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Background: Recognition of unknown individuals is an essential element in forensics. This study 
aims to analyze the morphometrics of the sella turcica, foramen magnum (FM), and mastoid process 
in adult sex determination. In addition, to identify from the previously mentioned parts which is the 
most efficient single parameter in adult sex determination. In addition, we look forward to correlating 
the significant efficacy of the previously mentioned parts in sex determination using two or all of 
them together compared to using one bony part alone.

Methods: In this cross-sectional study, 60 Egyptian adults (30 men and 30 women) with 
multislice computed tomography (MSCT) bone window scans of the head and neck obtained 
for different purposes were included to obtain cranial measurements of the sella turcica, FM, 
and mastoid triangle area.

Results: The Sella turcica anterior-posterior (A-P) diameter of the adult male cases had a 
Mean±SD of 14.015±2.15 mm compared to 12.851±1.904 mm among adult female cases. The 
mean maximum FM width (FMW) of men was 32.183±2.126 mm, while that of women was 
30.169±2.530 mm. The men’s FM area (FMA) had a Mean±SD of 885.606±124.665 mm2; In 
women, the Mean±SD were 784.179±140.997 mm2. The mastoid triangle area’s Mean±SD were 
778.559±87.218 mm2 among men compared to a mean of 645.215±88.733 mm2 among women. 

Conclusion: This study determined that sella turcica A-P diameter, mastoid area, FMW, FMA, 
the maximum length of the right and left occipital condyle (LROC), and length of the left 
occipital condyle (LLOC) showed significantly higher measures in adult Egyptian males. 
The best single parameter determining the adult sex was the mastoid triangle area with a cut-
off level of 647.22 mm2. The sella turcica A-P diameter, LLOC, and mastoid triangle area 
represent the best combination of all measured parameters for determining sex in adults. A 
predictive formula was performed using the best combination in adult cases with an accuracy 
of 87% in sex determination.
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Introduction

he identification of unknown individuals is 
a crucial milestone in forensic medicine. 
Each unknown should be identified ac-
cording to sex, age, and race [1]. 

The skull basicranium is the main component used for 
identification. It resists the destructive effects of inhu-
mation and body mutilation, and its location at the skull 
base supports this strength. In addition, the thickness and 
amount of soft tissue covering it provide additional pro-
tection [2].

Multislice computed tomography (MSCT) provides 
information that is usually consistent with cranial mea-
surements detected using a caliper [3].

Sella turcica, from Latin for “Turkish saddle”, can be 
used to determine skull morphological characteristics. It 
is located in the middle cranial fossa. It also projects to 
the inner aspect of the sphenoid bone [4]. 

The foramen magnum (FM) is a hole within the skull 
connecting the base of the skull to the neck. Several cru-
cial nerves and vessels pass through the FM, which has 
been suggested to be relied upon in individuals’ identi-
fication [5].

The mastoid process is conical in shape. It is a projec-
tion of the temporal bone that lies posterior to the exter-
nal auditory meatus. It is preferred for sex determination 
because it is not frequently subjected to damage and is 
protected by its location [6].

Only a few research projects have studied the dimen-
sions of Sella turcica, FM, and mastoid process among 
Egyptians. In addition, no studies in the literature have 
compared these aspects regarding the efficacy of sex de-
termination.

This study aims to analyze the morphometrics of Sella 
turcica, FM, and the mastoid process in sex determina-
tion in adults. Also, it also aims to identify the most ef-
ficient single parameter in adult sex determination from 
the previously mentioned parts.

Materials and Methods

This was a cross-sectional study conducted in the Ra-
diology Department Ain Shams University Hospitals, 
on 60 adult Egyptian patients aged >18, divided into 30 
men and 30 women.

Inclusion criteria

The inclusion criteria included Egyptian adults with 
MSCT bone window scans of the head and neck obtained 
for different purposes and high-quality reconstructed im-
ages free from any pathological abnormalities that may 
cause skull deformities.

Exclusion criteria 

The exclusion criteria included unclear images with ar-
tifacts, non-Egyptian adults, cases younger than 18 years 
old, and images of participants who had previous head 
trauma, surgery, or other pathologic anomalies that may 
cause cranial deformity.

