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A B S T R A C T

In this position statement, the Board members of the Forensic Anthropology Society of Europe (FASE)
argue that forensic anthropology methods can be used as means of personal identification, particularly
in situations with limited availability of traditional identification methods (i.e. dactyloscopy,
odontology, and molecular genetic analysis). This statement has been issued taking into account
the international migration crises related to thousands of deaths worldwide, in which the utility of
these traditional means of identification has been sporadic to non-existent. The statement is however
not limited to deaths related to the migration crises, as similar problems may occur in fatalities en
masse such as in natural disasters and armed conflicts, and on a smaller scale in cases of homeless or
otherwise socioeconomically disadvantaged persons. The number of reports on personal identification
based on sound anthropological methodology is increasing in the scientific literature. However, more
research is needed to develop evidence-based standard operating procedures and statistical frameworks.
It remains essential to raise awareness among forensic practitioners, law enforcement, and judiciary
professionals on the utility of forensic anthropology in cases where it can provide sufficient information
for identification.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Identification of the deceased is a pivotal step in almost any
procedure related to the resolution in the death of a person
including legal proceedings pertaining to a person’s death, either
criminal (e.g. investigation of murder, abuse or torture) or civil (e.g.
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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inheritance, marriage or child custody). Equally important is the
identification of the deceased for the psychological well-being of
the family. There is an emerging body of literature referring to
“ambiguous loss” and the significant mental health issues caused
by the uncertainty and the inability to mourn and find closure until
the status of the missing person is known [1,2]. The legal and
humanitarian importance of identification is illustrated by the fact
that an individual’s right to identity has been adopted in
international humanitarian law [3] and international human
rights instruments such as the Universal Declaration of Human
Rights [4].

The Forensic Anthropology Society of Europe (FASE) argues that
properly applied forensic anthropology methods can be used for
identification, especially in situations with limited applicability of
traditional methods (i.e. dactyloscopy, odontology, and molecular
genetic analysis) resulting from lack of preservation, and/or
unavailability of an antemortem reference samples, often due to
reasons related to difficult social, economic or political conditions
of some countries or individuals, which may also preclude that
close relatives are not readily available. This paper aims to
emphasize the role of forensic anthropology in identification in
challenging circumstances.

2. Means of identification

Positive identification by forensic means is legally binding, and
is based on the comparison of antemortem (AM) information of a
missing person with the findings of the postmortem (PM)
examination of an unidentified individual. Positive identification
is established when the AM and PM data are concordant, with no
unexplainable differences (to the exclusion of all other reasonable
possibilities), and with sufficient evidentiary value that they relate
to the same individual.

How the identity of a decedent is established is the prerogative
of the local jurisdiction. Local jurisdictions utilize different
approaches in the resolution of unidentified decedents. The
Interpol Guide for Disaster Victim Identification (DVI), first
published in 1984 and last updated in 2018 [5], has been widely
adopted as a guide in the management of the identification process
for legal and medical professionals in mass fatalities. The Interpol
Fig. 1. Recorded migrant deaths by region of origin, adapted from the In
guide has traditionally distinguished between primary and
secondary identifiers. Primary identifiers are considered ‘the most
reliable methods by which identification can be confirmed’ [6].
Currently, Interpol’s list of primary identification sources includes
fingerprints, DNA, dental comparisons, and medical/surgical
implants with unique serial numbers. Secondary identifiers are
all other types of evidence that contribute to personal identifica-
tion including personal descriptors, AM medical findings, tattoos,
and other circumstantial evidence such as clothing and personal
belongings found on the body. These secondary identifiers support
the conclusions about identity but are “ordinarily not sufficient as a
sole means of identification (although depending on the circum-
stances, there may be some exceptions).”

3. Challenges in identification

In mass deaths such as large-scale natural disasters, armed
conflicts, and the current international migration crises, the
feasibility of the primary means of identification may be
unrealistic or non-existent. The use of primary (according to
Interpol) identification methods may be inapplicable because
there is no “primary” AM comparative data available or the PM
examination does not yield the necessary biological information.
This is, for instance, the case in large numbers of undocumented
border crosser deaths (Fig. 1). A similar situation may occur on a
smaller scale in cases of individual migrants, homeless or
otherwise socioeconomically disadvantaged persons with no
known next of kin.

Even though DNA can be found in any human cell, fingerprints
are almost universally available in non-mutilated bodies, and
dental restorations are common in developed countries, the PM
collection of this information depends heavily on the state of
preservation of the remains. Primary identifiers may thus be
unavailable in skeletonized, burned, fragmented, commingled,
decomposed or otherwise unidentifiable remains [8,9]. In addition,
unknown or unidentified remains are regularly not fully examined
using standard forensic methods due to the misconception that
DNA will ultimately solve the case.

