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Abstract

Resumo

Use of images for human identification in forensic
dentistry™

A utilizacdo de imagens na identificacdo humana em odontologia legal

Suzana Papile Maciel Carvalho', Ricardo Henrique Alves da Silva2, César Lopes-Junior?,
Arsenio Sales Peres?

The present systematic review article is aimed at describing radiological methods utilized for human
identification in forensic dentistry. For this purpose, a literature review was undertaken, and out of 45 papers,
19 were selected in accordance with inclusion criteria. Several radiological techniques can be used to assist
in both individual and general identification, including determination of gender, ethnic group and, mainly,
age. The analysis of ante-mortem and post-mortem radiographic and tomographic images has become an
essential tool for human identification in forensic dentistry, particularly with the refinement of techniques
resulting from developments in the field of the radiology itself as well as the incorporation of information
technology resources to the technique. It can be concluded that, based on an appropriate knowledge on the
available methods, forensic dentists can choose the best method to achieve a successful identification with
a careful application of the technique and accurate interpretation of data.
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Este artigo de revisdo sistematica tem por objetivo citar os métodos de identificacdo humana por meio da
radiologia, utilizados em odontologia legal. Para isso, realizou-se revisdo de literatura com 19 trabalhos se-
lecionados dentre 45 encontrados, apés aplicacédo de critérios de inclusdo. Ha diversas técnicas radiolégicas
que podem ser utilizadas para auxiliar na identificagdo humana, tanto individual como geral, incluindo a
determinacdo do género, do grupo étnico e, principalmente, da idade. A andlise de radiografias e tomogra-
fias ante-mortem e post-mortem tornou-se uma ferramenta fundamental nos processos de identificacdo em
odontologia legal, principalmente com o refinamento das técnicas adquiridas com o avanco da prépria radio-
logia e com a incorporacéo da informatica. Conclui-se que a partir do conhecimento adequado dos métodos
disponiveis, o profissional em odontologia legal pode optar pelo método que melhor preencha as caracteris-
ticas necessarias para o sucesso da identificacdo, tendo cuidado na aplicacdo correta da técnica e na inter-
pretacdo precisa das informagdes obtidas.
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INTRODUCTION

Identification corresponds to a set of
different proceduresaimed at individualiz-
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ing aperson or object®. For both legal and
humanitarian reasons, persond identifica-
tionishighly relevant inforensic medicine,
and thisprocessisfrequently initiated even
beforethe cause of the death isdetermined.
Based on human identification, individu-
als can preserve their rights as well as be-
ing charged with civil or crimina penalties.

Post-mortem identification represents
one of the great branches of study and re-
search in forensic dentistry and medicine,
considering that both sciences ded with a
same materid - the human body at differ-
ent stages: ripped, lacerated, carbonized,
macerated, putrefied, skeletonized - dways
with a single objective, that is to say, to
establish the human identity®.

The identification process is character-
ized by the utilization of appropriate tech-
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nigues and means to discover an identity,
and can be devel oped either by skilled tech-
nicians (judiciary or police authorities) or
by professionals with differentiated and
specific knowledge in the area of biology
(forensic medicine or dentistry), with a
practically unlimited array of appropriate
techniques and means to achieve human
identification®.

The present study is aimed at describ-
ing radiological methods of human identi-
fication utilized in forensic dentistry as an
aid to the judicia authority.

MATERIALSAND METHODS

A bibliographic survey covering thelast
ten years was performed in the following
scientific search sites: PubMed (a service
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of the U.S. National Library of Medicine),
available at www.nchi.nlm.nih.gov/pub-
med/, and Bireme (Regional Medicine Li-
brary, a specialized database of the Pan-
American Health Organization), specifi-
caly at the databases Medline, Lilacs,
SciELO and Cochrane, available at www.
bireme.br, utilizing the following terms as
descriptors in Portuguese: radiologia,
odontologia legal, identificacdo humana;
and in English: radiology, forensic den-
tistry and human identification.

