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Abstract

The world is facing a truly unprecedented humanitarian crisis due to the widespread
increase in the number of missing persons and unidentified bodies. Several circumstances
contribute to this harsh reality, which includes people who have gone missing or died on
migratory routes (“the new disappeared”), national and international conflicts, and other
large-scale disasters. The forensic investigation into these includes an effective search and
identification process of persons (alive or dead), to ultimately clarify their fate and
whereabouts. Human identification is a complex and challenging task, but also one of the
most dignified in the field of forensic sciences. Identification is crucial for legal,
administrative, ethical, and humanitarian reasons, including providing answers to the
families and the community, and thus reducing uncertainty and suffering. The process of
forensic identification is based on a comparative exercise between all the relevant
information on the missing person (often referred to as antemortem data) and all the
relevant information on the unidentified remains (often referred to as postmortem data), to

determine their level of compatibility or discrepancy.

The overall aim of the present work was to conduct a narrative review of the roles of forensic
anthropology and forensic dentistry in the identification of missing persons/unidentified
bodies. In particular, the focus of this research was to review published case reports and
research studies on the use of identifiers by both disciples in the comparative method

towards identification.

Both forensic anthropology and dentistry have witnessed important developments and have
made important contributions to resolve missing persons’ cases worldwide. Nonetheless,
the successful application of methods and techniques of either of them is not without
limitations. The role of forensic dentistry is a well-established, reliable primary method of
identification. However, challenges namely related to the conditions in which the remains
are often found, as well as the lack of antemortem comparative data or a poor postmortem
examination have instigated the search for scientifically sound alternatives. The so-called
secondary methods, particularly deriving from the forensic anthropology examination have
proven to be valuable contributors towards identification. Together, anthropological and
dental identifiers, when adequately identified, documented and interpreted, provide two
strong lines of evidence, increasing significantly the potential of success of the forensic

human identification process.

Keywords: anthropological identifiers; dental identifiers; antemortem; postmortem; DVI;

humanitarian forensic action



Resumo

O mundo enfrenta uma verdadeira crise humanitaria sem precedentes devido ao aumento
generalizado do nimero de pessoas desaparecidas e de corpos nao identificados. Varias
circunstancias contribuem para esta dura realidade, incluindo fendmenos migratérios,
conflitos nacionais e internacionais, e outros desastres em larga-escala. A investigacao
forense de pessoas desaparecidas ou nao identificadas consiste num processo de procura
pelos desaparecidos e identificagdo de individuos (vivos ou cadaveres), de forma a
clarificar o seu destino e paradeiro. A identificacdo humana é uma tarefa complexa e
desafiante, mas também uma das mais dignificantes no campo das ciéncias forenses. A
identificacdo de uma pessoa é fundamental por razfes legais, administrativas, éticas e
humanitarias, o que inclui dar respostas as familias e a comunidade em geral, contribuindo
para o alivio da incerteza e do sofrimento associados. O processo forense de identificagéo
humana é baseado num exercicio comparativo entre toda a informacao disponivel e
relevante sobre a pessoa desaparecida (frequentemente designada de informagédo
antemortem) e toda a informacdo sobre os restos mortais néo identificados (informacéo

postmortem), de forma a determinar o seu nivel de compatibilidade e discrepancia.

O objetivo geral desta dissertagdo consistiu na realizagdo de uma revisdo narrativa das
contribuicbes da antropologia forense e da medicina dentéria forense para a identificagéo
de pessoas desaparecidas ou corpos ndo identificados. Em particular, o foco desta
investigacdo centrou-se na revisdo de casos de estudo e estudos de investigacao
publicados que se debrucaram sobre a utilizacdo de identificadores tanto antropoldgicos

como dentarios no método comparativo, visando a identificacao.

Tanto a antropologia forense como a medicina dentaria forense tém sofrido
desenvolvimentos significativos e, desta forma, contribuido para a resolucdo do nimero
cada vez maior de pessoas desaparecidas ou ndo identificadas. No entanto, a aplicagéo
bem-sucedida de métodos e técnicas de qualquer uma das disciplinas tem limitagdes. O
papel da medicina dentéaria forense esta bem estabelecido enquanto método primario de
identificacdo. Contudo, fatores como as condicdes em que 0s restos humanos séo
frequentemente encontrados, assim como a auséncia de informagdo antemortem
comparativa ou um exame postmortem incompleto tém instigado a procura por alternativas
fiaveis e cientificamente testadas. Assim, os designados métodos secundarios,
particularmente a antropologia forense, tém provado ser um contributo valioso para a
identificacdo. Os identificadores antropolégicos e dentarios, utilizados de forma

complementar, adequadamente identificados, documentados e interpretados, fornecem



duas fortes linhas de evidéncia, aumentando significativamente a probabilidade de sucesso
do processo de identificacdo humana forense.

Palavras-chave: identificadores antropoldgicos; identificadores dentarios; antemortem;
postmortem; reconciliacdo; acdo humanitéria forense
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Chapter | — Introduction

1.1. Who are the missing?

The issue of missing persons is probably one of the greatest crises the world faces today.
A true tragedy which, in the United States, the National Institute of Justice has called “the
nation’s silent mass disaster” due to the ongoing and ever-growing humbers of missing
persons (Ritter 2007). However, this is not a single nation problem, but a worldwide problem
that demands for a global response. Although the issue of missing persons has not always
been a priority, over the last two decades it was brought to the spotlight, notably thanks to
the work carried out by some international organizations, such as the International
Committee of the Red Cross (ICRC), the International Commission on Missing Persons
(ICMP) and the Committee on Missing Persons in Cyprus (CMP), which dedicate their

efforts to resolving the missing.

According to Morewitz (2016), missing persons are individuals who have gone missing and
their location and fate are unknown (Morewitz 2016). However, there are several contexts
in and reasons for which people disappear, which might require a differentiated approach
according to circumstances. Anyone, regardless of gender, age, ethnicity, social or
educational background may become a missing person. And from this point of view,
Warrington (2012) stated that “(o)ne of the tragedies of missing persons is that it does not
discriminate; it is universal. It crosses race, age, gender and class” (Blau 2016; Warrington
2012). Indeed, this tragedy affects all people from all geographical areas, making it a

phenomenon of global proportion.

According to the ICRC, a missing person is someone “whose whereabouts are unknown to
his/her relatives and/or who, on the basis of reliable information, has been reported missing
in accordance with national legislation in connection with an international or non-
international armed conflict, a situation of internal violence or disturbances, natural
catastrophes or any other situation that may require the intervention of a competent State
authority” (ICRC 2007). This definition is an important one as it is broader in scope than the
notion of disappeared persons, by including other situations such as mass disasters and
the context of mass migration, and thereby ensuring that the rights of the missing person
and the needs of their families are protected (Londofio and Signoret 2017). This is only
made possible by framing the issue of missing persons under important international laws
(Gaggioli 2018; ICRC 2003a).

Natural and man-made disasters are responsible for the mass disappearance of people

(Beauthier et al. 2009; Cipolloni et al. 2019; Ranson 2015), as well as are contexts where
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interpersonal violence is involved, such as past wars, current armed conflict, interethnic
conflicts, and state and political motivated violence (Crettol et al. 2017; Puerto and Tuller
2017). Some particular contexts where people have gone missing is that of forced
disappearances, deaths in custody, or that of victims of summary or extrajudicial executions
(Crettol et al. 2017). Enforced disappearances are particularly common in internal conflicts,
through political repression by governments or by armed opposition groups. For instance,
around 30,000 people were abducted victims by the military regime during the last
dictatorship Argentina between 1976 — 1983. Since 2011, the Syrian conflict claimed
around 82,000 victims of enforced disappearance, and the numbers are even higher in Sri
Lanka with about 60,000 to 100,000 people being victims of disappearance, since the 1980s
(Amnesty International 2021). Implemented in 2006, the International Convention for the
protection of all Persons from Enforced Disappearance (CED 2021), was adopted to
promote universal respect for, and observance of, human rights and fundamental freedoms,
based on the Universal Declaration of Human Rights. Under the latter, enforced
disappearance was defined as “the arrest, detention, abduction or any other form of
deprivation of liberty by agents of the State or by persons or groups of persons acting with
the authorization, support or acquiescence of the State, followed by a refusal to
acknowledge the deprivation of liberty or by concealment of the fate or whereabouts of the
disappeared person, which place such a person outside the protection of the law” (CED
2021).

The rising number of persons who go missing around the world is worrisome, and it is an
issue hard to tackle mainly due to the wide range of causes behind it. This increase has
been associated with the consequences of global warming, increased levels of migration,
internal displacement, conflict, and many other causes. Over the past year and a half, the
coronavirus disease (COVID-19) has become a global and serious threat, particularly with
regard to management and disposition of bodies (Kumar and Nayar 2020). The systems’
responsiveness to this mass fatality incident was clearly stretched and overwhelmed the
mortuaries (Entress et al. 2020), increasing the probability of new disappearances. In fact,
this topic has not received enough attention. Additionally, the investigation process related
to the missing is experiencing serious difficulties due to the suspension of searches due to
the mobilization and economic constraints caused by COVID-19 pandemic, which results in
additional uncertainty for the families (ICRC 2021b; ICRC 2021c).

Consequently, there are a number of answers to the question why people go missing.
Firstly, people may disappear voluntarily. Usually, this group of people create a new life or
social identity to escape a crime committed, financial difficulties, and such. Moreover,

children and young people may run away from their home or a care institution to avoid
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unfavorable and conflicting contexts (Morewitz 2016). In addition to children and young
people, there are other at-risk groups of going missing which include people with mental
illnesses, such as depression, suicidal ideations, elderly with dementia and those living with
an intellectual or physical disability or without lifesaving medication (Morewitz 2016). A
distinct group refer to those missing involuntarily. These can represent victims of foul
play/crime such as kidnapping, homicide, domestic violence, and consummated death
threats. Additionally, people can also disappear involuntarily due to an accident or
misadventure. Ethnic, religious and/or political violence, human rights violations (including
historical deaths), and human trafficking are also known important drivers of people going
missing. Large-scale disasters, including natural (e.g., hurricanes, tsunami) and man-made
mass disasters (e.g., terrorism, armed conflict, genocide) are known to lead to high numbers
of missing people in affected areas (Blau 2016). Lastly, the complex and global
phenomenon of migration has been responsible for mass fatalities and disappearances.
Indeed, people can go missing at any point on their journey, and the causes can range from
natural calamities or catastrophes, to shipwrecks, but can also be the result of crimes that
may include human smuggling and human trafficking, arbitrary executions and massacres,

as well as enforced disappearances (Hinkes 2008; Puerto and Tuller 2017).

1.2. The impact of the missing

The phenomenon of missing persons has a wide impact on their families and the community
at large. Indeed, no matter why a person goes missing, in every case the missing person’s
family suffers immensely, not just emotionally but physically, financially, and socially until
they learn the status of their loved one. The absence of information about the fate and
whereabouts of their loved ones puts their lives on hold, and with increasing anguish and
uncertainty, as time passes the struggles are only amplified. Consequently, the right to know
and the right to justice are the most pressing needs of the missing and their families (Crettol
and La Rosa 2006).

According to Boss (2000), the families of the missing often face a stressful type of loss
called “ambiguous loss”, which is described as an unclear loss with no official verification of
life or death and thus, no closure (Boss 2017). The lack of facts to clarify whether their loved
one is alive or death, or if dead, where the remains are located causes great suffering to
the families. An ambiguous loss means the absence of a proof of death (physical proof)
and, so, there are many doubts about the fate of the lost person, causing endless and long
term-pain. Even society itself (i.e., the law, religious institutions, and the larger community)

sometimes leaves families alone in this grief because “the family’s loss is often not
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considered “real” as it would be with a verifiable death” (Boss 2017). Briefly, ambiguous
loss may cause psychological damage (e.g., preventing the processes of coping and
adaptation) and sociological damage (e.g., disrupting the family’s structure and function).
Individuals, families and their communities are all affected by this stressor (Boss 2017).
Recent studies identified this traumatic experience (ambiguous loss) in families of Mexican
missing migrants who have died or disappeared along the US-Mexico border (Crocker et
al. 2021), as well as in transnational Mexican immigrant families (Solheim et al. 2016). It is
in this way clear that, to face this traumatic process, the families of the missing and the
community should receive psychological support based on therapeutic approaches (Boss
2017).

Additionally, the establishment of a close relationship between families and the authorities
ensures, not only a needed emotional support, but also the exchange of information for the
benefit of the investigation. Families can provide important information on the
circumstances of the missing person’s disappearance, as well as samples of the biological
family members closely related to the missing person for potential identification. The
forensic identification of human remains brings psychological and social benefits (e.qg.,
reparations, compensation, life insurance, or state support after confirmation of death) to
the families. In some cases, there is also a further need to meet certain cultural
requirements, for instance, related to the need to pay proper respects in death after families
receive the remains of their missing loved one. The family's wishes and the overall process
of finding, recovering and identifying a missing person can be more easily fulfilled when
there is a collaborative relationship and an open dialogue between the families and the
authorities (Kim et al. 2016).

1.3. The missing in Humanitarian Forensic Action

The concept of Humanitarian Forensic Action (HFA) was first introduced by Morris Tidball-
Binz, at the time the head of the Forensic Unit of the ICRC, in a speech in 2012 (Tidball-
Binz 2012). There, he appealed to the humanitarian need to care for the dead, protect their
dignity and prevent them from disappearing, as well as relieving the suffering of families
(Moon 2020; Tidball-Binz 2012). Put simply, HFA can be defined as the application of
forensic science to humanitarian endeavors, especially following natural disasters and man-
made crises (Cordner 2018; Cordner and Tidball-Binz 2017). The latter may embrace
various scenarios, such as: armed conflicts, war crimes, human migration, and terroristic

attacks, which can be characterized as mass fatality events.
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Forensic work has primarily played a role with legal objectives, i.e., the science at service
of the law, mainly with a prosecutorial aim. However, with HFA there is a departure from the
classic forensic intervention to include a humanitarian aspect, particularly associated to a
dignified management of the dead and their return to families (Moon 2020). The aim of
humanitarian action has always been one to support people affected by natural and man-
made disasters, specially to save lives, alleviate suffering and maintain human dignity
during crises. HFA, on the other hand, extends these notions to the dead and their families.
Currently, HFA is seen as specific field of application of forensic sciences, where the
forensic community can play a key humanitarian role regarding the care for the dead and
their families, including protecting their human dignity and identifying them, as well as taking
care of the survivors and allow the return to normality, which also implies the replacement
of basic services (Cordner and Tidball-Binz 2017; Vieira 2018).

Additionally, Moon (2020) refers to HFA as “a new and particular form of the death
management”, applying the concept of “extra-ordinary deathwork” inspired by Walter (2005)
who had previously developed the concepts of “deathwork” and “mediator deathwork”.
Despite the distinct and extraordinary character of HFA, Moon (2020) notes that there are

characteristics and a social significance in common with more common forms of deathwork.

According to Vieira (2018), HFA must be guided by a set of core principles: humanity,
impartiality, neutrality, and independence, overriding any political, economic, and military
objectives. HFA should also be free of charge and framed under International Humanitarian
Law (IHL) (also known as ‘the law of war’ or ‘the law of armed conflict’), which provides the
legal framework in armed conflict situations (Pantuliano 2014; Vieira 2018). Another
important source of legal obligations is the International human rights Law (IHRL), which
applies as much in times of peace as during war, as well as in natural disasters or internal
disturbances where IHL does not apply. Indeed, both IHL and IHRL are complementary
sources of law with the aim to protect lives, health, and human dignity (Gaggioli 2018; ICRC
2003a). Concerning the management of dead bodies, Gaggioli (2018) summarized the
various legal obligations in six key duties: (1) the obligation to search for and collect the
dead; (2) the humane treatment of the dead, which implies treating them with due respect,
including the prohibition of mutilating dead bodies and the obligation to prevent the dead
from being despoiled; (3) the return of human remains and personal effects of the dead; (4)
a respectful disposal of the dead, which implies to respect the dignity and religion of the
dead as well as the possibility of returning dead bodies to their families, at a later stage; (5)
the accounting for the dead, including identifying them; and, finally, (6) the obligation of
accounting for missing persons, including collecting and identifying them in order to provide

answers, specially, to their families (Gaggioli 2018). Put simply, both legal frameworks come
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to place to ensure that the dead are treated with dignity and to prevent the phenomenon of
missing persons, as well as to clarify the fate and whereabouts of those who do disappear
(Romanowsky and Chau 2020).

Another term which has also been applied to the relationship between the forensic and
humanitarian domains is ‘forensic humanitarianism’ (Moon 2013; Moon 2014; Moon 2020).
Moon (2020) suggests that HFA and forensic humanitarianism tell different stories about
the field, however complimentary. As such, forensic humanitarianism is presented as “a
distinctive variant of humanitarianism” and the result of the convergence of four different
and historical pathways: humanitarian, legal-humanitarian, political and scientific (Moon
2014). According to Moon (2014), the main purpose of forensic humanitarianism is to
provide answers about the identity and cause of death of victims associated with state
crimes and violent conflicts, as well as allowing the return of the dead to their families and
provide evidence to legal trials for crimes committed. The similarities between these two

terms are undeniable and one wonders about the need to distinguish them.

Historically, the investigation of the Katyn forest massacre in Poland, in the early 1940s,
corresponds to the pioneering event in the use of forensic skills, namely forensic pathology,
during an humanitarian crisis, and in the course of an investigation of a mass execution
(Moon 2014; Raszeja and Chroscielewski 1994). Later, the Nuremberg (1945-1946) and
Tokyo (1946-1948) trials were important milestones in the investigation of crimes against
humanity and genocide, opening doors to forensic science in the investigation of human
rights abuses, though not exclusively based on humanitarian purposes. However, it took
until the 1980s to see the emergence of the foundations of HFA and forensic
humanitarianism, according to Tidball-Binz (2020) and Moon (2014), respectively. In the
aftermath of the military regime which ruled Argentina from 1976 to 1893, thousands of
people were victims of forced disappearance. The action of families, especially the non-
governmental organization The Grandmothers of Plaza de Mayo® (also known The
Grandmothers), and, later, of the Comision Nacional sobre la Desaparecion de Personas
(CONADEP) was responsible for the arrival of a delegation of forensic scientists to the
country. The first step in the formation of the Argentine Forensic Anthropology Team
(Equipo Argentino de Antropologia Forense — EAAF) was made in 1984 (EAAF 2021). With
support from the American Association for the Advancement of Science (AAAS), including
training and professional advice from Dr. Clyde Snow, a notable American forensic

anthropologist, the EAAF was a pioneer in the investigation of human rights violations using

! Abuelas de Plaza de Mayo — a non-governmental human rights organization dedicated to
the search for children who were disappeared or who were born in captivity.
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forensic anthropological methods and techniques. The work carried out by the EAAF served
as a model for other countries in South America and beyond, and up to this date continues
to provide reference work in the field. Interestingly, The Grandmothers were also pioneers
in the use of forensic genetics to help identify their missing relatives and instigated the
creation of the world’s first national genetic databank (Berra et al. 1988; Penchaszadeh
1997). The humanitarian character of the work of The Grandmothers, and later from EAAF,
was different from what had happened so far. More than providing reliable evidence for
establishing criminal responsibility, there were well-defined humanitarian purposes such as
solving the cases of missing persons, treating the dead with dignity, helping to identify them,
and informing the families about the fate and whereabouts of their missing relatives (Tidball-

Binz 2020). This paradigm shift is at the core of HFA, which privileges human identification.

The political changes that took place in the 1980s and 1990s in various regions (e.g., Latin
America, Eastern Europe, and South Africa) also contributed to the proliferation of forensic
sciences in the humanitarian field supported by several legal and institutional

developments, including the following:

- The first United Nations (UN) Resolution on Human Rights and Forensic Sciences
by the UN Commission on Human Rights (1992).

- The Minnesota Protocol (or Manual on the Effective Prevention and Investigation of
Extra-legal, Arbitrary and Summary Executions (1989) by the UN. In 2017, a new
edition was published titled “The Minnesota Protocol on the Investigation of
Potentially Unlawful Death (2016)”.

- The Istanbul Protocol (or UN Manual for the investigation and documentation of
torture) (1999).

- The Interpol’'s General Assembly recognized the universal right to be identified after
death (1996).

- The establishment of the International Criminal Tribunal for the Former Yugoslavia
(ICTY) by the UN Security Council (1993) followed by the International Criminal
Tribunal for Rwanda (1994).

- The creation of ICMP at the initiative of US President Bill Clinton at the G-7 Summit
in Lyon, France (1996), which only formally achieved intergovernmental
organization status in 2014. The ICMP was a pioneer in the use of high-through-put
DNA-analysis and advanced database informatics for large-scale investigations of

missing persons in the Former Yugoslavia (Cordner and Tidball-Binz 2017; ICMP).
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- The United Nations Missions in Kosovo (UNMIK) created the Office on Missing
Persons and Forensics (OMPF) in 2002 to resolve the problem of missing persons

and deal with the needs of their families (Baraybar et al. 2007).

Further, the ICRC was responsible for the paradigm shift regarding humanitarian
intervention, greatly influenced by the humanitarian consequences of the breakup of the
Former Yugoslavia regarding missing persons. The 2003 Conference on The Missing and
their families (ICRC 2003b) was a step forward in the attempt to resolve the problem of
people unaccounted for as result of armed conflict or internal violence and to assist their
families. It was clear then that every effort needed to be made to identify the remains, which
includes observing and recording all information potentially relevant, attending to the rights
and needs of families as well as acting in compliance with the legal provisions (Cordner and
Tidball-Binz 2017; Thomsen 2017). The 2003 conference provided a set of
recommendations about the recovery, management, and identification of the dead in armed
conflicts and other contexts (Cordner and Tidball-Binz 2017; ICRC 2003b). The
abovementioned developments led to the creation of the ICRC’s first forensic unit in 2003,

which has contributed to the development of HFA.

The manual titled “Management of Dead Bodies after Disasters: A Field Manual for First
Responders” (ICRC et al. 2006) is a good example of work done by the ICRC in
collaboration with the Pan American Organization (PAHO), the World Health Organization
(WHO) and the International Federation of Red Cross and Red Crescent Societies (IFRC).
This guidance, which complements the INTERPOL Disaster Victim Identification (DVI)
(INTERPOL 2018) generally applied to small and medium sized disasters, filled a significant
gap related to the management of a high number of deaths (also taking into account the
identification process), as happened in the 2004 Indian Ocean Tsunami (Cordner and
Tidball-Binz 2017).

In conclusion, HFA has a broad field of intervention, including but not limited to the
management and identification of dead bodies in a post-conflict situation or mass disaster.
Other phenomena such as gender and sexual violence, child and elder abuse, human
trafficking (Bus$ et al. 2019; Obertova and Cattaneo 2018), torture (Pollanen 2018), ill
treatment in cases of detention, mass graves, as well as the estimation of the age of living
individuals, all require the action of forensic experts, in particular forensic anthropology,
forensic odontology, forensic genetics, forensic pathology, and clinical legal medicine
(Cordner and Tidball-Binz 2017; Vieira 2018).
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1.4. Forensic investigation into the missing

Regardless of the causing event, the large-scale loss of life and disappearances of people
are frequent outcomes, affecting the whole community and society. In addition to the social
and cultural breakdown, the response from the medical-legal system is often overwhelmed,
exceeding local capacity, which in some cases leads to the need for external, international
forensic help. Thus, the management of forensic investigations into missing persons is
particularly complex and challenging, including in most cases the process of search and
recovery of bodies, the identification of unidentified bodies and sometimes the collection

and analysis of evidences for legal purposes (Puerto and Tuller 2017; Tidball-Binz 2006).

Indeed, forensic sciences became one of the main drivers of social reconstruction in areas
affected by mass violence or disaster. Its contribution is much more than a discipline
integrated in a stable domestic medical-legal system, which responds to the needs of the
law, particularly on the collection of criminal evidence and human identification. In this type
of more complex scenarios, the forensic investigation may take two legal forms:
humanitarian (based on the clarification of the fate and whereabouts of a missing or
unidentified person) and/or criminal (based on the search for criminal accountability or a
truth and reconciliation-based process). Nevertheless, an incorrect procedure can have
negative consequences in terms of right to truth and access to justice for families and
communities. The legal framework for the investigation must be clear and explicit, allowing
families and the community to cooperate with the process without fear of reprisals or
criminal prosecution, as happens in cases of search for criminal accountability or truth
(Citroni 2019; Puerto and Tuller 2017).

To avoid socio-political problems and the application of incorrect procedures, any
investigation must be legally framed, and its aims defined from the start. It is necessary to
define whether the investigation has a humanitarian framework (locate and identify the
victims), or a criminal prosecution framework (ascertain criminal responsibilities), or just an
adjustment of historical records (reconstruction of recovery of the historical memory). In
either of these contexts, at national or local levels, it is important to establish the proper
legal framework specifically regarding the applicable law on information-gathering, data
management and protection, the process of recovery and identification of the remains, the
rights of the victims/families, and finally the sources of financing and budget. In fact, one of
the major challenges can be the prescribed economic, political, and time constraints, which
can seriously affect and limit the investigation and its purposes. Because there is no single
and ideal model for all scenarios involving missing persons, as each context and event

presents different challenges, an adaptative approach is necessary (Puerto et al. 2021;
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Puerto and Tuller 2017). Further, the ICRC states that the search for missing persons must
be participatory which means involving the families of the missing persons and/or their
representatives, ensuring answers to the needs of families/relatives and community (i.e., to
know the fate and whereabouts of their loved ones) and an exchange of information (Crettol
et al. 2017; Tidball-Binz 2006). To assure the efficient management of the issue at hands,
it is utterly necessary that competent humanitarian, political, judicial, and non-judicial
mechanisms at the universal, regional, national, and local levels exist, with constant
communication, prioritizing the needs of the families and communities involved (Crettol et
al. 2017).

Regarding the forensic approach to the search, recovery and identification of the missing,
Puerto and Tuller (2017) highlights several complex factors to take into account, which
include the number of people assumed to be missing compared to the number of people
actually missing; the demographic and personal characteristics of the missing people; the
number of victims recovered; the circumstances and time when events took place; whether
it is a closed, open or mixed incident; the condition/state of preservation of remains
recovered; the degree to which remains are disarticulated and scattered or commingled:;
the timing at which forensic experts take over the investigation; the availability and type of
antemortem (AM) information and reference samples; the financial resources; and the local
forensic capacity to implement the identification process (Puerto et al. 2021; Puerto and
Tuller 2017).

Briefly on the context of the event (i.e., type of case), its scale (humber of missing people
or deaths) and complexity will determine the methodological approach in the search for
missing persons and identification of unidentified bodies. Particularly in armed conflicts or
human rights violations, political and social factors exert a lot of influence on the complexity
of the case. The assessment of the number of missing persons is also a challenging task,
particularly in situations of enforced disappearance or migration contexts (Blau 2016).
Frequently, families do not report the absence of family members because they are afraid
of causing troubles to the missing. The common procedure is based on the construction of
a compiled or unified list of victims, in which a unique file number is assigned to each person
for quantification and case traceability purposes. This list eases the intra- and inter-
institutional communication, reduces the possibility of duplication, as well as the recording,

traceability, and comparison of information (Puerto et al. 2021; Puerto and Tuller 2017)

As for the scale of the event, a comprehensive approach is needed, which includes a well-
defined strategy covering operational plans, intra- and inter institutional coordination

(governmental and non-governmental entities), draft and implementation of standard
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operating procedures, the creation of multidisciplinary forensic teams, the availability of
temporary morgues to process a great number of bodies, the centralization of information
(centralized databases), specialized equipment and software (for genetic analyses) and

support centers for relatives (Crettol et al. 2017; Puerto et al. 2021; Puerto and Tuller 2017).

Regarding the investigation of complex cases of unidentified bodies and human remains,
which often involve commingled and highly fragmented remains (e.g., mass burials,
tsunamis, plane crashes), a set of important steps are required, namely a strategy of coding
and analysis of commingled remains, the adjustment of protocols and procedures, the
creation or improvement of databases (involving enhanced traceability controls), the
structural organization of the facilities for the analysis of remains in terms of space, the
sampling strategy for genetic testing, the genetic matching strategy for both identification
and reassociation of commingled remains, statistical genetic match thresholds for
identification and reassociation purposes, and prior probability values (Puerto and Tuller
2017; Tidball-Binz 2006).

The cultural and religious beliefs and practices that involve the treatment of the dead can
be an additional challenge for forensic practitioners. Undoubtedly, the cultural needs of the
affected people must be respected, and all experts involved in the investigation must be
aware of their customs and traditions. In this sense, multiple solutions within an adaptative
approach must be found and put in place to embrace the diversity of cultural, religious,
spiritual, and societal practices around the death. This may involve contact with

governments, cultural leaders, and family groups (Kinsella and Blau 2013).

Another important challenge to consider in the investigation process, has to do with the fact
that large-scale events generate massive amounts of information, which requires a
multidisciplinary and integrated approach to the processing and systematization of such
information. The management of “relevant information” (i.e., information that is reliable and
pertinent) is paramount and includes AM information on the missing persons, information
about the circumstances of the disappearance or of the event, potential location of the
graves, and postmortem (PM) information of the unidentified bodies (Crettol et al. 2017).
Currently, the use of missing persons databases (including but not limited to forensic DNA
databases) provides an important support to the investigation, regarding the process of
integration and centralization of information, and its role in the cross-referencing. Over the
past few years, some important databases have been established, namely the Phoenix
Program (Lorente et al. 2001), the National Missing and Unidentified Persons System
(NamuS) (Murray et al. 2017), the Texas Missing Persons DNA database, the Victorian

Missing Persons DNA Database (Hartman et al. 2015), the Banco Nacional de Datos
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Genéticos (BNDG) Argentina (Estado argentino 2021), the Missing Person Database-gen
(Da Silva et al. 2009), and the ICMP iDMS - Identification Data Management System (ICMP
2021Db).

