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ABSTRACT
Objective: To measure cranio-vertebral parameters in asymptomatic individual in CT head and to study the deviation
from the normal range in Indian population with their MRI correlation.
Materials & Methods: The present study was carried out as a prospective cross-sectional comparative study at
Department of Radiodiagnosis, Gandhi Medical College & associated Hamidia Hospital Bhopal during the study period
of one year. Data collection was done & information was recorded on a proforma. The patients then underwent NCCT
head. Parameters such as Welcher basalangle, Clivus canal angle, Boogards angle, Foramen magnum
(Anteroposteriorand transverse diameter), Length of clivus, Distance between tip of dens & Mcrae’sline, clivus canal line
tangential/transecting the dens and cord abnormality were assessed. Any deviation from the normal values were noted
normal being the mean value under one standard deviation of the population assessed. The subjects with abnormal
parameters underwent MRI which were then correlated with the CT findings.
Results: This study was conducted on a total of 3822 participants of them, 42 had CVJ anomaly on CT scan. Among the
patients with incidentally detected CVJ anomalies, majority (69%) of patients reported Bl followed by AOA (42.9%),
PTB (21.4%), OSD (4.8%) and OT (2.4%). Combination of anomalies are also found. Among the patients with abnormal
CVJ parameters, 11.9% of subjects reported presence of cord signal in MRI, 69% of subjects found clivus canal line
transecting dens and remaining 31% found tangential to dens in both MRI and CT scan.
Conclusions: Basilar invagination (BI) was the most common CVJ anomaly found in our study. The most common
combination were (BI)+ (AOA). Comparison of CT and MRI findings with respect to Dens in relation to McRae’s line
and association of CT and MRI findings with respect to Wackenheims clivus canal line (TTT) was found significant.
Spinal cord signals could be pickedup by MRI.
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INTRODUCTION

The cervical spinal cord, different cranial nerves, blood arteries, and lymphatics are all located at the craniovertebral
junction (CVJ), an anatomical passageway between the skull and the cervical spine. The caudal portion of the occipital
bone, the atlas, axis, atlantooccipital, and atlantoaxial articulations, as well as ligaments, make up the CVJ. In addition, it
provides the necessary support for head movement and protection [1]. CVJ, which is the most mobile segment of the
spine, is a complex region that contains vital neurovascular structures [2]. Craniovertebral Junction, being the transit
zone between cranium and spine, is the most complex and dynamic region of the cervical spine. Any deformity of this
segment subjected to correction is complicated, and detailed knowledge of this area is mandatory prior to any
intervention. Congenital, developmental, or related to an acquired disease condition, CVJ abnormalities may occur.
These anomalies can lead to neural and vascular compromise, obstructive hydrocephalus, and cerebrospinal fluid
dynamics [3].

Traditionally, the imaging technique used to evaluate basilar impression was an X-ray of the skull with the cervical
spine. Modern imaging technologies, like as computed tomography (CT), which provides a three-dimensional image of
this area with very complicated anatomy, have greatly improved our ability to see the CVJ. Good spatial resolution,
speed, and the capacity for high-quality multiplanar imaging may all be found in a CT scan. Superior to a simple X-ray, it
reveals details of the bone anatomy. For an accurate evaluation of the foramen magnum and spinal canal's transverse and
anteroposterior (AP) dimensions, CT is a dependable diagnostic tool [4, 5]. It is more difficult to identify the reference
points in the CVJ in direct radiographs, due to overlapping structures [6]. An MRI is ideal for evaluating soft tissues,
nerves and ligaments, and a Multi-Slice CT describes the bone anatomy and pathology of the CVJ well [7]. Although
three dimensional images of bony structures can be obtained by spiral and multiplanar-CT, cone beam computed
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tomography (CBCT) may be accepted as a more ideal imaging modality due to lower radiation exposure and lower costs
involved [8].

