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Abstract

Background The posterior cranial fossa (PCF) and the foramen magnum (FM) are the critical anatomical components
of the craniovertebral junction region, which comprise and transmit numerous vital neurovascular structures. So,

a fundamental knowledge of the basic radiological anatomy of PCF and FM is of paramount importance in the evalu-
ation of associated pathologies and approaching these areas surgically. The aim of this study is to describe different
linear and angular craniometric parameters of PCF, FM and surrounding territory based on reconstructed computed
tomography (CT) images.

Material and methods This study was conducted in our tertiary care hospital in northern India from the period
of January 2023 to June 2023 on 120 patients, and CT screening was done for the head and spine region follow-
ing a history of head injury.

Results In this study, 120 patients were included, of whom 50.83% (n=61) were females and 49.17% (n=59) were
males. Age ranged from 18 to 70 years with mean age of 43.5 + 14.08 years. The mean values for linear craniometric
parameters of PCF were statistically nonsignificant for different age groups. Statistically significant differences were
found for twinning line (TL) (p < 0.0001), McRae’s line (<0.0001), clivus length (<p<0.0001), internal occipital protu-
berence -opisthion line (p=0.01), Klaus'index (p < 0.0001), height of posterior fossa (h) (p <0.0001), h/TL (p=0.028),
when these values were compared for the genders. The measurements of FM transverse diameter, anteropos-
terior diameter and area were 27.12+1.42 mm (range 23.6-30.1 mm), 30.99+2.23 mm (range 27.6-35.8 mm)

and 691.32+30.35 mm? (range 632.7-777.7 mm?). The values of clivus canal angle (p=0.038) and clivoodontoid
angle (p=0.012) were statistically significant when compared for different age groups. The values of Boogard's angle
(p=0.021) and tentorial slope (p=0.031) were statistically significant when these were compared for the genders.
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Conclusions This study described almost all the linear and angular craniometric parameters used in the morphomet-
ric analysis of PCF and FM. The findings of this study provide valuable data regarding linear and angular craniometric
parameters of PCF and FM which can redefine reference values.

Keywords Basilar invagination, Chiari malformations, Craniometry, Craniovertebral junction, Foramen magnum,

Posterior cranial fossa

Introduction

The posterior cranial fossa (PCF) and the foramen mag-
num (FM) are the key anatomical components of the
craniovertebral junction (CV]), which contain and trans-
mit numerous vital neurovascular structures [1]. The PCF
is bounded by the dorsum sellae and the basilar part of the
occipital bone anteriorly, the petromastoid part of the tem-
poral bone laterally, the tentorium cerebelli superiorly and
the occipital bone posteroinferiorly. The FM in the occipital
bone is the largest opening in the PCF [1, 2]. Several impor-
tant neural elements, i.e. the 7th to 12th cranial nerves, the
cervical spinal nerves, the brainstem, the rostral aspect of
the spinal cord, the cerebellum and the vermis, as well as
various vascular structures such as the vertebral artery and
its branches, the meningeal vessels and the venous sinuses
are closely associated with the PCF and the FM [3].

The PCEF is the site of a variety of neoplastic, vascular,
traumatic and degenerative lesions. As it is a rigid and
compact space, even a small change in the volume of the
PCF or a narrowing of the FM is sufficient to cause life-
threatening respiratory and cardiac complications due
to compression of the brainstem. Other sequelae of PCF
lesions include dysfunction of the lower cranial nerves,
limb weakness, hypertonia or hypotonia, hyperreflexia
and clonus, etc. [4, 5]. Therefore, a basic knowledge of
the radiological anatomy of PCF and FM is of paramount
importance for the assessment of associated pathologies
and the surgical treatment of these areas.

Various craniometric methods have been developed
to measure the linear and angular dimensions of PCF
and FM, which have tremendously increased our knowl-
edge of these vital parts [1, 5-7]. Radiological evolutions
have further increased the accuracy of measurements
of craniometric parameters of PCF and FM, which is
indispensable in evaluation of CV] malformations and
surgical approaches to these specific regions [8, 9]. The
morphology of the human skull differ in geographically
separated populations due to genetic, geographical and
environmental variations [10]. India is a large country
with huge geographical and environmental variations.
The craniometric dimensions of PCF and FM may differ
in various regions of India. Since there are no previous
craniometric studies of PCF and FM in North India, the
aim of this study is to describe different linear and angu-
lar craniometric parameters of PCF, FM and surrounding

territory based on reconstructed computed tomography
(CT) images (as these are commonly used and easily
available at a low cost), which may help in our under-
standing of the morphometry of PCF and FM in this part
of India. Additionally, this study also aims to describe
each parameters in terms of it’s clinical implications in
CV] malformations like Chiari malformations and basilar
invagination (BI).