Imaging

All MSCT examinations were performed using an opti-
mum computed tomography (CT) 660 64-slice CT scan-
ner (General Electric [GE] healthcare company]). The 
technique for performing MSCT of the head is volumet-
ric helical acquisition. Measurements were taken from 
axial plane cuts, the multiplanar resolution (multipla-
nar reformatted [MPR]) images, and three-dimensional 
(3D) volume-rendered images using “RadiAnt DICOM 
Viewer software version 2020.2 (Jul 19, 2020). Two ra-
diologists with at least ten years of clinical experience 
performed all measurements while completely blinded 
to the subjects’ ages and sex. Inter-observer variability 
was evaluated, and the average value of the two mea-
surements was obtained.

Measurements

A. Cranial measurements (mm) of the sella turcica 

1. Sella turcica length: Measured by a line extending 
from tuberculum sellae (TS) to dorsum sellae.

2. Sella turcica depth: The distance from the deep-
est point of the sella turcica and extending with the sella 
turcica length.

3. Anterior-posterior (A-P) diameter: Line between 
TS and the most posterior point of the inner aspect of the 
posterior wall of the pituitary fossa (Figure 1).

B. Cranial measurements (mm) of FM 

1. The maximum FM length (FML): Determined 
anteroposteriorly across the main axis of the FM in the 
mid-sagittal plane.

T

January 2025, Volume 15, Number 1

Mostafa EAE, et al. Morphometrics of Sella Turcica, Foramen Magnum and Mastoid Processes in Egyptian Adults. IJMTFM. 2025; 15(1):E45475.

https://www.asu.edu.eg/


3

January 2025, Volume 15, Number 1

Figure 1. Measurements of the sella turcica; 1) Length, 2) Depth, 3) Antero-posterior dimension

DS: Diaphragma sellae; TS: Tuberculum sellae.

Figure 2. CT scan images of FM showing the studied parameters in bone window

a) The length of FM in midsagittal plane, b) The width of FM in axial plane, c) The length (red line) and width (yellow line) of 
occipital condyles on both sides in axial plane, d) The minimum intercondylar distance

CT scan: Computed tomography scan; FM: Foramen magnum. 
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2. The maximum FM width (FMW): The largest hor-
izontal measurement of the FM in the axial plane. 

3. The FM area (FMA): Measured in millimeters 
square (mm2), calculated using Radinsky’s formula: 
(1/4) × π × FMW × FML [7].

4. The maximum length of the right occipital con-
dyle (LROC): Determined with the line from the edges 
of the articular surface.

5. The maximum length of the left occipital condyle 
(LLOC): Determined with the line from the edges of the 
articular surface.

6. The maximum width of the right occipital con-
dyle (WROC): Determined with a line lies perpendicu-
larly from articular edges.

7. The maximum width of the left occipital condyle 
(WLOC): Determined with a line lies perpendicularly 
from articular edges.

8. The minimum intercondylar distance (MID): Di-
rect line that extends between the most medial points of 
the two occipital condyles (Figure 2).

C. Cranial measurements (mm) of right and left 
mastoid processes using three craniometrical 
landmarks

1. Porion (po): The peak of the center of the marginal 
part of the external auditory meatus.

2. Mastoidale (ma): The deepest part of the mastoid 
process.

3. Asterion (as): The intersecting point of the lamb-
doid, occipitomastoid and parietomastoid sutures.

We then measured the lengths of the lines between the 
three craniometric landmarks in the right and left mas-
toid processes (Figure 3).

The mean lengths of the three lines of right and left 
mastoid processes were subjected to “Heron’s formula” 
to estimate the mastoid triangle area (Equation 1) [8]: 
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Figure 3. Measurement of the mastoid triangle area using the three craniometrical Landmarks in 3D volume-rendered images: 
Porion (po), asterion (as) and mastoidale (ma)

Line (a): Between po and as, Line (b): Between po and ma, Line (c): Between ma and as.
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1. Area (m2) = √ s (s - a) (s - b) (s - c) 

“s” is half the perimeter, or (a + b + c) / 2. 

Sample size 

The required sample was determined based on PASS® 
version 11 program by reviewing previous study results 
[9]. Sixty patients were included in the study.

