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ABSTRACT

Forensic odontology, as an integral part of dentistry, plays a crucial role in linking dental science with criminal investigation.
This abstract provides a concise overview of the interdisciplinary nature and applications of forensic odontology, emphasizing
its significance in forensic identification. In cases where traditional methods of identification fail, such as in instances of severe
decomposition or trauma, dental evidence becomes invaluable. Dental records, including charts, X-rays, and photographs,
serve as essential tools for comparing and establishing the identities of individuals. Forensic odontologists employ meticulous
examination and comparison of dental features to aid in the resolution of missing person cases. This multidisciplinary approach
ensures comprehensive investigations, enabling accurate decision-making within the criminal justice system. Ultimately, this
abstract underscores the significance of forensic odontology as a vital bridge between dental science and criminal investigation.
Through its comprehensive techniques and applications, this paper aims to promote a deeper understanding of the field and
the potential for further advancements in the future.
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INTRODUCTION

Forensic odontology, a specialized branch of dentistry,
plays a vital role in bridging the gap between dental
science and criminal investigation. A definition of forensic
odontology coined by Keisser-Nielson in 1967 and approved by
the Federation Dentaire Internationale (FDI) states: Forensic
odontology is that branch of dentistry which in the interest
of justice, deals with the proper handling and examination of
dental evidence and with the proper evaluation and presentation
of dental findings.! In the quest for justice, law enforcement
agencies increasingly rely on the expertise of forensic
odontologists to provide valuable insights and evidence in
a wide range of criminal cases. From human identification
to bite mark analysis, dental professionals armed with their
unique skill sets contribute significantly to the resolution of
complex criminal investigations. The process of determining
the identity of deceased individuals is one of the primary areas
where forensic odontology demonstrates its significance. When
traditional methods fail, such as in cases involving severe
decomposition, trauma, or fire, dental evidence can often serve
as a powerful means of identification. Dental records, including
dental charts, X-rays, and photographs, can be compared to the
teeth and jaw structures of the unidentified individuals, helping
to establish their identities. The meticulous examination and
comparison of dental features can provide critical links to
missing-person cases. Furthermore, the analysis of bite marks
has emerged as another important aspect of forensic odontology.
Human skin can retain dental impressions caused by biting,
and forensic odontologists possess the expertise to match
these bite marks to the dentition of potential suspects. This
methodology has been used to link perpetrators to crimes such
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as sexual assaults and homicides. However, the reliability and
limitations of bite mark analysis have been subjects of scientific
scrutiny, and ongoing research continues to refine this field,
exploring objective techniques and standards for evaluation.
The collaboration between forensic odontologists and other
forensic disciplines, such as DNA analysis, anthropology,
and pathology, is crucial in maximizing the evidentiary value
of dental science. This multidisciplinary approach ensures
comprehensive and robust investigations, enabling the justice
system to make accurate and informed decisions. Through an
in-depth examination of the intersection between dental science
and criminal investigation, this paper seeks to highlight the
significance of forensic odontology in bridging gaps, filling
voids, and contributing to the pursuit of justice.

Interdisciplinary nature of Forensic Odontology

The interdisciplinary nature of forensic odontology is a key
aspect of its practice and success. Forensic odontology involves
collaboration and integration with various disciplines within
the field of forensic science, as well as other related fields. Here
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is a brief overview of the interdisciplinary nature of forensic

odontology:

»  Forensic odontology is a specialized branch of forensic
science which encompasses various scientific disciplines.
It involves the application of dental knowledge, techniques,
and expertise to assist in legal investigations. Forensic
odontologists work alongside other forensic scientists,
such as crime scene investigators, DNA analysts, and
anthropologists, to gather and analyze evidence and
provide expert opinions.

»  Forensic odontology has its roots in dentistry, and dental
professionals play a vital role in this field. Forensic
odontologists are typically dentists who have undergone
additional training and education to specialize in forensic
applications. Their dental expertise, knowledge of
oral anatomy, and understanding of dental records and
impressions are crucial in identifying individuals through
dental remains and analyzing bite marks.

* Forensic odontologists collaborate closely with law
enforcement agencies during criminal investigations.
They work alongside police departments, forensic
laboratories, and medical examiners to assist in identifying
individuals, providing expert testimony, and presenting
dental evidence in court. Forensic odontologists help
bridge the gap between dental science and the legal system,
ensuring that dental evidence is effectively utilized.

* Forensic odontologists often work in conjunction
with forensic pathologists and medical examiners to
identify deceased individuals through dental records
and examinations. They play a significant role in mass
disaster incidents, where dental identification becomes
crucial in identifying victims. Collaboration with forensic
pathologists and medical examiners helps establish the
cause and manner of death and provides valuable evidence
in criminal investigations.

*  Anthropology and forensic odontology intersect when
dealing with skeletal remains. Forensic odontologists
work closely with forensic anthropologists to identify
individuals through dental characteristics, especially
when other forms of identification are not available.
By analyzing dental records and examining dental
remains, forensic odontologists contribute to the overall
analysis and identification process carried out by forensic
anthropologists.

*  Advancements in technology and imaging have greatly
influenced forensic odontology. Forensic odontologists
utilize digital dental records, three-dimensional imaging,
and computer-assisted methods to enhance the accuracy
and efficiency of dental identification and bite mark
analysis. Collaboration with experts in imaging technology
and software development ensures the integration of
technological advancements into forensic odontology
practices.

The interdisciplinary nature of forensic odontology
highlights its collaborative and multifaceted approach to
forensic investigations. By integrating knowledge, expertise,

and techniques from various disciplines, forensic odontologists
can effectively contribute to the identification of individuals,
analysis of dental evidence, and provision of expert opinions
in legal proceedings. This interdisciplinary collaboration
strengthens the overall field of forensic science and improves
the quality and reliability of dental evidence in forensic
investigations.

