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Artificial intelligence in age and sex determination
using maxillofacial radiographs: A Systematic Review
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ABSTRACT

In the past few years, there has been an enormous increase in
the application of artificial intelligence and its adoption in
multiple fields, including healthcare. Forensic medicine and
forensic odontology have tremendous scope for development
using Al. In cases of severe burns, complete loss of tissue,
complete or partial loss of bony structure, decayed bodies,
mass disaster victim identification, etc., there is a need for
prompt identification of the bony remains. The mandible, is
the strongest bone of the facial region, is highly resistant to
undue mechanical, chemical or physical impacts and has been
widely used in many studies to determine age and sexual
dimorphism. Radiographic estimation of the jaw bone for age
and sex is more workable since it is simple and can be applied
equally to both dead and living cases to aid in the identification
process. Hence, this systematic review is focused on various Al
tools for age and sex determination in maxillofacial
radiographs. The data was obtained through searching for the
articles across various search engines, published from January
2013 to March 2023. QUADAS 2 was used for qualitative
synthesis, followed by a Cochrane diagnostic test accuracy
review for the risk of bias analysis of the included studies. The
results of the studies are highly optimistic. The accuracy and
precision obtained are comparable to those of a human
examiner. These models, when designed with the right kind of
data, can be of tremendous use in medico legal scenarios and
disaster victim identification.

INTRODUCTION

Forensic odontology deals with the proper administration and
evaluation of dental evidence in criminal or civil legal
proceedings in the interest of justice’. It involves identification
by assessing and analysing the unique structures in the oral
cavity2 Identification is the most important aspect of forensic
and the application of forensic odontology involves teeth and
jaw bones to aid in the process of identification. Identification
through age and sex of bony remains is viable due to its ability
to last longer under physical, mechanical stresss. Identification
is attained with 100% accuracy if a complete skeleton is
available, although this is rarely the case. In cases of mass
disasters, with complete or partial loss of human structure or
burns, it is impossible to find an intact human skeleton#.For
age and sex determination after pelvis,



JFOS - Journal of Forensic Odonto-Stomatology

skull is the most dimorphic structure. The
Mandible being the strongest bone of the skull, is
the bone of choice for age and sex
determinations-6.Radiographs are simple,
accessible, and cost effective and demonstrate
high accuracy for age and sex determination.
They can be easily advised in both living and
dead’.

Artificial intelligence (AI) can be described as an
intelligent computer system with the unique
ability to mimic human potential in decision
making, problem solving, understanding language
and learning. AI models developed using machine
learning, can predict events with given sets of
observations in the form of images or data. Al
not only overcomes the subjectivity of any
diagnosis or individual examination but also
reduces the overall costs. Deep learning is
another type of neural networks where the model
on its own learns about the data and how to
process the given data. Deep learning neural
network have neurons in hidden layers in
thousands and millions9r. Al and its advent in
the field of medical science have made the
possibility of sound diagnosis and prompt
prediction with decision making achievable™.The
major feature of decision making with already
known observation is the main feature of Al
which will be of great significance in the field of
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forensic odontology. Studies have shown that Al
has the accuracy and precision equivalent to
trained examiner in age and sex determination of
the individuals'»3. Hence this systematic review
is aimed at reporting on Artificial intelligence in
age and sex determination in forensic odontology.

MATERIALS AND METHODS

Search strategy and Review framework

To conduct this systematic review, articles that
were based on the application of artificial
intelligence in the mandible for age and sex
determination were selected. Preferred reporting
items for systematic reviews and meta-analyses
PRISMA guideline for diagnostic test accuracy
were used Fig.r'4. The data search was conducted
through various search engines, namely Pubmed,
Cochrane, Google Scholar, and Scopus. The
search duration spans 10 years, from January 2013
to March 2023. The following key words were
used in various combinations to improve the
search strategy like Artificial Intelligence (AI)
Convolutional Neural Networks (CNN),
Artificial Neural Networks (ANN), Mandible,
Forensic Odontology, OPG, and Lateral
Cephalogram. The PICO guideline was used for
searching for the right kind of study to be
included in the systematic review (Table 1).