Depending on the context, the chosen approach to the forensic investigation process,
including the choice on most appropriate identification methods and techniques, are
decided by the head of the forensic team. The responsibility to ensure that families and the
community at large are well and fully informed about the limitations and any issues
associated with the forensic investigation is an important one, to minimize unrealistic or
false expectations. The interaction with the families and communities can be complex,
which requires a holistic communication strategy. This relationship is essential to the
process, including a meaningful and thorough AM data collection, after a well-defined
framework for the search, recovery and identification process is put into work.
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Chapter Il - Research Aim and Objectives

2.1. Overall objective

Forensic Anthropology and Forensic Dentistry are two disciplines within forensic sciences
that are often applied, together or independently, in the process of forensic human
identification. Both have witnessed important developments and made important
contributions to resolve the ever-higher number of missing persons cases worldwide.
Nonetheless, the successful application of methods and techniques of either of them is not
without limitations. The overall aim of the present dissertation was to develop a narrative
review of the roles of forensic anthropology and forensic dentistry when applied to the
identification of missing persons/unidentified bodies. In particular, the focus of this research
was to review published case reports and research studies on the use of identifiers by both

disciplines in the comparative method towards identification.

2.2. Specific objectives
To achieve the above research goal, the following specific objectives were proposed:

To understand the phenomenon of missing persons and unidentified bodies and to
identify the need for urgent reliable, scientifically sound strategies regarding their

personal identification.

To recognize the various challenges to the forensic human identification process,

including in disaster victim identification.

To review the application and contribution of anthropological and dental identifiers
to forensic human identification, by reviewing recent, published and peer-reviewed

literature, including case reports and research studies.

To evaluate and identify the main challenges and limitations regarding the
successful application of anthropological and dental identifiers in achieving
identification, namely by identifying the difficulties in the reconciliation of AM and PM

data.

To identify the main obstacles and present recommendations for the practice as well

as for future research efforts in relation to the use of alternative identifiers.

13



Chapter Il — Methodology

Chapter Ill - Methodology

This literature research was based on the review of the current state of the art on the
process of human identification, as well as published case reports and research studies on
the use of identifiers by both disciplines in the comparative method towards identification of

missing persons/unidentified bodies.

A narrative review was undertaken. Published articles were initially located by searching
the WEB OF SCIENCE, SCOPUS, and PUBMED electronic databases. A Boolean search
strategy was used with the following keywords, or combination of keywords: ‘missing
persons, forensic anthropology, forensic dentistry, human identification, antemortem data,
postmortem data, reconciliation, humanitarian forensic action, disaster victim identification,
database’. After the initial search, reference lists of relevant articles or other published
studies were scanned for any additional articles that were not discovered during the initial

search.

The inclusion criteria were the access to the full version and articles written in English,
Portuguese, or Spanish and published in a peer-reviewed journal. The exclusion criteria
were studies performed in non-human animals, and identification by techniques other than
forensic anthropology and dentistry. Altogether 74 publications were considered relevant,

which includes case identifications (73), and research studies (20).
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Chapter IV — Forensic Human ldentification

4.1. The process of Human Ildentification

Human identification (or personal identification) has proven to be one of the most
challenging and relevant tasks in the field of forensic sciences (Nikam et al. 2015). The
definitive and early identification of corpses and human remains is of utmost importance in
a properly structured medico-legal death investigation, regardless of the context (Holobinko
2012). Thus, personal identification is crucial regarding legal issues (criminal and civil
concerns), as well as social, ethical, and humanitarian ones. Legally, issues such as
inheritance or succession of property, payment of insurance obligations, remarriage,
issuance of a death certificate, and the investigation and resolution of a crime are
dependent on the identification process. Ethically, personal identification is crucial to assist
those who survive, that is the families and the community at large who want to mourn and
close a chapter. It is also required to fulfill the obligations of the international humanitarian
law and to uphold human rights, as it is the families right to know the fate of missing relatives
(Cattaneo et al. 2010). Furthermore, all human beings have the right to their personal
identity, not only in life which begins with the right to life, as promoted by the international
law through a range of declarations and conventions (e.g., Universal Declaration of Human
Rights, UN Convention on the Rights of the Child), but also after death (Marshall 2014).

Although the term “human identification” is used consistently to refer to the identification of
dead bodies, it is also applied to the identification of the living (e.g., missing persons cases,
vulnerable minores without the presence of an adult or legal guardian, among others).
Regarding specifically to medico-legal investigations of death, there are three wide
categories where establishing the identity of the deceased is a requirement, namely:
criminal investigations resulting from a homicide, suicide, or unexplained natural death;
accidents and mass disaster incidents, which can be a result of forces of nature or human
origin, either accidental or intentional; and war crimes and genocide, where international
law plays a key role in protecting those involved (Black 2006). Usually, the medico-legal
authority or law enforcement officer is responsible for the confirmation of personal
identification, as well as the issue of a death certificate. However, there are situations in
which forensic experts (e.g., forensic anthropologist, fingerprint examiner) take over the

identification process (Christensen and Anderson 2017).

From the point view of disaster victim identification, biometrics, and forensic science, the
term identity refers to biological aspects of human identity (of the living or the deceased)

(Black 2006). More precisely, the term identity refers to the set of physical (e.g. sex, age,
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stature, tattoos, scars, malformations, biotype), functional (e.g. locomotion, writing, sensory
functions), or psychic (e.g. personality traits, intelligence) characteristics, either normal or
pathological, that defines an individual (Nikam et al. 2015). All the characteristics listed
above and their particularities — individualizing traits — make the individual unique and allow
to differentiate them from others. Thus, biological criteria must be unique, unchanged, and
perennial. Basically, in the realm of forensic sciences, individualizing traits provide a
sustainable basis for identification, based on the assertion that the probability of having
another individual with the same set of characteristics is practically null. On the other hand,
the term identification refers to the act of establishing that identity (Black 2006). The process
of identification involves several proceedings using techniques and methods to obtain a
personal identity. Its main purpose is to achieve individuality (Black 2006; Gowland and
Thompson 2013). Wrongly, the term identification is also often used as a synonym for visual
recognition, which consists of an empirical and subjective “identification” without any

scientific thoroughness, as opposed to the human identification process.

Furthermore, identification methods are based on the comparison of AM (of a missing
person) and PM (of an unidentified individual) data (i.e., all available information related to
the case) in a process known as reconciliation. According to Paez (2020), AM information
corresponds to all the data collected from sources in a technical way that identifies and
characterizes a person, before disappearance or when alive; in turn, PM information refers
to all the data collected from the corpse or human remains subjected to a medico-legal
autopsy, including other complementary exams (Paez 2020). The choice and success of
the identification methods depend on the PM condition of the body, as well as on the
availability, quantity, quality of AM information about the missing or the deceased
(Christensen and Anderson 2017). According to Interpol identification guidelines, the
identification must consider circumstantial findings (clothes, personal belongings, and so
on), as well as findings from external examination (physiognomic traits, fingerprints, and so
forth), and the means of PM examination (clinical, dental, DNA data). However, each local
jurisdiction determines how each deceased is identified and what means are applied (De
Boer et al. 2020a). In fact, currently, there is no consensus amongst the forensic community
regarding the categorization of personal identification, i.e., the degree of confidence and
reliability of a specific identification method or rationale (Cattaneo and Gibelli 2013;
Christensen and Anderson 2017). Since there are different identification methods, there are
also different identification categories characterized by particular attributes that correspond
with a level of certainty (Holobinko 2012). Usually, the identification hierarchy encompasses

the following levels (Christensen and Anderson 2017; Holobinko 2012):
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- Tentative identification: there is a suspicion of identity based on circumstantial

materials and associated items.

- Presumptive identification: there are strong consistencies between the deceased
and the missing person, but which require the inclusion of additional identification

features.

- Positive identification: there is a confirmation of the uniqueness of the individual’s
features (i.e., individualization). For such, DNA, fingerprints, and medical/dental
records are key elements in conjunction with other features such as the biological

profile, skeletal anomalies, tattoos, scars, personal effects, among others.

- Identification by exclusion: most used in mass fatality situations with a ‘closed’
population when all other persons have been identified and there are no factors

inconsistent with identification.

A recent hierarchy proposed by Puerto et al. (2021) includes only three categories:
identification, exclusion and inconclusive. The authors reject the use of subcategories for
identification (presumptive, circumstantial, possible, probable, positive, etc.) because they

introduce doubts from the point of view of decision theory.

Unfortunately, it is not always possible to achieve the purpose of the identification process.
Over the last years, the phenomenon of migration, particularly in the Mediterranean region
(Hammond 2015) and at the United States-Mexico border (Hinkes 2008; Spradley 2021)
has resulted in thousands of dead migrants, of which many of the recovered bodies remain
unidentified. A significant and dramatic tragedy was the Lampedusa shipwreck, on October
3, 2013, off the Italian coast, which caused 366 victims (number of bodies recovered), of
which only 31 victims were identified according to non-genetic biological methods
(facial/anthropological/odontological methods) and DNA (Olivieri et al. 2018). The
difficulties in the identification process in these contexts are related to the lack of the
appropriate strategies for data collection (at times, there is no possible PM and/or AM data),
as well as the lack of national and international investment in dealing with these situations
(Olivieri et al. 2018). Already in 2010, Cattaneo and colleagues drew attention to the
growing problem of unidentified bodies and human remains across Europe, which has
serious implications from the social to the medico-legal field, as well as to the need to find
immediate but lasting solutions (Cattaneo et al. 2010). Even more worrying is the lack of
knowledge and records concerning the frequency of unknown decedents in several
European countries (Cattaneo and Gibelli 2013; Cattaneo et al. 2010). There is, of course,
a need for an international approach to address the problem of unidentified human bodies

across borders, whose numbers have increased with the increase in migration flows (Duijst
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et al. 2016). As put by Duijst et al. (2016), “(f)here is significant amount of scientific literature
about identification methods, but very little articles are written about the process
identification”, which reflects what the focus should be from now on and what strategies
should be pointed out to face the challenges of the identification process. Because more
than knowing and applying the methods, identification is only possible when there are AM

and PM data that can be compared.

Unequivocally, the process of human identification involves a multi- and transdisciplinary
approach, which requires a rigorous coordination of different information from several
scientific disciplines including forensic pathology, anthropology, dentistry, radiology,
genetics, among other disciplines. Therefore, the choice of the identification method to be
employed depends on each specific context. Only a holistic and multifaceted approach will
meet the needs of the identification process, for which the experts should choose and apply
the most reliable, cheapest, and fastest method for each specific case. Regarding deceased
individuals, the state of preservation of the human body and the consequent greater or
lesser availability of individualizing features, as well as the quality and quantity of AM
information determines the success of the identification or the exclusion of identity (Blau et
al. 2021).

PM changes, including immediate alterations (e.g., loss of voluntary power, cessation of
respiration and circulation), early changes (e.g., eye changes (tache noir), primary flaccidity,
rigor mortis, hypostasis, cooling of the body) and late changes (e.g., putrefaction,
mummification, saponification, skeletization), as well as alterations caused by predators or
other external factors (e.g., dismemberment, dispersal, erosion), result in an unidentified
body which can range from a well-preserved corpse, to skeletal or badly burnt remains.
Each will present different challenges to the forensic experts. When death is recent and the
human body is still fresh with enough evidence available, the personal identification is
usually a straightforward process; however, the PM changes due to decompaosition or injury,
or both, can hinder the identification. In these cases, the individualizing information is mostly
provided by the soft tissues (Christensen and Anderson 2017), which requires a general
description of the body (external examination) regarding sex, age, stature, hair color and
length, eye color and other distinguishing features such as congenital formations (e.qg., cleft
lip), sequelae of traumatic injuries, congenital or acquired dermal traces (e.g., warts, scars,

nevi) and personal adornments (e.g., piercing, tattoos).

Frequently, in most countries, recent and well-preserved bodies are readily visually
“identified”, although visual recognition is a controversial issue. The recognition process is

usually performed by a relative or an acquainted person in routine situations (Caplova et al.
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2018). As a mean of identification, however, it presents low reliability and high risk of
misidentification due to the influence of biological and emotional factors (Caplova et al.
2018; Goodwin et al. 2009), given that the basis of recognition is the human memory
(Hautzinger 2005). A member of a crew was visually misidentified by another crew member
not aboard based on comparisons of AM and PM photographs after a ferry accident in
Estonia (1994) (Soomer et al. 2001). Similarly, after Bali bombings in 2002, nine victims
were visually misidentified by relatives (Griffiths et al. 2003). Clothes and personal
belongings (e.g., jewelry, footwear, identification documents), on the other hand, can also
be recognized (Cattaneo and Gibelli 2013; Christensen and Anderson 2017). Nonetheless,
this method of identification has been applied in mass disasters, as happened in Thailand
after the Boxing Day tsunami, where 560 of the 5395 recovered bodies were visually
identified by their families (Wright et al. 2015). Currently, comparison and superimposition
of facial features is used in some contexts, although there are important limitations in its
application (e.g., the lack of a standardized manner of comparison between two images,
the lack of criteria of admissibility and the lack of knowledge about error rates) (Mallett and
Evison 2013). The comparison of two profiles based on morphological features can lead to
an exclusion or an identification, but this too is a controversial method. Current methods
based on physical appearance (human face and body) concerning deceased persons were
recently reviewed by Caplova et al. (2018). All features were classified into four categories:
simple visual recognition, identification based on specific facial/body areas (lip prints, facial
creases, ears), soft biometrics (tattoos, moles, scars, and iris and face matching) and,
finally, AM/PM dental superimposition. While there is no doubt about the individualizing
character of these features, the authors stressed the need to establish applicable
techniques and protocols based on tested, reliable, and accurate methods (Caplova et al.
2018).

In addition to the personal descriptors presented above, the identification by fingerprint
analysis (i.e., comparison of friction ridges or fingerprints, or dactyloscopy) is a more reliable
and scientific method of identification. Due to its individualizing capacity, the probability of
two individuals that have identical fingerprints is extremely remote, even in homozygous
twins (Daluz 2018). However, AM records are needed for comparison, which can be
available through criminal records or a civil database. In Portugal, there is a civil database
that can be used for criminal purposes, in a regulated manner, and there is a AFIS
(automated fingerprint identification system) system. Databases such as AFIS have played
an important role regarding the automatic recognition and checking of fingerprints in order

to achieve an identification (Moses 2010).
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When it comes to the identification of a skeletonized, decomposed, dismembered, or badly
burned body, the expert faces a much more complex and challenging task. In these cases,
fingerprint analysis is often hampered by the decomposition processes (putrefaction,
mummification, corification, saponification) or by PM factors (e.qg., fire). Usually, putrefaction
and saponification are characterized by conditions of humidity, while in carbonization and
mummification there is dehydration of the tissues. Both conditions induce changes in the
epidermis and/or dermis, which require the application of specific procedures and
treatments (chemical and physical techniques) to attempt to recover the papillary design
(Chen et al. 2017; Kahana et al. 2001; Morgan et al. 2019). Nevertheless, with PM changes
some features can become more easily visible such as scars and tattoos. In relation to
tattoos, after the loss of stratum corneum (the horny outer layer of the epidermis) and its
sliding, the chromatic components become more prominent and help the visualization of
tattoos (Simpson and Byard 2009). The information contained in certain tattoos may provide
valuable information about the decedent’s history, such as military tattoos in service
personnel, rudimentary line tattoos with antisocial and anti-police messages in ex-prisoners,

among others (Byard 2013).

In such cases, for example where fingerprint identification is not possible, anthropological
and odontological methods can play a key role in personal identification. Due to greater
resistance and durability to taphonomical agents compared to other tissues of the human

body, bones and teeth are valuable sources of information.

Generally, the available techniques and methods used for human identification can be
categorized as reconstructive or comparative, which can be used in isolation or
concomitantly (Pinchi et al. 2012; Silva et al. 2013). In the reconstructive method, without
AM records, biological data is extracted from human remains to generate a biological profile,
guiding the collection of AM data and narrowing the search for potential victims. On the
other hand, the comparative method is based on the comparison of AM and PM records in
order to achieve an identification (Silva et al. 2013). Especially in the cases of extensively
decomposed and/or skeletonized human remains, forensic anthropology and dentistry can
directly contribute to human identification, by assessing a variety of anatomical features and
by radiographic comparison (or related imagery) with AM data; or by providing additional
information that contributes, together with other lines of evidence, to achieve an
identification (Ubelaker et al. 2019a). Both reconstructive and comparative phases can be
applied in the same case. Firstly, the reconstructive phase is characterized by the
establishment of biological profile (i.e., sex, stature, age at death, and other relevant
anatomical landmarks); then, during a comparative phase, this information is used for

comparison with the AM data from reported missing persons, all after a proper recovery and
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detailed documentation of all evidence. According to the context, other significant tasks are
performed by the forensic anthropologist such as the determination of whether the remains
are in fact human, the assessment of skeletal trauma (ante-, peri- and post-mortem trauma),
the identification of the spatial-temporal relationships between the bodies and associated
evidence, if the remains are commingled and the number of individuals present (Blau 2017,
Stanojevich 2012). Simultaneously, a careful dental examination can also provide valuable
information about person’s age, sex, and stature, as well as anatomical references for

personal identification (or exclusion) (Cattaneo et al. 2006).

Undeniably, DNA molecular analysis is the most popular method of identification. In the last
30 years, the fast technological developments in DNA research have revolutionized the field
of forensic human identification. The individuality is provided by differences found in the
human genome, so the probability of having two people with the same DNA profile that are
not identical twins is very small. DNA techniques for forensic purposes are based on the
analysis of mitochondrial (mtDNA) and nuclear DNA (nDNA). Maternally inherited (no
recombination), mtDNA has a lower power discrimination and is less polymorphic than
NDNA (nDNA undergoes homologous recombination (i.e., maternal and paternal DNA are
mixed)). However, mtDNA has an excellent sensitivity and success with limited or badly
damaged samples due to large number of mtDNA molecules per cell and the fact that the
small mtDNA molecule is more robust than nuclear DNA. Regarding nuclear DNA analysis,
short tandem repeats (STRs) loci are the most studied polymorphisms in forensic
identification. Nevertheless, there are other sources of variation in the genome that can be
applied in a forensic context, such as MiniSTRs and single nucleotide polymorphisms
(SNPs) (Pinheiro 2010).

Genetic analysis is based on the comparison of a suitable PM sample with a reference
sample from the individual (if available, or from first-degree relatives) or from personal items
containing DNA (e.g., toothbrush, hairbrush, shaver, clothes, and other personal
belongings). Currently. it is possible to obtain a DNA profile from all types of biological
traces, even when they are found in very small quantities or very degraded. DNA sampling
and extraction is more difficult in a body in an advanced state of decomposition or
skeletonized, due to less availability of biological sources and greater vulnerability to
contamination. In this sense, some studies have shown which bone elements ensure
greater availability and quality of DNA, such as the lower limb bones (Mundorff et al. 2009)
and smaller cancellous bones of the hand and foot (Mundorff and Davoren 2014). DNA
testing can be performed even on cases involving partial or severely decomposed remains.
It is the best way to identity body parts, and its analysis can be automated ensuring

maximum quality and rapidity of high-volume testing (INTERPOL 2018).
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The process of DNA analysis to identify human remains includes the following steps (ICRC
2009): (1) the collection, storage and extraction of DNA from the human remains, (2) DNA
sampling from either relatives of the missing person or from sources belonging to missing
person (e.g., hair, saliva stains, or other biological material) for comparison, (3) getting a
DNA profile from both the human remains and reference samples, (4) comparison of both
DNA profiles, and (5) presentation of the degree of matching (ICRC 2009). The
quantification of the degree of matching of two biological samples, which includes a
statistical analysis of the frequency of discrete characters, allows to show the numerical
probability of both samples belonging to the same person. This is a clearly advantage over
the other identification methods (Cattaneo and Gibelli 2013). Nevertheless, DNA is not the
answer for all problems. It is still quite expensive and time consuming, although the use of
forensic DNA databases is speeding up the identification process. At the same time, if a
previous narrowing of the potential missing persons, for example, through other
investigative methods is not achieved there will be no samples to run the genetic profile
comparisons. In fact, a current challenge is related to the absence of AM biological samples
for comparison in particular contexts. In the case of illegal immigrants, there may be no
suitable relatives for DNA comparison or personal items may not be available. In addition,
the comparison process becomes more complex, and the results may not be enough if
reference samples are provided by cousins or half-siblings rather than close relatives (De
Boer et al. 2020a).

4.3. Disaster Victim Identification

A particular context where forensic human identification plays a crucial role is largely
referred to as Disaster Victim Identification (DVI), which refers to a set of procedures used
to identify victims after a mass fatality incident. According to the INTERPOL DVI guide
(INTERPOL 2018), a widely recognized and accepted reference, “a disaster is an
unexpected event causing the death of many people”, which can be classified as open
disaster, if the number and identity of victims involved is mainly unknown (e.g., Asian
tsunami in 2004, world trade center tragedy) or a closed disaster, if the number and identity
of victims are more readily known through a fixed and identifiable group (e.g., aircraft crash
with passenger list), or even a combination of both (e.g., aircraft crash in a public area).
Regardless, there is no consensus on the minimum number of fatalities that constitutes a
mass disaster, and there are several and challenging contexts in which the DVI process is
applied, such as natural disasters (e.g., earthquakes, tsunamis, hurricanes), traffic or any

transport related accidents (e.g., aircraft, train, ship), technical accidents (e.g., fires,
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explosions), terrorist attacks (e.g., chemical, biological, radiological, nuclear or high yield
explosive attacks), or events occurring within the context of wars or humans rights violations
(Brough et al. 2015). A correct classification and characterization of a disaster is crucially
for the DVI approach that follows, as each mass disaster is a distinct and challenging event.
Large scale disasters, which affect thousands of people and, sometimes, more than one
country, are increasingly prevalent but other mass fatality events such as illegal migration
(e.g., in Mediterranean region, Sub-Sahara Africa, at the US-Mexican border and in
Australasia) and terrorist attacks present new challenges for DVI. In relation to the countless
deaths caused by mass migration, the mains challenges are related to the lack of AM data
(or even a missing persons list), as well as the need to integrate PM data from different
countries. To overcome these difficulties, a collaboration between all forensic and
humanitarian entities and governments is needed, as well as the search for alternative
identification methods due to the impossibility of using traditional methods. In the case of
terrorist attacks, the DVI process is secondary due to the criminal nature of the event.
Therefore, criminal investigators should work together with DVI teams in order to ensure
that the crime scene is approached correctly (De Boer et al. 2019).

Based on the importance to treat disaster victims with respect and dignity, identifying them
and supporting the grieving process of the families and the community at large, INTERPOL
developed a set of specific guidelines (INTERPOL 2018), recommendations, protocols, and
international standards for a DVI operation, which are globally recognized but are not
mandatory. From its first publication in 1984, INTERPOL DVI has promoted uniformity and
effectiveness as well as international cooperation in the victim identification process. The
DVI guide also recommends to all member countries the setup of one or more DVI teams
in order to achieve, maintain and improve standards, and facilitate international cooperation
(which enables the exchange of information between the intervening organizations). These
teams are also responsible for pre-planning and training (INTERPOL 2018). The
INTERPOL guide encourages interdisciplinary work based on a collaborative approach
between different scientific disciplines (e.g., pathology, forensic anthropology, forensic
dentistry), as well as open communication, respect, and honesty (INTERPOL 2018).
Additionally, DVI guide is regularly reviewed and updated based on the lessons learned
from many disasters throughout the world as well as the advancements in victim

identification techniques (Sweet 2010b).

The process of identification in the aftermath of a mass disaster can be a slow and very
complex process, depending on the context, number of deaths, degree of body destruction
and fragmentation, rate of human decompaosition, and the availability of AM data related to

missing persons (Brough et al. 2015). Especially in the case of large-scale disasters, the
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Interpol DVI guide is complemented by the manual “Management of Dead bodies after
disasters: A Field Manual for First Responders” (ICRC, et al. 2006), which offers practical
guidelines for non-specialists/non-experts on how to handle human remains after a mass
fatality. This guidance for first responders promotes a proper and dignified handling of the
dead, ensuring that they are later identified by forensic specialists. The manual covers the
essential aspects of managing the death in aftermath of a mass fatality as well as contains
data collection forms, checklists, practical recommendations, useful additional information
and links (Ellingham et al. 2016).

The DVI process as proposed by INTERPOL includes four main phases, each with its own
area of responsibility and coordination. These phases are described as follows:

Phase 1 - Scene: should be treated as a crime scene following jurisdictional policies and
procedures. It is characterized by the processing (photograph, record, and label) of human
remains and property at the disaster site, after the definition of a management plan, which
depends on the nature of disaster. INTERPOL DVI recovery forms should be used to record

the post-mortem information.

Phase 2 - Post-mortem: after the recovery, storage (and preservation) and transportation
of human remains and property to the mortuary, there is a detailed and thorough
examination of all material collected in the scene, as well as the record of all relevant PM
information on the pink INTERPOL DVI Post-Mortem forms. Photography, radiology, DNA
sampling, autopsy procedures are some of the examination processes and methods applied

in this phase.

Phase 3 - Ante-mortem: includes a challenging collection of missing person data from
various sources (e.g., interview with families, relatives or friends, clinical records), after the
definition of a missing person list. Detailed descriptions of each missing person or potential
victim, including specific details (e.g., jewelry, clothing, dental and medical records,
photographs, DNA, fingerprint) should be collected and recorded on a yellow INTERPOL
DVI ante-mortem form. At this phase, there should be concerns about AM data protection

from distant locations.

Phase 4 - Reconciliation: this phase takes place at the Reconciliation Centre and it is
characterized by the comparison of PM data with AM data in order to identify the deceased.
The identification depends on the existence of reliable identifiers and whether the requisite
standards are met. After the identification, a death certificate confirming the cause of death

and the identity of the deceased is issued by the Identification Board.
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Although the Interpol DVI guide presents only four main stages, some authors argue that
the final stage is a debrief, referred to as phase 5, with the purpose of developing new
strategies and protocols in order to improve the capacity of all agencies to respond and
resolve future incidents (Bassed and Leditschke 2011; Blau and Briggs 2011; De Boer et
al. 2019).

Regarding to identification methods, the INTERPOL DVI protocol distinguishes between
primary methods of identification, which includes dental comparison, fingerprints analysis,
DNA analysis, and medical/surgical implants with numerical information (serial numbers),
and secondary methods of identification such as personal descriptors, medical information,
clothing, jewelry, tattoos, and other circumstantial evidence. Primary identifiers provide a
reliable identification of the deceased, either individually or in combination, based on the
most reliable scientific methods. On the other hand, secondary identifiers are, according to
INTERPOL, “not sufficient to be used as sole means of identification and cannot be
standalone to prove identity of disaster victims” (INTERPOL 2018). Often, they are used to
complement the primary methods; nevertheless, when primary sources are limited or
absent, the combination of secondary methods may provide information to achieve
identification (Khoo et al. 2016). Indeed, both primary and secondary identifiers can be

equally relevant depending on each context (De Boer et al. 2020a).

Identification of the living who survive a mass fatality is also an important element in any
DVI response. For instance, in the case of an open disaster, the identification of survivors
allows to promptly narrow the missing persons list. The collection of medical information of
survivors can help on identification purposes. The identification of the survivors together
with the identification of the deceased can ensure that the identification process does not

stall due to lack of information.

4.3.1. The role of forensic anthropology and forensic dentistry in DVI

The role of forensic anthropology (Blau and Briggs 2011; De Boer et al. 2019; De Boer et
al. 2020b; Hackman and Black 2017; Mundorff 2012; Park et al. 2009; Wiersema and
Woody 2016) and forensic dentistry (Forrest 2019; Hill et al. 2011; Toupenay et al. 2020;
Wood and Kogon 2010) in DVI process has been a topic of research and discussion in the
literature over the last years. Usually, the variability of extreme forces (e.g., heat, impact,
crushing, explosion, freefall and/or environmental influences) involved in a disaster results
in serious damage and profound changes in the condition of the human body. As a result,
practitioners involved in the location, recovery and analysis of victims are faced with several

states of preservation, including intact, fairly intact, decomposed, fragmentary, commingled,
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burned, or cremated bodies, as well as partially burnt, distorted, buried or a combination of
these states of preservation. Consequently, this range of differentially preserved skeletal
remains justifies the intervention of the forensic anthropologist and the forensic dentist in
the DVI process (Blau and Briggs 2011; De Boer et al. 2019). After the 2004 Boxing Day
Tsunami, arguably the largest and most complex international DVI response, the role of the
forensic anthropologist in DVI has become even more relevant. Currently, the inclusion of
forensic anthropologists in the INTERPOL Pathology and Anthropology Sub-Working Group
(PASWG) is a clear recognition of the roles and responsibilities of the forensic
anthropologist for DVI. Table 1 summarizes the most common functions of the forensic

anthropologist according to each phase of DVI process.

Dental identifiers are one of the most reliable identifiers appointed by INTERPOL
(INTERPOL 2018). The role of forensic dentist is based on the comparison of AM and PM
dental profiles in order to support identification. However, the success of the identification
process depends on the availability and quality of AM dental records (e.g., written dental
records, dental radiographs, computerized tomography (CT) data, 3D surface scan date,
dental study models, dental appliances, clinical photographs, or photographs showing
smiling faces), which is not always the case. The lack of dental records or their poor quality,
particularly in countries with low socioeconomic status, limits the intervention of forensic
dentistry in DVI operations (Forrest 2019). A systematic review of the role of forensic
odontology in the identification of victims of major mass disasters across the world was
presented by Prajapati et al. (2018), emphasizing the role of forensic dentistry in disaster
victim identification, namely, when AM records from general dental practitioners are

available.
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Table 1. The role of the forensic anthropologist according to each phase of DVI process.

