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RESUMO

A determinacdo do sexo possui um papel importante para a solugdo de casos
forenses, principalmente quando ha a necessidade de identificagdo de umgrande
numero de vitimas. Geralmente essa tarefa é realizada com base na analise do
cranio e da pelve. No entanto, nas situacdes em que estas estruturas ndo podem
ser analisadas, os dentes podem ser utilizados com este intuito, pois sao
geralmente preservados em virtude da sua maior resisténcia aos efeitos
destrutivos post mortem e por apresentarem dimorfismo sexual. O dimorfismo
sexual pode ser definido como a diferenga em tamanho ou aparéncia entre os
sexos masculino e feminino. No entanto, a acuracia na determinacdo do sexo
depende do grau de dimorfismo sexual que varia em cada populagédo. Desta
forma, o objetivo deste estudo foi avaliar a acuracia na determinagcéo do sexo em

brasileiros por meio do volume da coroa dentaria. A amostra foi selecionada apds a

analise de 300 volumes de TCFC adquiridos no aparelho Picasso Trio®, com o0s
mesmos parametros de aquisicdo (80 kVp e 3.7mA) e tamanho de voxel
(0.2mm). A amostra foi composta por 78 incisivos centrais superiores, 78
caninos superiores, 78 incisivos laterais inferiores e 78 caninos inferiores. Havia
a mesma proporcao entre individuos do sexo masculino e feminino com idades

variando entre 8 e 36 anos. Um unico examinador realizou a segmentagao

manual das coroas dentarias, utilizando o programa 3D slicer®. Apos 15 dias,
20% da amostra foi reavaliada. Os dados foram analisados utilizando o teste de
Mann-Whitney, o teste t ndo pareado, a correlagdo de Pearson, a regressao
logistica Backward Stepwise condicional e o coeficiente de correlagao
intraclasse (ICC). As analises adotaram um nivel de significancia de 5%. O
volume da coroa dentaria foi significativamente maior nos individuos do sexo
masculino. Ndo houve nenhuma relagdo entre a idade e o volume das coroas
dentarias considerando todos os dentes juntos ou quando analisado cada dente
separadamente. Quanto a acuracia na predigdo sexual, quando avaliados de
forma isolada, o volume das coroas do incisivo central e canino, superiores, e do
canino inferior permitiram, em média, um acerto de 64,1%, 74,4%, e 79,5%,
respectivamente. O volume da coroa dentaria do incisivo lateral inferior, apesar

de possuir dimorfismo sexual, apresentou uma acuracia média de 59% o que é



muito préxima ao acaso, tendo por isso sido descartada a sua utilizacdo para
estimativa do sexo. A analise combinada do volume das coroas dentarias dos
caninos, superior e inferior, permitiu uma acuracia, em média, de 83,7% na
determinacgao correta do sexo. Analise conjunta do volume das coroas dentarias
do canino e incisivo central, superiores, permitiu uma acuracia média de 76% e
aquela avaliando o volume da coroa dentaria dos quatro dentes em conjunto
apresentou uma acuracia média de 64,1%. O ICC indicou reprodutibilidade
excelente. Foi possivel concluir que a analise combinada do volume das coroas
dentarias dos caninos, superior e inferior, pode ser utilizada para a estimativa do

SEXO.

Palavras-Chave: Tomografia computadorizada de feixe cbnico, coroas

(Odontologia), sexo - diferencgas.



ABSTRACT

Sex determination plays an important role in the solution of forensic cases,
especially when it is necessary to identify a large number of victims. Usually the
analysis of the skull and pelvis are used for this purpose. However, when these
structures cannot be analyzed, sex estimation can be performed based on the
teeth analysis as they are generally well preserved because of their greater
resistance to postmortem destructive effects and because of their sexual
dimorphism. The sexual dimorphism can be defined as the difference in size or
appearance between males and females. However, the accuracy in determining
sex depends on the degree of sexual dimorphism that varies in each population.
Thus, the objective of this study was to evaluate the sex determination accuracy
in Brazilians based on the crown dental volume. The sample was selected after
the analysis of 300 CBCT scans acquired on Picasso Trio®, with the same
acquisition parameters (80 kVp and 3.7mA) and voxel size (0.2mm). The sample
was composed by 78 upper central incisors, 78 upper canines, 78 lower lateral
incisors and 78 lower canines. There was the same proportion of males and
females, aged between 8 and 36 years old. A single operator performed manual
segmentation of the dental crowns on 3D slicer® software. After 15 days, 20% of
the sample was reevaluated. The Mann-Whitney test, the unpaired t test, the
Pearson correlation test, the conditional Backward Stepwise logistic regression
and the intraclass correlation coefficient (ICC) were performed to analyze the
data. A 5% level of significance was used. The males’ crown volume was
significantly greater than the females’ crown volume. There was not a
relationship between age and the dental crown volume when considering all teeth
together or when analyzing each tooth separately. Regarding the sexual
estimation accuracy, when the upper central incisor, the upper canine and the
lower canine crown volumes were evaluated it was obtained the percentage of
64.1%, 74.4%, and 79. 5%, respectively. Despite the presence of sexual
dimorphism on the lower lateral incisor crown volume, it presented an average
accuracy of 59%, which is very close to chance and because of that its use for
the estimation of sex was discarded. The combined analysis of the upper and

lower canines crown volume allowed an average accuracy of 83.7% for correct



sex determination. A combined analysis of the upper central incisor and the
upper canine crown volumes allowed an average accuracy of 76%. When the
four teeth were analyzed, an average accuracy of 64.1% was obtained. The ICC
indicated excellent reproducibility. It could be concluded that the combined

analysis of the upper and lower canines can be used to estimate sex.

