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Computed Tomography Scan-Based Morphometric
Analysis of Lateral Masses of Atlas Vertebrae in
Normal Indian Population

Prajakta Charuchandra Bhide, Sudhirkumar Srivastava, Shaligram Purohit,
Deepika Albert Pinto, Nandan Amrit Marathe

Department of Orthopedics, Seth GS Medical College and KEM Hospital, Mumbai, India

Study Design: A cross-sectional observational study involved the analysis of computed tomography (CT) scan data from 125 Indian
subjects of 18 years or older with normal imaging findings. Scans were obtained from patients with head injuries as a part of the
screening process along with brain CT scans.

Purpose: To establish the dimensions of lateral masses of the atlas vertebrae in normal disease-free Indian individuals.

Overview of Literature: Lateral mass fixation has become the standard of care in fixation of the supra-axial cervical spine. Many
studies have investigated the dimensions of lateral masses in cadaveric specimens; however, studies involving the radiological mor-
phometric analysis of the lateral masses of the atlas vertebra in living patients are lacking.

Methods: Subjects underwent craniovertebral junction CT scans during evaluations of head injury. All had normal radiology reports.
The CT scans were obtained using a CT Philips Brilliance 64 machine (Philips, Amsterdam, Netherlands) with a slice thickness of 1
mm and then analyzed using Horos software ver. 2.0.2 (Horos Project, Annapolis, MD, USA) on a MacBook.

Results: Lateral masses of the atlas vertebrae were found to be larger in males than females and larger on the right than the left
side. The angle of permissible medialization was found to be larger on the right side. The analysis of the average dimensions indi-
cated the conventionally described screw positions to be safe.

Conclusions: The present study provides information that may help to establish standard dimensions of lateral masses of the at-
las vertebrae among the normal Indian population. We demonstrate that there is no significant difference when compared with the
Western population. The results presented here will be of use to clinicians as they may inform preoperative planning for lateral mass
fixation surgeries.
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Introduction this region result in medullary compression and, ultimate-

ly, death. Such pathologies include congenital or acquired

The craniovertebral junction comprises the basi-occiput, atlanto-axial dislocation, basilar invagination, traumatic
atlas, and axis vertebrae. Various pathologies that affect fracture dislocations, and infective diseases, such as tu-
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berculosis and tumors. Various methods of decompres-
sion and fixation have been described for the atlas and
axis vertebrae. Of these, lateral mass fixation is the most
commonly used technique. The trajectories and sizes of
the screws have been described from cadaveric studies
involving a limited number of specimens. The present
study aimed to establish dimensions of lateral masses of
the atlas vertebrae and the variation, if any, among the
normal disease-free Indian population using a computed
tomography (CT) scan analysis. The results of this study
will provide guidance to clinicians and may inform preop-
erative planning.

This study includes a morphometric analysis of the
lateral masses of the atlas vertebra in the normal Indian
population.

Materials and Methods

This study was an observational cross-sectional study
involving normal Indian subjects who attended a tertiary
care hospital from 2013 to 2016. The sample size was 125
and included males and females aged 18 years or older. All
subjects underwent craniovertebral junction CT scans as
a part of the evaluation for a head injury. Only those with
normal reports were included in the study. Exclusion cri-
teria were cervical spine fracture/dislocation, rheumatoid
arthritis, previous history of surgery, tumors, or cervical
myelopathy with a spinal canal diameter of <12 mm. The
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Fig. 1. Atlas vertebra when viewed from above.
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evaluation of CT scans was carried out using Horos soft-
ware ver. 2.0.2 (Horos Project, Annapolis, MD, USA) on a
MacBook. The CT scans were recorded using a CT Philips
Brilliance 64-slice machine (equipment no., 52952467;
Philips, Amsterdam, Netherlands) with a slice thickness
of 1 mm.

Various dimensions were analyzed, as described below.
The extent of lateral masses of the atlas vertebra is illus-
trated in Figs. 1 and 2 [1].

1. Axial section

1) Standardization

Each section was taken parallel to the inferior articulat-
ing facets in the sagittal plane and centered on the vertical
axis of the odontoid process in the coronal section.

Three levels were evaluated as follows (Fig. 3A-C): (1)
the level of inferior articulating facets, i.e., the inferior
extent of lateral masses (Fig. 3A); (2) the level of the maxi-
mum diameter of the transverse foramen (Fig. 3B); and (3)
the level of the superior articulating facets (Fig. 3C).

