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Abstract

Forensic science has significantly evolved in the last few years, with advancements in various disciplines, including
forensic odontology and forensic nanotechnology. In Legal & Administrative Order, forensic odontology plays a
pivotal role for personal identification whereas nanotechnology has opened new avenues for investigation and
anthropological research. This current review paper uncovers the potential harmony between forensic odontology
and nanotechnology, highlighting their game changing potential on identification, and investigation, as well as
anthropological research. Forensic odontology, the study of dental science has long been an crucial component of
forensic science and its commencement. It has proven to be stable and meticulous method for identification,
particularly in cases where traditional methods, such as Fingerprint identification and Genetic sequencing, are not
realistic and has been indispensable in solving various criminal cases, including sexual assault, suicide attempts and
disaster victim identification of human remains. On top of that anthropologists play a crucial role in using dental
traces through facial overlay methods, skeletal approximation, unique cranial characteristics, sinus variations, and
bone remains. On the other hand, nanotechnology, the manipulation of matter at the nanoscale, which is generally
defined as the range of 1 to 100 nanometres, has revolutionized various fields, including forensic science. This paper
explores the converging fields of forensic odontology and nanotechnology, examining how these developments are
revolutionizing the way we approach identification, investigation, and anthropological research.

Keywords: Forensic odontology, nanotechnology, personal identification, anthropological research,
dental biometrics, bite marks analysis.

1. Introduction

Legal and Administrative professionals have long recognized the value of forensic odontology in
identity confirmation for legal purposes. Forensic odontology, which is a discipline of dentistry concerned
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with the proper handling and examination of dental evidence, as well as the precise assessment and
presentation of dental findings, becomes very helpful in many court proceedings [1].

It has been instrumental in solving various high - profile criminal cases, including rape, suicide, and
mass disasters etc., through the identification of human remains [2] and the comparison of dental features,
such as bite marks, with previous records like pictures, dental cast and radiological images etc [3], which
are unique to every individual person. In recent years, the field of nanotechnology has gained a
considerable focus of researchers throughout the world, redefining several fields, including forensic
science and have provided new tools and techniques for criminal investigations which further strengthen
the role of forensic odontology in the law enforcement framework [1].

Scientists are always seeking the potential of nanomaterials and nanotechnology to enhance the
efficiency and role of forensic odontology in the personal identification process, by the development of
advanced techniques for analysing dental evidence at the nanoscale (10 m), improving the precision and
dependability of personal identification and individualization.

The developing collaboration between forensic odontology and nanotechnology holds vast opportunity
and prospects to transform the way we approach identification, investigation, and anthropological
research to aid in the administration of justice [1] and rehabilitation [4]. Leading advances in
nanotechnology have enabled the creation of nano-scaled materials that can emulate the surface qualities
of normal tissues, including surface chemistry, topography, energy, and wettability [4], which can be
applied to improve dental implants, orthodontic appliances, and other dental devices. Furthermore,
nanotechnology-based sensors and devices can be used to analyze and detect even the most minute traces
of evidence, revolutionizing crime scene investigations and anthropological research and to quantify and
characterize human remains in greater detail [4].

Current review article aims to examine the interactions between forensic odontology and
nanotechnology, highlighting their innovative influence on identification, investigation, and
anthropological research including the latest advancement and future prospects in this rapidly evolving
field.

2. Forensic Odontology and Its Role in Identification and Investigation

The coming forth crime investigation techniques involving progressive nanotechnology have further
reinforced the role of forensic odontology in identity verification and investigation through proven and
exact reliable analysis of oral evidence and close examination of human remains [3] which is often crucial
in cases where traditional identification methods are not possible or authentic.

Traditionally, the forensic odontologists have relied only on the techniques such as bite marks
analysis, lip prints, and enamel imprints with previous records in order to establish the personal
identification [2] however, the inception of nanotechnology has opened up new avenues for the
examination and evaluation of dental evidence which makes the identification process more scrutiny and
contrast [4].

Nanotechnology based nano sensors and nano devices can be used to analyze even the most minute
traces of evidence, such as microscopic fragments of teeth or dental materials, providing forensic
odontologists with a more comprehensive understanding of the unique characteristics of an individual's
dentition [1].
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Figure 1. Nano Scale Forensics: Decoding Clues from Teeth and Bones.

