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Introduction

Forensic science encompasses a diverse range of disciplines, each playing a
vital role in criminal investigations and humanitarian efforts. The field continu-
ally evolves with advanced techniques that enhance accuracy, efficiency, and the
scope of evidence analysis. For instance, forensic odontology is crucial for per-
sonal identification, especially in mass disasters or when traditional methods fall
short. It uses dental records, bite marks, and oral pathologies as unique identi-
fiers, making forensic dentists indispensable in investigations and humanitarian
work [1].

Forensic entomology provides critical timelines in death investigations, focusing
on insect evidence and studying arthropod succession and development on de-
composing remains to estimate the postmortem interval (PMI). Applying this sci-
ence within legal frameworks strengthens its contribution to criminal justice [2].

Technological advancements have also transformed on-scene evidence analysis.
Portable Raman spectroscopy, a non-destructive, rapid, and sensitive method, al-
lows for direct analysis of evidence at a crime scene. Its versatility helps identify
illicit drugs, explosives, gunshot residues, and questioned documents, speeding
up preliminary investigations without compromising sample integrity [3].

Another significant area is forensic DNA phenotyping, which enables investiga-
tors to infer visible traits like ancestry, hair, eye, and skin color from crime scene
DNA. This technique, through advancements in SNP panels and statistical mod-
els, offers investigative leads when conventional DNA identification is not feasible
[4]. Similarly, analyzing textile fibers from crime scenes provides crucial trace evi-
dence for linking individuals or locations. Advanced spectroscopic methods, such
as Raman and FTIR spectroscopy, offer detailed chemical profiles for precise fiber
comparison and identification, thereby enhancing investigations [5].

Forensic toxicology has seen remarkable progress with techniques like mass spec-
trometry, essential for identifying and quantifying illicit drugs with precision. Re-
cent improvements in sensitivity, selectivity, and throughput are critical for detect-
ing new psychoactive substances and complex drug mixtures, supporting accurate
drug profiling and combating trafficking [6]. Alongside this, microextraction tech-
niques are revolutionizing toxicology by enabling the analysis of trace analytes
from complex biological matrices. These approaches improve sample preparation
by reducing solvent use, lowering detection limits, and boosting method sensitivity
for various drugs and toxins [7].

Forensic age estimation, particularly for living individuals lacking legal documents,
increasingly relies on molecular methods. Novel epigenetic markers, like DNA

methylation, and telomere length analysis offer more accurate and objective age
predictions compared to older morphological methods. This is incredibly impor-
tant in asylum cases and criminal proceedings [8]. Fingerprints, a long-standing
cornerstone of forensic identification, are also seeing significant technological en-
hancements. New methods for developing latent prints on challenging surfaces,
coupled with integrated digital imaging and automated comparison systems, make
fingerprint evidence more reliable and robust than ever [9].

Finally, forensic taphonomy is vital for understanding postmortem changes to hu-
man remains and their burial environments. The study of decomposition, environ-
mental factors, and scavenger activity helps establish time since death, reconstruct
perimortem events, and locate clandestine graves, offering crucial information for
complex death investigations [10]. These advancements collectively underscore a
period of dynamic growth in forensic science, pushing the boundaries of what is
possible in solving crimes and identifying victims.

Description

Forensic science leverages a variety of specialized disciplines for accurate identi-
fication and investigation, particularly in challenging scenarios like mass disasters
or complex criminal cases. Forensic odontology, for instance, is indispensable for
personal identification, relying on dental records, bite marks, and oral pathologies
to provide unique identifiers. Advancements in this field improve the accuracy and
efficiency of dental age estimation and victim identification, making forensic den-
tists crucial in humanitarian efforts and legal proceedings [1]. Concurrently, foren-
sic entomology offers vital timelines in death investigations. By meticulously study-
ing insect evidence, including arthropod succession and developmental stages on
decomposing remains, it helps estimate the postmortem interval (PMI). Its con-
sistent application within legal frameworks strengthens its role in criminal justice,
providing robust scientific evidence for case reconstruction [2].

