International Journal of Community Medicine and Public Health

Acharya N et al. Int J Community Med Public Health. 2025 Jun;12(6):2881-2886

http://www.ijcmph.com

pISSN 2394-6032 | elSSN 2394-6040

Review Article

DOI: https://dx.doi.org/10.18203/2394-6040.ijcmph20251738

Forensic odontology: bridging justice and human rights

Neha Acharya'*, N. Aravindha Babu?

!Department of forensic Sciences at Parul Institute of Applied Sciences Parul University Waghodiya Vadodara
Guijarat, India

2Department of Oral Pathology & Microbiology, Sree Balaji Dental College an Hospital, Chennai, Bharat Institute of
Higher Education and Research, Tamil Nadu

Received: 03 March 2025
Revised: 06 May 2025
Accepted: 09 May 2025

*Correspondence:
Dr. Neha Acharya,
E-mail: neha.acharya37567 @paruluniversity.ac.in

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

A crucial area of forensic science is forensic odontology, which applies dental knowledge to support legal and
humanitarian investigations. In the late 19th and early 20th centuries, Dr. Oscar Amoedo—who is regarded as the
father of forensic odontology-founded this field. This area is essential for human identification in criminal cases,
accidents, and mass disasters; it helps law enforcement and gives families closure. Dental age estimate is one of its
primary uses, producing age-related data with scientific accuracy for medical-legal and humanitarian applications.
Age is estimated using a variety of techniques, which can be broadly divided into developmental, degenerative,
radiographic, histological, periodontal, and combination approaches. Assessing tooth mineralization and eruption
sequences, especially in youngsters, is part of developmental techniques. Degenerative methods assess age-related
damage, including root transparency and tooth attrition. Cementum increment analysis is one of the imaging
techniques used in radiography to evaluate the morphology of teeth and roots. Histological methods that analyze age-
related tissue changes at the microscopic level include microradiography and histomorphometry. Alveolar bone
density and structure are studied via periodontal techniques. Several indicators are integrated for increased accuracy
in multidimensional and combination techniques. Through the integration of scientific methodologies with societal
requirements, forensic odontology plays a vital role in promoting justice, identifying victims, and safeguarding
vulnerable groups, including children, in humanitarian settings.
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INTRODUCTION

Forensic odontology, a significant branch of forensic
medicinal sciences, plays a crucial role in the justice
system by examining, handling and presenting dental
evidence in legal proceedings. It serves as a cornerstone
in identifying human remains, particularly in cases
involving mutilation, decomposition and mass disasters,
where traditional methods of identification may be
impractical. The application of forensic odontology
extends to various contexts, including criminal
investigations, mass fatalities and civil cases, highlighting

its indispensable role in upholding justice and human
rights.

Forensic odontology and human rights

Forensic odontology serves as a fundamental tool in
upholding human rights, particularly in cases where
individuals have been deprived of their lives under
violent or catastrophic circumstances.® It facilitates the
identification of victims, ensuring that their remains are
returned to their families for proper burial and closure.
Moreover, forensic odontology aids in providing clarity
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regarding the circumstances surrounding the death of
individuals, allowing families to understand and process
their loss. By presenting dental evidence in courts of law,
forensic  odontology contributes to  establishing
accountability and seeking justice for victims of human
rights violations.

Forensic odontology in juvenile delinquency cases

In cases involving juvenile delinquency, forensic
odontology plays a crucial role in age estimation,
particularly when the exact age of the juvenile is
uncertain or disputed.? Accurate age determination is
essential in ensuring that juveniles are treated
appropriately within the legal system, considering factors
such as culpability and rehabilitation potential. By
utilizing dental developmental patterns and structural
changes in teeth, forensic odontology provides valuable
insights into the chronological age of individuals, aiding
in fair and equitable treatment under the law.

Forensic odontology stands at the intersection of science,
justice and human rights, offering indispensable support
in the legal and forensic landscape. Its role in identifying
human remains, estimating age and presenting dental
evidence contributes to the pursuit of truth, justice and
accountability.

As advancements in forensic odontology continue to
emerge, it is essential to recognize and harness its
potential in safeguarding human rights, particularly in
cases of juvenile delinquency and mass disasters. By
upholding the principles of accuracy, integrity and ethical
practice, forensic odontology serves as a beacon of hope
for victims and their families, ensuring that their rights
are upheld even in the face of adversity.

FORENSIC ODONTOLOGY: AN OVERVIEW
Definition and scope of forensic odontology

Forensic odontology is a field that combines dentistry
with forensic science. It involves using dental evidence to
help solve legal cases. Forensic odontologists analyze
teeth, jaws and dental records to identify individuals,
determine causes of death and provide evidence in court.
The scope of forensic odontology includes human
identification, bite mark analysis, age estimation and
assessing dental evidence in criminal investigations and
mass disasters.

