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ABSTRACT

While forensic pathologists have always played a pivotal role in victim identification after
mass casualties, new developments in forensic methods have given forensic anthropologists
more agency in positively identifying individuals who were previously unidentifiable.This
review aims to contribute to the refinement of diagnostic tools, ensure optimal utilization
of remnants and information available, and emphasize the contributions of forensic
pathologists and forensic odontologist to victim identification and the importance of
forensic pathologists and forensic odontologist in the criminal justice system. Considering
the Interpol DVI Guide's emphasis on fingerprints, dental examinations, and DNA as primary
identifiers, the forensic pathologist's role as the leader of a multidisciplinary team of experts
in a disaster situation has taken on new significance. This is due to the forensic pathologist's
and forensic odontologist training and experience leading similar teams during routine
operations at a forensics institute. This thorough examination highlights the utmost
significance of the job carried out by forensic pathologists and forensic odontologist. They
play an important role in the judicial process by providing expert views in criminal
investigations. Their expertise ensures accurate identification of victims and provides critical
evidence that is necessary for holding offenders responsible. Their contributions are
fundamental to the administration of justice, highlighting the great importance of their
function in the overall structure of the criminal judicial system.
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INTRODUCTION

The field of forensic sciences, which is directly linked to the legal system, has
a fundamental basis in humanistic principles. The significance of identification be-
comes of utmost importance in instances of serious bodily harm resulting from di-
verse situations, underscoring the crucial role played by forensic medicine and re-
lated fields in such circumstances (Cordner, 2018). Forensic anthropology, finger-
print analysis, forensic odontology (FO), radiography, and DNA profiling are many
methodologies that may be used in such circumstances with the aim of facilitating
victim identification.(Rodriguez Almada et al., 2022) The outstanding accuracy of
dental identification as a key tool for determining the identity of a dead person is
highlighted by the preservation of teeth and dental traits postmortem (PM). This
method, which makes use of the tenacity of dental structures to continue after a
person's death, stands out as one of the most dependable and accurate processes
now accessible in the field of forensic research.(Prajapati et al., 2018a)

Forensic pathology examines dead bodies to determine cause, method, and
circumstances A forensic pathologist is a medically trained professional who has
obtained a license to practice medicine. They have successfully finished a 4-year
medical school program, followed by a 3-4 year residency in anatomic and clinical
pathology, and finally, a year-long fellowship in forensic pathology. Upon
successfully completing the anatomic pathology board test, forensic pathologists
are eligible to undertake the forensic pathology exam administered by the American
Board of Pathology.Unfortunately, the US lacks board-certified forensic
pathologists; hence, many forensic examinations are performed by non-boarder
pathologists with varied backgrounds.(Senn.David R, 2021)

Disaster victim identification

The teeth and dental features can be preserved postmortem (PM), dental
identification is one of the most accurate procedures for determining the identity of
a deceased individual (Shanbhag, 2016). During the process of identification,
recovery, antemortem, postmortem, and identification, teams will all be involved.

Recovery team for disaster victims

Dental identification, given the resilience of teeth and dental features
postmortem, emerges as a highly accurate forensic procedure, playing a pivotal role
in determining the identity of deceased individuals. This is necessary in order to
prevent the degradation of dental substances while the body is being transported to
the morgue.(de Boer et al., 2020)

Ante Mortem team

The first responsibility of the AM team is to gather compilations of individu-
als who are currently unaccounted for. The information is obtained from the family
and physician of the missing individual. Following the local police's communica-
tion with the missing person's dentist, a forensic odontologist is assigned to the AM
team to disseminate the dental AM, data, and materials. Gathering and documenting
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information from various sources such as dental records, X-rays, CT scans, dental
models, and full-face photos, and entering it into the AM F1/F2 Interpol form. A
centralized computer system, such as DVI System International, WinID, DAVID,
or another application, is used to keep the personal, medical, and dental data ob-
tained from the experts. In addition, the AM fingerprints that have been recorded
are received and scanned into the AFIIS.(Smitha et al., 2019a)

Post-mortem team

Fingerprint experts, police officers, pathologists, odontologists, and DNA
experts are just some of the professionals who will examine the corpse at the
morgue and record their findings on post mortem Interpol form.The PM
examination begins with a detailed exterior description and then moves on to
fingerprint analysis. The following phase involves the pathologist beginning an
exterior and interior body description Subsequently, a forensic odontologist would
examine the teeth on the postmortem f1/f2, , We will maintain a comprehensive
record of the patient's dental condition, including details about their teeth,
surrounding structures, fillings, materials used, and any prosthetic procedures
performed. The pulp from two primary teeth (canines and premolars) can be
extracted and sent to forensic DNA labs for investigation (Smitha et al., 2019b).