Material and methods

This study was conducted in our tertiary care hospital,
situated in northern part of India, from January 2023 to
June 2023. 120 patients were included in this study, in
which CT screening was done for head and spine regions
following history of head injury. All patients included in
this study had normal radiological findings on CT scans.
Patients with bony, soft tissue or brain parenchymal
injuries were excluded from this study. Patient informa-
tion was anonymized and de-identified prior to analysis.
Demographical descriptions and radiological informa-
tion were recorded for all patients included in this study.

CT imaging protocol
Computed tomography scans were performed using a
128 -slice spiral CT scanner (Discovery Ultra, GE). The
rotator time was 0.5 s/rotation with 120 kVp and 200
mAs, the slice thickness was 0.625 mm, the slice interval
was 0.625 mm, the field of view was 240 mm X 240 mm,
and the matrix size was 512x512. Radiological assess-
ments were done in all the patients using reconstructed
midsagittal and axial images.

Linear Craniometric evaluation of PCF: We used fol-
lowing linear craniometric parameters:

1. Twinning line (TL)—A distance between the tuber-
culum sellae and the internal occipital protuberance
(IOP)(mm) (Fig. 1a)

2. McRae line (ML)—A distance between the basion
and the opisthion (mm) (Fig. 1a)

3. Clivus length (Cl)—A distance between the tip of
dorsum the sellae and the basion (mm) (Fig. 1a)

4. IOP-Opisthion (IOP-O) line—A distance between
IOP and the opisthion (mm) (Fig. 1b)



Yadav et al. Egyptian Journal of Neurosurgery (2024) 39:12 Page 3 of 14

Fig. 1 Midsagittal reconstructed images of the computed tomography scan of the posterior fossa and the craniovertebral junction demonstrating
the various linear craniometric parameters. a Twinning line (small thin white arrow);,connecting the tuberculum sellae and the internal occipital
protuberance, McRae's line (thick arrow); connecting the basion to the opisthion, clivus length (long arrow); connecting the tip of the dorsum
sellae to the basion. b Internal Occipital Protuberance-Opisthion (IOP-O) line (white arrow); connecting internal occipital protuberance to opisthion
¢ Chamberlain’s line (white arrow); connecting between the posterior end of the hard palate and the opisthion d Klaus'index (white arrow);
perpendicular distance of the tip of the odontoid process from the twinning line e height of the posterior fossa (white arrow); perpendicular
distance between McRae's line and the twinning line
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5. Chamberlain’s line (CL)—A distance between the
posterior end of the hard palate and the opisthion
(mm) (Fig. 1c)

6. Klaus’ index (KI)—A perpendicular distance between
the tip of the odontoid process and TL (mm) (Fig. 1d)

7. Height of posterior fossa (h)—A perpendicular dis-
tance between ML and TL (mm) (Fig. le)

8. DPosterior fossa volume (PEV)—PFV (mm?) was cal-
culated by formula hbc/2; where h is the height of
posterior fossa, b is the anteroposterior diameter
measured as the distance between the dorsum sellae
and IOD, c is the transverse diameter measured as the
maximum distance between the points just below the
base of the petrous temporal bone.

9. h/TL—measurement of the compensatory anterior
growth in the small posterior fossa

Linear Craniometric evaluation of FM: We used the fol-
lowing linear craniometric parameters to analyse FM:

1. Shape of FM—Various shapes of FM were observed
on the inferior basal view — oval, round, tetragonal,
pentagonal, hexagonal, egg shaped and irregular
(Fig. 2a—g)

2. FM transverse diameter (R1)—maximum distance
between the basion and the opisthion (mm)

3. FM anteroposterior diameter (R2)—maximum
length between the margins of FM measured by
drawing a line perpendicular to R1 (mm)

4. FM area-FM area was calculated by Radinsky’s for-
mula; TR1R2/4(mm.?) (Fig. 2h)

Angular craniometric evaluation of PCF and FM: We
used the following angular craniometric parameters
to analyse the PCF, FM and surrounding territory (In
degrees) (Fig. 3a—j):

1. Basal angle (BA)—The angle between the line con-
necting the nasion to the dorsum sellae and the line
extending from the tip of the dorsum sellae to the
tangential surface of the clivus

2. Boogards angle (BgA)—The angle between the
line connecting the tip of the dorsum sellae to the
basion and the line from the basion to the opisthion

3. Nasion—Basion-Opisthion =~ (NBO) angle—The
angle between the line connecting the nasion, the
basion and the opisthion

4. FM angle (FMag)—The angle between Chamber-
lain’s line and McRae’s line

5. Clivus canal angle (CCA)—The angle between the
line connecting the tip of the dorsum sellae to the
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basion extrapolating inferiorly and the line between
the inferodorsal portions of axis to the most super-
odorsal part of the odontoid process extrapolating
superiorly.