For the systematic literature review, the
following inclusion criteria were consid-
ered: 1) the articles should have been pub-
lished in the period between 1997 and
2007; 2) the subject of the article should
relate to the study object; 3) a clear objec-
tive and fidelity to the study developed; 4)
the article should be based on previouslit-
erature; 5) conclusion in accordance with
the study findings.

The articles selection was based on
compatibility with the study structure and
methodology. Data reported in previous
studieswererecovered considering thepro-
duction recorded on the above mentioned
databases.

A total of 45 articles werefound on the
above mentioned databases and those in-
cluded inthe present literature review were
selected according to the already men-
tioned inclusion criteria; and after method-
ological analysis 19 articles were utilized.

HUMAN IDENTIFICATION
AND DENTISTRY

Theactivity of thedental surgeoninthe
forensic environment isassured by the per-
tinent federal regulation, the Law No.
5.081, of August 24, 1966, regulating the
practice of dentistry in Brazil®. The foren-
sic dentist field of activity is not restricted
just to the examination of dental remains,
extending to several areas such as anthro-
pology, genetics, biochemistry, forensic
ballistic, thanatology and forensic trauma-
tology, radiology, computing and images
mixing, and isregul ated by a pertinent fed-
eral law @,

Forensic dentistry is present in pro-
cesses of post-mortem human identifica-
tion from the early procedures (general
identification) comprising estimation of
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age and sex, determination of ethnic group,
skin color and other personal characteris-
tics such as height and diagnosis of skin
spots or fluids present or originating from
the oral cavity, or even in the definition of
time and cause of the death, to the irrefut-
able possibility of individual identifica-
tion.

Thecontribution of forensic dentistry in
thisfield can be measured on innumerable
scientific reports®® and quantified includ-
ing by persons unaware of the dentistry
terminology and forensic sciences, like in
thecase of thevictimsof the TAM airplane
crash occurred in S3o Paulo, SP, Brazil, in
1996, where the media highlighted therel-
evance of identification procedures’?.

Inthemeantime, thetwo major airplane
crashesin Brazil can be mentioned, thefirst
one occurred in September 2006, involv-
ing a GOL airlines’ airplane, causing the
death of 154 people, and the second one,
in July 2007, involving a TAM airplane
where 199 people died. In both accidents
the application of different techniques of
forensic identification was necessary to
individualize the victims, including dental
identification.

However, besides clinical examination
and dental records, forensic dentistry can
also utilize radiological images in pro-
cesses of identification. Thus, the analysis
of dental recordsin conjunction with ante-
and post-mortem radiographies became an
essential tool in processes of human iden-
tification.

Additionally, since the second half of
theeighties, with the devel opment of infor-
mation technology and the consequential
introduction of computed radiology, the
technique has been refined, offering higher
accuracy in the identification, even in
toothlessindividuals, and in the determina-
tion of age?.

FORENSIC ANTHROPOLOGY
AND UTILIZATION OF IMAGES:
HISTORY

Historically, the application of radiol-
ogy inforensic sciences was introduced in
1896, just oneyear following thex-ray dis-
covery by Roentgen, to demonstrate the
presence of lead bullets inside the head of
avictim™. Schilller®™ proposed the pos-

sibility of utilizing radiological images of
the facial sinuses for identification pur-
poses.

Following this study, many otherswere
published and, finally, Culbert & Law*®
reported the first complete radiological
identification. Singleton™ employed this
technique for identification of corpsesin a
massive disaster.

Petersen® reported a fire in the Hotel
Hafnia, occurred in Copenhagen, Den-
mark, in 1973, with 35 deaths. Eight den-
tal surgeons collaborated with the identifi-
cation team, performing visual, photo-
graphic and radiographic examinations of
all the victims, recording detailed data of
post-mortem odontograms and completing
their work with a comparison and evalua-
tion of ante-mortem information with the
preliminary post-mortem data collected.
The identification of 74% of the victims
wasachieved asaresult of the dentiststeam
collaborative work.

