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Quantitative Gross and CT measurements of Cadaveric
Cervical Vertebrae (C3 - C6) as Guidelines for the Lateral
mass screw fixation
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1Program in Anatomy and Body Visualization, Department of Radiology, Weill Cornell Medicine, New York, NY, 2Weill Cornell Medical College, New York,
NY, 30tolaryngology - Head and Neck Surgery, UCLA Health, Los Angeles, CA, 4Department of Orthopedic Surgery, Albany Medical Center Hospital, Al-
bany, NY, Department of Radiology, Neuroradiology section, New York-Preshyterian Hospital, Weill Cornell Medicine, New York, NY, 6Brain and Spine
Center, NewYork-Presbyterian Hospital, Weill Cornell Medicine, New York, NY, "Department of Neurosurgery, College of Medicine, Inje University, Busan
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Abstract

Background

Lateral mass screw fixation is the treatment of choice for posterior cervical stabilization. Long or misdirected
screws carry a risk of injury to spinal nerve roots or vertebral artery. This study was aimed to assess the gross
anatomic and CT measurements of typical cervical vertebrae for the selection of lateral mass screws.

Methods

Dimensions of the articular pillars were measured on 1) Dry cervical vertebrae with Vernier calipers and 2) Multi-
planar reformations of CT scans of the same vertebrae with Viewer software package. The data was statistically
evaluated.

Results

The transverse diameter of the articular pillars with Vernier calipers varied from 6.0 to 15.4 mm (mean=10.5 mm +
1.5) and on CT scans ranged from 8.2 - 16.1 mm (mean=11.6 mm + 1.4). The antero-posterior diameter, an esti-
mate of the screw length by Roy-Camille technique varied from 3.9 to 12.7 mm (mean=8.6 mm + 1.6) by Vernier
calipers and from 6.4 to 13.3 mm (mean=9.1 + 1.2) on CT scans. The oblique AP diameter, an estimate of screw
length by Magerl method varied from 10.8 to 20.3 mm (mean=14.9 mm + 1.8) by Vernier calipers and from 11.4 to
19.3 mm (mean=14.5 mm * 1.7) on CT. The CT measurements for height, transverse and AP diameter of the artic-
ular pillars were 0.5 - 1.0 mm larger than dimensions by Vernier calipers. No statistically significant difference was
observed between the caliper and CT measurements for the oblique AP diameter.

Conclusion

CT measurements of the articular pillars may slightly overestimate the desired screw length selected by spine sur-
geons when compared to actual anatomy. Although means of the articular pillars correspond to the screw lengths
used, substantial number of observations below 10 mm for Roy-Camille trajectory and below 14 mm for Mager] tra-
jectory requires careful preoperative planning and intra-operative confirmation to avoid long/misdirected lateral
mass SCrews.

KEYWORDS: LATERAL MASS SCREWS, ARTICULAR PILLAR, TYPICAL CERVICAL VERTEBRA, POSTERIOR FIXATION

VOLUME 10 ARTICLE 43 DOI: 10.14444/3043

ular pillars in the cervical spine.>* Later Magerl de-

Introduction signed a new technique using hook plates for im-
Fixation of the cervical spine can be performed by proved stable internal fixation.** In contrast, anterior
different techniques. Posterior wiring of cervical decompression and fusion is performed by combined
spine was first described for treatment of cervical plate and bone fusion on patients with myelopathy
spine fractures.' In 1970, Camille and coworkers in- when the pathological source of cord compression is

troduced posterior plate screw fixation into the artic- chiefly located anteriorly.®
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The close proximity of the vertebral artery and the
cervical nerve roots to the articular pillars in the cer-
vical vertebrae makes them vulnerable to injury dur-
ing spine fixation.”*’

In a retrospective study of lateral mass plating for
posterior cervical spine fusion with bicortical pur-
chase resulted in direct vertebral artery injury in 5.8%
of patients and direct nerve root injury in 17.4% of pa-
tients." In another study, complications of posterior
rod-screw fixation by the Magerl technique included
radiculopathy in 4% of patients, loss of alignment in
1% and cerebrospinal fluid leak in 1% with no evi-
dence of spinal cord or vertebral artery injury." Ina
third study, the posterior screw fixation of the cervi-
cal and upper thoracic spine resulted in radiculopa-
thy in 5.1%, facet violation in 1.3%, spinal cord injury
in 2.6% of patients with no incidence of vertebral
artery injury.”

