
Introduction

Cranial base measurements and their importance have
been estimated by various authors. The cranial base is
such a complex structure that it is studied to be studied
morphometrically. The distances between the anatomic
landmarks and the sites where a number of vital
structures have their entrances or exits are very
important for clinical applications. Therefore, the
assessment of these morphometrics is helpful for further
lateral surgical approaches for reaching lesions in the
middle and posterior parts of the cranial base. Part of the
cranial base measurements was intendent to improve
different surgical approaches to the petrous carotid
artery (1,2), the foramen magnum (3-5) and jugular
foramen morphometrics (6,7). In other studies, cranial

base measurements were assessed for anthropometric
and gender differences (8,9). The orientation of the
cranial base plays an important role in growth and
development, and thus the ultimate positioning of the
various craniofacial components has been clearly
illustrated in the literature (10-14). According to these
authors, the floor of the cranium is the template on which
the face is constructed (8). The length of the occipital
condyles is of great surgical importance in performing a
condylar resectios, as in the cases of identified tumors in
the foramen magnum region and in improving techniques
(5,15-17). Cranial base dimensional anatomy is essential
to a quantitative distance evaluation of the structures in
this complicated part of the skull and to facilitate the
exposure of different foraminal regions. 
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Abstract: The purpose of this study is to evaluate the morphometric measurements of some important bony landmarks on the
cranial base and to determine their relationships between the sexes and their bilateral differences.

In this study, 60 (34 male and 26 female) skulls were obtained from the teaching skeletal collections at the Anatomy Department
of Meram Medical School, Selçuk University. The axial length of the occipital condyles (ALOC), the anterior intercondylar distance
(AICD), the sagittal intercondylar angle (OICA), the transverse and sagittal diameters of the jugular foramen (TDJF) and (SDJF), the
distance from the apex of the mastoid process to the outer border of the jugular foramen (MJ), the distance from the apex of the
mastoid process to the outermost lateral point of the foramen magnum (MFM) and the distance from the apex of the mastoid
process to the center of the external opening of the carotid canal (MCF) were measured by using a millimetric sliding caliper and a
goniometer. Student’s t- test was used to compare the male-female and right-left measurements. To determine the relationships
between the studied parameters, Pearson correlation coefficients were calculated.

The results showed that the ALOC of both sides and the AICD parameters were significantly longer in males than in females (P <
0.01). Bilateral differences in the studied parameters showed that the measurements on the right side were significantly greater
than those on the left in the MCF, MFM, SDJF and TDJF. Significant associations were found among some of the studied
measurements.

We believe that the results of this study may be useful in cases of cranial base surgery, moreover a knowledge of the anatomical
relationships and features of this region is very important for surgical approaches. 
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The purpose of this study is to evaluate the
morphometric measurements between some important
bony landmarks on the cranial base and to determine
their relationship to gender and bilateral differences.

Materials and Methods

Sixty (34 male and 26 female) skulls obtained from
the teaching skeletal collections at the Anatomy
Department of Meram Medical School, Selçuk University
were used in this study. The determination of the skull
sex was performed by considering the classic anatomic
characteristics (Olivier, 1960; Testut and Latarjet, 1977;
Gray, 1985). By using a millimetric sliding caliper the
following parameters on both left and right were
measured (Figure): 

- The axial length of the occipital condyles (ALOC);

- The distance between the apex of the mastoid
process and the center of the external opening of the
carotid canal (MCF);

- The distance between the apex of the mastoid
process and the outermost lateral point of the foramen
magnum (MFM);

- The distance between the apex of the mastoid
process and the outer border of the jugular foramen
(fossa) (MJ); 

- The sagittal diameter of the jugular foramen (fossa)
on the outer surface of the skull base (SDJF);

- The transverse diameter of the jugular foramen
(fossa) on the outer surface of the skull base (TDJF).

In addition to the abovementioned parameters, the
anterior intercondylar distance (AICD) and the occipital
intercondylar angle (sagittal condylar angle) (OICA) were
measured. A goniometer was used for measuring the
angle.