Kesser & Pemble® demonstrated the
role of forensic dentistry in the identifica-
tion of American victims of the Operation
Desert Storm. Among 251 examinations
for dental recognition, 244 alowed thein-
dividualization and positive identification
of the victims. Such examinations were
facilitated by the availability of arecord
with panoramic radiographic images of the
majority of the persons involved in the
operation; the cases that could not beiden-
tified were just those that did not present
previous dental records.

Hazebroucq et al.*” have described two
caseswheretheidentification was based on
osteotomy of maxillas and mandibles,
whose specimens were individually sub-
mitted to panoramic radiography, with the
images being compared with ante-mortem
radiographic images recorded by the of-
fices of the surgeon dentists of the victims.
According to the authors, this technique,
besidesproviding completeinformation for
identification, allows the assessment of the
dental age in children.

Austin & Maples® have described a
study evaluating the accuracy of methods
of images superimposition in the identifi-
cation of unknown human skulls. In this
study, the authors have tried to investigate
the accuracy of the method without refer-
ring dental records, and could conclude
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that, even without dental data. images su-
perimposition can be successfully per-
formed, provided there are at least two
ante-mortem radiographic images (frontal
and lateral views).

Andersen & Wenzel®, through ante-
mortem and post-mortem simulations, have
evaluated the capacity of individual iden-
tification by analyzing conventional bitew-
ing films and radiographic subtraction.
Based on ascoring system (1 — eliminated,
2 —possible, 3 — likely, 4 — certain), three
observers have analyzed each case indi-
vidually and classified the radiographic
imagestaking two to 12 individual charac-
teristics into consideration. The authors
assert the validity of this technique for hu-
man individual identification, provided it
is applied in compliance with strict criteria

Oliveiraet a.*® have devel oped astudy
evaluating the possibility of aradiological
study of the lumbar spine determining a
correct identification of an individual, de-
spite the changes associated with aging.
The sample included 60 pairs of lumbar
spine radiographic imagesthat were mixed
up so two experienced radiologists could
put them back together by comparing the
vertebrae of each pair for similarities and
differences in anatomical details. Correct
pairing of radiographs of thewhole sample
was achieved by both observers and the
statistical analysisdemonstrated agood-to-
perfect interobserver agreement, conclud-
ing that the comparison between radio-
graphic images of lumbar spine can deter-
mineacorrect identification of individuals,
despite changes associated with aging.

UTILIZATION OF IMAGES
IN FORENSIC DENTISTRY

In cases where the identification of a
corpseis required, radiographic images of
the deceased can be obtained and compared
with any ante-mortem radiographic image
of the presumed person®®,

Thefollowing anatomical detailscanbe
adopted as parameters. shape of teeth and
roots, missing and present teeth, residual
roots, supranumerary teeth, attrition or
abrasion, coronal fractures, sign of bone
reabsorption resulting from periodontal
disease, bone pathology, diastemas, cavi-
tiesshapesand lines, dental cavities, endo-
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dontic treatment, intraradicular and intra-
coronal posts and dental prostheses®22,

Many studies also highlight the rel-
evance of radiography in human identifi-
cation through comparative methods utiliz-
ing patterns of trabecular bone, frontal si-
nuses and maxillas, dental radiographic
images and cephalometry and increased
fingers length(®%:21:23-25),

CONVENTIONAL RADIOGRAPHY

The identification technique utilizing
conventional radiography is based on the
comparison between ante-mortem images
recorded in dental offices and centerswith
post-mortem radiographic images. Much
information can be obtained from these
images.

This method allows the observation of
anatomical characteristics such as corona
shape and size, pulp anatomy, positioning
and shape of the alveolar bone crest, be-
sides unique and individual characteristics
resulting from dental treatments®©.

