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ABSTRACT 

Forensic pathology serves as a cornerstone in modern criminal investigations, bridging medical science and legal 

inquiry to determine the cause, manner, and mechanism of death. Over the past two decades, advancements such as 

postmortem imaging (computed tomography and magnetic resonance), molecular autopsies employing next-

generation sequencing, and digital autopsy techniques have revolutionized the practice, offering non-invasive, rapid, 

and highly detailed analyses. Concurrently, the integration of criminal psychological insights—through behavioral 

profiling, psychological autopsies, and neuroimaging—has enriched the interpretive framework, enabling 

investigators to contextualize physical findings within offender motivations and cognitive patterns. However, these 

innovations pose multifaceted challenges: ethical considerations regarding consent and privacy, legal hurdles to 

admissibility under standards like Daubert, and disparities in resource availability across jurisdictions. This review 

synthesizes recent technological and psychological advances in forensic pathology, examines pivotal ethical and legal 

dilemmas, and highlights the imperative of interdisciplinary collaboration. A dedicated case studies section illustrates 

practical applications and limitations in real-world investigations. Finally, we propose future directions emphasizing 

standardized protocols, robust validation studies, and integrated training programs to ensure that forensic pathology 

continues to evolve as a rigorous, ethically sound, and psychologically informed discipline. 

 

KEYWORDS 
Forensic pathology, Crime 
scene investigation, 
Postmortem imaging, 
Molecular autopsy, Criminal 
psychology, Behavioral 
profiling, Digital forensics, 
Ethical challenges, 
Interdisciplinary 
collaboration. 
 
Received on:  

01-04-2025 

Accepted on:  

18-05-2025 

Published on:  

11-06-2025 

          20(2): 202-206, 2025                                            www.thebioscan.com 

 

"Forensic Pathology in Crime Scene Investigation: Recent Advances, Challenges, 

and Criminal Psychological Perspective” 

1 Dr. Ahilan Devarajan, 2 Dr Ruchi Sharma, 3 A. LATHA, 4 Gowri Manogari  

1 Professor and Head of the Department, Department of Forensic Medicine and Toxicology, 

Vinayaka Mission's Homoeopathic Medical College & Hospital, Vinayaka Mission's Research Foundation (DU), Salem, 

Tamil Nadu, India. 

2 Professor, Jagran Lakecity University 

drsharma2021@gmail.com 

3 Asst. Professor, Department of Mathematic, KSR College of Engineering, Tiruchengode, Namakkal,Tamilnadu. 

lathanptel17@gmail.com 

4 Research scholar, Saveetha school of law, SIMATS  

gowrimanogarikalees@gmail.com 

Orchid ID: 0009-0009-7035-6022 

 

DOI:  10.63001/tbs.2025.v20.i02.pp202-206 

 

 
Forensic pathology, the medical specialty focused on 
determining cause and manner of death, stands at the 
intersection of medicine, law, and investigative science. 
Traditionally, postmortem examinations relied on gross 
dissection and histological analysis to identify trauma, disease, 
and toxic substances. While these methods remain fundamental, 
they are increasingly complemented by technologies that 
enhance precision and efficiency. Simultaneously, criminal 
psychology has emerged as a parallel discipline, offering insights 
into offender cognition and behavior that can enrich 
interpretations of physical evidence. The convergence of these 
fields reflects the growing complexity of contemporary crime, 