In order to improve the rigidity of the posterior fixa-
tion and to limit the number of levels that need to be
included in a fusion, posterior cervical stabilization
with lateral mass screws has been advocated.

The use of lateral mass screws for traumatic injuries
of the cervical spine is associated with excellent
maintenance of alignment and minimum complica-
tions."

The choice of lateral mass screw length and screw
positioning is highly dependent on the proper deter-
mination of the dimensions of the cervical articular
pillars. In particular, the antero-posterior diameter of
the articular pillar corresponds to the screw length
for the Roy-Camille trajectory.’ The oblique antero-
posterior diameter of the articular pillar corresponds
to the screw length according to the Magerl trajecto-
ry.* The literature describing the dimensions of the
cervical articular pillars is limited.

This study was designed to quantify the measure-
ments of the articular pillars of cadaveric C3-C6 ver-
tebrae available in the lab. Since CT has been the
standard way of knowing the anatomy and dimen-
sions of the lateral masses of the cervical vertebral
column, the CT scans of the same set of cervical ver-
tebrae were undertaken and the same measurements

were done to determine if these two techniques pro-
duce similar results. The width, height, antero-
posterior (AP) diameter representing Roy-Camille
trajectory’ and oblique antero-posterior (OAP) diam-
eter corresponding to the Magerl trajectory* were
measured on the articular pillars of the cervical ver-
tebrae and on the CT scans. The relationship be-
tween the gross anatomical and CT measurements
would serve as important parameters for the spine
surgeons and may help to decrease the rate of com-
plications during the lateral mass screw fixation.

Materials and Methods

The study was conducted on the random sample of
eighty-one dry individual typical cervical vertebrae
(C3 - Co6) available in the Gross Anatomy lab. The
age, sex and race of the individuals from whom these
vertebrae were derived was not known.

The observations were recorded by the same group
of investigators both by Vernier calipers and on CT
viewer software and were also monitored regularly.

Measurements were taken on the right and left artic-
ular pillars of dry cervical vertebrae (Figure 1A) by
using digital stainless steel Vernier calipers with 0.01
mm accuracy from VWR (Van Waters and Rogers)
Global Laboratory Supply and Distribution Company
(Figure 1B). The blades of the Vernier calipers were
expanded and contracted twice for every measure-
ment and a mean of the two measurements was
recorded. The calipers were brought back to zero be-
fore taking another measurement.

Helical CT scans of the same set of cervical verte-
brae were also analyzed. Imaging was performed on a
GE, HD Discovery 750 CT scanner (Milwaukee,
Wisconsin) with a slice thickness of 0.625 mm. The
measurements were done on multiplanar reforma-
tions (MRP) generated on a GE Advantage Worksta-
tion v. 4.3 utilizing the Volume Viewer software
package (Figure 2).

The following dimensions of the articular pillars
were measured by Vernier calipers (Figure 1A, Fig-
ure 1B) and on multiplanar reformations (MRP) gen-
erated on a GE Advantage Workstation v. 4.3 utiliz-
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ing the Volume Viewer software package (Figure 2):

1. Vertical height of the articular pillar (from upper
end of the superior articular facet to the lower end of
the inferior articular facet),

2. Smallest transverse diameter in the middle of the
articular pillar,

3. Antero-posterior (AP) diameter from the middle
of the raised elevation on the back of the articular pil-
lar (midpoint on the posterior surface of the articular
pillar) to the anterior margin of the pillar at the root
of the transverse process (Roy-Camille technique),

4. Oblique antero-posterior (OAP) diameter, paral-

“ STAINLESS
HAR

w0 10 130 140 10° 160 170 180 190 200

DENED

Fig. TA. Typical cervical vertebra showing various measurements of the
Arficular pillar by Vernier calipers: A = Antero-posterior diameter
(Roy-Camille method), B = Oblique antero-posterior diameter (Mager|
method), C = Height of the articular pillar, D = Transverse diameter. Fig.
1B. VWR (Van Waters and Rogers) stainless steel digital Vernier calipers
used to measure various dimensions on dry cervical vertebrae.