Student’s t-test was applied to compare male-
female and right-left measurements. To determine the
relationships between the studied parameters, Pearson
correlation coefficients were calculated.

Results

As shown in Table 1, the gender comparative results
of the assessed parameters show that the left and right
ALOCs were significantly  longer in males than in females

(P < 0.05) (Table 1). The AICD was also greater in males
(P < 0.05) (Table 1). No significant differences were
found in the other measurements (P > 0.05) (Table 1).
Bilateral comparative results show that the MCF, MFM,
SDJF and TDJF measurements were greater in the right
side than in the left (P < 0.05) (Table 2).

The statistical comparisons of the correlations of all
measured parameters are indicated in Table 3. Significant
associations were found between the left MCF and both
the right and left MJ (r = 0.525 and 0.688, respectively)
(P < 0.01). The same intercorrelations were found
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Figure 1. The measurements at the base of the skull: The axial length
of the occipital condyles (1); The distance between the apex of
the mastoid process and the center of the external opening of
the carotid canal (2); The distance between the apex of the
mastoid process and the outermost lateral point of the
foramen magnum (3); The distance between the apex of the
mastoid process and the outer border of the jugular foramen
(fossa) (4); The sagittal diameter of the jugular foramen
(fossa) on the outer surface of the skull base (5); The
transverse diameter of the jugular foramen (fossa) on the
outer surface of the skull base (6); The anterior intercondylar
distance (7); The sagittal condylar angle (8). 



among the right MCF and both the right and left MJs (r
= 0.635 and 0.688, respectively) (P < 0.01). A
significant association was also determined between the
right and left MFMs (r = 0.755) (P < 0.01). The same
intercorrelation was found between the right and left
MCFs (r = 0.893) (P < 0.01). The right and the left MJs
were significantly associated with each other (r = 0.767)
(P < 0.01). The right and left TDJFs were also

intercorrelated with each other (r = 0.628) (P < 0.01).
A significant association was also found between the right
and left ALOCs (r = 0.870) (P < 0.01). Moderate
significant associations were found between the left SDJF
and the right TDJF (r = 0.448) (P < 0.05) and between
the right ALOC and the left MFM (r = 0.425) (P < 0.05).
In the other correlations, no significant associations were
found (P > 0.05).
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Table 1. Maximum and minimum values of the measured parameters and gender comparative results
(Mean ± SD, t and P values).

MALES FEMALES

PARAMETERS Min Max Mean ± SD Mean ± SD t P
(mm) (mm) (mm) (mm)

ALOC – Left 18.3 31.0 24.82 ± 2.43 23.17 ± 1.89 2.483 0.017*

ALOC – Right 20.0 31.5 25.13 ± 2.36 23.44 ± 1.90 2.685 0.010*

MCF – Left 26.5 41.4 31.53 ± 3.28 30.41 ± 2.58 0.968 0.341

MCF – Right 26.5 42.0 31.83 ± 3.52 30.55 ± 2.59 1.068 0.294

MFM – Left 32.5 44.0 37.97 ± 2.79 35.80 ± 2.78 1.954 0.062

MFM – Right 32.5 44.5 38.37 ± 2.70 37.82 ± 3.59 0.477 0.637

MJ – Left 16.0 27.0 20.97 ± 2.60 22.00 ± 3.24 0.919 0.367

MJ – Right 17.0 27.2 21.00 ± 3.29 20.64 ± 3.11 0.300 0.766

SDJF – Left 5.0 10.7 6.83 ± 1.60 6.75 ± 1.44 0.137 0.892

SDJF – Right 6.0 11.9 7.61 ± 1.37 7.91 ± 0.89 0.657 0.516

TDJF – Left 7.5 18.5 12.61 ± 1.74 12.11 ± 1.52 0.859 0.397

TDJF – Right 7.9 18.0 12.91 ± 1.89 12.88 ± 1.65 0.050 0.960

AICD 10.5 20.3 16.09 ± 1.93 14.68 ± 1.80 2.510 0.016*

OICA (Degrees) 40º 74º 55.83 ± 9.00 57.63 ± 8.14 0.758 0.452

* P < 0.05

Table 2. Bilateral comparative results of the measured  parameter (Mean ± SD, t and P values).

