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Introduction

•

Fixation C1-C2
o
o
o

•

Posterior wiring- Brooks, Gallie
Transarticular- Magerl
C1 lateral mass, C2 pedicle- Harms

Fixation at C2
o
o
o

Pedicle
Pars
Lamina

Introduction
¨

Biomechanical study
showed pedicle fixation
has strongest segmental
control of C2 vertebra in
all 3 planes


¨

Benke et al, Spine 2011



Dmitriev et al, Spine 2009

Due to morphometry, aberrant
vertebral artery





Jeanneret & Magerl, J Spine Disord 1992

Pars fixation less
technically challenging,
but less biomechanically
secure

Previous studies, both
radiographic and
anatomic, report up to
20% cannot take pedicle
fixation
¡

Magerl is as strong, but
limited by fusion to C1
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Bhatnagar et al, The Spine Journal 2010
Parker et al, Neurosurgery 2009
Igarashi et al, CORR 2003
Mandel et al, Spine 2000

Radiographic studies
defining anatomy rely on
CT axial and sagittal
reformats



Onibokun et al, Spine J 2009
Wang et al, Spine 2011

Anatomy of C2 Pedicle Screw
¨

C2 pedicle screw
trajectory
ú 20-30º cephalad,

15-20º medial

• Spinal cord and
vertebral artery at risk

Purpose
¨

¨

The purpose of this study was to determine if a
variable virtual gantry angle for axial and
reconstructed images would yield different
measurements as compared to axials obtained
perpendicular to the long axis of the patient.
The hypothesis is prior studies may over
estimate the risk of vertebral artery injury for
C2 placement.

Methods
¨
¨
¨

Retrospective review
47 consecutive patients
GWUH ED, CT angio for head/neck
trauma
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Same 47 patients reviewed for prior
study by Bhatnagar, et al, The Spine
Journal 2010
Comparison was made between the
averages
CT angio done on each patient with
2.6mm protocol
Each CT angio was viewed in Osirixvariable image viewer
Using 3D imaging option, we were able
to change the gantry angle along the
anatomical axis of the C2 pedicle
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Pedicle length and width were measured
and recorded bilaterally in all patients,
for a total of 94 measurements for each
variable
3 independent observers
Vertebral artery anatomy was assessed
Comparison was made between genders.
Statistical analysis was performed on
Microsoft Excel (Microsoft Corporation,
Redmund, WA, USA), with significance
determined at p<0.05.
Reliability measures using Cronbach's
alpha were analyzed using IBM SPSS
software version 19.0. Alpha coefficients
range in value from 0 to 1, and values
greater than 0.7 were considered to be of
acceptable variation.

Comparison of Anatomic Delineation

¨

CT angio axial
image

¨

CT angio via Osirix
¡

3D variable viewer

C2

C2

C23

C2
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C12
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C1

Osirix 3D imaging- variable viewer

Results
Comparison to Bhatnagar et al: Overall average C2 pedicle length x width 15.5 ± 3.5mm x 4.7 ± 1.7mm;
Statistically significant difference, p<.00001

Pedicle Length (mm)

Pedicle Width (mm)

Women (20)

27.241 ± 2.731

8.040 ± 1.262

Men (27)

26.913 ± 3.933

8.444 ± 1.414

Overall

27.052 ± 3.471

8.272 ± 1.364
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Statistical analysis
¡

¡

¡

Significant difference between
genders for pedicle width (p value=.
012), but not for length (p
value=0.41).
94% could tolerate both 3.5mm and
4.0mm pedicle screws
6% were found to have vertebral
artery anatomy that precluded the
use of a pedicle screw longer than
14mm

¨

Average
age 42
years

Reliability testing
¡

¡

Results for both length and width
were reproducible with acceptable
variation among three observers.
Cronbach’s alpha was used as the
reliability coefficient and was >0.70
for both length and width (0.710 and
0.840, respectively)

Discussion
¨

¨

¨

Using variable axis interpolation,
we found that 94% of patients can
tolerate both 3.5mm and 4.0mm
pedicle screws that penetrate the C2
vertebral body.
This finding is a significant increase as
compared to prior studies using axial or
sagittal imaging.
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Our results more close approximate
manual anatomic measurements.
¡

In an anatomic study by Naderi et al, the
authors described the pediculoisthmic
component, consisting of the wider superior
pedicle and the narrower inferior isthmus.
They reported an average pedicle length of
28.8mm, and found the pedicle width to be
11mm superiorly and 6mm inferiorly.
ú

J Neurosurg, 2004
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A limitation of this study is that the
original study utilized 2.6 mm cuts and
data were interpolated from these
images. Finer cuts (0.5 mm) would likely
provide more accurate information.
However, it is important to recognize
that the images obtained in the
Emergency Department are often the
images utilized by the surgeon in
planning for surgery on trauma patients.
Thus, the presented data represents a
likely real-world scenario.
A potential future study may compare
sub-millimeter cuts and 2.6 mm cuts with
regard to interpolation accuracy.

Conclusion
¨

¨

Axial cut CT angiography may over estimate the
potential for risk of vertebral artery injury.
Variable gantry angle interpolation using Osirix more
closely approximates manual anatomic specimen
measurements, and may provide more accurate
information for surgical planning.