The availability of AM information and thus the feasibility of the
different means of identification seem to be more or less related to
ternational Organization for Migration Missing Migrants Project [7].
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the socio-economic status of the country. In many developed
countries, identification is undertaken almost exclusively via
dental or DNA comparisons due to a proactive collection of samples
and easily accessible national databases of dental records or
fingerprints. Still, it must be kept in mind that even within the
European Union, there are countries where it is nearly impossible
to obtain AM information from dental or medical records. For
example, serial numbers of surgical implants are not always easy to
follow up especially when surgery was performed a long time
before or performed in a different country than the recovery of the
remains or when the surgical companies that produced them no
longer exist [10].

The difficulty of obtaining AM data on primary identification
parameters was also encountered in the aftermath of the 2004
Indian Ocean Earthquake and Tsunami, Hurricane Katrina, and the
Haiti earthquake [11–13]. In these disasters, the usual sources of
comparative AM data such as fingerprints and/or dental/medical
records became inaccessible due to the destruction of the local
infrastructure. The lack of official governmental databases and
medical records has also been mentioned as a restriction for the
identification process in several investigations of mass casualties
following armed conflicts [14–18].

In case of DNA, AM information is frequently obtained by taking
DNA samples of personal belongings of the missing person
provided by family members. Alternatively, comparative DNA
samples may also be obtained from close blood relatives. This
poses a problem when personal belongings become unavailable
and several members of one family are among the dead or
impossible to contact. Such a situation was for instance encoun-
tered after Hurricane Katrina when in many cases the direct
sources of DNA (homes with personal effects) and familial DNA of
close relatives were unavailable. When comparative DNA material
is provided by cousins or half-siblings rather than close blood
relatives, the comparisons may become complex and the results
may be insufficient for an identification [19,20].

An efficient collection of AM data requires an up-to-date and
complete list of missing persons. In any disaster, the collation of
such a list is challenging. In open, multinational, protracted, and
large-scale disasters obtaining even the most basic information on
Fig. 2. Identification status of migrants to five southern EU coun
the missing may prove extremely difficult if not impossible. With
limited knowledge about the country of origin of the deceased,
finding relatives of the decedent or accessing national registries
and databases for AM information in a timely manner is nearly
impossible.

According to the Deaths at the Borders Database [21], which
summarized the identification status of migrants, who died while
attempting to reach five southern EU countries (Italy, Malta, Spain,
Gibraltar and Greece) and were documented by the local
authorities between 1990 and 2013, 63% remained unidentified
(Fig. 2 showing data on identification status from 2004 to 2013).

Taking the above-mentioned challenges into account, primary
identifiers cannot always be used to render an identification. At the
same time, some of Interpol’s secondary identifiers, particularly
forensic anthropological approaches, may provide critical infor-
mation for the identification of the decedent, or even may have
sufficient evidentiary value for a conclusive positive identification
provided the scientific approach is sound and reliable. Given that
the usefulness of an identifier is highly dependent on the context of
the case (e.g. [22–25]) a division between primary and secondary
identifiers seems inappropriate. We therefore suggest referring to
all types of evidence in relation to identification simply as
identifiers, and when necessary refer to the particular substrate
or methodology, such as molecular genetic or odontological
analysis.

4. Anthropological identifiers

Forensic anthropological identifiers encompass external mor-
phological and skeletal features of the human body. The external
features include the morphological features of the face, teeth, and
other body parts, and skin alterations (such as scars and moles).
The skeletal features include the morphology of individual skeletal
elements and structures such as frontal sinus patterns, trabecular
bone pattern, anatomical variants, developmental anomalies,
pathological changes (e.g. due to disease or trauma), and medical
interventions.

The analysis of external features can be undertaken analogously
to the established guidelines for facial image comparisons relating
tries as recorded in the Deaths at the Borders Database [21].
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to the living [26]. Assessment of morphological characteristics (i.e.
form and location), including facial features and skin changes,
which can be analysed according to the methodology of facial
image comparison, falls within the competence of forensic
anthropologists. Forensic anthropologists in many European
countries act as expert witnesses in facial image comparison,
and are often employed as experts in this area.

Photographs of missing persons are often provided by relatives
and friends or are sourced from social media. By applying the
methodology of facial image comparison, antemortem photo-
graphs and videos depicting the missing can then be compared to
PM documentation, either as multi-perspective high-resolution
photographs or 3D reconstructions from CT- or surface scans
[26–33].

Due to technological advances in, and the increased availability
of (medical) imaging techniques, the description, assessment, and
comparison of morphological features and structures has become
increasingly relevant in the context of personal identification.
Medical radiographs and scans, as well as digital photographs and
videos, provide novel sources of both AM and PM information.
Postmortem medical imaging and digital photography/3D scan-
ning, can – if available – be compared to AM information. One of
the other major advantages of PM documentation by imaging is
that the images can be stored indefinitely, as opposed to the
remains or bodies which are usually buried and often cremated
after a certain period of time. In addition, the acquired images can
be shared with relative ease across agencies and borders to
facilitate identification when comparative AM data do become
available. Recent forensic literature illustrates how imaging of
anatomical and pathological features of the human body can
facilitate identification (Table 1).