Lengths were measured at each level as follows. (1) The
anteroposterior line was drawn in the central part extend-
ing from the anterior to the posterior extent. (2) The line
was divided into four symmetric parts. (3) The lengths
measured were as follows: anteroposterior distance
(length); and medial-to-lateral distance (width) of the an-
terior, middle, and posterior parts.

2) Significance
The above measurements correspond to the screw param-

Superior extent

Inferior extent

Fig. 2. Atlas vertebra when viewed from side.

Fig. 3. Axial section of atlas vertebra at the level of inferior articular process (A) at the level of maximum diameter of foramen
transversarium (B) at the level of superior articular process (C).
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eters as follows. (1) The inferior facet relates to the inferior
limit of the lateral masses. (2) The superior facet relates to
the superior limit of the lateral masses.

The width of the posterior part of the lateral masses in-
dicates the entry point of the lateral mass screw (according
to the technique of Goel and Laheri [2], the center of the
posterior end of the lateral masses is taken as the entry
point). The width of the central part of the lateral masses
indicates the center of the lateral mass screw. The maxi-
mum diameter of the transverse foramen is used to deter-
mine the narrowest width of the lateral masses. The width
of the anterior part of the lateral masses is used to identify
the exit point of the lateral mass screw.

3) The angle of maximum medialization (at the level of
the superior articulating facets) (Fig. 4)

The plane passing through the midpoint of the posterior
wall of the lateral masses was identified by measuring the
posterior height of the lateral masses on the sagittal view
and dividing it in half, parallel to the inferior facet. The
angle between the sagittal plane (a line parallel to the line
passing between the anterior and posterior tubercles)
and the line tangential to the medial wall, which passes
through the midpoint of the posterior border.

4) Significance
This is used to determine the maximum medial angula-

tion of the screw to avoid touching the internal carotid

)

Fig. 4. Angle of maximum medialization at the level of superior articu-
lar facets.

artery (ICA) (the ICA usually lies in front of the middle
or lateral thirds of the lateral masses of C1).

2. Sagittal section

1) Standardization

The plane passing through the midpoint of the posterior
border of the lateral masses was confirmed on axial sec-
tion, i.e., in the middle part of the lateral masses with the
sagittal axis centered over the dens.

The parameters measured were as follows: (1) angle of
cranialization, defined as the angle between the horizontal
plane and the line joining a point 2.5 mm inferior to the
posterior arch and anterior end of the superior surface
of the lateral masses (Fig. 5A); (2) height of the lateral
masses below the posterior arch (Fig. 5B); and (3) antero-
posterior distance between the midpoint of the posterior
wall of the lateral masses (determined by calculating the
midpoint after measuring the posterior height) and a
point on the anterior surface of the lateral masses, the line
joining them making an angle of 15° to the horizontal (Fig.
5C).

2) Significance

This gives the approximate length of the lateral mass
screw and the maximum angle of cranialization that can
be used at the entry site to avoid entering the atlanto-oc-
cipital joint. And this gives the posterior part of the lateral
masses below the posterior arch of the atlas represents the
area that is accessed during surgery for the entry of the
SCIEW.

3. Coronal section

1) Standardization

The plane is parallel to the inferior facets on the sagit-
tal section with a line joining the anterior and posterior
tubercles parallel to the sagittal plane in the axial section.

Fig. 5. Sagittal section of lateral mass of atlas showing angle of cranialization (A). Height of lateral mass below posterior arch (B).
Antero-posterior distance (C).
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Fig. 6. Coronal section at the level of anterior end of posterior arch (A). Maximum diameter of foramen transversarium (B). Ante-

rior extent of lateral mass (C).

