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Background: The craniovertebral junction (CVJ) is a crucial region of the spine designed for
optimal movements of the head and is also a frequent site for various pathological processes.
The importance of knowing the CVJ parameters in the normal population cannot be overstated
when instrumentation and correction of deformities in this region is so frequently being
performed. There is a paucity of data defining the craniometrics of CVJ osteology in the
Indian population on the literature search. Accordingly, we present a study in an attempt
to quantitate the normal craniometric indices for an anatomically normal CVJ in the Indian
population and compare them with the existing literature from other regions. Aims and
Objectives: The aims of this study were to quantitate the normal craniometric indices for
anatomically normal CVJ in Indian population and compare them with the existing literature
from other regions. Materials and Methods: Two hundred and forty computed tomography
(CTs) belonging to Indians were looked at over a 6-month period retrospectively. These
patients had normal CVJs and were ordered imaging for other health reasons. A total of
eight parameters were analyzed for each CT. Results: There were 166 (69.2%) males and
74 (30.8%) females in our study. The values (in mm) were as follows: anterior atlantodental
interval (AADI), 1.78 £0.42; PADI (posterior atlantodental interval), 18.12+1.97; distance
of tip of odontoid process to chamberlain’s line, —-2.73 £ 2.63; distance of tip of odontoid
process to McGregor's line, -2.29 +2.79; distance of tip of odontoid process to McRae's
line, -5.91 £ 1.4; Clivus-canal angle, 160.82° +7.14°; basion dens interval, 5.6 £ 1.45; and
powers ratio, 0.71 £0.07. No patient had an odontoid process extending beyond the McRae’'s
line. Males were more likely to have higher AADI and PADI values than females. Our study
shared significant differences between the other studies (even the studies where an Indian
population was used) except one. The AADI, from our study, did not vary significantly when
compared to the AADI from a Chinese study. Conclusion: Due to the significant differences
from our study and the available literature, a greater compilation of studies belonging to
different races will be required to understand the flexibility of the CVJ metrics.
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The craniovertebral junction (CV]) is a crucial region of the
spine designed for optimal movements of the head. Apart
from offering support, the CV] provides a passageway
allowing smooth transition of vital neural structures to
the lower body. Extending from the basiocciput to the

C, interspace,' the CV] is supported by ligaments and
articulations between the occiput, atlas, and axis vertebrae.
Itis a frequent site for various pathological processes, some
of which are unique to the location. Being a transitional
zone, developmental variations and malformations are often
noted in this region. Most authors who have studied CV]
parameters have included patients with congenital bony
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CV]J anomalies or patients with Chiari malformation.** The
importance of knowing the CV] parameters in the normal
population cannot be overstated when instrumentation and
correction of deformities in this region are so frequently
being performed. There is a paucity of data defining the
craniometrics of CV] osteology in the Indian population
on literature search. Most of the data available is based on
plain X-ray images and in the era of computed tomography
(CT), more studies are required for accurate measurement
of craniometrics of this complex region.

Accordingly, we present a study in an attempt to quantitate
the normal craniometric indices for anatomically normal
CV] in the Indian population and compare them with the
existing literature from other regions.

Aims and objectives

The aims of this study were to quantitate the normal
craniometric indices for an anatomically normal CV] in
the Indian population and compare them with the existing
literature from other regions.

MATERIALS AND METHODS

An observational retrospective analysis was conducted in
the Department of Neurosurgery at Vydehi Institute of
Medical Sciences and Research Center, Bangalore, India. As
the present study is retrospective in nature, patient consent
and ethical clearance were not required.

The data was collected over a 6-month interval. We included
all the patients who underwent a CT brain and cervical
spine for various causes but reported a normal CT cervical
spine. To be specific, we included only those CTs that met
the requirements of the normal craniometric parameters
that were to be assessed in this study. Patients having prior
history of any neurological deficit or any cervical spine
pathology on CT cervical spine were not included in the
study. Patients with age group of <18 years were also
excluded. A total of 240 Indian patients were included
in the study. The machine used was a Siemens Somatom
Definition AS (128 slice machine). Sagittal sections were
obtained at 0.5 mm slice thickness and analyzed in the
bone window setting. The following measurements were
taken with in-built linear calipers on picture archiving
and communication systems. The parameters we intend
to measure have been mentioned below along with their
definitions and their normal benchmark as indicated by
previous literature.