Modern forensic analysis benefits significantly from advanced analytical tech-
niques. Portable Raman spectroscopy offers a non-destructive, rapid, and sen-
sitive method for direct evidence analysis at crime scenes. This versatile tool
identifies illicit drugs, explosives, gunshot residues, and questioned documents,
enhancing the speed and efficiency of preliminary investigations without compro-
mising sample integrity [3]. In a similar vein, forensic DNA phenotyping is trans-
forming investigations by allowing the inference of visible traits such as ancestry,
hair, eye, and skin color from crime scene DNA. This technique, utilizing advanced
SNP panels and statistical models, generates crucial investigative leads when tra-
ditional DNA identification is not possible [4]. Furthermore, the examination of
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textile fibers found at crime scenes provides valuable trace evidence. Advanced
spectroscopic methods like Raman and FTIR spectroscopy deliver detailed chem-
ical profiles, enabling precise fiber comparison and identification to link suspects,
victims, or locations, thereby bolstering investigations [5].

Forensic toxicology has made substantial progress, particularly with mass spec-
trometry for the precise identification and quantification of illicit drugs. Recent
advancements have significantly improved sensitivity, selectivity, and throughput,
which are essential for detecting new psychoactive substances and complex drug
mixtures. This supports accurate drug profiling and is fundamental in combating
drug trafficking [6]. Additionally, microextraction techniques are revolutionizing
toxicological analysis by facilitating the examination of trace amounts of analytes
from complex biological matrices. These approaches enhance sample prepara-
tion through reduced solvent consumption, lower detection limits, and improved
method sensitivity for various drugs and toxins, making previously undetectable
evidence now accessible [7].

For living individuals without legal documents, forensic age estimation increas-
ingly depends on molecular methods. This involves the exploration of novel epi-
genetic markers, such as DNA methylation, and telomere length analysis. These
modern techniques offer more accurate and objective age predictions compared
to older morphological methods, which is critical in sensitive contexts like asylum
cases and criminal proceedings where precise age determination is paramount
[8]. Beyond biological and chemical analyses, fingerprints remain a cornerstone
of forensic identification. Recent technological advancements continue to push
the boundaries of detection and analysis, with novel methods for developing latent
prints on challenging surfaces and integrated digital imaging and automated com-
parison systems. These innovations collectively make fingerprint evidence more
robust and reliable than ever [9].

Lastly, forensic taphonomy is crucial for understanding postmortem changes to
human remains and their burial environments. This field investigates decomposi-
tion processes, environmental factors, and scavenger activity to establish the time
since death, reconstruct perimortem events, and locate clandestine graves. The
information derived from taphonomic analysis provides critical insights for complex
death investigations, often filling gaps where other forms of evidence are scarce
[10]. These diverse and evolving scientific approaches collectively underpin the
crucial role of forensic science in supporting legal and humanitarian endeavors.

Conclusion

Forensic science employs a wide array of advanced techniques to aid criminal in-
vestigations and humanitarian efforts. Fields such as forensic odontology are vital
for personal identification, using dental records and oral pathologies, with recent
advancements improving age estimation and victim identification [1]. Forensic
entomology provides critical timelines by analyzing insect evidence on remains to
estimate the postmortem interval [2]. On-scene analysis is enhanced by portable
Raman spectroscopy, offering rapid, non-destructive identification of drugs, explo-
sives, and other evidence [3]. DNA phenotyping has become crucial for inferring
visible traits from crime scene DNA, providing investigative leads when direct iden-
tification is difficult [4]. Similarly, spectroscopic techniques like Raman and FTIR
are essential for analyzing textile fibers, linking individuals or locations to crimes
[6]. In toxicology, mass spectrometry provides precise identification and quan-
tification of illicit drugs, with ongoing advancements in sensitivity and throughput
for detecting new psychoactive substances [6]. Microextraction techniques further
support this by enabling trace analyte analysis from complex biological samples,
enhancing detection limits and method sensitivity [7]. Molecular methods, includ-
ing epigenetic markers and telomere length analysis, are increasingly used for
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more accurate forensic age estimation, especially for individuals without legal doc-
uments [8]. Fingerprint analysis remains fundamental, with technological advance-
ments making detection and comparison more robust across challenging surfaces
[9]. Finally, forensic taphonomy is key to understanding postmortem changes, en-
vironmental factors, and scavenger activity to establish time since death and locate
clandestine graves [10]. These diverse scientific disciplines continuously evolve,
providing increasingly sophisticated tools for solving crimes and assisting justice.
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