Table 1. Atlas lateral mass left side

Variable Meanz+standard deviation Maximum Minimum
SAF length 18.41£1.7 22 15.7
LM middle part length 17.23+1.8 22 13.3
IAF length 15.90+1.63 19 114
SAF anterior width 10.70£1.3 135 8.5
LM middle part anterior width 10.90+2.0 15 8
IAF anterior width 9.63+1.4 12.3 6.7
SAF middle width 9.4+1 12.2 74
LM middle part middle width 11.3+1.5 15 8
IAF middle width 122414 14.8 9.7
SAF posterior width 7.75:0.8 10 6.5
LM middle part posterior width 9.14:14 12 6.7
IAF posterior width 9.79+1.23 133 7.7
LM anterior part height 12.8+1.8 19 9.7
LM middle part height 11.4+1.9 17 9
LM posterior part height 10.9+2.2 15 6.5
LM height below posterior arch 4.58+0.75 6.7 3.6
LM screw approximate length on sagittal section 16.19+1.79 19.63 11.9
Maximum medialisation angle 29.02+2.8 334 21.3
Maximum cranialization angle 32.83+5.28 48 21
SAF, superior articulating facet; LM, lateral mass; IAF, inferior articulating facet.
Three levels were evaluated as follows: (1) at the anterior Results

end of the posterior arch (Fig. 6A); (2) maximum diam-
eter of the transverse foramen (Fig. 6B); and (3) anterior-
most extent of the lateral mass confirmed on the sagittal
and axial sections (Fig. 6C).

At every level, a vertical line was drawn in the middle
part, parallel to the line joining the apex of the dens and
the midpoint of the inferior border of the body of axis; this
line was divided into four symmetric parts. The lengths
that were measured were: (1) mediolateral distance, i.e., the
width of the superior, middle, and inferior parts; and (2)
vertical distance in the middle, i.e., the height.

The CT-scan-based analysis was carried out for the lateral
masses of the left and right sides of the atlas vertebrae.
The measured values are detailed in Tables 1 and 2. Statis-
tical analysis revealed a significant difference between the
male and female vertebrae (Table 3) and between the right
and left sides (Table 4). Significant results are presented in
Tables 1-4, with the following being most notable: (1) The
widths of the lateral masses in the anteroinferior (p=0.01)
and superoposterior parts (p=0.00) were smaller on the
left side compared with the right. (2) The overall width
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Table 2. Atlas lateral mass right side

SAF length

LM middle part length

IAF length

SAF anterior width

LM middle part anterior width
IAF anterior width

SAF middle width

LM middle part middle width
IAF middle width

SAF posterior width

LM middle part posterior width
|AF posterior width

LM anterior part height

LM middle part height

LM posterior part height

LM height below posterior arch
LM screw approximate length on sagittal section
Medialization angle (°)

Meanzstandard deviation Maximum Minimum
18.20+£2.16 22 15.7
16.9+2 21 10.1
15.55+1.8 20 12
10.8+1.01 12.3 8.8
11.34+2.0 16.3 8.2
10.1+1.45 14.1 79
9.4+1.0 13 78
11.3+1.4 15 8.9
12.1£1.23 14 94
8.17+1.09 10.9 6.4
9.15+1.45 11.8 6
9.55+1.16 1.7 6.9
13.3£1.92 18.1 10.2
11.98+1.9 17 955
11.1£2.6 17 6.5
4.42+0.8 6.4 2.8
15.822+1.28 17.9 11.3
30.33+3.1 37 219
33.71+4.76 45 25

Cranialization angle (°)

SAF, superior articulating facet; LM, lateral mass; IAF, inferior articulating facet.

of the lateral masses was smaller among the female than
male subjects (p=0.00). (3) The maximum angle of me-
dialization was larger on the right side than the left side
(p=0.00). (4) The height of the lateral masses was larger
on the right side and in male subjects; however, the differ-
ence was only marginally statistically significant (p=0.02).

Discussion

Treatments for fractures and dislocations of the cervical
spine aim to protect the spinal cord from further damage,
reduce malalignment, and provide long-term stability.
Posterior stabilization of the cervical spine has been ad-
vocated mainly for fractures, disco-ligamentous diseases,
post-laminectomy kyphosis, and instability due to various
conditions, such as tumors, infections, and malforma-
tions.

The first technique of internal fixation was spinous pro-
cess wiring; in 1942, Rogers [3] introduced his method
of interspinous wiring. Modifications of this technique
have since been reported to have good outcomes and few
complications. With the progression of modern devices,

screws and plates have been primarily used due to their
superior anchorage, which allows a shorter fixation, ap-
propriateness to functional recovery, and lighter immobi-
lization device.