Keywords: Cone-beam computed tomography, crowns (Dentistry), sex
differences.
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1 INTRODUGAO

A determinacdo do sexo possui um papel importante para a
identificacao forense (Acharya e Mainali, 2007), sendo geralmente o primeiro
passo para o estabelecimento da identidade de restos humanos esqueletizados
(Mostafa et al., 2012). Neste processo de identificacdo, as etapas posteriores
que sao a determinacao da idade e estimativa da estatura, sao dependentes do
sexo (Indira et al., 2012). O seu estabelecimento se torna particularmente
importante, por exemplo, em desastre em massa, onde ha o envolvimento de
grande numero de vitimas (Banerjee et al., 2016), pois o numero de confrontos
necessarios para a identificacdo reduz, uma vez que a comparacao entre a
documentacdo da pessoa desaparecida somente sera realizada com aqueles
corpos do mesmo sexo, tornando a busca mais focada e, consequentemente,
mais rapida (Angadi et al., 2013; Filipovic et al., 2016). Desta forma a principal
aplicacao pratica da estimativa de sexo é restringir a pesquisa ante mortem com
base nas caracteristicas post mortem disponiveis (Capitaneanu et al., 2017).

O estabelecimento do sexo pode ser realizado através da analise do
acido desoxirribonucleico (DNA) (Acharya e Mainali, 2007), no entanto
usualmente é obtido pela analise das caracteristicas da pelve e do cranio (De
Angelis et al., 2015), uma vez que apresentam dimorfismo sexual, o qual pode ser
definido como a diferenga de tamanho e aparéncia entre os sexos (Banerjee et
al., 2016), sendo esta diferenga a base para determinagéo do sexo. No entanto,
a acuracia desta depende grau do dimorfismo das estruturas analisadas, o que é
inerente a cada populacdo (Mostafa et al., 2012; Indira et al., 2012)
principalmente quando as abordagens relacionadas ao tamanho de estruturas
séo consideradas (Ubelaker e DeGaglia, 2017).

A pelve é considerada a parte do esqueleto mais confiavel para a
determinagao do sexo, com uma taxa de acerto acima de 95% (Garcia-Campos
et al., 2018; Dong et al., 2015). O cranio é considerada a segunda estrutura mais
dimorfica apresentando uma acuracia na determinagdo do sexo de até 92%
(Indira et al., 2012; Dong et al., 2015), sendo analisadas, por exemplo as cristas
supra-orbitais, processo mastoide e glabela, sendo estas estruturas geralmente
maiores € mais robustas no sexo masculino (Bulut et al., 2016; Ubelaker e

DeGaglia, 2017). No entanto, ndo € incomum nos casos de desastre em massa,
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que estas estruturas ndo possam ser avaliadas, em virtude da extrema
fragmentagao, carbonizacdo do esqueleto ou pelo fato de nao estarem
disponiveis para analise (De Angelis et al., 2015). Nas duas primeiras situacoes,
os testes genéticos também sio inviabilizados, em virtude da alta degradacgao do
DNA, nao permitindo produzir um perfil confiavel (Fondevila et al., 2008).

Neste contexto, os dentes assumem valor importante, uma vez que a
estrutura dentéria é considerada um dos componentes do corpo humano mais
resistentes aos efeitos destrutivos post mortem, seja pela sua composicéo
quimica (Acharya and Mainali, 2007; Banerjee et al., 2016; Peckmann et al.,
2016; Filipovic et al., 2016; Angadi et al., 2013; Garcia-Campos et al., 2018),
seja pela protecdo conferida pelas estruturas orofaciais (Bagdey et al., 2014;
Garcia-Campos et al., 2018), sendo por isso o elemento mais frequentemente
recuperado (Lopez-Lazaro et al., 2018). Com intuito de se identificar a presenca
de dimorfismo sexual na estrutura dentaria e usa-la para a determinacdo do
sexo, estudos foram desenvolvidos para analisar caracteristicas métricas, tais
como tamanho da coroa dentaria e comprimento radicular e caracteristicas n&o
métricas (caracteristicas morfolégicas) (Capitaneanu et al., 2017).

Com relacao as caracteristicas métricas, estudos tem investigado as
medidas lineares das coroas dentarias, com maior foco sendo dado as
dimensdes bucolingual e mesidodistal, tendo sido constatado que os dentes
podem fornecer uma contribuicdo relevante gracas ao seu dimorfismo sexual
(Banerjee et al.,, 2016), manifestado pela diferengca de didmetro destas duas
dimensdes da coroa dentaria, com o sexo masculino geralmente apresentando o
maior didmetro (Pettenati-Soubayroux et al., 2002; Acharya e Mainali, 2008;
Adler e Donlon, 2010; Pereira et al., 2010; Angadi et al., 2013; Filipovic et al.,
2016; Banerjee et al., 2016). Nos estudo realizados utilizando as medidas
lineares, os caninos sao frequentemente citados como exibindo maior
dimorfismo sexual quando comparados aos demais dentes (Iscan and Kedici,
2003; Acharya and Mainali, 2007; Angadi et al., 2013; Banerjee et al., 2016;
Capitaneanu et al., 2017;Filipovic et al., 2016). Este fato tem uma explicagcao
com base evolutiva onde esta caracteristica representa um remanescente da
funcao de caga desempenhada pelos primatas do sexo masculino (Angadi et al.,
2013). Além destes dentes, os incisivos superiores (Pettenati-Soubayroux et al.,
2002; Alam et al., 2015, Capitaneanu et al., 2017, Filipovic et al., 2016) e os
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incisivos inferiores também sao frequentemente citado como dentes dimorficos
(Filipovic et al., 2016; Capitaneanu et al., 2017). Os incisivos e caninos
permanentes tanto da maxila quanto da mandibula apresentam vantagem
quanto a estimativa de sexo, uma vez que eles sao frequentemente os que
permanecem por mais tempo na cavidade bucal e sdo menos afetados por
doenca periodontal (Peckmann et al., 2016) e lesdo de carie (Tardivo et al.,
2011) quando comparados com os dentes posteriores.