DIGITAL RADIOGRAPHY

Until recently, the greatest part of den-
tal restoration materials was metal and
therefore radiopaque. Peculiar characteris-
tics of every restoration could be easily
observed on conventional radiography.
However, the process of identification
based on conventional radiography became
more difficult because of the dissemination
of prophylactic dental treatments and the
consequential, significant reduction in the

incidence of cavities, particularly in devel -
oped countries'®,

At the sametime, the spectacul ar devel-
opment of microelectronics and informa-
tion technology in association with the
decrease in costs of computational equip-
ment has allowed the devel opment of more
powerful and reliable techniques for com-
parison of radiological images with appli-
cation in forensic dentistry?,

Innumerable variations of digital radi-
ology techniquescan befoundinthelitera-
ture, but, essentially, the method comprises
thefollowing steps: 1) radiographicimages
digitization with the aid of a scanner®®,
video camera® or, yet with images acoui-
sition directly from ax-ray system coupled
with a computer with monitor, printer and
CD-ROM recorder; 2) images processing
through an appropriate software, allowing
comparisons based either on images su-
perimposition®®”, interposition®®® or sub-
traction®”,

These modern techniques allow an ac-
curate analysis of the spatial relations of
teeth roots and supporting structures on
ante- and post-mortem images®. Thereare
softwares with resources for images rota-
tion, tranglation and scaling, facilitating the
correct alignment between ante- and post-
mortem radiographs without the necessity
of new exposures®., It isimportant to ob-
serve that differences in the geometry be-
tween radiographs represent the main fac-
tor of error inthistype o technique, and the
above mentioned correction is essential to
reduce the noise resulting from the process
of image subtraction®”.

Figure 1. Utilization of conventional radiography for human identification.
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COMPUTED TOMOGRAPHY

Conventional, two-dimensional or
three-dimensional computed tomography
(CT) isauseful imaging method in the pro-
cess of human identification, and presents
innumerable advantages in this field as
compared with thetraditional radiographic
projection. Firstly, because this method is
free from the problem of structures super-
imposition beyond the plane of interest,
and also for alowing the visualization of
small differences of density©?,

Additionaly, CT presents other advan-
tages, such as images segmentation - an
important resource in cases where internal
points must be evaluated -, easy images
manipulation, imaging quality with excel-
lent color scale and transparency, obtention
of volume, area and both angular and lin-
ear measurements®®?.

An ante-mortem CT image provides
information which can be utilized in the
construction of a post-mortem facsimile
image, considering that craniometric points
can be precisely located and measurements
can be accurately performed®?,

Besides, the film includes a complete
description of the radiological protocol,
with the positioning of the patient, angu-
lation, dlice thickness, kV, exposure time,
size of thevisua field, etc. Name, age and
sex of the patient, as well as name of the
assisting physician, name of the hospital,
type of scanner utilized and other relevant
information areasoincluded. Individualy,
the films indicate the imaging plane and
dlicethickness. Currently, slicethicknesses
aslow as 1.0 mm can be obtained®?.

Anthropologically, CT hasbeen utilized
in the study of skulls®3 and also, in the
forensic context, as an additional resource
in processes of identification®). Addition-
ally, studies have demonstrated the appli-
cability of facial reconstruction by means
of 3D CT for the purposes of individual
identification®,

IDENTIFICATION BY FRONTAL
SINUSES PATTERN

The observation of the frontal sinuses
pattern is already a well-established tech-
nique of individual identification in foren-
sic anthropology. Variationsin size, shape,
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Figure 2. Utilization of computed tomography for human identification.

symmetry, border outline, and number and
presence of septaand cellsare compared on
ante-mortem and post-mortem radio-
graphic and tomographic images.

The frontal sinuses are not present at
birth®> and start developing between the
second and third years at a rudimentary
level®), but, according to Bensimon &
Eloit®®, these structures cannot be radio-
logically detect before the age of six years.
The development of the frontal sinusesis
faster in the puberty, and is complete
around the 20 years of agewhen thegrowth
stops according to a consensus among all
the authors studies.