Historical background and evolution

Forensic odontology has a long history dating back to
1897 when Dr. Oscar Amoedo identified fire victims in
Paris. Since then, the field has evolved significantly. In
1903, courses on bite marks and post-mortem
characteristics were offered in Tokyo, marking an
important milestone. Gustafson's development of age
estimation techniques in 1947 further advanced the field.?

Today, forensic odontology continues to develop with
advancements in technology and methodologies.

Role of forensic odontologists in legal proceedings

Forensic odontologists play a crucial role in legal
proceedings by providing expert analysis of dental
evidence. They assist in identifying human remains,
especially in cases of mass disasters or violent crimes
where traditional methods may not be possible.

Forensic odontologists also analyze bite marks to
determine perpetrator identities and provide age
estimation in cases involving juveniles. Their expertise
contributes to the pursuit of truth, justice and
accountability in the legal system.

CONTRIBUTION OF FORENSIC ODONTOLOGY
TO HUMAN RIGHTS

Identification of human remains in mass disasters and
conflict zones

Forensic odontology plays a critical role in the
identification of human remains in mass disasters and
conflict zones, where traditional methods of identification
may be challenging or impossible due to the extent of
destruction or lack of antemortem records. By examining
dental remains, including teeth and jaws, forensic
odontologists can match them with dental records of
missing individuals, providing families with closure and
ensuring proper burial rites.*

Case study

The 2004 Indian Ocean tsunami presented a significant
challenge in identifying victims due to the massive scale
of destruction. Forensic odontologists played a crucial
role in identifying victims by examining dental remains
and matching them with dental records of missing
persons.

Through their efforts, numerous individuals were
successfully identified and reunited with their families,
providing much-needed closure and solace in the
aftermath of the disaster.

Documentation and preservation of dental evidence

Forensic odontologists are responsible for documenting
and preserving dental evidence, ensuring its integrity and
admissibility in legal proceedings.®

This includes documenting bite marks, dental injuries and
other oral characteristics that may be relevant to criminal
investigations or human rights violations.

Proper documentation and preservation of dental
evidence contribute to the accurate assessment of cases
and the protection of victims' rights.
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Case study

In cases of domestic violence or sexual assault, forensic
odontologists document and preserve bite marks as
evidence of the perpetrator's identity. By meticulously
recording the characteristics of the bite mark, including
tooth patterns and dimensions, forensic odontologists
provide crucial evidence that can be used to hold
perpetrators accountable and seek justice for victims.

Protection of the rights of victims and missing persons’
families

Forensic odontology plays a pivotal role in protecting the
rights of victims and their families by providing scientific
evidence to support legal proceedings. By accurately
identifying victims and documenting injuries or trauma,
forensic odontologists contribute to ensuring that
perpetrators are held accountable for their actions and that
victims receive the justice and support they deserve.
Additionally, by reuniting families with their missing
loved ones, forensic odontology helps alleviate the
anguish and uncertainty experienced by families of
missing persons.®

Case study

In cases of enforced disappearances or mass graves
resulting from conflicts or human rights violations,
forensic odontologists work tirelessly to identify victims
and provide closure to their families. For example, in the
aftermath of the Bosnian War, forensic odontologists
played a crucial role in identifying victims of genocide
and mass Kkillings. Through their efforts, thousands of
individuals were identified, allowing their families to lay
them to rest and seek justice for their untimely deaths.

In  conclusion, forensic odontology significantly
contributes to upholding human rights by facilitating the
identification of victims, documenting dental evidence
and protecting the rights of victims and their families.
Through their expertise and dedication, forensic
odontologists play a vital role in seeking justice and
accountability for human rights violations worldwide.

AGE ESTIMATION IN
DELINQUENCY CASES

JUVENILE

Importance of age determination in juvenile justice
system

Age determination is crucial in the juvenile justice system
as it influences how juveniles are treated within the legal
framework. The age of an individual can affect their
culpability, sentencing and eligibility for certain legal
protections and rehabilitation programs. For example,
younger juveniles may be considered less culpable and
more amenable to rehabilitation than older juveniles.
Therefore, accurate age determination is essential to

ensure fair and appropriate treatment of juveniles within
the legal system.

Role of forensic odontology in age estimation

Forensic odontology plays a significant role in age
estimation, particularly when the exact age of a juvenile
is uncertain or disputed. Dentition and dental
development can provide valuable insights into an
individual's chronological age. By analyzing dental
records, tooth eruption patterns and developmental stages,
forensic odontologists can estimate the age of juveniles
with a reasonable degree of accuracy.’