Apesar da presenca de dimorfismo sexual nas medidas lineares, os
estudos realizados ndo obtiveram resultados adequadamente consistentes de
forma a usa-las como um unico indicador de sexo, mas sim como um auxiliar
nesta funcdo (Acharya e Mainali, 2008), uma vez que a acuracia alcangada
neste estudos nao atingiu 80% que é considerado o percentual minimo para que
as metodologias cientificas utilizadas pelos peritos satisfagam os critérios de
admissibilidade de Mohan e Daubert como prova perante a justica (Peckmann et
al., 2016).

Diante disso, estudos foram realizados como intuito de se verificar a
presenca de dimorfismo sexual no volume dentario (Ma et al., 2013; De Angelis
et al., 2015; Garcia-Campos et al., 2018) e a sua acuracia na determinagao do
sexo (De Angelis et al., 2015; Garcia-Campos et al., 2018). Apesar de ter se
mostrado como uma metodologia promissora, no estudo realizado por Ma e
colaboradores (2013) nao foi avaliada acuracia na determinacéo do sexo, mas
apenas verificada a presenca de dimorfismo sexual no volume da coroa dentaria.
No estudo realizado por De Angelis e colaboradores (2015) ndo foi medida a
confiabilidade intraexaminador que segundo os critérios de admissibilidade de
Mohan e Daubert deve atingir uma taxa de erro inferior a 10% (Peckmann et al,
2016) e no estudo realizado por Garcia-Campos e colaboradores (2018) foi
utilizada microtomografia a qual ndo pode ser aplicada na pratica forense,
principalmente quando se trata de um grande numero de vitima como no caso
de desastres em massa.

O uso de imagens de tomografia computadorizada, visando a
mensuragdo de volume, € um método acurado (Ahlowalia et al., 2013) e a sua
utilizacdo para avaliagdo da coroa dentaria torna-se extremamente importante
naqueles casos em que a estrutura dentaria esta fragilizada como, por exemplo,

na carbonizagao (Bagdey et al., 2014) uma vez que esta tecnologia permite a
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analise necessaria sem que haja manipulacido do dente, uma vez que néo
requer a sua extragdo como ocorre para a realizacao de radiografia periapical
com o feixe incidente perpendicular ao dente e receptor de imagem (Tardivo et
al., 2011), o que poderia acarretar sua destruicdo e consequente perda de
informacédo, sendo a manutencdo de sua integridade fundamental para o
estabelecimento da identidade da vitima (Reesu et al., 2015). Além disto, com o
aumento do uso da virtopsia que trata-se de uma necropsia virtual onde é
utilizada a medicina forense, patologia, radiologia, processamento de imagem,
fisica e biomecanica (Joseph et al., 2019), este método poderia ser facilmente
utilizado na pratica forense (Tardivo et al., 2011).

Até onde se tem conhecimento, tal avaliacido ainda nao foi realizada
na populagdo brasileira o que se torna importante, uma vez que o grau de
dimorfismo sexual é variavel entre as populagdes (Mostafa et al., 2012; Indira et
al., 2012), sendo que estas diferengas ocorrem principalmente quando sao
consideradas abordagens relacionadas ao tamanho das estruturas. (Ubelaker e
DeGaglia, 2017). Desta forma, o objetivo no presente estudo foi estimar o sexo

por meio do volume da coroa dentaria em uma amostra da populacéo brasileira.
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2 ARTIGO

Esse artigo foi submetido a apreciagdo, visando publicagdo, ao
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ABSTRACT

Sex determination has an important role in the solution of forensic
cases, when the identification of a large number of victims is needed.
Considering the sexual dimorphism of the human teeth, the objective of this study
was to determine human sex in a Brazilian population by means of CBCT-based
volumetric assessment of the dental crown. A total of 312 teeth composed of four
groups of 78 upper central incisors, upper and lower canines, and lower lateral
incisors were equally selected from patients of both sexes and aged between 8
and 36 years. All teeth were CBCT scanned and the dental crowns were

subjected to image-based volumetric assessment by manual segmentation using

the 3D slicer® software, and the outcomes were compared by the Mann-Whitney
test, unpaired t test, Pearson correlation test, conditional backward stepwise
logistic regression and intraclass correlation coefficient (a=0.05). The volumetric
accuracy of the upper canine, upper central incisor and lower canine for sex
determination were 74.4%, 64.1% and 79.5%, respectively. The combined
analysis of the upper and lower canines allowed an average accuracy of 83.7%.
In conclusion, the combined volumetric analysis of the upper and lower canines’
crowns could be used for sex estimation.

Keywords: Cone-beam computed tomography, crowns (Dentistry), sex

differences.
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1.Introduction

Sex determination has an important role for forensic identification [1],
and it is generally the first step for establishing the identity of skeletal human
remains [2]. Its establishment becomes particularly important, for example, in
mass disasters, when many victims are involved [3]. When the sex is established,
the identification process is reduced, since the comparison between the missing
person's documentation will only be performed with those same sexed bodies, so
the search becomes more focused [4,5].

The establishment of sex can be accomplished by the
deoxyribonucleic acid (DNA) analysis [1]. However, it is usually obtained by
analyzing the pelvis and skull [6]. The pelvic analysis allows a hit rate above 95%
[7,8]. The cranium is considered the second most dimorphic structure allowing a
sex determination accuracy of up to 92% [8,9]. Males generally have larger and
more robust, supraorbital crests, mastoid process and glabella for example.
[10,11]. However, when mass disasters occur it is not uncommon that these
structures cannot be assessed because of extreme fragmentation, carbonization
of the skeleton or because they are not available for analysis [6]. In the first two
situations, the genetic tests are also unfeasible, due to the high DNA
degradation, not allowing to produce a reliable profile [12].

