D Alonzo) with an anterior and cranial right-sided dis-
placement of the odontoid peg and atlantoaxial subluxation 
causing cervical myelopathy. MRI of cervical spine showed 
compression and thinning of the cervical spinal cord. The 
odontoid fracture warranted an anterior decompression 
and an occipital-cervical fixation which was planned as a 
two-stage procedure.

Surgical Procedure
First, an iCT cum neuronavigation-guided transoral odon-
toidectomy and removal of the anterior arch of C1 was done. 
The patient while lying supine had Mayfield 3 pin infinity 
skull clamp fixed to his skull with traction locked. A periop-
erative CT scan (►Fig.  2A) was acquired and transferred to 
the neuronavigation system for surface registration. Surface 
registration was done with a 1.2 mm real time accuracy of 
the neuronavigation system. We proceeded with a transoral 
odontoidectomy, removing the anterior arch of C1 and a bony 
fragment of the odontoid. After this a second CT scan (first 
intraoperative scan) was done to check for any residual bony 
fragment and to orientate our self to the midline of the surgi-
cal field in real time. This scan confirmed the remains of a lat-
eral bony bar (►Fig. 2B) which was removed and confirmed 
with a third CT scan (second intraoperative scan) (►Fig. 2C). 
Three-dimensional reconstruction however revealed that 
C1/C2 could not be reduced, and facet joints were locked. The 
wound was closed in layers.

In the second stage of craniocervical fixation it was dis-
covered that the patient had an occipitalized C1. Along with 
an unreduced atlantoaxial joint it was decided to perform 
fixation with occipital plate and C3–C4 lateral mass screws. 
Screw trajectory was confirmed with a fourth and final (third 
intraoperative scan) CT scan (►Fig. 3).

Tracheostomy was done to prevent aspiration. The patient 
was fed with a nasogastric tube postoperatively for 2 weeks 
until his wound had healed. He later developed dehiscence 
of his retropharyngeal wound with serous discharge which 
resolved with simple irrigation daily for 5 days. On the 12th 
postoperative day, the occipital wound was infected. Culture 
sensitivity revealed Pseudomonas and vancomycin was initi-
ated for 4 weeks. After 4 months of his admission the patient 
was discharged, and spinal alignment was achieved con-
firmed with a CT scan. There was no further neurological 
deterioration; power remained four out of five and torticollis 
had resolved.

Discussion
The iCT scanner use was established in spinal surgery. This 
case report is based on our previously published retrospective 

Fig. 1  Lateral X-ray cervical spine with craniovertebral junction insta-
bility with odontoid fractured and subluxation anterior to the ante-
rior arch of C1 and cranially.
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series where we evaluated for use of our iCT in various cra-
nial and spinal neurosurgeries.6

Before discussing the technical benefit of iCT, it is import-
ant to state that the management of C2 fractures must be 
through means of an appropriate patient selection criteria 
to determine in whom surgery is warranted and who should 
be managed conservatively. The surgical indications for type 
II fractures are multifactorial including age greater than 

50 years, displacement of dens greater than 6 mm, rupture of 
transverse ligament or a type IIA fracture, comminuted dens 
and axis fracture nonmaintainable by external orthosis.7-9

Amongst those patients eligible to be considered for con-
servative treatment, the literature shows surgical interven-
tion should be considered when nonunion of the fracture of 
C1–C2 joint instability persists after an appropriate duration 
of nonoperative management.10

Fig. 2  (A) Perioperative and first CT scan for neuronavigation and surface registration. (B) First intraoperative CT scan (second overall scan) 
following transoral odontoidectomy and removal of anterior arch of C1 confirming residual bony bar. (C) Second intraoperative CT scan (third 
overall scan) confirming removal of residual bony fragment.
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The iCT was of great help and a reassurance during the 
transoral approach to the odontoid. While operating in a 
narrow space and dealing with the complex anatomy of the 
CV junction which is particularly important due to the prox-
imity of neurovascular structures, the accuracy required is 
within millimeters. This is especially so because of the ver-
tebral artery in relation to the C1 and C2 vertebral bodies, 
the position of which may have been displaced because of 
the subluxation of these vertebrae. The incidence of verte-
bral artery damage overall is 1.4% in cervical spinal surgery; 
however, it can be as high as 8% when performing posterior 
instrumented upper cervical spinal surgery.11,12 Although 
some authors advocate a perioperative CT angiogram to 
chart the course of V3 segment of the vertebral artery as it 
frequently has an anomalous course at C1/C2,13 but in our 
case the articular processes of C1 were not purchased and 
an occipio-C3/C4 fusion was done. Therefore, the need for a 
perioperative charting was obviated as the vertebral artery is 
not compromised here.14

Additionally, the iCT allowed us to detect a residual bony 
fragment and confirm its resection (2b and 2c). Had this not 
been removed it may have led to the persistence of cervical 
cord compression and the highly impaired chances of neu-
rological stability or recovery. During the posterior fixation, 
the iCT allowed us to confirm screw trajectory thus achieving 
complete and safe stabilization of the cervical spine (►Fig. 3).  
It may be added that this case report warrants further stud-
ies to decide whether iCT should be a standard of care in CV 
junction instabilities and if such patients should be managed 
at centers equipped with iCT.

Conclusion
Centers equipped with iCT scan and neuronavigation have an 
added benefit to operate in a safer environment and allow 
for greater precision and better accuracy, especially in the 
complicated anatomical region of the craniocervical junc-
tion. However, to affirm this, larger trials with rigid selection 
criteria are required to establish just how safe the iCT is and 
how much benefits are derived from it in CV junction spinal 
surgery.
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Fig. 3  Final intraoperative CT scan confirming appropriate screw trajectory and adequate decompression. Top, sagittal sections; bottom, axial 
sections; right, coronal section.
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