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Abstract

Forensic odontology is a specialized branch of forensic science focused on the application of dental knowledge to the 
investigation and resolution of legal cases. This field plays a crucial role in identifying human remains in cases where traditional 
identification methods, such as fingerprint analysis, may not be applicable due to advanced decomposition, disfigurement, or 
disaster scenarios. Forensic odontology employs techniques including dental record comparison, radiographic analysis, and the 
study of bite marks to assist in human identification, age estimation, and assessing trauma to the oral region. In recent years, 
advances in technology, such as 3D imaging and DNA analysis from dental pulp, have enhanced the accuracy and reliability of 
forensic odontology. This review explores key methods, recent advancements, challenges, and ethical considerations within 
forensic odontology, emphasizing its vital role in both criminal investigations and mass disaster response. The integration of 
interdisciplinary approaches and technological innovations continues to shape the future of forensic odontology, improving its 
precision and utility in legal contexts.
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Introduction

Forensic odontology, a specialized area within forensic 

science, utilizes dental expertise to aid in the identification of 

human remains and the analysis of bite mark evidence in legal 

investigations. Dental structures are highly durable, often 

surviving even when other tissues and features have 

decomposed or been destroyed, making them invaluable in 

cases where bodies are severely compromised by fire, water, 
(1)or extensive decay.  Forensic odontologists play a critical 

role in identifying victims of natural disasters, accidents, and 

crimes, and their work often involves comparing dental 

records, analyzing radiographs, and employing modern 

imaging technologies to match dental evidence with 

individual profiles.

Beyond identification, forensic odontology also 

encompasses the analysis of bite marks in cases of assault or 

abuse, aiding in suspect identification and helping establish 

links between suspects and victims. Recent advancements, 

including 3D scanning, digital imaging, and DNA extraction 

from dental pulp, have significantly enhanced the precision 

and scope of forensic odontology. As an evolving discipline, 

it also faces challenges, including the variability in dental 

records, the subjective interpretation of bite marks, and 

ethical considerations related to the handling of sensitive 

evidence. This article explores the methodologies, 

applications, recent advancements, and ongoing challenges 

in forensic odontology, highlighting its indispensable role in 

both criminal investigations and disaster victim 
(2)identification.

Evolving Trends In Conventional Methods Used In 

Forensic Odontology

Forensic dental identification most of the times are dependent 

on the availability, adequacy, and accuracy of antemortem 

dental records. Maintenance of dental records is the duty of a 

dentist and is an essential component, serving as an 

information source for the dentists and the patients, in 

medico-legal, administrative, and for forensic purposes. 

Identification by comparative dental analysis plays an 

important role similar to fingerprints and DNA analysis. The 

dental records were successfully utilized in many disasters 

such as world trade center disaster, Indian Ocean tsunami 

disaster in December 2004, etc. Dental records are available 

in various forms such as dental notes, dental charts, 

radiographs, photographs, and models. Maintenance of these 

records is mandatory in the Western countries. Different 

countries have different guidelines regarding the retention of 
(3)dental records.

Dental imaging

In cases where previous records are not available for 

comparison, an alternative aid used for individual 

identification is radiograph. The radiographic images of the 

deceased can be obtained and compared with the available 

antemortem radiographic image of the suspected person. 

Historically, the use of radiographs in forensic sciences was 

introduced in 1896, just a year after the discovery of X-ray by 

Roentgen, to reveal the presence of lead bullets inside the 

head of a victim. Dental radiographs are easily available and 

serve as a vital clue for forensic identification. The 
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parameters used in dental radiographs are shape of the teeth 

and roots, teeth present, missing teeth, residual roots, 

supernumerary teeth, noncarious lesions such as attrition, 

abrasion, fractures, bone resorption due to periodontal 

disease, bone pathology, diastemas, dental caries, endodontic 

treatment, intraradicular posts, intracoronal posts, and dental 

prostheses. Conventional radiography allows observation of 

coronal shape and size, pulp anatomy, crestal bone, etc. 

Computed tomography (CT) images reveal the cross-section 
(4)of the areas exposed and produce multiple images.  

Antemortem CT images provide information which can be 

used in the construction of a postmortem facsimile image, 

considering that craniometrical points can be precisely 

located and measurements can be accurately performed. The 

frontal sinus configuration is peculiar to each individual 

which can be used as a parameter for individual 

identification. The parameters used for comparison of frontal 

sinus images are variations in its size, shape, symmetry, 
(5)border outline, and number and presence of septa and cells.  

