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Abstract: Forensic medicine is a discipline within forensic science that focuses on deceased bodies, particularly the time
since death, the cause of death, the manner of death, and the mode of death. It further supports investigations by
providing detailed information about the incident, including confirmation of the type of weapon used to commit the crime.
Its scope goes beyond the customary forensic autopsy and encompasses medicolegal death investigation, clinical
examination of living individuals, interpretation of injuries, assessment of sexual assault, forensic toxicology, identification
of unknown persons, documentation of abuse, and evaluation of medical evidence for judicial proceedings. In this mini
review, we will examine advanced techniques currently used in forensic medicine and how they enhance investigations,
making the process easier for the investigating officer. At present, rather than relying solely on conventional approaches,
investigators are increasingly adopting newer advancements such as virtual autopsy. Virtual autopsy offers valuable non-
invasive documentation and can enhance the detection of skeletal and certain traumatic findings; however, the available
evidence does not justify replacing conventional autopsy universally. In this review article, we will discuss all the new
techniques that are useful in the field of forensic medicine and can also assist forensic investigations.
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I INTRODUCTION the time since death and the cause of death. Forensic

medicine helps answer these questions of an expert: the time

Forensic medicine is a science of medicine that is used since death and cause of death. The early post-mortem

for the purpose of legal procedure and criminal changes helps and medical examiner identify the time since
investigation. In cases like murder, it’s important to estimate death.[1]
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Time Since Death Flowchart
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Fig 1 Flow Chart of Time Since Death

* Livor mortis assessment
The Estimation of Time Since Death Depends Upon
Several Stages Such as:

Immediate changes
Early changes
Late changes

The changes totally depend upon the condition of the
dead body with time; for example, in immediate change,
there will be the stoppage of the vital organs like the
circulatory, respiratory and nervous system. Once the vital
organs stop functioning, the individual is considered dead.
And after death, there begin changes in body temperature
due to transfer of energy, deposition of the blood in the
dependent part of the body and stiffening of the body
muscles because of lack of energy left inside the body.[2]
The cooling down of the body is due to the transfer of
energy between the dead body and the environment. As the
body slowly loses energy and the temperature matches the
actual room temperature, it drops to the actual body
temperature, which is 37 to 24° C. Anocther is the blood
collection due to gravitational pull acting upon the blood,
and this leads to the deposition of the blood in the dependent
part of the dead body.[3]

After a period of time, 48 hours, the late changes start
acting upon the body; the late changes include the
decomposition of the body tissues. Decomposition starts
with the breakdown of the body tissue by microorganisms.
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Key factors affecting accuracy:
* Ambient temperature

* Body size and clothing

* Environment (indoor vs outdoor)

* Cause of death

Postmortem computed tomography (PMCT), magnetic

resonance imaging, postmortem angiography, molecular
analysis, advanced toxicology, digital pathology, three-
dimensional reconstruction, and artificial intelligence are
increasingly being investigated or implemented. These
technologies can improve documentation and provide

additional information, but they also introduce new
questions regarding validation, reproducibility,
interpretation, data security, and evidentiary

admissibility.[4]

The modern role of forensic medicine should therefore
be viewed as an integrated process rather than a competition
between traditional and technological approaches. The
purpose of this review is to examine the principal functions
of forensic medicine, evaluate important contemporary
developments, discuss current limitations, and identify
future directions for the discipline.[5]

> Scope and Major Components of Forensic Medicine

Forensic medicine can generally be categorized into
forensic pathology and clinical forensic medicine, though
the precise dividing lines differ across countries. Forensic
pathology is mainly concerned with investigating death,
whereas clinical forensic medicine typically addresses living
individuals who are part of legal processes. Clinical forensic
work may involve evaluating physical injuries, sexual
assault, child abuse, intimate-partner violence, intoxication,
and other circumstances in which medical findings carry
legal relevance. [6,7]
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A defining feature of forensic medicine is that medical
findings must be interpreted within context. A bruise,
fracture, toxicological finding, or pathological lesion does
not, by itself, determine the conditions under which it
occurred. The forensic practitioner is therefore required to
combine medical observations with information from the
scene, medical records, witness accounts, laboratory results,
imaging, and other forms of evidence.[8]

This multidisciplinary orientation sets forensic
medicine apart from many standard clinical disciplines. The
aim is not merely to diagnose disease, but to offer
scientifically defensible information that supports legally
relevant decision-making. Accordingly, forensic reports
should clearly separate observed findings from
interpretation and should state the limitations and the level
of uncertainty linked to conclusions.[9]

1. MEDICOLEGAL DEATH INVESTIGATION
Medicolegal death investigation is one of the most
important functions of forensic medicine. It seeks to
establish, where possible, the cause and manner of death and
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to document significant injuries, diseases, toxicological
findings, and other relevant circumstances.