Identification team

Documents pertaining to missing people are processed and compared at the
identification center, which also transcribes and reconciles fingerprint, dental, and
DNA analysis results sent over from the AM and PM files units. Feedback from the
specialist area is used to update the corresponding identifying records. According
to the DVI Guide: Interpol 2009, the most reliable methods of individual
identification include fingerprint analysis, comparative dental examination, and
DNA analysis. It is also suggested that positive identification may be achieved
using a combination of postmortem and antemortem dental evidence obtained from
the same person. According to the Interpol DVI Guide, a single positive match
achieved via the use of dental identification may be relied upon as a reliable identify
(Smitha et al., 2019c).

RESEARCH METHOD

Dental identification
Disasters, both natural and human-caused, have always highlighted the need
for dental identification. Because there isn't enough space for fingerprints in any
central database, dental identification remains essential (Kaleelullah & Hamid, 2020).
Identification reports, as defined by the American Board of FO,
1. Accurately matching data records provides a positive identification.
2. AM and PM recordings with comparable traits but questionable evidence
for identification
3. Evidence is insufficient because there is not enough of it to draw a
conclusion.
Not matching records are excluded.
There are two methods of dental identification:
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1. The dentist will check for comparable or confirming dental traits in the dead
individual from the suspect's past dental records.
2. If there are no known dental records that may help identify a body using

AM materials, a dental profile can be created using PM method (21: Forensic
Odontology | Pocket Dentistry, n.d.)

Dental Record

It is a formal record of the patient's history, including both personal and
clinical details. Accurate notation is required on the dental chart. (Pretty etal., n.d.).
It includes the status of each tooth in the mouth, including whether it is there,
whether it has been restored, whether or not it has been affected by any diseases or
conditions, and so on. Dentists are required by law to keep dental records that are
both complete and legible (Roy et al., 2019).

Definitive identification of deceased individuals may be accomplished by
comparing ante-mortem (AM) records, such as a comprehensive medical history
sheet with dental information, written notes, study casts, full mouth impressions,
dental radiographs, and high-resolution photographs, with post-mortem (PM) find-
ings. Dental records maintained by AM dentists are very helpful for major cri-
ses.(Astekar et al., n.d.)

The steps used to gather dental history should be in line with state regulations.
Any departure from the proper legal procedures for disclosing the documents might
have serious consequences (Li et al., 2022). The "Disaster Victim Register" method
must be implemented in the event of a major catastrophe. For purposes of
comparison, please fill out the yellow AM form and the pink PM form
independently (Dahal et al., 2022). To assist in the identification of the victim roster
in digital format, Plass Data (Plass Data Software A/S, Taastrup Moellevej 12A,
4300 Holbaek, Denmark) developed the "DVI System International” program
(Kaur Ekampreet et al., 2022).

Post-mortem dental profiling

When the suspect's presumed identification is unknown and no AM records
are accessible, dental anthropology (M dental profiling) is used. When the bones
are badly decomposed and discovered in a random place, this kind of scenario might
emerge.(Pramod et al., n.d.) The goal of PM dental profiling is to identify a select
group of candidates for further investigation. The dental profile is an individual's
unique set of hard and soft tissue traits. Age, sex, race, socioeconomic position,
personal habits, systemic health, employment, and nutrition may all be estimated
with their guidance.(Vodanovi¢ et al., n.d.)

Sex determination

Human identification by a forensics team begins with establishing sex. A
forensic odontologist uses teeth and skeletal evidence to help with gender
identification (Nagare et al., 2018a). Males and females differ in several ways,
including tooth shape, crown size, and root length. Teeth are resistant to PM
degradation, making them a useful tool in gender identification. Multiple
approaches were employed to identify individuals based on their gender (DAvID
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THOMAS J & LEWIS JAMES M, 2018).