Identification of Human Remains

In every society, individuals have their own unique identities
that deserve recognition even after death. This acknowledgment
becomes especially crucial in compassionate societies where
the well-being of individuals extends beyond their lifetime.
Following the demise of an individual, several crucial aspects
demand attention, including the resolution of financial affairs
and the preservation of familial connections. Humanitarian
initiatives for the identification of human remains serve the
following objectives:

Returning the Correct Body to the Bereaved

One fundamental objective of human identification is to ensure
that the appropriate body is returned to the rightful family
members. This process helps alleviate the emotional distress
and uncertainty that families may face when their loved
one goes missing or is involved in a catastrophic event. By
accurately identifying the deceased, authorities can facilitate
the proper grieving process and enable families to conduct
necessary funeral arrangements.

Providing Closure and Certainty

People have an inherent need to know with certainty the
fate of their missing or deceased family members. Human
identification plays a pivotal role in addressing this need
by providing concrete evidence of the individual’s fate. By
confirming the identity of the deceased, families can find solace
and achieve a sense of closure, allowing them to navigate the
grieving process and move forward in their lives.

Understanding the Circumstances of Death

Human identification aids in unraveling the circumstances
surrounding an individual’s death. By meticulously examining
the evidence and conducting thorough forensic analysis,
authorities can shed light on the cause and manner of death.
This knowledge not only helps families understand the events
leading to their loved one’s passing but also assists in legal
proceedings and the pursuit of justice, if necessary.

Facilitating Rituals and Ceremonies

Funeral rituals and ceremonies hold deep cultural and
emotional significance for many communities. Human
identification ensures that families can properly honor and
commemorate their deceased family members. By knowing
the identity of the deceased, families can conduct funeral rites
and ceremonies that are culturally appropriate, paying their
respects and bidding farewell in a manner that aligns with their
traditions and beliefs.
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Importance of dental identification in forensic
investigations

Dental identification holds immense importance in forensic
investigations due to its unique characteristics and reliability.
It serves as a valuable tool for identifying individuals,
especially in cases where traditional methods of identification
are challenging or impossible. Here are some key reasons
highlighting the importance of dental identification in forensic
investigations:

Individuality and Uniqueness

Each person’s dentition is unique, much like a fingerprint.
Dental structures, such as the arrangement of teeth, dental
restorations, and dental anomalies, are highly individualized.
This uniqueness makes dental identification a powerful method
in forensic investigations, as it provides a high degree of
certainty in establishing the identity of an individual.

Post-mortem Preservation

Dental features are remarkably resistant to post-mortem
changes and environmental factors, making them highly
valuable in cases where the body is in an advanced state of
decomposition or has undergone severe trauma. Teeth and
dental records can withstand extreme conditions, such as fire,
and remain relatively intact, ensuring the availability of viable
dental evidence for identification purposes.

Dental Records and Comparison

Dental records, including dental charts, X-rays, photographs,
and dental impressions, serve as a reliable source of
information for comparison. Dentists typically maintain
these records during routine dental visits and procedures. By
comparing the antemortem dental records with post-mortem
dental examinations, forensic odontologists can establish an
identification or exclude individuals from consideration.

Speed and Efficiency

Dental identification can be a relatively quick and efficient
process. Dental records can often be obtained promptly,
and dental comparisons can be conducted in a relatively
short period, especially when compared to other methods of
identification, such as DNA analysis. This speed and efficiency
are particularly crucial in mass disaster incidents or situations
where prompt identification is required for legal, medical, or
humanitarian reasons.

Complementary Method

Dental identification serves as a complementary method
alongside other forms of identification, such as fingerprint
analysis and DNA profiling. In cases where other forms
of identification are inconclusive or unavailable, dental
identification can provide the necessary evidence to establish
an identification. The integration of multiple identification
methods enhances the overall accuracy and reliability of the
identification process.
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Legal Admissibility

Dental identification has gained wide acceptance and
recognition in legal proceedings. Forensic odontologists
can provide expert testimony and present dental evidence in
court, supporting the identification of individuals. The legal
admissibility of dental evidence reinforces its significance in
the criminal justice system and ensures that it is effectively
utilized to aid in the resolution of criminal cases.

Age Determination Based on Dental Data

Teeth are renowned for their incredible strength, making
them highly resistant to various external factors such as
decay, fire, explosions, and chemicals. This durability allows
teeth to remain intact and accessible for a prolonged period
after death, making them valuable for post-mortem age
determination. Several techniques can be employed to assess
age based on dental characteristics, with tooth eruption being
aparticularly reliable indicator. Additionally, other observable
changes in teeth occur with advancing age, including attrition
(wear), periodontal disease, secondary dentine formation,
root translucency, root resorption, root roughness, cementum
apposition, and color changes in both the crown and roots.
Dental development and dental aging are significant
considerations when attempting to determine the chronological
age of an individual. This becomes particularly crucial in cases
involving unidentified human remains, living individuals
lacking identification documents, or legal matters where
age-related issues arise. Age determination based on dental
data necessitates a comprehensive examination of various
dental characteristics and their correlation with age-related
changes. By assessing the eruption patterns of teeth, forensic
experts can estimate the age of an individual, especially in
cases involving children and adolescents. As individuals age,
teeth experience attrition, and the extent of wear can provide
insights into their approximate age. Other age-related changes
include the formation of secondary dentine, root translucency,
root resorption, root roughness, apposition of cementum, and
alterations in crown and root color. These observable dental
characteristics can be compared with established age-related
norms to estimate the individual’s age range. It is important
to note that age determination based on dental data is not an
exact science and involves a degree of estimation. Individual
variations, genetic factors, and environmental influences can
impact dental development and aging, leading to potential
variations in age estimation. Forensic experts acknowledge
these limitations and provide age estimates within a reasonable
range, typically expressed as a minimum and maximum age.

Dental age estimation techniques can be classified as the
visual method, radiographic method, biochemical method, and
histological method.

