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ABSTRACT

Identification is a key aspect particularly in the cases involving decomposition,
mutilation or in mass disasters. Teeth own resilience hence, serves as a reliable
marker to serve as a remedy for the purpose of identification. The exploration
of teeth with Al revolutionized conventional methods of identification with
contemporary ones yielding automation and better accuracy. This review portrays
the transformation of conventional/manual comparison procedures of dentition to
Al driven architectures. Advantageous enabling of Al strengthens reproducibility,
transparency and standardization. However, this review also showcases the
challenges associated with teeth identification such as ethical concerns, diversity
population and legal acceptance. Eventually, the convergence of computational
intelligence with dentistry serves as a transformative era of tracing identity
through technology.
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INTRODUCTION

Identification of humans in disasters is one
of the vital element in forensic science. It aids
in disaster victim identification, handling
missing person and criminal investigations. In
the cases of mutilated corpse, the recognition
becomes quite challenging with conventional
identification =~ methods. = Therefore, an
endurance of teeth with extreme conditions
of fire, trauma even decomposition makes
the resilience and dependable approach
in verifying the identity. Additionally, the
dental identification plays an pivotal role in
socio-cultural linkage by handing over the
deceased to bereaved families after guaranteed
identifications.!?* Moreover, specifically in
missing person cases, the comparison between
ante mortem and post-mortem dental records
can bridge the gap of unidentified remains.
Furthermore, the bite-mark and dental patterns
link the suspects with the offense. Nonetheless,
the dental identification upholds the aspects of
humanitarian forensics.>*%’

With, the advancements of technology
especially artificial intelligence. The conventional
manual procedures for dental identification such
as visual examination, dental chart comparison
and radiographic matching manually retains
intrinsic ~ limitations  likely, inconsistency,
biasness, labour intensive, lacking scalability

especially in mass disasters or extensive
identification ~ contexts. =~ To  underscore
these constraints and urgent necessity of
standardized, automated and technology
driven procedures***!! shall be adopted to
improve the reliability and reproducibility in
forensic dental identification.

The Artificial Intelligence and machine
learning techniques are utilised to automate
and accelerate the human identification
from dental exhibits with the help of dental
databases. The dental databases shall inculcate
with large datasets of human population
with class and individual characteristics. The
Al-based models are trained with machine
learning language to recognize and identify
the dental evidences in the basis of distinct
morphological and radiographic features
such as tooth contours, restorations, and
occlusal patterns from both ante mortem and
post-mortem records,’®" facilitating rapid
and objective matching. This can be achieved
with various machine learning language such
as Deep Learning architecture particularly
Convolutional ~Neural Network CNNs
employed to detect and classify the subtle
anatomical variations. In bite-mark analysis
these CNNs has capability to transform
subjective visual evaluations into quantifiable
metrics by analysing geometric features,
curvature patterns, and depth variations.?*?
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Figure 1: Feature Extraction of Bite marks using CNN Model

IJEMP/Volume 19 Number 1 January-March 2026



Borah Rajshree, Patrick Labella Cornelius, Ghosh Sreya, et al. Tracing Identity from Teeth to Technology: 79
Artificial Intelligence in Forensic Dental Identification.

Similarly, rugoscopicanalysisleverageshigh-
resolution imaging and pattern recognition to
classify palatal rugae configurations, which
remain stable even in extreme post-mortem
conditions,”*? thus offering an additional
biometric dimension for individualization.

With the help of Artificial Intelligence
postmortem-antemortem record matching
can be done with ease, where neural networks
can compare two-dimensional radiographs
or three-dimensional scans to identify
congruencies in dental morphology,*® bone
density, and restorative work. The integration
of Artificial intelligence and machine learning
incorporates the forensic dental workflows by
facilitating the creation of centralized digital
repositories, block chain-secured record
management, and cloud-based analytical tools,
ensuring both accessibility and data integrity.

The strengths of forensic dental identification
withmachinelearning tools madeinvestigation
resilient to operate efficiently even records
are incomplete or degraded specifically in
disaster victim and mass causality cases. This
also substantiates and promote transparency,
reproducibility, —and  standardization,**!
shaping global interoperability in forensic
investigations.

The computational intelligence in Forensic
Odontology serves fundamentally as a
regression problem. The numerous forensic
dental exhibit such CBCT (Cone Beam
Computed Tomography Scans), Image based
3D models, radiographs, intraoral photographs
serves as an ideal domain for identification
with help of neural architectures. This corner
stone technology such as convolutional neural
network represents features directly from
raw image pixels. Furthermore, this leads to
automated dental identification using VGG 16-
ResNet for semantic segmentation and object
detection. The autonomous delineation shares
the base of unique dental biometric profile.