6. Clivopalatal angle (CPA)—The angle between the
lines connecting the tip of the dorsum sellae to the
basion and the basion to the posterior pole of the
hard palate

7. Clivoodontoid angle (COA)—The angle formed at
the intersection of a line connecting the tip of the
dorsum sellae to the basion extrapolating inferiorly
and the one along the long axis of the odontoid
process

8. Clivo-Supraocciput angle (CSO)—The angle
formed between the intersection of the inferiorly
extrapolated lines connecting the dorsum sellae to
the basion and the IOP to the opisthion

9. Tentorial slope-The angle between the line along
the tentorium and the line connecting IOP and the
tip of the opisthion.

10. Tentorial twinning line angle (TtwA)—The angle
between the line along the tentorium to IOP and
the twinning line.

The data entry was done in the Microsoft Excel
spreadsheet, and the final analysis was done with the
use of Statistical Package for Social Sciences (SPSS)
software, IBM, Chicago, USA, ver 25.0. The presenta-
tion of the categorical variables was done in the form
of numbers and percentages (%). On the other hand,
the quantitative data with a normal distribution were
presented as the means + SD and the data with a non-
normal distribution were presented as median with
25th and 75th percentiles (interquartile range).The
data normality was checked by using Kolmogorov—
Smirnov test. In cases where the data was not nor-
mal, we used non parametric tests. The comparison of
the variables that were quantitative and not normally
distributed in nature was analysed using the Mann-—
Whitney Test (for two groups) and the Kruskal Wal-
lis test (for more than two groups) and the variables
which were quantitative and normally distributed in
nature were analysed using Independent t test (for two
groups) and ANOVA (for more than two groups). The
comparison of the variables, which were qualitative in
nature, was analysed using Chi-Square test. If any cell
had an expected value of less than five, then Fisher’s
exact test was used.

For statistical significance, a p value of less than 0.05
was considered statistically significant.
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Fig. 2 Axial reconstructed images of computed tomography scan of the posterior fossa demonstrating the various shapes of Foramen magnum. a

Oval, b Round, ¢ Tetragonal, d Pentagonal, e Hexagonal, f Egg shaped, g Irregular, h Measurements of anteroposterior (R1) and transverse diameter
(R2) of foramen magnum

Results Linear craniometric analysis of PCF

In this study, 120 patients were included, of whom The mean values of the different linear craniometric
50.83% (n=61) were females and 49.17% (n=59) were parameters are given in Table 2.The mean values of
males. The age ranged from 18 to 70 years with a mean  all these parameters were statistically nonsignificant
age of 43.5 + 14.08 years. Most of the patients were in the  for the different age groups (Table 3). Statistically sig-
age group 31-40 (n=37) (Table 1). nificant differences were found for TL (p <0.0001), ML
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Fig. 3 Midsagittal reconstructed images of computed tomography scan of the posterior fossa and the craniovertebral junction demonstrating

the various angular craniometric parameters. a Basal angle; angle between line connecting the nasion to the tip of the dorsum sellae and line
extending from the tip of the dorsum sellae to the tangential surface of clivus, b Boograd's angle; Angle between line connecting the tip

of the dorsum sellae to the basion and line from the basion to the opisthion, ¢ Nasion-Basion-Opisthion;Angle between line connecting nasion,
basion and opisthion, d Foramen magnum angle; Angle between Chamberlain’s line and McRae’s line, e Clivus canal angle; Angle between the line
connecting the tip of the dorsum sellae to the basion extrapolating inferiorly and line between the inferodorsal portions of the axis to the most
superodorsal part of the odontoid process extrapolating superiorly f Clivopalatal angle; Angle between lines connecting the tip of the dorsum
sellae to the basion and the basion to the posterior pole of the hard palate, g Clivoodontoid angle; Angle formed at the intersection of a line
connecting tip of dorsum sellae to basion extrapolating inferiorly and the one along the long axis of the odontoid process, h Clivo-Supraocciput
angle; Angle formed between intersection of inferiorly extrapolated lines connecting the tip of the dorsum sellae to the basion and IOP

to the opisthion i Tentorial slope; Angle between line along the tentorium to IOP and IOP-O line, j Tentorial twinning line angle; Angle between line

along the tentorium to IOP and the twinning line

(<0.0001), Cl (p<0.0001), IOP-O line (p=0.01), KI
(p<0.0001), height (h) of posterior fossa (p<0.0001),
h/TL (p=0.028), when these values were compared for
the genders (Table 4).

