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ARAUJO, Hyuri de Souza. Estimativa de idade pela
mineralizacdo dentaria: relato de caso. 2016. Trabalho de
Conclusdo de Curso (Graduacdo em Odontologia) -
Departamento de Odontologia da Faculdade de Ciéncias da
Saude da Universidade de Brasilia.

A Odontologia Legal é uma ciéncia que tem sido amplamente
utilizada em processos civeis e penais, destacando-se 0s casos
de identificacdo humana.

Por serem os elementos mais resistentes do corpo humano,
muitas vezes os dentes sdo os Unicos vestigios utilizaveis para
se identificar um cadaver, tarefa de relevante funcéo social.

A estimativa de idade faz parte do processo de identificagdo
humana, que se inicia pela chamada Tétrade Antropométrica;
idade, estatura, sexo e ancestralidade geografica.

A idade, per si, ndo identifica, mas restringe o universo dos
corpos ou desaparecidos a serem confrontados.

O objetivo deste trabalho € demonstrar a aplicacdo pratica, em
um caso concreto, da determinacéo da idade média aproximada
e limites, de acordo com a mineralizacdo dentaria.

Para o célculo, utilizou-se o “Sistema Computadorizado Integrado
para Estimativa da Idade pelos Dentes”, embasado na tabela de
mineralizacdo de Nicodemo, Moraes e Médici Filho.

A partir da compatibilidade entre a idade estimada da ossada e
da desaparecida, prosseguiu-se com exames comparativos como
o fotogréfico, entre imagens intra-vitae e post-mortem, nos quais
se percebe particularidades dentarias em numero e raridade que
proporcionam uma identificacdo positiva.






ABSTRACT

ARAUJO, Hyuri de Souza. Age estimation by dental
mineralization: case report. 2016. Undergraduate Course Final
Monograph (Undergraduate Course in Dentistry) — Department of
Dentistry, School of Health Sciences, University of Brasilia.

Forensic dentistry is a science that has been broadly applied in
criminal and civil procedures, specifically in cases of human
identification.

As the most resistant elements of human body, frequently teeth
are only usable traces for corpse identification, a relevant social
assignment.

The age estimation is part of the human identification procedure
which start from the so called anthropometric tetrad: age, stature,
gender and geographic ancestry.

The age, per se, doesn’t identify but it restricts the universe of the
bodies or missing people that are to be compared.

The aim of this report is to demonstrate the practical application,
in a real situation, for approximate age and limits determination,
from dental mineralization.

For the calculation, “Integrated computer-based system for age
estimation from teeth” was used based upon on the table of
mineralization of Nicodemo, Moraes and Médici Filho.

By matching the bone age and the missing person age, followed
with photographic comparative exams, using intra-vitae and post-
mortem images, peculiarities in teeth number and unique features
were noticed to provide a positive identification.
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Este trabalho de Conclusdo de Curso é baseado no artigo
cientifico:

ARAUJO, Hyuri de Souza; GALVAO, Malthus Fonseca.
Estimativa de idade pela mineralizacdo dentaria: relato de caso.
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REsSumMoO

Estimativa de idade pela mineralizagao dentaria: relato de caso
Resumo

A Odontologia Legal é uma ciéncia que tem sido amplamente
utilizada em processos civeis e penais, destacando-se 0s casos
de identificagdo humana.

Por serem os elementos mais resistentes do corpo humano,
muitas vezes os dentes sdo o0s Unicos vestigios utilizaveis para
se identificar um cadaver, tarefa de relevante funcéo social.

A estimativa de idade faz parte do processo de identificac@o
humana, que se inicia pela chamada Tétrade Antropométrica:
idade, estatura, sexo e ancestralidade geografica.

A idade, per si, ndo identifica, mas restringe o universo dos
corpos ou desaparecidos a serem confrontados.

O objetivo deste trabalho € demonstrar a aplicacdo pratica, em
um caso concreto, da determinacédo da idade média aproximada
e limites, de acordo com a mineralizacdo dentaria.

Para o calculo, utilizou-se o “Sistema Computadorizado
Integrado para Estimativa da Idade pelos Dentes”, embasado na
tabela de mineralizacéo de Nicodemo, Moraes e Médici Filho.

A partir da compatibilidade entre a idade estimada da ossada e
da desaparecida, prosseguiu-se com exames comparativos
como o fotografico, entre imagens intra-vitae e post-mortem, nos
quais percebe-se particularidades dentarias em nUmero e
raridade que proporcionam uma identificacdo positiva.

Palavras-chave: Identificacdo Humana. Estimativa de Idade
Dentéaria. Odontologia Forense.
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ABSTRACT

Age estimation by dental mineralization: case report
Abstract

Forensic dentistry is a science that has been broadly applied in
criminal and civil procedures, specifically in cases of human
identification.

As the most resistant elements of human body, frequently teeth
are usable traces for corpse identification, a relevant social
assignment.

The age estimation is part of the human identification procedure
which start from the so called anthropometric tetrad: age, stature,
gender and geographic ancestry.

The age, per se, doesn’t identify but it restricts the universe of the
bodies or missing people that are to be compared.

