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LITERATURE REVIEW

ABSTRACT

Objective: To analyze the importance of analyzing DNA extracted from dental pulp as a
method of human identification in Forensic Dentistry and Forensic Sciences. The study
discusses the biological foundations that justify the choice of dental pulp as the
preferred material and describes technical aspects of DNA extraction and amplification.
It also seeks to highlight its application in cases such as mass disasters, charred bodies,
and advanced decomposition, in addition to highlighting the role of the dentist in
preserving the chain of custody and interfacing with the legal system. Methodology: A
narrative review of the scientific literature was conducted in international databases,
technical protocols, and specific guidelines for Forensic Dentistry. Studies on modern
techniques for extracting and amplifying DNA from dental pulp, studies addressing
genetic viability in different forensic scenarios, and publications emphasizing the
importance of dental knowledge combined with legal requirements were included.
Documents on procedures to ensure sample integrity during collection, storage, and
transportation were also evaluated. Results: The review confirmed that dental pulp is
one of the safest and most stable biological sources for obtaining DNA, due to its
structural protection against external agents. Protocols using cell lysis, purification with
silica or resin columns, and PCR amplification have yielded satisfactory results even
under extreme conditions. Challenges such as contamination and partial DNA
degradation were also observed, reinforcing the need for rigorous protocols. The
growing appreciation of dentists as technical experts in the collection and analysis of
this material was highlighted. Conclusion: Dental pulp DNA analysis is essential for
forensic identification, especially when other sources are compromised. Its success
depends on appropriate technique and the preservation of the chain of custody. In this
context, dentists play a crucial role, combining scientific knowledge and legal expertise
to ensure reliable and legally valid results.
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Coleta de DNA Forense a partir da Polpa Dentaria:
Fundamentos, Técnica e Aplicagcoes em Identificacao
Humana

RESUMO

Objetivo: Analisar a importancia da analise de DNA extraido da polpa dentaria como método
de identificagdo humana na Odontologia Legal e nas Ciéncias Forenses. O estudo discute os
fundamentos biolégicos que justificam a escolha da polpa dentaria como material
preferencial e descreve aspectos técnicos da extracdo e amplificagdo de DNA. Também busca
destacar sua aplicagdo em casos como desastres em massa, corpos carbonizados e
decomposicdo avancada, além de evidenciar o papel do cirurgido-dentista na preservacao
da cadeia de custddia e na interface com o sistema juridico. Metodologia: Foi realizada uma
revisdo narrativa da literatura cientifica em bases de dados internacionais, protocolos
técnicos e diretrizes especificas da Odontologia Legal. Foram incluidos trabalhos sobre
técnicas modernas de extracdo e amplificagdo de DNA da polpa dentdria, estudos que
abordam a viabilidade genética em diferentes cendrios forenses e publicagdes que enfatizam
a importancia do conhecimento odontolégico aliado as exigéncias legais. Também foram
avaliados documentos sobre procedimentos que asseguram a integridade das amostras
durante coleta, armazenamento e transporte. Resultados: A revisao confirmou que a polpa
dentdria é uma das fontes biolégicas mais seguras e estaveis para obtencao de DNA, devido
a sua protecdo estrutural contra agentes externos. Protocolos que utilizam lise celular,
purificacdo por colunas de silica ou resinas e amplificacdo por PCR tém apresentado
resultados satisfatorios mesmo em condicdes extremas. Observou-se também desafios
como contaminacdo e degradacdo parcial do DNA, reforcando a necessidade de protocolos
rigorosos. Evidenciou-se a valorizacdo crescente do cirurgido-dentista como perito técnico
na coleta e analise desse material. Conclusdo: A analise de DNA da polpa dentdria mostra-se
fundamental para identificacdo forense, especialmente quando outras fontes estdo
comprometidas. Seu éxito depende de técnica adequada e da preservacdo da cadeia de
custédia. Nesse contexto, o cirurgido-dentista desempenha papel essencial, unindo
conhecimento cientifico e atuacdo legal para garantir resultados confidveis e juridicamente
validos.

