
Abstract
Forensic medicine, a critical intersection of law and science, is undergoing a profound transformation driven by rapid technological 
advancements. While these innovations promise enhanced diagnostic precision and efficiency, they simultaneously introduce a 
complex array of challenges. This review article explores the multifaceted landscape of modern forensic medicine, examining 
the key hurdles posed by the integration of advanced technologies and identifying the burgeoning scopes for the field. This 
paper delves into the ethical, legal, and financial barriers associated with sophisticated imaging, AI-driven analytics, and forensic 
genomics. We also highlight the growing complexities of digital and cyber forensics in an interconnected world. Concurrently, this 
review discusses the significant opportunities derived from these advancements, including improved investigative capabilities, 
enhanced diagnostic accuracy, and the emergence of new interdisciplinary specialisations. The paper provides a comprehensive 
overview of the current state of forensic medicine, offering a roadmap for practitioners and policymakers to navigate these 
complexities and leverage technological innovations to uphold justice and public safety.
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Introduction

Forensic medicine has historically relied on meticulous 
observation and traditional scientific methodologies to 

provide impartial evidence in legal proceedings. The 21st 
century, however, has ushered in an era of unprecedented 
technological innovation, fundamentally altering the practice 
of forensic science. Technologies such as advanced radiological 
imaging, artificial intelligence (AI), and next-generation 
sequencing (NGS) have become integral tools, promising 
a new era of accuracy and efficiency1-3 This shift, while 
transformative, is not without its complexities. The integration 
of these powerful tools has exposed significant challenges 
related to ethics, legal admissibility, financial feasibility, and 
the need for standardised protocols. This review article aims to 
provide a comprehensive analysis of the current landscape of 
forensic medicine, focusing on the primary challenges faced by 
the discipline and the promising new scopes that have emerged 
from this technological revolution.

Description
Figure 1 shows conceptual diagram showing the interplay of 
various advanced technologies (e.g., AI, Genomics, Virtual 
Autopsy) and how they influence different aspects of forensic 
practice (e.g., Investigation, Laboratory Analysis, Court 
Testimony). The arrows connect the technologies to the stages, 
with callouts for specific challenges or opportunities at each stage.

Challenges in the Current Era

The adoption of advanced technologies presents a multifaceted 
set of challenges that forensic medicine must address to 
maintain its credibility and effectiveness.

Ethical and Legal Hurdles
The introduction of new technologies into the legal system 
raises complex ethical and legal questions.

Admissibility of Evidence
The legal system, often slow to adapt, struggles with the 
admissibility of evidence derived from novel technologies. For 
instance, the use of AI algorithms to predict the time of death 
or identify injury patterns must be validated rigorously before 
it can be accepted in a court of law.4 The “Daubert standard” 
or similar legal precedents require that scientific evidence be 
reliable and based on valid methodology.5 

Data Privacy and Security
The collection and analysis of vast amounts of sensitive data, 
including genetic and biometric information, raises significant 
privacy concerns. Ensuring the security of this data from 
unauthorised access or manipulation is a critical challenge.6 

mailto:drsumonadib@gmail.com
mailto:drsumonadib@gmail.com


Forensic Medicine in the Digital Age

Int J Eth Trauma Victimology, Volume 11, Issue 2 (2025) 23

(e.g., social media, email server). This figure highlights the 
distributed and complex nature of modern digital evidence.
•	 Data Volume and Volatility: The sheer volume of digital 

data and its often-volatile nature make its collection 
and analysis a formidable task. This includes data from 
smartphones, social media, cloud services, and IoT 
devices.13,14

•	 Anti-Forensic Techniques: Perpetrators increasingly 
employ sophisticated anti-forensic techniques, such as 
encryption, data wiping, and steganography, to obscure 
evidence, complicating investigations.15 

Scopes and Opportunities for the 
Future

Despite the challenges, the convergence of technology 
and forensic medicine is creating exciting new avenues for 
innovation and discovery.

Enhanced Diagnostic Capabilities and “Virtopsy”
Advanced imaging technologies offer non-invasive alternatives 
and a new level of detail in post-mortem examinations.

Virtual Autopsy (Virtopsy)
Post-mortem CT, MRI, and 3D surface scanning allow for a 
detailed, non-destructive examination of the body, which is 
particularly valuable in cases where cultural or religious beliefs 
preclude traditional autopsies (Table 1).16 

Forensic Genomics and Molecular Diagnostics
Rapid advancements in genomics are expanding the capabilities 
of forensic DNA analysis beyond simple matching.