Linear craniometric analysis of FM

Different shapes of FM are given in Table 5. The
measurements of FM transverse diameter, anter-
oposterior diameter and area were 27.12+1.42 mm

(range 23.6-30.1 mm), 30.99+2.23 mm (range
27.6-35.8 mm) and 691.32+30.35 mm? (range
632.7-777.7 mm?), respectively (Table 6). These meas-
urements were statistically nonsignificant for the
various age groups (Table 7), but all these value were
statistically significant when compared for the genders
(p=10.0008, <0.0001, 0.043 respectively, for FM trans-
verse diameter, FM anteroposterior diameter and FM
area) (Table 8).
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Table 1 Demographic analysis

Demographic characteristics Controls (n=120)

Age (years)
18-30 ( 7.50%)
31-40 7 (30.83%)
41-50 20 (16.67%)
51-60 27 (22.50%)
61-70 5(12.50%)
Mean +SD 43.5+14.08
Gender
Female 61 (50.83%)
Male 59 (49.17%)

Table 2 Analysis of linear Craniometric Parameters of Posterior
Cranial Fossa

Linear Craniometric Parameters Controls (1=120) Range

of Posterior Cranial Fossa Mean +SD

Twinning line (mm){TwL} 97.25+3.21 91.3-104.1
McRae line (mm) 32.26+1.84 28.3-359
Clivus length (mm) 41594199 36.8-494
IOP-O line (mm) 439+2.03 36.8-49.6
Chamberlain line (mm) 7551+3.66 67-84
Klaus'index (mm) 44.57+2.27 36.4-49.9
Height of posterior fossa (mm){h} 3437+1.46 32-36.9
h/TwlL 035+0.02 -
Posterior fossa volume (cm?) 162.52+7.64 143.78-175.56

10P-O: Internal Occipital Protuberance-Opisthion

Angular craniometric analysis of PCF

The measurements of the different angles are given
in Table 9.The values of CCA (p=0.038) and COA
(p=0.012) were statistically significant when compared
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for the different age groups (Table 10). All other angular
craniometric parameters were statistically nonsignifi-
cant for the different age groups. BgA (»p=0.021) and TS
(p=0.031) were statistically significant when these meas-
urements compared for the gender (Table 11). All other
measurements were nonsignificant for the genders.

Discussion

The PCF and its surrounding territory incorporate the
critical neurovascular structures which include brain
stem, cerebellum, cranial nerves, basilar and vertebral
arteries, caudal part of ventricular system. FM is the larg-
est opening in the skull bone which transmit medulla and
its meninges, vertebral arteries, spinal vessels and liga-
ments [1-3, 11]. There are normal morphological varia-
tions of PCF and FM in the different geographical areas,
races and religions. Gender, genetic and environmental
factors also influences the morphometry of these parts
[7, 10, 12]. A lot of research has been done for the mor-
phometric analysis of PCE, FM and its surrounding terri-
tory in different parts of world. The evolution of imaging
modalities has increased the precision of our knowledge
regarding PCF and FM. We used easily available recon-
structed CT images to analyse the morphometry of PCF
and FM.

Linear craniometric analysis of PCF and it’s clinical
implications

Knowledge of measurements of different linear cranio-
metric parameters is necessary for the diagnosis of CV]
and PCF malformations. Chiari malformations are a
group of the congenital malformations of CV] that are
frequently associated with the occipital bone dyspla-
sia and other osseous abnormalities like platybasia, BI,
clival bone deformity or alterations in the size of PCF [2,

Table 3 Comparison of Linear Craniometric Parameters of Posterior Cranial Fossa for different age groups

Linear Craniometric Parameters of 18-30(n=21) 31-40(n=3) 41-50(n=20) 51-60(n=27) 61-70(n=15) Total p value
Posterior Cranial Fossa Mean+SD Mean+SD Mean +SD Mean+SD Mean+SD Mean +SD
Twinning line (mm){TwL} 97.25+3.18 96.92+3.11 98.04+357 9744+345 96.68+2.72 97.25+321 0.715°
McRae’s line (mm) 32514233 32.08+1.57 3255+1.74 32.26+2 31.98+1.68 32.26+184 0816°
Clivus length (mm) 4154426 4131+17 41.88+1.73 41744201 41.65+2.2 4159+199 0.863°
IOP-O line (mm) 43.37+2.26 43.68+2.15 4421+1.68 44.39+2.03 43.89+1.81 439+203 0432°
Chamberlain line (mm) 75.09+331 76.06+34 7538+4 7513+4.19 75.62+3.63 7551+3.66 0.8397
Klaus'index (mm) 44.77+£29 4432+1.79 4449+1.86 445+2.68 4513+2.2 4457+227 0818°
Height of posterior fossa (mm){h} 3439+1.6 34151147 3442+1.55 3453147 3456+1.19 3437+146 0.846°
Height of supratentorial region (mm){H} ~ 90.77+2.05 91.15+1.81 91.35+£2.08 91.98+1.96 90.67+1.98 91.24+197 0.173°
h/TwlL 0.35+0.02 0.35+0.01 0.35+0.02 0.35+0.02 0.36+0.01 0.35+0.02 0.815°
Posterior fossa volume (cm?) 164.47+7.39 161.93+823 163.66+5.89 162.96+7.97 15893+7.51 162.52+7.64 0.247°

