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Abstract

Personal identification using dental evidence is decisive in the case of unidentified bodies because
dental features, including decayed, missing and filled teeth, are unique to every individual. This
review explored the possibilities and problems associated with personal identification through
digital methods by the integration of telecommunications and dentistry, also known as teleden-
tistry. Establishment of a global, objective personal identification method using dental evidence
through teledentistry is desirable. However, the review reports that there are various problems
that need to be resolved first, in aspects such as changes in dentition over time, technology,
individual privacy and ethics. It is suggested that solving such problems and constructing a world-
wide dental database for personal identification from dental images, using teledentistry, as part of
social services, is a new challenge for researchers in forensic odontology and dentistry.
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Introduction

Dental features, including decayed, missing
and filled teeth, are unique to every individ-
ual."™* Hard tissues such as bone and teeth
are less likely to change over time than soft
tissues. Therefore, dental assessment can be
crucial in personal identification (PI) of
missing individuals and forensic cases such
as large disasters and accidents."* Even
today in forensic cases, PI with dental evi-
dence is performed globally by traditional
visual comparisons of the antemortem
dental records with those obtained postmor-
tem.' * Conversely, for cases involving miss-
ing and unidentified individuals, dental
information is not currently a priority in P1.2

Traditional visual comparisons may
have poor objectivity in forensic cases
because features in dental records that are
concordant before and after the incident,
which would aid in PI, have not been stan-
dardized.* A digital database for PI as part
of social services and humanitarian foren-
sics, although under consideration, has not
yet been implemented.>* The construction
of a database by including dental records,
including images of dentition and/or teeth,
casts, models and orofacial soft tissues may
solve these issues in PL.*® However, pres-
ently, there is no objective digital PI method
using dental evidence that has been accept-
ed as a standardized method worldwide
owing to various factors.*

Teledentistry integrates telecommunica-
tions and dentistry thereby making it possi-
ble to exchange and use clinical information
and images.”® As a consequence of the
coronavirus disease 2019 (COVID-19) pan-
demic, digitization has revolutionized the
field of healthcare, employment and educa-
tion worldwide.'” Due to the COVID-19
pandemic, cities around the world have
taken measures to lockdown, i.e. people
should avoid crowded spaces and any
unnecessary outings. Under these circum-
stances, teledentistry is getting a lot of

attention.” '° There is a possibility that tele-
dentistry may become a powerful tool for
maintaining oral health, and for the diag-
nosis of dental/oral disorders and condi-
tions, in members of the general public
that find it difficult to visit a dentist.””
The objective of this article was to review
the possibilities and problems associated
with digital PI methods using teledentistry.

Possibilities and problems in Pl
through teledentistry

Possibilities

Awareness. Recent studies have reported
that dentists are interested in the integra-
tion of telecommunications and dentist-
ry."'2 A survey of dental professionals in
Saudi Arabia demonstrated that more than
70% of respondents agreed that the integra-
tion of telecommunications and dentistry
would improve dental practice by enhanc-
ing communication, teaching and referral of
patients.'” These reports suggest that there
is widespread recognition and support for
teledentistry.'"!2

Technologies. In recent years, digitalization
has brought remarkable changes in
various dental techniques, including dental
implants.'*'* They are predominantly based
on object recognition and digital image
reconstruction. Hard and soft tissues are
the targets in digital technology applica-
tions, such as the development in digital
technology to assist tooth preparation
and placement of dental implants.'>'*
Application of digital technology in dental
clinical practice is advancing day by day.'>'*

Personal identification using dental
image artificial intelligence was studied
and convolutional neural network struc-
tures were found to have high discrimina-
tive ability for orthopantomography.'’
Artificial intelligence has been applied in
tooth identification and diagnostic charting
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based on orthopantomography, suggesting
that orthopantomography is useful for PI
as it contains objective dental informa-
tion.'®'® Advancements in the analysis of
orthopantomography data using artificial
intelligence may bring about the digitaliza-
tion and objective evaluation of P1.'>'®

A remote forensic odontological analytical
system was developed based on radiographs,
photographs and images from videos and
3-dimensional scans.' It suggested that the
integration of telecommunications and foren-
sic dentistry is effective in PL."

Problems

Changes in dentition. For PI, it is essential
that the hard tissues, including teeth and
bones, remain stable for successful analysis
(Figure 1).* Information regarding denti-
tion, such as number of teeth, teeth status,
teeth types, position, crown and root mor-
phology, crown and root pathology, root
canal morphology, and dental restorations,
is crucial for establishing digital methods
of PL*

In surviving missing individuals, dental
information could be altered due to condi-
tions such as periodontitis, dental caries
and trauma. Cases of missing individuals
are often associated with psychiatric disor-
ders and in such cases, it may be difficult
for the individual to maintain oral hygiene
themselves.”

Changes in dentition
* Periodontitis
* Dental caries
= Trauma

 Fire cxposure

+ Mishandling

. 'Fa(_hn_nln_glas Privacy and ethics
» Treatment of information

* Informed consent

* Standardization
* Telecommunication

Figure |. The problems of personal identification
through teledentistry.

