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The craniovertebral junction (CVJ) is the anatomical junction between
the cranium and the spine. It is a separate structure functionally from
both the cranium and the cervical spinel. It comprises of the occiput,
atlas, axis, and their articulations. It encloses the vital soft tissue
structures of the cervicomedullary junction (medulla, spinal cord and
cervicomedullary junction)’

CV1 is the transition point between the brain and cervical spine. Most
of the spine movements occur between the occiput, the atlas, and axis.
The movements at the Craniovertebral junction are studied with
craniovertebral junction segments. The complex CVJ anatomy and
biomechanics has helped in understanding of the pathological
processes that affects this region. Advancements in surgical techniques
of the Craniovertebral junction has promoted further characterization
of its anatomy’.

X-ray assessment of Craniovertebral junction is inaccurate due to the
superimposition of the bony structures4. Modern diagnostic
techniques like computed tomography and Magnetic Resonance
imaging can play a tremendous role in accurate morphometry.

CT evaluation would help us in understanding the joint dynamics5. It
acquires 3-dimensional cross-sectional image of the patient without
superimposition of the structures as in X-ray. There is also the added
advantage of improved spatial resolution with computed tomography.

Most of the studies of Craniovertebral junction so far were performed
in patients with congenital malformations’. And, most of the normative
data published are based on studies conducted by Western authors.
Because, Craniovertebral junction morphometry has racial and ethnic
variations, there is a need to study normative data of Indian population.
This study aimed at computed tomography assessment of the normal
craniovertebral junction to standardise morphometry in rural
population of Andhra Pradesh.

REVIEW OF LITERATURE
The measurements mentioned below are the most used measurements
of'the craniovertebral junction:

McRae's Line:

It is the line from the anterior border (basion) to the posterior border
(opisthion) of foramen magnum. It indicates the presence of basilar
invagination if the tip of the odontoid process crosses this line. Tip of
dens should normally be 5 mm below this line as measured on skull
lateral X-ray’.

Chamberlain's line:

Chamberlain line is between the posterior border of hard palate and the
opisthion. Basilar invagination is diagnosed if the tip of the odontoid
process is >3 mm above this line’.

Mec Gregor's line:

The McGregor line connects posterior border of the hard palate to the
caudal point on the occipital curve. Basilar invagination is diagnosed if
the tip of the dens lies more than 4.5 mm cranial to this line. It is a

visualised on plain radiographs"
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Figure 1: Illustrates the various bony landmarks and the lines of
thelinear craniometry of craniovertebral junction’

The basion-dens interval (BDI) is the distance between the basion and
the tip of the dens. Harris et al calculated that 95% of adults in their
study population had a BDI less than 12 mm and considered this value
as the upper limit of normal.

Basion-dens
interval

Figure 2: Basion-dens interval

Anterior atlanto-dental interval (AADI): Horizontal distance from the
posterior margin of anterior atlas arch and anterior margin of odontoid
process of axis, in midline sagittal cuts of CT scan. Anterior
atlantodental interval (AADI) described by Hinck et al, is
conventionally held to be normal when it is less than 3 mm in men and
2.5mmin women

Posterior atlantodental interval (PADI): Horizontal distance from the
anterior margin of posterior atlas arch to the posterior margin of
odontoid process of axis in midline sagittal section.

The clivus length (CL): It is measured as the distance between the top
of the dorsum Sella to the basion in midline sagittal image. The
significance of clivus length lies in the fact that it distinguishes adult
female healthy individuals with benign tonsillar ectopia from those
with symptomatic Chiari malformation.

AP diameter of Foramen magnum (FMD): Distance between the
anterior margin and posterior margin of foramen magnum in a midline
sagittal section of CT image.

Figure 3: CT measurements of the following parameters (A) AADI
(B) PADI (C) AP diameter of foramen magnum (D) Clivus length
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Boogaard's angle is measured by drawing a line from basion to
opisthion and another line along the plane of the clivus to the basion
intersecting the first line the angle between these two lines is measured
9

Basal angle: Angle formed by intersection of the line joining the nasion
with the center of sellar floor and the line joining the anterior margin of
the foramen magnum with the center of floor of sella"
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Figure 4: The image demonstrates the angular craniometry of the
craniovertebral junction”

Powers ratio: It is the ratio between the lines connecting Basion to
anterior surface of posterior arch of Atlas and the line connecting the
Opisthion to the posterior surface of anterior arch of Atlas. It is a
measurement of the relationship of the foramen magnum to the atlas,
used in the diagnosis of atlanto-occipital dissociation injuries.

The ratio, AB/CD, is measured as the ratio of the distance in the median
(midsagittal) plane between the:

1. Basion (A) and the posterior spinolaminar line of the atlas (B) and,
2. Opisthion (C) and posterior surface of the anterior arch of the atlas

Itis considered normal when the value is less than 1.
Ifthis ratio is >1, then the anterior atlanto-occipital dissociation should
be suspected.