Table 1. Table showing PICO (P = Population, I = Intervention, C = Comparison, O = Outcome) and
Research Question.

RESEARCH QUESTION

forensic cases?

How will Artificial intelligence tool be used in mandibular age and sex determination in

Population Patients maxillofacial radiographs (Orthopantomogram, lateral Cephalogram,
CBCT images)

Intervention | Al algorithms for age estimation and sex determination

Comparison Comparison across different AI models, reference standards, expert opinions

Outcome Measurable or predictive outcomes such as accuracy, Correlation Coefficient,
sensitivity, specificity, ROC = receiver operating characteristic curve, AUC =
Area Under the Curve.
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Figure 1. PRISMA Flow chart showing the selection of articles for the systematic review.
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Methodology

For the preliminary search, 585 articles were
identified using database searches, and through
other sources, an additional 11 articles were
identified. The net article available after the first
stage was 595. The retrieved articles were full
texts and abstracts. In the first stage articles were
chosen, based on their titles and the abstracts
that addressed our research question. In the
second stage, 278 articles were eligible for review
after the removal of 278 articles because of
duplication. The following inclusion and
exclusion criteria were considered for the

eligibility of the studies:

Inclusion criteria

The article must be about the application of Al
to the mandibular bone. There should be specific
mention of the AI based model used in the study.
There should be a specified data set for each
model to be applied for age or sex determination.

There should be a measurable outcome to assess
the role of Al in the study.

Exclusion criteria

Articles on tools apart from Al technology.
Articles with only abstracts and not full text.
Articles in languages other than English.

Data management

Post application of the above eligibility criteria,
only 8 articles were obtained. Qualitative
assessment was done for each article based on
QUADAS 2 (Quality Assessment and Diagnostic
Accuracy Tool) by the author4. One article was
found to be a misfit amongst the 8 articles (Fig 1).
7 articles were available for final analysis, and
these were read in full length so that Al
application in the mandibular age and sex
determination could be analysed. Each article was
discussed among 4 domain namely patient
selection, index test, reference standard, and flow
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and timing. For each domain risk of bias was
assessed in terms of high risk, unclear risk and

RESULTS

While conducting the systematic review, 7
articles were analysed for quantitative data. All
studies that were finally analysed were conducted
in the past five years, although inclusion criteria
stated a duration of 10 years. All the studies were
based on the AI tool and its application in
mandibular age and sex determination. The
models used in the study were ANN?©, MLv,
KCNN-KNN=B, BCNNw, and CNNzo22, These
neural network models were used to evaluate
panoramic radiographsr6-20.22 and lateral
cephalograms.
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low risk. Patient selection, index test, reference
standard also assessed the applicability.

Risk of bias

Risk of bias assessment was conducted under 4
domains, in patient selection, one study showed
high risk7 and one showed unclear risk2c. Overall,
72% of studies showed low risk in patient
selection. All studies focused on age and sex
determination through the AI models therefore,
there was an overall low risk for reference
standards and index test. For the flow and timing
of the study, one study showed unclear risk"7. This
risk of bias in assessment and applicability
concern is shown in Fig. 2. The applicability
showed similar results.

Figure 2. Figure showing the number of studies and their proportion under high risk, unclear and low
risk categories for both Risk of Bias and Applicability Concerns.
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DISCUSSION

Age and sex determination play a crucial role in
the process of identification and in establishing
an anthropological profilez. The resilience of jaw
bones provides immense information for
establishing the identity of any unknown body.
Identification through bony and dental remains is
critical in cases of chemical burns, burns, and
complete or partial tissue loss4. The traditional
morphometric measurement used for age and sex
determination in radiographs fails to provide the
proper identification. The ability of artificial
intelligence to minimise error and precision in
feature assessment, followed by prompt
prediction, makes it a tool of choices.

