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GENDER PREDICTION BASED ON QUANTITATIVE ANALYSIS OF THE MASTOID PROCESS
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Abstract. Osteoscopy and classic morphometric analysis of the skull can determine gender with an accuracy of 92%.
The aim of our study was to determine the degree of accuracy in determining the gender of the skull based on the classic
morphometric analysis of the mastoid process. The research was conducted on a sample of 100 macerated and
degreased skulls of known gender and age from the second half of the 2oth century, including the population of Bosnia
and Herzegovina, which belong to the osteological collection of the Anatomy Department of the Faculty of Medicine,
University of Sarajevo. It is a prospectively designed, osteometric study, where 3 diameters of the mastoid process were
measured on each skull using a sliding compass (Schubler) on both sides: mastoid length, width and antero-posterior
diameter. The size of the mastoid process was calculated according to the given formula. The antero-posterior diameter
of the mastoid process was shown to be a significant predictor for the differentiation of skull gender p=0.0001. If the
antero-posterior diameter of the mastoid process increases by 1 mm, the odds ratio (chance ratio) that it is a female
skull decreases by 41% in our sample, while in the general population the chance ranges between 50-30%. The size of
the mastoid process proved to be a significant predictor for the gender differentiation of the skull p=0.0001. If the size
of the mastoid process increases by 1 mm3, the odds ratio (chance ratio) that it is a female skull decreases by 41% in our
sample, while in the general population the chance ranges between 50-30%. Increasing values of length, width, antero-
posterior diameter and size of the mastoid process increase the probability that the skull is classified as male. By
multivariate binary logistic regression, the antero-posterior diameter of the mastoid process was singled out as
statistically significant for the differentiation of skull gender.
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positioned so that one side was always facing the
observer. The scale of the sliding caliper was laid behind
the mastoid process, so that the fixed part of caliper was
tangential with the upper edge of the external acoustic
meatus. The movable part of the sliding caliper was
moved to the top of the mastoid process and the
measurement was read off from the scale of the slider.

Width of the mastoid process (medio-lateral
diameter): The width was measured from the highest
part of the medial side within the fossae digastricae to
the highest laterally positioned point of the mastoid

1. INTRODUCTION

Osteoscopy and classic morphometric analysis of
the skull can determine gender with an accuracy of 92%.
The aim of our study was to determine the degree of
accuracy in determining the gender of the skull based on
the classic morphometric analysis of the mastoid
process.

2. MATERIALS AND METHODS

The research was conducted on a sample of 100
macerated and degreased skulls of known gender and
age from the second half of the 20th century, including
the population of Bosnia and Herzegovina, which
belong to the osteological collection of the Anatomy
Department of the Faculty of Medicine, University of
Sarajevo. It is a prospectively designed, osteometric
study, where 3 diameters of the mastoid process were
measured on each skull using a sliding compass
(Schubler) on both sides: mastoid length, width and
antero-posterior diameter. The size of the mastoid
process was calculated according to the given formula.

Length of the mastoid process: The length of the
mastoid process was measured from the tip of the
external acoustic meatus (Porion) vertically down to the
tip of the mastoid process. The skull was laterally
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extension in the same plane.

Antero-posterior diameter of mastoid process: It
was measured from the lowest point, where the
tympanic part of the temporal bone contacts the
anterior surface of the mastoid process to the posterior
border of the mastoid process in the same plane.

Size of the mastoid process:

Length x Antero—posterior diameter x Width (1)
10
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Figure 4. Mastoid length in relation to the gender of the skull
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Figure 3. Antero — posterior diameter

3. RESULTS
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Figure 5. Mastoid width in relation to the gender of the skull
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Figure 6. Anteroposterior mastoid diameter
in relation to the gender of the skull
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Figure 7. Size of the mastoid process
in relation to the gender of the skull

Male skulls have a longer (p=0.001), wider
(p=0.0001) and larger anteroposterior diameter of the
mastoid process (p=0.0001) on average. For all three
sizes, the difference is statistically significant.

