The Internet Journal of Forensic Science
Volume 4 Number 1

Methods for human identification in Forensic Dentistry: A

Review

C Stavrianos, | Stavrianou, E Dietrich, P Kafas

Citation

C Stavrianos, I Stavrianou, E Dietrich, P Kafas. Methods for human identification in Forensic Dentistry: A Review. The

Internet Journal of Forensic Science. 2008 Volume 4 Number 1.

Abstract

The contribution of dentistry to human identification takes two main forms: the identification of human remains according to
dental records existing antemortem, and a postmortem dental profiling in cases where there are no antemortem records. This
review analyzed the available basic methods of human identification.

INTRODUCTION

Defining forensic dentistry means including two definitions:
human identification and bite marks , . In this way dentistry
can contribute to the identification of human remains after
disasters or crimes, assisting other medical specialties. It
must be mentioned that forensic medicine plays the role of
the last counsel of defence, by helping to ascertain the
circumstances of death.

The contribution of dentistry to human identification takes
two main forms: the identification of human remains
according to dental records existing antemortem, and a
postmortem dental profiling in cases where there are no
antemortem records. The antemortem records are compared
with the dental status of the cadaver giving strong evidence
of the identity of the cadaver. In case there is no dental
anamnesis, a thorought dental profile is being completed.
This in turn helps the specialists to sort the existent
antemortem material and select the information that most fits
to the profile of the cadaver.

The importance of identification of human remains with
methods of high accuracy is better understood in cases
where the identification of the cadavers is impossible due to
deformities caused by a disease that ailed the person and
finally leaded to his/her death or by a natural or an aviation
disaster.

DENTAL IDENTIFICATION
KEYS FOR DENTAL IDENTIFICATION

Dental identification is based on the fact that teeth are
morphological features like an antemortem fracture or

surgical intervention. That means that they are physical
characteristics that endure throughout the decomposition

process and are recognizable postmortem , .

Patients that underwent antemortem dental treatments of
special difficulty are often thoroughly registered, aiming at a
better treatment planning and outcome. That means that
dental x-rays (Figure 1) made for the diagnosis and
treatment planning or study casts for the analysis of the
articulation or a more or less complex prosthetic treatment
plan provide information that can be compared with the
cadaver’s dental status , . During this procedure the features
that are compared are: presence or absence of teeth, the
shape, size and bone peculiarities ; .

Figure 1
Figure 1: Antemortem periapical x-rays

HUMAN TEETH

Human teeth remain unchanged through time unlike other

human tissues , .
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Features that are registered during the identification process

are | :
e Teeth present
e Missing teeth
e Tooth type
e Tooth position
¢ Crown/Root morphology
e Crown/Root pathology
e Pulp chamber/Root canal morphology
e Pulp chamber/Root canal pathology
o Periapical pathology
¢ Dental restorations
¢ Gingival morphology and pathology
e Periodontal ligament morphology
e Alveolar process and lamina dura
e Maxillary sinus
e Anterior nasal spine
e Mandibular canal
e Condylar and coronoid processes
e Temporomandibular joint

e Other pathologies

POSTMORTEM DENTAL PROFILING

When the comparison between the antemortem and
postmortem information doesn’t reveal common features, or
the antemortem information is unavailable or the condition
of the remains do not allow the identification, a postmortem
dental profiling gives a solution , . Features like age,
ancestry, sex, socio-economic status and sometimes
occupation, diet, habits and diseases can be acknowledged.

Sex and ancestry. Ancestry can be assessed by studying the
facial skeleton and comparing the features with the main
characteristics of the three racial groups: Mongoloid,
Negroid, and Caucasoid. Gender can be assessed via the
results of the study of the skeleton or the teeth. That means

that differences in the shape, the contour and size of the teeth
can provide conclusive evidence of the gender of the victim 5

New approaches that involve the tools of molecular biology
like DNA analysis can help ascertaining the gender of the
cadaver. According to Adachi ¢ and his study on the rate of
appearance of the Y chromosome in the dental pulp of
extracted teeth related to the time passed after extraction, Y
chromatin was assessed at a rate of 42,2% immediately after
extraction. The rate fall down to 11,4% two years after
extraction. In addition the low rate of the appearance of
pseudo-Y chromosome in samples from women, allow the
assumption that the DNA analysis can help gender
assessment. However details about the lapse of time after
death cannot be gained with this method. The analysis of the
DNA code is based on the polymerase chain reaction, with
which a pre-selected part of the DNA can be amplified, thus
providing high concentration of DNA material for analysis
in cases where only small samples exist.

