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a b s t r a c t

The proximity of the vertebral artery (VA) to the odontoid process makes it vulnerable to injury during
surgery. Knowledge of the quantitative anatomy of the VA groove is therefore necessary. In this study
we assessed the spatial relationship between the VA and the odontoid process on cadavers by direct mea-
surement and in patients by CT angiography. Our goal was to measure the distances from the VA and ver-
tebrobasilar junction to the odontoid tip. The VA and odontoid process of 10 craniocervical cadavers
(‘‘cadavers”) and of 20 patients were evaluated and average measurements obtained. The measured
parameters were: (i) distance from the right VA to the odontoid tip (right VA–odontoid tip); (ii) distance
from the left VA to the odontoid tip (left VA–odontoid tip), and (iii) distance from the vertebrobasilar
junction to the odontoid tip (vertebrobasilar–odotoid tip). On the cadavers, the right VA–odontoid tip dis-
tance was 11.55 mm, the left VA–odontoid tip was 11.02 mm, and the vertebrobasilar junction–odontoid
tip distance was 24.55 mm. In patients, using CT angiography, the right VA–odontoid tip distance was
11.47 mm and the left VA–odontoid tip distance was 11.50 mm. The VA–odontoid tip distance is impor-
tant in anterior odontoid approaches. Since the odontoid process may be in close contact with the VA, the
relationship between them should be evaluated preoperatively in all candidates for odontoid surgery
using three-dimensional CT angiography.

� 2009 Published by Elsevier Ltd.
1. Introduction

The intradural segment of the vertebral artery (VA), after
emerging from the fibrous dura mater tunnel, ascends in front of
the rootlets of the hypoglossal nerve to reach the front of the me-
dulla oblongata. The VA joins with the opposite VA to form the bas-
ilar artery near the junction of the pons and the medulla. It is
expected that the intracranial parts of the VA lie symmetrically lat-
eral to the odontoid process, and the vertebrobasilar junction lies
in the middle on the clivus. In reality, however, the VAs may be
transposed because of developmental abnormalities, inflammatory
disease, traumatic lesions, and tumors. Thus, the VAs might lie
asymmetrically in relation to the odontoid process.

Injury to the VAs might occur in transoral odontoidectomies
and odontoid screw fixation procedures.1,2 In addition, positioning
of spine implants could damage the VA. Understanding of the anat-
omy and the relationship between the odontoid process and the
VAs may provide for a safer anterior approach.3 Due to our under-
standing of the importance of the proximity of the VA and the
Elsevier Ltd.
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odontoid process during anterior odontoid approaches, we mea-
sured the distances from the VA and the vertebrobasilar junction
to the odontoid tip.

2. Materials and methods

Ten cadaveric craniocervical specimens (‘‘cadavers”) were ob-
tained. Specimens that had signs of craniocervical system trauma
or disease were excluded. All direct anatomical measurements
were performed using a digital micrometer (Mitutoyo Corporation,
Kawasaki, Japan).

The VAs and odontoid process of 20 patients (10 male, 10 fe-
male) were evaluated using CT angiography. Patients with spinal
deformities, tumors, fractures, infections, congenital findings, or
instrumentation at the craniocervical region were excluded. Pa-
tient ages ranged from 20 years to 65 years (mean, 30 years). Mea-
surements included the following: (i) distance from the right VA to
the odontoid tip (right VA–odontoid tip); (ii) distance from the left
VA to the odontoid tip (left VA–odontoid tip); and (iii) distance
from the vertebrobasilar junction to the odontoid tip (vertebrobas-
ilar–odontoid tip).

We performed the CT angiography using the Somatom Emotion
16 multislice CT system (Siemens, Berlin, Germany). In addition,
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Fig. 2. Superolateral view of the craniovertebral junction in a craniocervical
cadaver. O = odontoid process, VA = vertebral artery. This figure is available in
colour at www.sciencedirect.com.
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three-dimensional (3D) CT angiograms were obtained with the fol-
lowing scanning parameters: thickness, 2 mm; pitch, 0.938; dis-
tance, 0.5 mm; tube tension, 120 kV; electric current, 250 mA;
window width, 1000 Hounsfield units (HU); and window level,
300 HU. The axial images were obtained from a CT scan of each pa-
tient 5 s after injection of contrast medium. The clearest axial
images of the odontoid process and VA were selected for
measurement.

2.1. Statistical analysis

The Statistical Package for the Social Sciences version 11.0
(SPSS, Chicago, IL, USA) was used to perform statistical analyses.
A Mann–Whitney U-test was performed to compare data between
males and females, between the right and left VA, and between
cadavers and patients. Values of p < 0.05 were considered statisti-
cally significant.

3. Results

The left and right VA–odontoid tip distances and the vertebro-
basilar–odontoid tip distance were measured in cadavers (Figs. 1
and 2).

Measurements in cadavers (mean ± standard deviation [SD])
were as follows: (i) right VA–odontoid tip, 11.55 mm ± 3.25 mm
(range, 8.23–18.42 mm); (ii) left VA–odontoid tip, 11.02 mm ±
1.51 mm (range, 9.03–14.38 mm); and (iii) vertebrobasilar–odon-
toid tip, 24.55 mm ± 3.96 mm (range, 20.22–33.46 mm). No statis-
tically significant difference was found between the right and left
VA measurements.