Visual Method

The visual method relies on the visual examination of teeth
to assess dental age. Tooth eruption patterns, tooth wear,
periodontal status, and tooth colour changes due to stains are
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taken into consideration. Tooth wear tends to increase with
age, and it can provide valuable information about dental
development and age. However, this method has limitations as
dental eruption can be influenced by local and systemic factors.

Radiographic Method

The radiographic method involves the use of radiographs to
estimate dental age based on dental development and maturation.
One approach is the atlas method, which represents the
developing tooth structures and their eruption patterns. Another
approach involves incremental staging or scoring of developing
teeth. These methods are considered reliable and non-invasive,
and they can be used for children and adolescents. Various
atlases and scoring methods have been developed for different
populations, providing age estimates based on dental maturity.
Age estimation in children and adolescents using
radiological methods can be achieved through various
techniques. Here are a few commonly used methods:?

Shoulr and Massler Method

Shoulr and Massler conducted a study in 1941 where they
analyzed the development of deciduous dentition. They
established 21 chronological steps from 4 months to 21 years
of age. Their findings were published as charts, which the
American Dental Association3 has periodically updated.

Moorer, Fanning, and Hunt Method

This technique utilizes the mineralization stages of developing
single and multirooted teeth to estimate age. By assessing the
level of mineralization in these teeth, age estimation can be
achieved.’

Demirijian, Goldstein, and Tanner Method

In this method, seven mandibular permanent teeth are ranked
in a specific order: second molar (M2), first molar (M1), second
premolar (PM2), first premolar (PM1), canine (C), lateral incisor
(I2), and central incisor (I1). Based on the mineralization stages
labeled from A to M for these teeth, the age of an individual
can be determined by correlating the findings.

Nolld's Technique

Nolla’s technique involves evaluating the mineralization
stages of permanent teeth using ten stages. This method can
be utilized to assess the development of each tooth in both the
maxilla and mandible.?

For age estimation in adults using radiological methods,
the following techniques are commonly employed:

Volume Assessment of Teeth

This method relies on measuring the reduction in the size of
the pulp cavity caused by the deposition of secondary dentin,
which increases with age. A technique developed by Kvaal et al.
utilizes the pulp-to-tooth ratio and volume values to calculate
the individual’s age.**

Third Molar Development
The technique introduced by Harris MPJ and Nortje CJ

involves categorizing third molar development into five stages.
By assessing the root formation of the third molar, one can
estimate the age of an individual >

Biochemical Methods

Biochemical methods involve the analysis of biochemical
changes in dental tissues to estimate age. Amino Acid
Racemization is one such method that assesses the racemization
rate of aspartic acid residues in dentin collagen. Another
biochemical method is Carbon dating, which measures the
amount of radioactive carbon-14 remaining in tooth enamel.
These methods can provide age estimates but are invasive,
expensive, and not suitable for living individuals.”

Histological Method

The histological method involves the histological examination
of tooth germs and dental tissues to assess dental age. Alizarin
staining of fetal tooth germs can be used to determine prenatal
dental maturity. Neonatal lines and incremental lines in the
enamel can be observed to assess the amount of pre-and
postnatal enamel formation. Cementum annulations, which
are incremental lines in tooth cementum, can also be used as
age markers’.

Sex Determination Based on Dental Data:

Teeth can provide valuable information for determining the sex
of an individual due to sexual dimorphism, which refers to the
biological differences between males and females.

Several dental characteristics can be assessed to determine
sex:

Tooth Size

Sexual dimorphism is commonly observed in tooth size,
with males typically having larger teeth than females. The
mesiodistal width and buccolingual dimensions of teeth,
particularly the canines and molars, are often measured to
identify sex differences.

Canine Dimorphism

Canine teeth are frequently used in sex determination due to
their prominent size and shape. Males tend to have larger and
more robust canines compared to females. Measurements such
as crown dimensions and the ratio of crown height to width
can be used to assess sexual dimorphism.31°

Mandibular Morphology

The mandible, or lower jaw, exhibits sexual dimorphism in
its size and shape. Males tend to have larger and more robust
mandibles with a more prominent chin, whereas females often
have smaller and more delicate mandibles.'"!?

Dental Arch Shape
Variations in dental arch shape have been observed between
males and females. Females tend to have a more rounded or

“U-shaped” dental arch, while males may exhibit a squarer or
“V-shaped” dental arch.'
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Race Determination Based on Dental Data

Several dental traits have been studied to understand the
variation among different racial groups. These traits include
tooth morphology, crown and root dimensions, dental arch
shape, and dental metrics. Here are some examples of dental

features that have been examined in race determination:'>"!”

Tooth Crown Morphology

Variations in tooth crown shape and size have been observed
among different populations. For instance, certain populations
may exhibit shovel-shaped incisors or double-shovel-shaped
incisors, which can provide clues about Asian or Native
American ancestry, respectively. Additionally, the presence
or absence of specific dental traits, such as Carabelli’s cusp in
maxillary molars or the protostylid in mandibular molars, can
indicate particular racial affinities.

Dental Metrics

Measurements such as tooth size (mesiodistal and buccolingual
dimensions), crown height, and crown index (the ratio of crown
height to crown width) have been used to assess population
differences. These metrics can help identify patterns of dental
variation among different racial groups, although there can be
overlapping ranges.

Dental Arch Shape

The shape of the dental arch, including its curvature and width,
can show some population-specific variations. For example,
individuals of African ancestry may have a more parabolic
or elliptical arch shape compared to individuals of European
ancestry, who often exhibit a more ovoid arch shape.