1. Anterior atlantodental interval (AADI): Horizontal
distance from the posterior margin of of the anterior
arch of the atlas to the anterior margin of the odontoid
process of axis. This was measured in midline sagittal
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cuts of CT scan. It was similar to the measurement
done by Selcuk et al.’ If the value was <3 mm, it was
taken to be normal®

2. Posterior atlantodental interval (PADI): Horizontal
distance from the anterior margin of posterior arch
of the atlas to the posterior margin of the odontoid
process of axis in the mid-sagittal section, which is
similar to the definition by Boden et al.” If the value
was =14 mm, the value was taken to be normal®

3. Distance of tip of odontoid process to Chamberlain’s
line (dCL): Chamberlain’s line’ is drawn from the
posterior end of the hard palate to the posterior margin
of the foramen magnum. A perpendicular line is drawn
from Chamberlain’s line to the tip of odontoid and the
distance was measured. A value of <6.6 mm projection
of the odontoid tip above the Chamberlain’s line was
considered to be normal'

4. Distance of tip of odontoid process to McGregor’s
line (AMG): McGregor’s line'' is drawn from the
posterosuperior margin of the hard palate to the lowest
point of the midline occipital curve. A perpendicular
line is drawn from McGregor’s line to the tip of
odontoid and the distance was measured. If the
odontoid process was positioned <4.5 mm above this
line, the value was considered to be normal.!

5. Distance of tip of odontoid process to McRae’s line
(dMR): McRae’s line'? is the foramen magnum line
joining the basion and opisthion. A perpendicular line
is drawn from McRae’s line to the tip of odontoid and
the distance was measured. If the odontoid process
did not project above this line, the parameter was
considered to be normal'

6. Clivus-canal angle (CCA): Measured as the angle at
the intersection of a line extending from the inferior
one-third of the clivus and a line extending from the
inferodorsal portion of the C-2 vertebral body to the
superodorsal part of the dens.”” Smoker has considered
a normal value to lie between 150° and 180°"

7. Basion dens interval (BDI): Measured as the distance
between the basion and the tip of the odontoid
process. If the value was <8.5 mm, it was considered
to be normal®

8. Powers ratio (PR): PR was considered to be the distance
between the basion and the posterior arch of C1
divided by the distance between the opisthion and the
midpoint of the posterior aspect of the anterior arch
of C1. A value of <1 was considered to be normal.®

Figures 1-5 show how the parameters were measured for
the present study.

Statistical analysis
SSPS version 22 was used to analyze the results. We
calculated the mean and standard deviation for all the
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parameters. We calculated P-values to assess statistical
significance between our values and the values available
in the existing literature along with identifying any
difference between males and females in the present study.
One sample t-test/ Wilcoxon Sign-Rank test was used to
compare the means and medians, respectively. Independent
sample t-test/ Mann—Whitney U-test was used to compare
the parameters between males and females depending on
the distribution of the data.

RESULTS

A total of 240 CT scans of the cervical spine without CV]
pathology were analyzed. These patients were referred from

Figure 1: The distance between McRae’s line and the odontoid
process. The green line is representative of the McRae’s line. The
yellow line is representative of the distance between McRae’s line and
the tip of the odontoid process

Figure 2: The distance between Chamberlain’s line and the odontoid
process. The green line is representative of the Chamberlain’s line. The
yellow line is representative of the distance between Chamberlain’s
line and the tip of the odontoid process. McGregor’s line is considered
to be a modification of the Chamberlain’s line

240

various departments to radiology and the scan was taken.
The majority of the patients (59) were a case of trauma.
The full distribution of patients along with their categorical
diagnosis is shown in Graph 1.