CT measurements of patients (mean ± SD) were as follows: (i)
right VA–odontoid tip, 11.47 mm ± 3.87 mm (range, 5.6–
19.04 mm); (ii) left VA–odontoid tip, 11.50 mm ± 3.21 mm (range,
5.4–16.71 mm). No statistically significant difference was found
between the right and left VA measurements in patients
(p > 0.05). In addition, there was no statistically significant differ-
ence (p > 0.05) between males and females in CT measurements.
Fig. 1. Anterior view of the craniovertebral junction in a craniocervical cadaver.
BA = basilar artery, O = odontoid process, VA = vertebral artery. This figure is
available in colour at www.sciencedirect.com.
When the distance from the right VA to the odontoid tip and the
distance from the left VA to the odontoid tip were evaluated, no
statistically significant differences were found in measurements
from cadavers or from CT measurements in patients (p > 0.05).

4. Discussion

Surgical interventions in the craniovertebral junction are
becoming increasingly common. Thus, knowledge of this region
becomes more important for surgeons. The VA may be injured dur-
ing anterior approaches to the craniovertebral junction,4 especially
during anterior C1 decompression in a transoral odontoidectomy5

and anterior odontoid screw fixation procedures. Although VA in-
jury is uncommon in cervical spine surgeries, the consequences
may be catastrophic, as it is associated with complications such
as fistulas, pseudoaneurysms, late-onset hemorrhage, thrombosis,
embolism, cerebral ischemia, and death.6 Knowledge of both nor-
mal and anomalous anatomy may reduce the rate of arterial injury.

The risk factors associated with VA injury in transoral odontoi-
dectomy and anterior odontoid screw fixation procedures include:
(i) a damaged or deficient odontoid process (e.g. from rheumatoid
arthritis); (ii) incomplete reduction of a fractured odontoid tip be-
fore screw placement; (iii) previous transoral surgery and loss of
the anterior tubercle of C1 as an important fluoroscopic landmark;
and (iv) failure to recognize an enlarged and tortuous VA coursing
around the odontoid.

The reduction of a fractured odontoid tip needs to be confirmed
before drilling begins because intraoperative correction is difficult.
There is some potential for dural penetration with placing a wire
across the odontoid process, and taking care when placing the
odontoid screw over a fractured odontoid process makes sense
intuitively. Daentzer et al. reported VA injury caused by a mis-
placed odontoid screw.3 They placed the screw beyond the tip of
the odontoid because of a ‘‘barrel” thorax. Subsequently, the tip
of the screw with its threaded head rubbed slowly through the wall
of the left VA, causing a pseudoaneurysm with a fatal subsequent
rupture. If the distance between the VA and odontoid process
had been evaluated preoperatively, injury to the VA might have
been prevented.

When the VA anatomy is anomalous, such as hypoplasia, apla-
sia, and tortuosity, injuries can occur even when standard anterior
or posterior techniques are used.7 About 15% of patients have a
unilateral hypoplastic VA, and another 5% have no direct commu-
nication between the basilar artery and one of the VAs.8,9 In addi-
tion, the course of the VA in C2 is variable, with consequent
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Fig. 3. (a) Three-dimensional CT angiogram showing vertebral arteries (VA) and a type II odontoid fracture with a posterior displacement of the fractured odontoid process
(O). BA = basilar artery. (b) Axial CT angiogram showing the position of the vertebral artery (VA) and the re-aligned O.
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variation in the height and width of the isthmus of C2, through
which the screw is inserted.10–12 The VA is most likely to be at risk
during posterior surgery around the C2 pars region rather than
through anterior approaches. Because the course of the VA at C2
is complicated and variable, and a screw trajectory runs diagonally,
evaluating the risk for VA injury is difficult to assess two-dimen-
sionally.13 In about 80% of patients, the VA makes an acute reverse
bend in the center of the lateral half of the superior articular facet
of the C2. In 15% of these patients, the VA can occupy almost two-
thirds of the superior facet of the C2.14 Although Sim et al. reported
a patient in whom an odontoid fracture had ruptured the left VA,15

VA ruptures in patients with odontoid process fractures are rare.
3D CT angiography can show much more detail of both bone

and vascular structures around the craniovertebral junction. Com-
pared with conventional catheter angiography and magnetic reso-
nance (MR) angiography, 3D CT angiography is a superior
diagnostic tool in identifying VA abnormalities because it: (i) pro-
vides an accurate image of the VA and unrestricted reconstruction
of the image; (ii) can image both the VA and the circumferential
osseous tissue and analyze the anatomy of both tissues; (iii) can
conduct stereoscopic analysis from every direction; and (iv) is
the minimally invasive and can be performed in less time than
catheter or MR angiography.16 However, 3D CT angiography may
provide misleading data for VA measurements. When the 3D CT
image in Fig. 3a is evaluated, the VA appears very close to the
odontoid process, which might suggest that odontoid surgery
would be too dangerous. In reality, the distance between the VA
and odontoid process in this patient was sufficient to perform
the surgery required to produce the result shown in Figure 3b.
Hence, although measurements obtained using 3D CT angiography
are not completely reliable, they provide a guide to the VA course
around the odontoid process.

5. Conclusions

In the present study, we emphasized the importance of the rela-
tionship between the VA and the odontoid process in odontoid sur-
gery. The mean values of the proximity of the VA to the odontoid
process obtained from CT angiography or cadaver measurements
can be used as reference for a surgical candidate. However, the nor-
mal course of the VA may change because of different pathologies
and anatomical variation. Thus, the relationship between the VA
and the odontoid process should be evaluated for each patient pre-
operatively using CT angiography.
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