Dental Autopsy

The primary objective of dental autopsy within a medico-
legal framework is to unveil significant evidence for ongoing
forensic investigations. However, certain circumstances may
pose challenges in conducting an oral examination due to
the anatomical positioning of the oral cavity. Additionally,
the onset of rigor mortis after death introduces further
complexities. Consequently, it becomes imperative to skilfully
and sequentially dissect the oral and para-oral structures to
expose the dentition. A comprehensive understanding of dental
autopsy techniques is crucial for obtaining proper access
to the deceased’s oral cavity. The adoption of a systematic
and precise approach is essential in aiding medico-legal
investigations, establishing dental autopsy as an integral
component of forensic inquiries. The process involves making
incisions and performing resections of the jaw to conduct a
meticulous examination of the oral cavity. This includes a
thorough external assessment of oral structures to identify
injuries, froth/liquid presence, or foreign objects. The internal
examination of the oral cavity demands specific dissection
techniques that provide a complete view of inner structures.
Two approaches are available for visualizing dental structures:
the incision method and the jaw resection method. The incision
method employs various incisions to expose the skin, muscle,
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and fascia, ultimately revealing the dentition while preserving
the anatomical relationship between the upper and lower jaws.
In contrast, the resection method involves the complete removal
of the maxilla and mandible separately through resection.
Whether through incision or resection, these techniques
facilitate a thorough examination of dental structures during
autopsy, contributing to the collection of valuable forensic
evidence.!82

Identification in Mass Disasters

Identification in mass disasters is a challenging task that
requires efficient and accurate methods to identify victims.
Dental data plays a crucial role in the identification process,
as teeth are highly resistant to degradation and can withstand
various environmental factors that may affect other forms
of identification, such as fingerprints or DNA. In cases of
mass disasters, where traditional identification methods
may be difficult due to extensive injuries, decomposition, or
fragmentation of the bodies, dental data becomes a valuable
source of information. The unique characteristics of teeth,
including dental arch size, tooth morphology, dental restorations,
missing teeth, and dental anomalies, provide distinct patterns
that can aid in identifying individuals. The process of dental
identification in mass disasters typically involves several
steps. First, dental records of missing individuals or potential
victims are collected. These records may include dental charts,
X-rays, photographs, and other pertinent information. Forensic
odontologists compare the antemortem (before death) dental
records with post-mortem dental examinations to establish an
identification. In mass disasters, where the number of victims
can be overwhelming, a disaster victim identification (DVI)
team is often formed. This multidisciplinary team includes
forensic odontologists, pathologists, forensic anthropologists,
and other experts who work together to identify the victims.
The team follows established protocols and guidelines to
ensure a systematic and accurate approach to identification.
The dental identification process involves the examination of
dental remains recovered from the disaster site. Teeth, dental
prostheses, dental restorations, and any available dental records
are analyzed to determine potential matches. This examination
may involve comparing dental charts, analyzing X-rays, and
assessing dental characteristics such as tooth morphology,
dental anomalies, and unique features. In cases where dental
records are unavailable for comparison, post-mortem dental
records can be created. This involves documenting the dental
characteristics of the recovered remains, including tooth
numbering, dental restorations, and other notable features.
These post-mortem records can later be used for comparison
with antemortem records if they become available. Dental
identification in mass disasters can also benefit from advanced
technologies such as computerized dental record databases and
three-dimensional imaging. These technologies enable faster
and more accurate comparisons, improving the efficiency of
the identification process. It is important to note that dental
identification is not a standalone method but is often used in
conjunction with other identification techniques, such as DNA
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analysis, fingerprints, and anthropological examinations.
Combining multiple methods increases the reliability and
accuracy of identification, especially in complex cases 1. Top
of Form

Bitemarks

Bitemarks possess unique patterns similar to fingerprints,
radiographs, and DNA. The distinct morphological and
anatomical features of bite marks can aid in victim identification.
Bitemark occurs in a variety of violent crimes- assault, rape,
murder and child abuse. Comparisons of bite marks involve
assessing the dental arch size, shape, tooth positions, and
individual dental characteristics. The sizes, shapes, and
patterns of the upper and lower dental arches, as well as the
biting edges of anterior teeth, are unique to each individual.
Human bite marks are most commonly found on the victim’s
skin and can be present on almost any part of the body. Teeth
injuries resulting from bites can range from bruises to scrapes,
cuts, or lacerations. The force exerted by biting can penetrate
the deep layers of the skin, causing significant damage. Over
time, the evidence of bite marks may deteriorate, especially
in living bite victims or the deceased, making it crucial
to document the injuries promptly. The diffuse nature of
contusions and associated changes may further compromise
the evidence if a significant amount of time elapses between the
injury and its discovery. In some cases, non-human bite injuries
may be present on victims. Differences in tooth alignment and
specific morphological features typically differentiate animal
bites from human bite marks. Animal bites often result in
skin lacerations, shear injuries, and open wounds, as opposed
to impact injuries commonly seen in human bites. Dog bites,
for example, exhibit a narrow anterior dental arch and deep
tooth wounds concentrated in a small area, making them the
most common type of non-human bite. When inflicting violent
bites, carnivorous mammals like dogs are more likely to cause
avulsion of human tissue compared to humans. Cat bites, on
the other hand, leave small, round impressions with sharp
cuspid-tooth marks due to the conical shape of their teeth.?-?2

Bitemark evidence recording:
» Initial examination of Alleged/Suspected Bitemark
*  Photography of Bitemarks
*  Dental Examination of Suspect Biter

Documentation of bite mark evidence is crucial, as physical
and biological evidence can deteriorate rapidly. Photographs
play a vital role in capturing and preserving reliable information
about bite marks. These photographs can be taken in black and
white or color, with dimensions included to provide scale. Other
methods of documentation include collecting saliva washings
and suitable impressions. Saliva contains specific ABO
antigens, which can serve as a source of genomic DNA and aid
in identifying potential suspects. The double swab technique
is commonly used to collect saliva samples, involving the use
of two swabs. The first swab, moistened with distilled water,
is used to wash the tongue and lips, while the second dry swab
collects any remaining moisture from the skin. Both swabs are

air-dried before being released for testing by legal authorities.
Another technique for capturing bite mark evidence involves
taking precise impressions of the bitten surface to record any
irregularities, such as cuts or abrasions. Polyether impression
material, such as vinyl polysiloxane, is often used to create
these impressions, which can be supported by dental acrylic
or plaster for accurate recording of the skin’s curvature.