In the present systematic review, an effort has

been made to analyse various Al tools for prompt
identification involving age and sex in
maxillofacial radiographs (Table 2).

n a study conducted by Back et al®® for age
estimation( 15-25 years age), Bayesian
Convolutional neural network was used to attain
the concordance correlation coefficient
ccc=0.910. Age estimation in orthopantomograms
was formulated using a regression task and CNN
was designed in which Inception V3 architecture
was used. There was a considerable agreement
between true age and predicted age; however, the
mean absolute error was almost 2 years, which is
highly unacceptable for legal purposes. The
results were encouraging for the application of Al
in the form of BCNN, but not to the level that
confirms routine application.
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Table 2. Details of studies in the systematic review involving AI based models in age and sex
determination using maxillofacial radiographs.

S1. No. 1. 2. 3. 4. 5. 6. 7.
Authors Banjsak et al 22 | Baydogan et al 0 Patil et al 16 Khazaei et al Leeetal v Back et al Sharifoalin:sabl
etal™®
Year of 2020 2022 2020 2022 2022 2020 2022
Publication
Algorithm CNN CNN ANN CNN ML BCNN HCNN-KNN
. Age detection | Artificial neural Machi . Hybrid HCNN-
CZI::lolu:;na]l( for Deep network for CI\LN model gt thfr: o s Age estimation | KINN Model for
e nledra’ Rerwor learning from gender orsex o or 98¢ using Bayesian | Age estimation
Objective to estimate age .. determination | group prediction . .
: Dental determination . . . convolutional accuracy in
of archaeological . . dibular | 95108 lateral using panaromic 1 k | orth
; panaromic using marns ; neural network | orthopantomogr
skull remains T — S cephalogram | metric parameters -
Train::f data 3228 627 509 1180 471 2400 1537
Validation 403 Not clear 63 296 Not clear Not clear 384
data set
Testing data 89 Not clear 63 296 Not clear Not clear none
set
Comparison 3 models none 3 models 3 models none none none
Mandibular . . Mandible and
Study factor architecture Mandible and Mandibular Mandible dental metric Uppervand Upper. and
d teeth teeth parameters . lower jaws lower jaws
and tee parameters
Modality Orthopantomo | Orthopantomo | Orthopantomo Lateral Orthopantomo | Orthopantomo | orthopantomo
grams grams grams cephalogram grams grams grams
Discriminant | 1y, Net Concord
Modelr:53% analysis:69.1% I:?se o/e © riol t:ianrcle
Result Model2:42% 84% Logistic 19070 87% cotreratio 99.80%
. ResNet:62% coefficient
Model3:73% regression:69.9% VGG 75% ccc=0.01
ANN75% -
Effective(+)
effg:‘t)inv-e o Effective(+) Effective(+) Effective(+) Effective(+) Effective(+) Effective(+) Effective(+)
Neutral(-)
The model
CNN based ) correctly
The study Outcome of DCnSCNZifZI In machine Bayesian CNN classified age with
demonstrated The stud the scudy has high learning uantifies the 99-8% accuracy
. Y depicts higher e models age q o Evaluating the
noteworthy depicted high accuracy for predictive roup predictive sed maodel
Outcome accuracy in accuracy of dy accuracy in sex & dicti uncertainty proposed:mode
o gender L prediction 1 on anew dataset
placing images dental age rediction determination Accuracy was which is th diffe
in correct age estimation P using lateral ¥ important in W rent
using ANN hal . more than leoal races also proved
group model cephalometric accentable egal context h A
images P € superior
performance of
the model
The results also
In future studies, D I Further studies Addltl.onal . Results are
: extrapolated . classification with .
Further different feature S — with larger aroer sample sige | CPCOUraging
development extraction and 8 A% sample size are ECr Sanp although the
. . population . is needed to .
Recommend  of neural net increasing S desirable to more ) accuracy is not
ation and training number of data considering other accurately determine et at the level none
. confounding . whether the y
would offer | tobe included for SN determine sex - that warrants
better results | state-of the art factors like orig correctly on prediction routine
. race,age, performance will o
classifier S larger scale increase application
muscles
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In a study conducted by Back et al'¢ for age
estimation( 15-25 years age), Bayesian
Convolutional neural network was used to attain
the concordance correlation coefficient
ccc=0.910. Age estimation in orthopantomograms
was formulated using a regression task and CNN
was designed in which Inception V3 architecture
was used. There was a considerable agreement
between true age and predicted age; however, the
mean absolute error was almost 2 years, which is
highly unacceptable for legal purposes. The
results were encouraging for the application of AI
in the form of BCNN, but not to the level that
confirms routine application.

