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Abstract 

Forensic pathology is undergoing a profound transformation, shifting from traditional invasive autopsies 

to non-invasive, technology-driven methodologies. This comprehensive review examines key 

advancements, including virtual autopsy (Virtopsy) using postmortem CT and MRI, next-generation 

imaging technologies such as photon-counting CT and ultra-high-field MRI, artificial intelligence (AI) for 

pattern recognition and data integration, blockchain for evidence security, forensic microbiome analysis 

for postmortem interval (PMI) estimation, and multimodal frameworks that combine multiple data 

streams. 

The article critically addresses persistent scientific, practical, ethical, and infrastructural challenges while 

providing detailed insights into India’s landmark criminal law reforms under the Bharatiya Nyaya Sanhita 

(BNS) 2023, Bharatiya Nagarik Suraksha Sanhita (BNSS) 2023, and Bharatiya Sakshya Adhiniyam (BSA) 

2023. These laws mandate forensic expert involvement and videography in serious criminal cases, 

significantly elevating the role of scientific evidence. 

While these innovations offer improved diagnostic accuracy, faster investigations, enhanced cultural 

sensitivity, and greater dignity for the deceased, their successful global and regional adoption requires 

rigorous validation studies, standardization, ethical frameworks, workforce training, and deliberate efforts 

to bridge the urban-rural digital divide. The future of death investigation lies in integrated, hybrid 

multimodal systems that synergize cutting-edge technology with seasoned human expertise and robust 

legal safeguards. 
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1. Introduction 

Forensic pathology serves as a cornerstone of the justice system, providing objective medical evidence to 

determine the cause, manner, and circumstances of death in medicolegal cases. Historically, this discipline 

has depended almost exclusively on invasive postmortem dissection — a method refined over centuries 

but increasingly challenged by modern realities. Families often object to traditional autopsies on religious, 

cultural, or emotional grounds; pathologists face biohazard risks and workforce shortages; and high 

caseloads in many jurisdictions lead to delays and inconsistencies. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260381795 Volume 8, Issue 3, May-June 2026 2 

 

The field is now experiencing a digital revolution. Postmortem imaging, computational intelligence, 

molecular techniques, and secure data platforms are reshaping how death investigations are conducted. 

Pioneered in Switzerland in the late 1990s, the Virtopsy project demonstrated that cross-sectional imaging 

(CT and MRI) combined with 3D surface scanning could generate permanent, objective digital records of 

internal findings. 

 

 
 

In India, this global shift has been accelerated by sweeping legislative reforms. The three new criminal 

laws enacted in 2023 — BNS (substantive law), BNSS (procedural law), and BSA (evidence law) — 

replace colonial-era statutes and explicitly prioritize scientific evidence. Most notably, Section 176(3) of 

the BNSS mandates that forensic experts visit crime scenes for all offences punishable by seven or more 

years of imprisonment, collect evidence, and record the process through videography. This provision, to 

be fully implemented within a phased timeline, aims to reduce reliance on potentially unreliable 

eyewitness testimony and strengthen prosecutions with objective data. 

This expanded review synthesizes international advancements with region-specific implementation 

challenges in diverse settings like India. It evaluates technological opportunities while emphasizing the 

necessity of validation, equity, and ethical integration. The central thesis is that the optimal future of 

forensic pathology is hybrid: technology-augmented, not technology-dominated. 

 

2. Literature Review 

The scholarly literature on forensic pathology’s evolution reflects a clear paradigm shift toward non-

invasive and data-driven approaches. The Virtopsy concept, which uses postmortem computed 

tomography (PMCT) and magnetic resonance imaging (PMMRI), has been extensively validated. Gascho 

(2025) provides a comprehensive overview of how these modalities create detailed 3D reconstructions, 

excelling in trauma analysis, foreign body detection, and culturally sensitive cases. Recent systematic 

reviews confirm Virtopsy’s high diagnostic utility in trauma, mechanical asphyxia, drowning, and mass 
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disasters, though it remains complementary to traditional methods for microscopic or toxicological 

findings. 

Next-generation imaging technologies are expanding the possibilities of forensic medicine. 

Photon-counting CT (PCCT) provides clearer and more detailed images than conventional CT scanners. 

It offers superior spatial resolution, improved tissue contrast, and enhanced material differentiation, 

enabling more accurate identification of fractures, foreign bodies, soft-tissue injuries, and ballistic 

evidence in postmortem examinations. Furthermore, PCCT reduces imaging artifacts, thereby improving 

the overall quality and diagnostic value of forensic imaging. 