5. The use of anthropological identifiers in mass disasters

It is a popular misconception that the Interpol DVI Guide
precludes an identification that is not based on molecular genetic
analysis, odontology or dactyloscopy. In fact, the Interpol Guide
explicitly acknowledges the use of other means of identification
stating that “secondary identifying features have been regarded as
secondary in quality whereas this is a temporal definition. Whilst
primary identifiers may each individually, or in combination, provide
rapid and reliable identification of the deceased, secondary identifiers
tend to be used when primary identifiers have failed to secure a
verifiable identification. Secondary identifiers in combination may
provide sufficient information to make identification in selected cases,
and where access to primary identifiers may be limited or absent they
may be the only means whereby the deceased can be identified.”
[6; p. 95]. The Interpol Guide also states that “ . . . fingerprints,
dental records, DNA analysis, and medical data are of great use in
positive victim identification, but of potentially equal importance
is other information provided by anatomical features, tattoos, etc.
Depending on the nature of the disaster, the condition of the body
Table 1
Selection of published precedent forensic cases of personal identification based on ant

Anthropological identifier Type of imaging 

Anatomical variants/Bone shape Conventional radi
Frontal sinuses Radiographs, CT sc
Pathological changes Conventional radi
Medical devices Conventional radi
Dental morphology Photographs (smil
Morphology of the face and other body parts Photographs 

Moles Photographs 

Scars Photographs 
and available AM data, forensic experts will use the techniques best
suited to the given situation.” [61]

Other national and international guidelines also acknowledge
morphological comparison as a principal means of identification.
According to the WHO/ICRC, highly discriminating means of
identification also include unique physical or medical traits,
including skeletal radiographs and numbered surgical implants
[62]. The definition of ‘highly discriminating scientific means of
identification’ is “conclusive to a degree that would be considered
beyond a reasonable doubt in most legal contexts.” (Ibid.).
Similarly, the U.S. National Institute of Justice accepts dactyloscopy,
forensic odontology, radiology, molecular genetic analysis, and
forensic anthropology as sufficient proof (‘confirmatory’) of
identity in mass disasters [63].

Consequently, there are several examples of DVI operations in
which the majority of the identifications were based on methods
other than Interpol’s primary identifiers. The Japanese DVI team
reported that following the Tsunami in 2011, 89% of the 15,736
victims were identified based on personal belongings or visual
recognition [64], although ‘most bodies were not injured or
decomposed’. In the aftermath of the Thailand Tsunami in 2004,
approximately one in three victims was identified by physical
appearance [65]. It must be stressed here that visual recognition is
not equal to identification, which may be achieved, for instance, by
the scientific methodology outlined in the practice of facial image
comparison [26]. Recognition is an innate cognitive process and is
by no means a scientific method, hence it does not conform to the
rules and recommendations for forensic practice or court
admissibility.

Wright et al. [12] described how physical characteristics were
applied in the identification process after the Thailand Tsunami
in the “near identification-threshold” cases, for which DNA
comparisons provided not sufficient certainty for identification.
Twenty-two of the victims of the Lampedusa shipwreck in the
Mediterranean Sea in 2013, were identified by a combination of
non-genetic (including anthropological) and genetic methods or
by non-genetic methods alone [66]. Komar and Lathrop [18] noted
that morphological features, including AM traumatic and patho-
logical skeletal changes, surgical interventions, identification
documents or unusual clothing and personal effects were used
to identify the victims of the Former Yugoslavian conflict.
Presumptive identifications of the victims in a mass grave in
Biha�c in Bosnia were made based on biological profile parameters
and clothing and approved by the local authorities and victim’s
family (A. Ross, pers. comm.). Similarly, Šlaus et al. [16] observed
that of the human remains recovered from different types of mass
graves in the aftermath of the Croatian War only about 18% were
identified by molecular genetic analysis, whilst more than 50%
were identified by a combination of “biological and non-biological
features”. In this respect, we would like to emphasize that the role
of forensic anthropologists and pathologists in identification cases
is to present and interpret the biological data only. It is the domain
hropological (both anatomical and pathological) features of the human body.
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of law enforcement, magistrates or other forensic actors to present
and interpret the non-biological features, such as clothing or
identification documents (even if found on the body).

6. The way forward for identification by forensic
anthropological means

Molecular genetic analysis, dactyloscopy, and odontology have
in the past benefited from targeted research and a long forensic
tradition. As a consequence, the collection, analysis, and interpre-
tation of AM and PM data for these traditional identification
methods are well-established. Other identification methods need
to meet similar standards in terms of data management and
evaluation of evidential value when used for identification.