Studiesreport that, statiticaly, thefron-
tal sinusesarelarger in menthaninwomen,
and inwomen the upper borders of thefron-
tal sinuses are deeper®>539_ Also, other
factorsmay affect theregular anatomy of the
frontal sinusesin adult individuals, as fol-
lows: fractures, traumas, surgeries, diseases,
mucoceles and some enlargement in elder
individuals, al of them of rareincidence®®,

Thefrontal sinus configuration is pecu-
liar to each individual, as reported by the

majority of investigators in this field.
Schiiller®” hasreported the frontal sinuses
uniqueness, a characteristic that has aso
been testified by other authorg13233940),

GENERAL IDENTIFICATION
THROUGH RADIOLOGY

In cases where previous records are not
available for comparison, an aternative
strategy is the obtention of the largest
amount of information about the deceased
in order to construct a profile as an aid to
personal identification®?.

Identification of gender based on the
dental anatomy and cephalometric radiog-
raphy, as well as the determination of eth-
nic groups are described by Sassouni®?.
Although radiology plays an invaluable
role in the differentiation between human
and animal bones through the analysis of
the bone tissue density®, its contribution
to the determination of age can be much
more significant.

During life, the bone tissue develops
from ossification centers and mature to a
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complete development. This process is
continuousand iscompletely finished with
the epiphyseal fusion. Thisdevelopmentis
followed-up and studied by radiological
methodsin order to establish achronology,
allowing the age estimation. The relation-
ship between bone and chronological ages
depends on variablesrelated with the indi-
vidual organism and with the environment;
thisexplainsthe higher or lower error rate,
depending on the method utilized®.

Sassouni®® hasreported thewide diver-
sity of methodsfor age estimation based on
the chronology of the third molar eruption,
dentition development and sutures. Also,
other parameters which contribute to the
age estimation through the teeth evaluation
can be mentioned, as follows: deciduous
eruption, crown and root mineralization,
tooth area/pulp chamber area ratio, dental
erosion.

These measurements of changesrelated
to the age of dental tissues present very
good resultsin general identification, con-
sidering that teeth are less susceptible to
nutritional, hormonal and pathological
changes, particularly in children. So, age
estimation in children can be based on the
analysis of the developmental stages of the
dental elementsin the permanent dentition
observed on panoramic radiographic im-
ages and classified according to the table
of dental mineralization chronology?.

On the other hand, age estimation in
adult individuals can be achieved by radio-
logical determination of the reduction in
size of the pulp cavity resulting from asec-
ondary dentin deposition, which is propor-
tional to the age of the individual .

The physico-chemical analysis of the
bone demonstrates an increased carbonate
deposition with aging. Also, an increased
decalcification is observed with the conse-
quential decreasein bonedensity. Thereare
morphological characters on some bones
that should be analyzed separately. So, an
atrophic mandible related to dental loss
corresponds to a characteristic suggestive
of an aged individual®.

With aging, cranial sutures ossify
(synostosis) and disappear, thereforethisis
a parameter to be taken into consideration
in age estimations. So, radiology plays an
extremely significant role in age estima-
tions focusing on epiphyseal ossification

Radiol Bras. 2009 Mar/Abr;42(2):125-130

centers whose investigation results in
higher reliability ™.

CONCLUSIONS

Innumerable radiological techniques
can be utilized asan aid in human identifi-
cation, including the determination of sex,
ethnic group and mainly age. However, the
application of any of the mentioned tech-
niques depends on the availability of apre-
vious image record for comparison. So, it
isvery important that records of radiologi-
cal images acquired during treatments are
kept by health care professionals.

The analysis of ante-mortem and post-
mortem radiographic and tomographic
images has become an essential tool in pro-
cesses of human identification in the field
of forensic dentistry, especialy with the
refinement of techniques and adoption of
new technologies.

With the availability of avariety of ra-
diological methods, the forensic dentistry
practitioner can opt for the method that best
meet the requirements for a successful
identification, focusing on a careful appli-
cation of the technique and an accurate
interpretation of collected data.
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