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Abstract

The main purpose of this work is to investigate the application
of dental morphological features as a potential qualitative method
of sex classification in medico-legal identification. The classification
of 16 non-metric dental traits was performed by ASUDAS (Arizona
State University Dental Anthropology System) method. The traits
displayed exclusively by the crowns of permanent teeth were
analyzed on dental casts of a Portuguese population sample
consisting of 53 male and 57 female individuals.

No significant differences (p<0.05) were found between males
and females for all investigated traits, except for the dental tubercle
of tooth 13, for the metaconule of tooth 27 and the canine distal
accessory ridge of teeth 33 and 43. Based on the method applied,
tooth 43 has proven to be the most dimorphic among the Portuguese
population. Further, a gender classification model using significant
different traits between both sexes of the teeth 13, 27 and 43 was
developed, and it proved to have a reasonable gender classification
reliability (with 76.4 percent of correct classification, Cox & Snell’'s
pseudo R? equals to 0.344 and Nagelkerke’s pseudo R? equals to
0.458) although with a significant probability of misclassification.
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Introduction

Diagnosis of gender is a significant step in reconstructive
postmortem profiling of medico-legal personal identification [1].

Sex classification is a complicated procedure, especially in
scenarios of severe mutilation or advanced decomposition, where
bodies are damaged beyond recognition and also in cases of non-adult
skulls whose sexual characteristics have not yet been developed. In
these circumstances, teeth can play an important role as a source of
sex information [2,3].

In humans, although only two biological sexes exist, sex
differentiation through morphological methods is difficult [2,4,5].
However, the examination of skeleton and dental morphological
features represents a method that may help to build the biological
profile of an unknown individual, serving as alternative and
complementary elements useful in sex discrimination [6-10].

Even though dental sexual dimorphism has been mostly studied
by means of odontometric analysis, tooth morphology also represents
a valid qualitative method for its study [11-14].

The investigations in dental morphology context seek to observe
record, analyze and understand the behavior of the expression
(frequency, variability and degree of expression) of the coronary and
radicular morphological characteristics of human teeth. These dental
traits can take different phenotypic presentations of dental enamel,
whose expression is thought to be regulated by the genome of an
individual and population during odontogenes is; these can appear
in forms of positive structures (such as cusps) or negative (as grooves
and depressions). These distinct features or traits have the potential
to be present or not in a specific location, occur in one or several
individuals within the same population group and, when present,
exhibit variable degrees of expression while having both a
conservative and a dynamic evolution [15-19].

So far, there are over 100 coronary and radicular dental traits
recognized in the human dentition. The excelling analysis method
of these features reported in the literature is the ASUDAS method
developed at the Department of Anthropology of the Arizona State
University. This observational method provides a scoring system to
classify the degree of expression of dental morphological variants
allowing to evaluate them beyond the dichotomy presence or absence
[13,20].

Objectives

The main purpose of this experimental study was to test the
possibility of a correct sexual diagnosis using a qualitative method,
namely through the analysis of dental morphological traits.

This identification procedure of forensic character was carried out
on a sample of the Portuguese population gathered at the School of
Dentistry, University of Lisbon.

About 16 Non-metric Dental Crown Traits (NDCT) were
investigated on 24 permanent teeth resulting in multiple experimental
hypotheses (66) to be tested.




J Forensic Leg Investig Sci
ISSN: HFLIS, Open Access Journal

Citation: Abrantes C, Santos R, Pestana D, Pereira CP (2015) Application of Dental Morphological Characteristics for Medical-Legal Identification: Sexual

Diagnosis in a Portuguese Population. ] Forensic Leg Investig Sci 1: 001.

e Page 2 of 7

Materials and Methods

The sample used in this study consisted of dental casts selected
from 110 patients of the Orthodontics Post-Graduate Specialization
Course, after following the ethical approval by the Ethics Committee
for Health of the School of Dentistry, University of Lisbon.

The participants were of Portuguese nationality and Portuguese
origin (data obtained from individual records of the clinical process)
and had Caucasian population affinity (obtained through the cover
photo of the clinical process). Also the presence of permanent teeth
(except third molars) as well as the absence of teeth affected by
congenital anomalies were inclusion criteria for this study. No
restriction of age was applied.