Integrating  advanced = methodologies,
Automated Human Identification (AHI)
and Precision Dental Age Estimation (DAE)
leverage both classic Machine Learning (ML)
and Deep Learning (DL) models to enhance
forensic odontology. While DL models are
central to image processing tasks, classic ML
models like Support Vector Machines (SVMs)
and Random Forest (RF) classifiers excel at
gender determination based on classifying
specific morphological metrics. For DAE,

Multi-Layer Perceptron (MLP) Artificial
Neural Networks perform complex, non-linear
regression on established odontology features,
such as pulp/tooth area ratios, leading to
higher accuracy and reduced Mean Absolute
Error (MAE) compared to manual methods.
In AHI, the goal is to automate the matching
of post-mortem (PM) and ante-mortem (AM)
dental records from large databases; this is
achieved through advanced techniques like
Transformer-Based Self-Attention modules to
dynamically weigh anatomical features, and
Domain-Specific Augmentation to bridge the
visual gap between PM and AM radiographs,
ensuring the model’s robustness against real-
world forensic variation. Furthermore, Al
transcends traditional linear regression in
DAE by extracting subtle radiomic features
imperceptible high-throughput image
descriptors which, when combined with
analysis of secondary dentin deposition
via a Fully Convolutional Network (FCN),
yield superior predictive models with tighter
predictionintervals, collectively demonstrating
the power of Al to surpass manual assessment
speed and accuracy in forensic analysis.

Objectives of the review:

1. To assess the paradigm shift of Artificial
Intelligence usage in forensic dental
identification over conventional methods
of dental examination or identification.

2. Todiscuss the utilization of computational
languages in humanitarian Forensics.

3. To extract existing research on Artificial
intelligence based applications in dental
comparison, radiographic pattern
recognition, bite mark and rugoscopic
analysis, and postmortem-antemortem
data matching.

4. To evaluate the merits, demerits, and
ethical concerns of Artificial intelligence
into forensic dentistry.

5. To identify future scope of Artificial
Intelligence in Forensic Dentistry.

MATERIALS AND METHODOLOGY

This mini review culminates the importance
and value of the artificial intelligence (AI) for
forensic dental identification, the literature
was targeted with studies published over past
five years (2020-25) on emergence of machine
language in forensic identification of dental
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exhibits. The articles from academic databases
such as PUBMED, scopus, web of science
were taken into consideration. The searching
includes various keywords and phrases like
“bite mark analysis”, “Dental identification”,
“artificial intelligence”, “machine learning”,
“radiographic analysis”, “image processing”,
“forensic odontology”, “dental records”. To
refine the search Boolean operators (AND, OR)
were also utilized to cover maximum coverage
of potential field.

Inclusion criteria:
1. Case reports

2. Research articles, review related to
artificial intelligence in forensic dental
contexts has been utilised.

3. The main focus has been given to
the articles discussing conventional
and contemporary methodologies &
techniques used for dental identification.

4. Only peer reviewed status of publication
were incorporated in the review.

Exclusion criteria:

1. Articles unrelated to forensic dentistry or
lacks Al relevance were not considered

2. Non- peer reviewed publications were
avoided

Advancements in AI-Based Tooth Detection
and Numbering

Recently, many studies reported the extensive
improvement in the detection and numbering
of teeth in different panoramic radiograph
using machine language such as deep
learning. Bilgir et al. found the utilization of
Al framework to identify and numbering of
teeth with high detection accuracy despite
many radiographic variation Sadar et al.
Likewise portrays numerous capabilities
and merits of convolutional neural network
to handle varsity in handing clinical cases.
Ghorbani et al. emphasised the application
to dental photographs in order to broaden
the scope beyond radiographic methods to
generate models by integrating pre trained
vision transformers. These technological
advancements highlights the potential of
artificial intelligence in Forensic context to be
as a rapid, consistent procedure to reduce the
manual examination time."*"

Deep Learning for Tooth Segmentation

Individual teeth segmentation is very crucial
marker in forensic identification. Sun et al.
showcases précised end to end single tooth
segmentation using deep neural network to
overcome the challenges from overlapping
anatomical structures likewise, Deb
et al. employs a hybrid model to improve
downstream identification accuracy by
coupling segmentation with orientation data.
Furthermore, Bonfanti-Gris ef al. affirms deep
learning as superior to traditional segmentation
approaches with an add on advantage to large
data set adaptability. Many traditional image
processing techniques in forensic radiographic
analysis possess a struggle to segregate
adjacent teeth, edge detection, regions
with overlapping roots varying contrast
and restorations. However, deep learning
methods specifically convolutional neural
networks (CNNs) and their variants likes
Mask R-CNN and U-Net have shown their
existence by learning complex contextual and
spatial features directly from marginalized
training data. Eventually such technologies
of segmentation serves as the foundation for
feature extraction and comparison in Al-Based
forensic odonatological settings.'¢®