Data management

The collected data was updated, encoded, and struc-
tured for statistical analysis using SPSS software, ver-
sion 24. 

In addition, the Jamovi desktop software, version 
2.3.21, was used to perform logistic regression to de-
termine the parameter that best-predicted sex in each 
studied group. An Excel computer program was used to 
tabulate and graphically represent the results.

Results

Table 1 summarizes the age distribution and cranial 
measurements of both sexes. Using the student’s t-test, 
the only studied parameters that showed a statistically 
significant (P<0.05) difference between men and women 
are the mean of sella turcica anterior-posterior (A-P) di-
ameter, FMW, FMA, LROC, LLOC, and the mastoid 
triangle area.

As shown in Table 2, the best single parameter mea-
sured in the current study to determine the sex of adult 
cases was the mastoid triangle area. The best combina-
tion of the measured parameters for determining sex in 
adults is the A-P diameter of the sella turcica, LLOC, and 
mastoid triangle area.

Table 3 presents two logistic regression Equations “a” 
and “b” for predicting sex based on the significant pa-
rameters measured in the study group.

Equation “a” is a logistic regression analysis applied 
to predict sex using the parameters that showed a sig-
nificant statistical difference between males and females 
by t-test.

Equation “b” is a logistic regression analysis applied 
to predict sex using the parameters that showed the best 
combination for determining sex. 

In both equations, male is predicted if the “X” value of 
the equation is equal to or greater than the cut-off level, 
and female if it is less than the cut-off level.

Table 4 and Figure 4 show the cut-off values. The cut-
off level for equation Ib in adult cases was 0.471, with 
the highest accuracy of 87%.

Discussion

This study revealed that Sella turcica A-P diameter was 
significantly higher among men. Consistent with the 
present study, studies conducted among Egyptian pa-
tients and Eastern Asian populations found that the A-P 
diameter and width were significantly different between 
men and women [10, 11]. In contrast, Turamanlar et al. 
reported no significant difference in depth or A-P diam-
eter in 101 Turkish patients aged 17-70. In contrast, the 
sella turcica length showed significant differences be-
tween both sexes [12].

In addition, we found that men showed significantly 
higher measures of FMW, FMA, LROC, and LLOC than 
women. Several studies agreed that FMA and FMW are 
the only significantly different parameters between men 
and women [13-16]. In addition, Madadin et al. found 
that FML was significantly higher among Egyptian men 
in their study than among women [17]. Similarly, FML, 
FMW, and FMA were significantly higher among Brit-
ish men [18]. Based on the results of Darwish et al., the 
increased measures of FM in male skulls compared to 
female skulls are explained by the fact that the princi-
pal neurovascular bundles, which include “the cervical 
spinal cord, vertebral arteries, nerves, and meninges 
flowing through the skull base”, are larger in men than 
in women [19]. Previous studies have reported that all 
measurements of the occipital condyle are significantly 
greater in men [2, 20-22]. 

However, in contrast to this study, other research con-
cluded that no significant difference was observed be-
tween men and women regarding FML and FMW [23, 
24]. The early maturation and fusion of FM compared 
to other skeletal elements may explain why there was 
not as much difference in FM length and width between 
men and women. This means that there was not much 
response to secondary sexual changes [20]. Further-
more, biomechanical mechanisms associated with load-
ing stresses may affect the manifestation of dimorphic 
characteristics of the occipital condyle [18].

Regarding the measures of the mastoid process, we 
found that the area was significantly higher among men 
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than among women. This was consistent with the results 
of Helmy et al., who concluded that the mastoid triangle 
area was helpful for the identification of unknown skulls 
[25]. Moreover, this was consistent with several studies 
among Asian and European populations, where signifi-
cant differences were found between sexes in the mas-
toid triangle area [17, 26-29]. In contrast, Galdames et 
al. indicated that the determination of sex based on this 
dimension yielded low accuracy when estimating the fe-
male sex, hence being less useful in practice [30]. Men 
have a larger mastoid process due to stronger muscular 
activity of the following muscles: Sternocleidomastoid, 
posterior belly of the digastric, splenius capitis, and lon-
gissimus capitis muscles [31]. Moreover, there is vari-
ability in the growth patterns of mastoid cells, which 
creates a hollow inner aspect of the mastoid process [32].