In this context, teeth has an important role, since its structure is
considered one of the most resistant components of the human body with regard
to destructive post mortem effects, because of its chemical composition
[1,3,7,13], and the protection provided by orofacial structures [7,13,14], therefore
it is the most frequently recovered element [15].

In order to use teeth for sex determination, studies have investigated
linear measurements of dental crowns, with greater focus to buccolingual and
mesidodistal dimensions. It was found that human teeth provide a relevant
contribution due to their sexual dimorphism [3]. Generally, male teeth have larger
diameter [3,4,5,16-19].

Despite the sexual dimorphism of the linear measurements, studies
did not obtain consistent results to use them as a single sex indicator, but rather

as an aid to this end [17]. Their accuracy did not reach 80%, which is considered
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the minimum percentage to meet the criteria of Mohan and Daubert for
admissibility as evidence in court [20].

The use of computed tomography images for volumetric assessment
is an accurate method [21] and its use for dental crown evaluation becomes
extremely important in those cases where the dental structure is fragile such as
carbonization [14] since this technology allows the necessary analysis of the
tooth without touching it, which could lead to its destruction and consequently
loss of information that could interfere with the establishment of the victim’s
identity. Maintaining its integrity is fundamental for the establishment of the
victim’s identity [22]. In addition, with the increased use of virtopsy which is a
virtual autopsy that uses forensic medicine, pathology, radiology, image
processing, physics, and biomechanics [23], this method could be easily used in
forensic practice [24]. As far as we know, such evaluation has not yet been
performed in the Brazilian population, which becomes important, since the
degree of sexual dimorphism varies among populations [2,9].

The objective of the present study was to estimate human sex in a
Brazilian population by means of CBCT-based volumetric assessment of the

dental crown.

2.Materials and Methods

2.1Sample

After the approval by the local institutional research ethics committee
(protocol CAAE 85287418.0.0000.5418), 300 volumes of cone-beam computed
tomography (CBCT) of patients aged between 7 and 42 years old were
assessed. After that, the final sample was composed of good quality images of
78 upper central incisors, 78 upper canines, 78 lower lateral incisors and 78 lower
canines, from both sides and with equal proportion between males and females,
aged between 8 and 36 years old. The teeth included in this study had to be
permanent, fully erupted, sound and, if an incisal wear was present, it had to be
limited to enamel. The exclusion criteria were the presence of orthodontic

appliances, caries lesions, restorations, dental shape and size abnormalities. All
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CBCT scans were obtained with the Picasso Trio unit (Vatech, Hwaseong, South
Korea), adjusted at 80 kVp, 3.7 mA and voxel size of 0.2 mm. The reconstructed

CBCT images were exported to DICOM file format.

2.2 Region of interest (ROI) selection and segmentation

The CBCT volumes were imported into the 3D Slicer software, version
4.8.1. [25]. Each tooth was reoriented with long axis parallel to the vertical plane
in both sagittal and coronal reconstruction.

On the sagittal reconstruction, the axial plane that intercepted the most
apical extension of the enamel on the buccal or lingual/palatine surface was
established as the cervical margin of the dental crown, above which all tooth
structure was defined as crown, as described by Ma et al. [26]. The ROI included
the total volume of the dental crown, including enamel, dentin and pulp chamber)

(see Fig.1).

AlA)

Figure 1 — The sagittal reconstruction was used to select the axial reconstruction above which the dental structure was

defined as crown.

A single operator obtained the volume of the dental crown by using
manual segmentation, in which the external dental outline was delineated in the
axial reconstruction creating an ROl every 3 axial reconstructions from the

cervical margin up to the incisal border, then the tool "Fill between slices" was
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used to obtain the final segmented volume (see Fig.2).

Figure 2 — Manual segmentation. A: ROI selection on axial slice; B: ROI selection every 3 axial reconstructions; C: final

segmentation

2.3 Statistical analysis

The statistical analysis was performed using the Graphpad Prism 7.0
software (GraphPad Software, La Jolla, Ca, USA) and Bioestat 5.0 software
(Instituto Mamiraua, Belém, PA, Brazil). The Mann-Whitney test was used to
observe whether there was a difference in age between males and females and
to evaluate the volume of dental crowns according to sex without considering the
types of teeth analyzed. The unpaired t-test was used to analyze if there was
influence of the sex on the dental crown volume of the dental types. The
influence of the sexes was observed on separate and combined way. The
Pearson's correlation test was used to show the relationship between age and
volume of dental crowns considering all teeth together or separated. The
backward stepwise logistic regression was used to determine sex by evaluating
each tooth separately and in a combined way.

In order to estimate intra-examiner reliability, 20% of the sample was
reassessed after 15 days and the result was analyzed using the intraclass
correlation coefficient (ICC). The level of significance was set at 5% for all tests
(a=0.05).

3.Results

An excellent intraobserver agreement (ICC = 0.9987, p <0.0001) was
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observed. There was not a statistically significant difference in age (Mann-
Whitney, p=08976) between males (23.9+5.8 years) and females (23.915.7
years).

There was a statistically significant (p<0.0001) difference between the sexes

when the volume of the dental crown of all teeth were analyzed together. (see

Fig.3)
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Fig 3. Median and standard deviation of all dental crown volume

The unpaired t test showed that when teeth type was separately
analyzed there was a statistically significant difference between sexes (upper
central incisor - p=0.0009; lower lateral incisor - p=0.0345; lower canines -
p<0.0001; upper canines - p<0.0001), The Pearson correlation test (rP) showed
that there was not a relationship between age and the dental crown volume when
all teeth were considered together (rP=-0.07, p=0.2020), and separately (lower
canine - rP=-0.002, p=0.9890; upper canine - rP=0.02, p=0.846; lower lateral
incisors - rP=-0.054, p=0.640 and upper central incisors - rP=0.024, p=0.835).

