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1.  INTRODUCTION 

The individualism of human teeth has helped to ease 

personal identification throughout history.
[1] 

Forensic 

dentistry or odontology is a dental specialty which 

applies dental knowledge and expertise to legal cases for 

both humanitarian and juridical issues.
[2] 

It is the study 

making use of the human dentition throughout each stage 

of dental evaluation. The key element for identification 

includes their radiographic morphology and filling 

materials. Dental identification of a deceased individual 

is a core task in forensic odontology.
[3]

 Forensic 

identification is usually done by comparing the recorded 

dental features which is the antemortem record  and 

treatment against those of a postmortem dentition. The 

accurate recording of clinical dental procedures has 

become more important over time because lawsuits 

exhibit an increasing trend worldwide, and because the 

teeth are the most indestructible components of the 

human body and may remain intact for many years after 

a person’s death.
[1]

 

Therefore, root or root canal morphology and 

posttreatment endodontic radiographs present 

particularly rich sources of features that would ease 

individuation.
[1]

 

 

The expanding knowledge on root and root canal 

anatomy and the advances in endodontic imaging and 

biomaterials are at the forefront of endodontic research 

and practice. This article provides an update on the 

impact of current advances in endodontic research, 

practice and the future trends on forensic personal 

identification. 

 

2. HISTORY 

The well-documented evidence by the use of teeth for 

identification began during 66 AD with Agrippina and 

Lollia Pauline case. Agrippina after her marriage with 

Claudius, emperor of Rome, in order to secure her 

position, She instructed her soldier to kill Lollia Paulina 

a rich divorcee who may be a rival for her husband. She 
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was satisfied by Lollia Paulina death by the identification 

of dental alignments and certain distinctive 

characteristics. It was the first use of dental identification 

where there is a record. 

 

The first forensic identification in India started in 1193 

where Jai Chand, a great Indian monarchy was destroyed 

by Muhammad’s army and Jai Chand, Raja of Kanauji 

was murdered and he was identified by his artificial 

teeth. 

 

At the battle for Breed’s Hill in Boston, Dr. Joseph 

Warren was killed in the year 1776. His face was not 

identifiable due to fatal head wound. A dentist, Paul 

Revere, identified Dr.Warren’s body by a small denture. 

The identification made it possible to burry Dr. Warren 

on April 8th, 1776 with a full military honor. 

 

Dr. Oscar Amoedo was considered as the father of the 

forensic odontologist. The thesis done by him entitled 

‘L’ Art Dentaire en Medicine Leagale’ to the faculty of 

medicine earned him a doctorate.
[4]

 

 

3. THE ROLE OF TEETH IN FORENSICS 

The distinctiveness of human teeth has facilitated 

personal identification throughout history as the teeth are 

the most indestructible components of the human body 

and may remain intact for many years after a person’s 

death, they become very important for forensic 

evaluation. Teeth have the highest resistance to most 

environmental effects such as fire, desiccation, and 

decomposition.
[3] 

Even the status of a person’s teeth 

changes throughout life and the combination of decayed, 

missing and filled teeth is measurable and comparable at 

any fixed point in time.
[5]

 

 

3.1 Organization of DNA within teeth 

In forensic identification cases, where human remains 

are extremely damaged or degraded, teeth and bones are 

often the only available sources of DNA. Advances in 

DNA extraction techniques and short-amplicon DNA 

typing have immensely increased the potential to identify 

human remains. The total DNA content of teeth varies 

between individuals and also between teeth from the 

same individual. Some of the factors indicated to have an 

effect on DNA content include tooth type, chronological 

age of the donor, and health status of the tooth. These 

factors influences the relative proportions of DNA 

present in the crown,root, pulp, dentine and cementum.
[6] 