Palavras-chave: DNA; Polpa Dentaria; Odontologia Legal; Identificagdo Humana; Coleta de
Amostras; Medicina Legal.
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INTRODUCTION

The identification of individuals through genetic analysis represents a historic
milestone that revolutionized the practice of forensic science, granting it a high degree
of precision, sensitivity, and reliability. Among the various biological materials available
for DNA destruction, teeth occupy a prominent position, not only due to their frequency
of preservation in extreme scenarios, but also due to anatomical and histological
characteristics that make them unique (Lakshmi et al., 2021). This structural robustness,
combined with enamel and dentin, provides efficient protection to the dental pulp, a
vascularized and richly cellular connective tissue, even under adverse conditions that

compromise other soft tissues.

In Forensic Dentistry, the use of dental pulp as a source of DNA has been shown
to be especially relevant in critical situations, such as large-scale natural disasters, plane
crashes, explosions, body incineration, and advanced cases (Silva et al., 2007). In these
situations, traditional identification methods, such as visual recognition or digital yield
analysis, often become unfeasible or compromised, elevating genetic analysis to the role

of the primary technical-scientific strategy for confirming identity.

In this context, the forensic dentistry movement plays an essential and
multifaceted role. In addition to the technical expertise needed to select and
appropriately collect missing elements, this professional must master laboratory
protocols that ensure the quality and integrity of the extracted genetic material,
understand the principles of chain of custody, and act in accordance with the legal and
ethical requirements governing forensic examination. They are also responsible for
collaborating with interdisciplinary teams, contributing to the preparation of conclusive
reports that support legal proceedings, criminal investigations, and identification efforts

in humanitarian contexts (ALMEIDA et al., 2015).

Therefore, DNA analysis obtained from dental pulp is not merely a
complementary resource, but a strategic tool consolidated by scientific literature. This
approach connects dental expertise with the advancement of forensic science and

strengthens the production of robust, reliable, and socially relevant tests.
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MATERIALS AND METHODS

During the development of this narrative review article, it was essential to
establish a methodological strategy to ensure the inclusion of the most current,
relevant, and scientifically validated information on the topic, providing robust and well-
supported content. Searches were conducted across multiple databases, including DeCs,
BVS/BIREME, PROSPERO, SciELO, PubMed Central, ScienceDirect, Web of Science, and
The Cochrane Library, in conjunction with Google Scholar. Additionally, gray literature
was utilized to provide supplementary and relevant insights, which proved crucial for a
comprehensive exploration of the subject matter. To refine the scope and relevance of
the searches, the following descriptors were employed: DNA, Dental Pulp, Forensic
Dentistry, Human ldentification, Collection, Specimen and Forensic Medicine. Given the
narrative review format, it was necessary to adopt a framework that defines the
structure, essential elements, and exclusions pertinent to this type of study.
Consequently, Rother's (2007) work served as a methodological guide throughout the
preparation of this article, ensuring consistency and adherence to the standards of

narrative literature reviews.

BIOLOGICAL AND FORENSIC BASIS

Dental pulp is a mesenchymal tissue located within the pulp chamber and root
canals. Its cellular richness (odontoblasts, fibroblasts, endothelial and immune cells)
makes it a reliable source of nuclear DNA. Enamel and dentin act as a physical barrier,
protecting this tissue from degradation by heat, moisture, bacterial action, and chemical

agents.

According to Sweet & Hildebrand (1998), even in charred bodies or ancient
skeletons, dental pulp can preserve sufficient DNA for analysis of STRs (Short Tandem
Repeats), nuclear genetic profiling, and even mitochondrial DNA. This gives the tooth a

central role in Forensic Dentistry, alongside dental records and radiographs.
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INDICATIONS AND APPLICATION CONTEXTS

DNA collection from dental pulp is primarily indicated in the following situations:
¢ Charred or skeletonized victims;

® Bodies in advanced decomposition;

e Lack of comparative data (fingerprints, antemortem);

e Court cases requiring genetic confirmation of identity;

e Kinship investigations (paternity, consanguinity);

e Retrospective analyses in exhumations.