For the observation of 16 NDCT in the permanent dentition
(Tables 1 and 2) this study used the Arizona State University Dental
Anthropology System (ASUDAS).

Nonmetric dental crown trait

Labial convexity 12,11, 21, 22

Shoveling 13,12, 11, 21,22,23
Tuberculum dentale 13,12, 11, 21, 22, 23
Canine mesial ridge 13, 23

Canine distal accessory ridge 13,23

Metacone 17, 16, 26, 27

Hypocone 17, 16, 26, 27
Cusp 5 (Metaconule) 17, 16, 26, 27

Carabelli’s Trait 17, 16, 26, 27

Parastyle 17, 16, 26, 27

Table 1: Dental morphological traits observed in permanent dentition - Upper
arch.

Non-metric dental crown trait Teeth
Shoveling 41,42, 31, 32
Canine distal accessory ridge 43, 33
Premolar lingual cusp variation 45,44, 34, 35
Anterior Fovea 46, 36
Deflecting wrinkle 46, 36
Cusp 5 (Hypoconulid) 47, 46, 36, 37
Cusp 6 (Entoconulid) 47, 46, 36, 37
Cusp 7 (Metaconulid) 47, 46, 36, 37

Table 2: Dental morphological traits observed in permanent dentition - Lower
arch.

Each of the 110 cases was assigned a corresponding code number
to the clinical process, not only for the observer to be unaware of the
sex of the participants during observations (single-blinded), as well
as to facilitate further processing data and in order not to disclose
identifying information.

The observation sessions took place in a room with natural light
and were macroscopically performed without magnification lens
(Figure 1).

The study counted only with the participation of one observer and
was performed over approximately 2 months. Inorder to minimize
potential eye strain of the viewer that would compromise the
following observations, small breaks (10 minutes) were taken between
each characteristic assessed during the data collection.

Al NDCT were classified by its degree of expression and data were
registred in a form developed for this purpose. Permanent teeth were
named according to the FDI system.

All data resulting from observations were collected by the same
observer. Thus, it was intended to introduce the least possible bias in a

Figure 1: UI2 shovel plaque for scoring upper lateral incisors and upper
canines. Each of the ASUDAS standard reference plaques gives a physical
representation of minimal and maximal characteristic expression and various
gradations between these two points.

ssessments; simultaneously introducing interobserver variability was
excluded. Each observation session of the dental morphological traits
followed the same methodological criteria set for its completion.

However, it was necessary to estimate the intraobserver error.
Thus, the observations were repeated at 10% of the sample after a time
interval of more thanl month in order to suppress the memory effect.

The data obtained from the NDCT observation from each of
the 110 cases were first entered into a template on Excel® sheet and
statistical analyses was performed using the IBM® SPSS Statistics®
Software, version 22.0. The 16 NDCT combined with the permanent
teeth observed (all except third molars, often un erupted or extracted,
and upper premolars, frequently extracted in orthodontic cases and
due to the fact that the NDCT proposed by the ASUDAS for these
teeth were considered irrelevant to include in the study) resulted in
66 independent variables (placed as experimental hypothesis) plus the
variable sex.

Descriptive statistics was presented (distribution of the sample
population by sex, distribution of all of teeth examined, frequencies
of all independent variables and descriptive analysis of each variable
by gender) and non-parametric tests were applied (Mann-Whitney U
and Wilcoxon). The contingency coefficient was determined and the
kappa coefficient was assessed. The conventional 5% level (p<0.05)
was considered to be statistically significant.

In addition, abinomial logistic regression allowed modeling the
probability of success for the reference category female, based on
the development of a model for gender classification with 3 selected
variables which showed significant differences among both sexes.

Results
Descriptive statistics

The sample selection consisted of 110 participants, 53 male (48.2%)
and 57 female (51.8%). All 66 independent variables were evaluated
for each of the 110 individuals giving a total of 7260 observations.
From these, 5654 observations (78%) contributed to the analyses of
the expression of the dental morphological trait. Scoring of the NDCT
was not possible in approximately 1606 observations (22%). In this
group, the ASUDAS method could not be applied due to missing
orpartially erupted teeth, presence of restorations, dental wear, dental
crowding, misshapen teeth, orthodontic appliance, teeth with
orthodontic bands and also due to the condition of the dental cast.