The analysis of the volume of all teeth showed that males have statistically
larger dental crown than females (p <0.0001). This sexual dimorphism was also
observed when the teeth were analyzed separately (Fig. 4). The dental crown
volume of the lower (p<0.0001) and upper canines (p <0.0001) showed the
largest difference between males and females, followed by the upper central

incisors (p= 0.0009) and the lower lateral incisors (p = 0.0345).
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Fig 4. Mean and standard deviation of each dental crown volume. * statistically significant differences (p<0.05).

The logistic regression was performed by the backward stepwise
conditional method, considering that the chance to hit the individual's sex would
be of 50%. The model considering the age and crown volume of the upper
central incisor showed that the dental crown volume was significant (chi-square,
p = 0.0024) but when considering age, it was not (p=0.9449). The obtained
accuracy for sex estimation was 64,1%, considering the 0.5 cut-off value (greater
than and equal to 0.5 was considered male).

Despite the fact that the lower lateral incisors crown volume presented
sexual dimorphism, the model revealed not to be significant (chi-square,
p=0.0976). For this model age was not significant (p = 0.8883) and the model
allowed the correct sex determination in 59.0% of the cases. Being this value
very close to chance, this model was discarded.

In relation to the lower canine the model considering the dental crown
volume showed to be significant (chi-square, p<0.0001), but when considering
age, it was not (p=0.9571). The analysis allowed the accuracy indices of 79.5%.
This logistic regression model generated the following formula (considering male
sex = 1 and female = 0): Sex = -9.32 + (0.031 x volume). If the formula has a
value greater than 0.5, the sex will be male and, on the contrary, female.

When analyzing the upper canine crown volume, the model
considering dental crown volume was also significant (chi-square, p<0.0001), but

when considering age, it was not significant (p=0.7118) and the model allowed
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the sex determination accuracy of 74.4%. The logistic regression model of the
upper canine generated the following formula (considering males = 1 and
females = 0): sex = -10.21 + (0.028 x volume). If the formula has a value greater
than 0.5, the sex will be male and, on the contrary, female.

Regarding the combined evaluation of all four teeth together the
constructed model showed that age was not significant (p=0.6806), but it showed
to be significant when analyzing the crown volume of all four teeth together,
allowing to obtain a mean sex score of 64.1% over all 312 analyzed teeth (156 of
each sex). It was observed that, although the model was significant (chi-square,
p<0.0001), it did not produce any improvement on the estimation indices (64.1%)
when compared to the upper central incisor (64.1%).

A combined analysis of the upper and lower canines crown volume was
performed to estimate the correct sex. It was obtained a mean of 83.7%. In the
same way, a combined analysis of the upper canine and the upper central incisor
crown volume was performed and reached a correct sex estimation mean of 76%
(see Table 1)

Table 1 — Accuracy regarding sex determination for each tooth and on
the combined analyzes

Tee Females Males Mean
th
LC 84,6% 74,3% 79,5%
uc 76,9% 71,8% 74,4%
UCl 74,4% 53,8% 64,1%
LLI 64,1% 53,8% 59%
UCI + LLI + UC + 61,5% 66,7% 64,1%
IU% + UCI 93,1% 52,4% 76%
uc +LC 92% 72,2% 83,7%

LC — Lower Canine; UC —Upper Canine; UCI — Upper Central
Incisor; LLI — Lower Lateral Incisor.; + combined analysis
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4.Discussion

Sex determination is one of the most crucial steps on the human
identification process and teeth are a potential source of sexual dimorphism. In
this study, statistically significant difference was found between males and
females with regard to the dental crown volume, which is in agreement with the
studies performed by Iscan and Kedici [27], Pereira et al. [18], Pamecha and
Dayakara [28], Angadi et al. [4], Alam et al.[29], De Angelis et al.[6], Capitaneanu
et al.[30]. This greater size of male dental crown can be explained by the fact
that the Y chromosome promotes both amelogenesis and dentinogenesis,
whereas the X chromosome only influences amelogenesis [31-33] this affirmation
is corroborated by the results of the studies performed by Ma et al [26] and
Garcia-Campos et al.[7] that showed male teeth with greater dentin volume than
female teeth whereas enamel volume does not contribute to sexual dimorphism.
It is also mentioned the role of sex hormones as a factor that could cause dental
dimorphism, although this seems to be limited [34]. However, although the male
teeth tend to have larger crowns than female teeth, there is a large area of
overlap between the two of them [5] that was observed in the present study (see
Fig 1). In this way it is not possible within the forensic field to say with absolute
certainty that an isolated tooth or some individual teeth can be identified as male
or female [5].

The canines generally are reported to have the highest sexual
dimorphism in studies using linear dental crown measurements [1, 3, 4, 5, 27, 30]
when compared with other dental groups. Our results corroborate with this fact,
but they differ from those found by Manchanda et al. [35] in which sex
dimorphism of the diagonal measurements was higher on the upper central
incisor crowns than on the canine crowns. This fact may be related to the method
used to carry out these measurements, since the studies performed by Iscan and
Kedici [27]; Acharya e Mainali [1]; Angadi et al. [4]; Banerjee et al.[3];
Capitaneanu et al. [30]; Filipovic et al.[5] used linear measurement that showed
to be more accurate that diagonal measurements