Recently, several initiatives in the Mediterranean countries (e.g.
Italy) and also at the US-Mexican border have been developed to
facilitate the use of anthropological methods by creating functional
networks, providing training, and establishing protocols for data
collection [66–68]. These protocols include, among others,
comprehensive imaging (e.g. photographs, 3D scans, and radio-
graphs) and detailed descriptions of soft tissue (if available) and
skeletal anatomical and pathological features as well as artificial
modifications. Similarly, in South Africa, a collaboration was set up
between the ICRC, the South African Police Services and Forensic
Pathology Services (Johannesburg) to systematically collect PM
data of unknown deceased individuals [69,70] and AM data
concerning the missing. The PM data collection is based on the
Interpol guidelines, but has been adjusted for the South African
situation and includes photography and collection of other
potentially identifying information. Through the assistance of
the ICRC, these are matched with information obtained from
relatives of deceased individuals in other southern African
countries. To date, a number of positive identifications have been
made based mostly on fingerprints and visual identification.

Postmortem computed tomography is increasingly being
employed by forensic pathology units in Europe and worldwide;
the virtual databases providing a source of contemporary skeletal
reference samples [71–76]. Although training is needed to extract
and utilize 3D skeletal models, these databases provide a wealth of
information comparable to dry bone collections in addition to a
fast exchange of the digital data.

One of the limitations of the use of anthropological identifiers is
the limited number of studies and case reports presenting relevant
statistical frameworks for the interpretation of the findings (e.g.
discussed in [22,77–79]). This apparent shortcoming is also an
often overlooked issue in forensic odontology.

Future research should focus on assembling and sharing large
scale reference databases, and the provision of a framework for the
analysis, interpretation and presentation of the evidential value of
anthropological findings [80].

Another way forward is the exploration of interdisciplinary
approaches for identification purposes, as shown by emerging
publications concerning the use of stable isotope analysis in
forensic anthropology for narrowing down of the provenance of
human remains, and thus helping search for antemortem data
[81–85].

7. Conclusion

The members of the FASE Board argue that methods of forensic
anthropology can be used as a means of identification, particularly
in situations when primary identifying features are not applicable.
Contrary to the common belief, this position statement is in
agreement with the updated Interpol Guide, which does not
preclude anthropological findings as a means for identification. In
the past, anthropological identifiers have been used for personal
identification both in individual cases of unknown decedents and
in mass disaster settings, including natural disasters and armed
conflicts. Morphological comparisons of the physical appearance
(mainly faces and dentitions), pathological and traumatic lesions
and signs of medical interventions were among the approaches
used for identification. Although there is still room for improve-
ment in the methodology, including the establishment of
evidence-based protocols and statistical frameworks, FASE Board
members believe that anthropological identifiers are applicable
under field conditions, are time-effective and reliable, and may
provide accurate results similar to the traditional identification
methods, and thus can be used for a conclusive identification.
Meanwhile, the requests for probability statements in the
presentation and interpretation of anthropological findings in
identification cases can be informed by recommendations
published in documents on feature-comparison methods, such
as fingerprints, side-by-side radiographic comparisons, and tool-
mark analyses [42,86–88].

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Hans H. de Boer: Conceptualization, Methodology, Writing -
original draft, Writing - review & editing. Zuzana Obertová:
Conceptualization, Methodology, Writing - original draft, Writing -
review & editing, Visualization. Eugenia Cunha: Conceptualiza-
tion, Writing - review & editing, Supervision. Pascal Adalian:
Conceptualization, Writing - review & editing. Eric Baccino:
Conceptualization, Writing - review & editing. Tony Fracasso:
Conceptualization, Writing - review & editing. Elena Kranioti:
Conceptualization, Writing - review & editing. Philippe Lefévre:
Conceptualization, Writing - review & editing. Niels Lynnerup:
Conceptualization, Writing - review & editing. Anja Petaros:
Conceptualization, Writing - review & editing. Ann Ross:
Conceptualization, Writing - review & editing. Maryna Steyn:
Conceptualization, Writing - review & editing. Cristina Cattaneo:
Conceptualization, Writing - review & editing, Supervision.

References

[1] P. Boss, The trauma and complicated grief of ambiguous loss, Pastor. Psychol.
59 (2) (2010) 137–145.

[2] C. Solheim, S. Zaid, J. Ballard, Ambiguous loss experienced by transnational
Mexican immigrant families, Family Process 55 (2) (2016) 338–353.

[3] Inter-parliamentary Union (IPU) and International Committee of the Red Cross
(ICRC), International Humanitarian Law, Handbook for Parlamentarians No.
25, IPU and ICRC, 2016.

[4] United Nations General Assembly, Universal Declaration of Human Rights, 217
A(1948) (III). 10 December.