Atlanto-axial instrumentation is indicated for C1-C2
segmental instability resulting from trauma, such as trans-
verse atlantal ligament rupture or dens fracture, rheuma-
toid arthritis, or congenital anomalies. Historically, the
Gallie [4] technique has been used to stabilize C1-C2 as
this posterior fusion technique ensures good resistance to
flexion and is indicated in unstable extension conditions,
such as transverse atlantal ligament rupture or dens frac-
ture with anterior displacement. However, interspinous
process wiring has limitations, particularly in patients
with fractured facets, spinous process, or lamina with
extension and rotational instability. In 1987, Magerl et al.
[5] described a rigid C1-C2 transarticular screw fixation
technique. These screws offer improved rigidity, especially
in rotation, and increased maintenance of reduction than
wired fusions. Magerl screws should be considered for pa-
tients with acute or chronic atlanto-axial instability, when
revising C1-C2 pseudo-arthroses, as part of occipitocer-
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Table 3. Comparison between dimensions of lateral mass of male and female subjects

Meanz+standard

Diameter Gender No. o p-value
deviation

(Axial) inferior articular facet anterior transverse distance 88 0.996+0.137 0.14
37 0.966+0.162

(Axial) inferior articular surface middle transverse distance 88 1.241+0.128 0.00
37 1.155+0.130

(Axial) inferior articular facet posterior transverse distance 88 0.991+0.127 0.00

37 0.912+0.080
88 1.586+0.173 0.14
37 1.550+0.178
88 1.120+0.196 0.57
37 1.104+0.241

(Axial) inferior articular facet A-P distance in the middle

(Axial) max diameter of transverse foramen anterior transverse distance

(Axial) max diameter of transverse foramen middle transverse distance 88 1.166+0.154 0.00
37 10.76+0.121

(Axial) max diameter of transverse foramen posterior transverse distance 88 0.941+0.137 0.00
37 0.853+0.153

(Axial) max diameter of transverse foramen A-P distance in the middle 88 1.695+0.227 0.09
37 1.743+0.138

(Axial) superior articular facet anterior transverse distance 88 1.087+0.123 0.26

37 1.068+0.112
88 0.979+0.128 0.00
37 0.892+0.085
88 0.822+0.090 0.00
37 0.736+0.102
88 1.835£0.191 0.89
37 1.839+0.206
88 29.500+3.282 0.14

(Axial) superior articular facet middle transverse distance

(Axial) superior articular facet posterior transverse distance

(Axial) superior articular facet A-P distance in the middle part

=T g T T TS TS T g g

(Axial) at the level of condylar joint angle between sagittal plane and line joining posterior end
of lateral mass and point 1 ¢m lateral to anterior tubercle

37 0.838+0.186
88 0.980+0.256 0.00

37 0.726+0.165
(Continued to the next page)

(Coronal) max diameter of transverse foramen medial to lateral distance in the inferior part

F 37 30.117+2.358

(Coronal) at anterior end of posterior arch medial to lateral distance in the superior part M 88 0.773+0.157 0.00
F 37 0.622+0.132

(Coronal) at anterior end of posterior arch medial to lateral at middle part M 88 0.977+0.201 0.00
F 37 0.812+0.169

(Coronal) at anterior end of posterior arch medial to lateral distance in the inferior part M 88 0.856+0.187 0.00
F 37 0.727+0.162

(Coronal) at anterior end of posterior arch vertical distance in the middle part M 88 1.109+0.253 0.98
F 37 1.108+0.227

(Coronal) max diameter of transverse foramen medial to lateral superior part M 88 0.822+0.163 0.00
F 37 0.650+0.130

Coronal max diameter of transverse foramen medial to lateral distance in the middle part M 88 1.065+0.186 0.00
F
M
F
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Table 3. Continued

Diameter

(Coronal) max diameter of transverse foramen vertical distance in the middle

(Coronal) anterior border of transverse foramen medial to lateral distance in the superior part

(Coronal) anterior border of transverse foramen medial to lateral distance in the middle part

(Coronal) anterior border of transverse foramen medial to lateral distance in the inferior part

(Coronal) anterior border of transverse foramen vertical distance in the middle

(Sagittal) AP distance between midpoint of posterior wall of lateral mass and a point on the

Gender No. Meant_sta!ndard
deviation

p-value

anterior surface of lateral mass, the line joining which making and angle of 150 to the hori-

zontal

(Sagittal) height of lateral mass below posterior arch

(Sagittal) angle between horizontal plane and line joining point 2.5 mm inferior to posterior arch

and anterior end of superior surface of lateral mass (angle of cranialisation)