Ultra-high-field (7T) MRI offers outstanding soft-tissue contrast. It helps pathologists identify conditions 

that are often missed by standard MRI, such as diffuse axonal injury in the brain, early signs of stroke, or 

delicate heart problems. These advanced scans give investigators a more complete picture of how a person 

died, strengthening both medical and legal conclusions. 

Artificial Intelligence (AI) has emerged as a transformative force. Machine learning models can analyze 

vast imaging datasets, correlate injury patterns with toxicology results, and assist in cause-of-death 

classification. However, significant concerns persist regarding the “black box” nature of many deep 

learning systems, where decision pathways lack transparency. This opacity poses serious challenges for 

judicial admissibility, as expert witnesses must explain their reasoning in court. Recent reviews emphasize 

the urgent need for explainable AI (XAI) frameworks to build trust and meet evidentiary standards. 

Blockchain technology is increasingly proposed for securing digital evidence chains of custody. By 

creating immutable, timestamped records, blockchain can minimize tampering risks and facilitate secure 

sharing across agencies. 

Forensic microbiome research represents another frontier. The thanatomicrobiome (internal postmortem 

microbial communities) and epinecrotic communities (external) exhibit predictable succession patterns 

that correlate with time since death. Studies using 16S rRNA sequencing and machine learning have shown 

promising PMI estimation accuracy, particularly within the first week’s postmortem. Yet, substantial 

limitations remain: high ecological variability influenced by geography, climate, season, and individual 

factors; small sample sizes; and lack of standardized protocols. Centralized biobanks and large-scale, 

diverse datasets are critical for clinical translation. 

India’s legal literature highlights both promise and implementation gaps. The BNSS reforms position 

forensic science at the heart of investigations, but scholars note infrastructural deficits, especially in rural 

areas, and the need for massive investment in manpower, laboratories, training, and equipment. 

Government initiatives through the Bureau of Police Research and Development (BPR&D) are supporting 

capacity building, yet the digital divide threatens equitable justice. 

Consensus in the literature underscores that future progress depends on multimodal integration — fusing 

imaging, molecular biomarkers, microbiome data, entomology, toxicology, and AI into unified predictive 

platforms. 

 

3. Key Future Trends in Death Investigation 

• Virtual Autopsy (Virtopsy): Non-invasive PMCT/PMMRI with 3D reconstruction allows detailed 

examination of organs, skeletal trauma, and wound ballistics without body violation. It is particularly 

valuable in cases involving religious objections (e.g., certain Muslim, Jewish, or Hindu communities) 

and supports remote second opinions. Adoption is growing in Europe, Australia, and select Indian 

institutions like AIIMS. 
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• Next-Generation Imaging 

Photon-Counting CT: Delivers ultra-high resolution and spectral data for precise material 

characterization. 

Ultra-High-Field MRI: Enhances detection of subtle brain and cardiac lesions. These technologies are 

transformative in paediatric forensics, decomposed bodies, and complex trauma. 

• Deep Integration with Legal Systems: India’s BNSS mandates forensic involvement and electronic 

documentation, aligning with global trends toward evidence-based justice (e.g., Daubert standards in 

the US). This shift prioritizes objective digital records over traditional testimony. 

• Digital Forensics and AI/ML 

o AI facilitates rapid multi-source data correlation. 

o Blockchain ensures tamper-proof audit trails. 

o Cloud platforms enable real-time collaboration among pathologists, radiologists, and toxicologists. 

• Dignity, Transparency, and Public Trust: Non-invasive methods reduce family distress and produce 

reproducible evidence that strengthens confidence in judicial outcomes. 

• Expanded Multimodal and Molecular Approaches: Combining microbiome analysis, protein 

studies (proteomics), and insect evidence (forensic entomology) with medical imaging and artificial 

intelligence (AI) can improve the accuracy of estimating the postmortem interval (PMI) and 

determining the cause of death. 

 

4. Traditional Autopsy vs. Future Trends 

Traditional autopsies provide irreplaceable histological samples and remain essential for many subtle 

pathologies, infections, and poisonings. However, they are invasive, time-consuming (often 2–4 hours per 

case), and limited in reproducibility. Future hybrid models use Virtopsy as a screening tool to guide 

targeted dissections, optimizing both accuracy and efficiency. 

Emerging methods offer superior speed (scans in minutes), permanent digital archives, and cultural 

acceptability. They also support advanced analytics, such as AI-driven injury pattern recognition and 

global data sharing for rare cases. Challenges include higher upfront costs, training requirements, and the 

current inability of imaging alone to fully replace microscopic examination. 

