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ABSTRACT

Introduction: forensic anthropology currently serves as a potent tool in primary and secondary
identification, especially in mass disasters, increasingly common in our society. Objective: Verify the
reproducibility of measured measurements. Proposes methods of personal identification. Method: to verify
the reliability of the method, 25 radiographs were selected, the intra-class coefficient (ICC) and the Bland-
Altiman statistical technique were calculated. accuracy of the method, was used. R studio and Medcalc
were used. Results: The ICC was above 0.90 for all measurements. According to the Bland-Altman
analysis, the average differences observed between examiners ranged from 0.017 (m5) to 0.020 (m7).
These results highlight the reliability of measurements made by two different examiners performing the
same tasks. Conclusion: The variables used in this study have shown satisfactory reproducibility. Thus, the
selected and evaluated data can be used as metadata in automating the sex determination process from
panoramic radiographs.
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INTRODUCTION

Forensic anthropology applied to
dentistry, in practical scenarios, primarily
aims to determine sex, estimate age,
ancestry, stature, and other critical factors
through bone structure analysis. Forensic
anthropology currently serves as a potent

tool in primary and secondary identification,

especially in mass disasters, increasingly
common in our society".

In the secondary identification
process, gender assessment often acts as
an initial element aiding an individual's
identification processz's. Two primary
requirements of a diagnostic test are
reproducibility and validity. Reproducibility,

or reliability, refers to a method's ability to
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yield consistent results across different
examiners (inter-examiner reproducibility)
conducting the test on the same patient or
even the same examiner repeating the
results at different times (intra-examiner
reproducibility).  Validity (or accuracy)
pertains to the method's capability to
measure what it indeed intends to
measure”.

Reproducibility can be described as
the level of consistency or agreement in
results when measurements or
examinations are repeated under identical
conditions.  When  measuring  study
variables quantitatively, the intra-class
correlation coefficient (ICC) replaces the
Kappa statistic, with its value ranging from
0 to 1. The -calculation is based on
variations between units and the sample's
total variation. Populations with high
variability tend to overestimate the
indicator, making it not the preferred choice
nowadays*®.

A widely adopted alternative is the
Bland & Altman statistics from 1996 and
1999. This graphical tool is a method to
compare two measurement techniques with
guantitative variables. In this approach,
differences between the two techniques are
presented concerning the averages of both
technigues. Alternatively, differences can
be made concerning one of the two
methods if that method is a reference
method. Horizontal lines are drawn at the
average difference and at agreement limits,
defined as the average difference plus and
minus 1.96 times the standard deviation of
the differences. It's also feasible to use

duplicate or multiple measurements per

subject for each method, employing the
Bland-Altman for several repetitions*?®.

Data science techniques can be
employed for sex prediction. Concepts like
Big Data, Machine Learning, Data Mining
are being integrated into forensic practices.
Some studies showcase the Dbest
algorithms for sex prediction. Metadata,
which is data about other data, is crucial
when using images for sex determination.
In imaging, metadata is data that describes
an image. They provide information about
the object, such as its creation, content,
structure, ownership, and use, and others®.
The choice of data accompanying the
images plays a significant role in devising
algorithms for automating this process'®™**.

In this context, this study's objective
is to verify the reliability of measurements
(metadata) taken using panoramic
radiographs for automated sex
determination for future application in Big

Data, Machine Learning, Data Mining.

METHODOLOGY
Study Type

A cross-sectional study using
panoramic radiographs to verify the
reliability of the proposed method.