When analyzed separately, in the present study, the lower canine

crown volume reached the highest sexual dimorphism. This fact corroborates the
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studies conducted by Pamecha e Dayakara [28], Angadi et al. [4] and Alam et al.
[29]. However, it contrasts to the study developed by Filipovic et al. [5] and
Pettenati-Soubayroux et al. [16]. This fact could be explained because of the
different degree of sexual dimorphism among different populations [2,9]. The first
two studies assessed the Indian population, the third of Bangladesh. Filipovic et
al. [5] studied the Serbian population and Pettenati-Soubayroux et al. [16] the
French one. This difference between populations is explained as the result of
interactions of genetic and environmental influences that produces different
magnitudes of sex dimorphism [1] [2,5,9,29]. These differences occur mainly
when considering approaches related to the structure size [11]. Mandibular
canines are important in sex determination, since they are more resistant to
periodontal disease and to severe trauma [7] and because of that they can be
considered key teeth for sex determination [5]. Regarding the sex estimation
accuracy, the lower canine crown volume reached an average of 79.5%, that was
similar to the result obtained on the volumetric study performed by Garcia-
Campos et al. [7] that reached 80.50%, whereas in the study using diagonal
measurements performed by Manchanda et al [35], it was obtained a lower
accuracy, reaching an average value of 62.5%. It could be explained by the
applied methodology.

The upper canine crown volume, in the present study, allowed a mean
accuracy value of 74.4% that was similar to the result obtained by Iscan and
Kedici [27] that reached 77% and used linear measurements and evaluated the
Turkish population. But it was greater than the result achieved by Manchanda et
al. [35] and Peckmann et al. [20] which obtained the accuracy of 63.5% and 66%,
respectively. On the study performed by Manchanda et al. [35] this lower
accuracy could be explained by the applied methodology (diagonal
measurements). Regarding the result obtained by Peckmann et al. [20] that
evaluated the Chilean population, the lower accuracy could be explained by the
difference of the sexual dimorphism degree observed among different
populations.

Regarding the upper central incisor in our study it was found to be
dimorphic and our result corroborates the ones developed by Peckmann et al.
[20], Manchanda et al. [35] and Banerjee et al. [3]. The sex prediction accuracy in

our study reached an average of 64.1%, being close to the one obtained by the
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studies performed on Peckmann et al. [20] study (60 ,1%) and Manchanda et al.
[35] (67 to 80%). The study performed by Banerjee et al. [3], did not evaluate the
sex dimorphism accuracy.

Regarding the lower lateral incisor analysis, on the present study, it
was verified the presence of sexual dimorphism, however this was not significant
enough to estimate sex, because the dimorphism degree was low. Our result
agrees with those obtained on the study performed by Filipovic et al. [5] that
found sexual dimorphism on the teeth of the Serbian population, but it was not
evaluated the accuracy of sex estimation. Our results differ from those found by
Iscan and Kedici, [27] that studied the Turkish population and Patil et al. [36] that
studied the Indian population. On these studies the authors did not find the lower
lateral incisor to be dimorphic probably because the different populations that
were evaluated on each study.

Studies indicate that the combined analysis results greater sex
estimation accuracy [1, 4, 20, 29]. This was corroborated by our results that
exhibited a significant contribution of the combined canines’ crowns volumes that
allowed an accuracy mean of 83.7% which can be used to sex estimation since it
fulfills the Mohan e Daubert admissibility criteria that demands a minimum of 80%
accuracy and a maximum of 10% error rate to be used as evidence in court [20].
However, any studies were found on literature evaluating the canines combined
(UC+LC) for sex estimation. The combined evaluation of the crown volume of the
upper canine and the upper central incisor showed to be slightly higher (76%)
than the isolated canine crown volume analysis (74.4%). However, it was
significantly higher than the isolated upper central incisor crown volume analysis
(64.1%). Our results were similar to the one obtained by Karaman (75%) [37], but
it was higher than the accuracy obtained by Peckmann et al. (66,7%) [20]. It
might be due to the population analyzed.

In all cases, except for the four teeth combined evaluation, the females
showed a more accurate sex estimation. This fact was also observed on the
studies conducted by Iscan and Kedici [27], Acharya and Mainali [1], Pereira et
al. [18], Angadi et al. [4] e Garcia-Campos et al. [7]. It could be explained by the
lower variability regarding the female mean tooth size. Our results do not
corroborate the results observed by De Angelis et al. [6]. On this study the sex

estimation accuracy was greater on males probably because of the lower
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variability of male tooth size observed on the evaluated Italian population. It is
suggested that the higher male sexual features variability might be due to the
retention of vestigial features. Adult male primates show two sexually mature
morphotypes: the dominant males have strong secondary sexual features, the
other males retain a subadult body form. Whereas the females have only one

sexually mature morphotype [38]

5.Conclusion

The combined volumetric analysis of the upper and lower canines’

crowns could be applied for sexual estimation in the Brazilian population.
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3. CONCLUSAO

Nossos resultados mostraram que a analise volumétrica das coroas dentarias
dos caninos superiores e inferiores podem ser aplicadas para determinagao do
sexo na populagao brasileira.
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Apéndice 1: Metodologia detalhada

Aspectos éticos

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa da
Faculdade de Odontologia de Piracicaba, da Universidade Estadual de
Campinas - FOP/UNICAMP — numero do parecer: 2.571.580

Objeto do estudo

Foram inicialmente separadas 300 imagens de TCFC adquiridas em
um unico aparelho, Picasso Trio (Vatech, Hwaseong, Republica da Coreia), com
0s mesmos parametros de aquisicao (80KV, 3,7mA), tamanho de voxel (0,2 mm)
e formato (DICOM). Estas imagens fazem parte do acervo da clinica de
Radiologia, do Departamento de Diagnostico Oral da FOP/UNICAMP.