Intra-observer error: In order to know if the observer was scoring in
equal measure, the results from the first time of observation (entire
sample cases) and the second time (10% of the sample population)
were analysed by a non-parametric test for related samples
(Wilcoxon). The level of agreement was done by means of the kappa
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coefficient (the minimum observed value was 0.083 and it was
observed 10 values lower than 0.4).

There were no significant differences observed between the two
measurements except for the variables presented in table 3. Although
only 3 variables had significant disagreement in scoring the NDCT,
their individual values obtained for the kappa coeflicient were far
from a perfect level of concordance (1).

Independent Wilcoxon | Kappa coefficient Strength of
variable Tooth p<0.05 value agreement
: (Altman, 1991)
Labial convexity 12 0.034 0.146 Poor
Anterior Fovea 36 0.034 0.314 Fair
Anterior Fovea 46 0.034 0.302 Fair

Table 3: Dental morphological traits withdifference in the twoobservation times.

*Labial convexity of tooth 22 wasclose to be statisticallysignificant (0.059).

Sexual dimorphism and bilateral symmetry

The analysis of the expression of dental morphology of the studied
sample was performed using a non-parametric test for independent
samples (Mann-Whitney U) to determine whether there were
differences between sexes. The results of this test did not detect
statistically significant differences for all the features identified as
independent variables, except for some of those presented in table 4,
meaning that those variables presented sexual dimorphism and the
null hypothesis was rejected. The lower permanent canines obtained
the lowest significance values, with tooth 43 having the most
significant statistical value (p<0.01).

Additionally, in order to understand the degree of association
between the dental morphological characteristics and sex, the
contingency co-efficient was determined (Table 4). Although the
contingency coeflicient values were not high, the tuberculum dentale
of teeth 13 and 23 and the canine distal accessory ridge of tooth 43
showed an association with statistical significance, thus rejecting the
null hypothesis of a non-existing association between NDCT and sex.

Let us notice that table 4 contains symmetrical teeth. This may
occur because the symmetrical teeth may include the same kind of
information about the individual’s gender. Therefore, the analysis of
dental bilateral symmetry was executed based on a non-parametric
test matched by pairs of antimere teeth (Wilcoxon) for the variables
with significant differences between male and female. As evidenced
by the results (Table 5), statistically none of the pairs were
significantly different at the 5% level. Thus, in the gender classification
model discussed in the next subsection it will only be used one tooth
of each pair of symmetry (the most significant between the two), in
order to obtain a more parsimonious model.

Independent variable Tooth Man:;\(l:::ney C;::::ig;:::;y
Value p<0.05

Tuberculum dentale 13 0.048 0.403 0.006
Tuberculum dentale 23 0.206 0.413 0.007
Cusp 5 (Metaconule) 17 0.056 0.299 0.148
Cusp 5 (Metaconule) 27 0.032 0.254 0.372
Canine distal accessory ridge 33 0.022 0.333 0.089
Canine distal accessory ridge 43 0.008 0.343 0.023

Table 4: Presence of sexual dimorphism in three dental morphological traits.

Wilcoxon
NDCT Pair
p<0.05
Tuberculum dentale 13-23 0.551
Cusp 5 (Metaconule) 17-27 0.961
Canine distal accessory ridge 33-43 0.174

Table 5: Bilateral symmetry of the pairs of antimere teeth.
Gender classification analysis

This study intended to analyze the reliability of a gender
classification model for dental morphological traits which allowed
modeling the probability of success for the female sex.

Through a binomial logistic regression and by taking the variables
of the permanent canines (above mentioned in table 4) with
significant differences between both sexes (without using symmetric
teeth), the developed model uses the information from three teeth: the
tuberculum dentale of tooth 13, the cusp 5 (Metaconule) of tooth 27
and the canine distal accessory ridge of tooth 43 (Figure 2).

Figure 2: DAR LC plaque for scoring Canine distal accessory ridge on lowers
canines. Each of the ASUDAS standard reference plaques gives a physical
representation of minimal and maximal characteristic expression and various
gradations between these two points for each gender.

However, the Pseudo R square proved to below, the Cox and Snell’s
pseudo R?value obtained was 0.334 and the Nagelkerke’s pseudo
R? equals to 0.458, thus the model did not show great potential to
gender classification although it predicted 76.4 percentage correct.
Nevertheless, 24.6 percent of the females and 22.6 percent of the males
are misclassified.