I0P-O: Internal Occipital Protuberance-Opisthion
2 ANOVA
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Table 4 Comparison of Linear Craniometric Parameters of Posterior Cranial Fossa in between genders

Linear Craniometric Parameters of Posterior Female (n=61) Male (n=59) Total p value
Cranial Fossa Mean+SD Mean +SD Mean+SD

Twinning line (mm){TwL} 95.89+3.3 98.65+2.44 97.25+3.21 <.0001?
McRae’s line (mm) 3157+1383 3297+158 32.26+184 <.0001?
Clivus length (mm) 40.67+£1.49 42.53+2.02 41.59+1.99 <.0001?
IOP-O line (mm) 4332418 445421 439+203 0.001?
Chamberlain line (mm) 7542+3.62 7561+3.74 75.51+3.66 0.785°
Klaus'index (mm) 43.63+£2.05 45.54+2.08 4457227 <.0001?
Height of posterior fossa (mm){h} 3357+1.02 3521+138 3437+1.46 <.00012
Height of supratentorial region (mm){H} 91.64+203 90.83+1.84 91.24+197 0.024°
h/TwlL 0.35+0.02 036+0.02 0.35+0.02 0.028*
Posterior fossa volume (cm?3) 161.53+6.82 163.54+8.35 162.52+7.64 0.151°

A significant p value is denoted in bold letters
I0P-O: Internal Occipital Protuberance-Opisthion
?Independent t test

Table 5 Analysis of Morphometry of Foramen Magnum 5, 7, 13-19]. Para axial mesodermal insufficiency dur-
Shapes of Foramen Magnum Controls (1=120) ing embryological development may be responsible for

development of Chiari malformations [20]. The measure-
Oval 27 (22.50%) ment of TL reflects the anteroposterior distance of PCF.
Round 24 (20%) In this study, the mean length of TL was 97.25 +3.21 mm.
Tetragonal 7 (5.83%) In previous literature, the mean length of TL ranges
Pentagonal 8 (6.67%) from 84.2 to 93.7 mm [7, 21]. In Chiari malformations,
Hexagonal 39 (32.50%) there is growth in the anteroposterior direction to com-
Egg 6 (5%) pensate for the small size of the PCF which results in
Irregular 9(7.50%) higher values of TL [15, 22]. The length of ML, which

Table 6 Analysis of Linear Craniometric Parameters of Foramen Magnum

Linear Craniometric Parameters of Foramen Magnum Controls (n=120) Range
Foramen Magnum transverse diameter (mm) 27.12+142 23.6-30.1
Foramen 3099+223 27.6-35.8
Magnum anteroposterior diameter (mm)

Foramen Magnum area (mm?) 691.32+3035 632.7-777.7

Table 7 Comparison of Linear Craniometric Parameters of Foramen magnum in different age groups

Linear Craniometric Parameters of 18-30(n=21) 31-40(n=37) 41-50(n=20) 51-60(n=27) 61-70(n=15) Total p value
Foramen Magnum Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD

Foramen Magnum transverse diameter 27.03+1.27 27.08+1.63 27.24+124 27.59£15 26.36+0.78 27124142 0111°
(mm)

Foramen Magnum anteroposterior 3133+£245 30.79+227 30.97+£1.91 31.62+227 29.88+1.86 30994223 0.152°
diameter (mm)

Foramen Magnum area (mm?) 687.21+354  687.19+£29.02 6984+24.11 700.54+32.81 681.21+2587 691.32+30.35 0.176°

2 ANOVA
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Table 8 Comparison of Linear craniometric parameters of Foramen Magnum in between genders

Linear Craniometric Parameters of Foramen Magnum Female (n=61) Male (n=59) Total p value
Mean +SD Mean+SD Mean+SD

Foramen Magnum transverse diameter (mm) 26.7+127 27.56+1.44 27.12+142 0.0008?

Foramen Magnum anteroposterior diameter (mm) 29.94+1.64 32074225 30.99+2.23 <.0001?

Foramen Magnum area (mm?) 685.82+29.59 697.01+30.31 691.32+30.35 0.043?