Male skulls have larger sizes of the mastoid process
on average. The difference is statistically significant
(p=0.0001).
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Figure 8. ROC curve of length, width and
anteroposterior diameter of mastoid process, as
a marker for distinguishing gender of the skull
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Figure 9. ROC curve of a size of the mastoid process as a
marker for distinguishing gender of the skull

Table 1. Area under ROC curve for markers

95% Confidence
St. Interval for AUC
Do ALE error p Lower Upper
limit limit
Mastoid 6 0 001 8 11
length (mm) ° 35 .039 . -55 -7
Mastoid
T ) .651 .038 .0001 .576 726
Anteroposte
rior mastoid
diameter 781 .033 .0001 717 .845
(mm)

Insight into Figure 8 and Table 1 mastoid length,
width and anteroposterior diameter can distinguish
male from female gender (p<0.05).

Insight into Figure 9 and Table 2 size of the mastoid
process can distinguish male from female gender
p=0.0001, AUC=0.758; 95%CI (0.69-0.82).

Table 2. Area under ROC curve for
the size of the mastoid process

95% Confidence Interval for
AUC

Lower limit

AUC  St. error p
Upper limit

758 .034 .0001 .690 .825

4. DISCUSSION

Skeletal gender determination is the process of
determining whether a skeleton or parts of a skeleton is
male or female. For safe determination of gender and
other indicators of identity, it is ideal if there is an intact,
complete skeleton. However, due to various
circumstances, both natural and artificial, often only
parts of the skeleton are found. The accuracy of sex
determination is highest when analyzing the pelvis,
however, the pelvis itself is not always available for
analysis. The skull is therefore considered the second-
best option for sex determination. Scientists Broca and
Hoshi have already suggested that when the skull is
placed on a flat surface, the male skull rests on the
mastoid processes, while the female skull rests on the
occipital condyles or some other skull structure. Skeletal
sex determinations are of the greatest importance in
anatomical-anthropological — approaches, forensic
medicine, for understanding the process of evolution,
gender differentiation, as well as for understanding the
cause-and-effect relationship with other anatomical
structures and physiological processes in the body.

In our study, univariate regression analysis was used
to examine the influence of independent predictors -
mastoid length, mastoid width, anteroposterior
diameter of the mastoid process and the formula-
derived size of the mastoid process on the
differentiation of the gender of the skull: male or female.
The anteroposterior diameter of the mastoid process
proved to be a significant predictor for the
differentiation of skull sex p=o0.0001. If the
anteroposterior diameter of the mastoid process
increases by 1 mm, the odds ratio (chance ratio) that it
is a female skull decreases by 41% in our sample, while
in the general population the chance ranges between
50-30%.

Therefore, it was to be expected that the antero-
posterior diameter of the mastoid process would stand
out in the multivariate binary logistic regression as the
most effective and thus be part of our “P” model for
gender prediction based on the classic morphometric
analysis of the mastoid process [1].

Of course, works that cover the population of Asia,
North and South America in their prediction can also
single out other parameters for gender profiling, so that
the differences are expected and can be explained by
population  proliferation  (geographical, racial,
population differences).

Sumati et al. used the discriminant function and
logistic regression to validate the discriminant function
in his study. Univariate analyzes showed a high degree
of differentiation. Sumati based his research on skulls
from the area of northern India, while our specimens
were from the Balkan area (Bosnian and Herzegovina
population), and it can be said that there is a genetic and
geographical factor in the different results. Johnson et
al. concluded that the best discriminant predictors for
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race are not necessarily the best for gender. Sex for each
race is best described by a unique discriminant function,
which is in agreement with our results [2,3].

S. Galdames et al. during the analysis of the
discriminant function found that the group of analyzed
linear dimensions (Porion—Mastoidale, Porion—
Asterion) represents a low discriminant capacity
(Lambda of Wilks = 0.960, canonical correlation =
0.199); only Porion-Mastoidale was the variable that
allowed the classification of male skulls from female
with an overall accuracy of 64.2%, but with a high
sensitivity for correctly classifying males (93%) and a
very low sensitivity for females (17.7%). Results from S.
Galdames et al. match our results for males (65%) but
not with the results for females (85%) [4].