The aim of this report is to demonstrate the practical application,
in a real situation, for approximate age and limits determination,
from dental mineralization.

For the calculation, “Integrated computer-based system for age
estimation from teeth” was used based upon on the table of
mineralization of Nicodemo, Moraes and Médici Filho.

By matching the bone age and the missing person age, followed
with photographic comparative exams, using intra-vitae and post-
mortem images, peculiarities in teeth number and unique
features were noticed to provide a positive identification.

Key words: Human identification. Dental age estimation. Forensic
Dentistry.
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INTRODUCAO

A Odontologia Legal é uma especialidade odontolégica que
apresenta grande relevancia social no que diz respeito a
identificagdo humana. Em desastres em massa, por exemplo, os
corpos passam por diversas transformagfes, incluindo
destruicdo de partes moles, muitas vezes inviabilizando a
identificacdo pelo método datiloscépico [1].

A identificacdo humana ndo é somente um pré-requisito para se
declarar oficialmente individuos mortos, mas é também a base
para a investigacdo de crimes, desastres em massa ou crimes
de guerra [2].

Nas situagBes mais adversas, 0os dentes podem ser 0s Unicos
elementos no processo de identificacdo [3]. Isso se da pelo fato
de que eles sdo 0s mais resistentes as intempéries do corpo
humano. Além da grande resisténcia ao calor, os dentes sao
protegidos pela lingua, bochechas e labios, podendo permanecer
intactos, mesmo depois de exposi¢cdes do corpo como um todo a
altas temperaturas.

A odontologia tem demonstrado ser fundamental nas
investigacBes forenses, gracas as suas técnicas comparativas e
reconstrutivas [4].

METODOS DE IDENTIFICAGAO

Segundo o manual da American Board of Forensic Odontology -
ABFO existem quatro métodos para identificagdo humana:
reconhecimento visual, datiloscépico, genético e odontolégico
[5]. Diferentemente, o Disaster Victim ldentification Guide, da
Interpol, classifica os métodos de identificagdo em primarios
(analise datiloscépica, dentaria e genética) e secundarios
(descricbes pessoais, achados médicos, roupas encontradas
com as vitimas, etc.) [6]. Apesar das diferencas, ambas as
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classificacdes trazem a Odontologia como um importante método
cientifico de identificacdo humana.

Este processo se inicia pela determinacdo da chamada Tétrade
Antropomeétrica:

. Idade
. Estatura
° Sexo

. Ancestralidade Geografica

ESTIMATIVA DE IDADE

No campo pericial, a estimativa da idade em corpos e esqueletos
desconhecidos, como método auxiliar na identificagdo humana, é
uma das importantes técnicas ja consagradas na ciéncia forense
[7,8,9,10].

O objetivo desta estimativa € definir uma idade média
aproximada e limites. Considerando que, ao longo da vida, o ser
humano passa por trés etapas: desenvolvimento progressivo,
estabilizacdo e envelhecimento; e que encontramos sinais em
cada uma dessas fases que permitem uma aproximacdo da
idade real do organismo examinado, busca-se, ao longo do
tempo, o desenvolvimento e aprimoramento dos métodos de
estimativa de idade, utlizando-se parametros indicativos de
evolugao ou involugdo organica [11].

ERUPCAO DENTARIA

A erupcao dentaria, apesar de subordinada a fatores genéticos e
ambientais, tem, na maioria dos casos, muita constancia,
podendo ser aplicada para se estimar a idade cronoldgica de
individuos vivos ou mortos [12].
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MINERALIZACAO DENTARIA

Para a estimativa da idade, em especial na fase de formacéo
dentaria, a Odontologia € a é&rea do conhecimento mais
importante, uma vez que as fases de mineralizacdo dentaria
apresentam menos Vvariabilidade que outros, como o0s
fechamentos epifisérios. Desta forma, a utilizacdo da
mineralizacdo apresenta resultados mais precisos que a erupcao
dentaria, posto que esta € mais variavel.

No Brasil, a maior parte dos autores reporta o uso das tabelas de
Nolla (1960) e Nicodemo (1967) para fins de estimativa da idade
pela mineralizagdo dentéria.

Quanto mais jovem for o examinando, maior aproximagao da
idade cronolégica podera ser obtida, pois as variacdes
individuais crescem com a idade. Como exemplo, qualquer
pessoa distingue duas criangas, uma com 2 anos de idade e
outra com 5. Seria impossivel entre 50 e 53 anos. Nos jovens, as
mudancgas ao longo do tempo sdo mais numerosas, marcantes e
constantes [11]. Para a idade adulta, pode-se utilizar o método
de Gustafson [13], no qual as alteracdes tardias que ocorrem no
aparelho estomatognatico de individuos adultos sédo analisadas
em seis pontos em dentes monorradiculares. S&o eles: desgaste
oclusal, periodontose, formacdo de dentina secundaria,
deposicdo de cemento nha raiz, reabsorcdo radicular e
transparéncia radicular apical.

A avaliacdo da idade dentaria pode ser realizada mediante
exames diretos e indiretos. O primeiro é feito pelo exame clinico,
onde se verifica 0 niumero de dentes irrompidos, sequéncia
eruptiva e estado geral dos elementos dentarios. O exame
indireto é feito pela analise das radiografias intra e extrabucais.
Como exemplo de indireto, podemos citar o prontuario [14].