A significant p value is denoted in bold letters
? Independent t test

Table 9 Analysis of Angular Craniometric Parameters of
Posterior Cranial Fossa and Foramen Magnum and Surrounding
territory

Angular Craniometric Parameters Controls (1=120) Range
Mean+SD
Basal angle (°) 125.92+4.41 1183-144
Boogard angle (°) 136.89+3.39 129.7-152.1
NBO angle (°) 169.4+2.01 163.5-173.2
Foramen magnum angle (°) 12.88+1.74 9.6-18
Clivo-odontoid angle (°) 145.58+8.78 1173-157.2
Clivo palatal angle (°) 60.1+5.76 46-71
Clivus canal angle (°) 161.19+9.07 132.1-173.2
Clivus supraocciput angle (°) 776+4.52 65.3-93.5
Tentorial slope (°) 88.5+587 67-98
Tentorial twinning line angle (°) 3409+2.12 273-403

NBO: Nasion Basion Opisthion

a gives measure of wideness of FM, varies from 32.3 to
36.21 mm [21, 23]. Although in CV] malformations, it’s
significance remains inconspicuous, as previous studies
failed to establish the significance between the length of

ML and CV] malformations., but usually measurements
of ML remains higher in Chiari malformations. The mean
length of ML was 32.26 mm in this study. The length of
CL is not well documented in the literature. In this study,
the mean length of CL was 75.51+3.66 mm. The mean
length of clivus (Cl) and KI (Fig. 4a), which are measures
of the size of the basiocciput, vary from 40.4 to 47.22 mm
and 38 to 40.9 mm, respectively, in the normal population
[5, 7,22, 24—27]. In this study, it was 41.59 + 1.99 mm and
44.57 £2.27 mm, respectively. Mean values of Cl and KI
is lesser in the patients with Chiari malformations and BI
than in the normal population.The IOP-O line is a meas-
ure of supraocciput, and it’s mean length varies from
40.9 to 46.8 mm in the normal population [7, 26]. In this
study, the mean length of IOP-O line was 43.9 + 2.03 mm.
The height of the posterior fossa is a measure of the shal-
lowness of the posterior fossa, which varies from 30.3 to
35.2 mm in various studies, probably due to the choice of
different landmarks. A decreased height of the posterior
fossa denotes a smaller posterior fossa volume (Fig. 4b)
which is associated with Chiari malformations [7, 12,
27]. In this study; it’s value was 34.37 + 1.46 mm. h/TwL is
considered compensatory growth of PCF in the forward

Table 10 : Comparison of Angular Craniometric Parameters of Posterior Cranial Fossa, Foramen Magnum and surrounding territory in

different age groups

Angular Craniometric Parameters 18-30(n=21) 31-40(n=37) 41-50(n=20) 51-60(n=27) 61-70(n=15) Total p value
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mea+SD
Basal angle (°) 125.66+3.14 125.88+4.5 125.14+4.37 127.03+549 12542+3.72 125.92+441 0.633°
Boogard angle (°) 13741434 137544343 135124243 137+2.84 136.74+3.44 136.89+339 0.118°
NBO angle (°) 169.31+£2.38 169.39+£2.09 169.75+£1.24 169.45+2.08 169.03+2.1 1694+2.01 0.884°
Foramen Magnum angle (°) 125+1.13 125+1.54 13574225 13.2+1.99 1287+1.47 12.88+1.74 0.148°
Clivo-odontoid angle (°) 14717+7.72 143.98+9.23 150.5+4.97 14219+ 11 146.84+4.86 14558+878 0.0122
Clivo palatal angle (°) 59.83+5.82 5948+532 60.76£5.36 59.82+6.35 61.59+65 60.1+576 0.778°
Clivus canal angle (°) 162.72+7.85 159.95+9.74 165.62+5.11 15783£1139  16223+565 161.19+9.07 0.038*
Clivus supraocciput angle (°) 77.82+5.71 7731+3.76 76.86+4.65 78.66+4.07 77094523 776+452 0671°
Tentorial slope (°) 87.09+594 8842+544 90.36+6.07 8781165 89.43+526 88.5+587 0416°
Tentorial twinning line angle (°) 34244225 33.69+247 34.54+1.66 34214207 3406+ 1.68 3409+2.12 0.666°

A significant p value is denoted in bold letters
NBO: Nasion Basion Opisthion
2 ANOVA
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Table 11 Comparison of Angular Craniometric Parameters of Posterior Cranial Fossa, Foramen Magnum and surrounding territory in

between genders

Angular Craniometric Parameters Female (n=61) Male (n=59) Total p value
Mean+SD Mean+SD Mean+SD

