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A B S T R A C T

Human remains are tremendously damaged and degraded in forensic cases and the identification becomes
very difficult, in those cases teeth and bones are often the only reliable sources of DNA for identification.
Advances in DNA extraction techniques and short-amplicon DNA typing have greatly increased our
potential to identify human remains which were previously considered to be too compromised for
genetic analysis. As the teeth are largely protected within the jawbones and remains protected from the
environmental conditions and prevent these tissues from postmortem decomposition and DNA decay.
DNA profile tests which are performed nowadays are totally reliable and give details about an individual’s
physical characteristics, ethnicity, place of origin and sex. These tests are also accepted as legal proofs in
courts. These tests are: Restriction Fragment Length Polymorphism Typing, STRs Typing, Mitochondrial
DNA Analysis, Y-Chromosome Analysis, X-Chromosome STR, Single Nucleotide Polymorphism. The
aim of this review is to provide a better understanding and knowledge about the latest techniques in DNA
for human identification in the field of forensic odontology.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

The importance of Forensic Dentistry for human
identification lies mainly when there is little remaining
material to perform such identification (e.g., in fires,
explosions, decomposing bodies or skeletonized bodies),
has led dentists working with forensic investigators to
become more aware with the new molecular biology
technologies.1 Mass disaster identification conventionally
relies on the teamwork of different experts, such as
police, forensic odontologists, physicians, and pathologists.
Antemortem information from the missing persons is
compared with post-mortem data of the deceased persons.
Due to unavailability of such data then the precise
identification of individual becomes very complicated and
in such cases DNA profiling system can help in exact
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identification of person. Dental tissues are resistant to
environmental assaults such as incineration, immersion,
trauma, mutilation and decomposition and due to which
dental tissues represent an excellent source of DNA
material.2The DNA profile tests are reliable which are
being accepted as legal proofs in courts for the investigation
of paternity and human identification. Several biological
materials like bone tissue, hair bulb, biopsy sample, saliva,
blood and other body tissues may be used for separation
of DNA and accomplishment of laboratory tests for human
identification. Advances in DNA extraction techniques and
short-amplicon DNA typing have greatly increased our
potential to identify human remains which were previously
considered to be too compromised for genetic analysis.
Currently short tandem repeat (STR) typing of nuclear
DNA is the most frequently relied upon technique available
for human identification.3 However, recent advances in
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single nucleotide polymorphism (SNP) and insertion and
deletion (indel) typing provide methods that can augment
STR typing in cases where the DNA is highly degraded
and also provide ancestry and/or phenotypic information
when there is no presumptive identification or comparative
ante-mortem sample available. When analysing samples
containing little or no nuclear DNA, mitochondrial DNA
(mtDNA) analysis may be useful. Teeth are a preferred
skeletal source of DNA due to their unique composition
and location within the jawbones and are largely protected
from the environmental and physical conditions that act to
accelerate the processes of post-mortem decomposition and
DNA decay. Therefore, DNA extracted from teeth is often
of higher quality and is less prone to contamination than
DNA extracted from bones.3

1.1. Guidelines for obtaining dental DNA

For obtaining a dental tissue for DNA sampling first debride
the tooth of any plaque or calculus with a curette, then wash
thoroughly with H2O2 followed by ethanol. A conventional
endodontic access and instrumentation is done for an intact
tooth which is supposed to have been removed from the
alveolus recently. The access opening is done and the wall of
the pulp chamber can be curetted with a slow rotary burr and
the pulp tissue is collected in a wide-open sterile tube. The
pulp may be mummified parchment like in dried specimens.
After instrumentation, the pulp chamber is best irrigated
with buffer. Ultrafiltration of liquid at lab will remove the
cellular material needed for analysis. Finally crushing the
tooth may be required.2 Various techniques are used to
locate the cells that harbour potentially useful DNA:

Entire tooth is crushed and DNA is retrieved,
conventional endodontic access is done, horizontal section
of tooth with aggressive extirpation and apicectomy of
tooth is done and horizontal section of tooth with aggressive
pulpectomy and crushing of radicular half of the tooth.
(Smith et al., 1993)4 “Orthograde entrance” providing a
direct entrance from enamel surface to pulp cavity, this
technique enables researchers to obtain more pulp as well
as dentin rich sample by using endodontic files with coarser
ridges.5

The conditions of the material to be examined must
be carefully evaluated by the researchers, in which there
is a greater risk of sample contamination and influence
of environmental factors, in addition to a small amount
of DNA material available in most situations, which may
also include PCR-inhibitors. Various environmental factors
can lead to the degradation of DNA which includes
time, temperature, humidity (facilitating the growth of
microorganisms), light (both sunlight and UV light) and
exposure to various chemical substances.6

1.2. DNA analysis

1.2.1. Restriction fragment length polymorphism
RFLP is employed for analysing the variable lengths of
DNA fragments that result from digesting a DNA sample
with an enzyme called “restriction endonuclease” which
sections DNA at a particular sequence pattern referred to
as a restriction endonuclease recognition site. RFLP cannot
be performed with the samples degraded by environmental
factors and also takes longer time to induce the results
because it requires relatively large amounts of DNA.6

Mutation within the zone where the restriction enzyme
attacks the strand, an area that is normally cut, is not
recognized. The two pieces remain together forming a
protracted piece that has more resistance against migration
within the gel compared to the two pieces separately.
Distance between two restriction enzymes alternate through
insertion, deletion, or variation in a number of repeating
units. This is particularly useful in forensic science.2 In a
study done by Y. J. Zhang et al., multiple RFLP genotypes
of Porphyromonas Gingivalis colonised a single periodontal
pocket.7

