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ABSTRACT: Human identification is the core component of Forensic Odontology. The process of identification of unknown
remains generally starts with the reconstruction of the skeletal biological profile, which provides a general description of the
individual that is used to narrow down the candidates for the identity. Once one or more candidates are given for the identity,
forensic odontologists conduct the comparison between the antemortem and postmortem records. The postmortem vs. the
antemortem data comparison implies the evaluation of the consistencies and inconsistencies found in the data sets. This comparison
is highly affected by the quality and completeness of the antemortem records, as well as the condition of the remains. The principles
of the odontological comparison are based on the differences in the dental and maxillofacial structures due to human variation,
development and pathology, and the alteration caused by dental treatment, which can be visually and radiographically observed.
Restorative treatment, osseointegrated dental implants, fixed orthodontic and prosthetic appliances, along with dental and
maxillofacial anatomy are the most informative features for the postmortem vs. antemortem comparison. The process of comparison
consists of an objective identification of the consistencies and discrepancies. However, their interpretation and the final conclusion
relies on the forensic odontologist knowledge and proficiency. Computer software packages such as WinID, DVI System
International and UVIS can assist in the comparisons, connecting the postmortem and antemortem information and creating a
ranking of possible matches. Moreover, deep machine learning models are being explored automate the comparison process.
However, all comparison procedures still require the expert’s final assessment.
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1. Introduction

Forensic odontology involves the correct collection, management, interpretation, evaluation, and presentation of
dental evidence for criminal or civil legal proceedings [1]. It includes a broad range of components that play a significant
role in the investigation of cases involving decedent or living individuals, including dental age estimation, personal
identification, human abuse and neglect, bitemark examination and civil litigation [2]. Among all these aspects, the core
component of forensic odontology is the identification of human remains.

The process of identification of unknown remains generally starts with the reconstruction of the skeletal biological
profile, which consists of the estimation of the individual’s ancestry, sex, age-at-death, and stature. The results of the
biological profile analysis provide a general description of the individual that is used to narrow down the candidates for
the identity [3]. Although some dental traits can be informative for ancestry estimation, the most significant contribution
of forensic odontology for the biological profile is without a doubt dental age estimation. Dental methods of age
estimation are of particular value in cases of juvenile remains, since dental age estimation based on tooth formation and
development is the most reliable means of skeletal age assessment. Additionally, dental age estimation based on post-
formation changes can offer informative data in cases involving adults [4].
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Once one or more candidates are given for the identity, forensic odontologists conduct the comparison between
the antemortem and postmortem records. This consists of objectively identifying areas of consistency and inconsistency,
and analyzing the inconsistencies found in order to establish if they are irreconcilable (meaning that the antemortem
and postmortem data sets do not correspond to the same individual) or if they are reconcilable (does not exclude an
antemortem data set as a match to the postmortem data set). Evaluation of the consistencies and inconsistencies shown
in the antemortem, and postmortem data sets will lead to the expert’s opinion on the identification of the remains.

This article focuses on the forensic odontological analyses that can be conducted to compare the antemortem and
postmortem data sets and their relevance to the identification of human remains.

2. Postmortem Data Collection and Analysis

The goal of the postmortem data collection and analysis is to create a postmortem profile that establishes the dental
condition of the decedent at the time of death [2] for comparison to the antemortem records.

First, an overall observation of the dental and maxillofacial structures of the remains gives a general idea in respect
of the age group of the individual (juvenile or adult), any dental treatment or pathology present in the recovered dentition,
the condition of the remains in terms of fragmentation and preservation and any other major observation. All these
preliminary observations provide the basis for the proper approach of the case. Photographic and radiographic
documentation are essential parts of the postmortem examination. Dental photographs should show the maxillary and
mandibular dentition in anterior, both laterals, occlusal and lingual views, along with any detail that should be
considered in the postmortem analysis. Postmortem dental radiographs consist of periapical radiographs of all maxillary
and mandibular dentition. Even edentulous areas should be radiographed in case any particular trait is observed in the
internal structure of the maxillary bone or mandible. Using the results of the visual and radiographic examination of the
dentition, the forensic odontologist creates the postmortem odontogram.