where understanding both the biological and psychological 
dimensions can be critical to constructing accurate 
reconstructions. 
Technological innovations have transformed the timeline and 
scope of forensic examinations. Postmortem computed 
tomography (PMCT) and magnetic resonance imaging (PMMRI) 
enable three-dimensional visualization of internal structures 
without invasive dissection, preserving cultural and religious 
sensitivities while expediting analyses. Molecular autopsy 
techniques—leveraging polymerase chain reaction and next-
generation sequencing—uncover genetic predispositions and 
metabolic disorders that may underlie sudden or unexplained 
deaths, particularly in pediatric and young adult cases. Digital 
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autopsy platforms integrate imaging data into interactive models, 
facilitating courtroom presentation and peer review. 
In parallel, criminal psychology provides interpretive frameworks 
to assess offender motives, risk factors, and behavioral 
signatures. Psychological autopsies investigate decedents' mental 
states through interviews, personal records, and social data, 
distinguishing between suicide, homicide, and accidental deaths 
when physical evidence is equivocal. Behavioral profiling 
analyzes modus operandi and crime scene organization to infer 
personality traits and cognitive patterns of perpetrators, guiding 
investigative focus and suspect prioritization. 
However, the adoption of these methodologies raises significant 
ethical and legal considerations. Postmortem imaging demands 
guidelines for consent and data protection, while psychological 
autopsies implicate privacy rights and access to sensitive 
personal information. Legal admissibility under standards such as 
the Daubert criteria hinges on method validation and acceptance 
within the scientific community. Moreover, disparities in 
infrastructure and training across jurisdictions risk uneven 
application, potentially affecting the quality of justice delivered. 
This review systematically examines the recent advances in 
forensic pathology technologies and criminal psychological 
methods, explores the ethical and legal challenges inherent to 
their use, and discusses strategies for interdisciplinary 
collaboration. A dedicated case studies section demonstrates 
practical applications, successes, and pitfalls. We conclude by 
recommending pathways for future research, standardization 
efforts, and educational initiatives to solidify the integration of 
medical and psychological sciences in crime scene investigation. 
2. Technological Evolution in Forensic Pathology 
The landscape of forensic pathology has been reshaped by an 
array of technological breakthroughs that extend beyond 
conventional autopsy into realms of imaging, genetics, and 
computational analysis. These innovations aim to increase 
diagnostic accuracy, reduce invasiveness, and adapt to cultural 
or religious sensitivities. Central among these advances are 
postmortem imaging modalities and molecular autopsy 
techniques. 
2.1 Postmortem Imaging 
Postmortem computed tomography (PMCT) and postmortem 
magnetic resonance imaging (PMMRI) constitute non-invasive 
methods that often serve as adjuncts or alternatives to 
conventional dissection. PMCT excels at identifying osseous 
injuries, foreign bodies such as bullets or shrapnel, and gas 
distributions indicative of putrefaction or trauma. The rapid 
scanning capability makes PMCT invaluable in mass fatality 
incidents, where throughput and documentation speed are 
essential. In contrast, PMMRI offers superior soft tissue contrast, 
enabling detection of subtle injuries to the brain, spinal cord, 
and internal organs, such as those sustained during strangulation, 
drowning, or child abuse. 
Studies comparing PMCT and traditional autopsy report high 
concordance rates for traumatic injuries and hemorrhages, often 
exceeding 85% agreement, while also uncovering findings missed 