Using univariate logistic regression analysis, the best 
single parameter measured in the current study for deter-
mining the sex of adult patients was the mastoid triangle 

area. Using multivariate logistic regression analysis, we 
found that the best combination of the measured param-
eters for determining sex in adults was the A-P diameter 
of the sella turcica, LLOC, and mastoid triangle area.

To the best of our knowledge, no study has discussed 
the best combination for determining the sex of adults by 
comparing the three bony parts used in our study: Sella 
turcica, FM, and mastoid process. 

Some researchers have developed formulas that may 
be used to determine the sex of the skull according to the 
anatomy of the occipital bone and FM. The most preva-
lent approach is Fisher’s approach [33-35]. 

Amores-Ampuero and Alemán found that basicrani-
um’s discriminant analysis accuracy was 78.2%, while 
the percentages were higher with logistic regression 
analysis (85.7% for basicranium) [36]. 
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Table 1. Student’s t-test comparing men and women regarding age and cranial measurements 

Variables
Sex

t P
Male (n=30) Female (n=30)

Age 45.467±15.03 41.033±14.782 1.152 0.254

Sella turcica length (mm) 10.933±1.956 10.138±2.011 1.552 0.126

Sella turcica depth (mm) 8.459±1.865 8.244±1.701 0.467 0.642

Sella turcica A-P diam-
eter (mm) 14.015±2.150 12.851±1.904 2.221 0.030*

FML (mm) 34.972±3.563 32.983±4.258 1.962 0.055

FMW (mm) 32.183±2.126 30.169±2.530 3.339 0.001*

FMA (mm2) 885.606±124.665 784.179±140.997 2.952 0.005*

LROC (mm) 20.22±2.583 18.851±2.119 2.244 0.029*

LLOC (mm) 20.008±2.535 17.831±3.049 3.008 0.004*

WROC (mm) 9.610±1.532 9.408±1.912 0.452 0.653

WLOC (mm) 9.493±1.512 8.98±1.346 1.388 0.171

MID (mm) 13.225±2.49 12.977±2.232 0.406 0.686

Mastoid triangle area 
(mm2) 778.559±87.218 645.215±88.733 5.870 <0.001*

Abbreviations: A-P: Anterior-posterior; FMW: Foramen magnum width; FMA: Foramen magnum area; LROC: Length of the 
right occipital condyle; LLOC: Length of left occipital condyle; FML: Foramen magnum length; WROC: Width of the right oc-
cipital condyle; WLOC: Width of the left occipital condyle; MID: Minimum intercondylar distance. 

*Significant (P<0.05).
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In this study, we concluded that if the result of mea-
sured parameters was equal to or greater than the cut-off 
level, it indicated that the sex was male, and if it was 
less than the cut-off level, it indicated that the sex was 
female. The cut-off level for the mastoid triangle area 
in adult cases was 647.22 mm2, with an accuracy of 
81.67%; the cut-off level of equation a was 0.499 with 
an accuracy of 85%; and equation b showed the highest 

accuracy in sex determination with an accuracy of 87% 
and a cut-off level of 0.471.

Close to this study, the study of Helmy et al. in an 
Egyptian population reported that the cut-off level of 
the mastoid triangle area in adult cases was 641 mm2, 
with an accuracy of 67.4% [25]. Bhayya et al. concluded 
that, the mastoid process was a good indicator for sex 
determination in adults with an accuracy of 82% [37]. 

Table 3. Multivariate logistic regression equation predicting sex from the studied cranial measurements

Equations Predictive Formula P Cut-off Level

a X=((0.057×Sella turcica A-P diameter)+(0.233×FMW)–(0.001×FMA)+(0.467×LLOC)–
(0.016×LROC)+(0.02×Mastoid triangle area)–30.385)) <0.001* 0.499

b X=((0.1×A-P diameter)+(0.483 × LLOC)+(0.022×Mastoid triangle area)–26.117)) <0.001* 0.471

Abbreviations: A-P: Anterior-posterior; FMW: Foramen magnum width; FMA: Foramen magnum area; LROC: Length of the 
right occipital condyle; LLOC: Length of the left occipital condyle.