M 88 1.200+0.187 0.00
F 37 1.113+0.198

M 88 0.919+0.155 0.69
F 37 0.911+0.133

M 88 1.205+0.203 0.49
F 37 1.225+0.200

M 88 1.059+0.182 0.05
F 37 1.008+0.204

M 88 1.329+0.181 0.04
F 37 1.275+0.203

M 88 1.609+0.180 0.56
F 37 1.578+0.167

M 88 0.452+0.070 0.48
F 37 0.438+0.080

F 37 33.729+5.540

M 88 32.195£3.396 0.03
F 37

M, male; F, female; AP, anterior-posterior.

vical stabilization, or for patients who cannot tolerate halo
immobilization. Irreducible fractures and aberrant verte-
bral artery anatomy are contraindications for transarticu-
lar screws.

The use of C1 lateral mass screws was first described
by Goel and Laheri [2] in 1994 and later by Harms and
Melcher [6] in 2001. However, the procedure is techni-
cally demanding; the most difficult aspect of inserting a
screw into the C1 lateral mass is managing bleeding from
the venous sinuses around the C1-C2 complex, which can
increase blood loss and operative time considerably. These
complications may even require the surgeon to abandon
the lateral screw insertion as tremendous bleeding can
obscure local landmarks. Resnick and Benzel [7] and Tan
et al. [8] described a revised technique for C1 screw inser-
tion in 2002 and 2003, respectively, involving the inser-
tion of the screw through the CI posterior arch (pedicle
analog). The authors suggested that the new entry point
will avoid the large venous sinuses; however, the revised
technique places the vertebral artery at risk on the cepha-
lad portion of the arch, which may result in C1 root irrita-

tion.

Currier et al. [9] described bicortical screw placement
as violating the ICA at the anterior surface of the C1 lat-
eral mass. The findings suggest that in approximately 65%
of cases, the ICA is located in front of the C1 lateral mass.
The ICA is in front of the lateral third of the lateral mass
in over 50% of these cases; however, it is never located in
front of the medial third.

Gupta and Goel [10] carried out a quantitative analysis
of the anatomy of 50 dry atlas vertebrae to determine ap-
propriate entry points and projection of CI lateral mass
screws. Lynch et al. [11] conducted a study on 120 dried
atlas specimens and found that 98% could accommodate
3.5-mm screws at the mid portion of the lateral mass. In
their series of 160 patients with atlanto-axial instability,
Goel et al. [2] used 2.9-mm- and 2.7-mm-diameter screws
in adults and pediatric patients, respectively, while apply-
ing the C1-C2 lateral mass screw fixation technique.

An anatomical and radiological study of C1 lateral mass
screw fixation carried out at the Turkey University Faculty
of Medicine found that the minimum height of the lateral
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Table 4. Comparison between dimensions of lateral mass of right and left side

Meanz+standard

Diameter Side No. deviation p-value

(Axial) inferior articular facet anterior transverse distance R 125 1.011+0.145 0.01
L 125 0.964+0.142

(Axial) inferior articular surface middle transverse distance R 125 1.210+0.124 0.51
L 125 1.221+0.144

(Axial) inferior articular facet posterior transverse distance R 125 0.956+0.116 0.12
L 125 0.980+0.123

(Axial) inferior articular facet A-P distance in the middle R 125 1.560+0.185 0.14
L 125 1.592+0.163

(Axial) max diameter of transverse foramen anterior transverse distance R 125 1.135+0.209 0.15
L 125 1.096+0.210

(Axial) max diameter of transverse foramen middle transverse distance R 125 1.147+0.149 0.40
L 125 1.131+0.152

(Axial) max diameter of transverse foramen posterior transverse distance R 125 0.915+0.145 0.99
L 125 0.915+0.150

(Axial) max diameter of transverse foramen A-P distance in the middle R 125 1.693+0.209 0.23
L 125 1.724+0.202

(Axial) superior articular facet anterior transverse distance R 125 1.088+0.102 0.39
L 125 1.075£0.135

(Axial) superior articular facet middle transverse distance R 125 0.963+0.135 0.21
L 125 0.943+0.110

(Axial) superior articular facet posterior transverse distance R 125 0.817+0.109 0.00
L 125 0.776+0.087