DVI Process

Forensic Anthropologist

Phase 1
Disaster Scene

Distinction between non-human remains or non-osseous items

Ensure that all the boy parts/fragments are collected

Helps the forensic archaeologist in mapping the disaster scene

Separating osseous from non-osseous material

Confirming that the remains are human

Separating recognizable vs non-recognizable fragments that require DNA analysis

Identifying and managing commingled remains

Siding to left and right of skeletal elements (minimum number of individuals present)

Phase 2 Analysis of cross-sections of bone in soft tissue masses
Postmortem
Analysis of incinerated remains with no soft tissue
Providing a biological profile and other identifying information (e.g., anatomical
variants, previous fractures, personal artefacts)
Assisting in reconstructing the manner of death (e.g., in case of bullet trajectories or
locating shrapnel)
Providing an opinion on ante-, peri- and postmortem trauma
Selection of the most appropriate samples for DNA analysis according to the scale of
fragmentation and commingling
Phase 3 . . . . _
Usually, AM data collection in human rights and post-conflict forensic investigations
Antemortem
Phase 4 Providing information at the pathology reviews to assist in confirming or denying the

Reconciliation

possibility of reassociating body parts for release for families
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Chapter V — The contribution of anthropology and dentistry to forensic
human identification

The world is facing a truly unprecedented humanitarian crisis in terms of the number of
missing people and unidentified bodies, as a result mostly of armed conflicts, large-scale
natural disasters, and recent migration flows. In this kind of challenging scenarios, the
application of the primary methods of identification (DNA, dental information, fingerprints)
is limited to non-existent. There are a number of reasons that explain the inapplicability of
some of the most scientifically reliable methods of identification, including the lack of primary
AM comparative data, an insufficient PM collection that may be hampered by the state of
preservation of the remains or even the lack of appropriate strategies for data collection,
the lack of official databases, as well as the lack of a complete and updated list of missing
persons. Moreover, sometimes the place where AM records are available can be destroyed

by a catastrophic event (De Boer et al. 2020a).

A peculiar humanitarian context is the case of dead migrants, for which at an international
level there are still no fully defined strategies in place to deal with data collection, with the
exception of the Italian case where unmatched efforts have been made to identify migrants
(Olivieri et al. 2018). At times, there are no official data on people migrating from countries
with poor living conditions (e.g., limited access to healthcare) and access to AM data is a
very complex process. Moreover, there are no evident services where to ask for information
or to look for the missing, and due to political instability of some countries of origin, it is
practically impossible to get in touch with the victim’s relatives. Often, families do not search
for their loved ones because they are not aware of their fate and need to be identified.
Consequently, there is also no access to the missing person's personal belongings for DNA
extraction and analysis (Olivieri et al. 2018; Olivieri et al. 2017). For all these reasons and
despite its highly individualizing potential, the application of primary identifiers is not always
possible. In this sense, there is an urgent need for alternative identifiers and for improving

the chance of personal identification.

There are several contexts where the use of secondary means has proven to be crucial for
identification of missing persons, including war victims (Djuri¢ 2004; Slaus et al. 2007),
victims of natural disasters (Wright et al. 2015), death migrants (Anderson 2008; Olivieri et
al. 2018) and domestic/single case investigations (Vaz and Benfica 2008). Regarding dental
identifiers, their use is well-established in the scientific community as a primary method of
identification. Therefore, its applicability and effectiveness are more readily recognized

given its well-established role in forensic identification. However, they are not without
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limitations. The main factor limiting the applicability of dental identifiers is the poor quality
or inexistence of AM data, particularly in the developing countries where there is limited
access to health care. Sometimes the data may not be sufficiently discriminative, but
typically also due in large part to the poor quality of the records, or the poor quality of

preservation of the remains (Sweet 2010a).

Primarily, forensic anthropologists and dentists play a key role in developing the biological
profile. This entails assessing the remains and provide information concerning the biological
characteristics (e.g., age at death, sex, ancestry, stature, and idiosyncrasies) of the
deceased. AM pathological conditions, anomalies/abnormalities, analysis of trauma and
dental configurations also assist in obtaining a profile. Consequently, this reconstructed
profile assists law enforcement in narrowing the range of possible victims (missing persons),
puts forward presumptive identifications and provides search paths for the collection of AM
evidence (Austin and King 2016; Blau and Briggs 2011).

Afterwards, the use of anthropological and dental identifiers is based on a comparison
analysis (Cattaneo and Gibelli 2013). This differs from reconstructive identification since
they rely on AM records available for comparison and the existence of a presumptive
identification (Sweet 2010a). Therefore, the comparison of AM and PM characteristics
should be based on the search for individualization factors (i.e., unique characteristics that
contribute to personal identification, since no two skeletons are alike) and should match in
sufficient detail (Simdes et al. 2014). On the other hand, the presence of unexplained
discrepancies can lead to the exclusion of an identity. Indeed, examination and comparison
of AM medical records with PM data obtained from the remains has long been an
established and accepted basis of identification for forensic odontologists and, increasingly,

forensic anthropologists (Scott et al. 2010).

Recently, the use of forensic anthropology methods and anthropological identifiers in
personal identification was duly recognized by the Board of the Forensic Anthropology
Society of Europe (FASE) (De Boer et al. 2020a). This recognition and position statement
is in line with the position of the WHO/ICRC (ICRC et al. 2006) and the U.S. National
Institute of Justice (National Institute of Justice (US) 2005), which recognize morphological
comparison as a principal means of identification. The former considers that unique physical
or medical traits, including skeletal radiographs and numbered surgical implants, are highly
discriminating means of identification, i.e., “conclusive to a degree that would be considered
beyond a reasonable doubt in most legal contexts”. Concerning the position of U.S. National
Institute of Justice, the confirmatory identification of the deceased in mass fatality incidents

can be established using the following methods: fingerprints, odontology, radiology, DNA
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analysis and forensic anthropology. These are considered to provide sufficient proof of
identity. On the other hand, presumptive methods includes direct visual or photographic
identification of the deceased if visually recognizable, as well as personal effects,
circumstances, physical characteristics, tattoos, and anthropological data (National Institute
of Justice (US) 2005).

Radiographic comparison is an important source of data for human identification, by
supporting the PM anthropological and odontological analysis. Thanks to its huge
application in several medical fields and, consequently, the availability of AM radiographic
images, radiographic comparison became a regular procedure in the identification of
unknown remains. It can be applied both in the reconstructive method (for instance, on age
estimation procedures narrowing the search for potential victims) and in the comparative
method (comparison of unigue traits such as morphological features) (Cattaneo and Gibelli
2013; Christensen and Anderson 2017).

5.1. Anthropological identifiers

Secondary identifiers, particularly anthropological identifiers, have proven to be viable
alternatives providing useful information about a person or even contributing to an
identification, either based on traumatic and surgical features, or on anatomical variants (De
Angelis et al. 2016; De Boer et al. 2020a). Recently, Cappella et al. (2019) stated the
importance of using skeletal features in the identification process, providing interesting
numbers of individualizing features (e.g., AM fractures, pathological changes, the presence
of surgical interventions and dental work) present in a skeletal sample from the CAL
(Collezione Antropologica LABANOF) Milano Cemetery Skeletal Collection (Cappella et al.
2019). In a sample of 276 well documented individuals, clinically and demographically, 124
(45%) individuals showed one or more skeletal features with an individualizing potential. Of
these, 79% showed two or more features, which occurred in many different combinations.
In this review, the analyzed identifiers were related to morphological features. According to
Komar and Lathrop (2006), a morphological feature is defined as a physical characteristic
resulting from a permanent AM modification to morphology that endures the decomposition
process and is recognizable PM (e.g., AM fractures, evidence of surgical intervention or
pathological conditions) (Komar and Lathrop 2006). These morphological identifiers should
be unique to the individual and stable over time and they are rare enough to be seen as
individualizing characteristics. However, due to the ubiquity of some features, single
conditions may not be useful in personal identification (Komar and Lathrop 2006). Indeed,

personal identification should be established through a set of characteristics or multiple
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corresponding factors, rather than the frequent presence of any single morphological
feature (Komar and Lathrop 2006). Therefore, due to its power of discrimination,
anthropological identifiers may provide key information for the identification of an unknown

body or may even have sufficient evidentiary value for a conclusive identification.

5.1.1. Categories of anthropological identifiers

According to De Boer et al. (2020a), forensic anthropological identifiers can be classified as
(1) external morphological features, which includes morphological features of the face,
teeth, and other body parts, and skin alterations (e.g., moles, scars, tattoos) and (2) skeletal
features, which includes the morphology of individual skeletal elements and structures (e.qg.,
frontal sinuses patterns, trabecular bone pattern, anatomical variants, developmental
anomalies, pathological changes, and medical interventions) (De Boer et al. 2020a).
Additionally, Cappella et al. (2019) categorized skeletal features into two groups: (1)
features that are common and can be used for personal identification only when
comparative imaging is available, and (2) features that are rare and can therefore be used
as potentially individualizing traits, particularly when occurring in combination. Naturally, the
prevalence of various skeletal characteristics varies across different population groups and
samples, which changes the classification to be attributed to a given characteristic
(Cappella, et al. 2019).

The study of morphological features on the living subject has become increasingly relevant
to forensic anthropologists. Currently, they contribute to the age estimation in living
individuals, gait and stature assessment from closed-circuit television images and
identification of individuals from their facial images. The study of external morphological
features can be done using facial image comparison, following the guidelines relating to the
living (ENFSI 2018). Although it has low reliability, craniofacial superimposition has been
used in personal identification, particularly in the exclusion of an identity due to observed
gross incompatibilities (Fenton et al. 2008; Lorkiewicz-Muszynska et al. 2013; Ubelaker et
al. 2019b). Both methods use AM photographs of a missing person who might be
represented by the remains. Concerning personal identification, an external examination
can also reveal the presence of significant depressions or protuberances on the anatomical
structure (e.g., osteoma on the forehead) that could be visible on the living subject, and
would be retained on the remains PM, thus having individualizing power. However, most
contexts in which forensic experts are involved include incomplete, fragmented, burned,
decomposed, commingled remains or any combination of the above, particularly in mass

fatality incidents. In these conditions, the assessment of external morphological features is
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very limited or unpractical, unlike what happens in the fresh and well-preserved corpse, or
the living subject. For this reason, our focus will be on the anthropological identifiers related

to skeletal features.

Morphological identifiers

Due to individual skeletal variation observed in several anatomical regions, the general
shape and contours of bones (bone profiles) exhibit individual variability and therefore
provide potential sources of individualization. Examples of such features are paranasal
sinuses shapes, cranial suture patterns, trabecular bone patterns, and external bone
contours. Although the study of many of the anatomical structures mentioned do not present
an adequate standardization or robusticity from the statistical point of view, nor specific
algorithms to identify them, the uniqueness of their morphology is very useful for
individualization (Cattaneo and Gibelli 2013). This has been demonstrated by the use of
thoracic vertebral margin contour (Watamaniuk and Rogers 2010), clavicle and cervical

spine shape (Stephan et al. 2011), among others, in personal identification.

The use of frontal sinuses in the identification process is one of the most studied and well-
established methods, and one of the most reliable methods of identification (Christensen
2005). Located in the anterior part of the frontal bone, its outline shape, along with its
development, symmetry, size, and area, are unique to each person. This anatomical
variability, even in homozygous twins, can be attributed to several factors including
genetics, biomechanical and hormonal factors, craniofacial configuration, and ambient air
pressure. Frontal sinuses become radiographically evident at age 5-6 and are fully
developed by age 10-12 (Christensen et al. 2014). According to Besana & Rogers (2010),
frontal sinuses can be radiographically compared using metric, morphological and
superimposition methods. The authors suggested that superimposition methods provide the
best results with highest levels of accuracy and precision and the lowest level of error,
however, this is not entirely consensual (Besana and Rogers 2010). Some authors claim
that there are problems with superimposition due to the orientation and angle of the x-rays
(Cameriere et al. 2005; Hashim et al. 2015). Recently, Pereira et al. (2021) systematically
reviewed the different methodological approaches using imaging techniques applied to the
visualization and comparison of the frontal sinuses. Their results show both skull
radiographs and CT as the imaging techniques used to perform metric analysis, direct
image superimposition analysis or morphological analysis. Direct image superimpositions

and 3D visualization revealed more advantages over other techniques (Pereira et al. 2021).
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Thanks to its stability and high interpersonal variability, trabecular bone patterns, which are
visible radiographically, can be used as a forensic marker for personal identification
(Brogdon et al. 2010; De Angelis et al. 2016; Kahana and Hiss 1994; Quatrehomme et al.
2014). According to Mann (1998), there were no identical patterns (or distribution) after
looking at the radiographs of internal bone structure of 42 femora and 38 tibiae. The study
of internal bone structure, particularly radiodensities, of many individual bones, including
hand bones (Brogdon, et al. 2010; Kahana and Hiss 1994), femora and tibiae (Mann 1998),
has revealed distinct features necessary for personal identification, even though age-
related changes could be seen. Kahana and Hiss (1994) and Kahana et al. (1998) proposed
a method to assess bone trabecular pattern based on the quantification of bone
morphological similarity, whose results were critically reviewed by Ciaffi et al. (2010).
Indeed, Ciaffi et al. (2010) argue that it is not possible to safely quantify identification by
means of bone density patterns of the proximal humerus through thoracic radiographs, after
the analysis of trabeculae of the humerus in two sets of thorax radiographs. The authors
justify that there can be possible slight differences in the positioning of the arms, which
affects trabecular density patterns. Nevertheless, morphological analysis of trabecular bone
patterns remains a viable option when other means of identification are not available, or the
available radiographs do not show any particularities for morphological correspondence
(Ciaffi et al. 2010). De Angelis et al. (2016) reported a case of personal identification through
CT-scan based on the presence of areas of idiopathic osteosclerosis or dense bone islands
(i.e., asymptomatic, and radiopaque areas characterized by dense, trabeculated, non-
inflamed vital bone) within the trabecular bone of the proximal portion of the right femur.

These features are stable in time and therefore useful in personal identification.

Cranial suture patterns have also been suggested as potential individualizing elements,
thanks to their personal variability and numerous distinct patterns (Sekharan 1985).
However, its use in forensic personal identification remains problematic. As stated by
Jayaprakash and Srinivasan (2013), sutural morphology undergoes several changes
characterized by a significant remodeling during growth into adulthood (Jayaprakash and
Srinivasan 2013). Contrary to what was indicated by Sekharan (1985), who suggested 7
years of age as the lower limit for stabilization of cranial suture patterns, Jayaprakash and
Srinivasan (2013) suggest the onset of adulthood as the age for stabilization of cranial
suture patterns, highlighting its use in forensic personal identification. Tables | and Il present
a review of research studies and a review of forensic cases, respectively, of personal

identification based on anthropological morphological identifiers.
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Developmental anomalies (or honmetric traits or discrete traits)

In addition to continuous skeletal variation referred to above, personal identification can be
achieved using morphological features denominated as discrete traits (or anomalies or
nonmetric traits), due to their high individualization potential, in particular when dealing with
very rare ones (i.e., a frequency lower than 10%). They are most often recorded as ranked
or scored based upon a visual inspection (Cunha 2006; Verna et al. 2013). Nonmetric traits
can also provide an interesting source of information to complete the biological profile (e.g.,
discrete traits associated with age or population groups). Usually, these asymptomatic
anatomical variations have an epigenetic or congenital origin with a specific location and
may or may not have clinical relevance (Verna et al. 2015; Verna et al. 2013). Some
examples of these morphological variants that can be useful in individualization include
accessory bones (e.g., wormian bones); bipartite bones (e.g., bipartite patella); sternal,
septal, and other apertures; bifid and/or supernumerary ribs; vertebral shifts and other axial
anomalies; prominent features (e.g., everted gonia, bilobed chin); cranial asymmetry not
attributed to cultural modifications (e.g., scaphocephaly), and polydactyly. Moreover, the
genetic heritage of specific traits (e.g., the persistence of metopic suture) can be an
important aid in personal identification, particularly if identified in the deceased or in close
relatives (Cunha 2006). With regard to forensic analysis of human remains, these conditions
should be carefully evaluated in order to distinguish a non-metric trait from a pathological
or traumatic condition, especially as it deals with AM and perimortem trauma, and PM
damage (Mann and Hunt 2019). For instance, congenital sternal perforation could be
misinterpreted as bullet injuries. Thus, the experience and training of forensic anthropologist

is of utmost importance (Cunha 2006).

The prevalence of certain discrete traits are population dependent (Verna et al. 2015),
meaning the distribution of these conditions differs between populations. The scarce data
related to frequencies of these features in modern populations is a clear disadvantage in
forensic terms, particularly with regard to personal identification. In this sense, several
studies have explored the distribution and frequency of certain traits in samples of a modern
French population, including the discrete traits of the sternum and ribs (suprasternal bones,
sternal cleft, sternal foramen, type of xiphoid end, lumbar ribs, absence of 12'" rib, fusion
between two ribs, and bifid ribs) (Verna et al. 2013), and the postcranial traits from the first
vertebra to the pelvic girdle (spina bifida occulta, butterfly vertebra, supraclavicular nerve
foramen, coracolavicular joint, os acromiale, suprascapular foramen, manubrium foramen
and pubic spine) (Verna et al. 2015). A similar study was performed in a sample of the
modern population of Spain in order to assess the prevalence of each morphological variant

in the anterior thoracic skeleton, and their association with sex and age (Macaluso Jr and
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Lucena 2014). The authors evaluated the occurrence of sternal cleft, sternal foramen,
bifurcated sternal rib ends, manubriosternal fusion, and type of xiphoid process end
(Macaluso Jr and Lucena 2014). In the studied sample, there were two traits related to the
xiphoid process associated with age, which may help establish a minimum age estimate of
unknown human remains (it was absent more often in younger individuals, particularly
specimens below the age of 30 years, whereas complete fusion of the sternoxiphoidal
junction was more often observed in individuals above 50 years of age). Moreover, the low
percentage of occurrence of other anomalies can provide valuable information for forensic
identification such as sternal foramina (3.3%), bifid ribs (3.3%), absent xiphoid process
(6.6%), and triple-ended xiphoid process (1.6%). Table Il presents a review of research
studies and one forensic case of personal identification based on anthropological

anomalies/discrete traits.

Pathological and traumatic identifiers

The potential of bone pathology as an identification factor has been noted by several
authors. According to Martrille et al. (2020), although bone pathological conditions are not
unique to the individual and show a lack of stability over the time (e.qg., signs of healing or
medical intervention), their morphological variability (i.e., shape, contour, details) in bone
involvement can allow their individualization (Matrtrille et al. 2020). The abnormal anatomy
as result of a pathological condition can be grossly recognized by radiographic methods, or
histologically. Additionally, the identification of a pathological condition can provide valuable
information about the victim’s occupation (occupational markers) and suggest a geographic

origin, sex, and age (biological profile),

Concerning traumatic lesions (AM events), healed or healing fractures, namely the osseous
callus formation, may be useful for personal identification. Naturally, rigorous and detailed
AM medical records of the observed morphology are crucial for comparison with rigorous
and detailed PM documentation (Cunha 2006; Komar and Lathrop 2006). As stated by
Rhode et al. (2012), bone remodeling can be a problematic issue regarding radiographic
comparison thanks to its capacity to change bone structure (e.g., shape and morphology,
the remotion or “preinjury” bony anatomy) over the period between AM and PM radiographic
records. In addition, the rate and degree of fracture healing depends on multiple factors
(e.g., fracture type, body region, medical treatment, sex, age, general health, among

others).

To improve forensic personal identification process based on traumatic and pathological

skeletal features, further studies are needed to demonstrate its frequency and distribution
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within a population or a specific subgroup and to allow calculation of identity probability
(Steadman et al. 2006). The occurrence of fractures is remarkably common based on data
collected from two modern North American skeletal collections as showed by Komar and
Lathrop (2006). On the other hand they can be seen as rare in a sample of an Italian
collection of 276 skeletons and potentially individualizing features, particularly when
occurring in combination (Cappella et al. 2019). However, Cappella et al. (2019) also
caution that the samples studied may only be representative of the general population and
not the population of “victims” due to differences in the demographic and socio-economic
composition of the samples (Cappella et al. 2019). Table IV presents a review of forensic

cases of personal identification based on anthropological pathological/traumatic identifiers.

Therapeutical identifiers

The identification process can benefit from the presence of orthopedic hardware (e.g., joint
replacements, fixation devices, wire, plates) and surgically implanted devices (e.g., surgical
implements, artifacts, appliances, marks of surgical interventions), as they are highly
individualizing markers due to its unique configuration and offer multiple points of
comparison. For instance, in cases of extensive thermal alteration, the presence of
prosthetic implants may be the only possible way to achieve personal identification (Matoso
et al. 2013). Usually, the device or implant present additional data (i.e., manufacturer’s
symbol along with unique serial number) that can be traced to obtain manufacturer and
product information. Subsequently, this information can ideally be linked to a specific
individual or at least narrow the search (when serial number do not provide adequate
information) (Simpson et al. 2007). The unigue morphology of some devices (e.g., joint
replacements) and its anatomical location can be compared radiographically with AM
records (Wilson et al. 2011). However, radiographic identification is particularly applied to a
closed population, when there is a presupposition of the victim’s identity, as opposed to an
open population (e.g., mass disaster context) (Wilson et al. 2011). The search for this type
of identifiers should be based on a thorough analysis, including the conventional anatomical
sites (e.g., dentomaxillofacial region) and the most vulnerable anatomical sites (e.g., knees)
(Silva et al. 2014a).

Additionally, the presence of a surgical device is indicative of an illness or injury which
required medical intervention, a fact that may be known to friends and family. It can also
reveal the socio-economic (and geographic) status of the individual (e.g., living conditions
and access to health care) given the necessary means for a major surgery, as well as

potentially being suggestive of an individual of middle or advanced age, depending on the
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type of implant. This type of information can once again be very useful in narrowing the
search for an individual’s identity (Matoso et al. 2013). Tables V and VI present a review of
forensic cases and a review of research studies, respectively, of personal identification

based on anthropological therapeutical identifiers.

5.1.2. AM sources of anthropological identifiers data

Anthropological features can be collected through background research, which includes
various sources, such as interviews (family members, witnesses, friends, activists, doctors,
perpetrators, others) or written records (medical or legal reports, police and military

reports/archives, others).

In some cases, relevant AM information is available through radiographs or other medical
imaging types, namely computed tomography (CT). The technological progress in clinical
radiology and its widespread use in medical institutions as part of diagnostic procedures
increase the probability of the existence of AM records, because at one time or another in
their life, most people are imaged for some medical reason, recording skeletal features that
can be particularly useful for identification (Ciaffi et al. 2011, Silva et al. 2013). Indeed, there
are several human identification cases that highlight the importance of forensic radiology,
including cases based on conventional radiographs (Rhode et al. 2012; Silva et al. 2014a),
cone-beam computed tomography (Franco et al. 2019; Silva et al. 2011a), and multi-slice

computed tomography (Silva et al. 2017b).

Even when there are no AM radiographic images, written or charted medical records may
contain documented features or patterns useful for searching for consistencies and
inconsistencies. Moreover, a family member can report medical histories from the
individual’s life that impact the identification process (e.g., the left arm fractured as a
teenager). For instance, this is particularly common in situations of war victims (Djuri¢
2004). However, the main problem is related to the accuracy and rigor of this information,
which can lead to misinterpretations. Thus, medical records of injuries, pathological

conditions, and anatomical variants are especially useful for identification.

AM photographs are also a useful source of information. They can be used in a direct
comparison with the skeletal portion, or a photograph of that skeletal portion (e.g.,
photographs of disfigured limbs) or applied in a skull-photo superimposition, if there is a
photographic record of adequate quality (SWGANTH 2010; Wilkinson and Lofthouse 2015).
However, there are some issues regarding the visual comparison between AM and PM

images, as visual comparison and identification can lead to high error rates (or
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misidentification). For photographic superimposition, the skull has to be adjusted in such
way that the inclination and orientation are the same as that of the head in the photograph.
The study of anatomical landmarks (e.g., orbits, angles of the mandible, zygomatic
processes) will provide conclusions, although this method can only help in exclusion rather
than conclusion. However, a slight change on the enlargement of the AM photograph or a

slight change in the angulation of the skull can lead to mismatch.

Of interest too are databases (e.g., NamUS) that can provide the necessary AM information
for comparison with unidentified skeletal remains, including all information on missing
persons, such as personal, physical, medical, and dental information, as well as information

on the circumstance of their disappearance (Craig 2016).

5.1.3. PM collection of anthropological identifiers data

The establishment of an identification requires a proper recovery, documentation, and
assessment of the remains. PM anthropological data may include a reconstruction of the
biological profile, and the collection of general information about the remains, such as
medical facts including unique characteristics of the remains (e.g., signs of old bone
fractures of the remains), trauma and PM damage to the remains (both intentional and

accidental), and circumstantial information about the remains (e.g., where they were found).

All anthropological data collected (dataset), including the unique/individualizing features
found after an accurate and thorough PM physical examination, will be the basis for
personal identification. Concomitantly, radiological skeletal assessment can provide useful
and often conclusive elements to assist identification (De Angelis et al. 2016). In this sense,
radiographic examination should simulate the available AM radiographs in scope and
projection, in order to enable a point-by-point comparison and the search for consistencies
and inconsistencies (SWGANTH 2010). Indeed, this is the best practice, however PM data
collection does not always occur with prior knowledge of AM data, and in such cases the
PM radiographic examination should be as thorough as possible, preferably including
multiple views of the same anatomical region/element. Even if in the absence of AM records,
PM radiographic examination may provide an efficient guide to supplement conventional

autopsy, and record data that may be of use later in the process.

Regarding orthopedic and surgical devices, several publications have demonstrated the
usefulness of the variety and uniqueness of orthopedic devices to achieve a personal
identification. A case reported by Scott et al. (2010) showed the “serendipitous nature” of a

surgical artifact discovery after the recovery of eight staples from the soil matrix highlighting
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the need to use alternative screening methods to recover cultural artifacts in soll
surrounding the skeleton (Scott et al. 2010). These case report highlights the importance of
effective forensic recovery of human remains and its artifacts based on a pre-planned,
methodical approach. A correct archaeological approach includes: 1) the location and
setting up of grid, delimiting the place where the operations will be carried out for the
application of basic or specialized search techniques, 2) searching for and excavating the
remains, including collecting and carrying the excavated soil to be screened, 3)
documentation, including written and photographic documentation, and possibly mold
making, 4) handling and packaging of remains and evidence, and personal protective
equipment. The surrounding soil matrix should be researched systematically and carefully
without stepping on any evidence. Moreover, the action of scavengers (e.g., dogs or foxes)
should be taken into account, as they may be responsible for the dispersal of human
remains and artifacts (Iscan and Steyn 2013). It must also be bared in mind that it is not
always possible to recover certain surgical devices (e.g., dental prosthesis, pacemakers) in
the PM examination, which does not mean they were not present at the time of death
(Cappella et al. 2019).

Concerning pathological identifiers, a simple record of the existence of an injury or a
pathological condition may not be enough for individualization (Cappella et al. 2019).
SWGANTH guidelines (SWGANTH 2012) highlight the mains aspects to take in account
when diagnosing a pathological skeletal condition including a careful differential diagnosis
that may require a macroscopic or microscopic or histological analysis, according to the
condition. Especially important for the comparison analysis in the identification process is
the existence of a detailed and clear description of the morphology of the abnormal bone
together with the identification of its location (patterning) and distribution, as well as the use
of a clear and unambiguous terminology to describe the pathological changes (SWGANTH
2012). On the other hand, a thorough differential diagnosis will allow distinguishing a
pathological condition from PM damage, for example, since taphonomic factors can

produce similar bone changes to those caused by a pathology.

5.1.4. Reconciliation of AM and PM anthropological data

In forensic anthropology, the identification results are categorized into tentative,
circumstantial, presumptive, and positive. When there is suspicion of an identity and the
actual identification cannot be excluded, the identification can be classified in the first three
types listed (Christensen and Anderson 2017; Ubelaker et al. 2019a). On the other hand,

positive identification is characterized by a consistency between AM and PM anatomical
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features and the guarantee that they are unique enough to enable the identification.
Currently though, there is no consensus concerning how many descriptors/features (i.e.,
the minimum number of concordant points) are needed to establish a definitive
identification, only that they should be unique, and no unexplainable discrepancies can be
found after a meticulous comparison of details (Cattaneo and Gibelli 2013; Hinchliffe 2011a;
Mundorff et al. 2006). The identification process, however, is not error-free with regard to
the interpretation of anthropological evidence, and misidentification can lead to tragic
consequences with a severe impact on the families and the community (Ubelaker et al.
2019a).