Patients with head and neck cancers got the CT done to
see if there was any bony extension. Patients with spurs,
deviated nasal septa, and other nasal complaints comprised
the ear, nose, and throat category. Miscellaneous patients
were considered so if the patient had deformities, a
pathology fitting more than one category, or a pathology
that would not fit any of the categories. Some patients
who were being evaluated for headache had normal CTs.
Vascular events included subarachnoid hemorrhage,

Figure 3: The anterior, posterior atlantodental interval, and basion-dens
interval. The yellow line is representative of the anterior atlantodental
interval. The green line is representative of the posterior atlantodental
interval. The orange line shows the distance between the basion and
dens (basion-dens interval)

Figure 4: The clivus-canal angle. Although the angle has been defined
differently by several authors, it can be simplified to the angle between
two lines. One of which is drawn parallel to the posterior aspect of clivus
and another of which is drawn connecting the superior-most and inferior-
most points of the dorsal aspect of the odontoid process. The angle
between the two joined yellow lines indicates the clivus-canal angle
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hypertensive bleeds, and strokes. Few of the patients had
CTs done postoperatively after undergoing spinal surgery.
Some of the patients had independent findings of only

Figure 5: The two lines required to calculate the powers ratio. The yellow
line extends from the basion to the posterior arch of the C1, whereas
the green line extends from the opisthion to the anterior arch of the C1
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Graph 1: Distribution of patients and their diagnoses

having neuroparenchymal atrophy and degenerative
changes of the cervical spine. The patients with the
degenerative changes still had a normal CV]. Two patients
had gotten a CT done in view of intracranial tumors.

The ages varied from 18 years to 84 years with a mean
of 43.55 and standard deviation being 15.35. Out of the
240, there were 166 (69.2%) CTs belonging to males and
74 (30.8%) belonging to females. Table 1 shows the results
from the present study. Wherever significance was looked
into, P<0.05 was considered to be significant.

Using the independent sample t-test, the differences among
gender in the dMR parameter are identified and are shown
in Table 2. P=0.320 indicated that there was no significant
difference between males and females.

Using the Mann—Whitney U-test, the differences among
gender with the remaining parameters were identified and
shown below in Table 3.

A look into the significance of the parameters between the
two sexes yielded P=0.001 and 0.001, respectively, for AADI
and PADI. Males were more likely to have higher AADI
and PADI values when compared to females. There was no
significant differences between the two sexes when dMG,
dCL, CCA, BDI, and PR were looked at (P=0.099, 0.168,
0.173,0.798, and 0.069, respectively). One sample t-test was
done to compare the sample mean with the other studies.

DISCUSSION

The CV], aptly named, is the junction between the
cranium and the cervical vertebrae. The foramen
magnum, which serves as the intermediate between these
two structures, allows for the passage of structures such
as the brainstem, vertebral arteries, and the spinal root of
the accessory nerve. Alteration of the normal anatomy

Craniometric Mean (mm) Standard
Parameters deviation (mm)
AADI 1.78 0.42
PADI 18.12 1.97
dCL —2.73 (average location of the tip of odontoid 2.63 203 (84.58%) CTs showed an odontoid tip below the
was found to be below the Chamberlain’s line) Chamberlain’s line. 37 (15.42%) CTs had an odontoid
tip that was above this line
dMG —2.29 (average location of the tip of odontoid 2.79 191 (79.58%) CTs showed an odontoid tip below the
was found to be below the McGregor line) McGregor line. 49 (20.42%) CTs had an odontoid tip
above the line
dMR —5.91 (average location of the tip of odontoid 1.4 No CT had an odontoid tip projecting above the
was below the McRae line) McRae line
CCA 160.82° 7.14°
BDI 5.6 1.45
PR 0.71 0.07