The dentine/pulp complex makes up the bulk of the tooth 

and is highly cellular. The cells that occur in the highest 

number in pulp tissue are the odontoblasts(11,000 per 

mm2) and fibroblasts(1000 per mm2). Therefore, 

approximately 80 diploid cells can yield the minimum 

DNA quantity required for STR typing. However, pulp 

may be in limited quantity or even absent in aged and/or 

diseased teeth. Pulp and cementum are considered to be 

the most valuable sources of nuclear DNA in the tooth 

and both these tissues in addition to the dentine are good 

sources of mtDNA.
[3] 

The dentinal tubules still retain 

pulpal DNA after pulp extirpation.
[7]

 

 

4. ROLE OF ENDODONTICS 

In endodontically restored teeth, some distinguishing 

features can be looked for while comparing the forensic 

data, which include the following:  

a. Variation of root and root canal anatomy 

b. Role of intraoral periapical radiographs 

c. Three-dimensional (3D) imaging for root canal 

space and age estimation. 

d. Identification of Endodontic restorations 

e. Role of obturation and obturating materials 

f. Endodontic  mishaps 

 

4.1. Variations of root and root canal anatomy 

Hess studied branching, anastomoses, intricate 

curvatures, shape, size, and number of root canals in 

different teeth. Mostly, the root canals are equal to the 

roots, but on occasions they may vary. Most of the times, 

endodontic treatment of the apical part is difficult due to 

the presence of accessary or lateral canals, secondary 

dentin, pulpal stones etc. The different varieties of 

curvature and shape of roots and variations in tooth size 

and morphology can be recorded on radiographs.
[2]

 

 

Current studies demonstrate high percentages of middle 

mesial canals in mandibular molars, also common 

occurrence of double and three canals in anterior teeth 

and maxillary premolars. Therefore, a forensic 

odontologist should be aware of such anatomical 

variations and their radiographic landmarks, which may 

facilitate postmortem personal identification when 

compared to antemortem records. The application of 

cone-beam computed tomography (CBCT) can helpful to 

identify such anatomical variations.
[1]

 

 

4.2. Role of intraoral periapical radiographs 

These findings can be expressed in the following 

internationally-accepted terms where AM = ante-mortem 

(before death) and PM = postmortem (after death).
[1]

 

 

Identifying with plain radiographs 

Ante-mortem And Post-mortem radiographs 

Comparison of antemortem and postmortem radiographs 

is the most accurate and reliable method of identifying 

remains (Figs. 1a and 1b). Observations such as 

distinctive shapes of restoration, root canal treatment, 

buried root tips, bases under restorations, tooth and root 

morphology, and sinus and jawbone patterns can be 

identified only by examination of radiograph.
[5] 
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FIGURE 1a- Ante-mortem radiograph FIGURE 1b- Post-mortem radiograph 

 

Plain film radiographs are those taken without the aid of 

a contrast medium. Those most commonly available as 

part of the AM dental record include the bitewing and 

periapical radiographs, and the orthopantomogram 

(OPG).These images are generally considered to be the 

most useful in forensic odontology as they show clear 

images of the teeth and morphological detail of artefacts. 

 

Recently, simulated OPG-like images may be 

reconstructed from PM CT data for comparison with AM 

OPGs
[8]

 

 

Comparison of the AM and PM radiographs 
Pairs of AM and PM plain-film dental radiographs may 

be compared, with common features being highlighted 

and commented upon, or they may be superimposed on 

each other to demonstrate the similarity between 

common elements. An example of a forensic 

radiographic comparison is shown in Fig. 2
[8]

. The 

purpose of the comparison process is to establish that 

these radiographs originate either from the same person 

(identification) or from different people (exclusion). The 

success of the technique is dependent on the similarity of 

the parameters with which the two comparison images 

(AM and PM) have been taken. Examination of the ante-

mortem radiograph reveals information about the 

film/sensor position, the tube position, the image 

exposure, and the relative magnification or distortion of 

the image as taken in the dental surgery. All of these 

parameters need to be reproduced as accurately as 

possible in the post-mortem radiograph in order to render 

the two images directly comparable.
[9]

 

 

 
Figure 2: Comparison between an AM right bitewing radiograph of a missing person, and two PM radiographs 

of the corresponding dental areas of a deceased person. The PM radiographs have been taken on the upper and 

lower jaws separately because of the difficulty of keeping the jaws closed and maintaining the relationships 

between maxilla and mandible in a deceased person to accurately secure a bitewing radiograph. (a) AM right 

bitewing radiograph; (b) PM upper right radiograph; (c) PM lower right radiograph. 
 