In short, even though the model display significant differences
between genders, the used information does enable a reliable gender
classification model, with low probability of misclassification (the
sensitivity and the specificity of the model are around 75 percent)
(Table 6).

Predicted
Gender Percentage
Observed Male Female Correct
Male 41 12 77.4
Female 14 43 75.4
Overall Percentage 76.4

Table 6: Classification table?).

a) The cut value is 0.500
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Discussion

The internal value of a laboratory study is related to the statistic
validity of the results and the generalization of the findings. The
validity of the results depends on the integrity of the experimental
methodology. The possibility of intra and inter population
generalization depends on population characteristics used and the
conditions of implementation of the qualitative analysis.

Integrity of the experimental methodology

This study used a worldwide known method, the ASU Dental
Anthropolgy System for the systematic analysis of dental
morphological characteristics. Plaster models of the population
sample were used to evaluate and classify the degree of expression of
NDCT in the permanent dentition.

The experimental procedure consisted of an observational
non-destructive qualitative method, easy to perform without
leading to tissue damage or using an invasive technique, thus ensuring
the physical integrity of the dental pieces [21], in this case the plaster
models.

The random sample counted with a total of 110 cases with a
minimum of 50 individuals for each group (sex). However, with
little time and more limited resources, a hundred individuals are
considered a viable sample to provide a good characterization of the
population [13].

The cases were selected between the existing plaster models of the
orthodontics department of the Faculty of Dentistry from University
of Lisbon according to the inclusion criteria, thus absent of a true
randomization.

The ideal sample size of a study is determined by the level of
significance, the power and the magnitude of the differences to
be detected between groups (male and female). By setting up a
statistical significance level of 5%, a smaller sample size leads to a
reduced statistical power. The main consequence of this reduction is
the loss of ability to detect statistically significant differences between
groups. For this, the author is aware that data collection should
be planed to take sized nM (male) and nF (female) sub samples
such that, with a preassigned probability, differences greater than a
threshold (bound, “B”) could be detected. Therefore, the half width of
the confidence interval (making a Gaussian approximation, legitimate
att, with y230),

oM o°F
+
nm nF

1.96 <B

(where 1.96:ZO.975, meaning, we are using the confidence coefficient
of 0.95, previously declared as normal in preparatory research work)
would be enough to solve in order to obtain lower bounds for nM and
nE In this study their calculation was not performed resulting in a
convenience sample and the sampling was balanced to

2 2
oM oF
22y 2
nM nF
(which means, to seek the same standard error for the two subsets)
where in nM = nF = 50, where the variances were identical. So with
a prior assessment of the variances, conducted in this pilot study, the

sample can be collected with other accuracy for further confirmatory
studies.

Plaster models have advantages for the study of dental
morphology, they may be obtained from current populations, as was
the case in this study, and they allow to define the sample size and
age groups depending on the intended goals without being dependent
on factors such as post mortem tooth loss. The main disadvantage
is clearly the restricted morphological observation of only one part
of the teeth, meaning the crowns [22]. Furthermore, a significant
fraction of the sample may be lost, for example due to phenomena
such as dental tooth wear, carries, congenital anomalies, the presence
of dental fillings, dental trauma fractures, dental extractions, dental
agenesis and also by influence of environmental factors [23]. Yet the
study of dental morphological characteristics in skeletonized remains
has the great advantage to include the study of root morphology in the
research protocol, even in the absence of dental structures. However,
100 human skeletons do not provide a sample of 100 morphological
features to be observed [22].

In the population sample, 22% of the observations failed in
classifying the degree of expression of the morphological
characteristics determined as variables, mainly due to individuals
with absent teeth, the presence of partially erupted teeth and
restorations. The first two mentioned reasons refer to the fact that
many plaster models belonged to individuals under the age of 12 years
with mixed dentition. Accordingly, the selection of morphological
characteristics to be assessed in the experimental design could have
been more embracing by including also the analysis of dental
morphology in primary teeth given the fact that they count as
precursors in the development of the permanent ones, representing
a possible omen of morphological features later displayed by the
permanent dentition [22]. Restorations were observed mostly in teeth
with a more complex occlusal anatomy (molars), especially in the first
permanent molars probably because these had been for the longest
in the oral cavity. Furthermore, the younger population currently
requires a greater number of dental treatments and has a higher
caries experience than previous generations [24]. Considering that the
population of this sample was selected from individuals who attend or
attended the orthodontics department, several plaster models showed
teeth with orthodontic bands or brackets, fixed orthodontic appliance,
fixed containment device and dental crowding. There were also cases
where the plaster models were not in perfect condition and, in
certain cases, the morphological characteristics were not noticeable as
a consequence of dental wear. All these conditions together ultimately
reduced the potential of the dental morphology of the sample.