AADI: Anterior atlantodental interval, PADI: Posterior atlantodental interval, dMG: Distance of tip of odontoid process to McGregor’s line, dMR: Distance of tip of odontoid
process to McRae’s line, CCA: Clivus-canal angle, BDI: Basion dens interval, PR: Powers ratio
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here can lead to grave consequences including mortality.
Originally used to measure the intelligence of a race,
craniometry has now evolved to recognize deviations
from the normal, especially within in the CVJ. Ligament
laxity and basilar invagination can be determined, along
with other abnormalities when the normal ranges of
the mentioned parameters have been exceeded. These
measurements can also be used to create spinal implants
meeting the exact needs of the patients.'® Due to its
superiority in speed, precision, quality, and ability to focus
on bony structures, CT has become the predominant
imaging modality as opposed to standard radiography
and magnetic resonance imaging.'” We hypothesize that
different races will have different values and previously
set standards cannot be applicable to all. Our 6 month
— study yielded 240 CTs belonging to patients of Indian
origin who had no CV] abnormalities. These scans were
performed for a variety of reasons of which mostly were
due to trauma. Comparison of our results was then done
with the previous literature, where details of the same
and other races were highlighted to identify deviations
among the races.

In previously performed studies using Indian patients,
where sample sizes varied from 49 to 255, several of the
same parameters (which include dMR, dCL, dMG, AADI,
PADI, and CCA) were measured. These studies have noted
the dMR to be 4.67+1.69" with another study noting
the same measurement to be 5.11£1.65." We measured

Craniometric Sex N Mean Standard
Parameters (mm) Deviation (mm)
dMR M 166 -5.97 1.36

F 74 -5.78 1.48

dMR: Distance of tip of the odontoid process to McRae’s line

a value of 5.91%1.4. Although creating an exact range
may not be practical, simply determining if the odontoid
exceeds or does not exceed that of the McRae’s line should
be satisfactory to define a regional pathology. Alike to
the other studies, we also did not have a patient with an
odontoid going beyond the McRae’s line, and therefore,
we conclude that using this line is the simplest method to
detect abnormalities of the CV].

Marathe et al.,'” also looked at IMG and dCL. When they
analyzed dMG, they have found a mean of 0.213 with
minimum and maximum values of — 6.065 and 7.237,
respectively. They have recorded a range of —7.865-6.237
with a mean of 0.498 when they looked into the dCL.
Unlike our study, they have found a slight majority of
patients to have an odontoid process above the two lines. In
their analysis, 55.12% of the patients had the odontoid tip
above the Chamberlain’s line and 58.620% of the patients
had the odontoid tip above the McGregor’ line. In both
parameters, our study has found an overwhelming majority
of the odontoid tips to be below the lines. An odontoid tip
above the Chamberlain’s line may not be cause for concern
since one-third of the normal population will have this
finding as stated by McRae."?

The AADI, which measures the pre-dental space, is
supported by the transverse ligament of the atlas,
atlantodental ligament, and the alar ligament. An increased
AADI can be an indication of transverse ligament
rupture.'”® The AADI measurement found in our study was
1.78%0.42. This value was higher than that found by Dash
et al,,’* and that by Gupta et al."® The PADI, in our study,
was 18.12£1.97 and this was also greater than the value
found by Gupta et al."® The PR is used to diagnose atlanto-
occipital instability and if the value is greater than one, it
is a sign that the patient has the mentioned abnormality.
None of our patients had a ratio >1 and the same finding

Sex dMG (mm) dCL (mm) AADI (mm) PADI (mm) CCA BDI (mm) PR

Male
n 166 166 166 166 166 166 166
Median —2.545 -2.850 1.810 18.150 158.900 5.730 0.699
Minimum -9.420 -9.220 0.771 14.300 150.000 1.850 0.543
Maximum 4.130 4.470 2.990 24.700 178.910 8.410 0.878
Mean -2.500 —2.888 1.846 18.419 160.425 5.624 0.703
SD 2.765 2.584 0.421 2.001 7.130 1.400 0.068