INTERNATIONAL JOURNAL OF SPINE SURGERY

lel to the superior articular facet, from 1mm medial
to the middle of the raised elevation on the back of
the articular pillar (Imm medial to the midpoint on
the posterior surface of the articular pillar) to the lat-
eral upper end of the superior articular facet (Magerl
technique). It is worth noting that Magerl technique
is more popular among spine surgeons.

Statistical Methods

The measurements obtained by the Vernier calipers
were statistically compared with CT measurements.
Unpaired t-tests were used to assess differences be-
tween Vernier caliper and CT measurements, while
paired t-tests were used to evaluate differences be-
tween right and left articular pillars and correlation
between the measured dimensions in the same verte-
bra. In all instances, p-value < 0.05 (two-sided) was
considered statistically significant. All analysis were
conducted in Stata Version 11 and Microsoft Excel
2010.

Results

Table 1 summarizes the various diameters of the ar-
ticular pillars of the typical cervical vertebrae (C3 -
Cé6) with the help of Vernier calipers and CT soft-
ware. The mean transverse diameter of the right/left

Fig. 2. Typical cervical vertebra showing various measurements of the
Arficular pillar by CT scan software: A = Antero-posterior diameter
(Roy-Camille method), B = Oblique antero-posterior diameter (Mager|
method), C = Height of the articular pillar, D = Transverse diameter.
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side articular pillars with the help of Vernier calipers
was 10.6 mm =+ 1.5 (range: 7.5 - 15.4 mm)/10.3 mm +
1.3 (range: 6.0 - 13.2 mm) respectively. The average
mean transverse diameter was 10.5 + 1.5 mm (range:
6.0 to 15.4 mm). On CT scans, the mean transverse
diameter of the right/left articular pillars was 11.5
mm =+ 1.4 (range: 8.2 - 16.1 mm)/11.7 mm + 1.4
(range: 9.4 - 14.9 mm). The average mean transverse
diameter was 11.6 mm =+ 1.4 (range: 8.2 - 16.1 mm)
(Table 1).

The AP diameter is representative of the screw
length by Roy-Camille method. With the help of
Vernier Calipers, the mean AP diameter of the right/
left articular pillar was 8.7 mm + 1.5 (range: 4.4 -
12.7 mm)/ 8.5 mm * 1.6 (range: 3.9 -11.7 mm) respec-
tively. The average mean AP diameter of the articu-
lar pillars was 8.6 mm * 1.6 (range: 3.9 - 12.7 mm).

On the CT scans, the mean AP measurements of the
articular pillars right/left side were 9.1 mm + 1.2
(range: 6.4 - 11.5 mm) and 9.2mm + 1.2 (range: 7.0 -
13.3 mm) respectively. The average AP diameter of
the articular pillars varied from 6.4 mm to 13.3 mm

Table 1. Diameters of Articular pillars of typical cervical vertebrae as
measured with Vernier calipers and CT measurement software (mm).

Antero- Oblique
Transverse di- . posterior di- Antero-
ameter (mm) Height (mm) ameter T posterior di-
(mm) ameter § (mm)
Mean Mean Mean Mean
(SD) Range (SD) Range (SD) Range (SD) Range
Right Articular pillars
Vernier 106 75— 200 142- 87 44— 150 119-
caliper (1.5) 154 (23) 255 (L.5) 127 (1.8) 20.3
CTsoft- 11.5 82— 21.1 17.1- 91 64— 143 11.5-
ware (1.4) 16.1 (1.9 254 (1.2) 1.5 (1.8) 19.3
Left Articular pillars
Vernier 103 6.0- 20.1 14.6- 8.5 39 148 10.8-
caliper (1.3) 132 (2.0 245 (Le6) -—11.7 (L.B) 19.6
CTsoft- 11.7 94— 209 169- 92 7.0- 147 114-
ware (1.4) 149 (1.9 256 (1.2) 133 (1.7) 18.7
All Articular pillars
Vernier 105 6.0- 201  142- 86 39- 149 10.8-
caliper (1.5) 154 (2.1 255 (L.6) 127 (1.8) 20.3
CTsoft- 11.6 82— 210 169- 9.1 64— 145 114-
ware (1.4) 16.1 (1.9 256 (1.2) 133 (1.7) 19.3