A figura 1 ilustra os estdgios de mineralizacdo dos dentes
permanentes proposto por Nicodemo, Moraes e Médici Filho,
construida a partir da populacao brasileira [15].
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Figura 1 — Estagios: 1 — primeiras evidéncias da formacao da coroa; 2
— um terco de coroa; 3 — dois tercos de coroa; 4 — coroa completa; 5 —
inicio de mineralizag&o da raiz; 6 — um tergo de raiz; 7 — dois tergos de
raiz; 8 — término apical.

TABELA DE NICODEMO, MORAES E MEDICI FILHO

1° Evidéncia 1/3da 23 da Coroa Inicio da 13 213  Término
DENTE da coroa coroa completa formagédo da da apical
mineralizagéo radicular  raiz__ raiz
SUPERIORES
Incisivo 57 815 18-30 36-57 60-78 75- 87-  100-116
Central 90 108
Incisivo 9-15 24-30 3357 54-72 72-88 84-  96- 105117
Lateral 102 112
Canino 5-6 12-33  36-60 60-78 T6-87 90-  111-  126-156
114 141
1° Pré-molar 27-30 48-66 57-75 78-96 87-108 102-  117-  1289-159
126 138
2° Pré-molar 36-57 51-66 G6-84 78-102 93-117 105-  117-  141-159
129 144
17 Molar 1-6 6-16  18-30 36-48 54-66 66- 75 90-104
84 96
2° Molar 39-57 52-66 G9-84 81-102 102-126 120- 129-  150-162
135 153
3° Molar 90-132 96- 102- 138-174 162-198 180- 192- 216-246
138 156 204 234
INFERIORES
Incisivo 3.9-61 912 1827 28-45 48-68 60- 76 90-102
Central 78 96
Incisivo 4,6-5,8 712 18-30 18-66 54-78 68- 80 92-102
Lateral 88 99
Canino 4-7 8-30  24-54 51-72 69-93 84-  105- 129-156
108 135
1° Pré-molar 27-36 45-60 51-72 69-90 84-102 102- 114-  132-156
126 141
2° Pré-molar 33-54 48-63  66-81 78-96 93-144 108-  117-  141-159
132 144
17 Molar 1-6 6-12  18-28 18-45 54-66 57- T8 90-104
81 96
2° Molar 39-60 51-66 72-87 84-105 102-126 117-  129-  150-165
135 153
3° Molar 90-132 96- 102- 138-174 162-198 180- 192- 216-246
138 156 204 234

Tabela 1 - Os dados referem-se a meses de vida extrauterina.
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OBJETIVO

Este trabalho tem como objetivo principal demonstrar a aplicacédo
pratica, em um caso concreto, da determinagcédo da idade média
aproximada e limites, de acordo com a mineralizacdo dentéria,
no qual a idade calculada, entre 14 e 16 anos, foi fundamental
para a pesquisa no banco de desaparecidos, posto que ndo se
trata de idade comum em casos semelhantes.

DESCRICAO DO CASO

Consta no histérico policial que uma jovem do sexo feminino,
com idade a época de 14 anos, ndo retornou, como
habitualmente, a sua residéncia. No dia subsequente a mae da
desaparecida acionou a delegacia circunscricional.

Onze dias depois, um cadaver em avan¢cado estado de
decomposicdo foi encontrado em outra circunscricdo, a
aproximadamente 30 quildbmetros de disténcia da delegacia na
gual o desaparecimento fora registrado, as margens de uma
rodovia distrital, enrolado em um edredom e em um lencol,
amarrados com barbantes, conforme figura 2.
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Figura 2 - Aspecto do cadaver ao ser encontrado. (Fotografia: Perito
Criminal Victor Hugo — Instituto de Criminalistica da Policia Civil do
Distrito Federal)

Y

Nenhum vestigio relacionado a causa mortis foi encontrado,
como fraturas, projetis de arma de fogo, sufusdes hemorragicas
ou outros.

ApOs a inspecéo inicial, o corpo foi submetido a processo fisico-
guimico para remocdo dos remanescentes de partes moles e
posterior andlise detalhada do esqueleto, mostrado na figura 3.
Este se apresentava imaturo, com diversas linhas epifisarias
persistentes e algumas epifises ainda soltas, como a femoral
direita distal e falangeana, observadas na figura 4.

O exame radiografico terceiros molares em fase de
mineralizacdo dos primeiros tercos cervicais radiculares,
conforme figura 5 .
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Figura 4 —Acima, epifise femoral aberta. Abaixo, resquicio de linha
epifisaria falangeana.
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DIREITO

Figura 5 - Radiografia lateral obliqua da mandibula.

Os dentes ndo apresentavam les@es de carie, fraturas ou outros,
entretanto algumas regibes desmineralizadas e relevos e
contornos caracteristicos, como a borda incisal superior.