Basal angle (°) 125.68+5.24 126.17+3.37 12592+441 0.542°
Boogard angle (°) 136.19+3.02 137.62£3.63 136.89+3.39 0.0217
NBO angle (°) 169.07+1.93 169.75+2.04 169.4+2.01 0.061°
Foramen Magnum angle (°) 1297+1.7 12.79+1.79 12.88+1.74 0.575°
Clivo-odontoid angle (°) 146.72+8.63 1444+884 14558+8.78 0.149°
Clivo palatal angle (°) 60.23+£6.23 59.95+527 60.1+5.76 0.79%
Clivus canal angle (°) 162.11+8.82 160.24+9.29 161.19+9.07 0.259°
Clivus supraocciput angle (°) 77.29+433 7792+473 776+452 0451°2
Tentorial slope (°) 89.63+5.82 87.33+5.73 88.5+5.87 0.0317
Tentorial twinning line angle (°) 34.14+2.09 34.04+2.17 34.09+2.12 0.794°

A significant p value is denoted in bold letters
NBO: Nasion Basion Opisthion
? Independent t test

direction in the case of small sized PCF [7, 28], although
literature regarding the significance of this parameter
remains scarce. Karagoz F, et al, in their study, showed
that the value of h/TwL was reduced (0.26) in patients
with Chiari malformations compared to the normal
population (0.32) [7]. In this study, the mean value of h/
TwL ratio was 0.35 £ 0.02. Various studies have been done
to define the values of PFV based on the different auto-
mated and manual methods. The range of the values of
PFV varies widely, which may be attributed to the differ-
ences in the imaging modalities and the possible differ-
ences in the segmentation protocols, or to the landmarks
used in the measurement protocol [1, 2, 5, 7, 12, 29]. In
this study, the mean PFV was 162+ 7.64 cm®, Chiari mal-
formations and BI are most of the times associated with
the smaller PCF.

Linear craniometric analysis of FM and its clinical
implications

Measurements of the FM hold substantial importance
in approaching the lesions occupying the PCF and CV]
region.During surgical procedures, information about
the morphometry, morphology, and variations of the FM
may affect the surgical outcome.

The Shape of FM has immense clinical significance
regarding various surgical approaches. Previous stud-
ies have reported differences in the frequency of shapes
of FM. It may due to geographical variations, gender
and racial differences, etc. The commonest shape of FM
described in most of the literatures is oval [30—34]. How-
ever, in this study, the most common shape of FM was
hexagonal (32.50%), followed by oval (22.50%). Other
shapes of FM were round (20%), tetragonal (5.83%),

pentagonal (6.67%), irregular (7.50%) and egg shaped
(5%).

The anteroposterior and transverse diameters of FM
are the other valuable parameters used in analysing
variations of the morphometry of FM. In literature, the
anteroposterior and transverse diameters of FM range
from 25 to 37 mm and 24 to 35 mm, respectively [5, 7, 12,
30, 31, 34, 35]. In this study, these measurements were
30.99+2.23 mm and 27.12+1.42 mm, respectively. The
measurement of the area of FM is another morphomet-
ric tool to analyse FM, whose value of which ranges from
385 to 779 mm? as described in different studies. In this
study, it’s value was 691+ 30.35 mm? Usually, there are
no differences in the size of FM in different age groups,
but males have a larger configuration of FM than females
[30-37]. Although patients with Chiari malformations
have larger dimensions of FM due to compensatory
growth in the anteroposterior direction, some studies
have found no significance in both [37-39]. Muthuku-
mar et al. described importance of anatomical knowl-
edge of FM as necessary for surgical approaches like the
transcondylar approach, where drilling of the posterior
margin is important to access lesions [31].

Angular craniometric analysis of PCF, FM and surrounding
territory and its clinical implications

Evaluation of the craniocervical angles of PCF, FM and
CV] is necessary, as the cranial angles of PCF directly
influence the angular geometry of CVJ and consequently
the whole vertebral column [6]. BA is routinely used to
asses the flattening of skull base, i.e., platybasia. In litera-
ture, it’s value ranges from 125° to 143° [40]. The mean
value in the previous studies varies due to the use of the
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different imaging modalities or ambiguities in the loca-
tion of landmarks [40, 41]. In this study, the mean value of
BA was 125.92°+4.41°. Ferreira et al. stated that BA>129
is defined as platybasia with mean value of 116.5° in nor-
mal population (Fig. 4c) [41]. BgA and NBO angles are
also used for the evaluation of platybasia (Fig. 4d, e). The
mean value of BgA ranges from 126°-137° in the normal
population [6, 7]. In this study, the mean value of BgA was
136.89°+ 3.39°. Botelho et al. found wider BgA in patients
with BI (172°) and Chiari malformations (136°) than the
control group of the normal population (126°+15.26°)
[7]. NBO Angle values vary between 162° and 165° [7, 23,
42]. However, in this study, the mean value of NBO angle
was 169.4°+2.01°, which was slightly higher than stated
in the previous literature. Measurements of BA, BgA and
NBO angles are helpful in diagnosing CV] malformations
like BI and Chiari malformations. All these angles have
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Fig. 4 Midsagittal reconstructed images of computed tomography scan of the posterior fossa and the craniovertebral junction demonstrating
the measurements of various craniometric parameters in patients with craniovertebral junction malformations. a Klaus'index—26.8 mm
(decreased), b height of posterior fossa—29.1 mm (decreased), ¢ Basal angle—143.2°(increased), d Boogard angle—142.7° (increased), e Nasion
Basion Opisthion angle—172.1 (increased), f Foramen Magnum Angle—18.2° (increased), g Clivus Canal angle-111.8%(increased), h Clivopalatal
angle—>55.3(decreased), i Clivoodontoid angle — 120.7°(decreased)