Study Population:

For the current study, 100 panoramic
radiographs were randomly selected from a
private collection, with 50 exams from
female patients and 50 from male patients.
To verify the method's accuracy, 25
panoramic radiographs were used. For
analysis, 100 exams were measured, 50
from female patients and 50 from male
patients, divided into 4 groups: ex1, ex2, t1,
and t2.
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Examiner Calibration Process
Two examiners underwent training

and a calibration process to measure the

4 out of the 13 linear and angular
measurements on the patients' mandible

were used (Table 1 and Figure 1). These

measurements and indices. The intra-class
coefficient (ICC), the Coefficient of

served as the basis for analyses following
the Ortiz et al. methodology, 2020%.
Variation, and the Bland-Altman statistics Measurements were taken in pixels.
were calculated. Reference points used for the
Study Variables: measurements included: right and left
For the training definition of the condyles; mandible base; coronoid
algorithms used in the automation of processes; mental foramina; gonion;
measurements in pixels made with the mandible angle; chin, and the median line

ImageJ program on panoramic radiographs, was drawn.

Figure 1. Bland-Altman plot for intra-rater reliability.

Table 1: Description of the measures used.

2- AMD (E) 9- FM — FM: FM — PSM (D)

4- C-Co(E) 11- FM — FM x PSM
6- Go-—Go 13- FM — BMD (E)

D - Right; E - Left; AMD - Right mandibular angle; C - Condyle; Co - Coronoid process; Go - Gonion; FM -
Mental foramen; PSM - Median sagittal plane; Me - Menton; BMD - Base of the Mandible; X - Intersection
point Me-Me - PSM-Me.
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Statistical Analysis

To assess intra-rater and inter-rater
reliability, the
Correlation Coefficient (ICC) and the Bland-

we utilized Intraclass
Altman statistical technique.

We began our data analyses by
checking the adherence to the normality
curve using the Shapiro-Francia statistical
test. In the initial phase of the analyses, all
variables were deemed non-normal. To

discern any potential differences in
measurements between male and female
subjects, we applied the Mann-Whitney
test.

Standardization of the variables was
required, wherein their initial values were
divided by 100.

In addition to the ICC, we also
calculated the Coefficient of Variation and
employed the Bland-Altman statistics. For
these analyses, we used the Medcalc and
R Studio software, setting a significance

level of 5%.

Ethical Considerations
The study was submitted to and
approved by the FOUSP Research Ethics

Committee, under the Opinion
79354517000000075.
RESULTS

Randomly, 50 female and 50 male
panoramic radiographs were selected. In
each, four linear measures were taken, and
both intra-rater and inter-rater agreement
were assessed. Each group used 25
radiographs.

Table 2 displays the descriptive
the

normality curve of variables m5, m6, m7,

measures and the adherence to
and m8, according to examiner 1 and 2, at
times 1 and 2. Inter-rater reliability was
initially assessed using the Intraclass
Correlation Coefficient — Figure 2. The
results in Table 3 indicate a good inter-rater
reliability index. Subsequently, the Bland-
Altman statistical method was applied to
analyze the data distribution between

examiners.

Table 2. Descriptive measures of the variables m5, m6, m7, and m8, according to examiner and

time.

N Minimum Maximum Average Median Standard Dev. Normal Distr.
m5 exl 25 1,780 3,320 2,144 1,970 0,4820 <0,0001
m5 ex2 | 25 1,770 3,340 2,133 1,940 0,4786 <0,0001
m5 t1 25 1,740 3,180 2,137 2,000 0,4346 <0,0001
m5_t2 25 1,730 3,180 2,123 1,940 0,4309 <0,0001
m6_ex1l 25 0,740 2,990 1,984 1,940 0,4198 0,0002
m6_ex2 | 25 0,700 2,920 1,966 1,900 0,4164 0,0001
m6_tl 25 1,800 3,370 2,096 1,940 0,4190 <0,0001
m6_t2 25 1,740 3,360 2,064 1,910 0,4288 <0,0001
m7_exl 25 0,560 1,140 0,738 0,680 0,1612 0,0001
m7_ex2 | 25 0,580 1,090 0,719 0,660 0,1492 <0,0001
m7_tl 25 0,590 1,060 0,729 0,690 0,1393 0,0001
m7_t2 25 0,550 1,040 0,712 0,690 0,1291 0,0008
m8 exl 25 0,260 0,990 0,696 0,680 0,1363 0,0190
m8 ex2 | 25 0,250 1,010 0,677 0,640 0,1384 0,0027
m8_tl 25 0,550 1,070 0,710 0,680 0,1315 0,0004
m8_t2 25 0,540 1,070 0,701 0,680 0,1283 0,0001
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Figure 2. Bland-Altman plot for intra-rater reliability.