 

5. Comparative Table 

Aspect Traditional Autopsy Emerging Hybrid Framework (Virtopsy, 

AI, Molecular Methods) 

Primary Method Invasive dissection and 

direct examination of organs 

and tissues 

Non-invasive imaging combined with 

targeted sampling and digital analysis 

Documentation Written notes, photographs, 

and physical records 

3D digital reconstructions, electronic 

records, cloud storage, and blockchain-

supported documentation 

Speed Usually, several hours to 

days 

Imaging can be completed within minutes; 

analysis may take hours 

Cultural/Emotional 

Impact 

May cause distress due to 

body dissection 

Generally, more acceptable because body 

integrity is largely preserved 
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Legal Evidentiary 

Value 

Long-established and widely 

accepted in courts 

Increasingly accepted; requires validation 

and standardized protocols 

Training Requirements Anatomy, pathology, and 

dissection skills 

Imaging interpretation, digital forensics, AI 

literacy, molecular techniques, and data 

analysis 

Cost Lower equipment costs but 

labour-intensive 

High initial investment in imaging 

equipment, software, and technical 

infrastructure 

Required Expertise Forensic pathologists and 

autopsy technicians 

Multidisciplinary teams including 

pathologists, radiologists, data scientists, 

molecular biologists, and forensic analysts 

Diagnostic Limitations Limited permanent 

visualization and difficult 

retrospective review 

May miss microscopic pathology, subtle 

infections, and certain toxicological findings 

without additional testing 

Suitability for 

Decomposed Bodies 

Can be challenging due to 

advanced decomposition 

Advanced imaging, microbiome analysis, 

and entomological methods may provide 

additional information 

Reproducibility Depends largely on 

examiner observations and 

documentation 

High reproducibility through permanent 

digital records and standardized datasets 

Data Storage and 

Review 

Physical records and 

photographs 

Long-term digital archives that can be 

reviewed repeatedly and shared remotely 

Courtroom Acceptance Universally recognized and 

well established 

Growing acceptance, but some technologies 

require further validation and judicial 

scrutiny 

Accessibility Widely available in most 

medicolegal systems 

Primarily available in well-equipped urban 

and specialized centres 

Future Potential Remains essential for many 

investigations 

Expected to enhance accuracy, efficiency, 

and integration of multiple forensic data 

sources 

 

Key Takeaway 

The future of forensic pathology is unlikely to replace traditional autopsy entirely. Instead, the most 

effective approach will be a hybrid model that combines conventional autopsy techniques with advanced 

imaging, molecular analysis, artificial intelligence, and digital forensic technologies. 

 

6. Challenges and Scientific Limitations 

Despite their considerable potential, emerging forensic technologies face several scientific, practical, and 

legal challenges that limit their routine use in death investigations. 

• Validation and Standardization Challenges: Many AI-, microbiome-, and molecular-based forensic 

methods are still in the research stage and have not undergone large-scale validation across different 

regions and institutions. Before these technologies can be routinely used in courts, their accuracy, 
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reliability, sensitivity, specificity, and error rates must be clearly established and independently 

verified. 

• Environmental and Biological Variability: Factors such as temperature, humidity, insect activity, 

soil conditions, body characteristics, disease status, and decomposition patterns can significantly affect 

forensic findings. This variability makes it difficult to develop universally applicable models and may 

reduce the accuracy of results when methods are applied outside the conditions in which they were 

developed. 

• Artificial Intelligence Limitations: AI systems often rely on incomplete or geographically restricted 

datasets. As a result, they may produce biased or inaccurate conclusions when applied to different 

populations or circumstances. In addition, many AI models function as “black boxes,” making it 

difficult to understand how specific conclusions are reached, which raises concerns about transparency 

and legal admissibility. 

• Microbiome-Based Method Limitations: Microbial changes after death vary according to 

geography, climate, season, diet, medication use, and other individual factors. Consequently, 

microbiome-based models developed in one region may not perform reliably in another. Large and 

diverse reference databases are still needed before these methods can be widely adopted. 

• Limitations of Advanced Imaging Technologies: Techniques such as postmortem CT, MRI, and 

virtual autopsy can provide valuable information about injuries and anatomical structures. However, 

they cannot reliably detect all pathological findings, including certain infections, subtle soft-tissue 

injuries, inflammatory changes, and many toxicological conditions. Therefore, imaging should 

complement rather than replace conventional autopsy and laboratory examinations. 