greater values when measured in the patients with CV]
malformations [6, 7, 23, 41, 42, 44]. A few more angles
have been reiterated to complement the diagnosis of
BI; FMag is the one of them (Fig. 4f). It’s values ranges
from 6.21°-11.6° in the normal population, as described
in the previous studies. Nascimento et al. Found a much
higher value of FMag (25.9°+9.3°) in patients with BI
than in the normal population [43, 45]. In this study, the
mean value of FMag was 12.88 +1.74, which was slightly
higher than stated in the previous literature. CCA, CPA,
COA and CSO are another set of angles that are useful
in complementing the diagnosis of CV] malformations
but literature regarding their data and diagnostic value
remains scarce. Measurements of these angles are poorly
understood and vary in the previous literatures due to
the consideration of the different landmarks or imag-
ing modalities [46—48]. In this study, the mean values of
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CCA, CPA, COA, CSO were 161.19°+9.07°, 60.1°+5.76°,
145.58°+£8.78° and 77.6°+4.52°, respectively. Usually,
patients with BI, CCA, CPA, COA have lower values the
than the normal population (Fig. 4 g—i), but the value of
CSO is greater [46—49]. Ma et al. evaluated CPA, COA
and CCA and found cut-off values for diagnosing BI,
respectively, at 53.5°, 123.5°, 138.5° [47]. D’AAddario et al.
used CSO measurement in the evaluation of fetal poste-
rior fossa and type 2 Chiari malformations, as the values
of CSO angle remain constant through out the gesta-
tional age. They found that values of CSO angle decreases
in patients with fetal ventriculomegaly related to Chiari
malformations [50]. Tentorial slope and TtwA are also
measured to asses platybasia [7]. In this study, the mean
value of the tentorial slope and TtwA were 88.5°+5.87°
and 34.09°+2.12°, respectively. Rehder et al. established
tentorial slope as a imaging biomarker of the fetal poste-
rior cranial fossa development [51]. Tentorial slope also
and TtwA tend to be greater in value in patients with
Chiari malformations, but pertaining literature remains
controversial [2, 7, 51-53].

To our best knowledge, no previous study has been
published in the literature regarding the descriptive
analysis of the morphometry of PCF and FM in the pop-
ulation of the North India. We herein describe different
linear and angular craniometric parameters of PCF and
FM along with their values in this group of the normal
population. These values can be taken as reference values
while comparing these parameters in patients with CV]
malformations.

Limitations

This study is not without limitations. First, compared
with other studies, the sample size is not large enough.
Second, we didn’t compare the values of different linear
and angular craniometric parameters of this part of India
with some other territory of India, which could establish
the geographical differences between these parameters.
Third, we couldn’t find the definitive cause of differences
in measurements of some parameters. We are looking
forward to performing future studies with larger sample
size and comparing these findings with those of other
geographical regions of India.

Conclusions

The fundamental knowledge of the morphology of PCF
and FM is critical in the evaluation of CV] malforma-
tions and surgically approaching these areas. Linear cra-
niometric parameters like ML, CL and KI are commonly
used in the evaluation of BI. Assessment of TL, height of
posterior cranial fossa, IOP-O length, clival length and
PCF volume are important in making the diagnosis of
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Chiari malformations. BA, BgA, NBO are the measures
of platybasia and are extensively used in making the diag-
nosis of BI. FMag, CCA and CPA are relatively newer
parameters that are helpful in evaluating BI. This study
described almost all the linear and angular craniometric
parameters used in the morphometric analysis of PCF
and FM. Findings of this study provide the valuable data
regarding the linear and angular craniometric param-
eters of PCF and FM which could redefine the reference
values.

Abbreviations

PCF Posterior cranial fossa

FM Foramen magnum

cVvJ Craniovertebral junction

TL Twinning line

ML McRae’s line

CL Chamberlain’s line

IOP-O  Internal occipital protuberance-opisthion
Ki Klaus'index

BA Basal angle

BgA Boogard’s angle

FMag  Foramen magnum angle
CCA Clivus canal angle

CPA Clivo palatal angle

COA Clivo odontoid angle

Cso Clivo supraocciput angle
TtwA  Tentorial twinning line angle
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