The observation in plaster models (the ones included in the study
securely placed in an individual box) or directly in teeth require
conditions such as an adequate and well-lit environment, preferably
using a magnifying lens [22]. This tool was not used and all
observations were made macroscopically by a single observer
implying a detailed and deep examination of the characteristics from
all possible angles, to prevent more subtle features to be unnoticed.
Analyzing dental morphological characteristics directly has its
drawbacks (as material defects), but the reflection of light by the
enamel makes the observation of traits less obvious and more difficult.
Scott increases that the analysis of tooth morphology in an intra-oral
environment in living individuals is not ideal for two reasons: the
reflection of light is exacerbated by the presence of saliva and various
observation perspectives become limited in the oral cavity [22].

Data obtained by dental qualitative assessment sin grades have
a great inter observer error [25]. In this study the data were all
registered by the same investigator-the author. Dental qualitative
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assessments were established by criteria strictly defined before the
study, through a careful definition of the variables. Using only one
investigator was advantageous in order to limit the introduction of
various non quantifiable or controllable factors.

Intra-observer variability: There was a discrepancy between the first
and second observations in the assessment of 2 dental morphological
characteristics in 3 variables (anterior fovea of teeth 36 and 46 and
labial convexity of tooth 12), with low individual kappa values. The
reason of this variability may have been due to a lighting difference in
both phases of observations, lack of magnification, greater difficulty
in classification of these characteristics by an inexperience observer
or even plaster models with a less polished surface, with reduced glow
offering lower contrast for the analysis of the characteristics. The
differences observed may also arise from a possible eyes train from the
observer or even due to a combination of all factors mentioned above.
In addition to these possibilities, Scott argues that the study of dental
morphology requires a certain component of “art”, but still refers to it
as a rigorous scientific method [22].

Discussion of the results

Sexual dimorphism: Through analysis of teeth, it is possible to study
the sexual dimorphism of an individual from the patterns of dental
development and eruption, the expression of the amelogen in protein,
dental morphology and dental dimensions [13]. Once formed, teeth
do not undergo changes in morphology like bones, but non-metric
dental crown traits which are phenotypic forms of the enamel
(expressed and regulated by the human genome of each individual)
can disappear due to dental wear and as a consequence of certain oral
pathologies [15,23,26].

In this study, the characteristics which showed significant
differences between male and female were in tooth 13 (tuberculum
dentale), tooth 27 (cusp 5/metaconule) and in teeth 33 and 43 (canine
distal accessory ridge). However, Rocha et al, [27] achieved
significant results for the existence of sexual dimorphism for the
shoveling characteristic in the maxillary central incisors, using the
ASUDAS method in the permanent dentition in a sample of 42
Colombian women and 42 Colombian men.

Scott and Turner fall within the group of researchers who claim
that dental morphological characteristics are equally expressed
between both sexes and that the sexual dimorphism exhibited by them
is low or nonexistent. In studies of Goyes et al., [8] and Diaz et al.,
[28], both applied the ASUDAS method in the permanent dentition in
different samples of the Colombian population, whose results
demonstrated the absence of sexual dimorphism for the tuberculum
dentale of the maxillary canines and the distal accessory ridge of the
mandibular canines in the first study and, for cusp 5/metaconule
for the second study mentioned. Such contradictory facts can reside
on the assumption that in both cases the number of the sample was
below the population of the present study, or that dental
morphological characteristics are specific to a given population,
or even because of the existing geographical distance separating
population groups. Genetic and environmental factors may also be
an explanation for these facts, although it is suggested that tooth
morphology, in comparison with tooth size, is less susceptible to
external effects [23,29].