(Axial) superior articular facet A-P distance in the middle part R 125 1.826+0.217 0.40
L 124 1.847+0.171

(Axial) at the level of condylar joint angle between sagittal plane and line joining posterior end R 125 30.337+3.151 0.00

of lateral mass and point 1 cm lateral to anterior tubercle

L 125 29.029+2.801

(Coronal) at anterior end of posterior arch medial to lateral distance in the superior part R 125 0.71940.156 0.40
L 125 0.737+0.173

(Coronal) at anterior end of posterior arch medial to lateral at middle part R 125 0.912+0.195 0.21
L 125 0.944+0.217

(Coronal) at anterior end of posterior arch medial to lateral distance in the inferior part R 125 0.819+0.189 091
L 125 0.816+0.190

(Coronal) at anterior end of posterior arch vertical distance in the middle part R 125 1.118+0.265 0.57
L 125 1.1000.225

(Coronal) max diameter of transverse foramen medial to lateral superior part R 125 0.744+0.171 0.01
L 125 0.798+0.171

(Coronal) max diameter of transverse foramen medial to lateral distance in the middle part R 125 1.000+0.224 0.86
L 125 0.995+0.200

(Coronal) max diameter of transverse foramen medial to lateral distance in the inferior part R 125 0.940+0.279 0.03
L 125 0.869+0.235

(Continued to the next page)



CT Scan-Based Morphometric Analysis of Atlas Lateral Mass [CAY I

Table 4. Continued

Diameter

Meanz+standard
deviation

p-value

(Coronal) max diameter of transverse foramen vertical distance in the middle R 125 1.198+0.194 0.04
L 125 1.149+0.192
(Coronal) anterior border of transverse foramen medial to lateral distance in the superior part R 125 0.894+0.160 0.01
L 125 0.940+0.133
(Coronal) anterior border of transverse foramen medial to lateral distance in the middle part R 125 1.214+0.208 0.79
L 125 1.208+0.195
(Coronal ) anterior border of transverse foramen medial to lateral distance in the inferior part R 125 1.053+0.187 0.44
L 125 1.035+0.192
(Coronal) anterior border of transverse foramen vertical distance in the middle R 125 1.340+0.193 0.02
L 125 1.286+0.182
(Sagittal) A-P distance between midpoint of posterior wall of lateral mass and a point on the an- R 125 1.582+0.179 0.09
terior surface of lateral mass, the line joining which making and angle of 150 to the horizontal
L 125 1.619+0.128
(Sagittal) height of lateral mass below posterior arch R 125 33.718+4.769 0.08
L 125 32.832+5.287
(Sagittal) angle between horizontal plane and line joining point 2.5 mm inferior to posterior arch R 125 0.442+0.080 0.17
and anterior end of superior surface of lateral mass (angle of cranialization)
L 125 0.458+0.070

R, right; L, left; AP, anterior-posterior.

mass is 13.66 mm posteriorly and 14.12 mm anteriorly
[12]. As the only limitation for the diameter of screw is
the anatomy of the entry zone below the posterior arch,
larger-diameter screws can therefore be utilized for lateral
masses with adequate bony structure. In this study, the
maximum medial angulation for the screw was found
to be 27.03° (on average) on the right and 32.63° on the
left. In the case of medial trajectories of >30°, the screw
penetrates into the spinal canal. Furthermore, when the
cephalic trajectory is >28°, the screw enters the atlanto-
occipital joint.

A cadaveric study of the vertebral artery to the C1-C2
vertebrae in an Indian population carried out by Cacciola
et al. [13] revealed the thickness of the inferior facet under
the posterior arch of the atlas to be 1.7-5.2 mm (average,
3.5 mm). The thickness of the posterior arch of the atlas
separating the vertebral artery groove from the inferior
facet was 2.2-4.8 mm (average, 3.8 mm). The vertebral
artery foramen was in the transverse process lateral to the
lateral mass of the C1 vertebra, and the groove for the ver-
tebral artery on the superior surface of the posterior arch
of the atlas was converted into a complete bony foramen
in one of the 20 sides that were examined. The distance

from the midline to the medial-most edge of the vertebral
artery groove on the outer cortex of the posterior arch was
14.3-19.7 mm (average, 18.2 mm).