LEFT RIGHT
PARAMETERS t P

Mean ± SD Mean ± SD

ALOC 24.01 ± 2.31 24.36 ± 2.32 1.942 0.059

MCF 31.19 ± 3.18 31.83 ± 3.20 2.186 0.038*

MFM 37.04 ± 2.67 38.28 ± 3.30 2.741 0.012*

MJ 21.26 ± 2.94 21.16 ± 3.22 0.236 0.815

SDJF 6.69 ± 1.45 7.71 ± 1.29 2.661 0.014*

TDJF 12.41 ± 1.66 13.00 ± 1.84 2.079 0.047*

* P < 0.05



Discussion

This study was conducted to provide information on
the gender and bilateral morphological differences in the
floor of the skull. 

The significantly greater axial length of the left and
right occipital condyles (ALOC-L, ALOC-R) in males can be
interpreted as the presence of an intercorrelation
between this parameter on both sides and the sagittal and
transverse diameters of the foramen magnum, which
were reported to be significantly greater in males than in
females (21). This correlation is probably due to the
morphometrical and structural relationships between the
occipital condyles and the foramen magnum. The
dimensions of the foramen magnum and the axial and
antero-posterior lengths of the occipital condyles are very
important factors. They should be considered for surgical
exposure, such as in cases of tumor resection from the
foramen magnum area (22). Lang (23) reported that the
axial length of the occipital condyle on the right ranged
from 15 to 27 mm, with an average of 22.9 mm,
whereas on the left, it ranged from 15 to 29 mm, with a
mean value of 22.9 mm. Our results showed that on the
right this ranged from 20 to 31.5 mm, with an average
of 24.36 mm, whereas on the left it ranged from 18.3 to

31 mm, with a mean value of 24.0 mm. The differences
between the results are possibly due to racial variations in
the cranial morphometrics of the 2 different studied
populations. However, the nonsignificant difference
between the right and left axial lengths of our studied
samples agree with those obtained by Lang (23), who did
not find significant bilateral differences in his samples.

In the present study, the results showed a
significant difference between males and females in the
AICD (P < 0.05). This can be considered as another
possible explanation of the intercorrelation between the
significantly greater dimensions of the foramen magnum
in males (21) and the significantly wider anterior
intercondylar distance that we found in this study.
According to Lang (23), this parameter ranged from 16
to 30 mm, with a mean value of 23.6 mm. In our study,
this parameter ranged from 10.5 to 20.3 mm, with a
mean value of 15.4 mm (when the mean values in males
and females are combined). The differences between
these values were due to the differences in the method of
measuring the AICD, in which we measured the distance
between the anterior inner points of the occipital
condyles, while in Langs (23) method, the distance was
measured between the anterior circumferences of the
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Table 3. Correlation coefficients (r) between the measured parameters.