Bitemark Analysis Techniques:
*  Biological Comparison
*  Physical Comparison
*  Principles of Physical Comparison

*  Class and Individual Characteristics

*  Metric and Non-metric Analysis

»  Context Effects and Observer Bias
*  Feature-Based Analysis

*  Examination of Bitemark Photographs

*  Preparation of Predictor of Casual Dentition

»  Examination of Dental Casts

*  Comparative Study

Superimposition Based Analysis

Bitemark Analysis Report:

* Introduction

*  Examination of Alleged/Suspected Bitemark

*  Dental Examination of Suspect Biter

*  Comparison of Alleged/Suspected Bitemark with Suspect
Biter

*  Conclusions

Rugoscopy

Rugoscopy, also known as palatal rugae analysis or palatoscopy,
is a forensic technique that involves the study and identification
of the rugae patterns on the roof of the mouth (palate). Palatal
rugae begin to develop during the third month of intrauterine
life from calcified mesenchymal tissue surrounding the bone.
The precise arrangement, configuration, and orientation of the
rugae occur around 12 to 14 weeks of prenatal life and remain
consistent until the regression of oral mucosal structures
after death. The palatal rugae exhibit distinctive features that
can be utilized when other methods of identification, such as
fingerprints and dental records, are challenging or unavailable.
The position of the rugae within the oral cavity provides
them with protection against external trauma, aided by their
inner location and the presence of the tongue and buccal
pad of fat. Extensive research has demonstrated that no two
individuals have identical palates in terms of rugae formation,
arrangement, and alignment. Moreover, the palatal rugae
remain stable and unchanged throughout a person’s lifetime,
making them a reliable alternative for human identification.
The palatal rugae patterns exhibit individual variations in
terms of their shape, length, direction, and arrangement.
They can be classified into various types, such as straight,
curved, circular, wavy, or branching, depending on their
characteristics. The patterns may also include accessory
rugae, which are smaller secondary ridges branching off from
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the main rugae. To analyze palatal rugae, forensic experts
use various methods. One common approach is to obtain
dental casts or impressions of the palate using dental alginate
or other suitable materials. These casts are then examined
under magnification or using digital imaging techniques.
The rugae patterns are carefully observed and documented,
paying attention to their unique features. Rugoscopy finds
applications in different areas of forensic science. It can be
employed in cases where traditional methods of identification,
such as fingerprints or dental records, are not available or
inconclusive. Rugae analysis is particularly useful in mass
disaster scenarios or cases involving severely decomposed
or disfigured bodies, where other forms of identification may
be challenging. Furthermore, rugoscopy can aid in personal
identification in cases of child trafficking, unidentified human
remains, and criminal investigations. By comparing the rugae
patterns from the dental casts or impressions with existing
databases or known individuals, forensic experts can establish
or exclude the identity of a person with a reasonable degree
of accuracy.?3>*

Lip prints (Cheiloscopy)

Lip prints, also known as cheiloscopy, is a forensic technique
that involves the study and analysis of the patterns and
characteristics of lip prints for identification purposes. Similar
to fingerprints and dental records, lip prints are unique to
each individual, making them a valuable tool in forensic
investigations. Cheiloscopy is based on the premise that the
grooves and lines on the surface of the lips form distinct
patterns that are specific to an individual. These patterns are
formed by a combination of factors, including the arrangement
and shape of the lip mucosa, the presence of wrinkles, and
the density of sebaceous glands. The lip prints are stable and
remain unchanged throughout a person’s life, making them a
reliable means of identification. The process of analyzing lip
prints involves applying a suitable medium, such as lipstick
or ink, to the lips and then transferring the print onto a piece
of paper or other surfaces. The resulting lip print can then
be examined under magnification and categorized based
on the pattern types. Common lip print patterns include
vertical lines, branched lines, intersected lines, reticular
patterns, and other unique configurations. Forensic experts
can compare and match lip prints found at a crime scene
with known lip prints of suspects or individuals in question.
By examining the distinctive features and characteristics of
lip prints, such as the shape, size, and arrangement of the
grooves and lines, it is possible to establish an identification
or provide valuable investigative leads. Cheiloscopy has
been widely used in forensic investigations, particularly
in cases involving unidentified bodies, sexual assault, and
lip-related crimes. The technique has also proven useful in
cases where other traditional forms of identification, such as
fingerprints or dental records, are not available or inconclusive.
Despite its usefulness, cheiloscopy does have its limitations.
Environmental factors, such as smudging or distortion of lip
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prints, can impact the quality of the prints and the accuracy
of analysis. Additionally, the expertise and experience of the
forensic expert play a crucial role in correctly interpreting and
comparing lip prints.?>*’

Tongue prints

Tongue print is a relatively new field of study in forensic science
that involves the examination and analysis of the patterns and
characteristics of the tongue for identification purposes. Like
fingerprints, tongue prints are unique to each individual and
can be used as a potential biometric identifier. The surface of
the tongue is covered in a multitude of papillae, which are small
raised structures that give the tongue its rough texture. These
papillae, including the larger circumvallate, fungiform, and
foliate papillae, form distinct patterns that vary from person to
person. The arrangement, size, shape, and distribution of these
papillae on the tongue create a unique tongue print for each
individual. The process of obtaining tongue prints typically
involves using a suitable medium, such as ink or a tongue
impression paste, to capture the impression of the tongue’s
surface. The tongue is pressed against a smooth surface, such
as a piece of paper or a specialized tongue print card, to transfer
the print. The resulting tongue print can then be examined
and analyzed under magnification or with the help of imaging
techniques. Forensic experts can compare and match tongue
prints found at a crime scene with known tongue prints of
suspects or individuals in question. By examining the unique
features and characteristics of the tongue print, such as the
shape and arrangement of the papillae, it is possible to establish
an identification or provide valuable investigative leads. Tongue
prints are considered to be relatively stable and unchanging
over time, similar to fingerprints. However, research in this
field is still ongoing, and further studies are needed to establish
the full reliability and accuracy of tongue prints as a forensic
tool. Factors such as oral hygiene, health conditions, and age-
related changes may potentially influence the appearance of the
tongue print. While tongue prints show promise as a potential
biometric identifier, their practical application in forensic
investigations is still developing. The technique requires
specialized equipment, training, and expertise to obtain
accurate and reliable tongue prints. Currently, tongue prints
are primarily used as an additional tool alongside other forms
of identification, such as fingerprints and dental records, to
strengthen the overall evidence in a forensic investigation.!