Forensic application of PCR-RFLP genotypic
comparison of Streptococcus Mutans has been recovered
from bite injuries thus playing an important role in Forensic
Odontological analysis.8

1.3. STRs typing

These are described as short stretches of DNA that are
repeated at various locations throughout the human genome
and this technology is employed to guage specific regions
(loci) within nuclear DNA.6

STRs have a high power of individual discernment due
to their high standards of polymorphic informative content.
The non - overlapping size of the alleles from different
contributors serves to differentiate them. Currently, they are
detected by fluorescent detection methods using capillary
or gel electrophoresis and even by ABI gel-based DNA
sequencers while earlier works on detection involved silver-
stained polyacrylamide gels. Utilized in paternity testing as
each individual has some STRs inherited from father and
a few from the mother. They are hyper-variable regions
that show repetitions of fragments having 2–7 base pairs.
It helps in identifying victims of mass calamities from even
old remains.9 In a study done by Shbair M et al., Reliability
of STR markers in carious part of the teeth was evaluated
in 120 carious teeth, result of which gave insights that the
carious tissues of human carious teeth could be as valid as
the healthy teeth for forensic human identification.10

1.4. Mitochondrial DNA (mtDNA) analysis

mtDNA may be a powerful tool for forensic identification
because it possesses high copy number, maternal
inheritance, and high degree of sequence variability.
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Each offspring has the identical mtDNA as their mothers
since the mitochondrion of every new embryo comes from
the mother’s ovum and also the nuclear DNA is contributed
by father’s sperm.6

High molecular weight mtDNA are obtained from teeth,
especially in degraded remains. It is thus a valuable tool
in identifying missing persons by comparing mtDNA of
unidentified remains thereupon of a possible maternal
relative. Because the technique involves direct sequencing
of nitrogenous bases, therefore it is expensive. Moreover,
it provides limited information due to the involvement of
familial relationship which may be traced from the feminine
member of the respective family.7

A study done by Ginther C et al. mtDNA was extracted
from teeth stored from 3 months to 20 years. Tooth
donors and or their maternal relatives provide blood or
buccal cells from which mtDNA was also extracted.
Enzymatic amplification and direct sequencing of roughly
650 nucleotides from 2 highly polymorphic region of
mtDNA yielded identical sequence for each comparison
of tooth and fresh DNA, suggesting that teeth provide
an excellent source for high molecular weight mtDNA
that can be valuable for extending the time during which
decomposed human remains can be genetically identified.11

1.5. Analysis of Y chromosome

It involves targeting of the polymorphic regions of the Y
chromosome (Y - STR) using primers. As Y chromosome
is passed to the son from his father, analysis of markers
on the chromosome helps in sketching relationships among
males.7

Majority of the length of the human Y chromosome is
inherited as a single block in linkage from father to male
offspring as a haploid entity. Hence Y chromosomal DNA
variation has been mainly used for investigations on human
evolution and for forensic purposes or paternity analysis.6

In a study by Tsuchimochi T et al (2002),12 they used chelex
method to extract DNA from the dental pulp and amplified
it with PCR and typing at Y-chromosomal loci to determine
the consequences of temperature on the sex determination of
the teeth.13 Whittaker and colleagues determined sex from
necrotic pulp tissue stained by quinacrine mustard using
fluorescent Y chromosome test for maleness and claimed
that up to five weeks after death, sex determination can be
finished with high degree of accuracy.14

Duffy et al.15 have showed that Barr bodies and F
bodies Y chromosomes are preserved in dehydrated pulp
tissues up to one year and pulp tissues retain sex diagnostic
characteristics when heated up to 100°c for 1hour.

1.6. X-Chromosome STR

Analysis of ChrX short tandem repeat markers (STRs) can
successfully embrace the answer that unties the challenge
presented in particular cases of relationship analysis, when

the offspring is female. Since fathers transmit the same X
chromosome to all their daughters, they are particularly
useful in deficiency paternity cases when the child is a
female, in maternity testing, and in paternity cases involving
blood relatives.16

X chromosome STRs, a complementary tool to
autosomal STR and mitochondrial DNA (mtDNA) markers.
Moreover, higher mean exclusion chance (MEC) values
are obtained when using X chromosome markers in trios
involving daughters.17

Since the size of X-chromosome STR alleles is small,
generally including 100-350 nucleotides, it is relatively
easy to be amplified and detected with high sensitivity. X-
Chromosome STR markers are a powerful complimentary
system especially in deficiency paternity testing.6

Hanaoka et al. (1996)18conducted a study to determine
sex from blood and teeth by PCR amplification of the
alphoid satellite family using amplification of X (131 bp)
and Y (172 bp) specific sequences in males and Y specific
sequences in females. It was showed to be a useful method
in determining the sex of an individual.

2. Conclusion

Importance of forensic odontology become apparent
in violence and crimes against human life like bomb
explosions, wars or plane crashes, as well as cases of
carbonized bodies or in advanced stage of decomposition,
among other circumstances in which the conventional
methods of identification become impractical thus
highlights the need to employ ever faster and more accurate
methods during the process of forensic identification. As
teeth are preserved within the alveolar bone thus preserving
the integrity of genetic material and become a potential
source of DNA material which play an important role in
identification and criminology. DNA stores the genetic
material and is unique to every individual. The DNA profile
tests in forensic identification provides a new perspective
in forensic identification and are totally reliable. Therefore,
dental professionals working on the field of Forensic
Dentistry should incorporate these newer technologies
in their work for the extraction of DNA from genetic
materials.
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