TDJF-R TDJF-L SDJF-R SDJF-L OICA MJ-R MJ-L MFM-R MFM-L MCF-R MCF-L ALOC-R ALOC-L

AICD 0.157 0.262 0.143 0.002 0.164 0.194 0.227 0.113 0.153 0.228 0.168 0.151 0.107

ALOC-L 0.304 0.247 0.150 0.286 0.253 0.114 0.065 0.135 0.369 0.028 0.119 0.870**

ALOC-R 0.118 0.270 0.170 0.380 0.120 0.300 0.179 0.186 0.425* 0.172 0.020

MCF-L 0.207 0.282 0.130 0.105 0.037 0.525** 0.688** 0.028 0.134 0.893**

MCF-R 0.020 0.127 0.040 0.058 0.082 0.635** 0.688** 0.130 0.347

MFM-L 0.134 0.001 0.212 0.114 0.119 0.349 0.265 0.755**

MFM-R 0.170 0.236 0.244 0.091 0.104 0.178 0.037

MJ-L 0.189 0.198 0.098 0.019 0.065 0.767**

MJ-R 0.237 0.001 0.048 0.367 0.270

OICA 0.126 0.126 0.028 0.347

SDJF-L 0.448* 0.181 0.065

SDJF-R 0.117 0.049

TDJF-L 0.628**

*   P < 0.05

** P < 0.01



condyles. As a result of the 2 assessment methods, our
results are smaller than those obtained by Lang (23). No
significant difference between males and females was
found in the OICA (P > 0.05). In our results, this angle
ranged from 40 to 74º, with an average value of 56.7°
(when the mean values in males and females are
combined). In his study, Lang (23) reported that this
angle ranged from 30 to 77º, with a mean value of
51.4°. The occipital condyles represent the cranial
portion of the craniocervical junction and they form the
articular surface of the atlas so that the axial lengths of
the right and the left occipital condyles, the AICD and the
OICA are of great dimensional importance, especially
during the exposure of the vertebral artery and the
resection of the occipital condyles, as in cases of
transcondylar surgical approaches to reach the lesions at
the ventrolateral clivus and jugular foramen (5, 24-27).

Several studies were performed on the measurements
of the paramedian distances between the bony landmarks
related to neurovascular routes at the base of the cranium
(28-30). In the present study, we considered the apex of
the mastoid process as a reference point from which the
distances to the carotid foramen, the jugular fossa and
the foramen magnum were measured in addition to the
other studied measurements. In these measurements, we
did not find any differences between males and females
(P > 0.05) (Table 1). Sex differences were not seen in the
transverse and sagittal diameters of the jugular foramen
(P > 0.05) (Table 1). According to Lang (23), the
distance between the outer border of the jugular fossa
and the apex of the mastoid process was 23 mm. In our
findings, this distance was 21.2 ± 3.1 mm (when the
mean distances on the right and the left sides are
combined). In this case, we can say that the 2 results are
similar. In this measurement, no bilateral significant
difference was found (P > 0.05) (Table 2). Lang et al.
(29) and Lang and Schreiber (31) previously studied the
dimensions of the jugular foramen and reported that the
sagittal and transverse diameters were 9 and 17 mm,
respectively. According to Ekinci and Unur (6), the
sagittal and transverse diameters of the left jugular
foramen were 7.6 and 15.5 mm, respectively, and on the
right 8.4 and 16 mm, respectively. In our study, the
sagittal and transverse dimensions of the left jugular
foramen were 6.7 ± 1.5 mm and 12.4 ± 1.7 mm,

respectively, and on the right they were 7.7 ± 1.3 mm
and 13 ± 1.8 mm, respectively. When the mean values of
both sides were combined, these dimensions were 7.2 ±
1.4 mm and 12.7 ± 1.8 mm for the sagittal and
transverse diameters, respectively. Further studies are
recommended to clarify the speculation on the transverse
diameter of the jugular foramen. Lang (23) stated that in
most cases the width of the right jugular foramen is
greater than that of the left, but there is no difference in
respect of  length. Ekinci and Unur (6) reported that the
jugular foramen on the left side was longer in the
transverse diameter, and that the right was jugular
foramen longer in the sagittal diameter. In our samples,
both diameters of the right jugular foramen were found
to be significantly greater than those of the left  (P <
0.05) (Table 2). Bilateral comparative results of the
distances between the apex of the mastoid process and of
both the MCF and MFM showed that the measurements
on the right side were significantly greater than those on
the left (P < 0.05) (Table 2). The significant correlations
between the left and right mastoid – carotid foramina
distances (MCF-L) (MCF-R), and left and right
mastoid–jugular fossae distances (MJ-L) (MJ-R) (P <
0.05) (Table 3) indicate that bilateral increments in the
former dimensions are accompanied by bilateral
increments in the latter, and vice versa (Table 3). The
same correlations were seen between the axial lengths of
the bilateral occipital condyles, the transverse diameters
of the bilateral jugular fossae, the bilateral
mastoid–carotid foramina distances, the bilateral
mastoid–jugular fossae distances, and the bilateral
mastoid–foramen magnum distances (P < 0.05) (Table
3).

We conclude that the results of the present study can
be useful in cranial base surgery and that a knowledge of
the anatomical features of this region is very important
for surgical approaches.
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