Abdelnasser Ibrahim concludes in his study that the
best parameter, selected by gradual discriminant
analysis, is the parameter of the mastoid triangle. Cross-
validation accuracies for males, females, and the
combination were 82.3%, 88.5%, and 84.4%,
respectively. The prediction accuracy in the multivariate
discriminant function is based on the asterion-
mastoidal parameter and the mastoid width, which
were considered the best parameters with 87%
accuracy, which is in contrast to our study, but also to
other studies on the Asian population, where the best
parameter is often found to be the mastoid length [5].

Research by Amala Manivanan et al. statistically
showed that the length and height of the mastoid
extensions are smaller in women compared to men, and
the mastoid width in women is greater than in men. This
finding is not completely correlated with our findings,
because in our study all three parameters are higher in
men than in women. The findings of the width of the
mastoid extensions for men are close to ours, although
in this case the results we obtained are slightly higher.
For the female skulls in our study, we obtained lower
values than those of Amala Manivanan et al. [6].

S.B. Sukre et al. conducted a study where univariate
analysis showed that the mean value of mastoid
variables such as mastoid length (25.32 mm), mean
lateral diameter (10.71 mm), antero-posterior diameter
(21.60 mm) was greater in men than in women. All
measurements of the mastoid process are significantly
different in men and women, and the measurements are
statistically significant (p <0.005), which correlates
with our study. He further states that the length of the
mastoid process is the best discriminator, medio-lateral
diameter is the second, and height the third best
discriminator in determining sex from fragmented
remains. This finding is in contrast to our finding where
the antero-posterior diameter is the best discriminator
in determining sex, followed by the width, and finally
the height of the mastoid process [7].

5. CONCLUSION

1. Male skulls have on average a longer, wider,
and larger anteroposterior diameter of the
mastoid process than female skulls.

2. Male skulls have on average larger sizes of the
mastoid process than female skulls.

3. With the increase in value of the mastoid
length, width and anteroposterior diameter
and size of the mastoid process the probability
that the skull is classified as male increases.
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4.

We recommend combined qualitative and
quantitative  anatomical anthropological
studies, with respecting population standards
in order to better predict gender dimorphism.

REFERENCES

1.

A. Sara¢ — HadZihalilovié et al., “Model “P” in gender
prediction based on mastoid process,” Med. Glas.
(Zenica), vol. 17, no. 2, pp. 279 — 284, Aug. 2020.
DOI: 10.17392/1145-20

PMid: 32483958

P.V. Sumati, V.V.G. Patnaik, A. Phatak,
“Determination of Sex from Mastoid Process by
Discriminant Function Analysis,” J. Anat. Soc.
India, vol. 59, no. 2, pp. 222 — 228, Dec. 2010.

DOI: 10.1016/S0003-2778(10)80030-9

D.R. Johnson, P. O'Higgins, W.J. Moore,
T. J. McAndrew, “Determination of race and sex of
the human skull by discriminant function analysis of
linear and angular dimensions — an appendix,”
Forensic Sci. Int., vol. 45, no. 1 — 2, pp. 41 — 53,
Apr. — May. 1989.

DOI: 10.1016/0379-0738(89)90234-x

PMid: 2636546

I.C. Suazo Galdames, D.A. Zavando Matamala,
R.L. Smith, “Sex Determination Using Mastoid
Process Measurements in Brazilian Skulls,” Int. J.
Morphol., vol. 26, no. 4, pp. 941 — 944, Dec. 2008.
DOI: 10.4067/S0717-95022008000400025

A. Ibrahim, A. Alias, M. S. Shafie, S. Das, F. Mohd
Nor, “Osteometric estimation of sex from mastoid
triangle in Malaysian population,” Asian J. Pharm.
Clin. Res., vol. 11, no. 7, pp. 303 — 307, Jul. 2018.
DOI: 10.22159/ajpcr.2018.v11i7.25986

A. Manivanan, K. Saraswathi Gopal, S. Archana,
“Osteometric Assessment of the Mastoids for Gender
Determination: A Retrospective CBCT Study,” Am.
J. Otolaryngol. Head and Neck Surg., vol. 2, no. 3,
1044, Mar. 2019.