Next-Generation Sequencing (NGS)
NGS allows for the analysis of highly degraded or mixed DNA 
samples, and can provide information on a suspect’s ancestry 
and physical characteristics (forensic phenotyping).17 

Figure 1: The forensic medicine ecosystem in the digital age

Table 1: Comparison of forensic autopsy methods

Method Required equipment Invasiveness Time required Key advantages Key disadvantages

Traditional 
Autopsy

Scalpels, forceps, saws, and 
dissection tables Highly invasive 2–4 hours

Detailed physical examination, 
widely accepted in courts, and 
comprehensive tissue sampling

Destructive, emotionally 
distressing for families, risk of 
infection to pathologists

Virtual 
Autopsy

CT/MRI scanners, 3D imaging 
software Non-invasive 1–2 hours

Preserves body, detailed 
imaging, repeatable, shareable 
data

High equipment cost, limited 
soft tissue detail, and court 
admissibility challenges

Algorithmic Bias
AI models trained on non-diverse or incomplete datasets 
can perpetuate and even amplify existing biases, potentially 
leading to discriminatory outcomes.7 

Technological and Financial Barriers
The high cost and complexity of modern forensic tools are 
significant obstacles, particularly for institutions with limited 
resources.

High Cost of Technology
The acquisition and maintenance of state-of-the-art equipment, 
such as post-mortem CT and MRI scanners, advanced mass 
spectrometers, and high-throughput sequencers, requires 
substantial financial investment.8 

Lack of Standardisation
The absence of universally accepted protocols for data 
acquisition and analysis across different laboratories can lead 
to inconsistencies and questions about the reproducibility of 
results.9,10 

Training and Expertise
The effective use of these sophisticated tools necessitates 
highly specialised training and a skilled workforce, which can 
be difficult and costly to develop and retain.11,12 

The Digital and Cyber Forensics Frontier
The proliferation of smart devices and the Internet of Things 
(IoT) has expanded the scope of forensic investigations into 
the digital realm, presenting unique challenges (Figure 2).

Description
An illustrative diagram showing a central crime scene with 
lines extending to various digital devices (e.g., smartphone, 
laptop, smartwatch, security camera) and cloud services 

Figure 2: The digital evidence landscape
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Rapid DNA Technology
Portable DNA platforms enable on-site analysis, dramatically 
reducing the time required to generate investigative leads and 
identify individuals in mass disaster scenarios.18,19

AI and Machine Learning in Forensic Science
AI and machine learning are poised to revolutionise forensic 
processes by automating and enhancing various tasks (Figure 
3).

Description
A flow chart or diagram illustrating how AI can be integrated 
into a forensic investigation. This somewhat clarifies the 
practical applications of AI.

Predictive Analytics
AI models can be trained to predict the time of death, age of 
an injury, or cause of death based on large datasets of post-
mortem scans and other data.20,21 

Digital Image and Video Analysis
AI can be used to enhance blurry images, identify individuals 
in surveillance footage, recognise voices of the perpetrator or 
analyse vast amounts of digital evidence more efficiently than 
human analysts.22-24 

Conclusion

The future of forensic medicine is inextricably linked 
to technological progress. While the challenges of cost, 
ethics, and legal admissibility are significant, they are not 
insurmountable. The opportunities presented by advanced 

imaging, genomics, and AI are immense, promising a future 
where forensic investigations are more accurate, efficient, 
and capable of providing unprecedented insights. The path 
forward requires a thoughtful, collaborative, and evidence-
based approach to ensure that these powerful tools serve to 
uphold justice and reinforce the integrity of the legal system. By 
establishing standardised protocols, investing in robust ethical 
frameworks, and fostering interdisciplinary collaboration, the 
forensic community can effectively navigate these complexities 
and ensure the discipline remains a cornerstone of the justice 
system.

References
1.	 Hemanth K, Tharmavaram M, Pandey G. History of forensic 

science. Technology in Forensic Science: Sampling, Analysis, 
Data and Regulations. 2020 Oct 19:1-6.

2.	 Thompson WC, Vuille J, Taroni F, Bidermann A. After 
uniqueness: the evolution of forensic science opinions. Judicature. 
2018;102:18.

3.	 Koehler JJ, Mnookin JL, Saks MJ. The scientific reinvention 
of forensic science. Proceedings of the National Academy of 
Sciences. 2023 Oct 10;120(41):e2301840120.

4.	 Quezada-Tavárez K, Vogiatzoglou P, Royer S. Legal challenges 
in bringing AI evidence to the criminal courtroom. New Journal 
of European Criminal Law. 2021 Dec;12(4):531-51.

5.	 Legal Information Institute, Cornell Law School. Daubert 
Standard. Cornell Law School. [cited 2025 Aug 12]. Available 
from: https://www.law.cornell.edu/wex/daubert_standard.

6.	 Vavekanand R. Data security and privacy in genomics research: 
A comparative analysis to protect confidentiality. Studies in 
Medical and Health Sciences. 2024 May 11;1(1):23-31.