TECHNICAL PROCEDURES FOR COLLECTION

The collection, storage, and extraction of DNA from dental pulp is a critical
process in the practice of Forensic Dentistry, requiring technical rigor, anatomical
knowledge, and respect for bioethical and legal principles. Selecting the appropriate
tooth is the first fundamental step for successful genetic analysis. Intact permanent
teeth, preferably molars and premolars, are the most suitable because they have a
larger pulp volume, multiple root canals, and a thick layer of dentin and enamel, which
act as natural barriers against thermal, chemical, and microbiological degradation.
Furthermore, posterior teeth tend to better maintain cell viability even after long

periods of decomposition (Cafiero et al., 2019).

When selecting teeth, it is recommended to prioritize unrestored teeth, free of
deep caries, structural fractures, or previous endodontic treatments, as these
alterations compromise pulp compartmentalization and increase the risk of external
contamination or DNA degradation. Prior analysis through macroscopic and
radiographic examination allows for the assessment of root anatomy, calcifications,
periapical lesions, and the presence of accessory canals, elements that can directly
impact pulp tissue extraction. Ideally, mature teeth should be selected, with fully formed
root apices, multiple roots, and wide canals, preferably those least exposed to the oral
environment, which reduces the likelihood of environmental contamination. Tooth
removal for forensic purposes must follow protocols authorized by a judicial authority,

duly documented in the chain of custody, and, when necessary, accompanied by legal
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consent.

After collection, the tooth must be handled exclusively with sterile gloves, in a
controlled environment, free from contaminated surfaces. Storage should occurin adry,
sterile polypropylene or glass container, labeled with an alphanumeric code, the victim's
name (if known), the date, place, and time of collection, the identification of the person
responsible, and the seal number or chain of custody record. The material must be kept
refrigerated between 4°C and 8°C until laboratory processing. When storage for longer
periods is necessary, freezing at -20°C or -80°C is recommended, with temperature
monitoring. The use of preservative liquids such as formalin, absolute ethanol, or
chlorhexidine is strictly contraindicated, as they cause irreversible chemical

modifications to DNA strands, making PCR amplification difficult or impossible.

Opening the tooth, an essential step for accessing the pulp tissue, must be
performed under aseptic conditions, preferably in a fully equipped laboratory
environment. The most commonly used techniques are controlled longitudinal fracture,
which provides greater exposure of the pulp chamber and root canals, and conventional
endodontic access, indicated when there is a need to preserve the external structure of
the tooth for future comparative forensic dentistry analysis. Each technique has
advantages and limitations, and the choice should consider the condition of the

specimen, available resources, and forensic objectives.

Pulp tissue extraction should be performed with sterile instruments, such as
delicate curettes, anatomical forceps, and endodontic files, avoiding excessive handling
that could degrade the genetic material. The removed tissue should be immediately
transferred to sterile Eppendorf tubes containing preservative solutions such as TE
buffer or sterile PBS, which stabilize the pH and inhibit the action of nucleases. The
sample should be kept refrigerated and protected from light, and preferably processed

within 24-48 hours; otherwise, it should be frozen at -20°C or -80°C.

The use of fixatives such as formalin, glutaraldehyde, or paraffin should be
avoided, as they cause DNA strand entanglement, compromising purification and
inhibiting PCR reactions even after advanced extraction protocols. Additionally, strict
control measures must be adopted throughout the procedure, such as surface

decontamination with 0.5% sodium hypochlorite, the use of dedicated equipment, and
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photographic or video recording. All movements, from collection to storage and
transportation, must be detailed on specific forms, ensuring traceability and the legal

validity of the forensic report.

These steps, carried out with technical precision, scientific basis, and compliance
with legal protocols, ensure the production of viable DNA, enabling reliable results in

genetic identification and strengthening the credibility of forensic dental expertise.