The comparison of anthropological identifiers obviously requires attention to details.
Concerning human identification based on the comparison of radiographic records, there
are still limitations. Firstly, due to the changing nature of pathological bone lesions, AM
images must have been taken close to the time of death to be relevant for forensic
identification (Cunha 2006; Martrille et al. 2020). In this sense, a significant time gap
between the AM and the PM image records limits their comparison, which can also be of
particular concern in the case of degenerative diseases (e.g., spondylosis) (Cappella et al.
2019). Although the authors do not propose a specific time frame, the possibility of a
significant AM evolution of the pathological condition since the last radiographic record
should be taken into account. Furthermore, in cases of bone remodeling, Rhode et al.
(2012) advise the simultaneous use of both abnormal, when present, and normal anatomic
features in radiographic comparison to maximize the number of coincident features (Rhode,
et al. 2012). Secondly, not all forensic institutions have their own X-ray and CT equipment
to perform the necessary analyses. Also, the reliability of X-ray technologies particularly
with regard to the analysis and description of lesions is still under debate. Some authors
claim that only a limited percentage of skeletal traits or lesions is detected by CT and X-ray
examinations, if compared with the evidence collected from autopsy or after maceration of
bones (Ciaffi et al. 2011). Additionally, further studies are still needed with statistical data
concerning the mean error, in order to distinguish correct from incorrect matches. The
standardization and statistical analysis applied to morphological methods will facilitate the
admission in court of evidence from anthropological and radiological analysis (Ciaffi et al.
2011). Further, the reliability of radiographic comparison is dependent on several factors,
including discrepancies between body orientation in AM radiographs and the position of the
skeletal elements at the time of PM radiographic record. The practitioner must recreate
exactly the original position as noted in the AM record (if there are AM records) (Mundorff
et al. 2006; Scott et al. 2010). However, identification might still be possible even without

the exact recreation of the original position, particularly when unique morphological features
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of single bones that are not dependent on articulation between elements are involved
(Mundorff et al. 2006).

Concerning AM data — PM data match, electronic databases with automated matching and
other application tools, (e.g., NamUS) can provide hypotheses of identity, particularly in
large-scale investigations of missing persons and unidentified remains. This process
includes the matching of anthropological identifiers, such as unique physical or medical

traits, including X-rays and numbered surgical implants or prostheses (ICRC 2021a).

5.2. Dental identifiers

Dental identification is one of the most common means of identification as well as one of
the most reliable and cost-effective methods used in forensic human identification. Due to
the strength and durability of dental tissues, as well as to the uniqueness of each person's
dentition, it is possible to extract significant information leading to the identification based
on the comparison of AM and PM dental profiles (Forrest 2019; Hill et al. 2011). Sex, age,
ethnicity, occupation, and habits can be also estimated from teeth analysis (Franco et al.
2015).

The use of dental identifiers is well established and documented, having contributed to
personal identification in many contexts. For instance, AM - PM reconciliation of dental
elements including dental restorations, root canal treatments, fixed or removable
prostheses, implants, surgical plates and orthodontic appliances, were crucial in the
aftermath of terrorist attacks in Paris, in November 2015 (Toupenay et al. 2020). Moreover,
dental identification has played a significant role in identification of victims of major mass
disasters around the world, including accidental, natural and criminal disasters (Prajapati et
al. 2018).

Indeed, dental human dentification should combine all the available identifiers (Pereira and
Santos 2013), although the type of dental identifiers used in the identification is changing.
In the last decades, the increased awareness of oral health has reduced the need for dental
treatment and decreased the need for restorative interventions (Petersson and Bratthall
1996), which led to a decrease in dental identifiers related to dental treatments. Since then,

dental morphological identifiers have become even more relevant in personal identification.
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5.2.1. Categories of dental identifiers

According to Angelakopoulos et al. (2017), dental identifiers are categorized into
morphological, pathological, and therapeutical (Angelakopoulos et al. 2017; Franco, et al.
2015). Thus, the combination of different types of identifiers leads to a specific and unique
dental profile that may be very distinctive and useful for personal identification (Cattaneo
and Gibelli 2013). A review of forensic cases of personal identification based on dental

identifiers is presented in Table VII.

Morphological identifiers

The importance of morphological identifiers was underlined by Angelakopoulos et al. (2017)
after a study of clinically detectable dental identifiers (CDDIs) related to teeth morphology,
position, and number. The authors analyzed a set of features including rotation magnitude
and pattern, displacement and pattern of displaced teeth, presence of diastema, missing
tooth, type of occlusion, and type of dentition. Overall conclusions demonstrated that dental-
related morphology features are more specific than treatment attributes, as well as the
patterns of identifiers are more unique compared to single identifiers (Angelakopoulos et al.
2017). Thus, morphological identifiers provide a high potential of uniqgueness enabling
individualization (Angelakopoulos et al. 2017; Du et al. 2021). Morphological aspects can
also include changes in position (e.g., dental crowding, transpositions, and ectopic
eruptions) and changes in the occlusion affecting several teeth, which can have functional,
aesthetic, and therapeutic repercussions. Usually, occlusion patterns can be characterized
according to the anatomical plane in Angle’s class, |, Il or Il (sagittal plane), crossbites and
midline deviations (transverse plane), and open bites and deep overbites (vertical plane)
(Guimarées 2018).

Moreover, changes in teeth structure and color can be equally interesting for
individualization. For instance, the use of drugs (e.g., tetracyclines) and the presence of
certain anomalies (e.g., amelogenesis imperfecta and dentinogenesis imperfecta) can
cause teeth discoloration. In the case of tetracyclines ingested during pregnancy or nursing,
tooth discoloration occurs when tetracycline binds with the calcium needed for tooth
development and since they are prescribed for adults, the only people with stained teeth
will be those whose mother took the antibiotic while pregnant (Sanchez et al. 2004).
Moreover, specific changes in tooth structure can be produced by certain habits including
the use of wind musical instruments, a tongue, labial or dental piercing, smoking pipes, or

bruxism (Guimaraes 2018).
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Incisors, canines, premolars, and molars may vary in shape and size, and their arrangement
in oral cavity can be different. The developing unerupted and impacted third molars or even
the remaining teeth and sound teeth are dental elements with forensic implications in

personal identification (Silva et al. 2021).

Developmental anomalies (nonmetric traits)

Morphological elements also include dental anatomical traits (or nonmetric traits or
developmental dental anomalies), which can assist the identification process due to their
individualizing capacity or by providing key features for the biological profile (e.g., those
related to ancestry) (Fernandes et al. 2018). They are characterized by changes in normal
color, shape, size, and number of teeth, and they are the result of the influence of genetic,
epigenetic and environmental factors, which reflects their uniqgueness and stability (Puri et
al. 2019). Dental anomalies and variations include conditions such as macrodontia,
microdontia,  hypodontia/oligodontia/anodontia,  hyperdontia/supernumerary  tooth,
impacted teeth, ectopic eruption, dilaceration and flexion, taurodontism, supernumerary
cups (e.g., talon cusp, Carabelli’'s cusp), enamel pearls, Hutchinson’s incisors, winged
incisors, enamel hypoplasia and enamel imperfecta, among others. However, the
importance of each dental anatomic feature depends on its frequency in any given
population. The lower the frequency of the trait, the greater the possibility that it will not be
shared by many individuals, which will be useful for the identification process (Simdes et al.
2014). Nevertheless, it is hecessary to know the frequencies of different populations from
modern samples to assess its forensic relevance. There are already some studies carried
out in samples from different populations, such as Brazilian (Tinoco et al. 2016), European
(Hsu et al. 1997; Simoes, et al. 2014) and sub-Saharan (Irish 1998) populations. For
instance, Fernandes et al. (2018) presented a clinical case of taurodontism in a mandibular
second molar, highlighting the forensic importance of this condition and other dental
anomalies in human identification, either because of their morphology or because of their

low frequency in the population (Fernandes et al. 2018).

Pathological and traumatic identifiers

Dental pathological identifiers can also play an important role in human identification,
particularly specific identifiers such as periapical lesions. However, due to its low stability
and changes resulting from the disease progression, they should be preferably applied in

conjunction with other identifiers (Du et al. 2021). Dental abnormalities or pathologies such
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as dental caries (tooth decay) and periodontal (gum) conditions, attrition, hypercementosis,
cementomas, apical periodontitis, periapical condensing osteitis, enamel hypoplasia,
dentinogenesis imperfecta, as well as periapical lesions and teeth fractures can provide
valuable information (Du et al. 2021; Forrest 2019). In addition, pathological conditions of
the jaw such as osteomyelitis, jaw fractures, cleft palate, idiopathic oasteosclerosis can also
assist personal identification, when properly documented (Du et al. 2021). Concerning
pathological features, ABFO guidelines (ABFO 2019) highlight the presence of crown
pathology (including caries, attrition/abrasion/erosion, atypical variations (e.g., peg laterals,
enamel pearl, dens in dente and dentigerous cyst); root pathology (root fracture,
hypercimentosis, external resorption, root hemisections); pulp chamber and root canal
pathology (pulp stones, dystrophic calcification, root canal therapy, internal resorption,
apicoectomy, periapical pathology, periapical abscess/granuloma/cyst, cementomas,
condensing osteitis); periodontal ligament pathology (thickness, widening, lateral
periodontal cyst, alveolar process and lamina dura, height/contour/density of crestal bone,
thickness of interradicular alveolar bone exostoses, tori, pattern of lamina dura, periodontal
bone lyses); and other pathologic processes/jaw bones (developmental/fissural cysts,
hemorrhagic (traumatic) bone cyst, salivary gland depression, reactive/neoplastic lesions,
metabolic bone disease) (ABFO 2019).

Therapeutic identifiers

The third group of identifiers concerns features related to medical interventions or
treatments. Dental interventions including restorations, root treatments, tooth extraction,
implants, prostheses (e.g., full, or partial dentures), and other surgical treatments introduce
changes to the dental profile that can be of utmost importance to human identification.
Regarding to dental restorations, besides promoting changes in tooth size and shape, they
are fabricated form different dental filling materials with different levels of radiopacity (e.g.,
dental amalgam or metal crowns, and some tooth colored materials) (Forrest 2019).
Currently, endodontics and orthodontics provide important distinctive elements for personal
identification (Silva et al. 2021). Endodontically-treated teeth, particularly the morphology of
an obturated single root canal, can be easily identified and compared radiographically
(Khalid et al. 2016). The presence of an orthodontic appliance is already an important
identifier. Nevertheless, the information related to bonding position and shape of the
brackets can be highly distinctive (Picoli et al. 2019). A recent forensic case reported by
Picoli et al. (2019) is a prime example of a dental human dentification process by matching

morphological and therapeutic identifiers. In this case, the combination of orthodontic and
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endodontic features (root canal filling, metallic post and core, and aesthetic crown) with
unerupted, impacted and not completely developed third molars allowed to establish a

personal identification (Picoli et al. 2019).

Another equally interesting feature is the presence of dental prosthesis. Today, at best,
dentures can be marked or labeled for ownership identification (identifying name or
number). In addition, certain features such as old or recent repairs, areas of soft tissue
relief, soft linings, material used, or a particular tooth type and arrangement may assist with
identification (Queiroz et al. 2017; Richmond and Pretty 2006). More specifically, in cases
of fully edentulous patients, the presence of a dental prosthesis is crucial to aid identification
(Richmond and Pretty 2006). However, there are still some doubts about its ability to resist
high thermal insults, particularly fire. In the case of removable acrylic prostheses, the action
of fire can completely eliminate the prosthesis, except for the hooks. On the other hand,
new techniques with a higher level of security such as microdots, RFID chips, and memory
card has been applied in order to survive a extremely hostile conditions and are cost-
effective (Queiroz et al. 2017; Richmond and Pretty 2009).

All over the world, dental implants have become a common practice for replacing missing
teeth, in particular, endosseous implants (i.e., typically screw-shaped, inserted into either
maxilla or mandible) (Berketa et al. 2011). In a forensic context, particularly in cases of
severe incineration, implant bodies and abutments, which are usually made of highly
resistant material to mechanical and thermal aggression such as titanium, may be the only
dental remains to assist with valuable information to the identification of victims (Berketa et
al. 2010a). Most importantly, many of these dental interventions are properly documented

and radiographically recorded (AM records).

Aesthetic dentistry (e.g., botulinum toxin injection, lip fillers), tooth modifications due to
cultural reasons or aesthetic reasons (e.g., filling, notching, drilling, etc.), oral soft tissue
modification (e.g., perforation of the lower lip for insertion of a decorative plug or other
ornament; gum tattooing), and oral jewelry (e.g., tooth rings and tattooed crowns, tongue or
lip piercings and other anatomical locations) can help on forensic dental identifications,
namely if there are records of them (Farrukh and Méanica 2019). For instance, Interpol DVI
forms recognized the forensic value of tooth jewelry and tooth modifications along with other
personal effects (INTERPOL 2018). Recently, Farrukh and Manica (2019) provide an
interesting review about the role of oral jewelry in forensic odontology and suggested an
elaborated oral charting system to document oral jewelry and tooth modifications and
respective abbreviations in order to help on forensic identification (Farrukh and Manica
2019).
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5.2.2. AM sources of dental identifiers data

The availability of good quality records is a first step towards identification, as stated by
Forrest (2019): “when good-quality AM data are available, forensic odontology classically
identifies approximately 60% of victims, and contributes to approximately 30% of further
identifications in collaboration with other identifying methods” (Forrest 2019). However,
currently, the absence of dental records is still frequent, mostly in developing countries,
either due to lack of access to healthcare system or cultural reasons. Additionally, there are
no rigorous standards regarding documentation and description of dental intervention and
storage of dental records (Hinchliffe 2011b). Even in Europe, there are differences between
countries concerning the obligation of storing dental clinical records.

According to ABFO guidelines, the collection of AM records is usually performed by the
investigative agency that has access to missing person’s reports (local, state, or national
level). However, the intervention of the forensic dentist can improve the process,
recognizing additional features that may be useful to establish an identification. Concerning
sources for AM data, ABFO presented a list of potential sources of information including
local agencies (e.g., hospitals, other health care facilities, dental schools, health care
providers); state agencies (e.g., dental insurance companies, federal agencies); other
sources (including family/friends/co-workers, public aid insurance administrator, employer
dental insurance carrier, prior military service, prior judicial detention in country, prior
hospitalizations, oral surgeons, or orthodontists in the area, veterans administration
hospitals, any previous areas of residence and chiropractic X-rays) and/or even national or
international websites (ABFO 2019).

Today, dental AM data are not limited to traditional dental radiographs. There are other
valuable resources that can assist the identification process, including written dental
records, a detailed dental care sheet (tooth number, treatment nature, location, type of
material and dental equipment), CT scan, 3D surface scan data, dental study models (e.g.,
plaster models, casts), dental appliances (e.g., orthodontic appliances, occlusal splints),
clinical photographs (extra-oral and intra-oral), photographs showing smiling faces, serial
numbers etched into dental implants, and other additional elements (e.g., removable
dentures) (Forrest 2019; Toupenay et al. 2020). Concerning written dental records including
hand-written dental charts or dental formulas, they are among the least useful records
because of its subjectivity and/or low quality. Indeed, recording information may contain

errors that lead to false interpretations (Lorkiewicz-Muszynska et al. 2013).

It is important to note, that both endodontic and orthodontic processes are usually

documented and recorded radiographically, which allows to access to viable AM records
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and their identifiers. More specifically, periapical radiographs are common in endodontics
in order to guide dentist’s performance, while in orthodontics, there is a high probability of
having panoramic radiographs (used in the visualization of dentomaxillary structures prior
treatment) and lateral cephalometric radiographs (primarily used for orthodontic diagnosis

and treatment planning) (Picoli et al. 2019).

Increasingly, the use of smile photographs has also proven to be an alternative source of
AM information regarding forensic human identification and biological profile reconstruction,
although the method has limitations, such as the lack of technical standard found in
personal photographs (Silva et al. 2015b). Usually, specific features such as the anterior
dentition recording the shape, position, angulation, size, color, incisal alignment and
occlusal relation of maxillary and mandibular incisor and canines can be easily observed
and recorded. Equally observable can be dental restorations and prosthetic appliances, if it
is a smile photograph with open mouth (Tinoco et al. 2010). In the presence of a skull with
anterior dentition and a AM smile photograph, the evaluation of the shapes of individual
teeth and their relative positions can provide the distinctive features necessary for an
identification (Silva et al. 2008a; Tinoco et al. 2010). Superimposition of dental elements
observed in the smile photographs (or a photograph of cadaver or of a dental cast of the
remains) has been tested in several studies, showing promising results (Santoro et al.
2019). However, there are two important requirements: both dental structures analyzed
must have the same orientation and the absence of major alterations in the teeth after the
picture in life (Cattaneo and Gibelli 2013).

5.2.3. PM collection of dental identifiers data

The PM dental examination, particularly physical examination can be very challenging due
to the conditions of the human remains, which determines the procedure to be followed in
a dental identification. However, a previous radiographic can guide physical examination of
the forensic dentist. INTERPOL recommendations include bitewing radiographs, periapical
images of upper and lower molars, premolars and incisors on both sides, separate images
of teeth with distinctive features (e.g., root canal fillings, prosthetic dental crowns),
orthopantomography radiographs, and a photographic documentation (images of the
occlusal surfaces) (Forrest 2019; INTERPOL 2018). In cases of decomposed/incinerated
body and/or skeletonized remains jaw specimens may be kept and preserved for further
analysis, removed through facial dissection and/or jaw removal in order to have full access
to dental structures (ABFO 2019). Accordingly, all information collected in PM examination

should be present in a report, which includes the PM dental record (basic data, body
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description (general), and jaw fragment(s) description), dental examination (anatomical
dental chart), a narrative description and nomenclature, dental impression and dental

radiographic examinations (ABFO 2019).

Concerning dental implants, PM radiographic identification may not be enough for
comparison/identification, apart from that some individual features of the implants will no
longer be recognizable radiographically after a major thermal or mechanical insult. Thus, a
intraoral examination and the physical removal of the implants for measurement and visual
analysis as well as the use of other imaging modalities (e.g., intraoral radiography, 3D
imaging, panoramic radiography) allows access to interesting details such as name of the
manufacturing company, type (through the shape and thread pattern), width, or length of
dental implant(s) (Berketa et al. 2010a; Berketa et al. 2011). Currently, it is possible to find
a serial number (or batch number) within the chamber of some implants and track a set of
additional information (Berketa et al. 2010b) as well as apply digital analysis for the
recognition of implant components (Nuzzolese et al. 2008). Over time, advanced systems
of human identification based on dental characteristics (including several computerized
matching systems) have been proposed. Many researchers have focused on morphologic
variation of a single tooth including contours, relative positions of tooth, dental restoration
shape (Jain and Chen 2004; Nomir and Abdel-Mottaleb 2007) as well as in dental patterns
(Lee et al. 2004). Today, the use of coding systems and data matching software allow
accurate identification performance with simpler identifiers (Angelakopoulos et al. 2017).
These computer-guided tools which improve and assist reconciliation process, became
widely common, particularly in complex cases. Plass Data (Plass Data Software A/S,
Holbaek, Denmark) and WinID3 (American Board of Forensic Odontology Inc., USA) are
two examples of dental computer software that can be used in human identification,
especially in mass disasters (Franco et al. 2019). In short, clinically, or radiographically
detected dental identifiers are converted into understandable codes by the software, which
establish matches between available AM (from dental patient files) and PM data (observed
in the unknown body). For this purpose, Interpol developed a standardized dental identifier
list (Figure 1), which contains oral identifiers categorized according to related features
(Jensen et al. 2020). Furthermore, the use of encoded dental identifiers has been explored
in different imaging modalities, namely in cone beam computed tomography (CBCT) scans
and panoramic radiographs (Franco et al. 2019) and PM computed tomography (Franco et
al. 2012; Jensen et al. 2020). All methods have proven to be useful in detecting dental

identifiers.
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Group Code Meaning Group Code Meaning
Bridges abu abutment tooth ipx implant
pon pontic Root pPpPX parapulpal pin
Crown pathology mtl marked tooth loss rfx root filling
uic unidentified crown apx apicectomy
Crowns mcec metal ceramic crown poXx post
mic metal colored crown mam missing antemortem
amc amalgam crown mja missing jaw fragment
goc gold crown Slais mpm missing postmortem
fcc tooth colored crown une unerupted
den denture tooth non no information
Dentures and orthodontic appliances ort orthodontic appliance pre tooth present
foa fixed orthodontic appliance eru partially erupted
roa removable orthodontic appliance imv impacted tooth (visible)
fis fissure seal nad no abnormality detected
Fillings Jew Jewelry rov retained root
uif unidentified filling M vesial
mcf metal colored filling Surfaces* 0 Occlusal
amf amalgam filling D Distal
gof gold filling A% Vestibular
tef tooth colored filling L Lingual
Periodontium per periodontal pathology

Figure 1. INTERPOL’s dental codes used for the Disaster Victim Identification (DVI) System
International (DVI5) (adapted from Dental Codes).

5.2.4. Reconciliation of AM and PM dental data

The analysis of comparative data is by far the most difficult part of a dental identification
(Carneiro et al. 2015). Oftentimes, in forensic cases PM dental evidence is not always
complete due to the presence of fragmented, mutilated, burnt, and decomposed human
remains. There is still a clear need for validation studies for these situations regarding dental

identification.

It is also necessary to keep in mind that the dental profile of each individual is changeable
over time. As such, the differences found between AM and PM records should be identified
and explained by the forensic dentist, which are usually explained by the time between AM
and PM radiographs or due to a new treatment (Sweet 2010a). Particularly in subadults, the
progressive madification of the dental profile due to frequent dental treatments and
alterations related to growth may hinder personal identification (Cattaneo and Gibelli 2013).
As showed by Gorza and Ménica (2018), the accuracy of dental identification is positively
correlated with the age of the AM radiograph, when the AM and PM radiographs show

different development stages (Gorza and Manica 2018).

Similarly to the use of anthropological identifiers, in forensic dentistry there is no minimum
number of concordant points between AM and PM evidences to establish an identification,

however they must be unique and with high discriminative capability and no unexplainable
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discrepancies should be present (Pretty and Sweet 2001). Each case must be assessed
individually, so establishing a definitive number of concordant points is actually not
necessary (Adams 2003b; Silva et al. 2011b). In fact, it is possible to achieve an
identification from a single distinctive identifier (Acharya and Taylor 2003; Silva et al.
2009b), but the higher the number of matching identifiers AM and PM, the stronger and
more reliable the identification process (Silva et al. 2021). Still, Keiser-Nielsen (1980)
claimed that 12 or more ordinary concordant details would be enough to establish dental
identity. In this sense, identification should be graded as to the weight of dental evidence:
identity established (12 or more uncharacteristic concordant details), identity probable
(between 6 and 12 uncharacteristic concordant details) and identity possible (6 or less

concordant details) (Keiser-Nielsen 1980; Pereira and Santos 2013).

As stated before, the combination of several identifiers produces a specific and unique
dental pattern. Its use for the purpose of personal identification has been proposed by
several authors (Adams 2003a; Adams 2003b; Lee et al. 2004). There are a vast and
progressively number of combinations in human dentition, including unrestored, filled and
missing teeth, whose diversity increases with time. However, its low stability due to the close
relationship with dental health status is one of the main limitations (Martin-de-Las-Heras et
al. 2010) (Adams 2003b). Due to the current “restorative era”, the number of remaining teeth
throughout a person’s life has increased, which increases the usefulness of dental patterns.
In this way, radiographs such as the orthopantomography (or panoramic radiography) has
proven to be an excellent tool for analyzing the diversity of dental patterns (Adams 2003b;
Bhateja et al. 2015; Lee et al. 2004). However, orthopantomography does not show fine
anatomic details and cause magnification, distortion, and overlapped image of teeth. Its use
is advantageous in the study of anatomy, number of tooth roots, detection of dental fillings
and other treatments. Several authors have studied the usefulness of dental patterns in
forensic identification, including a quantitative statistical approach (Martin-de-Las-Heras, et
al. 2010). Recently, Lee et al. (2019) showed that advanced dental pattern analysis
considering the chronology order of each tooth in panoramic radiographs is a useful tool for
a human identification and reducing sample population in potential forensic cases (Lee et
al. 2019). Furthermore, the oral cavity contains other equally individualizing structures. Both
lip grooves (cheiloscopy) and palatal rugae (palatoscopy) can be used successfully in
personal identification, thanks to their special features (Caldas et al. 2007; De Angelis et al.
2012). Although its stability remains controversial, the high variability in rugae patterns
(form, classification, location, and size of the palatal rugae) can help with personal

identification, particularly in cases of edentulous cadavers (Castro-Espicalsky et al. 2020;
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Chong et al. 2020). Interestingly, recent studies also show its potential for sex discrimination

among different populations (Bharath et al. 2011; Muhasilovic et al. 2016).

Accordingly, the results of dental identification are usually categorized into positive (the
comparison of AM and PM data allow to establish an identity based on concordant features
and the absence of known discrepancies); potential (there are consistent features between
AM and PM data with no unexplained discrepancy, but it is not enough due to the poor
quality of remains or AM evidence); insufficient (the available data does not allow reaching
a conclusion); and exclusion (there are clearly inconsistencies between AM and PM data,
however, in some cases, the identification by exclusion is a valid technique) (ABFO 2019;
Hill et al. 2011).
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Chapter VI — General Discussion

The main goal with this review project was to assess the current state of the art on the roles
of forensic anthropology and forensic dentistry when applied to the identification of missing
persons and/or unidentified bodies. Specifically, a critical review of the evidentiary value of
anthropological or dental identifiers in the forensic identification process was carried, by
analyzing reported cases and research studies where either or both types of identifiers were

used to achieve or exclude identification.

Fundamentally, establishing an identity requires finding traits or a set of qualities with
enough weight or individualizing power that allow to distinguish one individual from others.
In this sense, anthropological and dental elements, supported most of the time by medical
records, offer the uniqueness and power of discrimination necessary for forensic human
identification. Regarding dental identifiers, the analyzed reported data demonstrated the
existing wide variety of differentiating characteristics (number of dental pieces, their
anatomy, specific particularities, pathologies, the different types of restoration, missing
teeth, prostheses, implants, among others), highlighting its potential for individualization by
providing many points of comparison for dental identification. However, due to often poor
quality of records (AM records) from the dental office or due to absolute inability to retrieve
such records, the possibility to use dental information for AM/PM comparison is challenging
if not impractical. Compared to dental identifiers, the use of anthropological identifiers still
lacks wide scientific consensus and recognition as a reliable and conclusive marker of
identification. A proof of that is the fact that Interpol guidelines ranks anthropological findings
among the secondary means for human identification. However, the forensic anthropologist
can directly contribute to human identification, through assessment of a variety of
anatomical features, particularly distinctive features of the skeleton, and by comparing them
to AM records (Ubelaker et al. 2019a). In fact, the present review of the use and
discriminatory value of anthropological identifiers demonstrated their wide and varied
application towards identification. Anthropological features are no longer limited to unique
cranial evidence, for example. Although features of the human skull such as frontal sinuses
display extensive variation and are widely studied, findings from the post-cranial skeleton
provide abundant anatomical features with identification potential, namely general
trabecular bone patterns, general bone contours, anomalies. Moreover, the diversity of
pathological conditions and medical interventions, including orthopedic hardware and
surgically implanted devices, provide remarkable anatomical details valuable for

identification.
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The study of anthropological and dental identifiers is based on a qualitative and quantitative
(i.e., the number of similarities and discrepancies) analysis which, relatively speaking,
provides a reliable, quick, low-cost, and accurate identification. Obviously, however, only
trained and qualified professionals can guarantee the optimal outcomes. Among the
scientific community of both forensic disciplines, there has been an important continuous
debate on the minimum number of concordant points to establish an identification.
Regarding dental identifiers, initially, a minimum number of 12 concordant points was
proposed by Keiser-Nielsen (1977). However, it became clear that it was possible to
achieve an identification with less than 12 concordant points, due to the quality of certain
morphological features present in radiographic records, reducing the probability of error
(Taroni et al. 2000). For instance, there was a case of a partially skeletonized body which
was identified based on features observed in a plaster cast, resulting in 9 concordant points
(similarities) and 7 explainable discrepancies (Silva et al. 2015c). On the other hand, 28
concordant points (and 4 explainable discrepancies) allowed to the identification of an
unknown, highly decomposed body (Picoli et al. 2019). In fact, even a small number of
common dental characteristics may produce a very rare dental pattern (Adams 2003b). In
this sense, more than a considerable number of similarities, the expert must look at the

quality of the evidence and ensure a correct interpretation.

Likewise, there is no agreement on the minimum criteria for identification regarding the use
of anthropological identifiers, although some authors have argued that one to four unique
characters, without evident discrepancies, are enough for identification (Cattaneo 2007,
Mann 1998; Mundorff et al. 2006). For instance, Mundorff et al. (2006) reported an
identification of a deceased individual based only on two points of concordance after a
qualitative comparison of morphology of two vertebral spinous processes (Mundorff, et al.
2006). Interestingly, Ross et al. (2016) developed a standardized system and minimum
number of concordant features for making positive identifications through radiographic
comparison of craniofacial (n = 41), chest (n = 100), and proximal femur (n = 49)
radiographs. The mechanism involved several steps, including a side-by-side examination
of AM and PM radiographs, the assessment of the quality of radiographs, the identification
and comparison of traits of various anatomical regions, particularly the cranium (glabella,
frontal sinuses, orbital plates, cribriform plates, and sella turcica), the chest (cervical region,
thoracic region and lumbar region), and the femur (femoral head, neck, greater trochanter,
and lesser trochanter). Additionally, the assessment of points of concordance was based
on a robust data mining partition technique called classification decision trees, and the main
conclusions were that two or more points of concordance are required in lateral cranial

radiographs or radiographs of the proximal femur for a 97% probability of a positive
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identification, while for chest radiographs, cervical vertebrae showed the most predictive
value. In this case, if there is more than one concordant point there is a 99% probability of
correct identification, decreasing to 79% when less than 4 concordant lumbar features are

present (Ross et al. 2016).

Evidently, the number, type or even the combination of traits or concordant points will vary
with each case and the reality is that the use and evaluation of a combination of traits is
more efficient than the analysis of a single condition. Attempts to define a minimum number
of requirements (or matching characteristics) for identifications, is arguably an unfruitful and
superfluous endeavor, and the diversity of cases and contexts of the reviewed literature
points to the need for each case to be assessed individually in this regard. As suggested
by Steadman et al (2006), the use of a database where certain combinations of traits could
be assessed, could serve as a reference to how many other individuals would match certain
criteria in a large population. However, the combinations may also not be particularly useful
if there are individuals with the same biological profile (for example, combination of
pathological traits in older individuals). In this way, contextual information is of utmost

importance for individualization.