• Infrastructure and Equity Concerns in India: Although the BNSS mandates forensic evidence 

collection nationwide, advanced imaging facilities, molecular laboratories, and AI-based forensic tools 

remain concentrated in major urban centres. Many rural and resource-limited districts lack adequate 

infrastructure and trained personnel, potentially creating disparities in the quality of forensic 

investigations and access to justice. 

• Legal and Evidentiary Challenges: Many emerging technologies have not yet been subjected to 

extensive judicial scrutiny. Questions regarding admissibility, reproducibility, accountability, and 

evidentiary value remain unresolved. Courts require forensic methods to be scientifically valid, 

transparent, and legally defensible before they can be relied upon in criminal or civil proceedings. 

• Need for Integrated Approaches: Current evidence suggests that no single technology can provide 

all the answers in death investigations. Future progress is likely to depend on combining traditional 

forensic methods with molecular, microbial, imaging, entomological, environmental, and AI-based 

approaches to achieve more accurate and reliable conclusions. 

 

7. Ethical and Legal Considerations 

As emerging technologies become increasingly integrated into forensic pathology, several ethical and legal 

concerns must be carefully addressed. 

Artificial Intelligence Bias: AI systems are only as reliable as the data used to train them. If training 

datasets are incomplete, unrepresentative, or biased, AI models may produce inaccurate or discriminatory 

results. Continuous monitoring and validation are therefore essential to ensure fairness and reliability. 
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Data Privacy and Confidentiality: Modern forensic investigations generate large volumes of sensitive 

personal and medical data. Secure storage, controlled access, and compliance with data protection 

regulations are necessary to safeguard the privacy and dignity of deceased individuals and their families. 

Digital Evidence Security: The growing reliance on digital records, imaging data, and electronic 

documentation increases the risk of unauthorized access, alteration, or cyberattacks. Robust cybersecurity 

measures and secure chain-of-custody procedures are required to preserve the integrity and admissibility 

of forensic evidence. 

Consent and Cultural Sensitivity in Postmortem Imaging: Although virtual autopsy and advanced 

imaging techniques are less invasive than conventional autopsies, ethical questions may arise regarding 

consent, religious beliefs, and cultural practices. Forensic authorities should remain sensitive to these 

concerns while fulfilling legal obligations. 

Algorithm Accountability and Transparency: Decisions supported by AI must remain explainable and 

subject to human oversight. Courts, investigators, and forensic experts must be able to understand how 

conclusions are reached. Clear accountability mechanisms are necessary to determine responsibility when 

errors occur in AI-assisted decision-making. 

Addressing these ethical and legal issues is essential to ensure that technological innovation enhances 

public trust, protects individual rights, and supports the fair administration of justice. 

 

8. Case Studies and Practical Applications 

Real-world implementations of emerging forensic technologies illustrate both notable successes and 

persistent practical lessons. These examples highlight how virtual autopsy, advanced imaging, microbiome 

analysis, and legal reforms are being applied in diverse settings, offering valuable insights for broader 

adoption. 

• European Experiences with Virtopsy 

Switzerland, the birthplace of the Virtopsy project at the University of Zurich, provides one of the most 

mature case studies. Since the late 1990s, forensic teams have integrated postmortem CT and MRI into 

routine practice. In complex trauma cases — such as road traffic accidents, falls from height, and ballistic 

injuries — Virtopsy has significantly reduced the need for full invasive autopsies. One key benefit is the 

ability to create permanent, high-resolution 3D reconstructions that allow remote consultation among 

experts and re-evaluation years later. Studies from the Virtopsy team report improved documentation 

quality, enhanced detection of subtle injuries (e.g., micro-haemorrhages or occult fractures), and greater 

acceptance by families due to the non-invasive nature of the procedure. 

Across Europe (including Germany, the UK, and Scandinavia), postmortem imaging is now used in mass 

disaster victim identification and culturally sensitive cases. For instance, in jurisdictions with large Muslim 

or Jewish populations, Virtopsy helps respect religious prohibitions on body violation while still providing 

robust medicolegal evidence. However, challenges remain: imaging alone may miss certain microscopic 

pathologies or early-stage infections, necessitating hybrid approaches where Virtopsy guides targeted 

traditional sampling. 

