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This paper introduces a multi-task learning (MTL) approach for simultaneous sex classification and age esti-

mation in panoramic radiographs, aligning with the tasks pertinent to forensic dentistry. For that, we dynam-
ically optimize the logarithm of the task-specific weights during the loss training. Our results demonstrate
the superior performance of our proposed MTL network compared to the individual task-based networks, par-
ticularly evident across a diverse data set comprising 7,666 images, spanning ages from 1 to 90 years and
encompassing significant sex variability. Our network achieved an F1-score of 90.37%=+0.54 and a mean ab-
solute error of 5.66:£0.22 through a cross-validation assessment procedure, which resulted in a gain of 1.69
percentage points and 1.15 years with respect to the individual sex classification and age estimation proce-
dures. To the best of our knowledge, it is the first successful MTL-based network for these two tasks.

1 INTRODUCTION

In forensic dentistry, specialists provide their profi-
ciency in examining dental records, bite mark anal-
yses, and dental anatomical features to offer support
to law enforcement agencies and the judicial system.
These experts undertake the task of aligning dental
records with unidentifiable remains and scrutinizing
bite marks found on victims or objects. Notably, the
application of dental radiographs has emerged as an
important resource, offering insights, particularly in
scenarios involving mass disasters or when conven-
tional identification approaches prove unviable.

In particular, dental radiographs of panoramic
type represent a minimally invasive yet highly infor-
mative method for extracting pertinent details about
an individual. From a single panoramic image, essen-
tial information such as sex and age can be deduced,
significantly refining the process of narrowing down
potential matches and constructing a comprehensive
biological profile for unidentified individuals. Recent
advancements have witnessed the integration of deep
neural networks for the purpose of automating the ex-
traction of information from dental radiographs(Jader
et al., 2018} Tuzoff et al., 2019; |Silva et al., 2020;
Pinheiro et al., 2021} [Silva et al., 2023} [Hougaz et al.,
2023} |[Liang et al., 2023). However, there remains an
unaddressed challenge of effectively integrating the
processes related to sex and age estimation within a

unified framework, a concern that needs careful inves-
tigation and methodological development in the field.
Prevailing approaches often address those tasks
as individual networks (Rajee and Mythili, 2021}
Ke et al., 2020; [li¢ et al., 2019; Hougaz et al.,
2023 Milosevic et al., 2022a; |Vila-Blanco et al.,
2020; [Liang et al., 2023). However, integrating ma-
chine learning techniques, with emphasis on multi-
task learning (MTL) models, can substantially en-
hance operational efficiency by speeding up training
and prediction, accuracy, and resource utilization.
Age and sex estimation from panoramic images
pose certain challenges. While evaluating young
adults with complete dentition simplifies the task, as-
sessing the age and sex of younger and elderly in-
dividuals becomes notably intricate, demanding spe-
cialized expertise. This complexity arises due to the
absence of dimorphic mandibular features in younger
individuals, which hinders clear sex identification,
and in elderly individuals (Badran et al., 2015)), where
morphological characteristics used for distinguishing
sex and age groups tend to lose reliability over time.
Figure [1| illustrates some examples of radiographs
used for sex classification and age estimation: Radio-
graphs (a), (¢), (e), and (g) belong to females, and (b),
(d), (f), and (h) to males. These radiographs are also
categorized by age groups: (a) and (b) represent indi-
viduals with ages spanning from O to 20 years, (c) and
(d) are from those aged 21 to 40 years, (e) and (f) to