*Significant (P<0.05); If X ≥ cut off value, sex is male; If X < cut off value, sex is female.
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Table 2. Univariate and multivariate logistic regression for the cranial measurements

Parameters
Univariate Logistic Regression Multivariate Logistic Regression

Estimate SE P Rank Estimate SE P

Sella length (mm) 0.208 0.137 0.129 -0.4344 0.353 0.219

Sella depth (mm) 0.07 0.148 0.636 -0.0600 0.373 0.872

Sella turcica A-P diameter (mm) 0.292 0.14 0.037* 4 0.7652 0.214 0.043*

FML (mm) 0.139 0.075 0.065 0.0816 0.159 0.608

FMW (mm) 0.373 0.129 0.004* 5 0.2048 0.209 0.327

FMA (mm2) 0.285 0128 0.042* 3 0.5871 0.298 0.788

LROC (mm) 0.977 0.252 0.033* 6 -0.0395 0.230 0.863

LLOC (mm) 0.282 0.111 0.008* 2 0.7107 0.260 0.006*

WROC (mm) 0.07 0.154 0.648 0.4810 0.294 0.102

WLOC (mm) 0.263 0.193 0.174 -0.7712 0.400 0.054

MID (mm) 0.046 0.111 0.68 -0.0845 0.238 0.723

Mastoid triangle area (mm2) 0.248 0.117 <0.001* 1 1.6054 0.486 <0.001*

Abbreviations: A-P: Anterior-posterior; FMW: Foramen magnum width; FMA: Foramen magnum area; LROC: Length of the 
right occipital condyle; LLOC: Length of left occipital condyle; FML: Foramen magnum length; WROC: Width of the right oc-
cipital condyle; WLOC: Width of the left occipital condyle; MID: Minimum intercondylar distance; SE: Standard error. 

*Significant (P<0.05).
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However, Ominde and Igbigbi reported that FMW was 
the best sex-discriminating variable, with an accuracy of 
64.3% compared to other FM parameters in an adult Ni-
gerian sample [13].

The accuracy of sex determination is directly propor-
tional to the number of variables [38]. The main strength 
of this study is that we investigated the most reliable 
sexually dimorphic parameters of the sella turcica, FM, 
and mastoid processes. In addition, we applied logistic 

Table 4. ROC curve comparing between the best single parameter and the significant logistic regression equations in determin-
ing the sex

Parameter Cut-off
%

Sensitivity Specificity PPV NPV Accuracy 

The mastoid triangle area 
(mm2) 647.22 96.67 66.67 74.4 95.2 81.67

Equation a 0.499 86.67 83.33 71.9 85.1 85

Equation b 0.471 83.33 86.37 86.21 83.87 87

Abbreviations: PPV: Positive predictive value; NPV: Negative predictive value; ROC curve: Receiver operating characteristic 
curve.
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Figure 4. ROC curve of the mastoid triangle area, equation a, and equation b for predicting men from women in adult cases

ROC curve: Receiver operating characteristic curve.
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regression analysis since it is an objective technique to 
select the least number of traits and the maximum dis-
criminatory effectiveness for estimating sexual dimor-
phism from skull morphometric measurements [39]. We 
identified the cut-off level of the most efficient parameter 
when used alone and the significant logistic regression 
equations that were obtained for predicting sex. Further 
research is needed to define more accurate equations 
based on detected significant cranial measurements.

Conclusion 

This study determined that the sella turcica A-P diam-
eter, mastoid area, FMW, FMA, LROC, and LLOC were 
significantly higher in Egyptian men. The mastoid area 
is the most significant parameter for differentiation be-
tween men and women, with a cut-off level of 647.22 
mm2. The A-p diameter of the sella turcica, LLOC, and 
mastoid area represented the best combination of all 
measured parameters for determining the adult sex. We 
detected two equations where men are predicted if the 
“X” value of the equation is equal to or greater than the 
cut-off level and women if it is less than the cut-off level. 

Limitations

The study was conducted on a relatively small sample 
of 60 adult Egyptians, which may restrict the findings’ 
applicability to a larger population, including different 
ethnic groups and age ranges. A larger and more diverse 
sample may yield more complete results.

This study focused only on measuring the relationship 
between the measured parameters and sex determina-
tion without addressing the relationship between age 
and stature. Further research considering these aspects 
is recommended.
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