Less commonly, similarity between AM and PM 

radiographs may be demonstrated by subtraction imaging 

in various forms(FIG-3). In subtraction image 

comparison, the ante-mortem and the post-mortem 

radiographs are superimposed. The upper of the two 

layers in the image is converted to a negative, and then 

its opacity is reduced until the common features of both 

images cancel out.
[9]

 

 

 
FIGURE 3: (a) AM Radiograph, (b) PM Radiograph, 

(c) Subraction imaging. 
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Therefore, the dental features of the deceased are not 

being compared with all other people’s teeth on the 

earth; this is a one-to-one comparison, and the possible 

outcomes should be the following: 

1. Identity established: all dental features of both 

records should exhibit complete concordance with 

no unexplained discrepancies on an objective basis 

such as image comparison. Identity can therefore be 

established beyond doubt 

2. Identity consistent: all dental records exhibit 

concordance with no unexplained discrepancies, but 

insufficient numbers of features of sufficient 

probative value are present for comparison with 

determine identity beyond possible doubt 

3. Identity possible: Identification cannot be excluded 

on the basis of the available information, but no 

stronger finding is possible 

4. Insufficient information available: not enough 

information exists on which an opinion can be 

based. 

5. Exclusion: The two sets of dental records clearly 

originate from different individuals.
[9]

 

 

4.3. Use of 3D imaging techniques for pulp canal 

space and age estimation 
The pulp dentine complex size reduction due to 

secondary dentine deposition is a physiological marker 

of progressing age and is used by forensic experts for age 

identification of a person. The measurement of pulp 

chamber volume is more reliable than the area, because 

of uneven formation of secondary dentin.
[2] 

The 

introduction of CBCT in dental practice offers a valid 

opportunity to obtain three-dimensional tooth 

radiographs with good image quality, at a low radiation 

dose, and affordable costs
[10]

.Currently, 3D diagnostic 

modalities are being used to examine the relationship 

between age and age-related changes in pulp–tooth 

volume ratio. Studies prove that CBCT allows for the 

accurate calculation of tooth volumes, and the method is 

highly reproducible because of the good interexaminers’ 

agreement.
[2]

 In recent years, micro-computed 

tomography (micro-CT) has gained increasing 

significance in the study of root canal morphology in 

endodontics.
[11]

 

 

4.4. Identification of Endodontic restorations 

The trend for aesthetic dentistry in recent times has 

resulted in the introduction of tooth coloured materials to 

replace amalgam which has opened up a new area of 

research regarding the radiographic assessment of 

composite materials for purposes of identification. 

Nonetheless if it can be demonstrated that both the ante 

and post-mortem radiographs of a single composite 

restoration in the same tooth show the same morphology, 

this uniqueness can be used for purposes of identification 

(Zondag 2009; Hemasathya 2013)
[12]

.Scanning electron 

microscopy with energy dispersive X-ray spectroscopy 

(SEM/EDS) may be used to tell the difference between 

different composite filling materials.
[13]

 

 

In a study conducted by Moreno et al, these materials 

were exposed to incineration temperatures and found that 

in case of composite resins, on varying temperatures a 

color change from off-white to white was evident. The 

composite resin were intact even above 1000°C.On the 

other hand, GIC demonstrated discoloration from marble 

white to chalky white at normal temperatures, and at 

higher temperatures it demonstrated dark brown cracks, 

along with loss of marginal seal.
[2]

 

 

Studies also showed that intracoronal restorations like 

amalgam filling or composite resins are also able to 

tolerate high temperatures and still maintain their 

integrity.
[14]

 Amalgam fillings can often resist intense 

heat if they are not directly exposed.Variations do occur 

because of the differences in the amount of mercury in 

the amalgam composition, as mercury tends to vaporise 

under these elevated temperatures.
[15]

 

 

Nickel-Chromium alloy, stainless steel, titanium alloy, 

ceramic, zirconium and carbon fibre are materials 

commonly used in endodontic post fabrication. The 

complexity of the coronal restorations and variability in 

post and core material, design and placement provide 

further individuating features to each such treated 

tooth.
[9]

 

 

4.5. Role of obturation and obturating materials 

The database of elemental fingerprints of root canal 

filling materials can be kept as an immediate reference 

for forensic odontologists. 