[5] Interpol, Disaster Victim Identification Guide, Interpol, Lyon, 2018.
[6] Interpol, Disaster Victim Identification Guide, Annex 12: Methods of

Identification, Interpol, Lyon, 2018.
[7] International Organization for Migration (IOM). Missing Migrants Project, (

2020) https://missingmigrants.iom.int (accessed on 23 Jul 2020).
[8] H.H. de Boer, et al., The role of forensic anthropology in disaster victim

identification (DVI): recent developments and future prospects, Forensic Sci.
Res. (2018) 1–13.

[9] H.H. de Boer, et al., Disaster victim identification operations with fragmented,
burnt, or commingled remains: experience-based recommendations, Forensic
Sci. Res. (2020).

[10] R.J. Wilson, J.D. Bethard, E.A. DiGangi, The use of orthopedic surgical devices
for forensic identification, J. Forensic Sci. 56 (2) (2011) 460–469.

[11] S. Donkervoort, et al., Enhancing accurate data collection in mass fatality
kinship identifications: lessons learned from Hurricane Katrina, Forensic Sci.
Int. 2 (4) (2008) 354–362.

[12] K. Wright, et al., A new disaster victim identification management strategy
targeting “near identification-threshold” cases: experiences from the Boxing
Day tsunami, Forensic Sci. Int. 250 (2015) 91–97.

http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0005
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0005
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0010
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0010
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0015
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0015
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0015
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0020
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0020
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0025
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0030
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0030
https://missingmigrants.iom.int
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0040
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0040
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0040
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0045
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0045
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0045
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0050
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0050
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0055
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0055
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0055
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0060
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0060
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0060


6 H.H. de Boer et al. / Forensic Science International 315 (2020) 110456
[13] D.A. McEntire, A.A. Sadiq, K. Gupta, Unidentified bodies and mass-fatality
management in Haiti: a case study of the January 2010 earthquake with a
cross-cultural comparison, Int. J. Mass Emerg. Disasters 30 (2012) 301–327.

[14] M. Djuri�c, Anthropological data in individualization of skeletal remains from a
forensic context in Kosovo—a case history, J. Forensic Sci. 49 (3) (2004) p.
JFS2003168-5.

[15] E.H. Kimmerle, et al., Skeletal estimation and identification in American and
East European populations, J. Forensic Sci. 53 (3) (2008) 524–532.

[16] M. Šlaus, et al., Identification and analysis of human remains recovered from
wells from the 1991 War in Croatia, Forensic Sci. Int. 171 (1) (2007) 37–43.

[17] L. Ríos, J.I.C. Ovejero, J.P. Prieto, Identification process in mass graves from the
Spanish Civil War I, Forensic Sci. Int. 199 (1-3) (2010) e27–e36.

[18] D. Komar, S. Lathrop, Frequencies of morphological characteristics in two
contemporary forensic collections: implications for identification, J. Forensic
Sci. 51 (5) (2006) 974–978.

[19] C.H. Brenner, Some mathematical problems in the DNA identification of
victims in the 2004 tsunami and similar mass fatalities, Forensic Sci. Int. 157
(2-3) (2006) 172–180.

[20] B. Leclair, et al., Bioinformatics and human identification in mass fatality
incidents: the world trade center disaster, J. Forensic Sci. 52 (4) (2007) 806–
819.

[21] T. Last, Deaths at the Borders: Database for the Southern EU, (2015) http://
www.borderdeaths.org/?page_id=425 (accessed on 23 Jul 2020).

[22] D.W. Steadman, B.J. Adams, L.W. Konigsberg, Statistical basis for positive
identification in forensic anthropology, Am. J. Phys. Anthropol. 131 (1) (2006)
15–26.

[23] B. Budowle, et al., Use of prior odds for missing persons identifications,
Investig. Genet. 2 (1) (2011) 15.

[24] B. Robertson, G.A. Vignaux, C.E. Berger, Interpreting Evidence: Evaluating
Forensic Science in the Courtroom, John Wiley & Sons, 2016.

[25] C.E. Berger, M. Van Wijk, H.H. De Boer, Bayesian Inference in Personal
Identification, in Statistics and Probability in Forensic Anthropology, Elsevier,
2020, pp. 301–312.

[26] European Network of Forensic Science Institutes (ENFSI), Best Practice Manual
for Facial Image Comparison, (2018) http://enfsi.eu/wp-content/uploads/
2017/06/ENFSI-BPM-DI-01.pdf (accessed on 23 Jul 2020).

[27] D. De Angelis, C. Cattaneo, M. Grandi, Dental superimposition: a pilot study for
standardising the method, Int. J. Legal Med. 121 (6) (2007) 501–506.

[28] R. Silva, et al., Forensic odontology identification using smile photograph
analysis–case reports, J. Forensic Odontostomatol. 26 (1) (2008) 12–17.

[29] R.F. Silva, et al., Human identification through the analysis of smile
photographs, Am. J. Forensic Med. Pathol. 36 (2) (2015) 71–74.