O estudo entomoldgico, realizado pela equipe do Professor
Pujol, do Nucleo de Entomologia Forense da Universidade de
Brasilia, concluiu que o 6bito ocorreu muito provavelmente por
volta do dia do desaparecimento. Este estudo se embasa no
intervalo minimo necessario para o desenvolvimento larval
observado, considerada a espécie e a temperatura média.

A estatura média calculada, a partir das maiores dimensdes dos
0ssos longos, aplicando-se as formulas de Trotter e Gleser, para
0 sexo feminino, foi de 159 cm para a etnia caucasoide e 155 cm
para a negréide.

Para o calculo da estimativa de idade, utilizou-se o “Sistema
Computadorizado Integrado para Estimativa da Idade pelos
Dentes” [16,17]. Neste programa, a fase de mineralizagdo de
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cada elemento dentario é informada isoladamente, conforme a
figura 6.

ldade Ani Ajuda Banco de Dados _ Exibir -

Tabulador aritmético de margens de intervalo

n° de meses

a_u _@mE

e
i | 5

[142]218)

mm—n e | =
) —— ] |53 (B2

Figura 6 - Calculo da estlmatlva da idade utlllzando 0 programa
"Sistema Computadorizado Integrado para Estimativa da Idade pelos
Dentes”.

A mineralizacdo somente do terco cervical radicular dos terceiros
molares inferiores, pela tabela de Nicodemo, Moraes e Médici
Filho, indica idade entre 13,5 e 16,5 anos.

A ossada apresentava caracteristicas que indicam miscigenacao.
Como componente negréide, destacou-se o biprognatismo e,
como caucasoide, a forma das 6rbitas mais arredondadas [18].

A identificacdo necropapiloscopica foi inexequivel, em
decorréncia da putrefacdo avancada do corpo e consequente
destruicdo post-mortem das papilas dérmicas, o que foi
consignado no laudo do Instituto de Identificagdo, do
Departamento de Policia Técnica, da Policia Civil do Distrito
Federal.



32

Apesar da grande distancia entre a regido do desaparecimento e
o local de encontro dos restos mortais, o que ndo é comum, logo
se cogitou a correspondéncia entre a desaparecida e o cadaver,
pois eram os Unicos com aguela faixa etaria e sexo. No mesmo
sentido, o estudo da cronotanatognose.

Esta hipétese de correspondéncia foi confirmada pela
identificagdo odontolégica por comparacdo dos dentes
superiores anteriores quanto a forma, posicdes, dimensdes e,
especialmente quanto as irregularidades de relevo e linha incisal,
entre a ossada e as fotografias encaminhadas pela familia. As
coincidéncias foram de tal magnitude que possibilitou a
sobreposicao de imagens dos dentes anteriores superiores.

DiscussAo

A avaliacdo da idade dentaria pode ser feita mediante exame
clinico e radiografico. No primeiro, se verifica 0 nimero de
dentes irrompidos, a sequéncia da erupcdo dos mesmos,
exodontias, caries e desgastes, entre outros. No radiografico, é
possivel avaliar a mineralizacdo dentaria sem a necessidade de
se extrair os dentes em andlise. Também por estes exames
podemos calcular a idade pelo desenvolvimento 0sseo,
analisando as epifises. Em odontologia, € comum o exame
radiografico do punho para determinacdo da idade Ossea,
necessario em terapéuticas ortodonticas.

Quanto mais jovem for a pessoa, maior a aproximacdo da
estimativa com a idade real [11]. Isso porque até os 18 anos as
variacdes dentarias sdo numerosas, marcantes e com alta
constancia.

Cada método utiliza critérios especificos e a variabilidade destes
leva a limitagBes e dificuldades na exatiddo para obtencédo da
estimativa da idade.

No caso em questdo, a utilizacdo da mineralizacdo dentéria foi
bem sucedida pelo fato de que o cadaver examinado era de uma
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jovem. As fases de formacédo dentéria foram observadas através
de radiografias laterais obliquas da mandibula. As periapicais
sdo melhores, entretanto, fogem da rotina da radiologia do IML-
DF, que rotineiramente utiliza filmes convencionais.

Para se estimar uma idade mais proxima da real, deve-se lancar
mao de varias informacdes possiveis advindas também de
outros métodos.

Com o recebimento de fotografias de familiares, comparou-se as
mesmas com 0s restos mortais e observou-se grande
semelhanca entre ambos, conforme figura 7.



Figura 7 - Sobreposicao da face e do cranio da vitima.
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Também foi realizada a comparacdo dos dentes anteriores
superiores e, devido a aspectos como forma, posicdo e
dimensdes, a identificacdo foi positiva, conforme figura 8.

Figura 8 - Comparativo da linha do sorriso.
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CONSIDERACOES FINAIS

A estimativa de idade muito contribui para o processo de
identificacdo humana, em especial nos casos envolvendo
criancas e adolescentes, pois, nesta faixa etaria, o calculo é
preciso e a quantidade de pessoas desaparecidas € pequena.
Mais uma razdo para colocarmos a odontologia legal como
destaque no cenario das ciéncias forenses, visto que o método
odontolégico é rapido, pratico e de baixo custo, comparando-se
com outros métodos cientificos de identificacao.
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numbers, will continue to be listed in the relevant print issue of
the journal's Table of Contents.

