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ABSTRACT

Objective: The aim of this study was to evaluate
whether the volume of odontoid process of
the second cervical vertebra on CBCT images
can be used for sex estimation. Material and
Methods: The volume of odontoid process on
CBCT images of 138 subjects was measured.
In addition, the patients were classified into
five age groups. The comparisons between
the groups in relation to sex and age were
performed by using Mann-Whitney’s test and
Kruskal-Wallis’ test, respectively. The ROC
curve was used to assess the sensitivity and
specificity of the volume to determine the sex.
Results: No statistically significant difference
was observed between age and volume. Males
had significantly larger volumes than females.
Values of volume equal to or greater than 1.254
mm? have sensitivity of 68.2% and specificity
of 68.1% to determine male sex. Conclusion:
The volume of the odontoid process tends to be
larger in males than in females and can be used
as sex estimation.
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RESUMO

Introducdo: O objetivo deste estudo foi avaliar
se o volume do processo odontdide da segunda
vértebra cervical em imagens de TCFC pode
ser usado para estimativa do sexo. Material e
Métodos: O volume do processo odontdide em
imagens CBCT de 138 individuos foi medido.
Além disso, os pacientes foram classificados
em cinco faixas etarias. As comparagdes entre
os grupos em relacdo ao sexo e idade foram
realizadas por meio dos testes de Mann-Whitney
e Kruskal-Wallis, respectivamente. A curva
ROC foi utilizada para avaliar a sensibilidade
e especificidade do volume para determinar
o sexo. Resultados: Ndo foi observada
diferenca estatisticamente significativa entre
idade e volume. Os machos tiveram volumes
significativamente maiores do que as fémeas.
Valores de volume igual ou superior a 1,254
mm3 apresentam sensibilidade de 68,2% e
especificidade de 68,1% para determinagéo
do sexo masculino. Conclusdo: O volume do
processo odontdide tende a ser maior no sexo
masculino do que no feminino e pode ser usado
como estimativa do sexo.

PALAVRAS-CHAVE

Tomografia  computadorizada de  feixe
conico; Diagnoéstico por imagem; Processos
de determinacdo do sexo; Processamento de
imagem; Assistido por computador.
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INTRODUCTION

he forensic anthropological method for

estimation of age and estimation of sex by
measuring bone structures is widely used given its
mathematical precision [1]. In Forensic science,
the bone remains, are important instrument
due to their resistance to destruction. In many
cases, small pieces are the only organs available
to estimate the sex of unknown individuals [2].
This fact shows the importance of studies aimed
at assessing specific parameters in these elements
of subjects, thus conferring greater reliability to
the already-established parameters related to a
population [3].

Sex and age estimation are auxiliary
methods that can be used by professionals who
study human identification processes. However,
there is a relative scarcity of specific morphometric
patterns for sex and age estimation in the
contemporary population regarding bone findings
of unknown persons [4].

Cone beam computed tomography (CBCT)
is an imaging system for the head and neck region,
being of great diagnostic value in the clinical dental
and otolaryngology practice [5,6]. In addition,
it is an auxiliary examination with significant
advantages as it produces high spatial resolution
images of bone tissues with no overlapping areas,
including possibility of multiplanar reconstructions
and accurate measurement of images and distances
between anatomical structures in the maxillofacial
complex [5]. These features emphasize the
importance of carrying out a great number of
studies using CBCT as a support tool for forensic
investigation [7].

The odontoid process, or dens, is an
extension of the body of the second cervical
vertebra (C2), articulating with the anterior arch
of the atlas [8,9]. To the best of our knowledge,
there is no previous study investigating sex and
age differences on the basis of the volume of
odontoid process.

Therefore, the present study was undertaken
to investigate the usefulness of a method designed
to assess the volume of odontoid process by using
CBCT for sex estimation.

Cone Beam Computed Tomography Based Sex Estimation by
Volume of Odontoid Process of The Second Cervical Vertebra

MATERIAL AND METHODS

This is a retrospective study and was
conducted in accordance with the ethical standards
established in the 1964 Declaration of Helsinki
and approved by the Institutional Review Board of
the Sao Paulo State University (UNESP).

This study’s sample included 138 subjects
(66 males and 72 females, aged between 18 and
74 years) who underwent CBCT scan for planning
of orthodontic or dental implant treatment at the
Division of Dentomaxillofacial Radiology, School
of Dentistry of Sdo José dos Campos, UNESP.
CBCT images were acquired by using an i-CAT
scanner (Imaging Sciences, Hatfield, PA, USA)
with the following parameters: 120 kVp, 37.07
mA, voxel size of 0.25 mm, field of view of 13.0
x 16.0 cm and acquisition time of 26.9 s. The
images were chosen by one dentomaxillofacial
radiologist. Images of patients who had any type
of pathological condition or mandibular fracture
were excluded. Poor images or those containing
artifacts compromising the visualization of the
area of odontoid process were eliminated as well.

Both males and females were divided into
five age groups adapted from Gamba et al. [7]: 18
to 30 years, 31 to 40 years, 41 to 50 years, 51 to
60 years and over 60 years.