by gross dissection, such as minute cerebral hemorrhages or 
early myocardial infarctions. The ability to archive three-
dimensional datasets allows for retrospective review and peer 
consultation, enhancing transparency and interdisciplinary 
feedback. 
2.2 Molecular Autopsy 
In cases where macroscopic pathology reveals no conclusive 
cause of death, molecular autopsies analyze genetic and 
biochemical markers to identify inherited conditions like 
channelopathies (e.g., long QT syndrome), cardiomyopathies, 
and metabolic disorders. Next-generation sequencing (NGS) 
panels target arrays of genes known to predispose individuals to 
sudden cardiac death, while polymerase chain reaction (PCR) 
assays can detect viral genomes or specific toxicants. 
Molecular autopsy findings have resolved up to 30% of previously 
unexplained sudden deaths in young populations, guiding family 
screening for at-risk relatives. However, the interpretation of 
genetic variants of uncertain significance (VUS) remains 
challenging, necessitating multidisciplinary oversight by 
pathologists, geneticists, and clinicians to distinguish clinically 
actionable mutations from benign polymorphisms. 
2.3 Digital Autopsy and AI Integration 
Digital autopsy integrates imaging data into virtual 3D 
reconstructions, enabling pathologists to navigate internal 
anatomy interactively. Such platforms facilitate analysis of 
complex wound tracks, bullet trajectories, and organ 
pathologies, and provide compelling visual evidence in legal 
settings. Emerging artificial intelligence (AI) applications aim to 
automate histopathological image classification, detect 
anomalies in radiological scans, and predict postmortem interval 
through pattern recognition of decomposition changes. 
Preliminary AI models demonstrate promising sensitivity and 
specificity in classifying causes of death, but require extensive 
validation across forensic datasets and standardization to meet 
legal admissibility thresholds. Additionally, concerns about 
algorithmic bias and explainability underscore the need for 
transparent model design and continuous peer-reviewed 
assessment. 
2.4 Implementation Challenges 
Despite clear benefits, widespread adoption of advanced 
technologies is hindered by high costs, technical expertise 
requirements, and lack of standardized protocols. Resource-
limited jurisdictions often rely solely on traditional autopsy 
methods, creating disparities in investigative quality. Capacity 
building through training programs, shared regional facilities, 
and international collaborations can ameliorate these gaps, 
fostering equitable access to cutting-edge forensic tools. 
In summary, technological evolution in forensic pathology has 
dramatically enhanced the resolution, speed, and non-
invasiveness of death investigations. As imaging, molecular, and 
AI-driven approaches mature, efforts to validate, standardize, 
and disseminate these methods will be crucial to ensuring global 
justice and scientific rigor. 

Table 1: Technological Advancements in Forensic Pathology 

Technology Accuracy (%) 

PMCT 88 

PMMRI 85 

Molecular Autopsy 75 

Digital Autopsy 80 

AI in Pathology 82 

 
Graph 1: Accuracy and Adoption of Forensic Technologies 



 
204 

 
3. Criminal Psychological Integration in Forensic Analysis 
While forensic pathology elucidates the biological factors 
underlying death, criminal psychology provides the interpretive 
framework to understand offender motivations, behavioral 
patterns, and cognitive processes. The integration of these 
disciplines transforms raw medical data into comprehensive 
investigative narratives. 
3.1 Psychological Autopsy 
A psychological autopsy is a retrospective inquiry into a 
decedent’s mental state, employing interviews with family 
members, examination of personal writings (e.g., diaries, social 
media posts), and review of clinical records. Originally 
developed to distinguish suicide from accidental or 
undetermined deaths, the method has evolved to include 
structured assessment tools such as the Psychological Autopsy 
Checklist and the SADS-L interview schedule. 
Psychological autopsies can reveal risk factors—depression, 
substance abuse, interpersonal conflicts—that contextualize 
injuries observed at autopsy. In equivocal cases, where physical 
findings alone cannot determine intent, such insights guide legal 
determinations of manner of death. However, the reliance on 
subjective reports and potential recall bias necessitates 
standardized protocols and corroboration with objective data 
whenever possible. 
3.2 Behavioral Profiling 
Behavioral or criminal profiling involves analyzing crime scene 
characteristics—modus operandi, signature behaviors, 
victimology—to infer personality traits, demographic variables, 
and cognitive styles of offenders. Organized crime scenes with 
planned executions and minimal evidence often point to 
individuals with higher cognitive functioning and social 
competence, whereas disorganized scenes with excessive 
violence may indicate impulsivity or severe mental disturbance. 
Profilers collaborate with pathologists to correlate wound 
patterns and body positioning with psychological constructs. For 
example, evidence of overkill in a strangulation case may reflect 
rage and personal animosity, suggesting victims with prior 
relational ties to offenders. Conversely, controlled incisions and 
precision in stabbing injuries can signal a detached, instrumental 
motivation, aligning with psychopathic traits. 