Announcement of Population Data: these types of articles will
be published in Forensic Science International: Genetics, only.



45

Please submit these articles via http://www.ees.elsevier.com/
fsigen/.

Review Articles and Preliminary Communications (where
brief accounts of important new work may be announced with
less delay than is inevitable with major papers) may be accepted
after correspondence with the appropriate Associate Editor.

Forensic Anthropology Population Data: Although the main
focus of the anthropology section of the journal remains on the
publication of original research, authors are invited to submit their
forensic anthropology population data articles by selecting the
"Forensic Anthropology Population Data" article type on the
online submission system. When submitting a Forensic
Anthropology Population data article, please assure that
"Forensic Anthropology Population Data" is included as one of
the keywords. These forensic anthropology population data
articles involve the application of already published and
standardised methods of aging, sexing, determination of ancestry
and stature and other well known diagnoses on different
populations. This is at the heart of applied forensic anthropology.
For example, in order to correctly assess age, stature or even
sex of individuals of different ancestry or from different
populations, it is fundamental that the method be tested on the
specific population one is working on. In building the biological
profile of a skeleton in order to aid identification, one needs to
calibrate such techniques on the population of interest before
applying them. The same may be true in a completely different
scenario of anthropology, for example identifying criminals taped
on video surveillance systems and aging victims of juvenile
pornography. This section is dedicated to forensic
anthropological population data and other types of updates (state
of the art of particular issues, etc.), particularly concerning the
following:

- Sexing

- Aging sub adult skeletal remains
- Aging adult skeletal remains

- Aging living sub adults and adults
- Determining ancestry



46

- Stature estimation

- Facial reconstruction

- Non metric trait distribution, pathology and trauma
- Positive identification of human skeletal remains

- Positive identification of the living

Forensic Anthropology Population Data articles will be published
in abridged form in print (a clear, descriptive summary taken from
the abstract), and the full length article will be published online
only. Full citation details and a reference to the online article,
including e-page numbers, will be published in the relevant print
issue of the journal. All submitted manuscripts will be evaluated
by a strict peer review process.

Case Reports will be accepted only if they contain some
important new information for the readers.

Rapid Communications should describe work of significant
interest, whose impact would suffer if publication were not
expedited. They should not be longer than 5 printed journal
pages (about 10 submitted pages). Authors may suggest that
their work is treated as a Rapid Communication, but the final
decision on whether it is suitable as such will be taken by the
handling Editor. Rapid Communications requiring revision should
be resubmitted as a new submission.

Technical Notes report new developments, significant advances
and novel aspects of experimental and theoretical methods and
techniques which are relevant for scientific investigations within
the journal scope. Manuscripts of this type should be short (a few
pages only). Highly detailed and specific technical information
such as computer programme code or user manuals can be
included as electronic supplements. The manuscript title must
start with "Technical Note:".

Revisions deadline

Please note that articles that are sent to the author for revision
need to be returned within 60 days (and within 20 days for
subsequent revisions). A reminder will be sent in the second



47

month. Any articles that are sent after the two month period of
revision will be considered a re-submission.

Contact details for submission

Papers for consideration should be submitted by topic. Editors
and their topic specialty are listed below.
P. Saukko (Editor-in-Chief): Experimental
Forensic Pathology, Traffic Medicine, and subjects not listed
elsewhere
Tel: +358 2 3337543
Fax: +358 2 3337600
E-mail: psaukko@utu.fi
A. Carracedo: Forensic Genetics. Please note only review
articles on this topic should be submitted to FSI. All non-review
papers should be submitted to the FSI daughter journal devoted
to this subject Forensic Science International: Genetics,
via http://ees.elsevier.com/fsigen/
Fax:+34 981 580336
E-mail: angel.carrafsi@usc.es
C. Cattaneo: Osteology, Anthropology and Odontology
Tel: +39 2 5031 5678
Fax: +39 2 5031 5724
E-mail: cristina.cattaneo@unimi.it
P. Margot: Questioned Documents and Physical Science:
ballistics, tool marks, contact traces, drugs analysis, fingerprints
and identification, etc.
Tel: +41 21 692 4605
Fax: +41 21 692 4605
E-mail: pierre.margot@unil.ch
O.H. Drummer: Toxicology
Tel: +61 3 9684 4334
Fax: +61 3 9682 7353
E-mail: olaf.drummer@vifm.org
S. Matuszewski: Entomology
Tel: +48 61 82 94 292
E-Mail: szymmat@amu.edu.pl

Before you begin



48

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for
journal publication see https://www.elsevier.com/ publishing-
ethics and https://www.elsevier.com/journal-authors/ethics.

Conflict of interest

All authors are requested to disclose any actual or potential
conflict of interest including any financial, personal or other
relationships with other people or organizations within three years
of beginning the submitted work that could inappropriately
influence, or be perceived to influence, their work. See also
https://www.elsevier.com/conflictsofinterest. Further information
and an example of a Conflict of Interest form can be found at:
http://service.elsevier.com/app/ answers/detail/a_id/286/support
hub/publishing.

Additional information

Multiple submissions is not acceptable to the Editor, and any
such papers, together with future submissions from the authors,
will be rejected outright. Submission also implies that all authors
have approved the paper for release and are in agreement with
its content.