The investigation normally begins before the autopsy.
Information concerning the location and circumstances of
death, medical history, medications, environmental
conditions, witness observations, and circumstances
preceding death may substantially influence interpretation of
postmortem findings. The body examination, scene
investigation, autopsy, imaging, histopathology, toxicology,
microbiology, and other ancillary examinations should
therefore be regarded as components of a single
investigative process.

The forensic autopsy remains particularly valuable
because it allows direct examination of the body and permits
tissue and fluid sampling. A comprehensive review of
pathological examination in forensic medicine concluded
that despite technological modernization, pathological
examination continues to play a central role in establishing
cause of death. [10] Autopsy can also contribute to public
health by identifying unexpected diseases, documenting
patterns of injury, and providing information relevant to
epidemiological surveillance.
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Fig 2 Flow Chart for Death Investigation
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However, autopsy findings are not always definitive.
Postmortem changes can obscure injuries, diseases may be
microscopic or molecular rather than grossly visible, and
some causes of death leave limited anatomical evidence.
Sudden cardiac death, poisoning, drowning, and some
metabolic or neurological conditions can be particularly
challenging. In such circumstances, the final opinion may
depend on integration of autopsy findings with toxicology,
histology, imaging, medical history, and investigative
circumstances.[11]

Standardised approaches are therefore essential.
Earlier professional guidelines have emphasized the
importance of a systematic approach to forensic pathology
and the role of forensic autopsy in both legal investigation
and public health. [12]

» Clinical Forensic Medicine

Clinical forensic medicine extends forensic principles
to living individuals. It is particularly important in cases
involving interpersonal violence, sexual assault, child abuse,
domestic violence, occupational injury, and alleged
mistreatment in institutional or custodial settings.

The clinical forensic examination has two
simultaneous responsibilities. First, the patient must receive
appropriate medical care. Second, findings relevant to a
legal investigation must be accurately documented and
preserved. These responsibilities should not be viewed as
contradictory. A trauma-informed medical approach can
support  both  patient  welfare and  evidentiary
requirements.[13]

Documentation is particularly important. Descriptions
should be objective, anatomically precise, and based on
observable  findings.  Photographic ~ documentation,
appropriate sampling, injury diagrams, and careful recording
of the patient's history may all contribute to subsequent legal
proceedings. Clinical forensic medicine therefore requires
knowledge of both medical examination and the principles
of evidence preservation. [14]

Training remains an important concern. Clinical
forensic medicine is not simply the transfer of autopsy
techniques to living patients; examination of living victims
requires sensitivity to psychological trauma, informed
consent, confidentiality, communication, and appropriate
medical management. Recent educational literature has
emphasised the importance of incorporating clinical forensic
medicine into medical training because healthcare
professionals may encounter patients whose injuries have
significant legal implications. [15]

1. FORENSIC PATHOLOGY AND
HISTOPATHOLOGY

Forensic  pathology involves the pathological
examination of deceased individuals to determine disease
and injury and to assist in establishing cause and manner of
death. Gross examination is frequently supplemented by
histopathology.
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Histological examination may identify myocardial
disease, pulmonary pathology, inflammation, infection,
neoplasia, traumatic injury, and other microscopic
abnormalities that are not reliably detectable during gross
examination. Its value is therefore highly case-dependent. A
medicolegal autopsy differs from a hospital autopsy because
the purpose is not only diagnostic but also investigative and
evidentiary. [16]

Histopathology nevertheless has limitations. Autolysis,
decomposition, sampling error, nonspecific findings, and
difficulties in distinguishing some anti-mortem from post-
mortem changes may complicate interpretation. These
limitations reinforce the importance of integrating histology
with clinical history, circumstances, toxicology, imaging,
and gross findings.

Digital ~ pathology  represents an  emerging
development. Whole-slide imaging allows microscopic
specimens to be digitized, stored, transmitted, and reviewed
electronically. A recent systematic review found increasing
interest in digital pathology within forensic science but
emphasized the need for validation, auditability, and
evidentiary reliability before widespread implementation.
[17] Digital systems may eventually improve consultation,
education, archival preservation, and quantitative image
analysis, but their forensic use requires appropriate quality-
control frameworks.

» Forensic Toxicology

Forensic toxicology investigates drugs, alcohols,
poisons, and other chemicals in biological specimens and
interprets their possible contribution to death or impairment.