3.3 Neuropsychological Insights 
Neuroimaging techniques such as functional magnetic resonance 
imaging (fMRI) and positron emission tomography (PET) are 
increasingly used in research to map brain regions implicated in 
aggression, impulse control, and empathy. Clinical studies link 
reduced activity in the prefrontal cortex and amygdala 
dysfunction with higher aggression and diminished fear 
response—findings that inform forensic risk assessments and 
evaluations of criminal responsibility. 
While direct application of neuroimaging in postmortem contexts 
is nascent, these tools enrich living offender evaluations and can 
influence legal arguments regarding capacity and intent. Ethical 
frameworks must govern the use of neurodata, ensuring 
informed consent and guarding against determinism that 
oversimplifies the relationship between brain activity and 
behavior. 
3.4 Data-Driven Profiling 
Advances in artificial intelligence have enabled the creation of 
behavioral databases and machine learning models that analyze 
large-scale crime data to identify patterns and predict offender 
traits. Geographic profiling, employing spatial analysis 
algorithms, can narrow search areas based on crime location 
clusters. Natural language processing (NLP) tools analyze written 
communications—threatening letters or online posts—to detect 
linguistic markers of psychopathy, risk for violence, or suicidal 
intent. 
Despite their potential, data-driven profiling systems must 
address issues of data quality, representativeness, and 
algorithmic fairness. Ongoing validation against diverse datasets 
and transparent methodologies are essential to maintain 
credibility and avoid reinforcing systemic biases. 
In conclusion, integrating criminal psychological perspectives 
into forensic pathology enriches investigative paradigms by 
connecting physical evidence with cognitive and motivational 
dimensions. Whether through psychological autopsies, behavioral 
profiling, neuropsychological research, or AI-driven approaches, 
the collaboration of pathologists and psychologists fosters 
deeper, more informative reconstructions of criminal events. 

Table 2: Psychological Methods in Forensic Analysis 

Method Usefulness (1-10) 

Psychological Autopsy 9 

Behavioral Profiling 8 

Neuroimaging 7 

AI-driven Profiling 8 
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Graph 2: Effectiveness and Admissibility of Psychological Techniques 

 
4. Ethical and Legal Challenges in Modern Forensics 
The intersection of cutting-edge science and criminal justice in 
forensic pathology and psychology raises profound ethical and 
legal questions. Balancing the pursuit of truth with respect for 
individual rights, cultural norms, and due process requires robust 
frameworks and interdisciplinary dialogue. 
4.1 Consent and Cultural Sensitivities 
Traditional autopsies often conflict with religious or cultural 
beliefs that prohibit bodily dissection. Postmortem imaging 
offers an alternative, yet institutions must navigate consent 
procedures for both deceased individuals and their families. 
Jurisdictions vary in statutory requirements for autopsy consent; 
some mandate examinations under suspicious circumstances, 
while others require explicit family permission for advanced 
imaging. Transparent policies, community engagement, and 
culturally sensitive communication are critical to maintain public 
trust and compliance. 
4.2 Privacy and Data Protection 
Psychological autopsies and digital profiling rely on accessing 
personal data—medical records, social media footprints, and 
correspondence. Legal regimes such as the Health Insurance 
Portability and Accountability Act (HIPAA) in the United States 
and the General Data Protection Regulation (GDPR) in the 
European Union impose strict controls on data usage. 
Investigators must ensure that data collection complies with 
privacy laws, employs secure storage, and limits dissemination 
to authorized personnel. Furthermore, debates continue 
regarding the extent of postmortem privacy rights and whether 
deceased individuals retain protections against unauthorized 
data exploitation. 
4.3 Legal Admissibility Standards 
Under the Daubert standard in U.S. courts—and similar 
admissibility criteria globally—scientific evidence must 
demonstrate testability, peer review, known error rates, and 
general acceptance. Many forensic technologies, particularly AI-
driven models and novel molecular assays, have yet to meet 
these benchmarks fully. Rigorous validation studies, publication 
in peer-reviewed journals, and inter-laboratory proficiency 
testing are necessary to bolster admissibility. Practitioners 
should document methodologies, maintain chain of custody, and 
articulate limitations clearly in expert testimony. 
4.4 Bias and Interpretation Risks 
Behavioral profiling and AI-guided analyses carry risks of bias. 
Profilers’ subjective judgments can be influenced by stereotypes 
or incomplete information, while AI algorithms may perpetuate 
biases present in training data. To mitigate these risks, 
practitioners should apply structured decision-making 

