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Abstract

The growing integration of digital technologies in healthcare has reshaped traditional medical practices, including
the field of forensic medicine. Virtual autopsy—often termed the “digital postmortem machine” —employs imaging
modalities such as CT, MRI, postmortem angiography, and 3D reconstruction to examine deceased individuals
without invasive dissection. This technique offers several advantages: enhanced diagnostic precision, preservation
of forensic evidence, reduction of cultural or religious objections to conventional autopsy, and safe evaluation of
infectious cases. As 21st-century hospitals advance toward fully digital ecosystems, virtual autopsies provide new
standards for documentation, interdisciplinary collaboration, tele-forensics, and medico-legal reporting. This review
examines the evolution, technical ecosystem, clinical applications, hospital-level implementation strategies,
workforce needs, challenges, and future innovation pathways. It highlights how the digital postmortem machine can
transform mortuary science, improve diagnostic accuracy, and support ethical, rapid, and globally accessible forensic
investigations.
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e Non-Invasive Methodology:
Replaces traditional dissection
with advanced imaging like CT,
MRI, and

angiography to determine the

post-mortem

cause of death.

® Precision & Preservation:
Offers enhanced diagnostic
accuracy while providing a
permanent digital record that
preserves forensic evidence
indefinitely.

e Ethical & Cultural Sensitivity:
Significantly reduces objections
to autopsies by respecting
religious and cultural beliefs
that forbid invasive body
procedures.

e Biosafety: Provides a safer
environment for forensic teams
by allowing the evaluation of
infectious cases without direct
exposure.

e Operational Evolution:

Facilitates a shift toward fully

digital hospital ecosystems,

enabling tele-forensics and
seamless interdisciplinary
collaboration.

e Global Accessibility: Supports
rapid, standardized reporting

that can be shared globally for
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expert consultation and legal
documentation.

Introduction

Autopsy remains the gold standard for
determining the cause of death, yet
global autopsy rates have declined
due to cultural preferences, fear of
mutilation, lack of trained
pathologists, and legal challenges.
With the rise of advanced radiology
and Al-driven image analytics, virtual
autopsy has emerged as a minimally
invasive alternative. The digital
postmortem  machine integrates
radiographic imaging, automated
reconstruction, and forensic analytics
into a single systematic workflow,

Cergan, et al., 2025.

21st-century hospitals increasingly
rely on digital diagnostics, making
virtual autopsy a natural extension of
radiology and forensic practice. It
addresses key modern challenges:
documentation accuracy, medico-
legal transparency, infectious disease
containment, and time-sensitive
clinical decision-making, Gascho, et

al., 2025.
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For over a century, the traditional
autopsy—characterized by surgical
dissection and physical examination
of organs—has remained the gold
standard for determining the cause of
death. However, as 21st-century
hospitals  transition into  fully
integrated digital ecosystems, the
field of

undergoing a profound paradigm

forensic  medicine s
shift. The emergence of the "Digital
Postmortem Machine," scientifically
known as Virtual Autopsy or Virtopsy,
represents the convergence of
advanced medical imaging, artificial
intelligence, and forensic science,

Ketsekioulafis, et al. (2024).

The limitations of conventional
autopsies are becoming increasingly
evident in a modern clinical setting.
Invasive procedures are often met
with significant resistance due to
religious beliefs, cultural taboos, or
the emotional distress of grieving
families. Furthermore, in cases
involving highly infectious diseases,
such as COVID-19 or Ebola, traditional
autopsies pose a substantial biosafety

risk to medical personnel.

The digital postmortem machine
addresses these challenges by utilizing

Thakur,2026
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non-invasive imaging modalities—
primarily Post-Mortem Computed
Tomography (PMCT) and Post-
Mortem Magnetic Resonance
Imaging (PMMR). These tools allow
pathologists to visualize the internal
state of the deceased in three
dimensions without making a single
incision. By incorporating post-
mortem angiography, clinicians can
even map the vascular system to
identify  subtle blockages or
hemorrhages that might be missed
during standard dissection, (Orsini et

al., 2025).