Information pertinent to identification, that should be recorded in the postmortem examination includes: the teeth
present and missing, stating if the missing ones were lost antemortem or postmortem; the type of dental occlusion; the
dental arches shape and teeth alignment; the presence of antemortem trauma or surgery; any dental or maxillofacial
pathological conditions; morphology, location and materials of dental treatment, dentures and any other fixed or
removable appliances (such as orthodontic treatment, dental implants, partial dentures, fixed crowns and bridges, etc.)
[1,5]. Apart from postmortem photographs and radiographs, other imaging techniques can be applied to the remains
such as Computed Tomography (CT) or surface scans. However, this is guided by the type of antemortem records
provided for the case and the accessibility to the technology in question. Postmortem loss of teeth, exposure to fire or
certain chemicals all can impair the preservation of dental evidence. However, the dentition is resilient to all stages of
decomposition and most environmental agents. This resilience to postmortem changes is a clear advantage of using
teeth as evidence for the identification of human remains.

3. Antemortem Data Collection and Analysis

The goal of the antemortem data collection and analysis is to reconstruct the latest dental condition that can be
extracted from the records. The antemortem data can be presented in many forms including written dental records and
clinical charting, photographs, radiographs, dental CT scans and surface scans of the dentition [5-8]. Other medical
imaging techniques may include regions of the dentition; however, in most cases, teeth are poorly represented due to
overlapping and superimposition artifacts [2,7]. With this, it is very difficult to determine the location and shape of the
restorations present or distinguish the anatomical morphology of the crowns and roots.

Written dental records are among the least useful of all dental records since they are considered a subjective record
interpreted by a dentist during examination, treatment, or by a scribe during transcription. Forensic odontologists often
receive written dental records that are poorly documented, incomplete, or difficult to understand [2,9-11]. Though
dental radiographs are still the gold standard antemortem dental record, other forms of antemortem data can be useful
in the identification process such as photographs, dental casts, retainers and aligners, or mouthguards [2,12]. Although
clinical photographs consist of an objective record, they only offer information about the crowns and the surfaces that
are visible in the image.

The antemortem data with valuable information for the comparison include all items recorded in the postmortem
examination: teeth present and missing, type of occlusion, arches shape and teeth alignment, evidence of trauma or
surgery, dental treatment, dentures and appliances. However, depending on the type of record, only some of them can
be extracted from the antemortem records. For instance, mouthguards can offer information about the teeth present and
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absent, the arch shape, and teeth alignment, but they do not give any information about restorations present or root canal
treatment among others. So, the value of antemortem data depends on the nature of the antemortem records provided,
making an accurate dental radiological image the most valuable resource due to its objectivity and the amount of
information contained in it.

4. Postmortem vs. Antemortem Comparison

As previously mentioned in this article, the postmortem vs. the antemortem data comparison implies the evaluation
of the consistencies and inconsistencies found in the data sets. This comparison is highly affected by the quality and
completeness of the antemortem records, as well as the condition of the remains. The postmortem and antemortem
odontograms and radiographs should be compared tooth-by-tooth [7], evaluating all the similarities and inconsistencies,
and assessing whether these inconsistencies are reconcilable or irreconcilable.

The principles of postmortem vs. antemortem odontological comparison are based on the differences in the dental
and maxillofacial structures due to human variation, development and pathology, and the alteration caused by dental
treatment, which can be visually and radiographically observed [6,7,12]. As such, the individual’s dentition changes
throughout life. However, the changes are unidirectional [13], meaning that there are no reversals; this progressive
change is fundamental to consider forensic odontology a reliable means of human identification.

A match consists of several concordances between the postmortem and antemortem records. A restoration present
in both data sets located in the same tooth, covering the same surfaces, and of the same restorative material represents
a match (Figure 1). A reconcilable inconsistency consists of a discrepancy between the postmortem and antemortem
records that may be explained by dental development or postformation changes, orodental disease and dental loss, new
dental treatment or extension of a preexisting one, and skeletal trauma or surgery (Figure 2). Essentially, a reconcilable
inconsistency will include all changes in the dentition that are plausible to have happened between the date in which
the antemortem radiograph (or other record) was taken and the date in which the remains were found [5,6,8].
Reconcilable inconsistencies do not exclude the postmortem and antemortem records from corresponding to the same
individual. An irreconcilable inconsistency includes any discrepancy between the postmortem and antemortem records
that is not possible to occur (Figure 3). Tooth development and postformation changes are unidirectional, so the
postmortem data cannot show an earlier stage of development for the same individual; a tooth presenting caries or a
restoration cannot appear as healthy and not restored in the postmortem. Only one irreconcilable discrepancy is enough
to exclude the antemortem and postmortem datasets from corresponding to the same individual.