Teeth as a source of DNA

Teeth can serve as a valuable source of DNA in forensic
investigations and identification processes. The dental tissues,
including the pulp and the roots, contain cells with intact
DNA that can be extracted and analyzed for genetic profiling.
When a tooth is healthy and intact, the pulp chamber within
the tooth contains soft connective tissue, blood vessels, and
nerves. This pulp is rich in DNA-containing cells, primarily
odontoblasts, which are responsible for tooth formation. The
DNA within these cells remains protected even after death

9
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or in cases of severe degradation of other body tissues. In
forensic cases, teeth can be collected from various sources,
such as dental remains from unidentified individuals, crime
scenes, or mass disasters where conventional identification
methods are challenging. Teeth can also be recovered from
bite marks on victims or objects involved in criminal activities,
providing potential DNA evidence to identify the perpetrator.
The process of extracting DNA from teeth involves careful
preservation and subsequent laboratory procedures. The tooth
is carefully cleaned and disinfected to remove any external
contaminants. Then, different techniques, such as grinding or
cutting, are employed to access the dental pulp, which contains
the DNA-rich cells. Once the pulp is obtained, DNA extraction
protocols are applied to isolate the DNA for further analysis.
The extracted DNA can be analyzed using various techniques,
such as polymerase chain reaction (PCR), which allows for
the amplification of specific DNA regions, and subsequent
DNA profiling methods like short tandem repeat (STR)
analysis. The resulting DNA profile can then be compared
to databases or reference samples to establish identification
or provide investigative leads. Teeth are advantageous as a
source of DNA due to their resistance to environmental factors
and post-mortem degradation. The mineralized structure of
teeth protects the DNA within, making it less susceptible to
degradation compared to other body tissues. Additionally, teeth
can be preserved for extended periods, which is especially
beneficial in cases where DNA analysis needs to be conducted
at a later stage. However, it is important to note that DNA
extraction from teeth is not always straightforward and may
be challenging in cases where the teeth are damaged, decayed,
or subjected to extreme conditions. Factors such as age, dental
treatments, and storage conditions can also affect the success
of DNA recovery.>!3?

Forensic Facial Reconstruction

Forensic facial reconstruction is a technique used to recreate
the facial appearance of an unidentified individual based
on their skeletal remains. It involves a step-by-step process,
starting with the examination of the bones to determine age,
sex, and ancestry. Tissue depth markers are then placed on
the skull to estimate the thickness of soft tissues. A forensic
artist or anthropologist then builds up the facial features using
clay or other materials, considering factors like age, sex, and
ancestry. The reconstruction is refined with attention to details
such as skin texture and facial asymmetry. The final result is
documented through photographs or digital imaging. While
forensic facial reconstruction has limitations, it can provide
valuable visual information to aid in identification efforts and
generate leads in criminal investigations or missing persons
cases. The accuracy of the reconstruction heavily depends on
the available skeletal remains and the quality of the underlying
data. Factors such as the condition of the skull, missing or
damaged bones, and the absence of soft tissue details can
affect the final result. Facial reconstruction is an interpretive
process that relies on the expertise and experience of the

forensic artist or anthropologist. In recent years, advancements
in technology have introduced computer-based methods for
facial reconstruction, including the use of 3D imaging, virtual
sculpting, and facial recognition software. These digital tools
can enhance the accuracy and efficiency of the reconstruction
process and allow for more standardized approaches.

Forensic facial reconstruction can be a valuable tool in
forensic investigations, particularly in cases where traditional
identification methods have been unsuccessful. Creating
a visual representation of the individual’s face, can elicit
recognition from the public or provide investigative leads that
can aid in identifying the person and ultimately bring closure
to their case.333¢

Denture /Dental Prosthesis identification
methods

Denture /Dental Prosthesis identification methods are forensic
techniques used to identify individuals based on their dental
prosthetic devices. These can provide crucial information in
cases where the deceased or missing individuals have these
dental appliances. One method used for denture identification
is the marking and labeling of dentures. This involves placing
unique identification marks or labels on the dentures, such
as patient initials, numbers, or symbols. These marks can be
inscribed or embedded on the denture base or the individual
teeth. This allows for easy identification and traceability
of the dentures to a specific individual. Another method
is the examination of dental records and documentation.
Dentists maintain detailed records of their patient’s dental
treatments, including the creation and fitting of dentures or
prostheses. By comparing the dental records of a missing
or deceased individual with the records provided by their
dentist, forensic experts can establish an identification.
Additionally, the analysis of denture characteristics can be
used for identification purposes. They can exhibit unique
features such as wear patterns, repairs, modifications, or
specific materials used in their construction. By carefully
examining these characteristics, forensic experts can compare
them to dental records or obtain additional information about
the individual’s dental history. In cases where dentures or
prostheses are found at a crime scene or with unidentified
remains, forensic odontologists can use these methods to link
the dental appliances to a specific individual. This information
can be vital in identifying victims, establishing connections
between individuals, or providing evidence in criminal
investigations.?""38

Dental Evidence in Domestic Violence and Child
Abuse

Dental evidence can play a significant role in cases of domestic
violence and child abuse. The examination of dental injuries
and oral findings can provide valuable information regarding
the occurrence, severity, and timing of abuse. Here are some
ways in which dental evidence can be utilized in such cases:
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Patterned injuries

Dental injuries caused by physical abuse often exhibit
distinctive patterns. Bite marks, for example, can be identified
on the skin or soft tissues of the victim, and their analysis can
help determine the source of the bite and potentially identify
the perpetrator. The shape, size, and arrangement of the teeth
involved can provide important clues in forensic investigations.