• Implementation in India under BNSS Reforms 

In India, early pilots following the implementation of the Bharatiya Nagarik Suraksha Sanhita (BNSS) 

2023 demonstrate both progress and systemic hurdles. Section 176(3) mandates forensic expert 

involvement and videography for serious offences (punishable by 7+ years imprisonment). In states like 

Delhi, Maharashtra, and Tamil Nadu, forensic teams have reported improved evidence quality in homicide 
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and sexual assault investigations. For example, digital documentation and scene-of-crime forensic 

collection have strengthened chain-of-custody records, leading to higher conviction rates in select cases 

by reducing reliance on potentially unreliable eyewitness testimony. 

Nevertheless, logistical challenges persist. Many rural and semi-urban districts lack access to advanced 

imaging facilities, forcing reliance on mobile forensic vans or referral to urban centres. Reports highlight 

delays in evidence processing, gaps in training for police and forensic personnel, and occasional lapses in 

digital evidence management. High-profile past cases (e.g., Nithari killings and Aarushi Talwar murder) 

exposed forensic shortcomings that the new laws aim to address, but full nationwide rollout will require 

sustained investment in infrastructure, and capacity building. 

• Photon-Counting CT in Postmortem Investigations 

Photon-counting CT (PCCT) is a new and advanced imaging technology with significant potential in 

forensic investigations. It has the potential to become an important tool in forensic centres as further 

validation studies become available. Early studies in Europe have shown that PCCT provides better image 

quality and can distinguish different materials more accurately than conventional CT scans. In postmortem 

examinations, it is particularly effective in identifying bone fragments, bullets, glass pieces, and soft-tissue 

injuries while producing fewer image distortions. 

Recent studies conducted during 2024–2025 using Siemens NAEOTOM systems on deceased individuals 

found that PCCT offers clearer images, improved bone detail, and better soft-tissue contrast. These 

advantages make it especially useful for investigating complex injuries, examining children, and 

reconstructing gunshot wound paths. 

Although PCCT is still a developing technology, current findings suggest that it could become a standard 

tool in forensic centres in the future, providing faster scans and higher-quality data that can also support 

artificial intelligence (AI)-based analysis. 

• Forensic Microbiome Analysis for PMI Estimation 

Microbiome studies can help estimate the time since death, especially when traditional methods such as 

rigor mortis or insect evidence do not provide clear results. Research using 16S rRNA sequencing has 

shown that microbes change in a predictable way after death. Even in difficult conditions, such as cold 

climates where the body decomposes slowly, scientists have developed models that can estimate the 

postmortem interval (PMI) with an accuracy of about 9–10 days over a six-month period. 

In forensic investigations, microbiome profiling has been useful in narrowing down the time since death 

during the early postmortem period, particularly when combined with insect evidence and environmental 

information. Studies on human bodies and animal models have shown that different organs have distinct 

microbial patterns that act as “microbial clocks,” helping investigators make more accurate estimates, 

especially in indoor or concealed-body cases. Although factors such as geographic differences and the lack 

of large reference databases remain challenges, ongoing efforts to create centralized microbial data banks 

are helping move this technology from research into routine forensic practice. 

• Lessons Learned and Hybrid Models 

These case studies underscore the value of hybrid frameworks: Virtopsy and advanced imaging serve as 

powerful screening and documentation tools, while traditional autopsy, toxicology, and molecular methods 

address their gaps. In India, successful BNSS implementation will depend on addressing the urban-rural 

divide, comprehensive training programs, and standardized protocols. Internationally, collaborative 

databases and open-access AI models could further enhance global forensic capabilities. 
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Overall, practical applications demonstrate that while technological tools significantly enhance accuracy, 

speed, and dignity, their effectiveness hinges on integration with human expertise, robust validation, and 

contextual adaptation to local legal and infrastructural realities. 

 

9. Conclusion 

The evolution of forensic pathology represents one of the most exciting intersections of medicine, 

technology, and law in the 21st century. Advanced imaging, AI, blockchain, microbiome analysis, and 

India’s progressive legal framework collectively promise faster, more accurate, and more compassionate 

death investigations. 

However, realizing this potential demands more than innovation. It requires rigorous scientific validation, 

substantial investment in infrastructure and training (especially in developing nations), ethical oversight, 

and a commitment to equity. Hybrid models that intelligently combine technological power with human 

expertise and judgment offer the most promising path forward. 

As Justice systems increasingly demand irrefutable, transparent evidence, forensic pathologists must 

evolve into data-literate, interdisciplinary professionals. The core mission remains unchanged: uncovering 

truth with precision, integrity, and respect for human dignity. 

The future of death investigation will depend not merely on technological innovation but on the 

responsible integration of science, human expertise, legal safeguards, and ethical standards. Emerging 

technologies should serve as tools that enhance, rather than replace, professional forensic judgment. 
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