Retrieved from:
https://www.remedypublications.com/open-
access/osteometric-assessment-of-the-mastoids-
for-gender-determination-a-retrospective-cbet-

study-407.pdf
Retrieved on: Dec. 15, 2023

S.B. Sukre, P.R. Chavan, S.N. Shewale,
“Morphometric analysis of mastoid process for sex
determination among Marathwada population,”
MIJOANT, vol. 1, no. 2, pp. 27 — 32, Feb. 2017.
Retrieved from:
https://www.medpulse.in/Anatomy/Article/Volum
eilssue2/Anatomy 1 2 2.pdf

Retrieved on: Dec. 15, 2023

Z. Ajanovié, A. Sara¢ — Hadzihalilovi¢, “Multivariate
analysis of Cranioscopic and Craniometric
parameters in gender determination of skulls,”
HealthMED, vol. 12, no. 3, pp. 75 — 84, Feb. 2018.
Retrieved from:
https://www.researchgate.net/publication/330
365 Multyvariate analysis of Cranioscopic and
Craniometric parameters in gender determinati
on_of skulls

Retrieved on: Jan. 20, 2024

S. K. Mittal, S. Jaleswararao, J. Goyal, L. Mittal,
B. Goyal, “Sex determination using mastoid process
of dry skull”, IJBAMR, vol. 7, no. 3, pp. 404 — 408,
Jun. 2018.

Retrieved from:
https://www.ijbamr.com/assets/images/issues/pdf
/June%202018%20404%20-%20408.pdf.pdf
Retrieved on: Jan. 20, 2024



https://www.remedypublications.com/open-access/osteometric-assessment-of-the-mastoids-for-gender-determination-a-retrospective-cbct-study-407.pdf
https://www.remedypublications.com/open-access/osteometric-assessment-of-the-mastoids-for-gender-determination-a-retrospective-cbct-study-407.pdf
https://www.remedypublications.com/open-access/osteometric-assessment-of-the-mastoids-for-gender-determination-a-retrospective-cbct-study-407.pdf
https://www.remedypublications.com/open-access/osteometric-assessment-of-the-mastoids-for-gender-determination-a-retrospective-cbct-study-407.pdf
https://www.medpulse.in/Anatomy/Article/Volume1Issue2/Anatomy_1_2_2.pdf
https://www.medpulse.in/Anatomy/Article/Volume1Issue2/Anatomy_1_2_2.pdf
https://www.researchgate.net/publication/330797365_Multyvariate_analysis_of_Cranioscopic_and_Craniometric_parameters_in_gender_determination_of_skulls
https://www.researchgate.net/publication/330797365_Multyvariate_analysis_of_Cranioscopic_and_Craniometric_parameters_in_gender_determination_of_skulls
https://www.researchgate.net/publication/330797365_Multyvariate_analysis_of_Cranioscopic_and_Craniometric_parameters_in_gender_determination_of_skulls
https://www.researchgate.net/publication/330797365_Multyvariate_analysis_of_Cranioscopic_and_Craniometric_parameters_in_gender_determination_of_skulls
https://www.ijbamr.com/assets/images/issues/pdf/June%202018%20404%20-%20408.pdf.pdf
https://www.ijbamr.com/assets/images/issues/pdf/June%202018%20404%20-%20408.pdf.pdf

A. Sarac - Hadzihalilovi¢, E. Hojkuri¢, Gender prediction..., RAP Conf. Proc., vol. 9, 2024, 13-17

10. H. Jung, E. J. Woo, “Evaluation of Mastoid Process

11.

as Sex Indicator in Modern White Americans using
Geometric Morphometrics,” J. Forensic. Sci., vol. 61,
no. 4, pp. 1029 — 1033, Jul. 2016.

DOI: 10.1111/1556-4029.13079

PMid: 27364284

A. Kemkes, T. Gobel, “Metric Assessment of the
“Mastoid Triangle” for Sex Determination:
Validation Study,” J. Forensic. Sci., vol. 51, no. 5,
pp- 985 — 989, Sep. 2006.

12.

DOI: 10.1111/j.1556-4029.2006.00232.X

PMid: 17018073

T. Nagaoka et al., “Sex determination using mastoid
process measurements: standards for Japanese
human skeletons of the medieval and early modern
periods,” Anthropol. Sci., vol. 116, no. 2,
pp- 105 — 113, Aug. 2008.

DOI: 10.1537/ase.070605

17