Ethical considerations in age estimation of juveniles

Ethical considerations are paramount in age estimation of
juveniles, as the outcomes of such assessments can have
profound implications for their lives. Forensic
odontologists must adhere to strict ethical guidelines and
standards when conducting age estimation procedures. It
is essential to prioritize the best interests of the juvenile,
ensuring that their rights and dignity are respected
throughout the process.®

Case study

In a recent juvenile delinquency case, a young individual
was accused of a serious crime.® However, there was
uncertainty regarding the juvenile's age, as they lacked
reliable identification documents. Forensic odontologists
were called upon to assist in determining the individual's
age using dental evidence. By examining the juvenile's
dental records and conducting a thorough analysis of
tooth development and eruption patterns, forensic
odontologists were able to estimate the individual's age
within a narrow range. This information played a crucial
role in the legal proceedings, as it helped inform
decisions regarding the juvenile's treatment within the
juvenile justice system.

Ethical considerations were carefully observed
throughout the age estimation process, with forensic
odontologists ensuring transparency, accuracy and respect
for the juvenile's rights. Ultimately, the accurate
determination of the juvenile's age contributed to a fair
and just resolution of the case, highlighting the
importance of forensic odontology in juvenile
delinquency cases.

TECHNIQUES OF AGE
FORENSIC ODONTOLOGY

ESTIMATION IN

Dental development and eruption patterns

One of the primary methods for age estimation in forensic
odontology is based on dental development and eruption
patterns. This method relies on the observation of tooth
formation and eruption sequences, which follow
relatively predictable patterns. Scientists like Gustafson
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and Moorrees have extensively studied these patterns to
establish age-related milestones in dental development.®

Radiographic methods: dental age estimation using
dental radiographs®

Radiographic methods involve the use of dental
radiographs to assess dental age. Researchers such as
Kvaal and Solheim have developed techniques that utilize
periapical radiographs to measure various dental
parameters, such as pulp size, apical translucency and
root dimensions. These measurements are then used in
regression formulas to estimate chronological age
accurately.”

Histological methods: examination of dental tissues

Histological methods involve the examination of dental
tissues, particularly enamel and dentin, to determine age-
related changes. This approach, pioneered by scientists
like Gustafson and Solheim, focuses on analyzing
incremental lines in enamel and dentin, as well as the
thickness of neonatal lines. These histological analyses
provide valuable insights into age estimation, especially
in cases where other methods may be inconclusive.

Molecular methods: DNA analysis of dental tissues

Molecular methods, such as DNA analysis of dental
tissues, have emerged as promising techniques for age
estimation in forensic odontology. While not as
commonly used as other methods, DNA analysis can
provide additional information, especially in cases where
dental records are unavailable or inconclusive. However,
this approach requires specialized equipment and
expertise in molecular biology.**

Ethical considerations in age estimation

Ethical considerations are paramount in age estimation in
forensic odontology, particularly when dealing with
juvenile cases. Forensic odontologists must ensure
confidentiality, informed consent and minimize any
potential harm or discomfort during examinations.
Additionally, the use of age estimation techniques should
be guided by established protocols and guidelines, such as
those provided by the American Board of Forensic
Odontology (ABFO).

ABFO guidelines for age estimation

The American board of forensic odontology (ABFO) has
developed guidelines for age estimation in forensic
odontology, providing a framework for ethical and
accurate practices.

These guidelines emphasize the importance of using
multiple methods for age estimation, considering natural
variability in dental features and adhering to ethical
standards throughout the process. By following these

guidelines, forensic odontologists can ensure reliable and
credible age estimations in legal proceedings.

CHALLENGES AND FUTURE DIRECTIONS
Limitations of current age estimation techniques

One challenge in current age estimation techniques in
forensic odontology is the reliance on subjective
interpretation and variability among practitioners.
Different methods may yield inconsistent results, leading
to potential inaccuracies in age estimation.

Certain factors such as environmental influences and
individual variability can affect the reliability of age
estimation techniques. Moreover, some techniques may
be invasive or require specialized equipment, making
them impractical for routine wuse in forensic
investigations.!?

Research advancements and emerging technologies in
forensic odontology

Despite the challenges, ongoing research in forensic
odontology is paving the way for advancements and the
adoption of emerging technologies. Scientists are
exploring innovative approaches, such as the integration
of artificial intelligence and machine learning algorithms
to enhance the accuracy and efficiency of age estimation
techniques.*®

Advancements in imaging technology, such as 3D
imaging and multispectral imaging, offer new
possibilities for detailed analysis of dental structures and
tissues. These technological developments hold promise
for improving the reliability and accessibility of age
estimation methods in forensic odontology.