[30] Z. �Caplová, et al., Personal identification of deceased persons: an overview of
the current methods based on physical appearance, J. Forensic Sci. 63 (3)
(2018) 662–671.

[31] Z. �Caplová, et al., The reliability of facial recognition of deceased persons on
photographs, J. Forensic Sci. 62 (5) (2017) 1286–1291.

[32] B.J. Adams, The diversity of adult dental patterns in the United States and the
implications for personal identification, J. Forensic Sci. 48 (3) (2003) 497–503.

[33] H. Hadi, C.M. Wilkinson, The post-mortem resilience of facial creases and the
possibility for use in identification of the dead, Forensic Sci. Int. 237 (2014) 149.
e1–149.e7.

[34] D. De Angelis, et al., Skeletal idiopathic osteosclerosis helps to perform
personal identification of unknown decedents: a novel contribution from
anatomical variants through CT scan, Sci. Justice 56 (4) (2016) 260–263.

[35] N.G. Jablonski, B.S. Shum, Identification of unknown human remains by
comparison of antemortem and postmortem radiographs, Forensic Sci. Int. 42
(3) (1989) 221–230.

[36] M.G. Koot, N.J. Sauer, T.W. Fenton, Radiographic human identification using
bones of the hand: a validation study, J. Forensic Sci. 50 (2) (2005) p.
JFS2004229-6.

[37] P.J. Macaluso Jr, J. Lucena, Morphological variations of the anterior thoracic
skeleton and their forensic significance: radiographic findings in a Spanish
autopsy sample, Forensic Sci. Int. 241 (2014) 220.e1–220.e7.

[38] A.Z. Mundorff, G. Vidoli, J. Melinek, Anthropological and radiographic
comparison of vertebrae for identification of decomposed human remains,
J. Forensic Sci. 51 (5) (2006) 1002–1004.

[39] C.N. Stephan, et al., Morphometric comparison of clavicle outlines from 3D
bone scans and 2D chest radiographs: a shortlisting tool to assist radiographic
identification of human skeletons, J. Forensic Sci. 59 (2) (2014) 306–313.

[40] C.N. Stephan, et al., Skeletal identification by radiographic comparison: blind
tests of a morphoscopic method using antemortem chest radiographs, J.
Forensic Sci. 56 (2) (2011) 320–332.

[41] E. Verna, et al., Discrete traits of the sternum and ribs: a useful contribution to
identification in forensic anthropology and medicine, J. Forensic Sci. 58 (3)
(2013) 571–577.

[42] A.H. Ross, A.K. Lanfear, A.B. Maxwell, Establishing standards for side-by-side
radiographic comparisons, Am. J. Forensic Med. Pathol. 37 (2) (2016) 86–94.

[43] L.A. de Souza Jr, A.N. Marana, S.A. Weber, Automatic frontal sinus recognition
in computed tomography images for person identification, Forensic Sci. Int.
286 (2018) 252–264.

[44] D. Gibelli, et al., An innovative 3D-3D superimposition for assessing
anatomical uniqueness of frontal sinuses through segmentation on CT scans,
Int. J. Legal Med. 133 (4) (2019) 1159–1165.

[45] G. Quatrehomme, et al., Identification by frontal sinus pattern in forensic
anthropology, Forensic Sci. Int. 83 (2) (1996) 147–153.
[46] N.J. Kirk, R.E. Wood, M. Goldstein, Skeletal identification using the frontal sinus
region: a retrospective study of 39 cases, J. Forensic Sci. 47 (2) (2002) 318–323.

[47] A.L. Scott, et al., Anthropological and radiographic comparison of antemortem
surgical records for identification of skeletal remains, J. Forensic Sci. 55 (1)
(2010) 241–244.

[48] A. Valenzuela, Radiographic comparison of the lumbar spine for positive
identification of human remains: a case report, Am. J. Forensic Med. Pathol. 18
(2) (1997) 215–217.

[49] G. Wilcher, The use of multiple exostoses in the identification of incinerated
human remains, Med. Sci. Law 48 (1) (2008) 82–86.

[50] R.F. Silva, et al., Human identification through the patella—report of two cases,
Forensic Sci. Int. 238 (2014) e11–e14.

[51] R.I. Matoso, et al., Positive identification of a burned body using an implanted
orthopedic plate, Forensic Sci. Int. 229 (1-3) (2013) 168.e1–168.e5.

[52] J.M. Fleischman, Radiographic identification using midline medical sternot-
omy wires, J. Forensic Sci. 60 (2015) S3–S10.

[53] C. Pushparani, C. Ravichandran, K. Sivakumari, Radiography superimposition
in personal identification-a case study involving surgical implants, J. Forensic
Res. 3 (2) (2012).

[54] J.A. Kieser, et al., The uniqueness of the human anterior dentition: a geometric
morphometric analysis, J. Forensic Sci. 52 (3) (2007) 671–677.