Implementation within a 21st-century
hospital is not merely about installing
a scanner; it requires a complex
technical ecosystem. This involves:

e High-Resolution 3D
Reconstruction: Transforming
raw data into photorealistic
anatomical models.

e Al-Driven Analytics: Utilizing
machine learning algorithms to
map injury patterns and suggest
a "Cause of Death" based on
massive forensic databases.

e Tele-Forensics: Enabling a

multidisciplinary team—

radiologists, pathologists, and
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legal experts—to review the
case  simultaneously  from
different
locations.

geographical

Review of Literature

As healthcare systems move toward
"paperless" and "digital twin" models,
the virtual autopsy offers an
unprecedented level of
documentation. Unlike a physical
body, which must eventually be
released for burial or cremation, a
digital postmortem creates a
permanent, tamper-proof archive.
This "digital body" can be re-examined
years later if new legal evidence
emerges, ensuring a higher standard
of forensic integrity and justice,

(Patyal, & Bhatia, 2023, Singh, 2024).

This introduction explores how the
digital postmortem machine is being
integrated into hospital workflows,
the  technological hurdles  of
implementation, and its potential to
revolutionize mortuary science into a
more ethical, precise, and globally
accessible discipline, Solomon, et al.,

2025.
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Historical Evolution of Virtual
Autopsy

e 1990s: Introduction of
postmortem CT in Switzerland

e 2000s: Development of
Virtopsy® program integrating
3D surface scanning

® 2010s: Postmortem CT
angiography becomes standard
in several European centers

e 2020s: Al-driven lesion
detection, automated
segmentation, digital mortuary
systems

Virtual autopsy is now validated for
trauma, poisoning, surgical error
analysis, disaster victim identification
(DVI), and medico-legal death
investigations.

1. Technological Foundations and

Modalities

Contemporary research (Cergan et al.,

2025; Gascho, 2025) identifies four

WWW.curevitajournals.com 4
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core technological pillars that define

the "Digital Postmortem Machine":

e Post-Mortem Computed
Tomography (PMCT): The gold
standard for skeletal trauma,
gas embolism, and foreign body
(e.g., projectiles) detection.

Studies show near 100%

sensitivity for fractures
compared to traditional
methods.

® Post-Mortem Magnetic

Resonance Imaging (PMMRI):

Favored for soft tissue analysis,

specifically in pediatric deaths

and neuropathology where it

excels at identifying
cardiomyopathies and brain
lesions.

® Post-Mortem CT Angiography
(PMCTA): A critical

advancement for 21st-century

hospitals, using contrast agents

Thakur,2026
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to visualize the vascular system,
enabling the diagnosis of
sudden cardiac deaths and
internal hemorrhages without
dissection.
e 3D Surface Scanning: Utilized to
external

digitally archive

injuries (lacerations, bite
marks) with  sub-millimeter
precision, providing a "digital

twin" of the decedent.

Literature comparing the two
modalities (Patyal & Bhatia, 2023;
Mandya Study, 2025) suggests a
complementary rather than a
replacement relationship. Key
Finding: A 2025 retrospective study
found that while Virtopsy had lower
sensitivity  for  toxicology and
asphyxiation, its ability to detect "air
bubble signs" in neck trauma
outperformed physical dissection

(RSNA, 2025).

WWW.curevitajournals.com 5
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Table-1: Comparative Efficacy: Virtopsy vs. Traditional Autopsy.

Feature

Digital Postmortem
(Virtopsy)

Traditional Autopsy

Fracture Detection

Superior (identifies
hidden/complex fractures)

Moderate (can miss non-
displaced fractures)

Soft Tissue/Organs

Moderate (improving with
Al/MRI)

Superior (tactile and color
assessment)

Vascular Lesions

Excellent (via PMCTA)

Difficult (requires messy

dissection)

Infection Risk
bag)

Minimal (body remains in

High (exposure to
pathogens/fluids)

Cultural/Religious
invasive)

Highly Acceptable (non-

Often Restricted

3. Implementation in 21st-Century
Hospitals

The literature identifies three primary
drivers for the recent surge in hospital
implementation, Chandy et al., 2010,
Tournois et al. (2024):

A. The COVID-19 Catalyst

Thakur,2026

The pandemic accelerated the
adoption of digital postmortems as a
means to conduct necessary
investigations while minimizing the
risk of viral transmission to pathology
staff. Research confirms that Virtopsy
became a "triage" tool during this
period to determine if a full invasive

autopsy was strictly necessary.