Submission declaration and verification

Submission of an article implies that the work described has not
been published previously (except in the form of an abstract or as
part of a published lecture or academic thesis or as an electronic
preprint, seehttps://www.elsevier.com/sharingpolicy), that it is not
under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the
responsible authorities where the work was carried out, and that,
if accepted, it will not be published elsewhere in the same form,
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Copyright
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permissions.

For open access articles: Upon acceptance of an article, authors
will be asked to complete an 'Exclusive License Agreement' (for
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Author rights
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rights to reuse your work. For more information
see https://www.elsevier.com/copyright.
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access policies. Some authors may also be reimbursed for
associated publication fees. To learn more about existing
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After acceptance, open access papers will be published under a
noncommercial license. For authors requiring a commercial CC
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Open access
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Open access

* Articles are freely available to both subscribers and the wider
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* An open access publication fee is payable by authors or on their
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Subscription
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* No open access publication fee payable by authors.
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will apply the same peer review criteria and acceptance
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by the following Creative Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the
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or modify the article.
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excluding taxes. Learn more about Elsevier's pricing policy:
http://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways
and Elsevier has a number of green open access options
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page for further information
(http://elsevier.com/greenopenaccess). Authors can also self-
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Embargo period: For subscription articles, an appropriate amount
of time is needed for journals to deliver value to subscribing
customers before an article becomes freely available to the
public. This is the embargo period and it begins from the date the
article is formally published online in its final and fully citable
form.

This journal has an embargo period of 12 months.

Language (usage and editing services)

Please write your text in good English (American or British usage
is accepted, but not a mixture of these). Authors who feel their
English language manuscript may require editing to eliminate



53

possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing
service available from Elsevier's WebShop
(http://webshop.elsevier.com/languageediting/) or  visit  our
customer support site (http://support.elsevier.com) for more
information.

Submission

Our online submission system guides you stepwise through the
process of entering your article details and uploading your files.
The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are
required to typeset your article for final publication. All
correspondence, including notification of the Editor's decision and
requests for revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/fsi.

Preparation

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be
guided stepwise through the creation and uploading of your files.
The system automatically converts your files to a single PDF file,
which is used in the peer-review process. As part of the Your
Paper Your Way service, you may choose to submit your
manuscript as a single file to be used in the refereeing process.
This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It
should contain high enough quality figures for refereeing. If you
prefer to do so, you may still provide all or some of the source
files at the initial submission. Please note that individual figure
files larger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at
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submission. References can be in any style or format as long as
the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be
present. Use of DOI is highly encouraged. The reference style
used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be
highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts
must contain the essential elements needed to convey your
manuscript, for example Abstract, Keywords, Introduction,
Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions. If your article includes any Videos and/or
other Supplementary material, this should be included in your
initial submission for peer review purposes. Divide the article
into clearly defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single
file are placed next to the relevant text in the manuscript, rather
than at the bottom or the top of the file.

Double-blind review

This journal uses double-blind review, which means that both the
reviewer and author name(s) are not allowed to be revealed to
one another for a manuscript under review. The identities of the
authors are concealed from the reviewers, and vice versa. For
more information please refer to https://www.elsevier.com/
reviewers/peer-review. To facilitate this, please include the
following separately:

Title page (with author details): This should include the title,
authors' names and affiliations, and a complete address for the
corresponding author including an e-mail address.

Blinded manuscript (no author details): The main body of the
paper (including the references, figures, tables and any
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Acknowledgements) should not include any identifying
information, such as the authors' names or affiliations.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at
revision you must provide us with an editable file of the entire
article. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the
article. The electronic text should be prepared in a way very
similar to that of conventional manuscripts (see also the Guide to
Publishing with Elsevier:
https://www.elsevier.com/guidepublication). See also the section
on Electronic artwork. To avoid unnecessary errors you are
strongly advised to use the 'spell-check' and '‘grammar-check’
functions of your word processor.

Article structure

Introduction

State the objectives of the work and provide an adequate
background, avoiding a detailed literature survey or a summary of
the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced.
Methods already published should be indicated by a reference:
only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not
repeat them. A combined Results and Discussion section is often
appropriate. Avoid extensive citations and discussion of
published literature.
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Conclusions

The main conclusions of the study may be presented in a short
Conclusions section, which may stand alone or form a subsection
of a Discussion or Results and Discussion section.

Essential title page information

* Title. Concise and informative. Titles are often used in
information-retrieval systems. Avoid abbreviations and formulae
where possible.

* Author names and affiliations. Please clearly indicate the
given name(s) and family name(s) of each author and check that
all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names.
Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the
appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail
address of each author.

* Corresponding author. Clearly indicate who will handle
correspondence at all stages of refereeing and publication, also
post-publication. Ensure that the e-mail address is given and
that contact details are kept up to date by the corresponding
author.

* Present/permanent address. If an author has moved since the
work described in the article was done, or was visiting at the time,
a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation
address. Superscript Arabic numerals are used for such
footnotes.