3. The Role of Nanotechnology in Forensic Odontology

Nanotechnology, considered as the innovation of future, has already started overturning the field of
forensic odontology with its broad unique utilization such as the development of highly subtle and exact
nano-sensors and the devices that can be used to analyze even the smallest traces of dental evidence, such
as closed - range size - reduced pieces of teeth or oral related materials, which can provide core
information for personal determination and research [4].

Moreover, unique properties of nanomaterials, such as the ability to mimic surface properties of
normal tissues, including surface chemistry, topography, surface energy, and wettability [4], have also
enabled the development of advanced dental devices, implants, and prosthetics that are more
biocompatible, durable, and aesthetically pleasing which in turn can aid forensic odontologists in accurate
identification of bite marks, lip prints, and other dental features. The large surface to volume ratio of
nanomaterials further enables optimal surface modification and functionalization, thereby enhancing the
sensitivity and selectivity of nanosensors for forensic applications [5,6].

By mixing two or more nanomaterials a number of nanocomposites with enhanced mechanical,
optical, electrical, and biological properties can be developed which can be utilized in various forensic
applications such as in the development of dental restorative materials that can be easily identified
through spectroscopic techniques, antimicrobial coatings for dental implants to prevent postoperative
infections, and nano biosensors for rapid and accurate detection of biological evidence, including DNA,
proteins, and other biomolecules [7,8].
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4. Advancements in Dental Biometrics: Nanotechnology based approaches

As discussed earlier, Dental Biometrics plays crucial role in law enforcement and crime investigation
by providing reliable personal identification based on unique dental and oral characteristics which cannot
be easily concealed or altered by using traditional methods. Nanobiometrics such as Nano-enabled Dental
Biometrics are emerging fields that leverages the advancements in nanotechnology to further enhance the
accuracy, sensitivity, and reliability of dental biometric identification systems [8]. Devices are engineered
at the nanoscale to detect (sense) and respond to specific stimuli like DNA, proteins, and other
biomolecules present in saliva, teeth, or other oral tissues which can be used for forensic identification,
post-mortem examination, and even anthropological research [6, 9].

Quantum Dots having unique quantum properties are Semiconductor nanocrystals of 0D that exhibit
unique optical properties, can be used for labelling and tracking dental tissues or for enhancing the
visualization of microscopic features. Similarly, nanopore sensors based on solid-state nanopores or
biological nanopores can be used for rapid, label-free detection and identification of biomolecules such as
DNA and proteins present in dental or oral samples for forensic applications [10, 11].

Robust encryption and secure data storage are also critical requirements for biometrics, and
nanotechnology offers solutions such as molecular-scale memories, quantum cryptography, and nanoscale
sensors that can be integrated into dental biometric systems to enhance their security and reliability [12].

Several nanodevices with potential application and attractive electronic, optical and transport
properties are being developed for dental diagnosis, which includes:

i.  Lab-on-a-chip (LOC) devices: Moore’s law principle of miniaturization utilizing
nanomaterials, microfluidics and nanobiosensors can be applied to develop compact, portable,
and automated devices for point-of-care dental diagnostics which can rapidly analyze saliva,
dental plaque or other oral samples for the presence of biomarkers indicating oral diseases,
infections, or other conditions. Miniaturized devices incorporating nanoscale components for
performing diagnostic tests using small sample volumes (e.g., saliva). They can enable rapid,
point-of-care diagnostics for oral diseases.

ii.  Nanoscale biosensors: Biosensors based on nanotechnological principals can provide highly
sensitive, selective, and real-time detection of various biomolecular analytes such as proteins,
enzymes, nucleic acids, metabolites, etc. in dental/oral samples. Highly sensitive sensors for
detecting biomarkers of oral diseases (e.g., caries, periodontal disease, oral cancer) in saliva or
other biological fluids [12, 13].

iii. ~ Nanoparticle-based therapeutics: Nanoparticles can be engineered to carry and deliver
therapeutic agents like antimicrobial drugs, growth factors, or other biomolecules to specific
dental or oral sites for treating diseases like dental caries, periodontal disease, or oral cancers.

iv.  Nanoparticles for drug delivery: Targeted delivery of therapeutic agents to specific sites within
the oral cavity using nanoparticles. This can improve treatment efficacy and reduce side effects.

Many techniques have been developed to advanced level for the imaging process at nano scale. These
techniques can be utilized for dental forensics as well. These techniques include:

i.  Atomic force microscopy (AFM): This is a advanced-resolution visualization technique that can
visualize nanoscale features of teeth, providing in - depth insights about surface topography and
wear patterns.

ii.  Scanning electron microscopy (SEM): It is another high precision resolution imaging technique
used to inspect the fine - scale composition of dental tissues and identify trace evidence at the
nanoscale.
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iil.