WWW.curevitajournals.com 6
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B. Cultural and Ethical Sensitivity

diverse

(Shodh

Modern hospitals serve

populations. Literature
Forensic, 2025) emphasizes that
religious groups (notably Islamic and
Jewish communities) often prefer
digital examinations as they respect
the integrity of the body, leading to

higher "consent for investigation"

rates in clinical settings.

C. The Rise of Al and Machine Learning

Recent papers (Tournois et al., 2024;
Ketsekioulafis, 2025) highlight the use
of Al-driven image analysis to
automate the detection of trauma
patterns and estimate post-mortem
intervals, Jian et al., 2024. This
reduces the subjective variation
between different radiologists and

pathologists.

4. Current Challenges and Barriers

Despite  technological maturity,
widespread implementation faces

significant hurdles:

Thakur,2026
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Cost and Funding: High capital
investment  for  dedicated
scanners remains a barrier.
Most hospitals currently

"share" clinical scanners,
leading to logistical conflicts
and hygiene concerns (Gascho,
2025).

The "Lack of Color" Problem:
Digital imaging lacks the
sensory data (smell, color,
texture) that pathologists rely
on to diagnose certain natural
pathologies like sepsis or early-
stage organ failure, Kumar, R.
(2020).

Legal Admissibility:  While
digital data is archivable and
easily shared for second
opinions, legal frameworks in
many jurisdictions are still
evolving to accept Virtopsy as a
primary source of evidence in

court, Wan, L., Song, Y. X., et al.
(2020).
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Technologies Enabling the e External injuries precisely
mapped

Digital Postmortem Machine
® Integrated using Al

3.1 Postmortem CT (PMCT) tructi
reconstruction

e Most widely used
3.4 Postmortem Angiography

e Identify fractures, hemorrhage,

gas distribution, foreign bodies e Helps evaluate vascular lesions,

dissections, occlusions
3.2 Postmortem MRI (PMMRI)

e High soft-tissue contrast 3.5 Artificial Intelligence

e Automated organ

e Useful in pediatric and segmentation

neurological cases

e Pattern recognition for trauma,

3.3 3D Photogrammetry & Surface weapon signatures

Scannin
g e Predictive cause-of-death

modeling

Thakur,2026 . www.curevitajournals.com 8
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DIGITAL POSTMORTEM MACHINE

1. Body Reception
2. ID Verification (RFID/Bicomeric)

ES.AI Forensic Analysis @ |

-

; i 4. Image Processing
— CT/MRI 3DScan - Recaimeiuction * Injury Map / Cause-of-death 6. Reporting
— Angamaphiyfoptional) - Segnentation Algorithms

7. Multigidcipliunlary Review 8. Legal Documenation
(Radoloist + Pathogiist + Forensic Team)

Figure 1. Conceptual Workflow of a Virtual Autopsy System

Clinical and Forensic e Gunshot wounds

Applications
e Blunt-force injuries
5.1 Trauma Analysis

e RTA injuries 5.2 Infectious Diseases

Thakur,2026 . WWW.curevitajournals.com 9
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® Avoids exposure risk

e COVID-19 & tuberculosis cases

5.3 Pediatric & Perinatal Death

e Noninvasive method respected
by families

e High diagnostic yield

5.4 Mass Disaster Victim
Identification

e Faster than conventional
autopsy

e Compatible with global digital
data sharing

Implementation in 21st Century
Hospitals

6.1 Infrastructure Requirements

Thakur,2026

Vol 2, Issue 1, Jan- March.- 2026

e Dedicated radiology suite for
deceased scanning

e PACS integration with
mortuary systems

e 3D visualization &
reconstruction workstation

e Secure forensic documentation
modules

6.2 Workforce and Training

e Radiologists trained in
postmortem anatomy

® Forensic pathologists

® Imaging technologists

e Al data analysts

6.3 Operational Model

e Hospital-based digital autopsy
centers

e Tele-forensic reporting

WWW.curevitajournals.com 10
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e Collaboration with law