Potential improvements in the intersection of forensic
odontology and human rights

Forensic odontology plays a critical role in addressing
issues of mass disasters, human trafficking and human
rights violations. Moving forward, there is a need for
greater collaboration between forensic odontologists,
human rights organizations and legal authorities to
strengthen the application of dental evidence in cases
involving human rights abuses.

This includes developing standardized protocols and
guidelines for the collection, analysis and presentation of
dental evidence in legal proceedings. Also, efforts should
focus on enhancing the training and education of forensic
odontologists to ensure ethical practice and sensitivity to
human rights concerns.

By fostering interdisciplinary cooperation and advocacy,
forensic odontology can continue to advance human
rights initiatives and contribute to justice and
accountability worldwide.

International Journal of Community Medicine and Public Health | June 2025 | Vol 12 | Issue 6 Page 2884



Acharya N et al. Int J Community Med Public Health. 2025 Jun;12(6):2881-2886

REAL-LIFE CASES DEMONSTRATING THE
APPLICATION OF FORENSIC ODONTOLOGY

The lady of the gold teeth

In ancient Rome, during 49 B.C., Lollia Paulina, Emperor
Claudius's wife, was executed under the orders of
Agrippina the Younger. To confirm the identity of
Lollia's body, Agrippina recalled that Lollia had gold
teeth, leading to the identification of her remains through
forensic odontology.**

The charming killer-Ted Bundy

Theodore Robert Cowell Bundy, a notorious serial killer,
murdered numerous women in the United States and
Canada. Bundy's apprehension was facilitated by forensic
odontology when bite marks found on a victim matched
his dental impressions, leading to his conviction and
sentencing.

The angel of death-Josef Mengele

Josef Mengele known as the Angel of Death, operated at
the Auschwitz concentration camp during World War 11.
After his death, forensic dentistry played a crucial role in
identifying his remains, confirming his identity through
dental records.

Nirbhaya case-Delhi gang rape

In the high-profile Nirbhaya case, forensic odontology
aided in identifying suspects through bite mark analysis.
Dr. Ashit B. Acharya analyzed bite marks on the victim's
body, linking them to two of the accused individuals,
leading to their conviction.

Annigeri Genocide

Forensic odontology played a pivotal role in investigating
the Annigeri genocide in Karnataka, India. By examining
human skulls discovered at the scene, forensic experts
utilized dental analysis to determine the age and gender of
the victims, contributing to the investigation and pursuit
of justice.

Identification of Abraham Lincoln's Assassin

After the assassination of President Lincoln, forensic
odontology was utilized to confirm the identity of John
Wilkes Booth. Dr. William Merill identified Booth's
remains through dental records, dispelling rumors of his
escape.

Identification of John F. Kennedy's Assassin
Lee Harvey Oswald, the assassin of President Kennedy,

was positively identified through forensic odontology
years after his death. By comparing antemortem dental

records, Oswald's identity was confirmed, dispelling
conspiracy theories surrounding his demise.’®

The first bite-Linda Peacock murder case

In the Linda Peacock murder case, forensic odontology
played a crucial role in securing a conviction. Dental
impressions taken from suspects were compared to bite
marks found on the victim's body, leading to the
identification and conviction of the perpetrator.

Identification of Saddam's Sons

Forensic odontology aided in identifying the remains of
Saddam Hussein's sons, Uday and Qusay Hussein, after
they were killed by the US military. Despite severe burns,
their identities were confirmed through dental records,
providing closure to their demise.®

These cases exemplify the diverse applications of forensic
odontology in age estimation, criminal investigations and
the pursuit of justice.

Through meticulous analysis and examination of dental
evidence, forensic odontologists contribute significantly
to solving complex cases and bringing perpetrators to
justice.

CONCLUSION

In conclusion, forensic odontology plays a pivotal role in
upholding human rights, particularly in cases involving
juvenile delinquency. By providing accurate age
estimation and aiding in the identification of perpetrators
through dental evidence analysis, forensic odontologists
contribute to ensuring fair and just treatment within the
legal system.

The application of forensic odontology not only facilitates
the resolution of criminal cases but also serves as a
beacon of hope for victims and their families, ensuring
that their rights are upheld even in the face of adversity.

Moving forward, it is imperative to advocate for further
research and collaboration among forensic odontologists,
legal experts and human rights advocates. By fostering
interdisciplinary cooperation and leveraging
technological advancements, we can enhance the efficacy
and reliability of forensic odontology in serving human
rights and promoting justice for all individuals,
particularly juveniles involved in delinquency cases. \

Together, let us strive to advance the field of forensic
odontology and uphold the principles of accuracy,
integrity and ethical practice in the pursuit of truth and
justice.
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