[Table 1]. sex determination method

Gender Identification

Advanced Method Microscopic Method Clinical method
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Dental Index \

Odontometric dif-
ference

Tooth size

Tooth morphology
and sexing

Canine Dimor-
phism

root length and
crown Diameter.

1. Gender deter-
mination using
bar bodies.

tein.

/ \_

2. sex determina-
tion using PCR.

f 1. Sex determina—\

tion using pro-

J

Teeth size is a reliable indicator of sexual orientation. The linear dimensions
of teeth have been used to create indices such as the incisor index, the mandibular
canine index (MCI), and the crown index. These indices reveal sexual dimorphism
in teeth.(Sabdia et al., n.d.)The crown sizes of male and female teeth have been
shown to be statistically different. Larger teeth in the mandibular canine region are
more often seen in men than women (Shah et al., 2019). The incisors, premolars,
first molars, and second molars all have their own unique characteristics (Monali et
al., n.d.) The diameter of the plant's crown and various root lengths are also utilized
to establish its gender. In their research, Singh et al. discovered that men had larger
intercanine distances, right canine widths, left canine widths, molar contact indices
(MCIs), and MCils.

Nonmetric characteristics that may be used to determine sex include the
presence or absence of a distal accessory ridge, the presence of Carrabelle’s trait in
the upper molars, the shoveling of the upper central incisor, and the number of cusps
in the mandibular first molar. Males of the canine species have a more prominent
distal accessory ridge compared to females. The female mandibular first molar has
a reduced number of distobuccal or distal cusps compared to its male counterpart.
Research has shown that men have a greater prevalence of the crown and
Carrabelle's tubercle in terms of their size. A recent study has shown that the
detection of bar bodies in the tooth pulp may serve as a dependable method for
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determining an individual's sex (Nagare et al., 2018b). At temperatures of 100°C,
200°C, and 400°C, the female cells in the study by Reddy et al. demonstrated pe-
ripheral Barr chromatin condensation. On the other hand, the male cells did not
display Barr chromatin but did exhibit a fibrovascular connective tissue stroma.(Si-
vagami et al., n.d.-a)Polymerase chain reaction (PCR) is used to determine sex
using DNA extracted from pulp tissue (Reddy et al., n.d.). Using ultrasonication
and PCR amplification, Sivagami et al. were able to successfully determine the sex
of 2000 individuals (Sivagami et al., n.d.-b). The human enamel protein
AMELOGENIN, or AMEL, has a sex-specific distribution. In men, AMEL genes
are found on both X and Y chromosomes, whereas females have two copies of
ALEL on the X chromosome (Ginart et al., 2019).

Age estimation

Dental age may be used for identification purposes since it remains un-
changed by an individual's nutritional or endocrine condition (Puranik et al., 2015).
Several techniques are included in the age estimate process of human identification,
as shown in Table 2.

Table 2. Age estimation method

[ Age estimation method ]

Clinical Biochemical

Radiographic
1. volume of the pulp
chamber and root canal. iL
2. appearance of tooth germs.

1.

Eruption se- 3. open apex. 1. C.14
quence 4. degree of crown and root 2. Racemization of
completion. dentin.

5. Degree of root resorption

and deciduous teeth

6. Pulp-to tooth ratio

7. Third molar eruption

8. degree of remineralization
of various teeth,

N /

Dentition is used as a reliable indicator of age throughout the stages of
prenatal, natal, and postnatal development, as well as in individuals ranging from
newborns to adolescents and adults. Age estimation during the new-born period is
conducted for objectives such as infanticide. Neonatal ages may be approximated
using many techniques, including as maceration, CT scans, dry tooth weight, and
the neonatal line. Radiographic techniques, including Schouler and Mossler's
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method, the Moorer, Fanning, and Hunt method, the Demirijian, Goldstein, and
Taner's method, and Nola's methodology, are used to assess the age of children and
young adults. These methods are complemented by clinical procedures such as the
eruption sequence (De Donno et al., 2021).

The eruption of the third molar is a crucial indicator of adulthood. Age
estimation may be facilitated by observing regressive alterations in adult teeth, the
periodontal condition including attachment loss, histological changes in dentin such
as incremental lines of cementum, and radiographic assessment of root resorption
and cementum apposition at the apex (Singhal et al., n.d.).Factors such as occlusal
attrition, coronary secondary development, loss of periodontal attachment,
cementum apposition, apical resorption, and root transparency are taken into
consideration in Gustafson's approach for calculating age from a single (DIAC et
al., 2020) created a technique for determining an adult's age. The age is determined
by comparing the pulp volume to the tooth volume.