Facial photographs, video recordings, or smile photographs 

that show specific characteristics of each individual also 

serve as a valuable aid in forensic identification. In this 

manner, orthodontics serves as a source of extensive clinical 

documentation of the dental tissues that determine the smile 

of individuals. The increased use of extra- and intra-oral 

photographs for the planning and execution of treatments, 

along with the popularization of digital cameras, is providing 

more data for forensic human identification.

Bite Mark Analysis

Bite mark analysis is one of the key applications of forensic 

odontology, used in criminal investigations, particularly in 

cases involving assault, abuse, and homicide. Bite marks can 

be left on various surfaces, including human skin, food items, 

or other materials encountered at crime scenes. Forensic 

odontologists analyze these marks to establish connections 

between suspects and victims, aiming to match the unique 

characteristics of a suspect's dental profile with the bite mark 
(6)evidence found.

The process of bite mark analysis involves several steps. 

First, forensic odontologists document the bite mark through 

high-resolution photography, casting, or digital imaging, 

which allows for precise measurements and analysis. Next, 

they evaluate specific features of the bite, such as the size, 

shape, spacing, and orientation of teeth impressions, which 

can reflect unique aspects of the biter's dentition, including 

tooth alignment, wear patterns, and missing or broken teeth. 

In certain cases, bite marks on skin may even indicate the 

pressure or force used, which can provide additional context 

about the event.

DNA analysis 

DNA analysis has become an essential tool in forensic 

odontology, significantly improving the accuracy and 

reliability of human identification, especially in cases 

involving decomposed, burnt, or otherwise damaged 

remains. Teeth and other dental tissues are highly resilient, 

often withstanding harsh environmental conditions that 

degrade other biological materials. This resilience makes 

dental tissues an ideal source for DNA retrieval, particularly 

in situations where traditional identification methods, such as 
(7)fingerprinting, are not viable.

The process of DNA analysis in forensic odontology begins 

with the extraction of DNA from dental tissues, typically 

from the dental pulp located in the center of the tooth. The 

pulp is protected by layers of hard enamel and dentin, making 

it a valuable DNA reservoir. If the pulp is damaged or absent, 

DNA can also sometimes be extracted from the cementum 

layer or other surrounding dental tissues. Once the DNA is 

isolated, it undergoes amplification through polymerase 

chain reaction (PCR) to generate a sufficient quantity for 

analysis. This DNA can then be compared to known samples, 

such as those from family members, or entered into databases 
(8)to assist in matching and identification.

Cheiloscopy in Forensic Odontology

Cheiloscopy, the study of lip prints, is a unique technique 

within forensic odontology that assists in personal 

identification and crime investigation. Just as fingerprints 

and dental records provide distinctive patterns, lip prints 

contain individualized features that can be used to link 

suspects to crime scenes or to identify unknown individuals. 

Lip prints can be found on a variety of surfaces, such as 

glasses, cups, clothing, and skin, making them potentially 

valuable sources of evidence.

Lip prints are composed of unique lines, grooves, and 

patterns found on the external surface of the lips. In 

cheiloscopy, these patterns are classified into several types 

based on the shapes of the grooves, such as vertical, 

intersected, branched, or reticular (net-like). Each individual 

has a unique arrangement of these patterns, which remains 

relatively consistent over time. Forensic odontologists 

analyze these prints to determine identity or to exclude 
(9)suspects in criminal investigations.

Rugoscopy in Forensic Odontology

Rugoscopy, also known as palatoscopy, is the study of the 

unique patterns of ridges and folds on the roof of the mouth, 

specifically the hard palate. These patterns, known as palatal 

rugae, are highly individualistic and remain stable throughout 

a person's life, making them a reliable feature for 

identification purposes in forensic odontology. Rugoscopy 

provides valuable assistance in personal identification, 
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particularly in cases of fire, decomposition, or trauma where 
(10)dental structures may be compromised.

Palatal rugae are unique to each individual, much like 

fingerprints, and vary in shape, length, and position. They 

develop in early fetal life and are protected by the hard palate, 

making them resilient to damage from heat, chemicals, and 

other environmental factors. This durability makes 

rugoscopy a useful method in cases where other forms of 

identification may not be feasible.

Recent Concepts in Forensic Dental Identification

Facial Reconstruction in Forensic Odontology

Facial reconstruction is a specialized application within 

forensic odontology and forensic anthropology used to 

recreate the facial features of unidentified human remains. 

This technique, also known as craniofacial reconstruction, 

aids in the identification of unknown individuals by 

generating a three-dimensional approximation of their face 

from their skull or skeletal remains. It combines expertise 

from forensic odontology, anthropology, and anatomy to 

assist in missing person cases, criminal investigations, and 
(11)historical or archaeological inquiries.