Banjsak et al?2 used CNN for archaeological age
estimation (19 to 85 years of age) through transfer
learning. A VGG architecture pre trained on the
ImageNet feature extractor was used. Three
models were used for age prediction by just
changing the hyperparameters. Model 1 showed
53% accuracy, Model 2 showed 42% accuracy, and
Model 3 showed 73% accuracy. This study
demonstrated a noteworthy accuracy that should
be considered for further analysis using an
orthopantomogram.

In another study conducted by Baydogan et al2°
for age determination (2 to 13 and 13 to 31 years)
using orthopantomograms, CNN was used with
the Alexnet architecture for feature extraction,
followed by four classification algorithms. The K
nearest neighbour algorithm showed the highest
accuracy (84% accuracy). This study depicts high
accuracy with the intervention of AI in age
determination.

In a study conducted by Patil et al® for sex
determination using ANN, orthopantomogram
was used. Logistic regression and discriminant
analysis were used for sex determination, along
with an artificial neural network. ANN had an
accuracy of 75%, much higher than the other two
models. This study stated that ANN could be a
promising prediction tool for sex determination
in forensics.

Sharifonnasabi et al conducted a study on
orthopantomograms for age determination (15 to
23 years) using the HCNN-KNN model. This
model had a very high accuracy of 99.8% for age
determination. The precision was as high as +_ 6
months. Principal component analysis was used
to compensate for overfitting. This study proves
that a substantial model design could facilitate
prompt age classification.

Khazaei et al2r conducted a study on sex
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determination from lateral cephalometric
radiographs using CNN. The three models,
DenseNet, ResNet, and VGG, were evaluated for
their ability to correctly determine the sex of the
lateral cephalogram. DenseNet 121 architecture
depicted the highest accuracy of 90%. The study
also showed the importance of transfer learning
to attain high accuracy in sex determination. The
study gives desirable results and can be
implemented with a larger sample size.

In a study conducted by Lee et al7 for age
determination (11 to 69 years), machine learning
was used. Five machine learning models were
formulated. Each model demonstrated high
accuracy for age group prediction. Overall
accuracy of 87% was achieved, although a larger
sample size is needed to determine the true
prediction accuracy.

The above mentioned studies have used various
models in order to provide age or sex
determination with accuracy higher than the
already existing methodology. All these studies
have certainly high accuracy, but translating the
results into routine applications will require a
deeper and more detailed study. Although the
present study is based on AI application on
mandibular bone, expanding the application to
dental age and sex determination can be of great
help if interpreted together. Teeth based age and
sex determination using a hybrid transformer
model can add significant value to overall results
26, The ability of Al to provide objective and
accurate decision making can be used explicitly in
other domains like bitemark, facial identification,
and dental comparison®. Al is a game changer
when the correct data is available. Data in the
form of maxillofacial radiographs is a prerequisite
for such studies. In several studies deep
convolutional network have proven to be of high
accuracy and practical significance with accuracy
as high as 94.7%2-.The advent of Al in the field
of forensic medicine and odontology will
certainly aid in quality decision making. This
overarching domain requires skilled manpower
and high quality data to provide highly objective
and accurate results. Artificial intelligence
provides an opportunity to revolutionise the
disciple, but comes with certain challenges. The
issue of data privacy being one of the major
hindrances, followed by the availability of a huge
amount of good quality data is a challenge. This
in turn could perpetuate bias and amplify
incorrect discrimination ability?9. In order to
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mitigate the possible disadvantages offered by AI,
extensive research, an expanding knowledge base,
and exploring the true potential of deep learning
and machine learning algorithms are to be done.
Good quality data is the cornerstone of all Al
applications. This data can be helpful for
obtaining prompt results in age and sex
determination in real-life scenarios, and could be
of great help in cases of mass victim
identification, decomposed bodies, and criminal
cases where it is important to establish age and
sex along with other parameters.

CONCLUSION

We are at the doorstep of another technological
advancement, which will be directed by artificial
intelligence. Al and its ability to mimic human
capabilities and decision-making are already
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