Female
n 74 74 74 74 74 74 74
Median -2.110 -2.715 1.640 17.150 161.300 5.550 0.714
Minimum —7.280 -8.160 0.924 14.400 150.300 1.870 0.604
Maximum 4.230 3.710 2.800 21.600 176.680 8.470 0.960
Mean -1.817 —-2.384 1.633 17.435 161.708 5.561 0.722
SD 2.802 2.709 0.396 1.725 7121 1.577 0.065

AADI: Anterior atlantodental interval, PADI: Posterior atlantodental interval, dMG: Distance of tip of odontoid process to McGregor's line, CCA: Clivus-canal angle, BDI: Basion
dens interval, PR: Powers ratio, dCL: Distance of tip of odontoid process to Chamberlain’s line
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was also seen in the study done by Tantisever et al.'? Alike
to the PR, the BDI is also used to identify atlanto-occipital
instability, particularly subluxations, and dislocations.
Apart from atlanto-occipital distractions, deviations from
the normal measurement may also be seen in rheumatoid
arthritis as well as congenital deformities of the upper
cervical vertebrae.!” The BDI found in the present study
is 5.60%1.45. In the study done by Tanrisever et al., they
found a BDI of 4.92+1.77."

The CCA value in our study was 160.82£7.14. Dash
et al., found their value to be 150.69°%12.05°.1 In the
same report, they had CCA values range from 118.20°
to 173.70°.¢ Although our study did not have values
below 150°, this invites further examination into what
is considered a normal CCA. This value is subject to
difference as head posture can cause changes in the
recordings.”’ Too narrow an angle can cause brainstem
compression."”

We also compared CV] studies performed on the Turkish,
South East Anatolian, UK, Brazilian, and Chinese
population with ours. Among these studies, two of them
specifically analyzed AADI in males and females and we
also compared those results with ours.>* Table 4 shows
a compilation of the values mentioned in the literature
compared to our values.

Overall, our values were higher for all the parameters
and were more likely to be further away from the lines
when compared to what the other authors have found.
Exceptions to this were found in the study by Tanrisever
et al.,” where we found lower PADIs and PRs when
compared to their findings, and the study by Chen et al.,”!
where we found our mean values for AADI in females to
be the same. The varying ranges in values may be attributed
to the cultural practices of the different races and possibly
even the socioeconomic status.'® Although male-female
difference was found to be significant in the AADI and
PADI parameters in the present study, seldom was any
such difference recorded in the other studies.>'>!*1?2122
Similar to our study, Gupta et al., and Tanrisever et al., also
found a significant difference between males and females
when PADI was scrutinized (males had higher values).'®"
Chen et al,, found a statistical significance between males
and females when AADI was examined (males had higher
values).”! Alike to the findings of Dash et al., and Marathe
et al., our study also showed no differences between
genders when examining dMR, dMG, dCL, and CCA.'*""

After analyzing the data and comparing our results with that
of the other races, we conclude that the data mentioned
in the literature are not on par with what was observed in
the present study. Although the values varied within the
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normal range, achieving nil statistical significance between
the same and other populations may prove challenging.
Our comparison to other races should not be regarded
as a doctrine that must be followed, but rather it should
be considered as an introduction to creating a broader
platform where all races and respective craniometric values
can be displayed and utilized in neurosurgical practice.

Limitations of the study

Limitations to the study include the lack of access to the
patient and lack of standardization in the retrospective
study. Doing so and having control of the patient when
they visit the radiology department could have helped
standardize the head posture, while the CT was being done.
Access to the patient to elicit a quick history of clinical CV]
incompetence would have also helped create correlations
with the radiological findings.

CONCLUSION

Due to the consistent finding of the odontoid tip being
below the McRae’s line among the races examined, we
would like to agree with the existing literature that this
parameter is the easiest to utilize to reliably differentiate a
CT with and without CV] pathology. Further investigation
will be required to outline the other values. Creating
fixed ranges for parameters will be difficult due to both
intra- and inter-population variability. To overcome this
challenge, a large-scale database has to be created with
measurements of multiple, if not all, races. Only then can
we understand the limits of a normal CV] and subsequently
craft individualized instruments and prostheses for each
patient’s needs.
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