[55] M. Cummaudo, et al., Pitfalls at the root of facial assessment on photographs: a
quantitative study of accuracy in positioning facial landmarks, Int. J. Legal Med.
127 (3) (2013) 699–706.

[56] A. Slot, Z.J. Geradts, The possibilities and limitations of forensic hand
comparison, J. Forensic Sci. 59 (6) (2014) 1559–1567.

[57] C.A. Malone, Photographic analyses using skin detail of the hand: a
methodology and evaluation, J. Forensic Sci. 60 (2) (2015) 326–330.

[58] S. Black, B. MacDonald-McMillan, X. Mallett, C. Rynn, G. Jackson, The incidence
and position of melanocytic nevi for the purposes of forensic image
comparison, Int. J. Legal Med. 128 (3) (2013) 535–543.

[59] S. Black, B. MacDonald-McMillan, X. Mallett, The incidence of scarring on the
dorsum of the hand, Int. J. Legal Med. 128 (3) (2014) 545–553.

[60] G. Jackson, S. Black, Use of data to inform expert evaluative opinion in the
comparison of hand images—the importance of scars, Int. J. Legal Med. 128 (3)
(2014) 555–563.

[61] Interpol, Disaster Victim Identification Guide, Annexure 16: Guidelines for
Dead Body Management and Victim Identification in CBRN Disasters, Interpol,
Lyon, 2018.

[62] S.M. Cordner, et al., Management of Dead Bodies After Disasters: A Field
Manual for First Responders, Pan American Health Organization, 2016.

[63] Technical Working Group for Mass Fatality Forensic Identification, Mass
Fatality Incidents: A Guide for Human Forensic Identification, US Department
of Justice, Office of Justice Programs, National Institute of Justice, 2005.

[64] M. Iino, Y. Aoki, The use of radiology in the Japanese tsunami DVI process, J.
Forensic Radiol. Imaging 4 (2016) 20–26.

[65] J. Chaikunrat, P. Pongpanitanon, M. Petju, Victim identification in the Tsunami
disaster in Thailand, J. Health Sci. 20 (6) (2011) 898–903.

[66] L. Olivieri, 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. 285 (2018) 121–128.

[67] M.K. Spradley, N.P. Herrmann, C.B. Siegert, C.P. McDaneld, Identifying migrant
remains in South Texas: policy and practice, Forensic Sci. Res. 4 (1) (2019) 60–68.

[68] B.E. Anderson, M.K. Spradley, The role of the anthropologist in the
identification of migrant remains in the American Southwest, Acad. Forensic
Pathol. 6 (2016) 432–438.

[69] D.M. Brits, M. Steyn, C. Hansmeyer, Identifying the unknown and the
undocumented: the Johannesburg (South Africa) experience, Forensic Sci.
Humanitarian Action (2020) 681–692.

[70] H. de Boer, et al., Challenges associated with managing large volumes of
unidentified bodies in a country of destination for migrants, 6th annual
meeting of the African Society of Forensic Medicine, Bloemfontein, South
Africa, 2017.

[71] K. Poulsen, J. Simonsen, Computed tomography as routine in connection with
medico-legal autopsies, Forensic Sci. Int. 171 (2-3) (2007) 190–197.

[72] G. Rutty, Forensic institutes across the world place CT or MRI scanners or both
into their mortuaries, J. Trauma 65 (2) (2008) 493–494.

[73] M.J. Thali, et al., Virtopsy, a new imaging horizon in forensic pathology: virtual
autopsy by postmortem multislice computed tomography (MSCT) and
magnetic resonance imaging (MRI) - a feasibility study, J. Forensic Sci. 48
(2) (2003) 386–403.

[74] C. Villa, J. Buckberry, N. Lynnerup, Evaluating osteological ageing from digital
data, J. Anat. 235 (2) (2019) 386–395.

[75] N. Lottering, et al., Morphometric modelling of ageing in the human pubic
symphysis: sexual dimorphism in an Australian population, Forensic Sci. Int.
236 (2014) 195.e1–195.e11.

[76] K.L. Colman, et al., Are virtual bones, derived from clinical CT scans, a precise
source for a virtual skeletal reference database, Am. J. Phys. Anthropol. 162
(S64) (2017) 148–149.

[77] A.M. Christensen, The impact of Daubert: implications for testimony and
research in forensic anthropology (and the use of frontal sinuses in personal
identification), J. Forensic Sci. 49 (3) (2004) 427–430.

[78] L.W. Konigsberg, et al., Estimation and evidence in forensic anthropology: sex
and race, Am. J. Phys. Anthropol. 139 (1) (2009) 77–90.