Abstract

A concise and factual abstract is required. The abstract should
state briefly the purpose of the research, the principal results and
major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason,
References should be avoided, but if essential, then cite the
author(s) and vyear(s). Also, non-standard or uncommon
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abbreviations should be avoided, but if essential they must be
defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged
as it draws more attention to the online article. The graphical
abstract should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please
provide an image with a minimum of 531 x 1328 pixels (h x w) or
proportionally more. The image should be readable at a size of 5
x 13 cm using a regular screen resolution of 96 dpi. Preferred file
types: TIFF, EPS, PDF or MS Office files. See
https://www.elsevier.com/ graphicalabstracts for
examples. Authors can make use of Elsevier's lllustration and
Enhancement service to ensure the best presentation of their
images and in accordance with all technical
requirements: lllustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short
collection of bullet points that convey the core findings of the
article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name
and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point) See https://www.elsevier.com/
highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6
keywords, using American spelling and avoiding general and
plural terms and multiple concepts (avoid, for example, 'and’, 'of").
Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be
used for indexing purposes.
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Footnotes

Footnotes should be used sparingly. Number them consecutively
throughout the article. Many word processors build footnotes into
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case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original
artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or
Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and
their captions, and tables within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must
be provided in separate source files.

A detailed guide on electronic artwork is available on our
website:

https://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the
detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork
is finalized, please 'save as' or convert the images to one of the
following formats (note the resolution requirements for line
drawings, halftones, and line/halftone combinations given
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below):

EPS (or PDF): Vector drawings. Embed the font or save the text
as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones):
always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000
dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or
grayscale): a minimum of 500 dpi is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP,
PICT, WPG); the resolution is too low.

* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the
content.

Color artwork

Please make sure that artwork files are in an acceptable format
(TIFF (or JPEG), EPS (or PDF), or MS Office files) and with the
correct resolution. If, together with your accepted article, you
submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online
(e.g., ScienceDirect and other sites) regardless of whether or not
these illustrations are reproduced in color in the printed
version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of
your accepted article. Please indicate your preference for color:
in print or online only. For further information on the preparation
of electronic artwork, please see https://www.elsevier.com/
artworkinstructions.

Figure captions

Ensure that each illustration has a caption. A caption should
comprise a brief title (not on the figure itself) and a description of
the illustration. Keep text in the illustrations themselves to a
minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables
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can be placed either next to the relevant text in the article, or on
separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table
notes below the table body. Be sparing in the use of tables and
ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical
rules.

References

Citation in text

Please ensure that every reference cited in the text is also
present in the reference list (and vice versa). Any references
cited in the abstract must be given in full. Unpublished results
and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow
the standard reference style of the journal and should include a
substitution of the publication date with either 'Unpublished
results' or 'Personal communication'. Citation of a reference as 'in
press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review
are ensured by online links to the sources cited. In order to allow
us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect
surnames, journal/book titles, publication year and pagination
may prevent link creation. When copying references, please be
careful as they may already contain errors. Use of the DOI is
encouraged.

Reference management software

Most Elsevier journals have their reference template available in
many of the most popular reference management software
products. These include all products that support Citation Style
Language styles (http://citationstyles.org), such as Mendeley
(http://wvww.mendeley.com/features/reference-manager) and
Zotero  (https://www.zotero.org/), as well as EndNote
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(http://fendnote.com/downloads/styles). Using the word processor
plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after
which citations and bibliographies will be automatically formatted
in the journal's style. If no template is yet available for this
journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style
for this journal by clicking the following link: http://open.mendeley.
com/use-citation-style/forensic-science-international. When
prepa- ring your manuscript, you will then be able to select this
style using the Mendeley plug-ins for Microsoft Word or
LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at
submission. References can be in any style or format as long as
the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be
present. Use of DOI is highly encouraged. The reference style
used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be
highlighted at proof stage for the author to correct. If you do wish
to format the references yourself they should be arranged
according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line
with the text. The actual authors can be referred to, but the
reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8]
obtained a different result ...."

List: Number the references (numbers in square brackets) in the
list in the order in which they appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of
writing a scientific article, J. Sci. Commun. 163 (2010) 51-59.
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Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed.,
Longman, New York, 2000.

Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic
version of your article, in: B.S. Jones, R.Z. Smith (Eds.),
Introduction to the Electronic Age, E-Publishing Inc., New York,
2009, pp. 281-304.

Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerst
atsreport/, 2003 (accessed 13.03.03).

Video data

Elsevier accepts video material and animation sequences to
support and enhance your scientific research. Authors who have
video or animation files that they wish to submit with their article
are strongly encouraged to include links to these within the body
of the article. This can be done in the same way as a figure or
table by referring to the video or animation content and noting in
the body text where it should be placed. All submitted files should
be properly labeled so that they directly relate to the video file's
content. In order to ensure that your video or animation material
is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 150
MB. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products,
including ScienceDirect: http://www.sciencedirect.com. Please
supply 'stills" with your files: you can choose any frame from the
video or animation or make a separate image. These will be used
instead of standard icons and will personalize the link to your
video data. For more detailed instructions please visit our video
instruction pages at https://www.elsevier.com/artworkinstructions.
Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this
content.
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Audio Slides

The journal encourages authors to create an AudioSlides
presentation with their published article. AudioSlides are brief,
webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to
summarize their research in their own words and to help readers
understand what the paper is about. More information and
examples are available at https://www.elsevier.com/audioslides.
Authors of this journal will automatically receive an invitation e-
mail to create an AudioSlides presentation after acceptance of
their paper.