Image Analysis
The DICOM (Digital Imaging and
Communications in Medicine) images were

imported into an open-source segmentation
software (ITK-SNAP, version 3.0, Cognitica,
Philadelphia, PA, USA) and analysed on a 23.8-
inch LCD monitor (Dell Ultrasharp, wide-screen
flat-panel monitor).

The volumetric analysis of the odontoid
process was performed in the manual mode. The
borders of the odontoid process were delimitated
by a dentomaxillofacial radiologist by means of
multiplanar reconstructions to define the region
of interest (ROI) for segmentation (Figure 1).
Whenever needed, the process was repeated
for each CBCT slice until the entire bone was
segmented. The volume of each bone was
automatically calculated in mm3 by using the
software.
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Figure 1- View of three-dimensional segmentation of odontoid process in ITK/SNAP software showing multiple planar views (axial,
sagittal and coronal) with segmentation and 3D surface model displaying volume rendering.

After a 15-day interval, all the
measurements were repeated for intra-rater
reliability analysis.

Statistical Analysis

Exploratory data analysis was performed
by means of summary measures (i.e. frequency,
percentage, means, standard deviation,
minimum, median and maximum) and
agreement between the two moments of volume
measurement was assessed by using intra-
class correlation coefficient. The comparison
between the groups in relation to sex estimation
was performed by using Mann-Whitney’s
test, whereas Kruskal-Wallis’ test was used to
compare the volume between age groups. The
logistic regression model was used to estimate
the chance of an individual being male based on
the increase in the volume of odontoid process.

The receiver operating characteristics (ROC)
curve was used to assess both sensitivity and
specificity of the volume of odontoid process to
determine male sex.

Non-parametric methods were used in the
analyses because the volume of odontoid process
had no normal distribution. A significance level
of 5% was adopted in all analyses.

RESULTS

Volume measurements were performed
at two different times, with Figure 2 showing
the descriptive measures of both moments.
Figure 2 shows that the method has excellent
repeatability as the intra-class correlation
coefficient is 1.00 and the scatter plot closely
resembles a straight line.
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Volume 2

Volume 1

Figure 2 - Scatter plot of the two volume measurements.

Tables 1 and 2 show the comparison of
volume between sexs as well as between age
groups, respectively. Mann-Whitney’s test (p <
0.001) showed that males had a greater volume
(median = 1,382) than females (median =
1,165). There was no statistically significant
difference between age and volume (p = 0.366;
Kruskal-Wallis’ test).

Adjusting a Logistic Regression model to
the data, in order to predict sex from the volume,
a Chances Ratio (OR) of 1.352 with 95% CI
= (1.161; 1.575) was obtained. This OR was
calculated considering a variation in 100mm3
in the volume, that is, the increase in 100mm3
in volume increases the chance of the patient if
male in 35.2% (p-value < 0.001).

Figure 3 shows that volume values higher
than or equal to 1.254 have 68.2% sensitivity
and 68.1% specificity to determine male sex. The
area under the curve (AUC) is 0.708 (95%CI;
0.621 - 0.795).

Cone Beam Computed Tomography Based Sex Estimation by
Volume of Odontoid Process of The Second Cervical Vertebra
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Figure 3 - ROC curve to predict male sex from volume.

DISCUSSION

In forensic anthropology, one of the
fundamental steps to obtain the anthropological
profile relies on the estimation of the individual’s
sex [10]. For anthropological examination of
human bones, in which sexual and somatic traits
of the body are no longer present, the estimation
is based on studies of osseous components
such as pelvis, skull and long bones. The
uniqueness of anatomical structures and their
non-pathological variations are reliable bases
for individual identification in many forensic
contexts. However, occasionally, conventional
techniques of sex estimation may not be usable
due to the postmortem deterioration of the
human body [11]. New methods for estimating
identity when human remains or portions are
compromised due to different motives (natural
disasters, explosions, and mutilations) are
always welcome to help.

Sex dimorphism can be demonstrated by
studying important parts of the human skeleton,
which is of great value in forensic medicine and
especially in the postmortem identification of
individuals [12]. In the absence of pelvis, skull
is the most suitable structure for sex estimation
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because it presents relevant sexual dimorphism
[13].

Previous studies have used structural
analysis, mainly of the skull and mandibles, in an
attempt to determine a pattern of their behavior
in relation to age and sex so that they could be
used in forensic dentistry as a determinant for
identification of individuals. In these analyses,
many of them made use of CBCT imaging as it is
an easily accessible examination. CBCT analysis
relies on software using linear, angular and
volumetric measurement tools, with the great
advantage of preserving the anatomical piece
and being a type of non-destructive intervention.