As observed in the current study, other researchers concluded
that there is no evidence of sexual dimorphism in the meta cone,
hypo cone, Carabelli’s trait, parastyle, canine mesial ridge, labial

convexity, shoveling, deflecting wrinkle, cusp 6/entoconulid and cusp
7/metaconulid when applying the ASUDAS method [15,28,30-32].
Reality behind these findings may be, again, due to a low number
of individuals in each subpopulation group (gender), including the
present study. A possible systematic reduction of sexual dimorphism
throughout human evolution, combined with a gradual process of
simplification of dental morphology, may have lead to trends
increasingly monomorphic [9]. There may be also an association
with a line of evolution of the species in the way that currently, a
phenomenon related to the gracilization of males phenotypic
characteristics, tend to occur [25]. However, according to
Moreno-Gomez, contemporary human beings are dimorphic,
although less than other hominids, contributing dental morphological
traits (especially those of the canines) to this fact.

Dental sexual dimorphism studied by means of odontometric
analysis have shown statistically significant differences in the
permanent dentition for the canines, especially the mandibular ones
[25,33-39]. Although the present study has employed a qualitative
method, results are in agreement with this evidence. Based on the
results obtained for the canine distal accessory ridge, teeth 33 and 43
were the most dimorphic in the population sample. Also Dumancic
et al,, [40], who devoted a study exclusively to the canine distal
accessory ridge applying the ASUDAS method in a Croatian
population, showed that the mandibular canine is a better sexual
indicator than the maxillary canine in the permanent dentition.
According to Scott [22], the canine distal accessory ridge is
considered the NDCT with more dimorphic among the human
dentition, displaying frequencies and forms of more pronounced
expression in males, as verified by the results of the present study.

From a macro evolutionary point of view, it is known that canine
teeth are less influenced by environmental factors and have greater
stability in their morphogenetic field, hence the possible explanation
for the higher degree of sexual dimorphism [7,13]. Nevertheless,
further investigations are needed to clarify which genetic factors and
sex hormones are directly involved in the process of morphogenesis,
in order to better understand the presence/absence of various dental
morphological characteristics in each sex, as well as the more
pronounced forms of expression observed in males.

Dental symmetry: The pairs of antimere teeth (13-23/tuberculum
dentale, 17-27 /metaconule and 33-43/canine distal accessory ridge)
did not show bilateral asymmetry in the dental morphological
characteristics between the right and the left side of the dental arches.

These results corroborate those of other studies in which there
was a symmetric expression of the dental morphological characters
[6,15,27,41]. In all, the ASUDAS method was employed in the
permanent dentition. However, the dental morphological
characteristics investigated were not the same, as well as the studied
population. Thus, and in spite of the current study did not focus on the
same dental morphological traits, it seems that a general symmetry of
pairs of homologous teeth exist. The explanation more plausible for
the observed bilateral symmetry is related to the gene influence that
acts identically on opposite sides of the dental arch [42].

Accordingly, and with regard to the goals of this work, there is no
gain in using two symmetrical teeth in the gender classification model
since they contain similar information.

ASUDAS method reliability in sex classification: The attempt to
model the probability of success for the female sex, by taking dental
morphological characteristics of permanent teeth (13, 27 and 43) to
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elaborate a model, was innovative. But, despite having obtained more
than 75% correct classifications, this did not fully fit the desired goal
by presenting a significant probability of misclassification (23.6%).

Conclusion

The results proved the existence, albeit not as significant as
it was intended, of sexual dimorphism in dental morphological
characteristics of permanent teeth in a sample of the Portuguese
population. These not only represent sexually dimorphic phenotypic
structures, as may be specific to a particular population. The distal
accessory ridge of the mandibular canines, proved to be the NDCT
with more evidence of sexual dimorphism, showing frequencies and
more pronounced forms of expression in males. Based on the method
applied, tooth 43 has proven to be the most dimorphic and best sexual
indicator among the Portuguese population through the NDCT
canine distal accessory ridge.

However, the ASUDAS method has showed a not significant
reliability to be used as a means of sexual diagnosis alone. The
classification model elaborated with the dental morphological crown
characteristics of teeth 13, 27 and 43 proved to be reasonable (76.4%)
to estimate successfully for female (23.6% of misclassification)

Future work should include larger samples and comparative
studies between distinct population groups to provide a greater
reliability of this qualitative method of sex diagnosis, for the purpose
of forensic application.
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