Modern forensics can obtain information about the gender of
the cadaver, with the analysis of specific genes in the DNA.
In particular, genes located on different chromosomes for
males and females, can help distinguishing between males
and females. The amelogenin gene(AMEL) is located on the
X chromosome in females and on the X and Y chromosome
in males. The length of the gene on the X chromosome is
106 base pairs and on the Y chromosome 112 base pairs.
Thus on a bar-code type display of the DNA the difference
in the length of the two genes is visible .

Sweet et al , in their published case report, used genotype
analysis of tooth smear gained after cryogenic grinding of
cadaver’s teeth in order to compare the results with the
antemortem PAP smears from the putative medical record of
the individual.

TOOTH AND SKELETAL CHARACTERISTICS IN
AGE DETERMINATION

It is stated that special tooth characteristics like the Carabelli
cusp are diagnostic markers for the racial categorization of
the individual 4 . In particular, the Carabelli cusp, formed by
a folding of the inner enamel epithelium, seems to be greater
in males than in females , . Its formation is mostly related to
large crowns , and heigh cusps ¢ and a genetical
predisposition may be present. Guo et al ; reported that the
rate of the appearance of the Carabelli cusp is higher in the
Japanese than in the Chinese population ¢, thus this feature

may be more characteristic in some populations.
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Feature’s variability may cause problems when trying to
estimate the age of the cadaver. In particular, in cases where
there is no other information and the third molars are the
only teeth that can contribute to age estimation, this process
becomes difficult because there is a high variance in the
development of third molars. Mincer et al ,, advocate that
maxillary third molars slighty precede the completion of the
development of the mandibular third molars and that root
formation of the third molars in males occurrs earlier than in
females. Thus their developmental status can contribute to
age estimation ,, .

Skeletal characteristics visuable on panoramic radiographs
but mainly on lateral skull radiographs provide enough
information when ante- and postmortem films are compared.
In this manner, Kullman et al |, advocate that radiographs of
the frontal sinuses can serve as a medium of identification.
The process isn’t influenced by the beam angulation or the
experience of the observer ;;, .The characteristics to which
the experts focus on are aplasia, symmetry, left or right
asymmetry and the number of lobulations ; . Other
morphological characteristics that are used as a marker for
postmortem identification are nutrient canals mainly of the
mandibular alveolar process, visuable on the postmortem
panoramic radiograph |, . Their number and location is
compaired with those on antemortem radiographs.

Panoramic radiography can also be applied in forensic
medicine with the utilization of portable units. This approach
is less time-consuming and allows the extraoral examination
of the dental status |, .

The value of tooth and facial skeleton characteristics in
human identification is better understood when other
morhological features, like antemortem fractures or surgical
interventions are taken into account. However, although the
aforementioned features seem to be individualizing, some of
them, like fractures, are very common in specific regions, so
that their value for the identification process is very small , .

BLOOD ANTIGENS
Whittaker and Rawle ,, advocate that the antigenicity of

powdered dentine and cementum of extracted human teeth
remains unaltered without regard to the environmental
conditions for a period of 1to6 months after extraction , .
This supports the idea to use precipitin reaction, i.e. the
reaction of an antigen with a fixed amount of serum
containing antibody, in order to assess the origin of tooth
fragments found for example at the area of a natural disaster.

Sources of blood antigens are the red blood cells of the
dental pulp and the endothelium of the pulp vessels. Many
hypotheses have been expressed according to the
antigenicity of other components of the pulp that may
contribute to identification, like antigens on odontoblasts or
dentinal fluid |5 . Nakayama and Aoki ,; found out that the
ABH antigens in tooth fragments gained after the
preparation of extracted teeth, weren’t localized into the
vascular network, that was according to the results of the
SEM absent, but on the odontoblasts and their prolongations
at the periphery of the pulp ;. It is of high importance to
ensure that the epitopes are being preserved, that means that
the decalcification process should be avoided.