 

In special situations, such as major fire disasters, the 

dental structures become fragile. However, endodontic 

filling materials remain preserved up to 1100° Celsius, 

allowing for human identification processes. Bonavilla et 

al, 2008, confirmed the preservation of microscopic 

structural patterns of root sealers and gutta percha 

exposed to high temperatures.
[16] 

The observable 

damages of the teeth subjected to variable temperatures 

and time can be categorized as intact (no damage), 

scorched (superficially parched and discolored), charred 

(reduced to carbon by incomplete combustion), and 

incinerated (burned to ashes).
[17]

 

 

Other endodontic materials such as endodontic files, 

ProRoot MTA, and Apexit have also shown a positive 

elemental fingerprint.
[2]

 

 

Also, one of the study demonstrates that the morphology 

of an obturated single root canal is easily identifiable by 

comparison of ante and post-mortem radiographs. 

Obturation of single-rooted teeth using guttapercha 

creates a unique pattern that can be easily recognised 

using radiographs. This study also suggests that it is 

highly unlikely for two obturated single-root canals to 

have exactly the same radiographic appearance.
[11]
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FIGURE 4: Radiograph of tooth heated to 538°C 

(1000°F). The radiopaque obturating material can be 

seen in the canal space. 

 

4.6. Endodontic mishaps 

Instrument breakage or separation is a common accident 

while performing root canals, and often dentist tend to 

bypass the instruments or leave it as it is. The dental 

profiling about the broken instrument or bypassed 

instrument present within the canal can play a role in 

forensic identification of a person.
[2]

 

 

A study that used SEM or Scanning Electron Microscopy 

and EDX or Energy Dispersing X-Ray analysis showed 

that Nickel-Titanium files inside the root canals show a 

glacier like covering when exposed to high 

temperatures.
[14]

 

 

5. DISCUSSION 

Dental identification plays an important role in the 

identification of remains when postmortem changes, or 

there is a lack of a fingerprint record. The identification 

of dental remains is of a prime importance when the 

deceased person is decomposed, burned, or 

dismembered.
[1]

 

 

5.1. Current role of Endodontics 

As Non surgical endodontic treatment (Root canal 

Treatment) is the most popular and common procedure 

today, endodontic treatment records can be easily 

approachable in unfortunate burning and fire victim 

identification. So ethically its Endodontist’s duty to keep 

in mind the forensic part associated with the treatment, 

and research is needed to increase the scope.  

 

The following contributions of a clinician can help in 

identification of a person in unfortunate burning or 

decaying cases: 

1. Radiographic or digital image record protection as it 

provides valid identity information of a person 

despite some limitations with two-dimensional 

images. 

2. Mentioning information about brand name of the 

endodontic materials used in the treatment. 

3. The research over thermal behavior, physical, and 

chemical changes when exposed to high 

temperatures is still needed and endodontist should 

conduct studies to improve the field 

4. DNA information can be collected from dead pulp 

remnants, dentine, cementum, and enamel of an 

RCT-treated tooth. Preservation of avulsed tooth is 

also very helpful. 