The present morphometric analysis of lateral masses of
the atlas vertebrae in normal Indian individuals represents
one of very few radiological studies carried out on living
subjects. Most of the cadaveric studies also involved non-
Indian subjects; therefore, the present study will help to
establish normal morphometry in an Indian population,
where individuals tend to have smaller builds compared
with the Western population. This study will provide
baseline data for any interventional procedures required
to stabilize or decompress the atlas vertebrae.

Our results show that, in the normal Indian population,
the lateral masses of the atlas are longer at the superior
end, wider in the central area, and narrower anteropos-
teriorly. The maximum height is at the anterior, and the
mean width of the lateral masses of the atlas at the maxi-
mum diameter level of the foramen transversarium was
11.3 mm on both sides (range, 8-15 mm on the left; range,
8.9-15 mm on the right). This finding implies that a 3.5-
mm screw could be accommodated without violating the
vertebral artery and maintaining a wide safety margin.
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S The height of the lateral masses below the posterior arch
N = co
; 3 2 5 Y represents the area that is accessible for the screw entry.
g 2 8 & % The mean posterior height of the lateral masses on the
= left side was 10.9 mm in the present study (range, 6.5-15
" S - mm) and 11.98 mm (range, 9.5-17 mm) on the right side.
=
; _ et % The mean height below the posterior arch was 4.58 mm
5 2 8 = g (range, 3.6-6.7 mm) on the left side and 4.42 mm (range,
S o 2.8-6.4 mm) on the right side. This finding suggests that
. s ) 2 e g the posterior aspect of lateral mass can be easily entered
= > S .
cE) 5 S < 5 using a burr.
= g = 2 3 ] The mean oblique length of the lateral masses from the
= sagittal section (which mimics the trajectory of a lateral
EQ' % E 3 g mass screw) was 16.93 mm (range, 11.9-19.63 mm) on
- = ~ 5| € the left side and 15.82 mm (range, 11.3-17.9 mm) on
<= = o~ s the right. The variability of measurements indicates that
© 0 o A 2
s B sk 2 screw length cannot be assumed but should be measured
= ™ 2 . .
= for each individual case on preoperative CT images or de-
©
" = <~ = £ cided intraoperatively.
S = S e The maximum medial angulation of the medial wall of
= 2 o
5 §_ lateral masses was 29.8°(21.3°-33.4°) on the left side and
E £ = 8 o S 30.33° (21.9°-37°) on the right side. This result suggests
> 2 g . 1
f > S 3 & 2 that an angulation of 10°-15° toward the medial side can
1 (de] o~ o
; _'8 o - ~ = be used without violation of the spinal canal. The maxi-
S E 8 mum cranial/sagittal angulation or angle of cranialization
[<b)
s - ‘_f was 33.83° (range, 21°-48°) on the left side and 33.71°
o Lo g
',_% s il = c%: UT: 2 (range, 25°-45°) on the right side. This result suggests that
= D +H = L
23 8 = N O 3 a cranial angulation of 10°-15° is safe to use and will not
3= < s = 3 &
s E o i violate the atlanto-occipital joint.
e} - §
i - =3 .
< S Conclusions
-— >
=
< C;I % g The morphometry of Cl1 lateral masses has been investi-
+ = . . . .
< % e 3 gated in a number of cadaveric studies. These studies have
= 2 E
- w produced extensive literature on the important dimen-
= — p—
3 S & o sions of lateral masses with respect to screw insertion and
= ~ 58 have determined safe limits for screw size and the trajec-
< = ; e 3 tory of insertion. The purpose of the present study was to
+H e 3 S . . .
< = S| S-S determine these parameters in a normal Indian popula-
8 (%] o ® 5 e
=] - =R tion. As can be seen from the observations mentioned in
- ©
Nt = 2 Table 5 [11,14-16], the dimensions of lateral masses of
= = c o
5 £ = < é 8 the atlas vertebrae do not significantly differ between the
£ 5 = . . .
= 2 S 3 =4 Indian and Western populations. However, a direct com-
= s = @ =B L . . .
2 S _ g @ g 3 parison is not possible as those involving Western popula-
é = = 2= =8 5 tions were conducted on cadaveric dried specimens and
. = . © s 5
S T ST g 2 ot were not radiological studies. Further studies on cadaveric
= 8 8 8 = =58 : o . .
® s 8 2 3 g|lga specimens can be used to investigate Indian populations
= S 8 O £ d|>Sw
E T2 = ® &85 and confirm our findings.
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