Figure 1. Postmortem radiograph (PM) and antemortem (AM) radiograph where the consistencies are noted: #1 is missing
antemortem (concordant characteristic), #2 is present and not restored (concordant tooth), #3 presents an occluso-mesial amalgam
restoration (concordant feature), the shape of the sinus floor (concordant characteristic). Moreover, both #2 and 3 present consistent
morphology of crowns, roots and pulp cavities (concordant features) (Universal Dental Numbering System).
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Figure 2. Postmortem radiograph (PM) where #29 shows a disto-occlusal amalgam restoration and #28 shows only a root fragment
present. Antemortem (AM) radiograph where #29 and 28 appear present and not restored (both reconcilable inconsistencies
(Universal Dental Numbering System).

Figure 3. Postmortem radiograph (PM) where #32 shows the initial formation of the bifurcation presenting a semilunar shape,
whereas the antemortem (AM) radiograph shows #32 in a more advanced developmental stage, with a more extensive root
bifurcation, the longer roots with divergent distal root canals (irreconcilable inconsistency) (Universal Dental Numbering System).

Consistencies found between the postmortem and antemortem records can represent dental treatment, dental
anatomy, pathological signs and anatomical variations in the associated structures. Thus, a consistency between the
postmortem and antemortem records can be defined at multiple levels.

A concordant feature describes any single characteristic of a tooth, restoration, associated anatomical structure or
pathological process that has an individually distinct, biometrically measurable or describable characteristic, such as a
caries or a restoration on a tooth. A concordant tooth describes a tooth matching in the postmortem and antemortem
data sets, such that if a tooth with a restoration is found to be matching in both data sets, the consistency will still
represent a concordant tooth. A concordant characteristic describes any physiological, anatomical or pathological
feature external to the tooth that has distinct concordant features, such as a periapical cyst, amalgam tattoo, extraction
socket or trabecular bone pattern, among others [14,15].

5. Features and Characteristics to Compare

The value or weight of a consistent feature in both data sets (postmortem and antemortem) depends on the level of
individuality of that particular feature; meaning that the most valuable features are those that are entirely unique to an
individual. Therefore, they cannot be found in the population or the probability of finding them in another individual is
very low. In most cases, the level of individuality of a trait is based on the expert’s knowledge.

(a) Restorative dental treatment: Generally, the most valuable features to compare between the postmortem and
antemortem data sets is dental treatment [2,5,7]. Dental restorations, root canal treatment, crowns, bridges and
veneers are made specifically for each patient. The location, material and morphology of the treatment are the main
characteristics to compare between the antemortem and postmortem records.
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Osseointegrated dental implants: Although dental implant companies may not label their products, antemortem
imaging is recoded post-operation in most cases. The radiological images of the implants provide highly valuable
information for the antemortem-postmortem comparison [16].

Fixed orthodontic appliances: The material, shape and size of fixed orthodontic appliances vary between
manufacturer’s and even within the different products of a manufacturer. Additionally, the location of the brackets
in the dentition and the presence of ligatures and wire covers can provide useful information for the identification
process [7].

Dentures and other removable dental appliances: Complete and partial dentures, even though they are designed for
each patient and may be labelled in some cases, are removable appliances, so the first step should be to check if
the denture fits in the individual’s maxillary and mandibular arches. Of all the removable dental appliances, metal-
framed partial dentures provide the most distinctive information [8].

In some cases, complete or partial dentures are labelled with the patient’s information. Several methods of denture
labeling have been explored from inserting a metal band, computer-printed microlabeling the patient’s data in the
acrylic, bar code or QR code, or radiofrequency identification tags (RFID) [17]. The labelling on dentures can
assist and expedite the identification process, however the forensic odontologist should check how the denture fits
in the decedent’s mouth and support the identification with anatomical features, or additional identifiers.