Figure 5: The image demonstrates the normal powers ratio
measurement'’

AIMSAND OBJECTIVES
1) CT evaluation of normative data of the Cranio-Vertebral Junction
anatomy among the asymptomatic rural population of Andhra Pradesh.

MATERIALSAND METHODS
TYPE OF STUDY: Itis a Cross sectional study

SOURCE OF DATA: Department of Radiodiagnosis at Santhiram
medical college and general hospital, Nandyal, Andhra Pradesh.

PERIOD OF STUDY: October 2022 to December 2022
SAMPLE SIZE: Approximate sample size is 60

SAMPLING CRITERIA

INCLUSION CRITERIA:

1. All the head injury patients who were advised CT brain and cervical
spine but reported normal CT cervical spine.

2. Patients who came to our department for CT-brain or CT-PNS for

various reasons were further advised imaging for CVJ evaluation.
3. Patients who had given informed and written consent.

EXCLUSION CRITERIA:

1. Patients with cervical spine injury.

2. Patients who had prior history of autoimmune disease, neurological
deficit, and any cervical spine pathology on CT cervical spine

3. Patients who had not given written and informed consent

EQUIPMENT
SIEMENS 32 slice SOMATOM SCOPE CT VC 40, H-SP spiral CT
machine, at Santhiram Medical college and General Hospital

RESULTS

This study consisted of 60 cases, which included 39 male and 21
female patients. The age group ranged from 3 years to 90 years. The
mean age of the study population was found to be 42.9 years. About
40% (24 patients) of the population belonged to age group <30 years,
46.6 % (28 patients) belonged to the age group of 31- 60 years, while
only 13.3% were in the age group of 61-90 years. Most of the study
population were males (39 patients- 65%).

Table 1 shows normal age wise distribution of cases in the study

Age group (In years) |[Number Percentage (%)
<30 years 24 40%

31-60 years 28 46.6%

61-90 years 8 13.3%

Total 60 100%

Table 2 shows the mean and standard deviation of various
parameters in the study

Mean SD
Tip of the odontoid  |6.88mm 1.39mm
from McRae's line
Tip of odontoid from |2.3mm 1.2mm
Chamberlain's line
Tip of the odontoid  |5.09mm 2.59mm
from McGregor line
Basion dens interval |7.56 1.6
AADI 1.42mm 0.43mm
PADI 16.77mm 2.08mm
CL 42.81mm 3.68mm
FMD 35.03mm 3.10mm
BA 130.24° 4.4°
BOO 126.44° 5.21°
Power ratio 0.73 0.053
Table 3 shows comparison of data between male and female.
Male-Mean Female-Mean
Tip of the odontoid |7.033mm 6.458mm
from McRae's line
Tip of odontoid from (2.33mm 2.25mm
Chamberlain's line
Tip of the odontoid [5.309mm 4.5mm
from McGregor line
Basion dens interval |7.82 6.98
AADI 1.47mm 1.35mm
PADI 17.03mm 16.2mm
CL 43.41mm 41.68mm
FMD 35.48mm 34.88mm
BA 130.32° 130.13°
BOO 126.76° 126.10°
Power ratio 0.745 0.734
Table 4 shows comparison of observed data with global standards
Mean Global available standards
Tip of the odontoid |6.88mm Above Smm
from McRae's line
Tip of odontoid from |2.3mm 0-3 mm
Chamberlain's line
Tip of the odontoid |5.09mm 0-4.5 mm
from McGregor line
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Basion dens interval |7.56 <12mm

AADI 1.42mm <3mm for males,
<2.5mm for females

PADI 16.77mm 13-23.7 mm

CL 42.81mm 43.05 +/-3.33 mm

FMD 35.03mm 36.29+/-2.35mm

BA 130.24° 125-143°

BOO 126.44° 126+/-6°

Power ratio 0.73 0.77

REPRESENTATIVE CASES

Va o
Powers ratio

DISCUSSION

This study was conducted on 60 patients who came to santhiram
general hospital, nandyal. Study conducted using multidetector
computed tomography for evaluation of the normative data of

craniovertebral junction among rural population of Andhra Pradesh.
The intention was to find the average of the various parameters of the
craniovertebral junction and thereby standardise the values for
asymptomatic population of rural population of Andhra Pradesh. This
study also attempted to see how different these values are from the
globally accepted standards.

The mean age of the study population was found to be 40.42 years. The
age group ranged from 3 years to 90 years. About 40% (24 patients) of
the population belonged to age group <30 years, 46.6 % (28 patients)
belonged to the age group of 31- 60 years, while only 13.3% were in the
age group of 61-90 years. Most of the study population were males (39
patients- 65%).