Process of Facial Reconstruction in Forensic Odontology

1. Skull Analysis: The process begins with a detailed analysis 

of the skull and any available dental structures. Forensic 

odontologists and anthropologists examine the skull to 

estimate key attributes, such as age, sex, ancestry, and other 

anatomical characteristics that affect facial appearance. 

Features like the shape of the nasal cavity, the position of the 

orbits, and the alignment of the teeth all provide clues about 

the person's facial structure.

2. Tissue Depth Markers: Forensic experts use tissue depth 

markers—small pegs or digital measurements—to estimate 

the thickness of soft tissues at specific points on the skull. 

These markers are based on average tissue depths that vary by 

age, sex, and ancestry, and they serve as a guide for building 

up the facial features accurately.

Reconstruction Techniques: 

Traditional Clay Modeling: In this method, clay is applied 

over the skull or a cast of the skull to sculpt the facial features 

manually. Clay modeling allows the forensic artist to add 

muscle structure, skin, and other features based on the tissue 

depth markers, slowly building the face layer by layer.

 Computer-Aided Reconstruction: Digital methods, 

including 3D scanning and computer-aided modeling, have 

become popular for facial reconstruction. These technologies 

allow experts to create a digital 3D model of the skull, onto 

which virtual tissues and features can be layered. Digital 

methods are faster and more adjustable, and they also 

facilitate sharing and viewing by investigators or the public.

Denture Identification Method in Forensic Odontology

Denture identification is a valuable technique in forensic 

odontology for identifying deceased individuals when 

dentures are found among human remains. Dentures, both 

complete and partial, can carry unique markers, inscriptions, 

or other identifying characteristics that link them to a specific 
(1,10)person.  This method is especially useful in cases where the 

body is heavily decomposed, burned, or otherwise damaged, 

rendering other identification methods difficult or 

impossible. Denture identification can also be used in disaster 

victim identification (DVI), assisting in cases of mass 

casualties where dentures may be recovered as part of 

personal belongings.

Comparison Microscope in Forensic Odontology

A comparison microscope is an essential tool in forensic 

odontology, enabling precise, side-by-side examination of 

two samples under magnification. This instrument combines 

two microscopes connected by an optical bridge, allowing 

forensic experts to view both samples in the same field of 

view. By merging the two images, forensic odontologists can 

conduct detailed comparisons that are especially useful in 

bite mark analysis, dental record verification, and trace 
(11,12)evidence examination in criminal investigations.

Tongue Prints in Forensic Odontology

Tongue prints, or lingual impressions, represent an emerging 

field of study in forensic odontology. Like fingerprints, the 

tongue's shape, texture, and patterns are unique to each 

individual, making it a potential biometric identifier for 

personal identification. The tongue's features remain 

relatively stable over time, and its hidden location within the 

mouth protects it from environmental factors, making it a 

viable option for use in forensic cases where traditional 
(2,11)identification methods may be compromised.

Unique Characteristics of Tongue Prints

Each person's tongue has unique characteristics, including:

  Shape and Size: The overall shape, width, and thickness 

of the tongue vary between individuals, providing 

distinguishing characteristics.

 Texture and Grooves: The surface texture, along with 

grooves, fissures, and papillary patterns (the distribution 

of taste buds and other small structures on the tongue), can 
(13)serve as unique markers.

 Lingual Frenulum and Muscle Structure: The 

positioning of the lingual frenulum (the tissue connecting 

the tongue to the floor of the mouth) and the muscular 

structure of the tongue add further individual 
(14,15)specificity.
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Conclusion

Forensic odontology is a vital, evolving field within forensic 

science that plays an essential role in the identification of 

individuals in both criminal investigations and disaster 

victim identification. Through the analysis of dental records, 

bite marks, denture identification, facial reconstruction, and 

emerging techniques like rugoscopy, cheiloscopy, and tongue 

prints, forensic odontologists contribute valuable insights 

that can confirm identity, establish links to suspects, and 

provide crucial evidence in court.

Despite these advancements, forensic odontology faces 

challenges, including the need for standardized protocols, 

better access to dental records, and more robust scientific 

validation for methods such as bite mark analysis. As 

technology and research continue to advance, forensic 

odontology is likely to become even more integral to the 

forensic sciences, contributing to justice and closure for 

victims and their families.

In sum, forensic odontology stands as a critical, 

interdisciplinary field, bridging the gap between dental 

science and legal investigation. With its diverse applications, 

ongoing research, and technological integration, it will 

continue to be a cornerstone of forensic identification and a 

field that holds promise for future innovations in human 

identification and criminal investigation.
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