frameworks, cross-validate AI outputs with human expertise, and 
disclose uncertainty margins. Independent oversight committees 
and ethical review boards can provide accountability and 
guidance on best practices. 
4.5 Professional Well-Being 
Forensic pathologists and criminal psychologists confront graphic 
scenes, traumatic narratives, and high-stakes legal scrutiny. 
Chronic exposure to violence can precipitate burnout, secondary 
traumatic stress, and moral injury. Ethical practice must 
incorporate mental health support—confidential counseling, peer 
support groups, and resilience training—to sustain workforce 
health and performance. 
In sum, ethical and legal challenges in modern forensics demand 
proactive policies, transparent methodologies, and 
interdisciplinary collaboration. Addressing consent, privacy, 
admissibility, bias, and practitioner well-being are prerequisites 
for maintaining scientific integrity and public confidence. 
5. Interdisciplinary Collaboration in Crime Scene Investigation 
Complex criminal cases increasingly rely on teams that integrate 
medical, psychological, chemical, and digital expertise. 
Effective collaboration enhances evidence interpretation, 
streamlines workflows, and strengthens judicial outcomes. 
5.1 Multidisciplinary Case Teams 
Forensic investigations frequently convene pathologists, 
psychologists, toxicologists, entomologists, digital forensics 
specialists, and law enforcement. Case management platforms 
allow secure sharing of physical, imaging, and behavioral data. 
Regular case conferences foster dialogue, enabling experts to 
correlate findings—such as linking toxin levels from toxicology to 
cognitive impairment assessments in psychological evaluations. 
5.2 Joint Reporting and Testimony 
Coordinated expert reports present integrated narratives that 
address both biological mechanisms and offender psychology. 
For instance, in an insanity defense, pathologists detail 
neuropathological findings while psychologists contextualize 
cognitive deficits relative to legal standards of competence. 
Joint courtroom testimony can clarify how physical evidence 
aligns with behavioral interpretations, reducing confusion and 
reinforcing the cohesion of expert opinions. 
5.3 Training and Cross-Education 
Curricula that expose forensic science students to criminal 
behavior modules—and psychology students to autopsy 
principles—foster mutual understanding. Workshops, continuing 
education seminars, and certifications by bodies like the 
American Academy of Forensic Sciences (AAFS) and the European 
Network of Forensic Science Institutes (ENFSI) provide forums for 
skill-building and networking. 
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5.4 Challenges to Collaboration 
Despite benefits, interdisciplinary work faces obstacles: differing 
terminologies, institutional hierarchies, and resource 
competition. Appointing case coordinators and establishing 
standard operating procedures can mitigate turf battles. Shared 
protocols for evidence handling, data annotation, and report 
formatting streamline collaboration and ensure consistency. 
5.5 Model Initiatives 
Centers of excellence, such as the UK’s National Crime Agency 
and the U.S. Federal Bureau of Investigation’s Behavioral 
Analysis Unit, exemplify integrated approaches. These 
institutions maintain dedicated multidisciplinary task forces, 
centralized databases, and rapid response capabilities that unify 
analytical and behavioral expertise. 
In conclusion, interdisciplinary collaboration is indispensable for 
modern crime scene investigations. By bridging disciplinary 
divides through shared platforms, joint education, and 
standardized procedures, forensic teams can deliver 
comprehensive, scientifically robust, and legally persuasive 
findings. 
6. Case Studies 
To illustrate the practical application of integrated forensic 
pathology and criminal psychology, we examine three 
emblematic cases where advanced techniques and 
interdisciplinary frameworks shaped investigative outcomes. 
6.1 Case Study A: Unexplained Pediatric Death 
A three-month-old infant was found unresponsive in a home 
setting. Traditional autopsy revealed no external trauma or clear 
organ pathology. A molecular autopsy employing NGS identified 
a pathogenic variant in the SCN5A gene linked to long QT 
syndrome. Simultaneously, a psychological autopsy—through 
interviews with caregivers and review of home monitoring logs—
found no evidence of negligence or intentional harm. Integration 
of genetic findings with environmental data led to a conclusion 
of natural death due to arrhythmia, averting wrongful suspicion 
of caregiver misconduct. Subsequent family screening detected 
the same variant in the infant’s sibling, prompting prophylactic 
medical management. 
6.2 Case Study B: Serial Homicide Profiling 
Between 2015 and 2018, an urban region experienced a series of 
homicides with similar victim profiles and blunt force trauma 
signatures. A multidisciplinary task force combined PMCT 
imaging—which documented distinctive cranial fracture 
patterns—with behavioral profiling that highlighted ritualistic 
staging at crime scenes. Geographic profiling algorithms mapped 
offense locations, suggesting a narrow hunting zone around a 
transit hub. Collaborative analysis led law enforcement to a 
suspect whose criminal history and psychological evaluation 
matched predicted traits of psychopathy and organized killing 
methods. Conviction was secured based on converging medical, 
psychological, and spatial evidence. 
6.3 Case Study C: Cyber-Facilitated Suicidal Behavior 
A 28-year-old individual was discovered deceased with a 
suspected self-inflicted gunshot wound. Digital autopsy 
combined PMCT data—confirming bullet trajectory and ruling out 
foul play—with NLP analysis of the decedent’s online forums, 
which revealed escalating suicidal ideation over months. The 
psychological autopsy incorporated social media patterns and 
therapy records, contextualizing the intent. This integrated 
approach provided the court with a nuanced understanding of 
mental health factors, reinforcing the manner of death as 
suicide and informing policy discussions on online content 
moderation and mental health interventions. 
These cases demonstrate how the synergy of advanced forensic 
pathology and criminal psychology can resolve complex death 
investigations, guide legal determinations, and inform 
preventive strategies. 
7. Future Directions and Conclusion 
The future of forensic pathology in crime scene investigation lies 
in deepening the integration of technology, psychology, and 
standardized practices. Key priorities include: 
1. Standardization and Validation: Establishing international 
guidelines for postmortem imaging protocols, molecular autopsy 
panels, and AI-driven analyses is essential. Multicenter validation 