7.	 Bharati DR. Bias and Fairness in AI Algorithms: Legal Standards 
and Ethical Guidelines (2025).

8.	 Wickenheiser RA. Demonstrating cost-benefit for forensic 
laboratory resources: project Resolution. Forensic Science 
International: Synergy. 2021 Jan 1;3:100158.

9.	 Flach PM, Gascho D, Schweitzer W, Ruder TD, Berger N, Ross 
SG, Thali MJ, Ampanozi G. Imaging in forensic radiology: 
an illustrated guide for post-mortem computed tomography 
technique and protocols. Forensic science, medicine, and 
pathology. 2014 Dec;10(4):583-606.

10.	 Alshebel AK. Standardization Requirements for Digital Forensic 
Laboratories: A Document Analysis and Guideline. Auckland 
University of Technology. 2020.

11.	 Ogunbukola M. The Critical Role of Digital Forensics in the 
Modern Information Era. ResearchGate. 2024 June.

12.	 Thamer N, Alshaya R, Hammoudeh MA. Reliability and 
Precision of Digital Forensic Tools and Software: A Systematic 
Review Study. International Journal of Communication Networks 
and Information Security. 2024 Aug 1;16(2):91-105.

13.	 Suthar H, Lunagaria M. Big Data Forensics: Challenges 
and Approaches. Advanced Techniques and Applications of 
Cybersecurity and Forensics. 2024 Jul 22:82-98.

14.	 Feng X, Zhao Y. Digital forensics challenges to big data in the 
cloud. Proceedings–2017 IEEE International Conference on 
Internet of Things. IEEE Green Computing and Communications, 
IEEE Cyber, Physical and Social Computing, IEEE Smart Data. 
2018.

15.	 Mohammad IA, Nasar AO, Alkhawaldeh M, Qazi EU, Zia T. 

Figure 3: AI in the forensic workflow



Forensic Medicine in the Digital Age

Int J Eth Trauma Victimology, Volume 11, Issue 2 (2025) 25

Anti-Forensic Challenges in Digital Forensics Investigations: 
An Overview of Techniques and Tools. In2024 7th International 
Conference on Signal Processing and Information Security 
(ICSPIS) 2024 Nov 12 (pp. 1-6). 

16.	 Timonov P, Novakov S, Sivkov S, Fasova A, Novakov I, Spasov 
S. The advantage of the virtual forensic autopsy-a new approach 
which could benefit forensic expertise. Journal of forensic and 
legal medicine. 2019 Feb 1;62:69-71.

17.	 Browne TN, Freeman M. Next generation sequencing: Forensic 
applications and policy considerations. Wiley Interdisciplinary 
Reviews: Forensic Science. 2024 Nov;6(6):e1531.

18.	 O’Brien R. The Use of Rapid DNA Technology in Forensic 
Science. InHandbook of DNA Profiling 2021 Sep 24 (pp. 1-21). 
Singapore: Springer Singapore.

19.	 de Roo R, Mapes A, van Cooten M, van Hooff B, Kneppers 
S, Kokshoorn B, Valkenburg T, de Poot C. Introducing a rapid 
DNA analysis procedure for crime scene samples outside of the 
laboratory—a field experiment. Sensors. 2023 Apr 21;23(8):4153.

20.	 Hachem M, Sharma BK. Artificial Intelligence in Prediction of 
PostMortem Interval (PMI) through blood biomarkers in forensic 

examination–a concept. In2019 Amity International Conference 
on Artificial Intelligence (AICAI) 2019 Feb 4 (pp. 255-258)

21.	 Sharma R, Bhute AR, Bastia BK. Application of artificial 
intelligence and machine learning technology for the prediction 
of post-mortem interval: A systematic review of preclinical 
and clinical studies. Forensic Science International. 2022 Nov 
1;340:111473.

22.	 Cardim GP, de Souza Duarte T, Cardim HP, Casaca W, Negri 
RG, Cabrera FC, Santos RJ, da Silva EA, Dias MA. Artificial 
Intelligence for Forensic Image Analysis in Bullet Hole 
Comparison: A Preliminary Study. NDT. 2025 Jul 8;3(3):16.

23.	 Renukadevi P, John S, Shivani N. Forensic Science: AI-Powered 
Image and Audio Analysis. In2024 5th International Conference 
on Smart Electronics and Communication (ICOSEC) 2024 Sep 
18 (pp. 1519-1525). 

24.	 Ahmed S, Khan MF, Singh B, Singh N, Sharma B. Enhancing 
Crime Scene Analysis: The Impact of AI Technologies on 
Evidence Processing. InForensic Intelligence and Deep Learning 
Solutions in Crime Investigation 2025 (pp. 63-84). IGI Global 
Scientific Publishing.