+ Roy-Camille method; ¥ Magerl method

(mean=9.1 mm + 1.2) (Table 1).

There was no statistically significant difference be-
tween measurements of the right and left side articu-
lar pillars. The box and whisker plot showed outliers
with transverse diameter as low as 6 mm and AP di-
ameter as low as 3.9 mm (Figure 3).

The mean height of the Right/Left articular pillar
with the help of Vernier Calipers was 20.0 mm =+ 2.3
(range from 14.2 mm to 25.5 mm) and 20.1 mm + 2.0
(range from 14.6 mm to 24.5 mm) respectively. The
average height of the articular pillar varied from 14.2
mm to 25.5 mm with a mean of 20.1 mm + 2.1. On
CT scans, the mean height of the Right/Left articu-
lar pillar was 21.1 mm + 1.9 (range from 17.1 mm to
25.4 mm) and 20.9 mm + 1.9 (range from 16.9 mm to
25.6 mm) respectively. The average height of the ar-
ticular pillar varied from 16.9 mm to 25.6 mm with a
mean of 21.0 mm + 1.9 (Table 1).

The unpaired t-test showed statistically significant
difference between the Vernier caliper and CT mea-
surements for the transverse, AP diameters and the
height of the articular pillar (Table 2, p-value < .001).
The CT measurements were 0.5- 1.0 mm higher as
compared to the measurements by Vernier calipers.

The oblique antero-posterior (OAP) diameter of the
articular pillar is representative of the screw length
by Mager]l method. With the help of Vernier
Calipers, the mean OAP diameter of the right/left ar-
ticular pillar was estimated to be 15.0 mm + 1.8
(range: 11.9 mm - 20.3 mm)/14.8 + 1.8 (range: 10.8

Caliper Transverse Diameter o —{ [}
CT Transverse Diameter >—{:D—<o
Caliper Height —{1T
CT Height ’—{___1:}'—‘
Caliper Roy-Camille Diameter Py ’—{ l l—‘.
CT Roy-Camille Diameter ’_ED_‘.
Caliper Magerl Diameter "_{:D—".,
CT Magerl Diameter ’—D:}_‘
0 5 10 15 20 25 30

Fig. 3. Box-and-whisker plot showing various dimensions of the articular
pillars in millimeters (mm). Each plot shows the median, quantification of
data and outliers.
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mm - 19.6 mm) respectively. The average OAP di-
ameter of the articular pillar varied from 10.8 mm to
20.3 mm with a mean of 14.9 mm + 1.8. The mean
OAP diameter of the right/left articular pillar on CT
scans was 14.3 mm * 1.8 (range: 11.5 mm - 19.3 mm)/
14.7 mm =+ 1.7 (range: 11.4 mm - 18.7 mm) respective-
ly. The average OAP diameter of the articular pillar
varied from 11.4 mm to 19.3 mm with a mean of 14.5
mm + 1.7 (Table 1).

The comparison between the Vernier caliper and CT
measurements by unpaired t-test showed no statisti-
cally significant difference for the oblique antero-
posterior diameter (Magerl technique).

Although there was a wide variation between the AP,
transverse, OAP diameters and Vertical height of the
right and left articular pillars by Vernier calipers and
CT measurements, there was no statistically signifi-

cant difference between the right and left articular
pillars (Table 2).

The CT measurements also showed smaller standard
deviations for all the measurements when compared
with the measurements by Vernier calipers (Table 2).