According to Harris and Nortje, the root production of the third molar goes
through five phases (Verma et al., 2019). This has potential use in determining an
individual's age (da Silva Sampieri et al., 2018). New studies suggest that the
angulation of the cementum of a tooth may be used as a more accurate proxy for
age than previous approaches (Pinto et al., 2022). Age may also be calculated by
measuring amino acid racemization. Enamel, dentine, and cementum convert more
L-aspartics acid to D-aspartics acid with age; hence, this ratio may be used to
determine a person's age (Adserias-Garriga et al., 2018).

RESULT AND DISCUSSION

Race determination

Several dental anthropological investigations have demonstrated that tooth
shape and size may be used as indicators of racial identity. The Carabelli cusp,
fewer dental cusps overall, and a streamlined fissure system are all traits often
associated with Caucasians. In contrast to the Western trend of reducing the number
of dental cusps, Asians have a disproportionately high incidence of shoveled
incisors and a complicated fissure systemAfrican-descended persons do not often
have the Carrabelli cusp or shovelled incisors, but they do have a complex fissures
and number of cusps (Hillson Simon, 2024).

An individual's distinct amalgamation of socioeconomic status, personal be-
haviors, oral health, and occupation might be used to definitively establish their
identity. The person may exhibit inappropriate behavior, such as smoking, using
oral hygiene products, having an open bite crossbite, or protrusive incisors. Identity
may be determined by analyzing PM dental data, including conditions such as ame-
logenesis imperfecta, dentinogenes imperfecta, oral signs of scurvy, and erosive
changes caused by bulimia or anorexia. Consumption of carbohydrates, tough
foods, nuts, and carbonated beverages may be associated with an elevated caries
index, tooth abrasion, and erosive changes in hard dental tissue (Kapoor & Chowdhry,
2018) .
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Role of forensic odontologist

Forensic Odontologist

When determining where an unknown body belongs, the forensic
odontologist is essential. (Pittayapat et al., n.d.). Forensic science and the legal
system generally agree that teeth may be used for positive identification
purposes.(Krishan et al., n.d.) In the following paragraphs, we'll discuss why a
forensic odontologist's expertise and a team-based approach are crucial to a
successful forensic investigation.

Mass disaster

Since the beginning of this century, the number of catastrophic events that
affect many people has skyrocketed, mostly as a result of two factors: the
proliferation of transportation options and a rise in the frequency of extreme
weather.(Prajapati et al., 2018b) In this case, a forensic odontologist is the only one
who can positively identify a victim.

Identification of useless cadavers

It is possible for forensic odontologists to give families with proof that may
be utilized in court as a result of the identification of nameless cadavers. This also
ensures that the corpse can be made accessible to the family in time for the burial.
It is also helpful to understand what occurred to the person who passed away, so
that the corrosive confusion over this may be replaced with something that is closer
to the reality, even though this may be quite upsetting.(Cordner et al., n.d.)

The purpose is to emphasize that forensic pathologists are not only
responsible for determining the cause and manner of death but also play a critical
role in aiding investigations, bringing closure to families and loved ones of the
victims, and ensuring justice is served. Ultimately, the purpose of this discussion is
to highlight the significance of forensic pathologists in the criminal justice system
and recognize their contributions to victim identification.

CONCLUSION

It has been shown that an effective technique for enhancing the field of foren-
sic science is to include forensic dentistry and forensic pathology into the field. The
information that is obtained via these methods may be used to provide crucial in-
sights into criminal investigations and to aid in the process of delivering justice to
victims and the families of those who have been mistreated. Identification of vic-
tims of disasters is a difficult and time-consuming task that requires the use of mul-
tidisciplinary teams that have been properly prepared and are handled. The
pathologist is responsible for collecting the relevant samples for DNA analysis, re-
viewing the X-rays or CT scans, and, if necessary, consulting with radiology pro-
fessionals who are skilled with the interpretation of postmortem imaging. In order
to perform this duty to the best of their ability, the pathologist must have proper
training and education in disaster management.
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