Since the anatomical bony landmarks required for the angle measurements are easily accessible due to use of
CT/MRI, it can be used as a standard diagnostic tool in CVJ malformations. In the literatures, few studies have
mentioned the normal range of angles based on comparative studies. Additionally, few factors like race, sex, age, and
height of an individual can alters the CVJ craniometry [9, 10].

To the best of our knowledge, no study has been conducted to evaluate the normal craniovertebral angles among the
Indian population. We thus aimed to measure cranio-vertebral parameters in asymptomatic individual in CT head and to
study the deviation from the normal range in Indian population and their MRI correlation.

MATERIAL & METHODS

The present study was carried out as a prospective cross-sectional comparative study at Department of
Radiodiagnosis, Gandhi Medical College, & associated Hamidia Hospital Bhopal during the study period of one year
(August 2021-September 2022). Allpatientsreferred for CT head from various departments of hamidia hospital were
included whereas previously diagnosed cases of CVJ anomalies or patients operated for the same, with cardiac
pacemaker, with ocular or cochlear implants and ocular foreign bodies were excluded from the study.

Permission to conduct the study was obtained from the ethical committee of Gandhi Medical College, Bhopal,
Madhya Pradesh. After obtaining informed consent & explaining the purpose of study to the participants, data collection
was done & information was recorded on a predesigned, pretested & semi-structured proforma. The proforma included
socio-demographic variables such as age, gender etc. The patients then underwent NCCT head. Parameters such as
Welcher basal angle, Clivus canal angle, Boogards angle, Foramen magnum (Anteroposteriorand transverse diameter),
Length of clivus, Distance between tip of dens & Mcrae’sline, clivus canal line tangential/transecting the dens and cord
signals were assessed. Any deviation from the normal values were noted normal being the mean value under one standard
deviation of the population assessed. The subjects with abnormal parameters underwent MRI which were then correlated
with the CT findings.

Statistical analysis:

Data was entered into MS excel 2007, analysis was done with the help of Epi info Version 7.2.2.2. Frequency &
percentages were calculated. Quantitative variables were expressed as the mean & standard deviation. Categorical data
was expressed as percentage. Microsoft office was used to prepare the graphs. Chi- square/Fischer’s exact test was
applied for comparison. Independent t-test was applied for continuous variables, P<0.05 was considered to be statistically
significant.

RESULTS

The present study was conducted on a total of 3822 participants with mean age of 46.31+£16.284 years, who
presented for CT head at our study area during the study period, out of which only 42 had incidentally detected CVJ
anomalies on CT scan. Thus, the incidence of CVJ anomalies in asymptomatic participants was found to be10.98per1000
people, detected on CT.
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Figure 1: Overview of study participants reported for CT head

Table 1: Distribution of various CVJ anomalies

Basilar invagination (BI) 29.0 69.0
Atlanto-occipital assimilation(AOA) 18.0 42.9
Platybasia (PTB) 9.0 21.4
OsOdentoidum (OSD) 2.0 4.8
Ossiculumterminal (OT) 1.0 2.4

Majority (69%) of the study subjects reported Bl followed by AOA (42.9%), PTB (21.4%), OSD (4.8%) and OT

(2.4%). They were also found in combinations as well.

Table 2: Combination of various CVJ anomalies

BI+AOA 10 23.8
BI+PTB 3 7.1
BI+AOA+PTB 2 4.8

Table 3: Distribution of study participants on the basis of their age

21-30 3 7.1

31-40 11 26.2
41-50 12 28.6
51-60 7 16.7
Above 60 9 21.4

Male predominance was observed among the participants. 58.9% subjects were male while 41.1% were females.