Supplementary material

Supplementary material can support and enhance your scientific
research. Supplementary files offer the author additional
possibilities to publish supporting applications, high-resolution
images, background datasets, sound clips and more. Please note
that such items are published online exactly as they are
submitted; there is no typesetting involved (supplementary data
supplied as an Excel file or as a PowerPoint slide will appear as
such online). Please submit the material together with the article
and supply a concise and descriptive caption for each file. If you
wish to make any changes to supplementary data during any
stage of the process, then please make sure to provide an
updated file, and do not annotate any corrections on a previous
version. Please also make sure to switch off the "Track Changes'
option in any Microsoft Office files as these will appear in the
published supplementary file(s). For more detailed instructions
please visit our artwork instruction pages
at https://www.elsevier.com/artworkinstructions.

Data in Brief

Authors have the option of converting any or all parts of their
supplementary or additional raw data into one or multiple Data in
Brief articles, a new kind of article that houses and describes
their data. Data in Brief articles ensure that your data, which is
normally buried in supplementary material, is actively reviewed,
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curated, formatted, indexed, given a DOI and publicly available to
all upon publication. Authors are encouraged to submit their Data
in Brief article as an additional item directly alongside the revised
version of their manuscript. If your research article is accepted,
your Data in Brief article will automatically be transferred over
to Data in Brief where it will be editorially reviewed and published
in the new, open access journal, Data in Brief. Please note an
open access fee is payable for publication in Data in Brief. Full
details can be found at http://www.journals.elsevier.com/data-in-
brief. Please use the following template to write your Data in
Brief: https://www.elsevier. com/dib-template.

Submission checklist

The following list will be useful during the final checking of an
article prior to sending it to the journal for review. Please consult
this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author
with contact details:

* E-mail address

* Full postal address

All necessary files have been uploaded, and contain:

» Keywords

« All figure captions

« All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and ‘grammar-checked

« All references mentioned in the Reference list are cited in the
text, and vice versa

* Permission has been obtained for use of copyrighted material
from other sources (including the Internet)

Printed version of figures (if applicable) in color or black-and-
white

* Indicate clearly whether or not color or black-and-white in print
is required.

For any further information please visit our customer support site
at http://support.elsevier.com.

After acceptance



65

Availability of accepted article

This journal makes articles available online as soon as possible
after acceptance. This concerns the accepted article (both in
HTML and PDF format), which has not yet been copyedited,
typeset or proofread. A Digital Object Identifier (DOI) is allocated,
thereby making it fully citable and searchable by title, author
name(s) and the full text. The article's PDF also carries a
disclaimer stating that it is an unedited article. Subsequent
production stages will simply replace this version.

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to
electronic documents. The DOI consists of a unique alpha-
numeric character string which is assigned to a document by the
publisher upon the initial electronic publication. The assigned DOI
never changes. Therefore, it is an ideal medium for citing a
document, particularly ‘Articles in press' because they have not
yet received their full bibliographic information. Example of a
correctly given DOI (in URL format; here an article in the
journal Physics Letters
B): http://dx.doi.org/10.1016/j.physletb.2010.09.059.

When you use a DOI to create links to documents on the web,
the DOIs are guaranteed never to change.

Online proof correction

Corresponding authors will receive an e-mail with a link to our
online proofing system, allowing annotation and correction of
proofs online. The environment is similar to MS Word: in addition
to editing text, you can also comment on figures/tables and
answer questions from the Copy Editor. Web-based proofing
provides a faster and less error-prone process by allowing you to
directly type your corrections, eliminating the potential
introduction of errors.

If preferred, you can still choose to annotate and upload your
edits on the PDF version. All instructions for proofing will be given
in the e-mail we send to authors, including alternative methods to
the online version and PDF.

We will do everything possible to get your article published
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quickly and accurately. Please use this proof only for checking
the typesetting, editing, completeness and correctness of the
text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with
permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please
check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your
responsibility.

Offprints

The corresponding author, at no cost, will be provided with 25
free paper offprints, or, alternatively, a personalized link providing
50 days free access to the final published version of the article
on ScienceDirect. This link can also be used for sharing via email
and social networks. For an extra charge, more paper offprints
can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-
authors may order offprints at any time via Elsevier's WebShop
(http://webshop.elsevier.com/myarticleservices/offprints). Authors
requiring printed copies of multiple articles may use Elsevier
WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/
myarticleservices/booklets).

Author orders

When your article is published, you can commemorate your
publication with printed author copies of the journal issue,
customized full-color posters, extra offprints, and more. Please
visit http://webshop.elsevier.com to learn more.

Author inquiries

You can track your submitted article at https://www.elsevier.com/
track-submission. You can track your accepted article
at https://www.elsevier.com/trackarticle. You are also welcome to
contact Customer Support via http://support.elsevier.com