5. Medical and past dental information about 

hereditary feature and habits of a person is an 

essential part of case record whether in endodontics 

or any other branch of dentistry; the digital record of 

such information should be encouraged.
[2]

 

 

Endodontists must be aware of the proper techniques for 

optimal radiographic dental assessment, making feasible 

a PM radiographic duplication for the comparative 

human identification process.
[16]

 

 

5.2. Knowledge and awareness among Endodontists 
A survey was conducted by Yalla R. S. Susmitha et al, to 

gain an insight about the knowledge and awareness of 

role of endodontics in forensic odontology. It was 

conducted among the post graduate students in the 

specialty of Conservative Dentistry and Endodontics to 

assess the awareness and the knowledge about role of 

endodontics and the various materials used to restore the 

teeth in identification of a deceased person. It showed 

that 55.6% of participants did not know the accurate 

method to estimate chronological age of deceased 

person, 47.1% of the participants did not know the 

maximum temperature change sustained by amalgam and 

composites, only 40% of the total participants were 

aware of the maximum time duration for existence of 

DNA after pulp extirpation and 61% of them were aware 

that dentinal tubules still retain pulpal DNA after pulp 

extirpation. Specialization in forensic odontology has 

been possible in several countries around the 

world.Every contact leaves traces. Therefore importance 

of forensic odontology should be included in academics 

for post graduate students. Periodic conferences, 

workshops, CDEs, and seminars if conducted, will help 

to enrich the knowledge and awareness.
[7]

 

 

5.3. Significance of maintaining dental records 

The Disaster Victim Identification (DVI) Guide: Interpol 

2009 states that the primary methods of identification are 

fingerprint analysis, comparative dental analysis, and 

DNA analysis. It also states that accurate positive 

identification may be possible when the PM and the AM 

dental records obtained are from the same person. The 

Interpol DVI Guide mentions that if a positive match is 

found using dental identification, it can be trusted as a 

stand-alone identifier.
[18] 

The dental record is a legal 

document owned by the dentist, and contains subjective 

and objective information about the patient. The results 

of clinical laboratory tests, study casts, photographs and 

radiographs become components of the record, and 

should be kept for 7 to 10 years. All entries should be 

signed or initialled by recording personnel.
[5]

 An 

electronic or computer-generated dental record has the 

advantage of easy handling, transfer, and feasibility of 
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rapid communication in forensic cases related to 

identification. Dostalova et al. in their study described a 

new electronic imaging called Dental Cross, comparable 

to dental records for positive identification. The program 

shows detailed dental examination, treatment history, 

dental chartings, images, including x-ray and photo 

documentation. Facilities for color coding and special 

notes are also available in this program. They perceived 

Dental Cross as an alternative source of information for 

searching victims.
[18]

 

 

6. FUTURE TRENDS 

Inspite of the increasing use of tooth tissues in forensic 

investigations, little literature is available on the 

processes of decomposition of these mineralised tissues, 

on the location of DNA following post-mortem 

diagnosis, or on the outcomes of various sampling 

techniques. To understand the interaction between tooth 

mineral and DNA and how this changes in the post-

mortem environment further in depth investigation is 

needed.
[3] 

The proposed mechanisms for preservation of 

DNA in teeth, which have not been extensively 

examined include: encapsulation within the pulp 

chamber; binding to mineral; binding to collagen. These 

have important implications for selection of efficient 

sampling and extraction techniques.
[6] 

Assessments of 

post-mortem changes in teeth over a time period 

applicable to forensic investigations would also be 

extremely valuable. For the selection of tissue for DNA 

extraction, as well as a more-informed choice of 

technique used to liberate the DNA, increasing the 

efficiency of the extraction process.
[3]

 

 

7. CONCLUSION 

Despite the constant improvement of dental techniques, 

materials and facilities, the conventional radiographs, are 

still the most common source of forensic antemortem 

data for the forensic identification process. Therefore, 

endodontics becomes a valuable specialty in the forensic 

scope. It can be concluded that endodontic radiographic 

imaging, case history records, and information regarding 

endodontic materials can be important forensic and 

identification tools in case of burnt, decayed, or 

unidentified bodies. Endodontists should be encouraged 

to keep this record in their clinical practice. National 

Identification programs for example in India like 

Aadhaar card should be encouraged to include dental and 

medical profiling of a person in their database, which can 

be a first piece of easily available ante-mortem 

information about a person. 
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