Table 4: Measurement of CVJ parameters in comparison with CT and MRI findings

Welcher Basal Angle | CT 130.031 42 9.844 1.519 0.206
(WBA) (in degrees)

MRI 130.138 42 9.879 1.524 0.206
Clivus canal angle (CCA) | CT 134.61 42 12.687 1.958 0.372
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(in degrees) MRI 134.376 42 12.808 1.976 0.372

Boogards angle (BA) (in | CT 140.552 42 15.797 2.437 0.073

degrees) MRI 140.402 42 15.703 2.423 0.073

Foramen magnum | AP | CT 33.955 42 1.394 0.215 0.076

(in centimeters) MRI 33.471 42 2.231 0.344 0.076

TD | CT 29.300 42 2.576 0.397 0.94

MRI 29.26 42 2.549 0.393 0.94

Clivus length (CL) (in|CT 40.56 42 5.524 0.852 0.793
centimeters)

MRI 40.550 42 5.432 0.838 0.793

Distance of Dens From | CT 2.8 42 1.353 0.209 0.270

McRae’s  — line  (in Fop; 2.9 22 1.430 0.221 0.270

centimeters)

In the above mentioned measurements, p>0.05 indicates that there is no significant difference between
measurements of parameters in CT and MRI.

When looking at spinal cord abnormalities in subjects with abnormal CVJ parameters, 11.9% of subjects reported
presence of cord signal in MRI, however no significant abnormality was present in CT.

Figure 2: In an asymptomatic individual, Mid sagittal section of TIW MRI shows basilar invagination (Red arrow
denotes basilar inavgination)

Figure 3: In an asymptomatic individual, Mid sagittal section of TIW MRI shows atlanto occipital assimilation
(Red arrow denotes atlanto occipital assimilation)

DISCUSSIONS

The present study was conducted on a total of 3,822 participants, out of which only 42 had CVJ anomaly on CT
scan. Thus, the incidence of CVJ anomalies in asymptomatic participants was found to be 10.98 per 1000 people,
detected on CT. Other Indian study by Dash et al. also showed that CVVJ anomalies are less frequent entities [11]. Various
studies have also supported our finding [12-15].
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We reported Bl in majority (69%) of the study subjects, followed by AOA (42.9%), PTB (21.4%), OSD (4.8%) and
OT (2.4%). They were also found in combinations as well. The common combination was BI+AOA in 23.8% of
participants followed by BI+PTB (7.1%) and BI+AOA+PTB (4.8%). Onkar et al., also reported Bl in most of their
patients i.e. in 23.8% of the total subjects followed by AOA (19.04%), OT (6.34%), PTB (3.1%) and OSD (1.58%) as far
as single entity was concerned. They also found anomalies in combination with Bl + AOA in 26.6%. However, they
haven’t found any other associations of BI+tAOA+PTB and BI + PTB. Other combined anomalies reported by them were
BI+AOA+OCH (13.3%), BI+AOA+PP (13.3%) and BI+CAAA+PP (13.3%) [16].

Singh et al., also evidenced Bl in most of the subjects (73%) followed by AOA (65%), OSD (15%), PTB(7.6%) and
OT (7.6%). They also observed combined anomalies with Bl + AOA in 50% and Bl + PTB in 7.6% of the total subjects.
Further, they noted BI+AAD in 42.3%, AAD+AOQA in 42.3%, BI+BV in 38.4%, BI+AOA+AAD in34.6%,00+AAD in
11.5%, and OH+AAD in 11.5% of the total subjects [17].

In a study in Turkey done by Mwang'ombe et al., the most common type of lesions were basilar impression (48%)
followed by atlanto-axial dislocation (28%) and occipitalization of the atlas (28%) [18]. In other studies elsewhere basilar
impression either in isolation or in association with other malformations was observed in 80% of the patients and
occipitalization of the atlas was seen in 30% of the patients [19].

On comparison of CT and MRI findings among CVJ abnormalities in our study, it was found that the mean distance
of dens from McRae’s line in CT was 2.85 £ 1.35 mm and in MRI was 2.93 + 1.4 mm. p>0.05 indicates that there is no
significant difference between means of distance in CT and MRI. Marathe, et al., (2019) from Mumbai 94 evidenced
comparatively higher mean distance between the tip of the dens and McRae line was 4.67 + 1.69 mm on CT scan with a
range of 1.212-9.347 mm [20].

