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Abstract
Introduction: Knowledge about morphometric measurements related to atlas vertebra are important for neurologists,
neurosurgeons and head and neck surgeons who deal with traumatic or non-traumatic conditions which may lead to altanto-axial
and atlanto- occipital instability. The aim of the present study was to assess the various parameters on the atlas vertebra which
can help to determine the safe sites for the different surgical approaches.
Materials and Methods: Study was carried out on 50 dry south Indian adult human atlas vertebrae of unknown sex which were
collected from the department of anatomy. Eleven parameters were measured for each atlas using a digital vernier caliper.
Results: Range, mean and standard deviations were measured and recorded and bilateral symmetry was observed.
Conclusion: The parameters measured in the present study may help surgeons in avoiding and reducing complications such as
vertebral artery injury, spinal cord injury during the surgical corrections of atlanto axial or atlanto occipital instability.
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Introduction
The atlas is the first cervical vertebra. It consists of
two lateral masses which are connected by anterior arch
and posterior arch. The two lateral masses consisting of
a pair of superior articular facets which articulate with
the occipital condyles, and a pair of inferior articular
facets which articulate with the superior articular facets
of axis vertebra, and transverse processes with foramen
transversarium.1
Atlas vertebra is closely related to the medulla
oblongata, which can get compressed by a dislocation
of the atlanto-axial complex or instability of atlantooccipital joint. It is very important to reduce or rebuild
the stability of this complex as the vital centers are
present in medulla oblongata.2,3 Interlaminar clamp,
interspinous wiring, plate, screw fixation have been
employed as surgical procedures to correct the
instability of the atlanto-axial complex or occipitocervical junction. The instability of this complex may
be traumatic or nontraumatic. 4 Care should be taken to
avoid injury to the vertebral artery in its groove. The
parameters measured in the present study are useful for
the neurosurgeons while performing various procedures
in atlanto-axial joint fixation. The parameters on

posterior arch will be guiding to avoid injury to
vertebral artery while performing posterior interlaminar
clamps and Gallie fusion.5 Parametres in relation to
lateral mass may help in avoiding injury to vertebral
artery in foramen transversarium while performing
lateral mass fixation of atlas.6 The present study was
aimed to find out the incidence of variations in atlas
vertebra and to assess the various parameters on the
atlas vertebra which can help to determine the safe sites
for the different surgical approaches.
Materials and Methods
Study was carried out on 50 dry south Indian adult
human atlas vertebrae of unknown sex which were
collected from the department of anatomy. Atlases with
pathological features and damaged vertebrae were
excluded. The following parameters were measured for
each atlas using a digital vernier caliper that provides
accurate resolution up to 0.01mm.
A- Width of the atlas (Distance between tips of both
transverse processes),
B- Outer distance of foramen transversarium
(Distance between both lateral most edge of the
transverse foramen),
C- Inner distance of foramen transversarium (Distance
between both medial most edge of the transverse
foramen),
D- Maximum antero-posterior diameter of vertebral
canal,
E- Maximum Transverse diameter of vertebral canal,
F- Outer distance of vertebral artery groove, (Distance
from mid-point on posterior tubercle to lateral most
edge of vertebral artery groove)
G- Inner distance of vertebral artery groove, (Distance
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from mid-point on posterior tubercle to medial
most edge of vertebral artery groove)
H- Length of superior articular facet,
I- Width of superior articular facet,
J- Length of inferior articular facet,
K- Width of inferior articular facet.

measured on atlas vertebra from the superior aspect.
Fig. 1B shows the description of parameters measured
on atlas vertebra from the inferior aspect. Three
readings were taken for each bone and their average
was recorded as the final reading. To control for interexaminer and intra examiner reliability, each step was
performed by a single examiner.

Fig. 1A shows the description of parameters

Fig. 1: Showing the parameters –Superior view (1A) Inferior view (1B)
Results
The range, mean and standard deviations of all the parameters were calculated. Data was processed for student t
test to check the level of significant difference in right and left sides of parameters F to K. there was no significant
difference between right and left sides which shows bilateral symmetry. The range, mean and standard deviations of
all the parameters were shown in Table 1.
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Table 1: Showing Range, Mean and standard deviations of all the parameters
Range
Mean & SD
Description of parameter
(mm)
(mm)
Width of Atlas Vertebra
57.76-87.17
70.25±6.86
Outer distance of foramen transversarium
46.74-67.31
54.39±4.73
Inner distance of foramen transversarium
37.53-57.88
44.50±4.57
Maximum A-P dimension of vertebral canal
23.96-33.83
28.71±2.43
Maximum transverse dimension of vertebral canal
17.62-33.40
25.51±2.93
Outer distance of vertebral artery groove (Right)
20.2-29.23
24.42±1.99
Outer distance of vertebral artery groove (Left)
19.98-29.61
25.30±2.09
Inner distance of vertebral artery groove (Right)
7.25-22.61
12.01±3.40
Inner distance of vertebral artery groove (Left)
8.52-22.51
12.69±3.03
Length of the superior articular facet (Right)
17.75-27.71
22.47±2.40
Length of the superior articular facet (Left)
17.9-28.82
22.81±2.44
Width of superior articular facet (Right)
6.06-12.67
10.10±1.70
Width of superior articular facet (Left)
5.94-13.97
9.95±3.17
Length of inferior articular facet (Right)
15.25-22.91
17.99±1.55
Length of inferior articular facet (Left)
13.85-21.52
17.75±2.07
Width of inferior articular facet (Right)
11.60-18.49
15.15±1.48
Width of inferior articular facet (Left)
12.04-17.68
15.01±1.43