The pattern of the repetitive nucleic acid sequences of the
DNA of an individual can also serve as a medium of
identification. In this manner polymorphisms of the ABO
system were evaluated by Minaguchi et al |4, in order to
identify a skeletonized female body. The two fragments of a
tooth kept for serological analysis, were washed with
physiological saline and crashed into powder. Then the
powder was decalcified in EDTA and the centrifuged
remains were further prepared in order to obtain three
samples: DNA sample from tooth powder, from the Tris-
EDTA solution and from the EDTA solution. These samples
were analysed for ABO system polymorphisms and
mitochondrial DNA polymorphisms ,, . Mitochondrial DNA
has maternal inheritance, lack of recombination, high
mutation rate and a high number of copies in each cell. In
cases where this type of DNA is analyzed, the first
comparison is being made between the specific mutations
present in the aplotype of this DNA and that of worldwide
database. This process very often helps to identify the
ancestry of the victim, as some mutations appear more often
in specific regions 4 .

TOOTH RESTORATION MATERIALS

In cases where the dental status cannot be evaluated due to a
damage of the dentition of the victim, the recognition of the
brand name of the used resin for restorative purposes may
provide help in the collection of putative antemortem dental
records of the victim ,, . Amalgam fillings may give
important details (Figure 2). Bush et al |, in this survey
mention the role of x-ray spectrum analysis of different
resins in coupling each spectrum to a specific brand name.
This is feasible due to the rarely altered inorganic
composition of resins. The technique applied was SEM/EDS
(scanning electron microscope/energy dispersive X-ray
spectroscopy). The data was then archieved using a software
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designed under the auspice of the FBI. It must be stated that
a great number of databases exist, that aid in determining the
identity of materials according to a specific method. In
particular, different types of spectroscopy are utilized in
order to identify materials. The interesting point according to
Bush et al ; , is the knownledge of the time frame the
product was on the market, thus giving the chance for a
chronological window in which the remain can be placed ,, .

Figure 2

Figure 2: The amalgam fillings in the posterior upper jaw are
important assessment features on victim identification.

In cases where the restorations were lost because of the
circumstances of the death of the victim, these can be
reconstructed with the use of amalgam/calcium hydroxide
powder ;. The radiograph that is being obtained after this
restoration can be compared with the putative antemortem
radiograph of the victim.

Previous dental restorations on incinerated teeth can be
visualized with SEM analysis. This procedure can reveal
striations that are related to antemortem dental restorations.
These findings can be compared with putative antemortem
dental records of the victim .

A case report of Suzuki et al |, , emphasizes on the role of
dental material analysis with the utilization of SEM and
EPMA (electron probe x-ray microanalysis) in identification.
In their publication, the identification of the murder was
carried out with the analysis of a small fragment of porcelain
recovered beside the cadaver of a woman killed in her
apartment. This fragment showed similarities in structure
and in the distribution of air-bubbles produced during the
baking process with a porcelain restoration of the suspected
murderer ,, .

DIGITAL TECHNOLOGY

In burn victims where only skeletal remains are available for
the identification process, the application of computer
technology by means of a morphometric reconstruction of
the facial characteristics seems to be very useful. This
method suggests that superimposition of a virtual picture,
that a special software designs according to the coordinates
of special anatomic points of the victim (in case there is
severe damage of the facial structures), and a life-time
picture can serve as a medium of identification ,, .

The identification process can also start at the crime or death
scene. Funayama et al ,, present a computer network that
connects a specialist at the crime or death scene and a server
at the laboratory/university where the data is being collected.
The specialist takes digital images that may contribute to a
quick comparison with putative digital images of the
restorations of the victim ,, . The software that is being
utilized in such approaches can be very common like Adobe
Photoshop 5.0 ,, .