Modern analytical methods allow detection of a large
range of substances at very low concentrations. This
capability is especially important because patterns of
substance use are changing and novel psychoactive
substances continue to emerge. Toxicological interpretation,
however, is more complicated than simply determining
whether a substance is present.

Postmortem redistribution is a major challenge. Drug
concentrations may change after death because of diffusion
from organs, cellular breakdown, chemical properties,
residual metabolism, putrefaction, and other postmortem
processes. A recent literature review concluded that such
changes can substantially complicate interpretation and
emphasized the importance of appropriate sampling,
particularly peripheral blood, together with contextual
interpretation. [18]

Consequently, a detected concentration should not
automatically be interpreted as proof of fatal poisoning.
Interpretation requires consideration of the substance,
concentration, sampling site, postmortem interval, medical
history, tolerance, interactions with other substances, and
pathological findings.

Forensic toxicology is most powerful when integrated
with the overall death investigation. Toxicology may
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support an anatomical diagnosis, identify an otherwise
unsuspected contribution to death, or help distinguish
between competing explanations. [19]

» Postmortem Imaging and Virtual Autopsy

One of the most significant technological
developments in forensic medicine is the use of postmortem
imaging. PMCT can document fractures, foreign bodies, gas
collections, skeletal trauma, and other findings and can
preserve a digital record of the body before invasive
examination.

Virtual autopsy, commonly termed virtopsy, generally
incorporates PMCT and/or postmortem MRI and may be
supplemented by angiography or other techniques. Recent
systematic evidence indicates that virtual autopsy provides
important advantages, including non-invasive examination
and digital preservation of findings. However, limitations
include difficulty distinguishing some antemortem and
postmortem changes, limited tissue characterization in
certain situations, and inability to obtain tissue samples
without invasive procedures. [20]

The strongest role of PMCT is often complementary
rather than substitutive. Imaging can guide subsequent
autopsy, reveal fractures or foreign objects, and provide
three-dimensional reconstructions. Studies have
demonstrated increasing application of PMCT in forensic
practice, particularly for traumatic injuries. [21]

Postmortem imaging may be especially useful in
complex skeletal trauma. It can document fractures that may
be difficult to reconstruct after dissection and can assist in
the visualization of injury patterns. Postmortem CT
angiography has also been investigated for vascular injury
and other applications. [22]

Nevertheless, imaging cannot answer every forensic
question. Histology, toxicology, microbiology, and direct
tissue examination remain necessary in many cases. The
future is therefore likely to involve integrated imaging-
autopsy workflows rather than universal replacement of
conventional autopsy.

» ldentification of Unknown Individuals

Identification of deceased persons is another major
responsibility of forensic medicine. Identification may
become necessary following accidents, disasters,
decomposition, burning, mass-casualty events, or discovery
of unidentified remains.

Methods include fingerprint comparison, dental
examination, radiological comparison, DNA analysis,
anthropological assessment, medical implants, and
distinctive anatomical characteristics. The most appropriate
method depends on the condition of the remains and the
available reference material.

Modern identification increasingly relies on

multidisciplinary comparison. For example, postmortem
imaging may document skeletal or dental structures while
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DNA testing provides genetic confirmation. Medical devices
may also contain valuable information. A 2024 systematic
review and meta-analysis highlighted the potential forensic
value of interrogating cardiac implantable electronic devices
after death, including their capacity to provide information
about terminal rhythms and device function. [22]

The broader lesson is that identification should not
depend unnecessarily on a single technology. Combining
independent identifiers can increase confidence and provide
additional investigative information.

V. ARTIFICIAL INTELLIGENCE AND
EMERGING TECHNOLOGIES

Artificial intelligence is increasingly being explored
within forensic medicine and pathology. Machine-learning
systems can process large numbers of images and may assist
with classification, pattern recognition, segmentation, and
quantitative analysis.

In forensic neuropathology, a 2025 systematic review
identified applications of Al in traumatic brain injury,
intracranial haemorrhage, cerebral micro-bleeds, epilepsy,
sudden unexpected death in epilepsy, and related
neuropathological conditions. The review concluded that Al
has potential as a computer-assisted diagnostic tool for
postmortem imaging and histopathological analysis. [15]

The potential benefits are substantial. Automated
systems may improve reproducibility, reduce repetitive
workload, identify subtle image patterns, and provide
quantitative measurements. Digital pathology could also
permit remote expert consultation and development of large
annotated databases.