Dental and maxillofacial anatomy: Anatomical variation of the dental and maxillofacial structures is highly useful in
antemortem vs. postmortem comparisons, especially in those cases where no dental treatment can be compared. Teeth
present and absent; crown, root and pulp morphology; maxillary sinus morphology and its relationship with the
maxillary dental roots; location and morphology of the mental foramen and inferior alveolar canal; or the trabecular
patterns are some informative features that can be compared in the antemortem and postmortem images.

The value of anatomical variation for identification relies on their frequency of appearance within the population,
but there is a lack of knowledge on frequencies of certain anatomical variants. Thus, establishing the hierarchy of
the consistent anatomical traits according to their frequency relies on the forensic odontologist’s experience.
Nevertheless, combining different anatomical features increases the robustness of the comparison.

The above-described features are the most common and reliable in the comparison of postmortem and antemortem
data sets. Additional features can be used in certain identification cases such as the palatal rugae and lip prints.
Some research has been made in dental imaging superimposition due the recent increase of smiling photographs
in social media, representing a source of antemortem data [8].

Palatal rugae: Palatal rugae have been shown to be highly individualistic and consistent in shape throughout life
[18]. Palatal rugae are well represented in intraoral scans, which have increased in frequency in recent years.
Studies have shown that the use of intraoral scans of the anterior aspect of the palate, including the rugae can be a
reliable mean of identification [19].

Cheiloscopy: Cheiloscopy studies the patterns formed by the wrinkles and grooves of the labial mucosa forming a
characteristic pattern described as “lip prints” [19,20]. Lip prints can be useful to identify the deceased in seldom
cases, and its use was better justified when the use of DNA was not a possibility. Nowadays, the primary efforts
should be put in trying to extract DNA from the evidence as finding a lip print that could be useful in identifying
the deceased (or even in any other criminal cases).

Dental imaging superimposition: Teeth constitute the only dental structures that are exposed during life. The
craniofacial superimposition process involves superimposing an image of the recovered skull over an antemortem
image of the suspected individual [21] by correlating the landmarks in the skeletal tissue with those in the soft
tissues. This correlation between the skeletal and soft tissue landmarks is an estimation, except for the dental tissues,
in which a direct superimposition is made. Therefore, the accuracy of the superimposition increases when dental
structures are visible. A number of studies have focused on the reliability of craniofacial and dental
superimpositions, where the dentition of the unidentified skull is superimposed to the visible teeth of an
antemortem photograph [22—24]. Serious disadvantages of the techniques used to conduct dental superimpositions
include the number of visible teeth and the quality of the antemortem image(s) provided. Often, the quality of the
image is poor, and the visible teeth are limited to the incisors, canines and sometimes premolars, which have only
their anterior surfaces visible (and occasionally part of their lateral surfaces).

Whilst advances in dental and craniofacial superimposition have been achieved with the use of 3D imaging
techniques, further research is needed mainly due to the small sample size and the lack of validation studies for
these techniques [6,11,22]. Moreover, when comparing a 3D model of the dentition with a 2D photograph, it is
often more efficient to simply compare the dental traits observed in both images rather than conduct the
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superimposition, which may not be needed to show the similarities and differences between the two antemortem
and postmortem dentition images. Nowadays, a positive identification should not solely be made with a dental
superimposition, and other biological evidence should be investigated.

6. Expert’s Final Conclusion of the Analysis

After all teeth and anatomical structures available in both data sets are compared, the forensic odontologist
evaluates the compilation of matches, reconcilable and irreconcilable inconsistencies. This leads to an opinion that,
according to the ABFO, can represent: (i) a positive identification, if the antemortem and postmortem data sets are
consistent in sufficient detail to establish that they are from the same individual, and no irreconcilable discrepancies are
found,; (i) a possible identification, if the antemortem and postmortem data sets have consistent features, but they are not
enough to positively establish dental identification; (iii) insufficient dental evidence, if the available information is insufficient
to form a conclusion; (iv) an exclusion, if the antemortem and postmortem data sets are clearly inconsistent [5] (Figure 4).

[ PM findings/]L AM records ]

vS
| | m
tooth z - =
feature Consistency Reconciliable Irreconciliable
e or match inconsistency inconsistency
characteristic I | :
- | l -
[ Positive Identification ]
identification
final
conclusion

Figure 4. Stages of the postmortem (PM) and antemortem (AM) odontological comparison process.