Furthermore, a challenging and controversial issue in forensic human identification is
precisely related to the use of the term uniqueness and what constitutes a unique trait or
even a combination of unique traits (Jayaprakash 2013; Page et al. 2011). To prove that a
particular trait is unique it would be necessary to evaluate all individuals in the world which
is naturally unfeasible. The existence of few scientific studies that allow establishing human
dental or skeletal diversity, i.e., the knowledge of the frequencies of several conditions
(pathologies, treatments, developmental anomalies) in the general population on which
identification is based is a limitation to the process. This knowledge on diversity would allow
to conclude the degree of certainty (potential error) or probability of identification, a key
aspect in the process of identification of missing persons (Guimaraes 2018; Puerto, et al.
2021). A particular trait could be found to be more or less common in specific populations,
after collection of reference data for analysis of variability and frequencies (Maijanen 2014;
Steadman et al. 2006). Moreover, establishing an identification based on any number of
concordant points says little about the accuracy of a match and it would be arguably more
relevant to know how common or rare the shared traits are in a given population
(Christensen and Hatch 2016). Indeed, the use of population frequencies is the basis for
the validity of any identification approach, including radiologic identification. Frequency
studies describe how often a feature is found in the relevant population. In this sense, the
more unusual a shared feature is, the greater the probability that the identification is correct
(Christensen and Hatch 2016). Christensen and Hatch (2016), refer to an important
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repository with population frequencies for commonly assessed radiologic traits, where it is
possible to access resources to obtain data from different studies with documented
population frequencies. Practitioners can access to this online database
(https://cfi.unm.edu/rad-id-index.html) for forensic comparison of casework (Christensen
and Hatch 2016). Nonetheless, in general, population frequency data is still limited, and
additional studies related to population frequencies for many traits, not only related to their
presence or absence and its general localization, but also data about size, morphology, or
particular location. While quantitative approaches are more informative, they are also more
complex (Christensen and Hatch 2016). Therefore, the scarce data related to frequencies
of these features, particularly in modern populations, is a disadvantage in forensic field.
Conversely, possibly the most difficult aspect of this approach is the selection of samples
used to represent the population at large (Steadman et al. 2006), and deriving questions
arise, for instance, on how to define a population group for anthropological and
odontological studies. A population can be large or small, representative, or not, depending
on what you are interested in studying, among other issues. Linked to this, it could also be
gquestioned what percentage or frequency would in practice assure rareness or uniqueness.
Studies related to discrete traits in forensic anthropology have used a frequency lower than
10% to characterize bone discrete traits with relevance to forensic identification. However,
one questions how widely applicable such a reference of rareness/unigueness can be if, for

example, the provenience of the unidentified body is unknown.

Further to the lack of knowledge on frequency of traits, the comparative method, in particular
radiologic comparison, involving a morphological, qualitative evaluation of similarities or
dissimilarities between AM and PM records, is often if not always a subjective assessment.
It is unavoidably dependent on the skill and experience of the practitioner/expert, as well as
on the quality and quantity of available data. As noted by Christensen and Hatch (2016),
subjective comparisons are not enough to express quantitatively the evidentiary value of an
association, as they cannot be used to determine the probability of a correct or incorrect
identification. The ideal would be to express quantitatively as with DNA profile comparisons.
In this sense, likelihood ratios applied to radiologic identification would describe “the
probability of the AM and PM image sharing radiologic features given that identification is
correct, divided by the probability of sharing the features if the identification is incorrect”
(Christensen and Hatch 2016). Recently developed forensic methods try to validate their
results based on a solid statistical framework. The quantification and probability assessment
of features used in identification are increasingly a legal requirement due to the pressure
from legal system. However, this is not a simple matter since morphological assessment of

bone structures are not easily quantifiable (Cattaneo and Gibelli 2013). To increase the
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likelihood of admissibility in court, it is necessary for these methods to follow the Daubert
criteria (Daubert v. Merrell Dow Pharmaceuticals 1993). Daubert guidelines determine that
the judge is the “gatekeeper” and must evaluate the expert’s scientific knowledge based on
the following criteria: theory or technique can be/has been tested; subject to peer-review
and publication; known or potential error rates; technique standardization; and widespread
acceptance within the field. In this sense, forensic experts have been forced to test their
methods and their error rates, and to create methods for which the errors rates can be
calculated (Christensen, 2005). This led to new questions: what kind of features can be
empirically tested? And quantified? Steadman et al. (2006), for example, used frequency
data on pathological conditions (healed fractures) or skeletal features to calculate
probabilities. The idea was to use the likelihood ratios traced for the identification based on
known population frequency data, to evaluate the certainty of the identification and provide
justification in the court room. However, the reference sample for forensic cases was not
the most suitable, due to the lack of fracture data for modern Americans, as they used data

from soldiers listed missing in Korean war (Maijanen 2014; Steadman et al. 2006)

Additionally, standardization also emerges as part of Daubert criteria for courtroom
admissibility. The SWGANTH guidelines are a clear example of standardization, and the
professional in forensic anthropology, i.e., someone who possesses specialized knowledge,
practices within an ethical framework (following a code of ethics without conflicts of interest)
and fulfills a societal need, should follow the best guidelines and standards, which are
synonymous with quality systems, policies, procedures, and autonomy. Quality, reliability,
efficiency, and consistency is only possible with the existence and implementation of
standards. In this sense, accreditation is the recognition that organizations or institutions
follow a set of standards and are competent for the execution of specific tasks, while on the
other end, certification ensures that the professional in forensic anthropology or forensic
dentistry has the necessary knowledge and expertise in their field (Passalacqua and Pilloud
2021). Moreover, the adoption of an ethical behavior ensures that members of an
organization avoid unprofessional behaviors and thus maintain the credibility of the
profession and professional organization. All these issues of professionalism and ethics are
particularly essential in the field of missing persons due to the incredibly important and
recognized risk of misidentifications, and their consequences. Although misidentifications
are rare, they are possible and they do happen (Christensen and Hatch 2016). Ciaffi et al.
(2010) argued that expert knowledge, training, and experience are sufficiently reliable for a
correct identification (Ciaffi et al. 2010). For this and other reasons, it could be of interest to
raise and foment an honest debate among the wider academic, scientific and practitioners’

communities on the value of a widespread and adequately implemented certification
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process of forensic professionals, in particular forensic anthropologists and forensic
odontologist. Another important consideration ought to be seriously evaluated would be the
widespread practice of case report peer-reviewing, as a measure of quality
control/assurance that would most likely enhance the process of forensic identification at

large.

Regardless, the investigation and identification of missing persons is always a complex and
challenging process. Unfortunately, misidentifications can occur even when and where
forensic resources are widely available, and forensic experts should be aware of this painful
reality. According to Puerto et al. (2021), the causes to bodies are misidentified or returned
to the incorrect family may be related to all phases of the investigative process and can
include any of the following: lack of a comprehensive, integrated and systematic approach
to the identification based on rigorous procedures; over reliance on one criteria/technique
of identification only; a process based only on visual recognition or acceptance of
circumstantial personal information alone; the use of unreliable methodologies for
identification or unreliable information on the missing person; an inadequate recovery of
human remains; an inadequate forensic examination of the unidentified person/body; the
lack of, or inadequate, comprehensive interpretation and reconciliation of the information;
problems with the chain of custody (e.g., incorrect labelling); the lack of qualified
practitioners in each step of the process; the lack of quality control and quality assurance
mechanisms; and, the external pressure to complete an identification without following the
procedures and/or reach the necessary certainty degree. Particularly in mass fatality
incidents, due to political and public pressure and the urgent need for responses in a
situation where local resources are under stress, the risk of potential errors is typically
greater. Additionally, the lack of local expertise and experience working with multiple lines
of evidence, the poor planning and preparedness, including the lack of training in DVI, also
increase the probability of error (Puerto et al. 2021). Still, one misidentification can lead to
tragic consequences. For families, it means more pain, suffering and again uncertainty.
There is a huge impact on a psychological, religious, cultural, psychosocial, financial, and
legal level. There is also a loss of confidence in the investigative process and the
responsible authorities/institutions, putting into question other identifications. When a
misidentification happens, the entire process must be rigorously investigated, the accurate
identification established, and the correct body returned to the family. Furthermore, families
should be unequivocally and in expedite manner informed of the reasons for
misidentification, and what measures/actions were taken to resolve and prevent future
situations. For example, in Kosovo, hundreds of people killed during the 1998-99 war were

wrongly identified before they were buried. At the time, identifications were based on visual
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recognition and/or their clothes or other belongings, because the more sophisticated and
reliable process of DNA matching was not yet available. The pressure to solve the cases
based on traditional methods of identification with a significant risk of error led to a
catastrophic situation. The solution consists of reopening the graves and collecting genetic
reference samples from the remains and from family members whose loved ones were
identified without the use of DNA. However, this whole process is traumatic for families,
who sometimes refuse to cooperate (Haxhiaj 2019). This is, however, not unigue to Kosovo
and according to ICMP, after the Croatian conflict and for the same reasons,
misidentifications had a strong impact (ICMP 2021). In response to these problems, in
addition to the use of DNA, anthropological and dental methods can provide relevant

contributions, clarifications and reassurances.

Evidently, families, relatives and the communities are also victims in cases of missing
persons, and they are the major stakeholders to the whole search process. Once they are
at the center of the operation, they should be informed regularly on developments and any
decisions taken, whether technical or scientific issues arise, as well as their right to take
informed decisions should be respected. The expectations and wishes of families should
be carefully and thoughtfully approached. Moreover, the will of the families and their
religions and cultural beliefs should be strictly respected, making the necessary viable
adaptations to procedures. Relatives and acquaintances can be active participants by
providing relevant information and/or biological reference samples (Gaggioli 2018). In this
sense, the interaction and communication with the families and the communities is
particularly crucial. Indeed, there are several figures that can provide and collect information
to and from the families (e.g., accompanier, specialists, key religious figures within the
community, national NGOs, international organizations, representatives of the local
authorities, or even other family members) (ICRC 2013). Regarding technical or scientific
concerns, the reality is that not always is the forensic expert who is called upon to
communicate directly with the families. Sometimes (if not often), the necessary explanation
of the limitations and management of expectations is carried by the authorities, whoever
those might be within the specific context. However, in many cases the authorities do not
have the appropriate knowledge to be able to convey particular information to the families,
contributing to misunderstandings and lack of trust. On the other hand, other cases are that
the forensic expert is also not capable of leaving the scientific jargon out and put in lay terms
for the families (as well as authorities and community at large) to understand all associated
issues. Family participation is a key concept that still needs further discussions, including
coordination strategies that involve clear and concise communication by the right entities

and the right time.
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Lastly, looking forward and envisioning important discussions and hopefully improvements
in the field of forensic human identification, particularly in what concerns to the work on
missing persons worldwide, a recent and very comprehensive publication by Puerto et al.
(2021) laid out a renewed concept for the search for and identification of missing persons,
as well as suggested the adoption of new terminologies. All of these with a clear objective
to standardize and make the entire process more uniform and comprehensible. The “Search
Process”, as defined by the authors, is a broad concept that includes several phases with
the goal to clarify the whereabouts and fate of a missing or unidentified person, either alive
or dead (Puerto et al. 2021). Thus, the identification phase is of particular importance
regarding the fulfilling of the purpose of establishing the fate and circumstances of the
disappearance. On the whole, the process should be understood as multidisciplinary,
objective, integrated, holistic, exhaustive, multi-agency coordinated, and able to withstand
peer review (Puerto et al. 2021; Puerto and Tuller 2017). The recommendations made by

the authors included the following reviewed concepts and terminologies:

The concept Missing Persons (MP) concerns all identities without bodies. On the
other hand, Unidentified Persons (UP) refers to all bodies without identity, which
include living persons (e.g., in cases of undocumented persons, migrants) or human

remains.

The concepts Missing Person Data (MPD) and Unidentified Person Data (UPD)
replace the traditional antemortem data (AMD) and postmortem data (PMD),
respectively. The authors argue that both terms are restrictive and not suitable for
all scenarios. Actually, the use of both terms implies that the person is dead, which
is not always true (not all missing persons are dead just as all unidentified persons
are not dead). After confirmation of death, PMD is a part of a comprehensive concept
of UPD.

The comparison of available information can lead to different classifications,
including compatibility, relative or explainable inconsistencies/discrepancies or

absolute or excluding inconsistencies/discrepancies.

Identification outcomes should be categorized into Identification (consistency, no
excluding discrepancies), Exclusion (inconsistencies - absolute or unexplainable
discrepancies), and Inconclusive (available information is not enough to conclude
with certainty in favor of identification or exclusion). In this sense, the use of
subcategories such as positive, presumptive, circumstantial, possible, among
others, should be avoided since they contribute to an ambiguous and unfair decision

for the individuals and their families.
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Regardless of the context, the identification process should always include several lines of
evidence rather than exclusively rely on a single technique, method or source of information
(i.e., fingerprint, dental, DNA, circumstances). Indeed, each case must be assessed
individually. It is clearly distinct to approach a crime scene with only one unidentified body
compared to a mass incident with multiple fatalities (multiple unidentified bodies) and
missing persons. In both, the identification process should be supported by multiple lines of
evidence through reliable comparative data related to the missing person and the
unidentified person, considering the probative value of each of them. The comparison will
allow to establish their compatibility (consistency) or discrepancy (inconsistency). Both
scientific and not scientific information (e.g., background information, personal belongings)
have potential to individualize a specific person. However, the specific nature of some
contexts (e.g., large scale events) requires the application of identification methods that are
“scientifically reliable, applicable under field conditions and capable of being implemented

within a reasonable period of time”, as well as are cost-effective (Puerto et al. 2021).

From this point of view, and in agreement with the requirement for a process informed by
multiple lines of evidence, the hierarchy of primary and secondary identifiers put forward by
Interpol guidelines (INTERPOL 2018) can arguably be determined no longer relevant. In
fact, this was previously a topic of discussion by members of the FASE (De Boer et al.
2020a). These authors recognized the importance of using alternative techniques (i.e.,
anthropological findings) in the identification process, particularly in cases where traditional
and well-established scientific means (i.e., fingerprints, dental identification, genetic
identification, or medical information) are not applicable or available, for instance, in
catastrophic scenarios that involve a large number of bodies or human remains. Moreover,
there was also consensus around the need for research and development in relation to
secondary identifiers to be stimulated. Particularly, if there is an increase in the use of
secondary identifiers, effective reference datasets and databases will be required, and they

will need to withstand legal, investigative, and scientific challenges (De Boer et al. 2020a).

Related to is the development and use of electronic investigative tools such as the ICRC’s
AMPM database (ICRC 2021a), NamUs and others, which provide an automatic searching
of missing persons cases against unidentified decedent cases, besides resources and
information. These electronic databases facilitate the reconciliation process when huge
amounts of different types of data are accumulated. ICRC’s AMPM database is highly
configurable for use in a large variety of contexts (disasters, war, internal violence,
migration) and contributes to a thorough and efficient data management and analysis
process. In the case of the NamUs platform, it is a centralized, nationwide database with

streamlined use registration. Professional users can access a comparisons tab which gives
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them access to a powerful matching tool. Anthropological and odontological data can be
obviously registered on the platform and thus assist in the identification process. For
instance, the introduction of skeletal features is an excellent resource to help search through
thousands of files where the missing persons’ reports can contain ambiguities or even
subtle hints of skeletal anomalies that can lead to an identification (Craig 2016). One of the
main advantages in this particular case is the participation of the public, by allowing the
visualization of missing persons and unidentified dead cold cases from around the country,
and who can contribute details to the resolution of the cases. Moreover, due to its nature
as a centralized and nationwide repository, the information can be shared by authorities
and match the unknown with the missing. The main disadvantages are related with
slowness of the process and the fact that law enforcement is sometimes leery of releasing
too much case information to the public, especially in situations where it is known or
believed that a crime was committed (Rothaar 2015). Overall, the potential of such
databases as a tool for collecting, organizing, sorting, accessing, and matching of immense
and diverse datasets is a promising and encouraging accessory to global efforts to search
for, identify and resolve missing persons cases.

61



Chapter VIl — Conclusions

Chapter VIl — Conclusions

Finding and identifying a missing person or an unidentified body is never a straightforward
path. The investigation and identification of the missing (with or without bodies) should
always be based on a multidisciplinary, objective, integrated, holistic, exhaustive, multi-

agency coordinated approach.

Forensic Dentistry has been, for a long time, a reliable reality in the process of human
identification. The combination of all available dental identifiers, which leads to a unique
dental pattern, offers an individualizing and differentiating potential with regard to the
personal identification process. In this sense, human identification through comparative
dental evidence does not necessarily have to meet a minimum number of similarities (i.e.,
concordant points or matching evidence), but rather the greater the humber or quality of
points of concordance between AM and PM records (with no unexplainable differences),
the greater the reliability of the identification. For that reason, dentists should be aware that
properly filed, detailed and up-to-date dental records can make a difference in the
reconciliation process. Also, Forensic Anthropology, in its direct role in human identification,
including individual cases and mass fatalities, has proven to be a reliable tool, due to the
abundance and diversity of unique and individualizing bone features observable in the
human skeleton, both in the skull and in postcranial skeleton. In addition to the essential
contribution to the reconstruction of a biological profile, anthropological identifiers can be
applicable under field conditions, are time-effective, and may produce accurate results,
similarly to the methods of identification traditionally regarded as primary. Likewise, there
are no consensual criteria regarding the minimum number of unique features without
discrepancies needed to establish an identification. Future studies should be carried out to
support the development of standards/guidelines for personal identification based on
skeletal features. There is a need for quantitative and properly validated approaches in
order to overcome the subjective assessment of mostly morphological, gqualitative

assessments between AM and PM data.

The identification phase of the process, just like any of the other phases of the overall
process to resolve missing persons’ cases, should consider several lines of evidence, which
includes comparable data from different sources. In open scenarios with multiple fatalities,
a large amount of information is generated. In this way, further actions should target specific
procedures and the use of an appropriate data management tool (unknown bodies/missing
persons), allowing a better assessment of AM and PM information and the integration of

more information, which is not exclusively scientific forensic data.

62



Chapter VIl — Conclusions

Further, the process of missing persons identification should provide conclusions about the
degree of certainty or probability of identification. At this current point, new forensic
identification approaches, which are based on the quantification of evidentiary value for
forensic radiologic comparisons are dependent on further studies and documentation of
population frequencies for skeletal and dental traits/characteristics. Therefore, additional
research on this area will contribute significantly to Forensic Dentistry, Forensic
Anthropology and Forensic Radiology by facilitating the use of anatomical diversity both for

identification and for excluding identities in the forensic procedure.

Overall, in order to address the global humanitarian crisis that is the ever-growing number
of missing persons and unidentified bodies, all countries must recognize the need to do
more and better, implementing a systematic and coordinated response, particularly for the
victims of migratory movements. Firstly, we have to recognize the real, devastating nature
of such a humanitarian and social emergency, which include hundreds of men, women and
children, migrants and others, who die in search for better living conditions, and whose
bodies are never found or are buried without being identified (Cattaneo et al. 2015).
Secondly, an honest answer to the question whether everything possible is being done and
in the best possible way to provide an identity to these people and to respect their rights,
and the rights of their families. The issue of missing persons and unidentified bodies
remains a serious and underestimated problem, and a unmeasurable drama for all involved
(Cattaneo, et al. 2010). The active and timely involvement of the families is of utmost

importance to achieve investigation and identification goals.

63



Chapter VIl — References

References

ABFO. American Board of Forensic Odontology Diplomates Reference Manual. In Section
IV: Standards & Guidelines. 2019, p. 1-52.

ACHARYA, A. AND J. TAYLOR Are a minimum number of concordant matches needed to
establish identity in forensic odontology? J Forensic Odontostomatol, Jun 2003, 21(1), 6-
13.

ADAMS, B. The diversity of adult dental patterns in the United States and the implications
for personal identification. J Forensic Sci, 2003a, 48(3), 497-503.

ADAMS, B. Establishing personal identification based on specific patterns of missing,
filled, and unrestored teeth. J Forensic Sci, 2003b, 48(3), 487-496.

AMNESTY INTERNATIONAL. Enforced Disappearances. In What We Do. 2021,
[Accessed 2021-08-12]. Available at https://www.amnesty.org/en/what-we-
do/disappearances/.

ANDERSON, B. Identifying the dead: methods utilized by the Pima County (Arizona)
Office of the Medical Examiner for undocumented border crossers: 2001-2006. J Forensic
Sci, 2008, 53(1), 8-15.

ANDRADE, V., C. STIBICH, P. SANTA MARTHA, C. ALMEIDA, et al. Identification of a
Carbonized Body Using Implanted Surgical Plates: The Importance of Computed
Tomography. J Forensic Sci, 2017, 62(5), 1374-1378.

ANGELAKOPOQULOQOS, N., A. FRANCO, G. WILLEMS, S. FIEUWS, et al. Clinically
Detectable Dental Identifiers Observed in Intra-oral Photographs and Extra-oral
Radiographs, Validated for Human Identification Purposes. J Forensic Sci, 2017, 62(4),
900-906.

AUSTIN, D. AND R. KING The Biological Profile of Unidentified Human Remains in a
Forensic Context. Acad Forensic Pathol, 2016, 6(3), 370-390.

BARAYBAR, J., V. BRASEY AND A. ZADEL The need for a centralised and
humanitarian-based approach to missing persons in Irag: an example from Kosovo. Int J
Hum Rights, 2007, 11(3), 265-274.

BASSED, R. AND J. LEDITSCHKE Forensic medical lessons learned from the Victorian
Bushfire Disaster: Recommendations from the Phase 5 debrief. Forensic Sci Int, 2011,
205(1-3), 73-76.

BEAUTHIER, J., E. VALCK, P. LEFEVRE AND J. WINNE Mass disaster victim
identification: The tsunami experience. Open Forensic Sci J, 2009, 2(1), 54-62.

BEGGAN, C., M. TOWERS, M. FARRELL AND K. JABER Spinal diastematomyelia: a
means of identification of charred remains. J Forensic Leg Med, 2014, 21, 5-8.

64


https://www.amnesty.org/en/what-we-do/disappearances/
https://www.amnesty.org/en/what-we-do/disappearances/

Chapter VIl — References

BENNETT, J. AND D. BENEDIX Positive identification of cremains recovered from an
automobile based on presence of an internal fixation device. J Forensic Sci, 1999, 44(6),
1296-1298.

BERKETA, J., R. HIRSCH, D. HIGGINS AND H. JAMES Radiographic recognition of
dental implants as an aid to identifying the deceased. J Forensic Sci, 2010a, 55(1), 66-
70.

BERKETA, J., H. JAMES AND V. MARINO Survival of batch numbers within dental
implants following incineration as an aid to identification. J Forensic Odontostomatol,
2010b, 28(1), 1-4.

BERKETA, J., H. JAMES AND V. MARINO Dental implant changes following incineration.
Forensic Sci Int, 2011, 207(1-3), 50-54.

BERKETA, J., C. SIMS AND R. RAHMAT The utilization of small amounts of residual
endodontic material for dental identification. J Forensic Odontostomatol, 2019, 37(1), 63-
65.

BERRA, J., N. LIWSKI, D. GRINSPON AND M. BINZ 1988. A National Bank for Genetic
Data of Disappeared Children in Argentina: Task up to 2050. In Proceedings of the
Advances in Forensic Haemogenetics1988 Springer, 590-593.

BESANA, J. AND T. ROGERS Personal identification using the frontal sinus. J Forensic
Sci, 2010, 55(3), 584-589.

BHARATH, S., G. KUMAR, R. DHANAPAL AND T. SARASWATHI Sex determination by
discriminant function analysis of palatal rugae from a population of coastal Andhra. J
Forensic Dent Sci, 2011, 3(2), 58-62.

BHATEJA, S., G. ARORA AND R. KATOTE Evaluation of adult dental patterns on
orthopantomograms and its implication for personal identification: A retrospective
observational study. J Forensic Dent Sci, 2015, 7(1), 14.

BLACK, S. Introduction. In T. THOMPSON AND S. BLACK eds. Forensic Human
Identification: an Introduction. CRC Press, 2006.

BLAU, S. Missing persons investigations and identification: Issues of scale, infrastructure,
and political will. In S. MOREWITZ AND C. COLLS eds. Handbook of Missing Persons.
Springer, 2016, p. 191-206.

BLAU, S. How traumatic: a review of the role of the forensic anthropologist in the
examination and interpretation of skeletal trauma. Aust J Forensic Sci, 2017, 49(3), 261-
280.

BLAU, S. AND C. BRIGGS The role of forensic anthropology in Disaster Victim
Identification (DVI). Forensic Sci Int, 2011, 205(1-3), 29-35.

65



Chapter VIl — References

BLAU, S., J. GRAHAM, L. SMYTHE AND S. ROWBOTHAM Human identification: a
review of methods employed within an Australian coronial death investigation system. Int
J Legal Med, 2021, 135(1), 375-385.

BLESSING, M. AND P. LIN Identification of bodies by unique serial numbers on implanted
medical devices. J Forensic Sci, 2018, 63(3), 740-744.

BOSS, P. Ambiguous loss: Learning to live with unresolved grief. Edtion ed.: Harvard
University Press, 2000. 155 p. ISBN 0674028589.

BOSS, P. Families of the missing: Psychosocial effects and therapeutic approaches. Int
Rev Red Cross, 2017, 99(2), 519-534.

BROGDON, B., M. SORG AND K. MARDEN Fingering a murderer: a successful
anthropological and radiological collaboration. J Forensic Sci, 2010, 55(1), 248-250.

BROUGH, A., B. MORGAN AND G. RUTTY The basics of disaster victim identification. J
Forensic Radiol Imaging, 2015, 3(1), 29-37.

BUS, M., T. SCHELLBERG AND B. BUDOWLE Human trafficking — Multinational
challenge for forensic science. Forensic Sci Int Genet Suppl Ser, 2019, 7(1), 403-405.

BYARD, R. Tattoos: forensic considerations. Forensic Sci Med Pathol, 2013, 9(4), 534-
542.

CALDAS, I., T. MAGALHAES AND A. AFONSO Establishing identity using cheiloscopy
and palatoscopy. Forensic Sci Int, 2007, 165(1), 1-9.

CAMERIERE, R., L. FERRANTE, D. MIRTELLA, F. ROLLO, et al. Frontal Sinuses for
Identification: Quality of Classifications, Possible Error and Potential Corrections. J
Forensic Sci, 2005, 50(4), 770-773.

CAMPOBASSO, C., A. DELL'ERBA, M. BELVISO AND G. DI VELLA Craniofacial
identification by comparison of antemortem and postmortem radiographs: two case
reports dealing with burnt bodies. Am J Forensic Med Pathol, Jun 2007, 28(2), 182-186.

CAPLOVA, Z., Z. OBERTOVA, D. GIBELLI, D. DE ANGELIS, et al. Personal identification
of deceased persons: an overview of the current methods based on physical appearance.
J Forensic Sci, 2018, 63(3), 662-671.

CAPPELLA, A., D. GIBELLI, Z. OBERTOVA, M. CUMMAUDO, et al. The utility of skeletal
and surgical features for the personal identification process: a pilot study. J Forensic Sci,
2019, 64(6), 1796-1802.

CARNEIRO, J., A. SANTOS, T. MAGALHAES, A. AFONSO, et al. Human identification
using dental techniques: A case report. Med Sci Law, 2015, 55(2), 78-81.

CASTRO-ESPICALSKY, T., P. FREITAS, R. TINOCO, M. CALMON, et al. Human
identification by the analysis of palatal rugae printed in complete dentures. J Forensic
Odontostomatol, 2020, 2(38), 57-62.

66



Chapter VIl — References

CATTANEO, C. Forensic anthropology: developments of a classical discipline in the new
millennium. Forensic Sci Int, 2007, 165(2), 185-193.

CATTANEO, C., D. DE ANGELIS, D. PORTA AND M. GRANDI. Personal identification of
cadavers and human remains. In A. SCHMITT, E. CUNHA AND J. PINHEIRO eds.
Forensic Anthropology and Medicine: Complementary Sciences from Recovery to Cause
of Death. Humana Press Inc., 2006, p. 359-379.

CATTANEO, C. AND D. GIBELLI. Identification. In J. SIEGEL, P. SAUKKO AND M.
HOUCK eds. Encyclopedia of Forensic Sciences. 2nd Edition. Elsevier, Ltd., 2013, p. 158-
165.

CATTANEO, C., D. PORTA, D. DE ANGELIS, D. GIBELLI, et al. Unidentified bodies and
human remains: an Italian glimpse through a European problem. Forensic Sci Int, 2010,
195(1-3), 167.e161-167.e166.

CATTANEO, C., M. TIDBALL BINZ, L. PENADOQOS, J. PRIETO, et al. The forgotten
tragedy of unidentified dead in the Mediterranean. Forensic Sci Int, 2015, 250, el-e2.

CED. International Convention for the Protection of All Persons from Enforced
Disappearance. 2021, [Accessed 2021-03-19]. Available at
https://www.ohchr.org/en/hrbodies/ced/pages/conventionced.aspx.

CHEN, C., C. YANG, C. CHEN, H. LEE, et al. Comparison of Rehydration Techniques for
Fingerprinting the Deceased after Mummification. J Forensic Sci, 2017, 62(1), 205-208.

CHONG, J., A. MOHAMED AND A. PAU Morphological patterns of the palatal rugae: A
review. J Oral Biosci, 2020, 62(3), 249-259.

CHRISTENSEN, A. Testing the reliability of frontal sinuses in positive identification. J
Forensic Sci, 2005, 50(1), 18-22.