Again, results support previous CT studies, which is
the current practice.

Discussion

The anatomical relationship of the vertebral artery
and cervical pedicles and the importance of preoper-
ative evaluation of the cervical anatomy have been
described in prior publication."

Table 2. Unpaired t-test comparing measurements of Articular pillar
diameters made using Vernier calipers and CT measurement software.

Transverse = Height = Antero-posterior Oblique antero-
diameter (p = (p val- diameter ¥ (p =~ posterior diameter §
value) ue) value) (p value)

Right
Articular <0.001 = <0.001 0.04 0.02
pillars

Left Ar-
ticular <0.001 0.01 0.004 0.76
pillars

All Ar-
ticular <0.001 = <0.001 <0.001 0.06
pillars

+ Roy-Camille method; ¥ Magerl method.

The articular pillars have been used for many years
successfully for placement of lateral mass screws for
cervical spine fixation. The lateral mass screws in
cervical spine provide superior biomechanical stabili-
ty over the posterior wiring techniques and can be
implemented even when the spinous process and
lamina are deficient.”?

This technique reduces the need for halo immobi-
lization and allows earlier neck mobilization.”***
However, lateral mass screws may be associated with
injury risk of exiting spinal nerve roots, vertebral
artery or caudal facet injury caused by long/misdi-
rected screws.'"'>***>? The posterior screw fixation
of the cervical and upper thoracic spine in seventy-
eight patients resulted in radiculopathy in four pa-
tients, facet violation in one patient, iatrogenic
foraminal stenosis in two patients with no incidence
of vertebral artery injury."” The Roy-Camille and
Mager] are the two most commonly used techniques
for the cervical articular pillar fixation (Figure 4).
The literature shows that there was significantly low-
er error rate in Roy-Camille technique with regard to
correct placement and nerve root injury, whereas the
Magerl screws fared better with respect to the facet
violation.**” In comprehensive study of 100 patients,
screw placement using a technique similar to Magerl
resulted in radiculopathy in 4% of cases with no
spinal cord or vertebral artery injuries."

Some surgeons may prefer bicortical purchase for
lateral mass screw fixation, but the literature has

Fig. 4. Most commonly used articular pillar screw trajectories: Magerl
technique (4.1, 4.2) and Roy-Camille technique (4.3, 4.4).

INTERNATIONAL JOURNAL OF SPINE SURGERY 5/9
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shown debatable or no statistically significant differ-
ence in the pullout force between unicortical versus
bicortical screw fixation.'** Some authors observed
5.8% of direct vertebral artery injury and 17.4% of di-
rect nerve root injury with the bicortical screws
when compared to unicortical lateral mass screws."
Other authors reported nerve root injury in 8.3% of
cases using Roy-Camille technique, 5.6% by Magerl
technique and 3.3% by Kim’s method (similar to
Mager] technique) and Facet violation of 16.7% in all
the three techniques with bicortical purchase.”

There is limited literature available on dimensions of
the articular pillars in the cervical spine.””*** Most
surgical papers have reported the screw length in
Roy-Camille and Magerl techniques by their experi-
ence and empiric estimation or measurement from
imaging studies. To our knowledge, this is the first
paper that directly compares the dimensions of the
articular pillars by Vernier calipers and modern volu-
metric CT imaging software on the same set of dry
cervical vertebrae available in the lab.

Transverse diameter

The CT width of the lateral mass in cervical spine
has been reported to range from 10.10 to 14.64 mm
with a mean of 11.92mm + 0.96.” The literature also
shows the comparison between the transverse diame-
ter of the articular pillar in patients with develop-
mental canal stenosis and patients with acquired
canal stenosis.” The lateral mass width was greater
in males when compared to the females (11.1 + 1.3
mm in male and 10.0 + 1.0 mm in female) at the level
of C3 vertebra and there is a gradual progression in
size of the articular pillar in lower cervical vertebrae
(12.8 £ 1.2 in male and 11.1 + 1.4 mm in female) at
the level C6 vertebra. The mean transverse diameter
varied from 11.7 + 1.5 mm at the level of C3t012.2 +
1.4 mm at the level of C6 in patients with develop-
mental canal stenosis, whereas in patients with ac-
quired canal stenosis, the transverse diameter varied
from 12.3 + 1.5 mm at C3 to 12.8 + 1.8 mm at C6 ver-
tebra.”®