Among the various structures of the
maxillo-mandibular complex addressed for the
purpose of sex estimation, we found studies that
evaluated the horizontal position of the mental
foramen [14] and its dimensions [15] on CBCT
images. In these studies, the authors concluded
that mental dimensions tend to be larger in
females with advancing age (after 50 years) in
relation to males due to hormonal changes, but
that their horizontal position was not a factor
determinant for determining sex. Our study
evaluated a cervical vertebrae structure (i.e.
dens) which, unlike the mental foramen, can be
influenced by hormonal changes and undergo
dimensional changes related to the presence or
absence of teeth and periodontal diseases. This,
in turn, could affect the reliability of the results
regarding their use as sex predictor as they are
interpreted as a structure less susceptible to
external influences. This observation underlies
the choice of a forensic tool with greater stability
in relation to changes not related to the aging
process only.

As well as the mental foramen, other
studies have evaluated different structures
by using CBCT for predicting sex. Position of
the mandibular lingual [16], volume of the
mandibular condyle [17] and angulations of
the mandibular fossa and articular tubercle
[18] are structures which were shown to
be useful to estimate the sex of individuals.
However, it is known that bone structures
of the temporomandibular joints (TMJ) are

Cone Beam Computed Tomography Based Sex Estimation by
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often subject to being affected by degenerative
processes (e.g. osteoarthritis) [19] and systemic
changes (e.g. gout or rheumatic processes) [20],
which could influence the actual assessment for
forensic purposes of sex identification. As well
as the mandibular lingula, which is a structure
subject to remodeling process regardless of
age, the insertion of the sphenomandibular
ligament can also depend on the greater or less
demand. In this sense, dens was analysed here
because it seems to play a promising role as a
more reliable alternative for sex estimation.
Taking into account its functional physiological
aspect, dens does not undergo pronounced
degenerative changes, which could result in
errors in the calculation of its volume. Alar
ligament, anterior and posterior atlantoaxial
ligaments, and transverse ligament of the atlas
form a complex that works synchronously to
cushion the articular structure of the dens, in
addition to stabilizing it during movements and
favoring its preservation [21].

In this study, volumetric analysis of the
second cervical vertebra (dens) by means of
CBCT proved to have a predictive capacity in
differentiating between male and female sexs
(TableI), with a 95% probability of assertiveness,
which can be considered a high value for this
methodology in the estimation of the sex of
individuals. Comparatively to those studies
using other structures such as mental foramen,
mandibular lingula and bone structures of the
TMJs, this rate varied between 70 to 90%. This
indicates what we had previously highlighted
about these methodologies for forensic purposes.

Table III shows the sensitivity and
specificity rates for this method in determining
male sex identity, respectively 68.2% and
68.1%, when the volumetric values were greater
than 1.254 mm?. These rates can be considered
quite significant compared to studies in which
volumetry of cranial structures was used to
determine sex. One can cite a study by Manhaes-
Caldas et al. [22], who assessed the volumetry
of dental crowns for estimation of sex, and those
by Urooge & Patil [23] and Choi et al. [24],
who calculated the volume of the maxillary and
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frontal sinuses, respectively, for this purpose.
We emphasize that structures such as paranasal
sinuses and dental crowns may not be stable
enough as the dens, a finding reported here.
Sinuses can often be affected by pathological
processes that alter bone dimensions or even
the internal content, such as sinusopathies.
Similarly, dental crowns are susceptible to wear
and tear, fractures and caries disease, which can
prevent its use for the purpose of differentiating
the sexs.

Still on the sensitivity and specificity of
the sex estimation methods, Papaioannou et al.
[25] established criteria to determine sex based
on the scapula and clavicle in modern Greeks.
A total of 147 scapulas and 147 clavicles were
analysed, being 66 females and 81 females.
Eight and six measurements were performed
on the scapula and clavicle, respectively. The
results showed pronounced sexual dimorphism,
which was attributed mainly to differences in
size between the two groups. The method of
statistical classification showed evidence of hit
rates higher than 95%. These results corroborate
those found in the present study, with a
statistically significant difference in the volume
of odontoid process for both sexs. The Mann-
Whitney’s test (p < 0.001) showed that males
had a greater volume (median 1.382) than
females (median 1,165), as seen in Tables
I and II. Values greater than or equal to 1.254
have 68.2% sensitivity and 68.1% specificity to
determine male sex (Figure 3).

In the context of the age estimation
based on bone development, one initially tries
to assess in which phase of the individual’s
life he or she deceased, since each phase of
the life has peculiar characteristics in his or
her development that should be explored. The
investigation of chronological age can be based
on one or more characteristics. Estimation of
age based on odontometric results contributes
to the legal judgment on the chronological
age of individuals whose age is uncertain. In
the present study no statistically significant
differences were observed between age groups
regarding the volume of odontoid process, as

Cone Beam Computed Tomography Based Sex Estimation by
Volume of Odontoid Process of The Second Cervical Vertebra

can be seen in Table II.

In view of the above, the odontoid process
was shown to be a sex indication and more
studies in this area are suggested. Therefore,
we recommend that volumetric analysis of
the cervical vertebrae should be performed by
means of tomographic images to corroborate
the existence of sexual dimorphism based on

these anatomical structures.

CONCLUSION

According to the methodology used in the
present study, it was observed that the mean
volume of mm3 for the odontoid process was
higher in men than in women, suggesting that
the volume of this structure can be used for sex

estimation.
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