The most important of these measurements were the tip of odontoid
from the McRae's line. The odontoid tip crossed the line in none of
these patients. The mean value of the McRae's line measurement was
found to be 6.88 mm. There is a mild difference in this value from the
study done by Dash Et al on craniometry in asymptomatic individuals
in Indian population”. The mean value for the same in their study was
5.11 mm. So, the tip of the odontoid can be normally at up to 6.88 +/-
1.39 mm caudal to the McRae's line. Another study done by Marathe Et
al inI ‘Indian population showed that McRae's line value can be up to 6.2
mm.

The accepted radiographic cut off for McGregor line is 4.5 mm. It
means that the tip of the odontoid can project up to 4.5 mm above the
McGregor's line". The mean value of McGregor line in this study was
5.09 mm which is in accordance with this study. However, in a review
published by Maheshwari et al on “imaging of normal and abnormal
craniovertebral junction”, the normal values ranged up to 8 mm in
males and 10 mm in females'”’. None of the cases in this study showed a
dens tip crossing the McRae's line and by extension the foramen
magnum, the possibility of basilar invagination was excluded. So, the
tip of odontoid can be normally up to 5.09 mm cranial to the level of the
McGregor's line.

Study done in Istanbul by Neil et al, where the mean chamberlains line
distance was 2.5mm'. The mean value for chamberlain's line in this
study was 2.3mm. So, the tip of the odontoid can be normally up to 2.3

mm cranial to the level of the chamberlain's line as per this study.

The three lines are important in the diagnosis of basilar invagination.
These three lines showed a slightly higher value for males than
females. However, there was no statistically significant difference
between the values and gender. There was also no significant
difference in these values and age groups by statistical analysis.

The average values of basal angle and Boogaard's angle are 130.24°,
and 126.44° respectively. There was no significant statistical
association with age and gender for any of these values. In a CT based
study by Dash et al, the basal angle value averaged to about 121.65°.
The value is comparable with this study'”. In an MRI based study done
on south Indian population by Raveendranath et al, the mean values are
113° and 114° for basal angle, 120° and 121° for Boogaard's angle, in
males and females respectively. Like this study, there was no
statistical significance between genders. The values for Boogaard's
angle were like this study. However, there was a 7° variation in basal
angles between both studies. This could be attributed to use of
modified MRI technique for basal angle measurement.

The values of powers ratio averaged to 0.73. Powers ratio is an
indicator of atlantooccipital dissociation injuries. Normal values are
taken as less than 1 on plain radiographs with a range of 0.77 to 1", This
study showed no significant variation from the normal criteria as was
found in a study done by Rojas etal ™.

The mean value of anterior atlanto-dental interval (AADI) was found
to be 1.42 mm +/- 0.43mm. There was no significant association with
age or gender. The mean anterior atlanto-dental interval was found to
be 1.4+/- 0.5 mm in a study conducted by Demirel Et al'”’. In the study
conducted by Dash et al, the mean value of the same was found to be
1.12+/-0.66 mm"". The values are comparable in both studies.

Value of posterior atlanto-dental interval (PADI) ranged from 12.10
mm to 26.20 mm with mean PADI of 16.77 mm and standard deviation
(SD) of 2.08. Difference between male and female values of PADI was
found to be statistically nil-significant.
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The Antero posterior diameter of the foramen magnum measured an
average of 35.03 +/- 3.04mm. The values are corresponding with the
study done by Dash et al, wherein the value was 36.29 +/-2.35mm.
There was no significant correlation with age and gender.

The mean clivus length measurement was 42.81 +/- 3.68 mm. There
was no significant association with age and gender. The mean clivus
length was found to be 44.74 mm in a study done by Batista et al”.
These values are comparable with this study values.

CONCLUSION

This study was conducted on 60 patients who came to santhiram
general hospital, nandyal. Study conducted using multidetector
computed tomography for evaluation of the normative data of
craniovertebral junction among rural population of Andhra Pradesh.
The various parameters of the craniovertebral junction were developed
using radiography previously. The radiographic measurements were
always suspected to have inherent flaws due to the poor spatial and
contrast resolution as compared to computed tomography. The
intention of this study was to find the average of the various parameters
of the craniovertebral junction and thereby standardise the values for
asymptomatic population of rural population of Andhra Pradesh. This
study also attempted to see how different these values are from the
globally accepted standards.

The relevance of the normative anatomical parameters in the current
scenario and their variations from the current accepted global
standards were the main objectives of this study. Attempt was made to
analyse ifthere is any correlation between the various parameters.

All the parameters measured showed minimal or no variations from the
accepted global standards. All parameters mean values are slightly
more in males than in females. But none of the parameters showed
significant association with age.
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