Nano-computed tomography (nano-CT): This is a 3D imaging technique with nanoscale
resolution, allowing for detailed mapping of internal tooth structures and identification of small -
scale defects or variations.

These advanced scanning and imaging techniques can provide core evidence for forensic odontology,

enabling meticulous recognition, differential examination, and elucidation of bite marks, lip prints, and
other dental features [14, 15].
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Figure 2. Nano biosensors: Bridging Science and Justice.

Nanobiosensors can be used for saliva-based forensics also. Saliva has diverse biological data,
including DNA, RNA, proteins, and metabolites, that can be used for forensic identification and analysis.
Nanobiosensor offer high detection power and precision for detecting these biomarkers.

Types of Nanobiosensors for Saliva-Based Forensics:

1.

ii.

1ii.

Charge based nanobiosensors: These sensors detect changes in voltage or current upon
coupling of focused molecules. Can be used to analyze drugs, toxins or specific biomarkers.

Photonic nanobiosensors: This kind of sensors utilize changes in optical properties (e.g.,
fluorescence, absorbance) to detect focused molecules. Can be used for DNA analysis or protein
detection.

Magnetic nanobiosensors: These type of sensors employ magnetic nanoparticles to capture and
detect target molecules. Can be used for isolating DNA or other biomolecules.

Speed analysis, compact design, low invasiveness sample collection, potential for field testing
Ensuring the sensors uniformity and stability in complex biological fluid such as saliva,
integrating reliable calibration methods, and eliminating possible interference of other saliva
constituents. Generalisation, the integration of nanotechnology within forensic odontology and
medical research as an emerging field for improving investigatory, identifying and
anthropological work.
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An alternative application of nanotechnology in this field is Nanoparticle-Driven Dental Biomarker
Analysis. This way the nanotechnology has several novel applications such as:

i.  Age estimation: Analyzing changes in dentin composition using nanoparticles that bind to
specific age-related markers.

ii.  Sex determination: Detecting sex-specific biomarkers in dental tissues using targeted
nanoparticles.

iii.  Genealogy Interpretation: Interpreting DNA interpreted from pulpal tissue using nanoparticles
for efficient DNA purging and clarification

iv.  Detection of diseases: Identifying biomarkers associated with specific oral or systemic diseases.

It gives benefit like Enhanced security and precision compared to traditional methods, capacity to
evaluate small sample volumes, potential for comprehensive analysis (detecting multiple biomarkers
simultaneously). However, establishing robust and trustworthy nanoparticle probes for target biomarkers,
ensuring the reliability of nanoparticle - based analyses, and ensuring integrity remains challenging. In
conclusion, the convergence of nanotechnology with forensic odontology and medical health care
research represents a pioneering realm for enhancing identification, inquiry, and anthropological studies.

5. The Future of Forensic Odontology and Nanotechnology

Following are the future aspects of Forensic Odontology and Nanotechnology

i.  Personalized Dentistry and Forensics: Nanotechnology aid in the development of distinct
dental records based on one person genetic and biochemical information, which can also help us
in aiding forensic identification

ii.  Artificial Intelligence (AI) Integration: Combining nanotechnology with Al algorithms for
automated data analysis, pattern recognition, and improved accuracy in forensic investigations.

iii.  3D-Printed Nanomaterials: Utilizing 3D printing techniques to fabricate customized
nanomaterials for dental restorations, implants, and forensic applications.

iv.  Point-of-Care Diagnostics: Developing portable nanodevices for rapid on-site analysis of saliva
or dental samples, enabling faster and more efficient forensic investigations.

v.  Ethical and Societal Implications: Addressing potential ethical concerns related to privacy, data
security, and access to nanotechnology-based forensic tools.

The incorporation of nanotechnology with forensic odontology possesses significant importance for
reshaping the field of identification, inquiry, and anthropological research.

6. Conclusion

As a final point, the coalescence of forensic odontology and nanotechnology represents a ground-
breaking domain for evolving identification, investigation, and anthropological research. Nanoscale
imaging techniques, nano biosensors, and nanoparticle - enabled biomarker analysis offers unrivaled
power to extract detail perceptions about oral and dental samples. As these technologies continue to
develop, they will enable more consistent, prompt and cost saving forensic analyses, with wide scale
repercussions for law - enforcement investigations, disaster victim identification and health related
studies.
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