Table 3: Reliability of the variables m5, m6, m7, and m8.

N ICC 1C(95%)
Inter-rater reliability
m5_ex1Xex2 50 0,994 0,987-0,997
M6_ex1Xex2 50 0,990 0.979-0,995
M7_ex1Xex2 50 0,965 0,924-0,984
M8_ex1Xex2 50 0,954 0,900-0,979
Intra-rater reliability
mb5_t1Xt2 50 0,994 0,987-0,997
m5_t1Xt2 50 0,988 0.973-0,994
mb5_t1Xt2 50 0,952 0,896-0,978
m5_t1Xt2 50 0,973 0,940-0,988
Figure 3 illustrates the Bland-Altman DISCUSSION

plot for the inter-rater reliability. For intra-

rater reliability, the initial step was the

utilization of the

Intraclass Correlation

Coefficient. Table 3 showcases the data,

with results indicating a good intra-rater

reliability index.
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For over seven decades, forensic
studies have sought the best way to
determine the gender of human remnants.

Most of these estimates are based on

dental analysesls'“, while few studies
explore  other structures for such
determination*>*’.
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Figure 3. Bland-Altman plot for intrer-rater reliability.

The data from this study showed
good reproducibility. The Bland-Altman
analysis revealed that the average
differences between examiners ranged
between 0.017 (m5) and 0.020 (m7),
underscoring the reliability of the
measurements®®,

High reproducibility rates in forensic
dental imaging exams are essential to
ensure the reliabilty of individual
identification, the credibility of the field, and
the future development of Al in this
important forensic area®.

In this type of study design, it is
important to determine the sample size.
The sample for this purpose should be
composed of individuals who represent the
variability of the target population. The
sample should also be large enough to

provide accurate results. In general, it is

recommended that the sample have at least
20 subjects or objects for each observer.
However, if the expected effect size is
small, or if the confidence Ilevel or
acceptable error rate is low, a larger sample
may be needed'. In the case presented,
the smallest number of radiographs
presented for analysis was 25 per
examiner.

Thus, the tested and selected data
have the potential to be used as metadata
in the automation of gender determination

in panoramic radiographs.

CONCLUSION

The findings of this study suggest
that the proposed metadata are reliable for
automating measurements in panoramic
radiographs, serving as an auxiliary method

in determining sex for forensic practices.
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RESUMO

Introducé@o: A antropologia forense atualmente serve como uma ferramenta potente na identificacdo
primaria e secundaria, especialmente em desastres em massa, cada vez mais comuns em nossa
sociedade. Objetivo: Verificar a reprodutibilidade das medidas mensuradas. Prop6e métodos de
identificacdo pessoal. Método: para verificar a confiabilidade do método, foram selecionadas 25
radiografias, calculando-se o coeficiente intraclasse (ICC) e a técnica estatistica de Bland-Altiman. Para
avaliar a precisdo do método, foram utilizados o R studio e 0 Medcalc. Resultados: O ICC foi superior a
0.90 para todas as medicdes. De acordo com a andlise de Bland-Altman, as diferencas médias
observadas entre os examinadores variaram de 0.017 (m5) a 0.020 (m7). Esses resultados destacam a
confiabilidade das medi¢Bes feitas por dois examinadores diferentes realizando as mesmas tarefas.
Concluséo: As variaveis utilizadas neste estudo mostraram reprodutibilidade satisfatéria. Assim, os dados
selecionados e avaliados podem ser usados como metadados na automacdo do processo de
determinacado do sexo a partir de radiografias panoramicas.

PALAVRAS-CHAVE
Odontologia legal; Antropologia forense; Determinagédo do sexo.
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