In forensic cases, dentition could be
altered due to trauma, fire exposure, infec-
tious disease, inflammatory disease and
mishandling as follows:**** (i) trauma —
traumatic injury in the head and neck
region may influence dentition through
teeth and bone fracture.”® In particular,
incisors and single rooted teeth are suscep-
tible to traumatic effects; (ii) fire exposure —
high temperatures cause extensive bone
fracture and changes in tooth structure
and dental restorations;**! (iii) infectious
and inflammatory diseases — post-mortem
tooth loss and fracture may occur in asso-
ciation with pre-existing bacterial infections
and inflammatory diseases;*** (iv) mishan-
dling — tooth loss can occur as a result of
post-mortem mechanical stress, including
burial, excavation and drying out after
cleaning.??

Technologies. To put digital PI methods via
teledentistry into practice, the digitization
of dental records and common programs
to process them are necessary. Digital
Imaging and Communications in Medicine
was developed as an international standard
for medical imaging and examination data
and has been widely adopted in the medical
field, although its adoption in dentistry has
been insufficient.”* A systematic review on
the development of digital technology in
forensic dentistry revealed that no methods
using digital technology have been accepted
worldwide because of factors such as expen-
sive equipment and the cost of compo-
nents.* Artificial intelligence is effective in
improving objectivity, but its application in
dental imaging is in its infancy.'> '®

Privacy and ethics. Privacy and ethical consid-
erations are paramount while handling per-
sonally identifiable information.”>*® The
concept of privacy impact assessment, for-
mulated by the International Organization
for Standardization and the International
Electrotechnical Commission, is considered
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the international standard to promote
them.?” The concept has been discussed in
many countries since the 1990s and was
published as an international standard in
2008.>7 The International Criminal Police
Organization has built automated finger-
print identification systems using important
criminal records from 190 countries since
2012.*® PI methods using dental evidence
based on digital technology are in the early
stages of development and discussion
regarding their treatment of personal infor-
mation may be insufficient.>*'> It is impor-
tant to discuss how consent for database
construction could be obtained from individ-
uals for digital PI methods based on dental
records.>>2°

Discussion

The authors considered that researchers in
various fields and politicians should work
to establish PI systems, as a social service,
based on biological information in prepara-
tion for human and natural disasters. These
data should be treated as private and sensi-
tive information, and may become part of
the public safety services.

Personal identification using dental
evidence including electronic and non-
electronic records is useful in some situa-
tions including unidentified bodies and
missing individuals because dentition is
unique to each individual and is stable for
long periods of time compared with soft
tissues. In the future, studies for developing
PI methods using dental evidence with or
without artificial intelligence may be inte-
grated with telecommunications and con-
sidered as part of social services. Recent
studies reported increasing awareness
regarding the efforts to integrate telecom-
munication and dentistry, known as tele-
dentistry; and the recent efforts to develop
PI methods using teledentistry.” >!1"1°
Conversely, this current review has identi-
fied problems that need to be solved in

various aspects such as changes in denti-
tion, technology, and privacy and
ethics.?* 2% Therefore, at this time, dental
researchers have to recognize that teleden-
tistry is a complementary method for PI.

Incomplete dental records as a conse-
quence of tooth loss might limit the useful-
ness of PI methods based on dental
evidence.? There has been a growing inter-
est in oral hygiene and health over recent
years and even the elderly now have a large
number of retained natural teeth.’*??
Moreover, artificial intelligence has recently
been applied to image recognition in vari-
ous fields. In the future, with the resolution
of the problems identified in this review,
digital PI methods using dental information
and telecommunications will advance closer
to clinical application.

The COVID-19 pandemic, caused by the
severe acute respiratory syndrome corona-
virus 2, has negatively impacted on general
health, mental health and economic condi-
tions.'**? The COVID-19 pandemic has
exacerbated existing racial/ethnic and
socioeconomic disparities in all health-
related aspects.’® This has strained ties
between relatives and also between resi-
dents of local communities.***> This will
lead to an increase in the number of uniden-
tified bodies and missing individuals in the
future.* In our opinion, it is important in
this situation to construct a database of
dental images and records obtained during
routine dental check-ups as a social service
to be used in digital PI method.*> This
might be one of the few ways without eth-
ical issues to obtain valid data for PIL.
Preliminarily,  stake-holders  including
researchers and politicians should strive to
improve the accuracy of PI systems that use
dental evidence, reach consensus on how to
handle dental records and determine the
method of getting informed consent from
individuals (from parents or caregivers in
cases of minors) to be registered in the data-
base based on dental records.?”
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Researchers in dentistry should contrib-
ute not only to oral health and diet but also
to technological innovation to achieve the
17 Sustainable Development Goals adopted
by the United Nations.*® Medical care, lon-
gevity and telecommunication technologies
including the Internet has advanced greatly
during the last 25 years. The construction of
a worldwide PI database based on dental
records, as a social service, with the help
of telecommunication technology using
dental images, is a new challenge for
dental researchers.

The authors worked to improve the
quality of this review in accordance with a
scale for the quality assessment of narrative
review articles.”’

Conclusion

The possibilities and problems of digital PI
methods using teledentistry were reviewed
in this article. It is suggested that solving
such problems and constructing a world-
wide dental database for PI from dental
images, using teledentistry, as part of the
social services and humanitarian forensics,
is a new challenge for researchers in forensic
odontology and dentistry. Although tele-
dentistry could be a resource for best prac-
tices in the field of digital PI, it needs to be
recognized that it remains a complementary
method at this time.
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