As imagens foram obtidas entre os anos de 2016 e 2018, por
indicacoes clinicas diversas e independentes desta pesquisa, de individuos com
idades entre 7 e 42 anos. Apos a avaliagao utilizando-se os critérios de inclusao
e exclusao foram selecionadas para a realizagdo da segmentagdo e mensuragao
do volume da coroa dentaria do canino superior, incisivo central superior, canino
inferior e incisivo lateral inferior, 128 imagens, sendo 64 de individuos do sexo
masculino e 64 de individuos do sexo feminino, com idades entre 8 e 36 anos.
Destas, 52 individuos apresentavam os quatro dentes avaliados, 14
apresentavam os dois dentes superiores, 12 possuiam apenas o incisivo central
superior, 12 continham apenas o canino superior, 14 apresentavam os dois
dentes inferiores, 12 possuiam apenas o incisivo lateral inferior e 12 imagens
continham apenas o canino inferior, perfazendo no total 78 incisivos centrais
superiores, 78 caninos superiores, 78 incisivos laterais inferiores e 78 caninos
inferiores, tendo proporcao igual entre individuos do sexo masculino e feminino
em todos os casos. As imagens selecionadas foram pareadas com relagcédo a
idade.

Foram incluidos os dentes de ambos os lados, uma vez que estudos

na literatura ndo mostraram diferenga estatisticamente significante entre os
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tamanhos das coroas dentarias entre eles (Pereira et al., 2010; Tardivo et al.,
2011; Filipovic et al., 2016).

Critérios de incluséo e exclusdo

Foram incluidos os volumes de TCFC em que o incisivo central
superior, canino superior, incisivo lateral inferior e canino inferior estivessem
higidos ou que apresentassem desgaste incisal restrito ao esmalte e que ja
estivessem totalmente erupcionados.

Foram excluidos os volumes de TCFC onde o incisivo central
superior, canino superior, incisivo lateral inferior e canino inferior apresentassem
aparelhos ortodénticos, lesbes de carie, restauracoes, alteragcao de forma ou

tamanho.

Justificativa para os critérios de exclusao

Os dentes restaurados e exibindo aparelhos ortodénticos foram
excluidos em virtude da formagao de artefatos que dificultam a segmentacao
adequada da estrutura dentaria (Rastegar, 2018).

A exclusio dos dentes apresentando lesdes de carie, desgaste incisal
atingindo a dentina e alteracdo de forma e tamanho foi feita, pelo fato destas

alteracdes provocarem a alteracado do volume da coroa dentaria.

Justificativa para escolha de individuos em uma faixa etaria abaixo dos 42 anos

Foram selecionados adultos jovens, pois € maior a probabilidade da
denticdo estar mais saudavel, com menor desgaste dentario decorrente da
atricdo fisiolégica, possibilitando a obtengao do volume de maneira mais acurada
(Acharya e Mailani, 2007; Angadi et al., 2013; Capitaneanu et al., 2017).

Justificativa para escolha do incisivo central superior, canino superior, incisivo

lateral inferior e canino inferior
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Optou-se por analisar os incisivos e 0s caninos, uma vez que estes
dentes sdo 0s que permanecem por mais tempo na cavidade bucal e sdo menos
acometidos por processo carioso (Tardivo et al., 2011) e por doenga periodontal
(Peckmann et al., 2016) quando comparados aos dentes posteriores.

Foi feita a selegao de dois dentes superiores e dois inferiores, porque
em caso de desarticulacdo da mandibula, poderia se ter dois dentes para a
determinagdo do sexo. Neste sentido, os caninos superiores e inferiores foram
selecionados, uma vez que sdo apontados como apresentando o maior dimorfismo
sexual nos estudos que utilizaram medidas lineares das coroas dentarias (Banerjee et
al., 2016; Capitaneanu et al., 2017; Filipovic et al., 2016). Os incisivos centrais
superiores sao apontados como exibindo significativo dimorfismo sexual nos
estudos que utilizaram medidas lineares (Pettenati-Soubayroux et al., 2002;
Acharya e Mailani, 2007; Alam et al., 2015; Capitaneanu et al., 2016, Filipovic et
al.,, 2016) e apesar dos incisivos laterais superiores também terem sido
identificados como dentes dimérficos (Pettenati-Soubayroux et al., 2002; Alam et
al., 2015; Capitaneanu et al., 2017; Filipovic et al., 2016), as alteracbes de forma
sdo mais frequentes nestes dentes além de apresentarem um maior grau de
variabilidade em relagdo ao tamanho entre as diferentes populagdes (Pettenati-
Soubayroux et al., 2002). Ja os incisivos laterais inferiores foram selecionados
por terem sido identificados como sendo mais estaveis em termos de tamanho
meédio em relagdo aos incisivos centrais inferiores (Harris e Lease, 2005). Além
disso, no estudo realizado por Filipovic e colaboradores (2016) o dimorfismo
sexual presente nos incisivos centrais inferiores € menor que aquele presente
nos incisivos laterais inferiores.

Como a analise isolada dos dentes nao atingiu o percentual minimo
citado na literatura (80%) para que fosse usado como evidéncia perante a justica
(Peckmann et al., 2016), optou-se pela realizagcdo da analise combinada dos
dentes, uma vez que esta apresenta maior acuracia na determinacdo do sexo
(Acharya e Mailani, 2007; Angadi et al., 2013; Alam et al., 2015; Peckmann et al.,
2016). Na analise combinada, inicialmente optou-se pela avaliagado dos quatro
dentes analisados presentes simultaneamente em 52 individuos (26 individuos
do sexo masculino e 26 do sexo feminino). Como a acuracia ndo se mostrou
melhor que aquela obtida pela avaliagdo isolada dos incisivos centrais

superiores (64,1%), foi feita avaliagdo combinada dos dentes superiores que
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estavam presentes simultaneamente em 66 individuos (33 individuos do sexo
masculino e 33 do sexo feminino). Esta, no entanto, também nao atingiu o
percentual minimo para ser considerado como prova pericial (76%). Nao foi
realizada a analise combinada do canino inferior e incisivo lateral inferior, pois
apesar da presenca de dimorfismo sexual neste ultimo, o modelo de regressao
logistica construido nao foi significativo, indicando que estes dentes ndo foram
determinantes para estimar o sexo. Desta forma, optou-se por fazer a analise
combinada dos caninos superiores e inferiores por serem o0s dentes mais

dimorficos.