In the past, some studies have suggested that a minimum number of points of concordance should be stablished in
the comparison of the postmortem and antemortem records. Stimson, 1975 considered eight (8) points of concordance
as the minimum to establish a positive identification [25]. Sognnaes in 1976 and Keiser-Nielsen in 1980 both considered
twelve (12) points of concordance as the minimum to establish a positive identification [26,27]. However, none of these
studies presented a dental based rationale of the reason behind the threshold considered for the minimum number of
points of concordance, other than a simile of the fingerprint comparison. Acharya and Taylor in 2003 proved that no
basis exists for defining a minimum number of concordant points to achieve a positive identification in forensic
odontology [14,15]. So, a positive identification by dental evidence can be established from just a few teeth, a single
tooth or even in edentulous individuals using a combination of concordant features [1,14,15,28].

While the first step of comparing all teeth and maxillofacial areas identifying consistencies and discrepancies is an
objective task, decisions as to whether the discrepancy can be reconciled is a subjective task that depend on the expertise
of the forensic odontologist. Likewise, the final conclusion of the identification where the forensic odontologist forms
an opinion based on their knowledge and proficiency is also subjective [6].

Nonetheless, literary references and the use of Odontosearch can increase the objectivity of the expert’s opinion.
Odontosearch is a computer program that provides statistical values and, therefore, an objective means of quantifying
the relative frequency that a dental pattern occurs in the general population. Currently, the OdontoSearch database
includes dental records of 107,002 adults where present and missing teeth as well as restorations are recorded [29].

7. Computer Comparison Programs

Computer comparison programs can assist in the identification process, especially in cases where no candidates
for the identity are suspected, as well as in mass fatality incidents, where large number of data are managed.

The postmortem and antemortem information are entered into their respective and separate databases. These are
interconnected with an interface that can generate thousands of comparisons and provide a rank-ordered list of possible
candidates that can then be confirmed or rejected by the expert’s evaluation [15].
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Nowadays there are three main software packages with dental identification modules: WinID, DVI System
International and UVIS.

WinlD is an identification computer software developed by Dr. James McGivney in the late 1990’s, consisting of
a stand-alone dental identification computer program in which only dental information is considered. Dental data is
entered using primary codes, with the option of entering secondary codes, as well as expert’s comments. The ranking
comparisons can be given according to numerous sorting options: Most Dental Hits; Least Dental Mismatches; Most
Restoration Hits; and Fuzzy Dental Logic. The system allows users to upload radiographic data and includes a bridge
with the DEXIS digital radiography application that permits the linking of demographic information to the radiography
application. In 2014, the source code was assigned to the American Board of Forensic Odontology, and WinID is now
available on its website at http://www.abfo.org/winid/ [14,30]. Recently, WinID was adapted to a web version within
the PhotoDoc software. WinID has been widely used in the United States for numerous multiple fatality incidents such
as Hurricane Katrina and the World Trade Center, among others. It must be noted there are no specific dental codes for
certain descriptors and those must be coded as a combination of codes (such as dental implants). Despite the recent
adaptation to the web, the dental coding system has not been revised.

The DVI System International is a paid commercial software package, product of Plass Data Software
(https://www.kmd.net/solutions-and-services/data-and-ai/kmd-plassdata-dvi/). It contains a dental module within the
multiple levels of the disaster management system. DVI System International is the official software for INTERPOL
DVI operations, ever since the agreement between the two entities in 2005. The visual and graphic design of this
software is based on the INTERPOL DVI forms, but it has incorporated additional color codes and symbols, and allows
users to upload photographs and radiological images. The complete integration of both paper and electronic data allows
the system to work under any circumstances. In 2014 the INTERPOL Forensic Odontology Sub-Working Group
simplified the coding system, given the high number of descriptors the system presented. The comparisons are created
through and interface between the antemortem and the postmortem data entry, where it rank-orders possible matches.
This software is continually reviewed and updated.