Discussion
Occipito-cervical instability may manifest as disabling pain, cranial nerve dysfunction, paralysis, or even
sudden death. Stabilization and fusion is required to prevent the complications.7 Atlantoaxial complex instability
surgically corrected by posterior clamps, posterior wiring techniques, C1-C2 transarticular screw fixation, posterior

Indian Journal of Clinical Anatomy and Physiology, July-September 2016;3(3);305-308

306

Lalitha B et al.

Morphometric analyses of atlas vertebrae- A cross sectional study

C1 lateral mass screw with C2 pedicle screw fixation, and anterior transoral C1 lateral mass to C2 vertebral body
fixation.8
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Table 2: Showing the comparison of present study with other studies
Gupta C4 et
Sengül G.
Shilpa N G &
Mohd
al.,
and Kadioglu Vatsalaswamy P3
Salahuddin
India
India
HH9
Ansari et al.,10
Turki
India
72.5
74.6±9.7
69.37±6.47
71.98±4.6
57.6
59.5±3.7
55.66±5.01
58.18±4.26
45.2
48.6±2.9
45.93±4.22
45.38±3.25
30.4
46.2±6.0
27.89±2.59
29.44±2.54
27.7
28.7±1.8
26.89±1.93
27.31±2.74
23.0
16.2±2.5
24.85±2.78
22.0
15.8±2.4
24.39±2.06
12.8
10.3±1.6
10.73±2.92
13.8
10.4±2.0
9.72±2.56
21.5
19.9±3.4
21.24±2.39
22.13±2.26
21.8
18.6±3.2
21.02±2.52
21.84±2.11
11.8
9.6±1.9
10.36±1.72
11.82±1.79
11.5
9.8±1.5
10.47±1.61
12.19±1.58
18.0
17.1±2.6
16.57±1.91
16.24±1.44
17.9
17.5±2.4
16.50±1.67
16.67±1.84
14.6
8.8±1.5
14.01±1.93
15.84±1.83
15.2
8.5±1.5
14.42±1.67
16.39±1.93

The results of present study show similarity with
Guptha C et al., Shilpa N Gosavi & Vatsalaswamy P,
and Mohd Salahuddin Ansari et al., but differ with
Sengül G and Kadioglu HH.3,4,9,10 This shows that the
vertebral canal is larger in Turkish population than the
Indian population. Sengül G and Kadioglu HH reported
the mean antero-posterior diameter of vertebral canal
(D) as 46.2±6.0 mm, whereas in the present study it
was 28.71±2.43 mm. Sengül G and Kadioglu HH
reported the mean outer distance of vertebral artery
groove (FR & FL) as 16.2±2.5 mm on right side and
15.8±2.4 mm on left side which is much smaller than
compared to the result of present study where it was
24.42±1.99 mm on right side and 25.30±2.09 mm on
left side. The length of superior articular facet and the
width of inferior articular facet were smaller in Turkish
population compared to Indian population. Sengül G
and Kadioglu HH reported the length of superior
articular facet as 19.9±3.4 mm on right side and
18.6±3.2 mm on left side where as the present study
shows it as 22.47±2.40 mm on right side and
22.81±2.44 mm on left side. Sengül G and Kadioglu
HH reported the width of inferior articular facet as
8.8±1.5 mm on right side and 8.5±1.5 mm on left side,
whereas in the present study it was 15.15±1.48 mm on
right side and 15.01±1.43 mm on left side. These
findings show that the morphometry of atlas is ethnic
specific.7

Present
study
South India
70.25±6.86
54.39±4.73
44.50±4.57
28.71±2.43
25.51±2.93
24.42±1.99
25.30±2.09
12.01±3.40
12.69±3.03
22.47±2.40
22.81±2.44
10.10±1.70
9.95±3.17
17.99±1.55
17.75±2.07
15.15±1.48
15.01±1.43

Conclusion
The different parameters measured in the present
study in south Indian adult atlases maybe helpful for the
neurosurgeons while dealing with surgical procedures
of traumatic neck conditions with interlaminar clamp,
interspinous wiring, interspinous plate or screw fixation
to avoid injury to vertebral artery and spinal cord.
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