[79] L.W. Konigsberg, et al., Estimation and evidence in forensic anthropology: age-
at-death, J. Forensic Sci. 53 (3) (2008) 541–557.

http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0065
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0065
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0065
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0070
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0070
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0070
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0075
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0075
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0080
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0080
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0085
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0085
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0090
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0090
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0090
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0095
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0095
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0095
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0100
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0100
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0100
http://www.borderdeaths.org/?page_id=425
http://www.borderdeaths.org/?page_id=425
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0110
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0110
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0110
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0115
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0115
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0120
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0120
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0125
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0125
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0125
http://enfsi.eu/wp-content/uploads/2017/06/ENFSI-BPM-DI-01.pdf
http://enfsi.eu/wp-content/uploads/2017/06/ENFSI-BPM-DI-01.pdf
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0135
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0135
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0140
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0140
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0145
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0145
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0150
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0150
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0150
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0155
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0155
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0160
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0160
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0165
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0165
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0165
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0170
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0170
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0170
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0175
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0175
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0175
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0180
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0180
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0180
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0185
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0185
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0185
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0190
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0190
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0190
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0195
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0195
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0195
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0200
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0200
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0200
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0205
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0205
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0205
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0210
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0210
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0215
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0215
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0215
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0220
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0220
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0220
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0225
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0225
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0230
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0230
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0235
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0235
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0235
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0240
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0240
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0240
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0245
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0245
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0250
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0250
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0255
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0255
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0260
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0260
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0265
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0265
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0265
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0270
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0270
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0275
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0275
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0275
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0280
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0280
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0285
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0285
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0290
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0290
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0290
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0295
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0295
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0300
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0300
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0300
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0305
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0305
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0305
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0310
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0310
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0315
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0315
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0315
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0320
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0320
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0325
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0325
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0330
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0330
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0330
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0335
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0335
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0340
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0340
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0340
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0345
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0345
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0345
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0350
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0350
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0350
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0350
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0355
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0355
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0360
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0360
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0365
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0365
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0365
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0365
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0370
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0370
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0375
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0375
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0375
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0380
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0380
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0380
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0385
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0385
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0385
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0390
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0390
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0395
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0395


H.H. de Boer et al. / Forensic Science International 315 (2020) 110456 7
[80] Z. Obertová, A. Stewart, C. Cattaneo (Eds.), Statistics and Probability in Forensic
Anthropology, Elsevier, 2020.

[81] E.J. Bartelink, et al., Applications of Stable Isotope Forensics for Geolocating
Unidentified Human Remains from Past Conflict Situations and Large-Scale
Humanitarian Efforts, in New Perspectives in Forensic Human Skeletal
Identification, Elsevier, 2018, pp. 175–184.

[82] E.J. Bartelink, et al., Multi-isotope approaches for region-of-origin predictions
of undocumented border crossers from the US–Mexico border: biocultural
perspectives on diet and travel history, Forensic Sci. Humanitarian Action
(2020) 369–384.

[83] E.J. Bartelink, L.A. Chesson, Recent applications of isotope analysis to forensic
anthropology, Forensic Sci. Res. 4 (1) (2019) 29–44.

[84] L.A. Chesson, et al., Forensic applications of isotope landscapes (“isoscapes”): a
tool for predicting region-of-origin in forensic anthropology cases, Forensic
Anthropology: Theoretical Framework and Scientific Basis, (2018) , pp.127–148.
[85] C. Lehn, A. Rossmann, M. Graw, Provenancing of unidentified corpses by
stable isotope techniques–presentation of case studies, Sci. Justice 55 (1)
(2015) 72–88.

[86] Executive Office of the President, President’s Council of Advisors on Science
and Technology, Report on Forensic Science in Criminal Courts: Ensuring
Scientific Validity of Feature-Comparison Methods, (2016) September, https://
obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/
pcast_forensic_science_report_final.pdf (accessed on 23 Jul 2020).

[87] Committee on Identifying Needs of the Forensic Sciences Community, National
Research Council, Strengthening Forensic Science in the United States: A Path
Forward. National Academy of Sciences, The National Academies Press,
Washington, D.C, 2009.

[88] European Network of Forensic Science Institutes (ENFSI), ENFSI Guideline for
Evaluative Reporting in Forensic Science, ENFSI, Brussels, 2016.

http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0400
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0400
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0405
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0405
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0405
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0405
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0410
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0410
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0410
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0410
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0415
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0415
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0420
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0420
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0420
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0425
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0425
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0425
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_forensic_science_report_final.pdf
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_forensic_science_report_final.pdf
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_forensic_science_report_final.pdf
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0435
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0435
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0435
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0435
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0440
http://refhub.elsevier.com/S0379-0738(20)30318-2/sbref0440

	Strengthening the role of forensic anthropology in personal identification: Position statement by the Board of the Forensi...
	1 Introduction
	2 Means of identification
	3 Challenges in identification
	4 Anthropological identifiers
	5 The use of anthropological identifiers in mass disasters
	6 The way forward for identification by forensic anthropological means
	7 Conclusion
	Funding
	CRediT authorship contribution statement
	References