enforcement & judiciary

Table 1. Comparison: Virtual

Autopsy vs. Traditional Autopsy

Parameter

Technique

Invasivene
Ss

Time
Public

acceptanc
e

Evidence
preservati
on

Infection
risk

Cost

Skill
requireme
nt

Thakur,2026

Virtual Autopsy

Imaging-based
(CT/MRI)

Non-invasive

15-30 minutes

High

Excellent digital
record

Minimal

Moderate
(equipment-
dependent)

Radiology +
forensic imaging

Vol 2, Issue 1, Jan- March.- 2026

Al Possible Not
automatio applicable
n

Integration with Hospital Digital
Ecosystems

7.1 Electronic Medical Records
(EMR) Synchronization

Traditional
Autopsy e Automatic retrieval of clinical
Surgical history
dissection
o linki
Highly Linking premortem and
invasive postmortem imaging
1-3 hours
7.2 Digital Mortuary Management
Often low
e Tracking of cadaver movement
Limited e RFID-enabled tagging
physical
retention
e Cloud-based forensic
High documentation
Low per
procedure 7.3 Tele-Forensics
Forensic ® Remote review by experts
pathology
® International collaboration in
homicide or accident cases
WWW.curevitajournals.com 11
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Challenges and Ethical
Considerations

8.1 High Equipment Cost

CT/MRI purchase may be challenging
for low-resource hospitals.

8.2 Need for Standardized Protocols

Vol 2, Issue 1, Jan- March.- 2026

Countries require medico-legal
guidelines for virtual autopsy
acceptance.

8.3 Data Privacy and Cybersecurity

Forensic images must meet legal and
GDPR-level compliance.

8.4 Al Bias and Validation

Algorithms must be continuously
validated to avoid diagnostic errors.

Table 2. Proposed Implementation Roadmap for a Hospital-Based Virtual Autopsy Program

Phase

Phase 1: Planning
consultation

Phase 2: Infrastructure

Phase 3: Workforce
Training staff

Thakur,2026

Activities

Feasibility study, stakeholder

Radiologists, pathologists, mortuary

Outcomes

Budget & legal
framework

Radiology upgrade, PACS integration ~ Functional imaging suite

Skilled operational team

WWW.curevitajournals.com 12
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Phase 4: Pilot Program

Phase 5: Full Deployment  All medico-legal cases

Phase 6: Al Integration

Future Directions

e Al-driven cause-of-death
prediction

e Portable mobile virtual autopsy
units

® Integration with digital twins &
holographic visualization

® Zero-touch robotic mortuary
handling

e Fully automated “24x7 digital
autopsy labs” in smart
hospitals

Conclusion

The literature of the mid-2020s
suggests that the Digital Postmortem
Machine is no longer a "futuristic

concept"” but a functional reality. The

Thakur,2026

Select cases (trauma, infectious)

Automated lesion detection

Vol 2, Issue 1, Jan- March.- 2026

Workflow validation
Digital autopsy center

Faster reporting

trend is moving toward a multimodal
approach, where PMCT/MRI serves as
the primary screening tool, and
invasive techniques are reserved for
targeted tissue sampling or cases
where toxicology is the primary
concern. The digital postmortem
machine represents a transformative
leap in forensic and clinical practice.
As 21st-century hospitals evolve into
digitally integrated environments,
virtual autopsy systems can play a
crucial role in enhancing diagnostic
accuracy, ensuring medico-legal
transparency, promoting infection
control, and facilitating culturally
sensitive death investigations. With
proper infrastructure, training, and

regulatory frameworks, virtual

WWW.curevitajournals.com 13
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autopsy will become a standard

component of modern hospital

operations, bridging radiology,

pathology, and digital health

innovation.
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