LABORATORY STEPS

The laboratory steps involving the removal, quantification, amplification, and
analysis of DNA extracted from dental pulp represent crucial phases for the success of
forensic genetic identification. These procedures require technical standardization,
methodological rigor, and mastery of the factors that influence the yield and quality of

genetic material.

DNA removal aims to isolate the genetic material in an intact, pure, and viable
form for subsequent PCR amplification. The choice of method depends on the tissue
preservation status, the available sample quantity, the presence of inhibitors, and the
intended analysis type, whether nuclear or mitochondrial DNA. Among the main
methods used, the phenol-chloroform-isoamyl (PCI) method stands out, traditionally
applied for its high efficiency in purifying contaminated or degraded samples. This
process involves cell lysis with specific proteins and proteinase K, followed by the
addition of organic solvents that separate the DNA in an upper wet phase. The DNA is
then precipitated with absolute ethanol, washed, and resuspended in conventional TE.
Despite its high recovery capacity, the PCl method requires longer operating time, the
use of toxic reagents, and specific precautions to avoid cross-contamination, which

limits its application to critical cases or escaped samples.

In routine forensic laboratories, commercial kits based on silica columns have
become the most widely used standard due to their practicality, safety, and
standardization. The methodology consists of tissue lysis followed by application of the
solution to the silica column, which retains the DNA by chemical layering in the presence
of chaotropic salts. After successive washes to remove proteins and inhibitors, the DNA

is eluted in ultrapure water or standard Tris. These kits offer speed, compatibility with
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automation, and a lower risk of exposure to toxic reagents, although they have lower

yields than PCl in severely degraded samples.

In situations where nuclear DNA is fragmented to the point that STR analysis is
unfeasible, mitochondrial DNA removal is used. Each cell contains hundreds of
thousands of copies of mtDNA, which increases the likelihood of recovery even from old
or high-temperature material. This extraction can be performed using conventional
methods adapted for mitochondrial enrichment, allowing amplification of conserved
regions such as the HV1 and HV2 domains of the D-loop. The main limitation is not the
reduced individualization power, since mtDNA is transmitted exclusively through the

maternal lineage, making it primarily useful for tracing maternal kinship.

After extraction, the DNA obtained must be quantified, a necessary step to
ensure the sample contains adequate quantity and quality for amplification. The most
commonly used methods are spectrophotometry, exemplified by the NanoDrop
equipment, which provides rapid concentration estimates, and real-time PCR (qPCR),
which offers greater sensitivity and also detects the presence of inhibitors that can

compromise the process.

In the next step, PCR amplification is performed using multiplex STR panels, such
as those used by the CODIS system, which allow the generation of highly discriminatory
genetic profiles. The procedure requires the mandatory inclusion of negative and
positive controls to ensure the validity of the results. The final analysis of the amplified
products is performed by capillary electrophoresis, a technique that separates DNA

fragments by size, allowing the construction of the sample's genetic profile.

The conclusive step consists of comparing this profile with reference materials,
which may include the victim's personal items, biological samples from family members,
or searches of national and international databases, such as the National Genetic Profile
Bank (BNPG) in Brazil and CODIS in the United States. The results are interpreted based
on statistical calculations such as the Discrimination Index and the Probability of
Random Match, which numerically express the strength of the link between the

obtained profile and the individual or family member under investigation.

This set of laboratory steps, performed in a standardized, documented manner

using specific techniques, ensures the scientific reliability of the results and provides
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essential legal support for the expert report issued within the scope of Forensic

Dentistry.

LABORATORY STEPS

The chain of custody must be strictly maintained, with complete documentation
from collection to analysis. Dentists must follow ethical, legal, and laboratory standards,

such as Law 12.654/2012 and ISO 17025.

CONCLUSION

Dental pulp is a source of high-quality, stable DNA, making it a valuable resource
in forensic human identification. The dentist's technical expertise in the collection
process, combined with collaboration with certified laboratories, guarantees the

reliability of the results, ensuring answers in cases of social and criminal relevance.
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