PROBLEMS OCCURRING IN THE
IDENTIFICATION PROCESS

EDENTULOUSNESS

Patients that do not have physical teeth anymore, represent a
problem for the identification process of human remains.
Even if there are antemortem radiographs, there are
morphological changes in the jaw bone due to the resorption
of the alveolar ridges, that render the identification difficult

24 ¢

Panoramic radiographs that exist antemortem as mentioned
above can provide useful information only when the time
space betweem the acquisition of the radiographs and the
circumstances of the death of the victim is short. Without
reference to the rate of absorption an intrinsic problem exists
that may influence the ability to obtain postmortem
radiographs, that is the tomographic process. Lateral skull
radiography is the solution in these cases, because of the
reproductability of the method. Goodman and Himmelberger
,s presented a case of an unsolved homicide, where
postmortem casts of the victim were obtained for the
acquisition of a cephalometric radiograph for the
superimposition with a putative antemortem radiograph ,; .

Palatal rugae impressions can also serve as a medium for
identification in edentulous patients. Limson and Julian ,
presented a computerized method of comparing details of
antemortem dental records and postmortem details of the
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palatal rugae , . It must be noted that the condition of the
human remains is of high importance for the acquisition of
impressions that can serve for human identification. That
means that this approach cannot be followed in cases of
skeletal remains.

In order to ensure an easier identification process for
edentulous victims it is suggested to introduce a denture
marking system either with the form of a surface
marker(engraving the casts, scribing the denture) or with an
inclusion method(metallic labels, microchips) ,, . The typical
partial denture (Figure 3) may not give information
regarding the victim if there is no inclusion method.

Figure 3

Figure 3: A partial denture without metallic labels or
microchips.

ANALYSIS OF THE RESTORATIVE MATERIALS

As mentioned above the analysis of the spectrum of a resin
recovered from a cadaver can contribute to the identification
17 - Some problems occurring during this process are the
following.

It is of high importance to choose the right method for the
analysis of the resins especially when they have similar
concentrations of the inorganic fillers. It this cases the use of
X-ray fluorescence(XRF) can contribute to the separation of
the resins according to their concentration of Sr

XRF has a major disadvantage that is the inability to detect
silicon, when portable x-ray units are used. This is due to the
absorption of low energy x-rays

The quantity of the materials archieved in the databases
should include as many samples as possible in order to
enable the pairing

It comes as a conclusion that the analysis of material of
unknown origin in cases of disasters with the use of
spectroscopy as mentioned above, can help the experts to
distinguish between dental and biological materials like teeth
or bones .

REDUCED NUMBER OF RESTORATIONS AND
MISSING TEETH

Due to the reduction of the number of restorations in the
polulation during the years, it becomes gradually difficult to
identify human remains accoding to their dental status.
Additionally, when teeth get lost during the time space
between the acquisition of the last panoramic radiograph and
the death, postmortem identification becomes difficult
(Figure 4,5).

Figure 4

Figure 4: The process of identification is difficult due to
excessive loss of tissues.

gy
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Figure 5

Figure 5a,b: Carbonized victim of an air-accident. The
identification process is almost impossible

In this instances, the digitalization of putative ante- and
postmortem radiographs, contribute to a computer-aided
identification. In particular, the root morphology and the
spatial relationship of teeth roots and their supportive
structures in ante- and postmortem radiographs are being
assessed with the utilization of a computer software and
compared , .

DISCUSSION

According to the aforementioned, dental identification
depends on the condition of the victim and the availability of
antemortem dental records. Thus, the circumstances of the
accident, the nationality, the country of origin, the
antemortem dental treatment, the presence of antemortem
dental records and the degree of dental injury ,, can
influence the identification process.

The organization of a system for the registration of the
odontological status of individuals, that will be part of the
health system of every country, can contribute to the
minimization of the expenses of the policing agencies and to
a more rapid and accurate identification process 5, .

According to the above presented methods of human
identification in forensic dentistry, it is noteworthy that new
approaches are being made in this field. The tools of
molecular biology, like DNA typing of genomic or
mitochondrial DNA for the detection of gene
polymorphisms and a specific repetitive sequence of the
DNA in order to match these results with putative
antemortem findings, become very popular.

CONCLUSION

A standardized system for the record of the dental status of
individuals is necessary in order to help the process of

human identification after an accident or a mass disaster.
Additionally the training of specific groups, the organization
of multidisciplinary groups and the international cooperation
are of high importance in forensic medicine.
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