No comparisons have been made in the measure-
ments on right /left articular pillars in the above
studies. The present work shows variations between
the transverse diameters of right and left articular

pillars both by Vernier calipers and CT measure-
ments in the vertebrae studied as seen in Table 1, but
no statistically significant differences were found be-
tween the right and left side measurements.

It is important to note that as expected, the mean
transverse measurements in the present study (10.5 +
1.5 mm by Vernier calipers/ 11.6 + 1.4 mm by CT
scan) are much smaller than the measurements avail-
able for the patients with developmental/acquired
canal stenosis.

The average width of the lateral mass in the CT
scans has been reported to range from 10.10 to 14.64
mm with a mean of 11.92mm + 0.96” and the CT
measurements taken in the present study almost cor-
respond with the observations in the literature.

The box and whisker plot (Figure 3) shows most of
the transverse dimensions of the articular pillars be-
tween -1 and +1 SD. It is important to note that the
outliers were observed by Vernier calipers with trans-
verse diameter of the articular pillars, as small as 6
mm. The variance in the transverse diameter of the
articular pillars is of particular importance because
this dimension is used by the surgeon for the appro-
priate screw thickness for articular pillar fixation us-
ing the Roy-Camille technique.

The Antero-Posterior Diameter (Roy-Camille
Trajectory)

The AP diameter of the articular pillar corresponds
to the length of the screw in Roy-Camille technique.
Although there is no literature available on the di-
mensions of the AP diameter of the articular pillar,
the mean screw length in lateral mass screw fixation
by Roy-Camille method was 11.7 mm + 1.5 in male
and 11.0 mm + 1.5 in female at C3 vertebra and pro-
gressively increased to 12.4 + 1.5 in male and 11.4 +
1.4 in female at C6 vertebra.”

In spite of the variations observed between right and
left side AP diameters in the present study, there was
no statistically significant difference between the two
side measurements. It is important to note that the
mean AP diameter (Table 1) is comparatively smaller
in the present study (8.6 mm + 1.6 by Vernier
calipers and 9.1 mm =+ 1.2 by CT scan software) as

INTERNATIONAL JOURNAL OF SPINE SURGERY 6/9
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compared to the screw length estimated in the litera-
ture. Furthermore, the box and whisker plot shows
most of AP dimensions of the articular pillars stud-
ied to be less than 10 mm both in Caliper and in CT
scans and also outliers less than 5 mm (Figure 3).
The smaller AP diameter of the articular pillar esti-
mated in the present study is important while choos-
ing the length of the lateral mass screws by Roy-
Camille method and furthermore the substantial
number of observations and outliers in the lower
range should be kept in mind by the surgeon for the
selection of screws for the Roy-Camille technique.
The transverse, AP diameters and the height of the
articular pillars showed statistically significant differ-
ence between CT and Vernier caliper measurements
(p value < 0.001). The mean height, transverse and
AP measurements of the articular pillars by CT
scans were 0.5- 1.0 mm higher as compared to the
measurements by Vernier calipers. This difference
may be due to technical errors, as gross measure-
ments with Vernier calipers are done over the bony
points of the vertebra and the CT dimensions were
performed on oblique reformatted images. Our re-
ported difference of 0.5 - 1.0 mm suggests that the
screw length chosen for Roy-Camille technique
should be Imm smaller than the AP dimension of the
articular pillar estimated in a CT scan, to avoid pene-
tration of the ventral bone cortex during surgery and
damage to the vertebral artery and nerve roots.
Therefore, preoperative and intraoperative CT and
radiographic assessments would be helpful in esti-
mating the length of the screws to be used in these
patients by Roy-Camille technique.