In our study it was found that the mean Welcher Basal angle in CT was 130.03+9.84° and in MRI was 130.14+9.88°.
p>0.05 indicates that there is no significant difference between means of WBA in CT and MRI. Gupta et al., (2011)
noticed the mean BA in their study was 130.24 degree (SD = 4.4) on CT [21]. Using MRI and the same anatomical,
Koenigsberg and colleagues assessed the normal basal angle of 200 individuals and found a mean value of 129° 6° [22].
In a cohort of 33 asymptomatic patients, Botelho and Ferreira found on MRI that the BA ranged from 107° to 132° (mean
119° 7.1°).

In our study, it was found that the mean clivus canal angle in CT was 134.61 + 12.69° and in MRI was 134.38 +
12.81°. p>0.05 indicates that there is no significant difference between means of CCA in CT and MRI. In a 92
craniocervical junction malformation investigation using MRI, Botelho and Ferreira evaluated the clivus canal angle in
33 asymptomatic individuals employed as controls. The study's mean CCA, which ranged from 129° to 179°, was 148°
9.8° [23]. On MRI, Raveendranath et al. JIPMER, found that the mean clival angle was larger in men than in females, at
157° and 155°, respectively. [24].

In our study it was found that the mean Boogards angle (BA) in CT was 140.55 + 15.79° and in MRI was 140.40 +
15.70°. p>0.05 indicates that there is no significant difference between means of BA in CT and MRI. Raveendranath et
al., (2022), reported the mean value of Boogaard’s angle in males and females was 120°and 121°, respectively on MRI
scan.

As per our study, mean AP diameter of foramen magnum was found to be 33.96 £ 1.39 mm in CT and 33.47 £ 2.23
mm in MRI. Similarly, the observed mean transverse diameter of foramen magnum by CT scan was found to be 29.30 +
2.58mm and by MRI was found to be 29.26 + 2.55 mm. No significant difference exists (p0.05 indicates that there is no
significant difference between means of CL in CT and MRI). Heiss et al. reported that the mean clivus length in 18
normal patients was 43.2 £ 3.5 mm on CT [25]. Gupta et al. reported the mean CL was 44.91 mm with SD of 4.34 mm
on CT, which was higher than the mean observed in our study.

On comparison of CT and MRI findings among CVJ abnormalities in our study, it was found that the mean distance
of dens from McRae’s line in CT was 2.85 + 1.35 mm and in MRI was 2.93 + 1.4 mm. p>0.05 indicates that there is no
significant difference between means of distance in CT and MRI. Marathe, et al., (2019) from Mumbai 94 evidenced
comparatively higher mean distance between the tip of the dens and McRae line was 4.67 + 1.69 mm on CT scan with a
range of 1.212-9.347 mm [20]. As per current study, 69% of subjects found dens above McRae’s line both in CT and
MRI.

Our study had certain limitations, first, this study was a facility-based study which is not representative of the
population. Additionally, CVJ craniometry may be influenced by many other factors, such as patient race, sex, age, and
height, among others.
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CONCLUSIONS

We observed that the incidence of CVJ anomalies in asymptomatic participants was found to be 10.98 per 1000

people, detected on CT. Basilar invagination (BI) was the most common CVJ found in our study. The most common
combination of developmental anomalies found basilar invagination (Bl)+atlanto-occipital assimilation (AOA). CT and
MRI comparison of CVJ parameters were made showing no significant differences however, cord evaluation was better
by MRI. As CT was found more accurate in bony evaluation of craniovertebral junction and MRI is preferred for soft
tissue evaluation including ligaments and cord, multimodality approach is recommended for complete evaluation of
craniovertebral junction anomalies.
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