UDIM (UVIS Dental Identification Module) was developed by Dr. Kenneth Aschheim (in conjunction with the
forensic odontologists of OCME and ICRA Sapphire Inc.) as the dental module of UVIS (Unified Victim Identification
System). The system was created after the 9/11 World Trade Center attack, by the Office of Chief Medical Examiner
of the City of New York (NYC-OCME) as a web browser-based application to handle mass disaster situations. UDIM
presents a simple coding system that can be complemented by adding optional descriptors. It has a self-correcting
interface that detects and highlights any coding that cannot be possible. As of today, UDIM is the only dental
identification software that offers a simple option to reassociate fragments, which is extremely useful in incidents
involving fragmentation [14,30]. The system allows image importation and creates a rank-ordered list with all possible
matches. UVIS and UDIM, although initially developed for DVI management purposes, have adapted their system for
use on a regular basis, having now a special option setting for DVI. The everyday use of the system represents an
enormous advantage if the DVI mode is activated, since the Forensic Odontology Team at NYC-OCME use the software
regularly, which eases the operation of the dental team in case of a mass disaster.

All these dental identification software packages generate a rank-ordered list with all possible matches between
the antemortem and postmortem data entered. Forensic odontologists must review and evaluate these possible matches
in order to form an opinion on the identification of the remains. These computer-based systems are a useful tool, but
the eyes and judgement of an expert is required to achieve a positive identification, or an exclusion.

8. Future (or Actually Present) Directions

New technologies are evolving and are rapidly implemented in the clinical setting, dictating the evolution of
antemortem records provided in casework.

Three-dimensional imaging techniques and modalities are emerging disruptive technologies, which, driven by
technological advances, continue to get cheaper, smaller, more reliable, and easier to use [31].

Digital 3D models of the dental arches are replacing the traditional dental impressions. The 3D tissue models are
the result of optical impressions and represent the digital alternative to traditional plaster models [32].

As digital impressions begin to move into the mainstream of modern dental practice, antemortem 3D datasets are
increasingly presented as part of the AM dental profile [8]. Thus, it is important for forensic odontologists to be familiar
with this format of 3D antemortem data, and what information it offers for the identification process.
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Nowadays, computed tomography in all its modalities is a conventional imaging tool for diagnosis and treatment.
The applications of this technology include all aspects of odontology such as orthodontics, endodontics, oral surgery
and periodontics [33].

The images obtained by conventional radiography and computed tomography offer information about the external
surfaces and the internal structure of the tissues, while the images obtain by surface scanners offer only information of
the tissues external surface. Thus, radiography and computed tomography contain more information to be compared in
the postmortem and antemortem datasets than the surface scans (though all can be critical pieces of information in
identification cases).

The use of artificial intelligence (Al) in forensic odontological identifications has been explored in the recent years,
bringing new technological challenges to this field. The Al-based technologies applied to forensic odontology include
deep neural networks, artificial neural networks, machine learning, and computational technology [34].

Machine learning aims to enable computers to learn from data sets and solve problems on their own without the
need for human intervention. Neural networks are algorithms structured to produce similar functions to the human brain.
A subset of machine learning known as “deep learning” analyzes input data by employing a deep neural network with
several computational layers. Building a neural network with automatic pattern recognition is the aim of deep learning,
hoping to enhance feature identification [35]. Deep neural networks have been applied to dental identification, attempting to
overcome human subjectivity and expedite the identification process [36,37]. Initial limitations of automatic comparisons
included the inability of finding significant differences when only few teeth were present, as well as detecting significant
reconcilable changes in the dentition. However, recent studies have shown successful attempts at overcoming these
limitations, allowing the models to rely not only on teeth characteristics but also other skeletal markers [37].

Extensive research is needed to properly implement Al in forensic casework, which would expedite the process of
identification and report generation, but as of now, the expert’s assessment will be required to render a final opinion
about the identity of the decedent.

9. Conclusions

Human identification is undoubtedly the core element of forensic odontology, involving the comparison of
postmortem findings and antemortem records. Considering all types of dental records, clinical images are the most
informative and objective form of data to conduct the comparisons, including radiographs, computed tomography, 3D
surface scans and photographs. Forensic odontologists must be familiar with the formats of these different modalities
and the data they can provide to assist in the identification process. Computer software packages can assist in the
postmortem vs. antemortem comparison, connecting the postmortem and antemortem information and creating a
ranking of possible matches. Moreover, deep machine learning models are being explored automate the comparison
process. However, all comparison procedures still require the expert’s final assessment. Forensic odontology is
constantly evolving and adapting to improve identification techniques and methods, while maintaining the standards
required for forensic casework.
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