The Oblique Antero-posterior Diameter (Magerl
Trajectory)

The OAP diameter of the articular pillar corresponds
to the length of the screw in Magerl technique.>*?**
The length of the screw has been reported to be 14.0
mm =+ 1.7 at C3 vertebra by Magerl technique and
progressively increased to 15.6 mm =+ 2.1 at C6 verte-
bra in male, whereas it was 13.2 mm =+ 1.7 at C3 ver-
tebra and progressively increased to 14.0 mm + 2.1 at
C6 vertebra in female.” The literature showed CT
depth of the Magerl screw trajectory on the lateral
mass of the cervical vertebral column to vary from
10.36 mm to 15.34 mm with a mean of 12.83 mm +
1.28.” Other investigators reported mean screw path

length of 14 mm for the Magerl technique from C3 to
Cé6 vertebrae.™

The present study did not show statistically signifi-
cant difference between the CT and caliper measure-
ments while estimating the length of the screw by
Magerl method. Although the mean OAP diameter
in the present study (14.9 mm = 1.8 with Vernier
calipers and 14.5 mm + 1.7 with CT scan software)
more or less corresponds to the observations made in
the literature, the box and whisker plot shows a sub-
stantial number of observations less than 14 mm
(Figure 3), which should be kept in mind by the sur-
geon to avoid penetration of ventral cortex, while in-
serting lateral mass screws by Magerl technique. The
penetration of the ventral cortex can be detected by
the axial CT scans. An intraoperative CT and/or
oblique radiographs are important for evaluating the
screw placement and encroachment of the interver-
tebral foramen and should be routinely performed
prior to the completion of surgery.”®’

An important observation made in the present study
was that the CT measurements showed smaller stan-
dard deviations for all the measurements when com-
pared with the measurements by Vernier calipers
(Table 2) suggesting better reproducibility. This sup-
ports the current standard of using CT scans to ap-
proximate the dimensions of cervical spine.

Conclusion

This study provides true anatomical and CT based
measurements of the C3-C6 vertebral articular pillars
to assist surgeons in the proper selection of articular
pillar screw for spinal fixation. The mean height, AP
and transverse CT dimensions were statistically 0.5 -
1.0 mm higher as compared to the gross anatomical
measurements by Vernier calipers (p value < .001),
whereas the OAP diameter did not show statistically
significant difference between the two measure-
ments. This difference may be a due to technical dif-
ferences between the caliper measurements on the
bony points and CT software measurements on
oblique reformatted images. The CT measurements
showed smaller standard deviations for all the mea-
surements when compared with the measurements
by Vernier calipers (Table 2). This suggests that the

INTERNATIONAL JOURNAL OF SPINE SURGERY 7/9
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CT measurements are more reproducible. There-
fore, careful preoperative and intraoperative radi-
ographic and/or CT imaging during surgery are rec-
ommended. Although the means of the articular pil-
lars correspond to the screw lengths used by the
spine surgeons, the substantial number of observa-
tions in the present study below 10 mm for Roy-
Camille trajectory and below 14 mm for Mager] tra-
jectory should to be kept in mind by the surgeon to
avoid complications created by long misdirected lat-
eral mass screws.

Limitations of the study

1. The technical difficulty identifying C3/C4/C5/
C6 vertebrae in a random sample of dry vertebrae
available in our anatomy lab.

2. The records for the details of the age, sex, race
and built of the individuals from whom the vertebrae
were derived was not available.

3. The CT measurements and caliper measure-
ments were not directly paired at the specimen level.
This would have allowed for a more direct assess-
ment of agreement between the two sets of measure-
ments, either by Bland-Altman methodology or alter-
native methodologies to assess agreement (e.g., intra-
class correlation coefficient).

4. The dimensions for C7 vertebra were not mea-
sured, as transpedicle screws are more commonly ad-
vocated for C7, T1 and T2 vertebrae.

It requires further studies taking the age, sex, race,
built into consideration and to harvest the intact cer-
vical vertebral columns from the cadavers available in
the lab to develop parameters for individual cervical
vertebral levels.
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