CHRISTENSEN, A. AND B. ANDERSON. Methods of Personal Identification. In N.
LANGLEY AND M. TERSIGNI-TARRANT eds. Forensic Anthropology: A comprehensive
Introduction. 2nd Edition. CRC Press, 2017, p. 313-334.

CHRISTENSEN, A. AND G. HATCH Quantification of radiologic identification (RADid) and
the development of a population frequency data repository. J Forensic Radiol Imaging,
2016, 7, 14-16.

CHRISTENSEN, A., N. PASSALACQUA AND E. BARTELINK. Chapter 12 - Individual
Skeletal Variation. In A. CHRISTENSEN, N. PASSALACQUA AND E. BARTELINK eds.
Forensic Anthropology: Current Methods and Practice. San Diego: Academic Press, 2014,
p. 301-339.

CIAFFI, R., D. DE ANGELIS, P. GHERARDINI, G. ARCUDI, et al. Identification from
Chest X-Rays: Reliability of Bone Density Patterns of the Humerus. J Forensic Sci, 2010,
55(2), 478-481.

67


https://www.ohchr.org/en/hrbodies/ced/pages/conventionced.aspx

Chapter VIl — References

CIAFFI, R., D. GIBELLI AND C. CATTANEO Forensic radiology and personal
identification of unidentified bodies: A review. Radiol Med, 2011, 116(6), 960-968.

CIPOLLONI, L., B. BALDARI, L. BESI, M. SCOPETTI, et al. Management of victims
occurred in mass disaster: The experience of center Italy earthquake 2016. J Forensic
Leg Med, 2019, 62, 19-24.

CITRONI, G. The Search for Missing Persons, including victims of Enforced
Disappearance. Report on the International Expert Working Meeting. Jordan: 2019.

CORDNER, S. Humanitarian forensic science. Aust J Forensic Sci, 2018, 50(6), 639-650.

CORDNER, S. AND M. TIDBALL-BINZ Humanitarian forensic action - Its origins and
future. Forensic Sci Int, 2017, 279, 65-71.

CRAIG, E. The Role of the Anthropologist in the Application of NamUs. Acad Forensic
Pathol, 2016, 6(3), 424-431.

CRETTOL, M. AND A. LA ROSA The missing and transitional justice: the right to know
and the fight against impunity. Int Rev Red Cross, 2006, 88(862), 355-362.

CRETTOL, M., L. MILNER, A. LA ROSA AND J. STOCKWELL Establishing Mechanisms
to Clarify the fate and Wherabouts of Missing Persons: A proposed Humanitarian
Approach. Int Rev Red Cross, 2017, 99(2), 589-618.

CROCKER, R., R. REINEKE AND M. RAMOS TOVAR Ambiguous Loss and Embodied
Grief Related to Mexican Migrant Disappearances. Med Anthropol, 2021, 40(7), 598-611.

CUNHA, E. Pathology as a Factor of Personal Identity in Forensic Anthropology. In A.
SCHMITT, E. CUNHA AND J. PINHEIRO eds. Forensic Anthropology and Medicine:
Complementary Sciences from Recovery to Cause of Death. Humana Press Inc., 2006, p.
333-358.

DA SILVA, L., W. VILACA, D. AZEVEDO, G. MAJELLA, et al. Missing and unidentified
persons database. Forensic Sci Int Genet Suppl Ser, 2009, 2(1), 255-257.

DALUZ, H. Introduction to Fingerprints. In H. DALUZ ed. Fundamentals of Fingerprint
Analysis. Boca Raton, FL: CRC Press, 2018.

DAUBERT V. MERRELL DOW PHARMACEUTICALS, I. In., 1993, vol. 509 U.S. 579.

DE ANGELIS, D. AND C. CATTANEO Implant bone integration importance in forensic
identification. J Forensic Sci, 2015, 60(2), 505-508.

DE ANGELIS, D., D. GIBELLI, E. PALAZZO, L. SCONFIENZA, et al. Skeletal idiopathic
osteosclerosis helps to perform personal identification of unknown decedents: A novel
contribution from anatomical variants through CT scan. Sci Justice, 2016, 56(4), 260-263.

68



Chapter VIl — References

DE ANGELIS, D., F. RIBOLI, D. GIBELLI, A. CAPPELLA, et al. Palatal rugae as an
individualising marker: reliability for forensic odontology and personal identification. Sci
Justice, 2012, 52(3), 181-184.

DE BOER, H., S. BLAU, T. DELABARDE AND L. HACKMAN The role of forensic
anthropology in disaster victim identification (DVI): recent developments and future
prospects. Forensic Sci Res, 2019, 4(4), 303-315.

DE BOER, H., Z. OBERTOVA, E. CUNHA, P. ADALIAN, et al. Strengthening the role of
forensic anthropology in personal identification: Position statement by the Board of the
Forensic Anthropology Society of Europe (FASE). Forensic Sci Int, 2020a, 315, 110456.

DE BOER, H., J. ROBERTS, T. DELABARDE, A. MUNDORFF, et al. Disaster victim
identification operations with fragmented, burnt, or commingled remains: experience-
based recommendations. Forensic Sci Res, 2020b, 5(3), 191-201.

DJURIC, M. Anthropological data in individualization of skeletal remains from a forensic
context in Kosovo - a case history. J Forensic Sci, 2004, 49(3), 464-468.

DU, H., M. LI, G. LI, T. LYU, et al. Specific oral and maxillofacial identifiers in panoramic
radiographs used for human identification. J Forensic Sci, 2021, 66(3), 910-918.

DUIJST, W., C. PASSIER, B. GROTEBEVELSBORG, D. DE KAT, et al. Lost and found:
The identification process of human bodies recovered from the North Sea. J Forensic Leg
Med, 2016, 41, 15-20.

EAAF. Sobre el EAAF. In Nuestra Historia. 2021, [Accessed 2021-03-05]. Available at
https://eaaf.org/quienes-somos/nuestra-historia/.

ELLINGHAM, S., S. CORDNER AND M. TIDBALL-BINZ Revised practical guidance for
first responders managing the dead after disasters. Int Rev Red Cross, 2016, 98(2), 647-
669.

ENFSI. Best Practice Manual for Facial Image Comparison. 2018, Available at
http://enfsi.eu/wp-content/uploads/2017/2006/ENFSI-BPM-DI-2001.pdf.

ENTRESS, R., J. TYLER AND A. SADIQ Managing mass fatalities during COVID-19:
lessons for promoting community resilience during global pandemics. Public Adm Reyv,
2020, 80(5), 856-861.

ESTADO ARGENTINO. Banco Nacional de Datos Genéticos. In Historia del BNDG. 2021.

FAGUNDES, L., H. RODRIGUES, S. ANTUNES AND E. CUNHA Asymptomatic
anatomical variations of the postcranial skeleton as a marker for human identification. Rev
de Med Leg, 2017, 8(4), 191.

FARRUKH, F. AND S. MANICA Fashion for a reason: Oral jewellery to aid forensic
odontology. J Forensic Leg Med, 2019, 66, 38-43.

69


https://eaaf.org/quienes-somos/nuestra-historia/
http://enfsi.eu/wp-content/uploads/2017/2006/ENFSI-BPM-DI-2001.pdf

Chapter VIl — References

FENTON, T., A. HEARD AND N. SAUER Skull-photo superimposition and border deaths:
identification through exclusion and the failure to exclude. J Forensic Sci, 2008, 53(1), 34-
40.

FERNANDES, M., R. SILVA, T. BOTELHO, R. TINOCO, et al. Taurodontism and its
forensic value: a case report. J Forensic Odontostomatol, 2018, 36(2), 40-43.

FLEISCHMAN, J. Radiographic identification using midline medical sternotomy wires. J
Forensic Sci, 2015, 60, S3-10.

FORREST, A. Forensic odontology in DVI: current practice and recent advances.
Forensic Sci Res, 2019, 4(4), 316-330.

FORREST, A. AND H. WU Endodontic imaging as an aid to forensic personal
identification. Aust Endod J, 2010, 36(2), 87-94.

FRANCO, A., S. ORESTES, E. COIMBRA, P. THEVISSEN, et al. Comparing dental
identifier charting in cone beam computed tomography scans and panoramic radiographs
using INTERPOL coding for human identification. Forensic Sci Int, 2019, 302, 109860.

FRANCO, A., P. THEVISSEN, W. COUDYZER AND W. DEVELTER Feasibility and
validation of virtual autopsy for dental identification using the Interpol dental codes. J
Forensic Leg Med, 2012, 20(4), 248-254.

FRANCO, A., G. WILLEMS, P. SOUZA, G. BEKKERING, et al. The uniqueness of the
human dentition as forensic evidence: a systematic review on the technological
methodology. Int J Legal Med, 2015, 129(6), 1277-1283.

GAGGIOLI, G. International Humanitarian Law: The legal framework for humanitarian
forensic action. Forensic Sci Int, J 2018, 282, 184-194.

GIBELLI, D., M. CELLINA, A. CAPPELLA, S. GIBELLI, et al. An innovative 3D-3D
superimposition for assessing anatomical uniqueness of frontal sinuses through
segmentation on CT scans. Int J Legal Med, 2019, 133(4), 1159-1165.

GOODWIN, W., J. BUTLER, A. CARRACEDO, C. OREGO, et al. Missing People, DNA
Analysis and Identification of Human Remains: A guide to best practice in armed conflicts
and other situations of armed violence (2nd Ed). In.: International Committee of the Red
Cross (ICRC), 2009.

GORZA, L. AND S. MANICA Accuracy of dental identification of individuals with
unrestored permanent teeth by visual comparison with radiographs of mixed dentition.
Forensic Sci Int, 2018, 289, 337-343.

GOWLAND, R. AND T. THOMPSON Human identity and identification. Edtion ed. New
York: Cambridge University Press, 2013. ISBN 1139619187.

GRIFFITHS, C., J. HILTON AND R. LAIN Aspects of forensic responses to the Bali
bombings. ADF Health, 2003, 4, 50-55.

70



Chapter VIl — References

GUIMARAES, M. The contribution of the study of diversity and dental treatment and its
utility in forensic identification. PhD Thesis, ICBAS, 2018.

HACKMAN, L. AND S. BLACK. The role of forensic anthropology in cases of
dismemberment. In S. BLACK, G. RUTTY, S. HAINSWORTH AND G. THOMSON eds.
Criminal Dismemberment: Forensic and Investigative Analysis. CRC Press, 2017, p. 113-
134.

HAMMOND, T. The Mediterranean migration crisis. Foreign Policy J, 2015, 19(5), 1-12.

HARTMAN, D., L. BENTON, M. SPIDEN AND A. STOCK The Victorian missing persons
DNA database - two interesting case studies. Aust J Forensic Sci, 2015, 47(2), 161-172.

HASHIM, N., N. HEMALATHA, K. THANGARAJ, A. KAREEM, et al. Practical relevance of
prescribing superimposition for determining a frontal sinus pattern match. Forensic Sci Int,
2015, 253, 137.e131-137.

HAUGEN, G. ldentification by the numbers: a case study in skeletal trauma examination
and surgical implant tracking. In Proceedings of the 60th Annual Meeting of the American
Academy of Forensic Sciences. 2008, p. 304-305.

HAUTZINGER, Z. The present and the future of forensic identification. Jurisprudencija,
2005, 66(58), 99 - 105.

HAXHIAJ, S. How Kosovo Wat Victims' Bodies Were Wrognly Identified. In.: Balkan
Investigative Rporting Network (BIRN), 2019, [Accessed 2021-10-09]. Available at
https://balkaninsight.com/2019/05/20/how-kosovo-war-victims-bodies-were-wrongly-
identified/.

HILL, A., I. HEWSON AND R. LAIN The role of the forensic odontologist in disaster victim
identification: lessons for management. Forensic Sci Int, 2011, 205(1-3), 44-47.

HINCHLIFFE, J. Forensic odontology, Part 1. Dental identification. Br Dent J, 2011a,
210(5), 219-224.

HINCHLIFFE, J. Forensic odontology, part 2. Major disasters. Br Dent J, 2011b, 210(6),
269-274.

HINKES, M. Migrant deaths along the California-Mexico border: an anthropological
perspective. J Forensic Sci, 2008, 53(1), 16-20.

HOLOBINKO, A. Forensic human identification in the United States and Canada: a review
of the law, admissible techniques, and the legal implications of their application in forensic
cases. Forensic Sci Int, 2012, 222(1-3), 394.e391-313.

HSU, J., P. TSAI, K. LIU AND D. FERGUSON Logistic analysis of shovel and Carabelli's
tooth traits in a Caucasoid population. Forensic Sci Int, 1997, 89(1-2), 65-74.

HULEWICZ, B. AND G. WILCHER The use of thoracolumbar and hip joint dysmorphism
in identification. J Forensic Sci, 2003, 48(4), 842-847.

71


https://balkaninsight.com/2019/05/20/how-kosovo-war-victims-bodies-were-wrongly-identified/
https://balkaninsight.com/2019/05/20/how-kosovo-war-victims-bodies-were-wrongly-identified/

Chapter VIII — References

ICMP. News. In Missing Persons from the Conflict in Croatia. 2021a, [Accessed 2021-08-
13]. Available at chttps://www.icmp.int/news/missing-persons-from-the-conflict-in-croatia/.

ICMP. What We Do. In Databases and Data Processing Systems. 2021b.

ICMP. Where we work. In Western Balkans. 2021c, [Accessed 2021-03-06]. Available at
https://www.icmp.int/where-we-work/europe/western-balkans/.

ICRC. International Humanitarian Law and International Human Rights Law: Similarities
and differences. In ADVISORY SERVICE ON INTERNATIONAL HUMANITARIAN LAW.
2003a.

ICRC. The Missing: Action to resolve the problem of people unaccounted for as a result of
armed conflict or internal violence and to assist their families. Geneva: 2003b.

ICRC. Guiding principles on the missing / Model law on the missing. In ADVISORY
SERVICE ON INTERNATIONAL HUMANITARIAN LAW. Article 2 - Definitions. Geneva,
2007

ICRC. Missing people, DNA analysis and identification of human remains [online]. 2nd
edition. ICRC Geneva, 2009.

ICRC. Accompanying the families of missing persons: A practical handbook [online]. ICRC
Geneva, 2013.

ICRC. Forensic Identification of Human Remains [online]. ICRC Geneva, 2021a.

ICRC. Resource Centre. In Brazil: in the face of 79,000 new missing person reports, the
ICRC recommends institutions to improve coordination. 2021b, [Accessed 2021-08-13].
Available at https://www.icrc.org/en/document/brazil-face-79000-new-missing-person-
reports-icrc-recommends-institutions-improve.

ICRC. Resource Centre. In Bosnia-Herzegovina: 25 years after the end of the conflict
COVID-19 brings additional uncertainty for the families of the missing. 2021c, [Accessed
2021-08-13]. Available at https://www.icrc.org/en/document/missing-persons-bosnia-
herzegovina-25-years-atfter.

ICRC, PAHO, WHO AND IFRC. Management of Dead Bodies after Disasters: A Field
Manual for First Responders [online]. 2nd Edition. [Washington DC, USA]: PAHO, 2006.

INTERPOL. Interpol Disaster Victim ldentification Guide. 2018.

IRISH, J. Ancestral dental traits in recent Sub-Saharan Africans and the origins of modern
humans. J Hum Evol, 1998, 34(1), 81-98.

ISCAN, M. AND M. STEYN. Forensic Archaeology and Taphonomy. In The Human
Skeleton in Forensic Medicine.: 3rd Edition. Charles C Thomas Publisher, Ltd., 2013, p.
11-58.

72


https://www.icmp.int/news/missing-persons-from-the-conflict-in-croatia/
https://www.icmp.int/where-we-work/europe/western-balkans/
https://www.icrc.org/en/document/brazil-face-79000-new-missing-person-reports-icrc-recommends-institutions-improve
https://www.icrc.org/en/document/brazil-face-79000-new-missing-person-reports-icrc-recommends-institutions-improve
https://www.icrc.org/en/document/missing-persons-bosnia-herzegovina-25-years-after
https://www.icrc.org/en/document/missing-persons-bosnia-herzegovina-25-years-after

Chapter VIl — References

JAIN, A. AND H. CHEN Matching of dental X-ray images for human identification. Pattern
Recognition, 2004, 37(7), 1519-1532.

JAYAPRAKASH, P. Skull sutures: radiographic contour of Wormian bone as an
individualising epigenetic marker. Can Soc Forensic SciJ, 1997, 30(2), 39-47.

JAYAPRAKASH, P. Practical relevance of pattern uniqueness in forensic science.
Forensic Sci Int, 2013, 231(1-3), 403.e401-416.

JAYAPRAKASH, P. AND G. SRINIVASAN Skull sutures: Changing morphology during
preadolescent growth and its implications in forensic identification. Forensic Sci Int, 2013,
229(1-3), 166.e161-113.

JENSEN, N., P. ULLOA, S. ARGE, D. BINDSLEYV, et al. Odontological identification dental
charts based upon postmortem computed tomography compared to dental charts based
upon postmortem clinical examinations. Forensic Sci Med Pathol, 2020, 16(2), 272-280.

JOHANSEN, R. AND C. BOWERS Positive dental identification using tooth anatomy and
digital superimposition. J Forensic Sci, 2013, 58(2), 534-536.

KAHANA, T., A. GRANDE, D. TANCREDI, J. PENALVER, et al. Fingerprinting the
deceased: traditional and new techniques. J Forensic Sci, 2001, 46(4), 908-912.

KAHANA, T. AND J. HISS Positive identification by means of trabecular bone pattern
comparison. J Forensic Sci, 1994, 39(5), 1325-1330.

KAHANA, T. AND J. HISS Suprapelvic and pelvic phleboliths - a reliable radiographic
marker for positive identification. J Clin Forensic Med, 2002, 9(3), 115-118.

KANCHAN, T., M. SHETTY, K. NAGESH AND R. MENEZES Lumbosacral transitional
vertebra: clinical and forensic implications. Singapore Med J, 2009, 50(2), e85-87.

KASTBERG, A. DVI System Support. In Dental Codes. 2018.

KEISER-NIELSEN, S. Dental identification: certainty V probability. Forensic Sci, 1977,
9(2), 87-97.

KEISER-NIELSEN, S. Person identification by means of the teeth: a practical guide.
Edtion ed. Universidade de Michigan: Wright, 1980. ISBN 0723605572.

KHALID, K., S. YOUSIF AND A. SATTI Discrimination potential of root canal treated tooth
in forensic dentistry. J Forensic Odontostomatol, 2016, 34(1), 19.

KHOO, L., P. SOON LAI, A. HASMI AND M. MAHMOOD Secondary identifier for positive
identification in DVI. Forensic Sci Criminol, 2016, 1, 1-3.

KIM, J., J. SCULLY AND S. KATSANIS. Ethical challenges in missing persons
investigations. In S. MOREWITZ AND C. COLLS eds. Handbook of missing persons.
Springer, 2016, p. 163-175.

73



Chapter VIl — References

KINOSHITA, H., H. MOTOMURA, S. KASUDA, M. NISHIGUCHI, et al. Positive
identification facilitated by implanted metallic plate and screws. Soud Lek, 2009, 54(2),
16.

KINSELLA, N. AND S. BLAU Searching for conflict related missing persons in Timor-
Leste: Technical, political and cultural considerations. Stability: International Journal of
Security and Development, 2013, 2(1).

KOMAR, D. AND S. LATHROP Frequencies of morphological characteristics in two
contemporary forensic collections: implications for identification. J Forensic Sci, 2006,
51(5), 974-978.

KOOT, M., N. SAUER AND T. FENTON Radiographic human identification using bones of
the hand: a validation study. J Forensic Sci, 2005, 50(2), 1-6.

KUEHN, C., K. TAYLOR, F. MANN, A. WILSON, et al. Validation of Chest X-ray
Comparisons for Unknown Decedent Identification. J Forensic Sci, 2002, 47(4), 1-5.

KUHARIC, J., N. KOVACIC, P. MARUSIC, A. MARUSIC, et al. Positive identification by a
skull with multiple epigenetic traits and abnormal structure of the neurocranium,
viscerocranium, and the skeleton. J Forensic Sci, 2011, 56(3), 788-793.

KUMAR, A. AND K. NAYAR COVID-19 and Mass Fatality Management: A Public Health
Challenge. Disaster Med Public Health Prep, 2020, 14(4), 1-2.

LEE, C., S. LIM, K. HUH, S. HAN, et al. Performance of dental pattern analysis system
with treatment chronology on panoramic radiography. Forensic Sci Int, 2019, 299, 229-
234.

LEE, S., J. CHOI, C. YOON, C. KIM, et al. The diversity of dental patterns in the
orthopantomography and its significance in human identification. J Forensic Sci, 2004,
49(4), 1-3.

LONDONO, X. AND A. SIGNORET Implementing international law: An avenue for
preventing disappearances, resolving cases of missing persons and addressing the needs
of their families. Int Rev Red Cross, 2017, 99(2), 547-567.

LORENTE, J., C. ENTRALA, J. ALVAREZ, B. ARCE, et al. Identification of missing
persons: the Spanish "Phoenix" program. Croat Med J, 2001, 42(3), 267-270.

LORKIEWICZ-MUSZYNSKA, D., W. KOCIEMBA, C. ZABA, M. LABECKA, et al. The
conclusive role of postmortem computed tomography (CT) of the skull and computer-
assisted superimposition in identification of an unknown body. Int J Legal Med, 2013,
127(3), 653-660.

LORKIEWICZ-MUSZYNSKA, D., A. PRZYSTANSKA, M. GLAPINSKI, W. KOCIEMBA, et
al. Difficulties in personal identification caused by unreliable dental records. J Forensic
Leg Med, 2013, 20(8), 1135-1138.

74



Chapter VIl — References

MACALUSO JR, P. AND J. LUCENA Morphological variations of the anterior thoracic
skeleton and their forensic significance: radiographic findings in a Spanish autopsy
sample. Forensic Sci Int, 2014, 241, 220.e221-227.

MAIJANEN, H. The prevalence of pathological conditions in a modern skeletal collection —
implications for forensic anthropology. PhD Thesis University of Tennessee, Knoxville,
2014.

MALLETT, X. AND M. EVISON Forensic facial comparison: issues of admissibility in the
development of novel analytical technique. J Forensic Sci, 2013, 58(4), 859-865.

MANN, R. Use of bone trabeculae to establish positive identification. Forensic Sci Int,
1998, 98(1-2), 91-99.

MANN, R. AND D. HUNT Non-metric traits and anatomical variants that can mimic trauma
in the human skeleton. Forensic Sci Int, 2019, 301, 202-224.

MARSHALL, J. Human rights law and personal identity. Edtion ed.: Routledge, 2014.
ISBN 1134443269.

MARTIN-DE-LAS-HERAS, S., A. VALENZUELA, J. LUNA AND M. BRAVO The utility of
dental patterns in forensic dentistry. Forensic Sci Int, 2010, 195(1-3), 166.e161-165.

MARTRILLE, L., D. DE ANGELIS, A. BLUM, G. GAUCHOTTE, et al. The potential of
bone disease for personal identification: a case of tuberculosis. Int J Legal Med, 2020,
134(5), 1957-1962.

MATOSO, R., N. BENEDICTO EDE, S. DE LIMA, F. PRADO, et al. Positive identification
of a burned body using an implanted orthopedic plate. Forensic Sci Int, 2013, 229(1-3),
168.e161-165.

MOON, C. Interpreters of the dead: Forensic knowledge, human remains and the politics
of the past. Soc Leg Stud, 2013, 22(2), 149-169.

MOON, C. Human rights, human remains: forensic humanitarianism and the human rights
of the dead. Int Soc Sci J, 2014, 65(215-216), 49-63.

MOON, C. Extraordinary deathwork: New developments in, and the social significance of,
forensic humanitarian action. In R. PARRA, S. ZAPICO AND D. UBELAKER eds.
Forensic Science and Humanitarian Action: Interacting with the Dead and the Living. John
Wiley & Sons Ltd, 2020, vol. 1, p. 37-48.

MOREWITZ, S. Missing Persons: Forensic Sociology Factors. In S. MOREWITZ AND C.
COLLS eds. Handbook of missing persons. Springer 2016, p. 93-104.

MORGAN, L., M. JOHNSON, J. CORNELISON, C. ISAAC, et al. Two Novel Methods for
Enhancing Postmortem Fingerprint Recovery from Mummified Remains. J Forensic Sci,
2019, 64(2), 602-606.

75



Chapter VIl — References

MOSES, K. Chapter 6: Automated Fingerprint Identification System (AFIS). In P.
HIGGINS, M. MCCABE, S. PROBHAKAR AND S. SWANN eds. Fingerprint Sourcebook.
United States: National Institute of Justice/NCJRS, 2010, p. 3-33.

MUHASILOVIC, S., N. HADZIABDIC, I. GALIC AND M. VODANOVIC Analysis of palatal
rugae in males and females of an average age of 35 in a population from Bosnia and
Herzegovina (Sarajevo Canton). J Forensic Leg Med, 2016, 39, 147-150.

MUNDORFF, A. Integrating forensic anthropology into Disaster Victim Identification.
Forensic Sci Med Pathol, 2012, 8(2), 131-139.

MUNDORFF, A., E. BARTELINK AND E. MAR-CASH DNA preservation in skeletal
elements from the World Trade Center disaster: recommendations for mass fatality
management. J Forensic Sci, 2009, 54(4), 739-745.

MUNDORFF, A. AND J. DAVOREN Examination of DNA yield rates for different skeletal
elements at increasing post mortem intervals. Forensic Sci Int Genet, 2014, 8(1), 55-63.

MUNDORFF, A., G. VIDOLI AND J. MELINEK Anthropological and radiographic
comparison of vertebrae for identification of decomposed human remains. J Forensic Sci,
2006, 51(5), 1002-1004.

MURRAY, E., B. ANDERSON, S. CLARK AND R. HANZLICK. The history and use of the
national missing and unidentified persons system (Namus) in the identification of
unknown persons. In K. LATHAM, E. BARTELINK AND M. FINNEGAN eds. New
Perspectives in Forensic Human Skeletal Identification. Academic Press, 2017, p. 115-
126.

NATIONAL INSTITUTE OF JUSTICE (US). Mass Fatality Incidents: A Guide for Human
Forensic Identification. US Department of Justice, Office of Justice Programs, NIJ: 2005.

NIESPODZIEWANSKI, E., C. STEPHAN, P. GUYOMARC'H AND T. FENTON Human
identification via lateral patella radiographs: a validation study. J Forensic Sci, 2016,
61(1), 134-140.

NIKAM, S., R. GADGIL, A. BHOOSREDDY, K. SHAH, et al. Personal identification in
forensic science using uniqueness of radiographic image of frontal sinus. J Forensic
Odontostomatol, 2015, 33(1), 1.

NOMIR, O. AND M. ABDEL-MOTTALEB Human identification from dental X-ray images
based on the shape and appearance of the teeth. IEEE Trans Inf Forensics Secur, 2007,
2(2), 188-197.

NUZZOLESE, E. Dental autopsy for the identification of missing persons. J Forensic Dent
Sci, 2018, 10(1), 50-54.

NUZZOLESE, E., S. LUSITO, B. SOLARINO AND G. DI VELLA Radiographic dental
implants recognition for geographic evaluation in human identification. J Forensic
Odontostomatol, 2008, 26(1), 8-11.

76



Chapter VIl — References

OBERTOVA, Z. AND C. CATTANEO Child trafficking and the European migration crisis:
The role of forensic practitioners. Forensic Sci Int, 2018, 282, 46-59.

OLIVIERI, L., D. MAZZARELLI, B. BERTOGLIO, D. DE ANGELIS, et al. Challenges in the
identification of dead migrants in the Mediterranean: The case study of the Lampedusa
shipwreck of October 3rd 2013. Forensic Sci Int, 2018, 285, 121-128.

OLIVIERI, L., D. MAZZARELLI, A. CAPPELLA, D. DE ANGELIS, et al. The importance of
“secondary methods” in the identification of the victims of the 3rd of October 2013
shipwreck. Rev de Med Leg, 2017, 8(4), 190-191.

PAEZ, D. Integration of information on missing persons and unidentified human remains:
Best practices. In R. PARRA, S. ZAPICO AND D. UBELAKER eds. Forensic Science and
Humanitarian Action: Interacting with the Dead and the Living. 2020, vol. 1, p. 157-169.

PAGE, M., J. TAYLOR AND M. BLENKIN Uniqueness in the forensic identification
sciences - fact or fiction? Forensic Sci Int, 2011, 206(1-3), 12-18.

PANTULIANO, S. Humanitarian Action. In GSDRC Professional Development Reading
Pack. Birmingham, UK: University of Birmingham and Overseas Development Institute
(ODI), 2014.

PARK, D. K., K. H. PARK, J. S. KO, Y. S. KIM, et al. The role of forensic anthropology in
the examination of the Daegu subway disaster (2003, Korea). J Forensic Sci, 2009,
54(3), 513-518.

PASSALACQUA, N. AND M. PILLOUD The need to professionalize forensic
anthropology. Eur J Anat, 2021, 25, 35-47.

PENCHASZADEH, V. B. Genetic identification of children of the disappeared in Argentina.
J Am Med Womens Assoc, 1997, 52(1), 16-21.

PEREIRA, C. AND J. SANTOS How to do identify single cases according to the quality
assurance from IOFOS. The positive identification of an unidentified body by dental
parameters: a case of homicide. J Forensic Leg Med, 2013, 20(3), 169-173.

PEREIRA, J., J. SANTOS, S. SOUSA, A. FRANCO, et al. Frontal sinuses as tools for
human identification: a systematic review of imaging methods. Dentomaxillofac Radiol,
2021, 50(5).