Dental trauma

Physical abuse can result in various types of dental trauma,
including fractured teeth, luxations, avulsions, and soft tissue
injuries in the oral cavity. These injuries can be documented,
photographed, and evaluated by forensic odontologists to
establish a timeline of abuse or to correlate the injuries with
specific incidents.

Neglect and dental hygiene

In cases of child abuse or neglect, dental evidence can also
involve the examination of oral hygiene and dental care. Poor
oral health, untreated dental caries, and other oral infections
can indicate neglect or inadequate care, contributing to the
overall assessment of the child’s well-being.

Radiographic evidence

Dental radiographs (X-rays) are commonly used in dental
evaluations and can provide valuable evidence in cases of
domestic violence and child abuse. They can reveal hidden or
undiagnosed dental injuries, fractures, or skeletal abnormalities
that may be consistent with abuse. Comparisons of pre-existing
and post-incident radiographs can help determine the timing
and progression of injuries.

Documentation and expert testimony

Forensic odontologists can document and provide expert
testimony regarding the dental evidence in domestic violence
and child abuse cases. They can accurately describe the nature
of the injuries, interpret their forensic significance, and provide
professional opinions regarding the likelihood of abuse or
neglect based on the dental findings.>4°

CONCLUSION

In conclusion, forensic odontology plays a critical role in
the field of forensic science and criminal investigations.
By utilizing dental evidence and expertise, forensic
odontologists contribute to the identification of human remains,
determination of age, sex, and ancestry, bite mark analysis,
dental autopsy, and the evaluation of dental records. Their
specialized knowledge and skills bridge the gap between
dentistry and law enforcement, providing valuable information
that can aid in solving crimes and bringing justice to victims
and their families. Forensic odontology serves as a powerful
tool in identifying individuals when traditional methods are
not feasible, such as in cases of mass disasters or decomposed
remains. The uniqueness and durability of dental features,
such as tooth morphology, dental records, and bite marks,
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make them valuable sources of evidence. Through meticulous
examination, comparison, and analysis, forensic odontologists
can provide reliable identification and support the investigation
process. Furthermore, the field of forensic odontology
continues to evolve with advancements in technology, such
as 3D imaging, dental databases, and DNA analysis from
dental sources. These advancements enhance the accuracy
and efficiency of forensic odontological examinations, further
strengthening its role in the criminal justice system. The
expertise of forensic odontologists, combined with their ability
to analyze dental evidence, collaborate with other forensic
disciplines, and provide expert testimony, significantly impacts
the outcome of investigations. Through their work, forensic
odontologists help bring closure to families, ensure the proper
identification of victims, and contribute to the pursuit of justice.

ACKNOWLEDGMENTS
None.

REFERENCES

1. Vallamchetla, Kiran & maloth, dr.kotyanaik & Chappidi, Vani &
Goyal, Stuti & Ugrappa, Sridevi & Kodangal, Srikanth. (2017).
Role of Dentists during Mass Disasters: A Review. Journal
of Indian Academy of Oral Medicine and Radiology. 29. 371.
10.4103/jiaomr.jiaomr 91 17.

2. Saranya, V. (2014). Forensic odontology: a brief review. Sri
Ramachandra Journal of Medicine, 7(2).

3. Ciapparelli, L. The chronology of dental development and age
assessment. in: D.H. Clark (Ed.) Practical forensic odontology.
Wright Butterworth-Heinemann Ltd, Oxford; 1992:22—-42.

4. Nolla CM. The development of permanent teeth. J Dent Child
1960;27: 254-66.

5. Kvaal S, Kolltvit KM, Thompson IO, Solheim T. Age estimation of
adults from dental radiographs. Forensic Sci Inter 1995;74:175-85.

6. Harris MPJ, Nortje CJ. The mesial root of the third mandibular
molar. J Forensic Odontostmatol 1984;2: 39-43.

7. Chakraborty, A., Kundu, A., Sarkar, S., Silajiya, D. A Review on
Clinical and Forensic perspective of Dental Age Estimation in
Children. Int J Eth Trauma Victimology. 2022;8(1):31-35.

8. Jayapal, Dinakaran & Thayalan, Dineshkumar & Gunasekaran,
Nandhini & Priyadharshini, Natraj & Rajkumar, Krishnan.
(2015). Gender determination using dentition. SRM Journal of
Research in Dental Sciences. 6. 29. 10.4103/0976-433X.149587.

9. Kaushal S, Patnaik V, Agnihotri G. Mandibular canines in sex
determination. J Anat Soc India 2003;52:119-24.

10. Abdullah M. A cross-sectional study of canine tooth dimorphism
in establishing sex identity: A comparison of two different
populations. Cairo Dent J 1998;14:191-6.

11. Aprajita Sikka, Anjali Jain. Sex determination of mandible: a
morphological and morphometric analysis. International Journal
of Contemporary Medical Research 2016;3(7):1869-1872.

12. Singh R, Mishra SR, Sushobhana, Passey J, Kumar P, Singh
S, et al. Sexual dimorphism in the adult human mandible of
north Indian origin. Forensic Medicine and Anatomy Research.
2015;3:82-8.

13. Vinay G, Mangala GSR. Determination of gender by
anthropometric measurement of human mandible using ramus
breadth and mandibular angle: A cross-sectional study from
South India. Medical science. 2013;1:28-32.



Bridging the Gap between Dental Science and Criminal Investigation

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Reddy, K.S.N. (2013) The Essentials of Forensic Medicine and
Toxicology. Jaypee Brothers Medical Publishers (P) Ltd.; 33rd
edition (27 August 2014).