However, forensic Al faces greater evidentiary
requirements than many ordinary clinical applications. A
model trained on one population may perform poorly on
another. Small datasets, biased sampling, inconsistent
labelling, and differences in imaging equipment can reduce
generalizability. A recent systematic review of Al-related
histopathological research highlighted problems including
inadequate sample sizes, data leakage, and limited
interpretability. [16]

Al should therefore be regarded as an aid rather than
an autonomous replacement for forensic expertise. The final
medico-legal opinion should remain attributable to a
qualified professional who understands the case, the
evidence, the limitations of the algorithm, and the
consequences of error.

> Ethical, Legal, and Professional Challenges

Forensic medicine operates within a particularly
demanding ethical environment. The forensic practitioner
must maintain professional independence while recognizing
that conclusions may have significant consequences for
victims, families, accused individuals, and public
institutions.
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Objectivity is fundamental. The expert's role is to
interpret medical evidence rather than advocate for a
particular legal outcome. Reports should distinguish facts
from opinions and should acknowledge uncertainty where it
exists.

Standardization is another major  challenge.
International research has demonstrated variation in the
definition, scope, organization, and methods of forensic
medicine. [12] This variation can make comparison between
studies difficult and can contribute to inconsistent reporting.

Occupational safety also deserves greater attention.
Forensic personnel may encounter biological, chemical,
radiological, environmental, and physical hazards. A
scoping review found that relatively little research has
systematically examined occupational hazards among
medicolegal death investigators, indicating an important gap
in occupational-health research. [17]

The emotional demands of forensic work should also
not be underestimated. Repeated exposure to traumatic
deaths, violence, child fatalities, mass disasters, and
contentious legal proceedings may contribute to
psychological stress and professional burnout. Institutions
should therefore support appropriate training, workplace
safety, peer support, and access to mental-health resources.

V. RESEARCH GAPS AND FUTURE
DIRECTIONS

Several priorities emerge from the current literature.

First, forensic medicine requires stronger evidence-
based standards. Many procedures have developed through
professional experience, but systematic validation is needed
to determine sensitivity, specificity, reproducibility, and
limitations.

Second, multidisciplinary integration should become
more systematic. Imaging, pathology, toxicology, molecular
methods, anthropology, and clinical information should be
integrated rather than interpreted as isolated datasets.

Third, virtual autopsy requires further validation
across different causes of death and populations. Current
evidence supports its value as a complementary method, but
questions remain concerning the circumstances in which it
can safely reduce or replace invasive procedures. [11]

Fourth, forensic Al requires large, diverse, well-
annotated datasets and independent external validation.
Transparency is essential because forensic conclusions may
be challenged in court. Future Al systems should provide
interpretable outputs and clearly communicate uncertainty.

Fifth, forensic medicine education should evolve.
Medical students and healthcare professionals need basic
competence in injury documentation, recognition of abuse,
preservation of evidence, and understanding of medico-legal
responsibilities. Specialist practitioners require deeper
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training in pathology, toxicology, imaging, statistics, ethics,
and legal communication.

Finally, international collaboration could improve
consistency. Shared terminology, standardized reporting
templates, interoperable digital systems, and multicenter
validation studies would strengthen the scientific basis of
forensic medicine.

VI. CONCLUSION

Forensic medicine remains an essential component of
modern justice systems because it converts medical and
scientific observations into evidence relevant to legal
questions.  Its  responsibilities extend from death
investigation and autopsy to clinical assessment of living
victims, toxicological interpretation, identification of
unknown persons, injury documentation, and expert
testimony.

The discipline is undergoing substantial technological
transformation. Postmortem CT and MRI, virtual autopsy,
postmortem angiography, digital pathology, advanced
toxicology, molecular approaches, and artificial intelligence
are expanding the range of information available to forensic
practitioners.  These  technologies can  improve
documentation, visualization, diagnostic support, and
analytical capacity.

Nevertheless, technological sophistication does not
eliminate the need for fundamental forensic principles.
Cause and manner of death cannot always be determined by
a single test or image. Reliable conclusions require
integration of circumstances, medical history, physical
examination, pathology, laboratory findings, imaging, and
professional judgment.

The future of forensic medicine should therefore be
based on complementary integration rather than
technological replacement. Conventional autopsy and
clinical examination will remain important while digital and
computational methods increasingly provide additional
evidence. To realize their full potential, emerging
technologies must undergo rigorous validation and be
incorporated within transparent standards of practice.

Ultimately, the strength of forensic medicine depends
not only on advanced instruments but on scientific rigor,
independence,  standardized = methodology,  careful
documentation, recognition of uncertainty, and continuous
professional development. A modern forensic system should
therefore combine the strengths of traditional medical
expertise with validated technological innovation to produce
evidence that is scientifically reliable, ethically responsible,
and legally defensible.
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