Artificial Intelligence for Dental Restorations
and Anomalies:

Almalki and Latecki reports the usage of
self-supervised leaning with masked image
processing and modelling to decipher
restoration and number teeth simultaneously.
Jin et al. successfully infers the detection of
targeted anomalies by identifying 3 rooted
mandibular first molar, served as a rare
morphological traits significantly contributed
for forensic differentiation. Specially, when
traditional dental characteristics are obscured.
Pornprasertsuk-Damrongsri et al. utilises
integrated approach for caries segmentation in
tooth identification blended with diagnostics.
Such approaches shares the integrity to detect
dental diseases and restorations by identifying
both pathological and structural individual
traits.*?!

Individual Identification from Dentition
Patterns

Choi et al. (2024) demonstrates the potential
of biometrics through dentition patterns
in panoramic radiographs as promising
tool. Enomoto et al. (2023) refurbished the
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same concept by applying CNN based
architectures to get biometric accuracy across
diverse population collectively, these studies
underscores a transformation for dental
analysis to biometric level identity tracing
and serves as a bridge between conventional
dental charting methods and contemporary
identification =~ systems. Moreover, 95%
of confidence interval in extracting and
analysing dentition patterns. With Artificial
intelligence has made significant contribution
to facilitate quick processing of large data
sets. Therefore, serves as valuable asset for the
cases with limited ante mortem records.?*
Beyond accuracy, the application of Artificial
Intelligence in this domain offers scalability
and efficiency, enabling rapid processing of
large datasets that would otherwise demand
extensive manual effort. Al algorithms not
only evaluate the unique spatial arrangement
and morphology of teeth but also integrate
restorative details, occlusal topography, and
root morphology to generate individualized
biometric signatures. These unique identifiers
can then be cross-matched against ante mortem
records, even when visual cues or soft tissue
features are absent.

Datasets and Artificial Intelligence

Silva et al. (2022) discussed the challenge as-
sociated with data scarcity in odonto Al model,
it requires human in the loop labelled dataset
to boost machine language and Al in dental
radiographs. The addressed initiative act as a
catalyst to reproduce and facilitate algorithms
in odontology which serves as a vital tool for
forensic applications. Additionally, this odon-
toAl platform provides integration of large
scale human-in-the-loop labelled datasets for
panoramic radiographs, in order to aid, train
and validate Al algorithms. Nonetheless, the
said model highlights the challenge of vari-
ability in labelling standards across various
datasets.*

Challenges in Al for Forensic Odontology

1. Limited diversity of Al models derived
from specific ethnicity and geographical
regions may leading to biasness

2. Impairment to imply on broader,

diverse global population and forensic
interventions.

3. Morphological variations in children
leading to compromises accuracy in the
identification of minor cases without
tailored models.

4. Breach of privacy of sensitive dental
biometric data posing ethical risks.

5. Legal admissibility of complex deep
learning architecture and systems.

Future Directions in AI for

Odontology

Forensic

1. Generating broader and diverse datasets
to develop and validate AI models shall
be a key aspect to ensure reliability across
all population.

2. Efforts on children dentition can be
employed by developing tailored Al
models.

3. Safe guarding the data of individuals by
anonymizing can be a future framework
and progress of scientific continuation.

4. Establishing a transparent governance
framework can be a future direction to
manage ethical and security aspects of
sensitive data.

5. AI models shall meet the litigation
standards and reproducibility of forensic
standards.

CONCLUSION

Artificial Intelligence in Forensic dental
identification has extensively played a
pivotal role in automated tooth detection,
segmentation, numbering, and anomalies
identification with high confidence interval
as compared to human experts. These
systems provides powerful investigative
tools for individual differentiation on
conventional methodologies. There are
various comprehensive Al platforms equipped
with annotated data sets to yield AI model
robustness & reproducibility. In continuation,
these comprehensive platforms facilitates
the support deployment in bridging the gap
between research and practical implications.

The integration and ability to recognize
individuals on the basis of dentition patterns
elevates Forensic Dentistry/ Odontology into
the realm of mass disaster victim management
and biometric authentication.
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Despite these promising paradigm shifts and
challenges like diverse population, biometric
data privacy and ethical concerns underscores
explain ability of AI models for legal
scrutiny. The multidisciplinary approach for
collaboration, continuity and standardization
of Al in Forensic dentistry remains crucial and
essential. In nutshell, this review projects the
intervention of biological and computational
intelligence heading with a new era of forensic
investigation where Artificial intelligence
plays rapid interpretable and reliable ally to
establish identity of human from teeth.
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