PETERSSON, G. AND D. BRATTHALL The caries decline: a review of reviews. Eur J
Oral Sci, 1996, 104(4), 436-443.

PICOLI, F., M. MUNDIM-PICOLI, L. RODRIGUES, M. SILVA, et al. Dental Cingulum and
Position of Fixed Orthodontic Appliance as Source of Morphological and Therapeutic
Identifiers: An Unusual Case Report. J Forensic Dent Sci, 2019, 11(1), 51-55.

PINCHI, V., G.-A. NORELLI, F. CAPUTI, G. FASSINA, et al. Dental identification by
comparison of antemortem and postmortem dental radiographs: Influence of operator
qualifications and cognitive bias. Forensic Sci Int, 2012, 222(1), 252-255.

77



Chapter VIl — References

PINHEIRO, M. Genética forense: perspectivas da identificacdo genética. Edtion ed. Porto:
EdicGes Universidade Fernando Pessoa, 2010. ISBN 9789896430504.

POLLANEN, M. The pathology of torture. Forensic Sci Int, 2018, 284, 85-96.

PRAJAPATI, G., S. SARODE, G. SARODE, P. SHELKE, et al. Role of forensic
odontology in the identification of victims of major mass disasters across the world: A
systematic review. PLoS ONE, 2018, 13(6), e0199791.

PRETTY, I. AND D. SWEET A look at forensic dentistry - Part 1: The role of teeth in the
determination of human identity. Br Dent J, 2001, 190(7), 359-366.

PUERTO, M., D. ABBOUD, J. BARAYBAR, A. CARRACEDO, et al. The Search process:
Integrating the investigation and identification of missing and unidentified persons.
Forensic Sci Int Synerg, 2021, 3, 100-154.

PUERTO, M. AND H. TULLER Large-scale forensic investigations into the missing:
Challenges and considerations. Forensic Sci Int, 2017, 279, 219-228.

PURI, P., S. SHUKLA AND I. HAQUE Developmental dental anomalies and their potential
role in establishing identity in post-mortem cases: a review. Med Leg J, 2019, 87(1), 13-
18.

PUSHPARANI, C., C. RAVICHANDRAN AND K. SIVAKUMARI Radiography
superimposition in personal identification-a case study involving surgical implants. J
Forensic Res, 2012, 3(2), 1-4.

QUATREHOMME, G., E. BIGLIA, B. PADOVANI, P. DU JARDIN, et al. Positive
identification by X-rays bone trabeculae comparison. Forensic Sci Int, 2014, 245, ell-
el4.

QUEIROZ, C., E. BOSTOCK, C. SANTOS, M. GUIMARAES, et al. A forensic
identification case and DPid-can it be a useful tool? J App Oral Sci, 2017, 25(3), 346-353.

RANSON, D. The loss of malaysia airlines flight MH17: A forensic and humanitarian task.
J Law Med, 2015, 22(4), 745-750.

RASZEJA, S. AND E. CHROSCIELEWSKI Medicolegal reconstruction of the Katyn forest
massacre. Forensic Sci Int, 1994, 68(1), 1-6.

RHODE, M., W. GOODHUE JR AND C. STEPHAN Radiographic comparison of a
fractured clavicle exhibiting a pseudo-arthrosis. J Forensic Sci, 2012, 57(4), 1094-1097.

RICH, J., N. TATAREK, R. POWERS, B. BROGDON, et al. Using pre-and post-surgical
foot and ankle radiographs for identification. J Forensic Sci, 2002, 47(6), 1319-1322.

RICHMOND, R. AND I. PRETTY Contemporary methods of labeling dental prostheses - A
review of the literature. J Forensic Sci, 2006, 51(5), 1120-1126.

78



Chapter VIl — References

RICHMOND, R. AND I. PRETTY A range of postmortem assault experiments conducted
on a variety of denture labels used for the purpose of identification of edentulous
individuals. J Forensic Sci, 2009, 54(2), 411-414.

RITTER, N. Missing persons and unidentified remains: The nation’s silent mass disaster.
National Institute of Justice Journal, 2007, 256(7), 2-7.

ROMANOWSKY, X. AND M. CHAU. The protection of the missing and the dead under
international law. In R. PARRA, S. ZAPICO AND D. UBELAKER eds. Forensic Science
and Humanitarian Action: Interacting with the Dead and the Living. 2020, vol. 1, p. 25-35.

ROSS, A., A. LANFEAR AND A. MAXWELL Establishing standards for side-by-side
radiographic comparisons. Am J Forensic Med Pathol, 2016, 37(2), 86-94.

ROTHAAR, T. Analysis of an Information System: NamUs. Master Thesis, Wilmington
University, 2015.

SANCHEZ, A., R. ROGERS AND P. SHERIDAN Tetracycline and other tetracycline-
derivative staining of the teeth and oral cavity. Int J Dermatol, 2004, 43(10), 709-715.

SANTORO, V., F. MELE, F. INTRONA AND A. DE DONNO Personal identification
through digital photo superimposition of dental profile: a pilot study. J Forensic
Odontostomatol, 2019, 3(37), 21-26.

SCOTT, A., D. CONGRAM, D. SWEET, S. FONSECA, et al. Anthropological and
radiographic comparison of antemortem surgical records for identification of skeletal
remains. J Forensic Sci, 2010, 55(1), 241-244.

SEKHARAN, P. C. Identification of skull from its suture pattern. Forensic Sci Int, 1985,
27(3), 205-214.

SHEPHERD, K., H. WALSH-HANEY AND M. COBURN Surgical sutures as a means of
identifying human remains. J Forensic Sci, 2010, 55(1), 237-240.

SILVA, R., T. BOTELHO, F. PRADO, J. KAWAGUSHI, et al. Human identification based
on cranial computed tomography scan - a case report. Dentomaxillofac Radiol, 2011a,
40(4), 257-261.

SILVA, R., P. CHAVES, L. PARANHOS, M. LENZA, et al. Use of orthodontic records in
human identification. Dental Press J Orthod, 2011b, 16(2), 52-57.

SILVA, R., M. FELTER, P. TOLENTINO, M. ANDRADE, et al. Forensic importance of
intraoral photographs for human identification in dental autopsies - a case report.
Bioscience J, 2017a, 33(6), 1696-1700.

SILVA, R., A. FRANCO, J. DE SOUZA, F. PICOLI, et al. Human identification through the
analysis of smile photographs. Am J Forensic Med Pathol, 2015a, 36(2), 71-74.

79



Chapter VIl — References

SILVA, R., A. FRANCO, P. DIAS, A. GONCALVES, et al. Interrelationship between
forensic radiology and forensic odontology - A case report of identified skeletal remains. J
Forensic Radiol Imaging, 2013, 1(4), 201-206.

SILVA, R., A. FRANCO, S. MENDES, F. PICOLI, et al. Human identification through the
patella - Report of two cases. Forensic Sci Int, 2014a, 238, e11-14.

SILVA, R., A. FRANCO, S. MENDES, F. PICOLI, et al. Identifying murder victims with
endodontic radiographs. J Forensic Dent Sci, 2016, 8(3), 167-170.

SILVA, R., A. FRANCO, F. PICOLI, F. NUNES, et al. Dental identification through
endodontic radiographic records: A case report. Acta Stomatol Croat, 2014b, 48(2), 147-
150.

SILVA, R., A. FRANCO, F. PICOLI, L. RODRIGUES, et al. Positive Identification of
Skeletal Remains Combining Smile Photographs and Forensic Anthropology - A Case
Report. J Forensic Res, 2015b, 6(5), 1-3.

SILVA, R., M. MUNDIM, F. PICOLI AND A. FRANCO Dental Identification of a Mummified
Body using Dental Cast and Prosthesis. J Forensic Investigation, 2015c, 3(2), 1-3.

SILVA, R., S. PEREIRA, F. PRADO, E. DARUGE, et al. Forensic odontology identification
using smile photograph analysis - case reports. J Forensic Odontostomatol, 2008a, 26(1),
12-17.

SILVA, R., F. PICOLI, T. BOTELHO, R. RESENDE, et al. Forensic Identification of
Decomposed Human Body through Comparison between Ante-Mortem and Post-Mortem
CT Images of Frontal Sinuses: Case Report. Acta Stomatol Croat, Sep 2017b, 51(3), 227-
231.

SILVA, R., F. PICOLI, S. MENDES, P. ALCANTARA, et al. Panoramic radiograph as a
clue for human identification: A forensic case report. Int J Forensic Odontol, 2017c, 2(2),
85.

SILVA, R., F. PICOLI, L. RODRIGUES, M. SILVA, et al. When a single central incisor
makes the difference for human identification - a case report. Res Soc Dev, 2021, 10(1),
1-8.

SILVA, R., R. PINTO, G. FERREIRA AND E. JUNIOR Importance of frontal sinus
radiographs for human identification. Brazilian Journal of Otorhinolaryngology,
2008/09/01/ 2008b, 74(5), 798.

SILVA, R., F. PRADO, I. CAPUTO, K. DEVITO, et al. The forensic importance of frontal
sinus radiographs. J Forensic Leg Med, 2009a, 16(1), 18-23.

SILVA, R., M. PRADO, H. OLIVEIRA AND E. JUNIOR How many points of concordance
are necessary to obtain a positive forensic dental identification. Rev Odontol UNICID,
2009b, 21, 63-68.

80



Chapter VIl — References

SIMOES, R., H. CARDOSO AND I. CALDAS Prevalence of talon cusps in a Portuguese
population: Forensic identification significance of a rare trait. Dent Res J (Isfahan), 2014,
11(1), 45-48.

SIMPSON, E. AND R. BYARD. Unique characteristics at autopsy that may be useful in
identifying human remains. In M. TSOKOS ed. Forensic Pathology Reviews. Humana
Press, 2009, vol. 5, p. 175-195.

SIMPSON, E., R. JAMES, D. EITZEN AND R. BYARD Role of orthopedic implants and
bone morphology in the identification of human remains. J Forensic Sci, 2007, 52(2), 442-
448.

SLAUS, M., D. STRINOVIC, V. PETROVECKI AND V. VYROUBAL Contribution of
forensic anthropology to identification process in Croatia: examples of victims recovered in
wells. Croat Med J, 2007, 48(4), 503-512.

SOLHEIM, C., S. ZAID AND J. BALLARD Ambiguous loss experienced by transnational
Mexican immigrant families. Family process, 2016, 55(2), 338-353.

SOOMER, H., H. RANTA AND A. PENTTILA Identification of victims from the M/S
Estonia. Int J Legal Med, 2001, 114(4), 259-262.

SOUZA, L., A. MARANA AND S. WEBER Automatic frontal sinus recognition in computed
tomography images for person identification. Forensic Sci Int, 2018, 286, 252-264.

SPRADLEY, M. Use of craniometric data to facilitate migrant identifications at the United
States/Mexico border. Am J Phys Anthropol, 2021, 175(2), 486-496.

STANOJEVICH, V. The role of a forensic anthropologist in death investigation. J Forensic
Res, 2012, 3(6), 3.

STEADMAN, D., B. ADAMS AND L. KONIGSBERG Statistical basis for positive
identification in forensic anthropology. Am J Phys Anthropol, 2006, 131(1), 15-26.

STEPHAN, C., A. WINBURN, A. CHRISTENSEN AND A. TYRRELL Skeletal identification
by radiographic comparison: blind tests of a morphoscopic method using antemortem
chest radiographs. J Forensic Sci, 2011, 56(2), 320-332.

SUDESH, G. Pigmentation of articular surfaces of bones as an identification factor: a
unigue case report. Am J Forensic Med Pathol, 2006, 27(2), 161-162.

SWEET, D. Forensic dental identification. Forensic Sci Int, 2010a, 201(1-3), 3-4.

SWEET, D. INTERPOL DVI best-practice standards: An overview. Forensic Sci Int,
2010b, 201(1-3), 18-21.

SWGANTH. Personal Identification. 2010, Available at
https://www.nist.qov/system/files/documents/2018/2003/2013/swganth _age estimation.pd
f.

81


https://www.nist.gov/system/files/documents/2018/2003/2013/swganth_age_estimation.pdf
https://www.nist.gov/system/files/documents/2018/2003/2013/swganth_age_estimation.pdf

Chapter VIl — References

SWGANTH. Identifying and Describing Pathological Conditions, Lesions, and Anomalies.
2012, Available at
https://www.nist.gov/system/files/documents/2018/2003/2013/swganth_identifying and d
escribing pathological conditions.pdf.

TARONI, F., P. MANGIN AND M. PERRIOR Identification concept and the use of
probabilities in forensic odontology - an approach by philosophical discussion. J Forensic
Odontostomatol, 2000, 18(1), 15-18.

TERADA, A., L. ARAUJO, L. PARANHOS, T. SILVEIRA, et al. Orthodontic use of
documentation in identification of a skeletonized body in legal dental practice. Int J
Odontostomat, 2014, 8(1), 41-46.

THOMSEN, J. Ethical considerations for forensic scientists participating in humanitarian
action: A personal reflection. Forensic Sci Int, 2017, 278, 379-380.

TIDBALL-BINZ, M. Forensic investigations into the missing - Recommendations and
Operational Best Practices. In A. SCHMITT, E. CUNHA AND J. PINHEIRO eds. Forensic
Anthropology and Medicine: Complementary Sciences from Recovery to Cause of Death.
Humana Press Inc., 2006, p. 383-407.

TIDBALL-BINZ, M. For whom the bell tolls: the development of humanitarian forensic
action. In Keynote speech. Victorian Institute of Forensic Medicine, Monash University,
Melbourne, Australia, 2012, vol. 7.

TIDBALL-BINZ, M. Using forensic science to care for the dead and search for the missing:
In conversation with Morris Tidball-Binz. In R. PARRA, S. ZAPICO AND D. UBELAKER
eds. Forensic Science and Humanitarian Action: Interacting with the Dead and the Living.,
2020, vol. 1, p. 3-23.

TINOCO, R., L. LIMA, F. DELWING, L. FRANCESQUINI, et al. Dental anthropology of a
Brazilian sample: Frequency of nonmetric traits. Forensic Sci Int, 2016, 258, 102.e101-
105.

TINOCO, R., E. MARTINS, E. DARUGE JR, E. DARUGE, et al. Dental anomalies and
their value in human identification: a case report. J Forensic Odontostomatol, 2010,
28(1), 39-43.

TOUPENAY, S., A. CHEIKH, B. LUDES AND R. FELIZARDO Forensic odontology
identification response to terrorist attacks in Paris November 2015. Forensic Sci Res,
2020, 5(3), 214-222.

UBELAKER, D., A. SHAMLOU AND A. KUNKLE Contributions of forensic anthropology to
positive scientific identification: a critical review. Forensic Sci Res, 2019a, 4(1), 45-50.

UBELAKER, D., Y. WU AND Q. CORDERO Craniofacial photographic superimposition:
New developments. Forensic Sci Int: Synergy, 2019b, 1, 271-274.

VALENZUELA, A. Radiographic comparison of the lumbar spine for positive identification
of human remains. A case report. Am J Forensic Med Pathol, 1997, 18(2), 215-217.

82


https://www.nist.gov/system/files/documents/2018/2003/2013/swganth_identifying_and_describing_pathological_conditions.pdf
https://www.nist.gov/system/files/documents/2018/2003/2013/swganth_identifying_and_describing_pathological_conditions.pdf

Chapter VIl — References

VAZ, M. AND F. BENFICA The experience of the forensic anthropology service of the
medical examiner's office in Porto Alegre, Brazil. Forensic Sci Int, 2008, 179(2-3), e45-
e49.

VERNA, E., M. PIERCECCHI-MARTI, K. CHAUMOITRE AND P. ADALIAN Relevance of
discrete traits in forensic anthropology: From the first cervical vertebra to the pelvic girdle.
Forensic Sci Int, 2015, 253, 134.e131-137.

VERNA, E., M. PIERCECCHI-MARTI, K. CHAUMOITRE, C. BARTOLI, et al. Discrete
traits of the sternum and ribs: a useful contribution to identification in forensic
anthropology and medicine. J Forensic Sci, 2013, 58(3), 571-577.

VIEIRA, D. N. Humanitarian forensic action. A new field of application for forensic
sciences. In S.D. FERRARA ed. P5 Medicine and Justice: Innovation, Unitariness and
Evidence. Springer International Publishing AG, 2018, p. 182-189.

WARRINGTON, T. Looking for Alexander. The Big Issue, 2012, 9, 18.

WATAMANIUK, L. AND T. ROGERS Paositive personal identification of human remains
based on thoracic vertebral margin morphology. J Forensic Sci, 2010, 55(5), 1162-1170.

WEISMAN, M. Endodontics - A Key To ldentification In Forensic Dentistry: Report of a
Case. Australian Endodontic Newsletter, 1996, 22(3), 9-12.

WEISS, G., H. WITTIG, E. SCHEURER, R. RUPRECHT, et al. Identification of deceased
based on sternal bone computed tomography features. Forensic Sci Int, 2018, 286, 233-
238.

WIERSEMA, J. AND A. WOODY The Forensic Anthropologist in the Mass Fatality
Context. Acad Forensic Pathol, 2016, 6(3), 455-462.

WILCHER, G. The use of multiple exostoses in the identification of incinerated human
remains. Med Sci Law, 2008, 48(1), 82-86.

WILKINSON, C. AND A. LOFTHOUSE The use of craniofacial superimposition for
disaster victim identification. Forensic Sci Int, 2015, 252, 187.e181-186.

WILSON, R., J. BETHARD AND E. DIGANGI The use of orthopedic surgical devices for
forensic identification. J Forensic Sci, 2011, 56(2), 460-469.

WOCHNA, K., A. SMEDRA, J. BERENT AND S. SZUSTOWSKI Identification of unknown
corpses through odontological examination - two case reports. Arch Med Sadowej
Kryminol, 2016, 66(3), 158-171.

WOOD, R. AND S. KOGON Dental radiology considerations in DVI incidents: A review.
Forensic Sci Int, 2010, 201(1-3), 27-32.

WRIGHT, K., A. MUNDORFF, J. CHASELING, A. FORREST, et al. A new disaster victim
identification management strategy targeting "near identification-threshold" cases:
Experiences from the Boxing Day tsunami. Forensic Sci Int, 2015, 250, 91-97.

83



Appendices

84



Table I. Review of research studies on personal identification based on anthropological morphological identifiers.

Appendices

Anthropological

Morphological Context Methodology Results References
Identifiers
Research study In the group of matches, root mean square (RMS) ranged
; between 0.07 and
feomséiggc\}vshglﬁnnggfieﬁ?g 15 0.96 mm (mean RMS 0.35 + 0.23 mm), while in the group
maxillofacial CT scans in a time of mismatches, it ranged between 0.96 and 10.29 mm
] . . (mean RMS
. . ) o .59 £ 1.79 mm), with a statistically significant difference ibelli et al.
rontaisinuses om0 YERS  Segenalon of foml NUSeS - 550's 1.79 ) it a staistaly signifeant diference (b (@il st
L . < 0.0001). 2019)
;00 atients randomlv selected from Statistical analysis Neither the matches nor the mismatches group showed
the s%me database a¥1 d underao the statistically significant differences according to sex.
same procedure (group of 9 A novel 3D approach for the assessment of anatomical
mismart’ches) group uniqueness of frontal sinuses, providing both
morphological and quantitative analysis, was proposed.
Novel frontal sinus recognition method: 77,25% of
identification accuracy
Research stud Proposed method: frontal sinus Automatic frontal sinus segmentation in CT images: Cohen
. . segmentation + frontal sinus feature appa coefficient = 0. when compared to the groun ouza et al.
Frontal sinuses Dataset com gsed of 310 CT images ! f Isi f K ffici 0.8852 wh dtoth d S !
P 9 extraction + frontal sinus truth (manual segmentation) 2018)

obtained from 31 people

recognition

The automatic frontal sinus recognition based on
characteristics extracted from computed tomography
images is viable and effective

Frontal sinuses

Research study

116 individuals selected with at least
one antero-posterior skull X-ray in
their file (100 used in the first stage;
the remaining 16 were set aside as
test cases as the individuals had
duplicate antero-posterior cranial X-
rays)

1 stage: measurements of all
variables of the frontal sinuses to
determine the interdependence of
the traits

2" stage: Analysis of combination
of traits that were found to be
independent of each other in the 1
stage

3" stage: conversion of all possible
metric traits into discrete traits

4" stage: superimposition test

The most sinus traits are dependent

upon one another and thus cannot be used in probability
combinations.

When looking at traits that are independent,

metric methods are too fraught with potential errors to be
useful.

Discrete trait combinations do not have a high enough
discriminating power to be

useful.

Only superimposition pattern matching is an effective
method of identifying an individual using the frontal
sinuses.

(Besana and
Rogers 2010)

Thoracic vertebral
margin variation

Research study
Radiographs of healthy male
individuals, aged 18-35

21 of 24 (87.5%) unknown radiographs positively identified

(Watamaniuk and
Rogers 2010)

Lateral patella outline
shape

Research study (validation study)
Right lateral knee radiographs of 22
cadavers

35 analysts surveyed

Two analyses: quantitative method
(patellar outline) and survey method
(35 analysts surveyed)

Osseous patellar morphology is individuating
High capacity for correctly matching radiographs by human
analysts

(Niespodziewanski
et al. 2016)
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Significant narrowing down of the candidate pool to just a
few potential matches by quantitative method (successful
computerized matching)

Clavicles, C3-C7

Research study (Validation study)
AM chest radiographs of 1460
individuals and PM radiographs from
12 male skeletons were used in this
study

8 examiners undertook various
combinations of the 12 trials (image
comparison, simultaneous arrays,
and sequential arrays)

Comparison all images within a single test: only true-
positive identifications.

AM radiographs presented one-at-a-time, in sequential
order, and without examiners that have knowledge of array
size: erroneous

identifications resulted but they were exclusively made by
untrained examiners (accuracy = 35% vs. 90% for trained
examiners).

Chest radiographs are valuable for the identification of
disarticulated and even eroded skeletons

(Stephan et al.
2011)

Hand bones (trabecular
bone pattern, bone
morphology)

Research study (Validation study)
40 AM radiographs of fleshed
cadaver hands and 10 PM
radiographs of skeletonized hands

12 examiners from the forensic
science community working
independently, to attempt match

Overall accuracy rate was 95%

Collective sensitivity and specificity were 95% and 92%,
respectively

The accuracy of each examiner was related to the amount
of radiological training and experiences

Participants noted bone morphology, trabecular patterns of
the proximal and middle phalanges, and distinctive
radiopaque and radiolucent features

Comparative analysis of hand radiographs is a valid
method for identification (it contains 27 bones that are
available for comparison

(Koot et al. 2005)

Bone Density Patterns
of the Humerus

Research study

2 sets of thorax radiographs of living
subjects: the first set (1960 — 1990)
included 190 X-rays from 88 subjects
(only 25 were used); the second set
(2005-2006) included 108 X-rays
from 59 subjects (only 46 belonging
to 25 subjects were used)

AM/PM simulated comparisons

It is not possible to safely quantify identification through
bone density patterns of the proximal humerus taken from
thoracic X-rays

(Ciaffi et al. 2010)

Bone trabeculae

Research study

Radiographs: 42 adult distal left
femora and 38 left tibiae of adults of
both sexes, older than 18 years and
all bones were complete

Visual examination (2 examiners)
Analysis of radiodensities and
radiolucencies

Features: small, localized areas of
dense or thin bone and single or
multiple “bars” of bone oriented
transversely, vertically, or
diagonally

No two bones were identical in the pattern or distribution of
trabeculae

Radiolucencies and radiodensities in the distal femur and
proximal tibia provide individualizing features

(Mann 1998)
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Chest (anatomical
structures)

Research study (Validation study)
30 sets of matching AM and PM
chest films for comparison and 12
additional unmatched AM chest films

4 examiners independently
compared the radiographs

Only 80% accuracy

Quality of the AM and PM radiographs was the major
limitation

Chest radiograph comparisons proved to be reliable, if
basic decedent information was provided, and AM and PM
radiographs were adequately positioned and exposed
Morphological approach to comparison should be prioritize
the number of normal anatomical landmarks and skeletal

structures rather than relying upon diagnostic abnormalities

(Kuehn et al.
2002)

Skull sutures (sutures
of occipital zone)
Ectocranial, endocranial
and radiographic suture
patterns

Research study

22 juvenile skulls ranging from 1 to 10
years of age

100 adult skulls aged between 17 and
70 years

Radiographic comparison

Morphological transition in the patterns of the sutures
during growth from juvenile to adulthood state

The onset of adulthood is suggested as the age for
stabilization of suture patterns

(Jayaprakash and
Srinivasan 2013)

AM: antemortem; PM: postmortem; CT: Computed Tomography; RMS: Root Mean Square
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Table Il. Review of forensic cases of personal identification based on anthropological morphological identifiers.

Appendices

Anthropological

Morphological Identifiers Context Methodology Results References
2 case reports (ltaly): 1. Identification based on outlines and edges of the
1 Erontal sinus pattern 1. a burnt body found in a partially 1. Visual comparison and superimposition  frontal sinuses, as well as the nasal septum
2' Morpholo o?dental burned-out car AM anteroposterior and lateral deviation + morphology of the dental restorations (Campobasso
i pho’ogy 2. charred remains found in a burned- radiographs of the skull / PM radiographs 2. Identification based on a dental restoration with et al. 2007)
restorations ; . : :
out car 2. AM radiographs / PM radiographs an exact match in term of structure, details, shape,
and size + impacted tooth
Single case report: parts of human Frontgl sinus morphological analysis _
. ) AM clinical records (2 skull e . (Silva et al.
Frontal sinus morphology skeleton found in a patch of woodlands - ; / Identification based on morphology of frontal sinus 2008b
(Brazil) posteroanterior x-ray images) / PM )
radiographs
Direct comparison, computerized
superimposition, and metric analysis Identification based on the ration of AM/PM
. . . s AM: dental records including periapical measurements of points of reference related to .
Frontal sinuses Single case report: an unl_dentmed agult radiographs, seven radiographs of the frontal sinuses and convergent superimposition (Silva etal.
male killed in a traffic accident (Brazil) . . o 2009a)
torso, one CT scan and two skull X-rays — area + traumatic and pathological conditions of
a lateral and a PA radiograph) / PM frontal sinus
photograph
Direct comparison Identification based in morphological findings of
Single case report: heavily AM: 20 axial images of the paranasal the frontal sinuses (compatibility on the lateral (Silva et al
Frontal sinuses decomposed human remains found sinuses obtained by MSCT expansion of the left lobe, the anteroposterior 2017b) '

in a forest region (Brazil)

PM: posteroanterior radiograph + CBCT
scan

dimension, and the position of median and
accessory septa)

External configuration and
internal trabecular pattern

Single case report

Several hundred burned bone
fragments and other artifacts
(commingled with bone fragments of
non-human species)

AM radiographs: dental arches, facial
bones and lower half of the skull, the right
shoulder, the lumbosacral spine, and the
left hand and wrist

PM radiographic examination

Identification

Positive matches in unique trabecular patterns in
the terminal phalanges of the index and ring
fingers and a partial fragment of the middle
phalanx of the index finger from the left hand

(Brogdon et al.
2010)

Bone trabeculae

Single case report: a decomposed body
found in a technical locale (France)

AM X-rays of the ankle and foot
PM X-rays of the same structures

Identification based on trabecular comparison of
the ankle and the foot, which provide more than 50
points, particularly in first metatarsal

(Quatrehomme
et al. 2014)

Trabecular bone pattern

Single case report
Extensively charred body (Israel)

Visual comparison

Densitometric analysis of the trabecular
bone pattern

PM radiographs of the right thumb of the
body

Identification

Visual comparison of the trabecular pattern of the
first metacarpal and distal phalanx of the right
hand indicated that both PM and AM radiographs
belonged the same individual

(Kahana and
Hiss 1994)
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AM radiographs of the right and left
thumbs

Correlation between the densitographs

Later on, two other methods confirmed the original
positive identification (fingerprint and DNA
comparisons)

Shape of the spinous
processes in two vertebrae
(7*" cervical and the 1%
thoracic vertebrae)

Single case report: partially
skeletonized human remains of an
unidentified male demonstrate
adipocere and disarticulation at the
extremities and upper cervical
vertebrae, with absence of the head
(USA)

Visual comparison
Radiographs of the neck and chest

Identification based on variability in vertebral
morphology + biological profile

(Mundorff et al.
2006)

Idiopathic osteosclerosis

Single case report: a body in advanced
state of decomposition found in

AM: Clinical records (CT-scan of the
abdomen and pelvis)
PM: radiological examination of the right

Identification based on three dense bone islands
(correspondence of the number, position, and

(De Angelis et

(anatomical variant) apartment (ltaly) femur of the corpse (CT-scan) shape) al. 2016)
Juxtaposition and superimposition

Configuration of wormian Single case report: a highly Gl;ﬂ\;vrg]fjtlﬁgrﬁggdof the anteroposterior Identification based on the sutural contour of (Jayaprakash

bone decomposed unidentified male body lambdoid wormian bone (epigenetic marker) 1997)

PM: radiological examination

AM: antemortem; PM: postmortem; CT: Computed Tomography; PA: Periapical; MSCT: Multislice Computed Tomography; CBCT: Cone-beam Computed Tomography
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Table 1ll. Review of research studies and a forensic case of personal identification based on anthropological anomalies/discrete traits.