Dr. Sandhya Jain MDS and Dr. Merin Kuriakose. Gender and
race determination in forensic odontology-- An overview”,
International Journal of Current Research (2020), 12, (10),
14435-14440.

Scott GR, Turner CG 2nd. The anthropology of modem human
teeth: Dental morphology and its variation in recent human
populations. Cambridge: Cambridge University Press; 199
Senn David R. Richard A. Weems and CRC Press. 2013. Manual
of Forensic Odontology. 5th ed. Boca Raton: CRC Press/Taylor
& Francis Group.

Roy J, Shahu U, Shirpure P, Soni S, Parekh U, Johnson
A. A literature review on dental autopsy — an invaluable
investigative technique in forensics. Autopsy Case Rep [Internet].
2021;11:¢2021295. https://doi.org/10.4322/acr.2021.295
Arthanari, Abirami & Chander, U Jagdish & Palaniswamy,
Adhithiya. (2021). Oral and virtual autopsy in forensic dentistry.
International Journal of Clinicopathological Correlation. 5. 35.
10.4103/ijcpe.ijepc_13_21.

William E. Silver, Richard R. Souviron, Dental Autopsy,
1st Edition, 2009, Boca Raton, CRC Press, https://doi.
org/10.1201/9781420070163

Rao, DhanyaS & Ali, Ibrahim & Annigeri, RajeshwariG. (2016).
Bitemarks - A review. Journal of Dental Research and Review.
3. 31. 10.4103/2348-2915.180115.

Moody G Howard, An Introduction to Forensic Odontology, 1%
Edition, Quintessence Publishing Company Ltd, 2010, ISBN:
9788192297712

R. Mahajan, Mohd. Arif Dar, Sanjeet Singh Risam. “Palatoscopy/
Rugoscopy: A Potential Tool in Human Identification”. Journal
of Evolution of Medical and Dental Sciences 2014; Vol. 3,
Issue 40, September 01; Page:10076-10088, DOI: 10.14260/
jemds/2014/3307

Thomas CJ, Kotze TJ. The palatal ruga pattern: a new
classification.J Dent Assoc S Afr 1983; 38(3): 153-157.
Dineshshankar J, Ganapathi N, Yoithapprabhunath TR,
Maheswaran T, Kumar MS, Aravindhan R. Lip prints: Role in
forensicodontology. J Pharm Bioall Sci 2013;5:95-7.

Reddy LV. Lip prints: An overview in forensic dentistry. J] Adv
DentRes 2011;1:1720

Sharma P, Saxena S, Rathod V. Cheiloscopy: The study of lip
prints in sex identification. J Forensic Dent Sci 2009;1:247
Stefanescu CL, Popa MF, Candia LS. Preliminary study on

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

the tongue-based forensic identification Rom J Leg Med.
2014;22:263-6

Jeddy N, Radhika T, Nithya S. Tongue prints in biometric
authentication: A pilot study J Oral Maxillofac Pathol.
2017;21:176-9

Nimbulkar G, Patil R, Nathani S, Salve S, Chhabra KG, Deolia
S, et al Tongue prints: A forensic review Indian J Forensic Med
Toxicol. 2020;14:6802—-6806

Menon, P.Aishwaryal; Kumar, N. Anoop2,. Recent Advances in
Forensic Odontology: An Overview. Journal of Forensic Science
and Medicine 7(3):p 105-108, Jul-Sep 2021. DOI: 10.4103/jfsm.
jfsm_41_20

Girish K, Rahman FS, Tippu SR. Dental DNA Fingerprinting
in Identification of Human Remains J Forensic Dent Sci.
2010;2:63-8

Arpita S, et al. 3D forensic facial reconstruction: a review of
the traditional sculpting methods and recent computerised
developments. Int J Forens Sci 2018; 3: 000134.

Wilkinson CM. Forensic facial reconstruction. Cambridge:
Cambridge University Press.

Taylor K. Forensic art and illustration. Boca Raton, FL: CRC
Press.

Kundu A, Streed M, Galzi PJ, Johnson A. A detailed review of
forensic facial reconstruction techniques. Medico-Legal Journal.
2021;89(2):106-116. doi:10.1177/0025817221989591

Thomas T, Muruppel AM, Dinesh N, Gladstone S, George V.
Dentures in forensic identification — A review of methods and
benefits J] Adv Med Dent Sci. 2014;80:5-12

Reddy RRT, Kumar RN, Singh NK, Lakshmi USB, Anusha
C. Denture marking for forensic identification using Aadhar
number: A case report Int J Sci Res Sci Technol. 2017;3:627-30
Fisher-Owens, S. A., Lukefahr, J. L., Tate, A. R., AMERICAN
ACADEMY OF PEDIATRICS, SECTION ON ORALHEALTH,
COMMITTEE ON CHILD ABUSE AND NEGLECT,
AMERICAN ACADEMY OF PEDIATRIC DENTISTRY,
COUNCIL ON CLINICAL AFFAIRS, COUNCIL ON
SCIENTIFIC AFFAIRS, & AD HOC WORK GROUP ON
CHILD ABUSE AND NEGLECT (2017). Oral and Dental
Aspects of Child Abuse and Neglect. Pediatrics, 140(2),
€20171487. https://doi.org/10.1542/peds.2017-1487

Stavrianos, Christos & Louloudiadis, Konstantinos &
Papadopoulos, Christos & Konosidou, N. & Samara, Elpida &
Tatsis, Dimitris. (2011). Challenging Dentists’ Role: Identifying
and Reporting Domestic Violence. Research Journal of Medical
Sciences. 5. 32-37. 10.3923/rjmsci.2011.32.37

Int J Eth Trauma Victimology, Volume 10, Issue 1 (2024) 27


https://doi.org/10.4322/acr.2021.295
https://doi.org/10.1201/9781420070163
https://doi.org/10.1201/9781420070163