studies and proficiency testing will underpin legal admissibility 
and cross-jurisdictional reliability. 
2. Ethical Frameworks: Developing comprehensive policies for 
consent, data privacy, and use of neuropsychological data will 
protect individual rights while enabling investigative efficacy. 
Engagement with ethicists, legal scholars, and community 
stakeholders will ensure balanced approaches. 
3. Expanded Training Programs: Interdisciplinary curricula that 
encompass medical, psychological, and data science 
competencies will prepare the next generation of forensic 
experts. Virtual reality simulations, joint workshops, and 
certification pathways can foster collaborative mindsets. 
4. Advanced AI and Explainable Models: Continued research 
into explainable AI methods will address transparency concerns. 
Open-source toolkits, shared code repositories, and community-
driven benchmarks will accelerate innovation and trust in 
algorithmic decision-making. 
5. Global Collaboration Networks: Establishing regional centers 
of excellence and digital platforms for data sharing—while 
safeguarding privacy—will democratize access to advanced 
forensic resources. Partnerships among academic institutions, 
law enforcement, and professional societies will drive collective 
progress. 
In conclusion, forensic pathology enriched by criminal 
psychological perspectives represents a powerful paradigm for 
crime scene investigation. Technological and methodological 
innovations have enhanced the clarity, speed, and depth of 
death analyses. Yet, ethical, legal, and operational challenges 
persist, necessitating sustained efforts in validation, 
standardization, and interdisciplinary collaboration. By 
embracing robust frameworks and forward-looking research, the 
field can realize its full potential: elucidating not only how 
individuals died, but also why, thereby advancing justice and 
prevention alike. 
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