Appendices

Anthropological anomalies/discrete
traits

Context

Methodology

Results

References

Unilateral lumbosacral transitional
vertebra

Single case report: incomplete
skeletal remains

AM dental records and
radiographs
Clinical antemortem records

Identification based on a transitional vertebra (a
congenital abnormality)

(Kanchan et
al. 2009)

Morphological variations of the anterior
thoracic skeleton: sternal cleft, sternal

Research study (122 chest
radiographs from Spanish
individuals who showed no

Analysis of posterior-

None of the morphological variations were associated
with sex or age, with the exception of two traits related
to the xiphoid process

The xiphoid process was absent more often in younger

(Macaluso Jr

foramen, bifurcated sternal rib ends, . anterior digital radiographs S : - and Lucena
manubriosternal fusion, sternoxiphoidal ew?}erpce of chgst trauma, I d Statistical analysis |nd|V|duarI15, partlcularlly Sp}?C'meni bhe low the agt; O.fd3(|) 2014)
fusion and type of xiphoid process end pathology or prior surgery collecte years, whereas complete fusion of the sternoxiphoida
) over 15-month period) junction was more often observed in individuals above
50 years of age
The frequency of all discrete traits was lower than 5%.
Discrete traits of the sternum and ribs Research study (500 anonymous The xiphoide process was more frequently absent in
(Suprasternal bones, sternal cleft, sternal thoracic CT scans from a modern 3D analysis after volume females, and triple-ended xiphoid was more often (Verna et al
foramen, type of xiphoid end; lumbar ribs, population in southern France, reconstruction present in males (p<0.05). 2013) '
absence of 12th rib, fusion between two without bone trauma or tumoral Statistical analysis Most individuals with no xiphoid process were aged
ribs, and bifid ribs) bone disease, 15-60 years) below 30 years and those with a triple-ended xiphoid
were aged more than 40 years.
N . . The eight postcranial discrete traits present a frequency
Postcranial discrete traits (from the first : >
vertebrae to the pelvic gird(le) (Spina lower tha_n 5% in th_e ;tpdy populathn. .
s . 3 Research study (502 anonymous . Some traits were significantly associated with sex
bifida occulta; butterfly vertebrae; f 3D analysis after volume :
supraclavicular nerve foramen: CT scans from polytraumatized reconstruction (supraclavicular nerve foramen and the (Verna et al.
p . A Lo individuals, without bone disease, - . coracoclavicular joint in males and the pubic spine in 2015)
coracoclavicular joint; os acromiale; 15-65 years) Statistical analysis females)
suprascapular foramen; manubrium y t sianifi | . ith | h
foramen: pubic spine) One trait significantly associated with age (older than
' 50 years): the suprascapular foramen
Evaluation of CT scans
Features of sternal bone (nominal L (visual examination + metric ~ Sternal bone is a suitable structure for radiological
features (synostosis, suprasternal bones, Sc?;r?:ghstsetgr?gl (tfo‘:]g';:g t';';/lirCT analysis); intrarrater identification (Weiss et al
foramen in the corpus, notch, cleft, sclerotic ; . assessments by two The automated comparison was successful in 76.7% of ’
corresponding AM CT scans; fully 2018)

bands longitudinal and transversal, foramen
in the xiphoid) + metric features)

anonymized data)

different examiners;
automated identity
evaluation

the cases, whereby an unambiguous identification was
possible in 65.1%.
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Research study (Analysis of 58
anatomical variants from an
identified Portuguese sample
characterized by 282 contemporary
adult skeletons (148 females and
134 males)

Asymptomatic
osseous variants of the postcranial
skeleton

Frequency of asymptomatic
osseous variants; binary (0
for absent and 1 for
present) and bilateral
classification

Rarest variants: frequencies lower than 1% (duplication

of acromial extremity of the clavicle, misplaced

manubriosternal joint and dorsal defect of the patella) (Fagundes et
Most frequent variants: frequencies greater than 50% al. 2017)
(ulnar medial trochlear notch form, suprascapular notch

and bipartite anterior facet of the calcaneus)

AM = antemortem; PM = postmortem; CT: Computed Tomography
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Table IV. Review of forensic cases of personal identification based on anthropological pathological/traumatic identifiers.

Appendices

Anthropological

pathological/traumatic Context Methodology Results References
identifiers
) . . Con]paratlv.e analysis Identification based on several points of
Single case report: bones of a single AM images: scans (3D ) e .
s ; correspondence in the position of the skeletal lesions
individual scattered over a surface of reconstruction) on the bones (Martrille et
Tuberculous bone lesions 100 m? in the woods; skeleton in very PM images: CT scans and 3D the anatomic'al contour and details of the affected al. 2020)
good state of preservation and mostly reconstruction of cranial vault and h :
complete (France) the available vertebrae osseous elements, the character of the bone lesions,
p " . " and their morphological characteristics
Juxtaposition and superimposition
Identification based on concordant points
Osteoarthritic changes. marked  Sinale case report: partiall AM: clinical notes and a series of (Large and unique osteophytes in the vertebrae; a
lumbar scoliosis an% ’ ske?etonized hﬁménpremai);ls consisting radiographs (treatment of a deep concavity in a vertebral body; unique features of (Valenzuela
degenerative changes in all the  of a femur and a complete foot + |d(f‘tglcfnera_tl\_/e arthgtls |n|_tht_e right and thebsplnlous and trgn_zverse Froceslse_s; |d(fenrt]|celll . 1997)
lumbar vertebrae scattered remains (Spain) eft knee joints and sco |os_|s) trabecular patterns; identical angulation of the lumbar
PM: radiological examination scoliosis; posterior osteophytic processes and loss of
joint spaces between the lumbar vertebral bodies)
Type 1 Spinal diastematomyelia  Single case report: an extensively . . -
(a rare congenital spinal cord charred body in an abandoned burnt- gm'Irgt?:gga?;%(ljcl)esiégfEJ(amination Identification based on a rare spinal congenital (Beggan et
abnormality) + bilateral hip out car (presence of several fractures) PM. cT img in 9 anomaly (diastematomyelia) al. 2014)
prostheses (Ireland) 9ing
Wormian bones (morphological  Single case report: single well- Visual examination + cranial Identification based on the comparison of the findings
abnormalities of the preserved skeleton of a middle-aged measurements + PM CT scan of skull (cranial deformities) and left elbow deformity (Kuhari¢ et
viscerocranium and the man found during the exhumation of AM: missing person report (old trauma) with the description in the missing case al. 2011)
neurocranium) human skeletal war remains (Croatia) ) 9p P report
Single case report: a set of bones of an PM: Observat_ion and . I .
. a . - histopathological analysis Identification based on unique features shown at the
. unidentified body (2 femora, 2 hip . ) . f . (Sudesh
Ochronosis (alkapton) bones. 2 lower thoracic vertebrae and AM: medical records and family articular surfaces (unusual dark-brown blackish 2006)
' o information (confirmed arthropathy pigmentation) (rare disease)
the skull) (Mauritania) and blackish urine)
Identification based on anatomical variant due to the
gcg%ag%lﬁgg]az dir;dtgltphjeomt Single case report: visually Comparison of AM and PM E};L‘Tg;ﬁ;;gﬁ\%g;?ggﬁg;;ﬁ%ssoncor dance (Hulewicz
effects of degenerative gmdenuﬂable decea;ed person after radmgraphs of the vertebral column (degenerative changes to the lumbar vertebrae and and Wilcher
incineration (Australia) and hip joint 2003)

disease)

right hip, with contour variants to the vertebral bodies
and right femoral head and acetabulum)
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Comparison of

Identification based on anatomic variants of the lower
limb bones (tibia and fibula) associated with a
neoplastic process

Multiple exostoses (anatomic Single case report: an incinerated AM radiographs of the knees with Concordant dysmorphic anatomic variants: two (Wilcher
variants of the lower limb) deceased 16-year-old male (Australia) PM radi grap . g P o o 2008)
radiographs exostotic lesions on the left tibia and three lesions on
the fibula)
Pathological findings
1. Outstanding deformity of the
spine and ankylosis of the
sacroiliac joints; diffuse idiopathic 1 Data obtained from an interview
skeletal hyperostosis With family
2. Healed depressed skull A mass grave _with human remains of 2 AM data related to a traffic
;racture, healed_ depressed . 39 |nd|V|du_qu in an advanced stage of accident and information from family  Identification of 3 persons based on previous (Djuri¢
racture of the right zygomatic decomposition (Kosovo) 3. Clinical AM data atholo 2004)
bone; osteoarthritis (vertebrae); 3 case reports ' p oy
osteocartilaginous exostosis PM radiographic examination
(femur); thickening and
deformation of the right tibia;
chronic osteomyelitis (tibia)
3. Healed fracture (deformity of
the right 7" rib)
Single case report: an almost . . . . |dentification . . T
_ completely skeletonized body with skull Radiographic comparison (size, At least 10 _concc_)rdant points refl_e_ctmg S|m|I_ar|t|es in
Clavicle fracture that developed upper extremities, thorax, pelvis, and ' shape, and orientation) size and orientation, fracture position, and eight (Rhode et
into a pseudo-arthrosis lower extremities 7c|0thed7in at—éhirt and 6 AM radiographs additional morphological similarities al. 2012)
" PM radiographs No discrepancy other than the remodeling along the
floral-patterned dress (Hawaii) fracture margins was observed
Suprapelvic and pelvic Identification
phlebollths (* trabecular pattern . . AM data: recent abdominal The location, configuration, relationship to each other,
of the proximal third of the femora  Single case report: A decomposed body radiographs size, and number of phleboliths matched almost (Kahana
* vertepral processes qf the lower  of an eIderIy male clothed only with PM radiographs of the lower com’pletely, although some minor differences due to and Hiss
thoracic and lumbar spine + sweatshirt and sweatpants (Israel) 2002)

degenerative changes in the
vertebral bodies)

abdomen

the decay of the soft tissues in which the phleboliths
are embedded were allowed

AM = antemortem; PM = postmortem; CT: Computed Tomography; MRI: Magnetic Resonance Imaging
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Table V. Review of forensic cases of personal identification based on anthropological therapeutical identifiers.

Anthropological

therapeutical identifiers Context Methodology Results References
AM medical records (incomplete)
PM radiographic examination +
reconstruction of the cranium
Single case report: a set of Metric analysis
ge ca port. Macroscopic photography Identification based on one green surgical suture
. skeletonized remains (a nearly L : . (Shepherd
Surgical sutures ; . within the right acromial process of the scapula as
complete skeleton) discovered in a N L It of f et al. 2010)
dense, wooded area (EUA) Investigative process us_ed to pinpoint suture  result of rotator cuff surgery
' manufacturers (provide informations about
suture’s manufacturer, construction material
and structure, size, and medical use)
Single case report: a cranium . .
AM traumas + skeletal . . . AM records (thoracic and cranial I . .
morphology + surgical discovered su_bmerged_ln a semi- radiographs, cranial CT scans, and the Identification based on presence of surglc_:al artifacts, (Scott et al.
. . - urban recreational lake; postcranial . ; . healed fractures and morphological consistency
artifacts (surgical clip and . di a6 h associated medical written notes) b d di h 2010)
surgical staples) remains were discovered 6 months PM radiographic examination etween AM and PM radiographs
later (Canada)
1. Identification based on two bone channels detected
_ 1. AM post-surgical radiographs of the left vertlcally crossing the frac_tured _patella, which dl_ameter
2 Case reports (Brazil) ; ; : and position were compatible with the post-surgical
. . ; . knee / Dissection of the right and left patella S . ) .
Post-surgical apparatus in 1. Unknown body compatible with a 2 AM lateral radioaranh of suraical metallic pins radiographically detected AM (Silva et al.
the patella male adult : grap gc . 2. Identification based on transversally fractured 2014a)
2 . approach on left patella / PM radiographic - ; .
. unknown skeletal remains R patella, which presenting a metallic apparatus
examination of patella . . ’ .
composed by stainless steel surgical wires and pins
for internal fracture fixation
Identification based on surgically implanted device
Compatibility between AM radiographic records and
Single case report: Incinerated human  AM radiographic records taken at the time of \Ij(la\/rlt;(l;ggso?ftrt‘gei:;x:gﬁ;ecovered embedded in the (Bgﬂgett
EBI osteostimulator remains in a car consumed by fire insertion of the EBI osteostimulator ithouah the i heat di d the devi light! di
(USA) PM radiographic examination Although the intense heat distorted the device slightly, Benedix
spacing of the plugs and the positioning of the wires 1999)
within vertebral elements are consistent between AM
and PM records
Sllglgé?o%?:: dnianrzjoi\r/ti:cildgll(g(r)gvsg:\]:iaztgn Device-tracking process which allowed to Identification based on information provided by the (Haugen
Surgical fixation devices extensive AM trauma with several access medical records combination of the fixation devices and the biological 2008)

fixation devices (USA)

(Multiagency cooperation)

profile
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Implanted orthopedic device

AM radiograph of a left arm

Identification based on information provided by an

- Single case report: an unknown . . L . ) orthopedic device surgically fixed in ulna (radiographic (Matoso et
(6 screws fixing a seven- b dh bod i PM radiographic examination and dissection h King inf ion f f |
holed-plate in an ulna bone) urned human body (Brazil) Device-tracking process comparlson),_ tracking information from manufacturer al. 2013)

and information regarding a tattoo
Two parts of broken steel
plates with along with 5 . . Skull-photograph superimposition I . - .
screws in each fixed on the _Sln_gle case repo_rt. a skeleton found AM radiograph of the medically treated Identlflcatlon based on superimposition of AM and PM (Pushparani
inside a well (India) radiographs of the femur et al. 2012)

lateral side of the right
femur

femur
PM radiographs

Metallic plates fixed with
metallic screws on bones of
the neurocranium and

Single case report: A carbonized and
partially calcined body found inside a

AM records: two spiral CT scans of the
transverse sections of the skull; panoramic

Identification based on coincidences found in the
procedures as well as | the shapes, quantities, and

(Andrade et

viscerocranium (frontal vehicle (Brazil) radiograph positions of devices on the skull al. 2017)
bone) PM periapical radiograph + photographs + dental comparison
Implanted metallic plate and  Single case report: skeletonized : ) P (Kinoshita
screws remains Serial number tracking Identification et al. 2009)

8 Case reports:

1. severely incinerated body of an 1. Identification based on a right hip prosthesis and a

adult female in burnt-out house calcified uterine fibroid

2. skeletal remains of an adult male 2. Identification based on 2 metal Harrington rods

found in a forest (post cranial remains connecting the T4 and L3 vertebrae, and anatomical

e oD DTNy p s v cadographs e eemne adoasnealy

3. A dismembered, partially H.arrin ton r%dsp+ skull radio ?a ?15 (frontal fracture of the right humerus

skeletonized body of an adult female . 9 grap 4. Identification based on evidence provided by

S sinuses) ) ;

found in eight separate bags 3. AM and PM radioaraphs penetration of the most distal screw of the plate
Orthopedic implants, bone 4. skeletonized body of an adult male 4' AM and PM radi 9 ph through the shaft of the ulna + healed fractures in right Si
morphology, healing located in a padock ) an raclograpns metacarpals (Simpson et

’ 5. AM and PM radiographs al. 2007)

fractures

5. a decomposed body of an elderly
female found in her home

6. a decomposed body of an elderly
male located inside a house

7. A portion of human ulna (two pieces
of bone shaft connected by a metal
plate) with manufacturing information
8. Single fragment of human humerus
with a metal plate affixed to the bone
by a nhumber of screws presenting
inscribed information

6. AM radiographs (antero-posterior and

lateral views of the skull, and a radiograph of

the left elbow region) / PM radiographs
7. Information tracking
8. Information tracking

5. Identification based an unusual calcaneal spur on
the left heel

6. Identification based on evidence of dental
restorations to numerous teeth, and irregularities of the
distal posterior humerus and proximal ulna, including
olecranon process

7. Individual remains identified (no individual
identifying features)

8. Individual remains identified (no individual
identifying features

AM = antemortem; PM = postmortem; CT: Computed Tomography
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Table VI. Review of research studies on personal identification based on anthropological therapeutical identifiers.

Anthropological therapeutical

identifiers Context Methodology Results References
Sternotomy wires can be used as reliable method for radiographic
Research stud Comparison of AM and PM identifications
5 AM and 20 P)IIVI anterior-nosterior medical radiographs with Participants were 99.5% accurate in matching the radiographs.
- . ; - P sternotomy wires by 46 Sensitivity was 98.7%, and specificity was 99.7%. .
Midline medical sternotomy chest radiographs with sternotomy - . B L . : - il (Fleischman
) : - . . PR - examiners (23 forensic No statistically significant differences in the participants’ ability to make
wires (hand-tied wires) wires (no identifying information ; > A 2015)
about these know individuals was anthropologists and 23 a correct ma_tch was fou!*nd. As the hlgh accuracy rates mdlcate,_
included in the study) graduate students) + the shape, size, and various characteristics of the sternotomy wires
Y anonymous survey are individualizing and can confidently be used when assisting with
personal identification cases.
56 cases required an alternative method of identification
Research stud Retrospective review and due to decomposition (n = 35), gunshot wound (n = 9), blunt trauma (n
. ) . way identification of cases that = 6), or charring (n = 6).
Medical devices (prosthetic Retrospective review of photographs ) - .
L ) - required an alternative, Of these 56 cases, eight (14.3%) were
shoulder joint, prosthetic knee and autopsy reports of forensic nonvisual method of known to have an implanted medical device (Blessing
Jr?é‘tir'\?rt;m ecc;lljlrlnaeré/iieartr;grr]al ?:é?opnséﬁs(gg)alp:;gmz? gft_ﬁac e identification (justification) Of these eight cases, five (63%) could be positively identified by and Lin
pump, clavicle fixation plate, (mixed urban and rural population). a’?‘.’ the_percentage tha_t comparing serial numt_)grs. 2018)
and malleolar fixation plate) Study period: January 1. 2015 — utilized implanted medical Prosthetic orthopedic joint was the most frequently used for
P Au L}/sfl 20i6 Y devices for identification, identification
9 ' and the type of device Comparing medical device serial numbers is a rapid and definitive
method of identification
Radiographs were
rgtrospgctlvely evaluated 10 sets were correctly assessed as not having come from the same
simulating a postmortem individual (not a match, exclusion, or negative identification) and 23
Research study (Retrospective |dent|f|cat|on. . sets as having come from the same person (match or positive
Pre- and post-surgical foot zt:g)é)ts of pre-surgical ("AM”) and ll‘irllnfswerrzdsl(e)gzggz sbet,athe identification) (Rich et al.
and ankle changes P 9 P y The overall shape of each bone and trabecular patterns were used 2002)

post-surgical (“PM”) foot and ankle
radiographs

surgical event to reproduce
the effects of an alteration in
the anatomy. The
radiographs included both
matches and mismatches

with greater frequency than other skeletal features
Surgical intervention with subsequent healing does not preclude
positive identification in foot and ankle radiographic comparisons
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Pathological features
(osteoarthrosis, spondylosis
and cancer), traumatic
features (AM fractures),
surgical interventions
(amputations, orthopedic
devices, and pacemakers) and
dental work

Research study

(a skeletal sample consisting of 276
individuals from the contemporary
documented CAL Milano
Cemetery Skeletal Collection)

The skeletons underwent
anthropological analysis in
order to identify pathological,
therapeutic, and dental
features

124 (45%) individuals showed one or more skeletal features that may
be potentially individualizing.
Of these, 79% showed two and more features, which occurred in a
multitude of different combinations.
) S . (Cappella et

Skeletal pathological features and surgical interventions

. al. 2019)
may provide valuable clues
for the identification process by having the potential to reduce
the effective number of victims and provide indications for a targeted
search for AM data

AM = antemortem; PM = postmortem; CAL: Collezione antropoldgica Labanof
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Table VII. Review of forensic cases of personal identification based on dental identifiers.

Appendices

Dental identifiers Context Methodology Results References
Therapeutic (root canal filling, post, core and
crown in maxillary central incisor) + Single case report: severely Visual inspection: radioaranhs Identification (Silva et al.
morphological (unerupted, impacted and not charred body (Brazil) P ' grap No unexplainable discrepancies 2021)
completely developed third molars)
) . . Identification
Orthodontic appliances + morphological traits of Single case report: Unknown body Pﬁggarr;]'Ch;?ilggéﬁﬂqséggg:‘z?l AM and 28 concordant points (Picoli et al.
the canines, incisors, and dental roots higly decomposed (Brazil) IF;M gtlin%s »Sup P 4 explainable discrepancies 2019)
ou No unexplainable discrepancies
Confirmation that the mandible belongs to
Radiographs; photographs; impressions the skeletozined subject (anthropological
Pigmentation, type and precision of the direct Single case report: decomposing of dental arcr’1e3' sampling,of dental examination and type of restorations)
and indirect restorations, and periodontal corpse, skeletonised and with no [ | = | vsi d Subject from central Europe (based in (Nuzzolese
conditions mandible (Italy) enamet for geological analysis an geological analysis and analysis of dental 2018)
> ’ sampling of dental material for SEM :
Endodontic treatments Human mandible found later . material)
analysis .
General profile
Not yet identified (no AM data)
Endodontic treatment of the maxillary right 2"
pre-molar and the maxillary left lateral incisor + Single case report: Unkown body (Silva et al
pneumatization of the maxillary sinuses in the recovered from a traffic accident Periapical radiographs Identification 2014b) ’
molar region + absence of the maxillary right 1% (Brazil)
molar
Endodontic Radiographs
Single case report: Body remains Analysis of a small delicate portion of the
. . - - anterior part of the maxilla, a piece of .
Endodontic treatment (radiopaque substance) + after a intense fire (water-soaked terior portion of the right maxilla with Identification (Weisman
similarities of the upper second and third molars charred coal-like ashes of skeletal posterior portion ofthe rg axitia wi entiticatio 1996)

bone fragments) (USA)

two roots (one root had an alloy clinging
to the dentine), and blackened anterior
root
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Three case report (Brazil):
1. A highly decomposed body
found near a river

Periapical radiographs

All three victims were identified

1. Root canal treatment + morphology of the
15t and 2" premolars + missing molars +
similarities in alveolar bone loss (region of

Morphological features + treatment intervention 2 A body in hiahly decomposed Clinical file containing details of the mandibular left molars) (Silva et al.
(root canal treatments) : M gy ¢ p o 9 2. Endodontic treatment + incomplete root 2016)
rate (again near a river) endodontic interventions (case 3)
. . development + alveolar bone crest
3. A body in the countryside ' .
extending obliquely
3. Endodontic treatment + impacted
maxillary canine transversely positioned
Three case report (Brazil):
1. A male subject in advanced Superimposition of smiling photographs
Anatomical features surrounding the upper and stage of decomposition P P 9p grap It - . ii i |
lower anterior dental arches; occlusion; missing 2. Skeletal remains of a adult (cases1,2e3) All three victims were identified (Siva et al.
] - . ' ’ : : L Odontologic clinical dental records (case  No odontological AM records (case 1) 2008a)
teeth; orthodontic appliance; amalgam female of Russian origin 2 e 3), periapical radiographs (case 3)
3. Carbonized body of a male » penap grap
indiividual found in a forest region
’ . . . Identification
Dental crowding between mandibular canines Single case report: skeletal . 4 . ) . . .
and lateral incisors + shape and position of the remains found near countryside Smlle‘p‘hotograph dlr_e_ct comparison ngh_compatlbllty of proport_lon, shape and (Silva et al.
. . ) and digital superimposition position of teeth in the maxillary and 2015b)
maxillary anterior teeth (Brazil) -
mandibular dental arches)
Smile photographs — analysis by direct
Present and absc_a_nt teeth, dental crown Single case report: a charred body  comparison, image superimposition and Identification after the application of the 3 (Silva et al.
morphology, position of the dental arches, . A 3 - .
after airplane crash (Brazil) analysis of upper and lower incisal techniques 2015a)

presence of dental interventions, incisal contours

edges

Small amounts of residual endodontic material

Single case report: a deceased
adult male in advanced stage of

Periapical radiographs (comparative

Identification based in dental evidences of
edentuluous areas (use of extruded root

(Berketa et

(two radiopaque root filling material objects) decomposition with an edentulous  analysis) canal material even though the tooth was al. 2019)

maxillary arch (Australia) extracted)
Identification based on peculiar deature (De Angelis
. . . . Single case report: charred bone correspondences regarding the implant and 9
Therapeutic material: dental implant and site of AM Orthopantomography and PM . . and
) . fragments found at the bottom of a . ; the portion of integrated bone connected to

bone integration s e radiographs of the implant Cattaneo

sewer (victim of homicide) the screw 2015)

No incompatibilities
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Anatomical features of three permanent molars

Digital superimposition of AM and PM

Identification based on uncommon

- . . . features ) . ) (Johansen
(specific occlusal anatomy: stellate-shaped Single case report: a burned body configuration of grooves and fissures of
) ; : Upper and lower dental casts ) ’ and Bowers
mesial fossa and marginal ridge area of molar after a car crash (USA) o ) - occlusal anatomy and metric profile
Digital metric and nonmetric shape ) 2013)
tooth) . No exclusionary data was noted.
analysis
Comparison between AM records
Single case report: a partially (plaster cast) and PM records (corpse Identification based on features observed in
Dental particularities: old loss, PM loss, intact skeletonized body found in maxillary dental arch) - a plaster cast (Silva et al.
tooth, twisted tooth, filllings advanced stage of decomposition,  Registers of clinical exam and an upper 9 concordant points (similarities) 2015c)
with mummified soft tissues dental prosthesis within a dental cast 7 explainable discrepancies
Lacking teeth, supernumerary tooth, PM loss, Panoramic and penaplcgl radiographs
; . . Orthodontic documentation (extra-oral e
loss of tooth substance in the occlusal surface, Single case report: a skeleton hotoaraphs. panoramic radioaraphs Identification (Terada et
intra-radicular post and a partially obtured root found in a reed bed (Brazil) gn d dgntgl cégts of the maxillagang Several concordant points al. 2014)
canal + rehabiliation treatment, rotated teeth )
mandible)
Single case report: an unknown
Occlusal amalgam restorations + fixed human body higly decomposed Intraoral radiographs; orthodontic Identification based on the comparison of )

: . . - . . (Silva et al.
orthodontics appliances with bands + teeth with several ody parts records (intraoral photographs + photographic dental data 2017a)
present + teeth rotation + diastema skeletonized found in a Forest panoramic radiograph) No discrepances (explainable or not).

region (Brazil)
Restorative treatments and rehabilitation
procedures + dental implant Si . T

e ingle case report: a decompsoed Identification )
Presence or a_bsgqce.of teeth; grnﬂual crpwr] human body found in a forest Periapical and panoramic radiographs 30 concordant points (similarities) (Silva et al.
and endodontic filling; nometallic restoration; . . : - ; 2017c)
) - . region (Brazil) 2 explainable discrepancies

dental implant and prosthetic crown; temporaray
restoration
Upper denture (gompletgly edentulous maxilla) Single case report: a skull, - Identification .
Teeth presence in mandible (central and lateral complete bones, and denture Dental records and periapical DNA exam confirmed the dental comparison (Queiroz et
S ’ ot , ;
incisors, and the right 1 premolar) + amalgam found in a crime scene (Brazil) radiographs of AM and PM records al. 2017)
restoration + dental atrition

Single case report: Human
Anomaly of tooth position (upper left canine remains of caucasoid female Skull-photo superimposition Identification based only on particular (Tinoco et
buccaly displaced) + remaining visible teeth found in an advanced stage of Smile photographs positional anomaly of the canine al. 2010)

decomposition (Brazil)
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Filled teeth (with fissure sealants) + 2 paramolar
tubercles in the first deciduous upper molars

Single case report: corpse of a
female child recovered on a

Dental records and a plaster cast from

Identification
15 concordant points
No unexplainable discrepancies

(Carneiro et

(low-frequency trait) + presence of certain teeth beach, in a state of advanced the upper jaw o al. 2015)
- Presence of a very distinctive feature — the
+ sound teeth decomposition (Portugal) .
paramolar tubercle (a low-frequency trait)
Missing, sound and filled teeth + root canal filling
+ osteointegrated implants + anatomic position Single case report: unidentified . . . I (Pereira
. ) : . Panoramic radiograph; Dental records Identification
of implants + morphology of each bridge (mainly  skeletal (presumable homicide including X-ravs 35 concordant points and Santos
the morphology of each cantilever) + presence crime) (Portugal) 9 Y P 2013)
of fixed contention in the upper jaw
Orthodontic records (clinical chart,
Presence of othodontic appliance + presence of . R panoramic radiograph, lateral
supernumerary teeth + shape and site of Slngl_e case report: |n<:|n(_era_ted radiograph, intraoral photographs, Identification (Silva et al.
- . ) remains of a man found inside a . - )
amalgam restorations in most of the posterior extraoral photographs, a radiographic 20 concordant points 2011b)

teeth

car (Brazil)

interpretation report and a pair of plast
impressions)

Presence of root canal treatment (case 1)
Features of the endodontic restauration,
radicular and bony anatomy and the coronal
restorations (case 2)

4 case report (Australia)

1. No details

2. A body with severe fractures to
both mandible and maxilla after a

Visual comparison (radiographs) (cases
le?2)

Image superimposition (periapical
radiographs) (case 3)

All 4 cases were identified based on root

(Forrest and

Completed root canal treatment (case 3) gaggﬁféggglde?t | iubtractlon imaging (radiographs) (case  canal treatments Wu 2010)
Endodontic intervention (case 4) L person severely ) - . -

putrefied Periapical radiographs; written dental

4. No details records

Identification with no unexplained differences

1. Dental fillings (composite and amalgam types) 2 case report (Poland): Dental patient records: dental X-ra 1. Observed sight explainable differences
+ features of good hygiene habits 1. A charred body with extensive ima ESP antomogra f’1ic image: dgntal (due to dental treatment) (Wochna et
2. Presence of sealent in the first molars + thermal injuries ges, p grap 9e; 2.Explainable differences (due to dental al. 2016)

dental caries + dental fillings (composite)

2. a human skull and human body

diagram

treatment and different classification of
discoloured fissures)

AM = antemortem; PM = postmortem; DNA = Deoxyribonucleic acid
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