Selecéao das imagens

Os volumes de TCFC foram selecionados utilizando um notebook
com tela de LCD de 15,6 polegadas, resolu¢cado de 1920 x 1080 pixels, em um
ambiente tranquilo e com baixa iluminacdo. A selecéao foi realizada por um unico
avaliador com experiéncia em TCFC utilizando o programa CS 3D Imaging®
(Carestream Dental, New York, USA).

Reposicionamento e recorte das imagens tomograficas

Os volumes de TCFC obtidos foram importados no software 3D Slicer,
versao 4.8.1.(Federov et al., 2012) Cada dente analisado foi reposicionado de
forma que seu longo eixo fosse coincidente com o plano vertical tanto na
reconstrugdo sagital quanto na coronal. Posteriormente, as imagens foram
recortadas de maneira que apenas o dente a ser analisado fosse visualizado

(Figura 1).
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Figura 1 — Reposicionamento nas reconstru¢des sagital e coronal

Selecao da regiédo de interesse (ROI)

Na reconstrucdo sagital, o plano horizontal que interceptasse a
extensdao mais apical de esmalte na face vestibular ou lingual/palatina, foi
estabelecida como a margem cervical da coroa dentaria, acima da qual toda
estrutura dentaria foi definida como coroa no presente estudo conforme
preconizado por Ma et al. (2013). A ROl incluiu o volume total da coroa dentaria

(esmalte, dentina e espago correspondente a polpa da camara pulpar). (Figura
2)

Figura 2 — Selegéao da coroa dentéria.

--'
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Justificativa para escolha da coroa dentaria como regido de interesse

Neste estudo foi realizada a mensuracao apenas do volume da coroa
dentaria, uma vez que ha na literatura (Ma et al., 2013) estudo comprovando a
presenca de dimorfismo sexual no volume da coroa dentaria. Além disto, a
menor quantidade de estrutura a ser segmentada, torna o processo mais rapido
e, consequentemente, de maior aplicabilidade pratica. Soma-se a isso o fato de
que a segmentacdo da porgao radicular, em especial a regido apical, € mais
complexa para a realizacdo da segmentacdo, em virtude do baixo contraste

entre a dentina e 0 osso alveolar (Rastegar et al., 2018).

Segmentagédo da ROl

Com intuito de obter o volume total da coroa dentaria dos dentes em
analise, foi realizada segmentacdo manual, delimitando o contorno externo
dentario na reconstrugao axial, criando uma ROl a cada 3 reconstrugdes axiais
desde a margem cervical até a borda incisal (De Angelis et al., 2015), usando
posteriormente a ferramenta “Fill between slices” para criar o volume (Figura 3).
Esta ferramenta possibilita a utilizacdo de um menor nimero de reconstrucoes
axiais para a obtengédo do volume da coroa dentaria (mm3). A segmentacéo foi

realizada por um unico observador.

Figura 3— Criagdo de ROI nas reconstrugdes axiais e segmentagao final

Justificativa para realizagdo da segmentagdo manual

Optou-se pela segmentagdo manual, uma vez que esta é considerada

como padrao de referéncia (Rastegar et al, 2018). Além disso, no estudo
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realizado por Garcia-Campos e colaboradores (2018), utilizando a segmentacéao
semiautomatica, foi obtida uma diferenga estatisticamente significante entre
mensuracdo do volume na avaliacdo e aquele na reavaliagdo da amostra
visando a obtenc¢ao da confiabilidade intraexaminador, chegando a diferenga a
um percentual médio intraexaminador de 1.59% (0.69-2.48%). Outro estudo
utilizado para respaldar a escolha pela segmentacdo manual foi o realizado por
Galibourg e colaboradores (2018) o qual, utilizando segmentagdo automatica,
obteve ora um valor subestimado na regido apical, ora uma sobresegmentacao
em virtude da falta de qualidade das imagens de TCFC, apontando dentre as
causas o aumento o tamanho do voxel e o baixo contraste das imagens. Neste
estudo o autor enfatiza a necessidade das imagens estarem nitidas, caso
contrario se torna inviavel a distingado entre os tecidos circunjacentes e o tecido
dentario, levando a uma sobresegmentacdo. Acrescenta ainda que a grande
variabilidade da imagens de TCFC obtidas faz com que os autores nao

recomendem 0O seu uso isolado.

Justificativa para a ndo mensuragdo do volume real

Nao foi possivel obter o volume real dos dentes analisados, uma vez
que foi realizado um estudo retrospectivo e seria inviavel a extragdo dos dentes
avaliados para a confirmacéo do volume mensurado através da segmentagcao

das imagens de TCFC.

Andlise estatistica

A analise estatistica foi realizada usando os softwares Graphpad
Prism 7.0 (GraphPad Software, La Jolla, Ca, USA) e o software Bioestat 5.0
(Instituto Mamiraua, Belém, PA, Brasil). Os dados foram analisados utilizando o teste
de Mann-Whitney, o teste t ndo pareado, a correlagdo de Pearson, a regresséo logistica
Backward Stepwise condicional. A fim de estimar a confiabilidade intra-examinador
20% da amostra foi reavaliada apds um periodo de 15 dias, tendo o resultado
sido analisado utilizando o coeficiente de correlagao intraclasse (ICC).

O nivel de significancia foi fixado em 5% para todos os testes (a=0.05).
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