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Abstract 

Background: The identification of human remains in challenging environments such as mass disasters, 

war zones, decomposed burial sites, aquatic settings, and burned or fragmented remains represents a major 

challenge in forensic science. Advances in forensic technologies have significantly improved the ability to 

identify victims under adverse environmental conditions. 

Objective 

To evaluate the development and effectiveness of advanced forensic techniques used for the identification 

of human remains in challenging environments. 

Methods: A narrative review and analytical study were conducted using peer-reviewed forensic science 

literature, disaster victim identification reports, and case studies published between 2010 and 2025. The 

study analyzed modern techniques including DNA profiling, forensic anthropology, forensic odontology, 

radiological imaging, isotope analysis, and artificial intelligence-assisted reconstruction methods. 

Results: Advanced DNA analysis methods, including mitochondrial DNA and next-generation sequencing, 

demonstrated high effectiveness in degraded and fragmented remains. Three-dimensional imaging, forensic 

anthropology, and dental identification significantly improved victim identification accuracy in mass 

disaster investigations. Emerging technologies such as AI-assisted facial reconstruction and isotope 
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geolocation analysis enhanced identification capabilities. However, environmental degradation, 

contamination, limited reference samples, and logistical constraints remained significant challenges. 

Conclusion: Advanced forensic technologies have greatly improved the identification of human remains 

in complex forensic scenarios. Continued development of multidisciplinary approaches, technological 

innovation, and international collaboration is essential for improving disaster victim identification and 

humanitarian forensic investigations. 

Keywords: Forensic identification, Human remains, DNA profiling, Disaster victim identification, 

Forensic anthropology, Forensic odontology 

1. Introduction 

The identification of human remains is one of the most important and challenging aspects of forensic 

science and medico-legal investigations. Accurate identification is essential for criminal investigations, 

disaster victim identification (DVI), humanitarian efforts, legal documentation, and providing closure to 

families of deceased individuals [1]. However, environmental degradation, decomposition, fragmentation, 

burning, prolonged burial, and aquatic exposure frequently complicate the identification process, 

particularly in mass disasters, armed conflicts, and natural catastrophes. Traditional methods of 

identification, including visual recognition and personal belongings, are often unreliable in cases involving 

severely decomposed or damaged remains [2]. Consequently, forensic scientists increasingly rely on 

advanced scientific techniques to establish identity under challenging environmental conditions. The 

integration of molecular biology, forensic anthropology, radiology, odontology, and digital technologies 

has significantly transformed modern forensic identification practices. 

DNA profiling has become one of the most powerful tools for human identification due to its high 

specificity and reliability. Nuclear DNA analysis is commonly used in forensic investigations; however, 

severely degraded remains often contain fragmented genetic material unsuitable for conventional testing 

[3]. To address this limitation, advanced techniques such as mitochondrial DNA analysis and next-

generation sequencing (NGS) have been developed to improve genetic identification in degraded and 
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compromised samples [4]. These methods have proven especially valuable in disaster victim identification 

and historical forensic investigations. 

Forensic anthropology also plays a critical role in the analysis of skeletal remains. Anthropological methods 

can provide information regarding age, sex, ancestry, stature, and trauma patterns, thereby assisting in 

narrowing potential identities [5]. In challenging environments such as mass graves or burned remains, 

forensic anthropologists contribute significantly to reconstructing biological profiles and interpreting 

skeletal evidence. Forensic odontology remains another reliable method for identification, particularly in 

situations involving fire or advanced decomposition where dental structures remain relatively preserved 

[6]. Dental records, radiographs, and unique dental restorations provide valuable comparative evidence for 

establishing identity. The use of digital dental imaging and computerized comparison systems has further 

enhanced the efficiency of forensic dental analysis. 

Advancements in radiological imaging technologies such as computed tomography (CT), magnetic 

resonance imaging (MRI), and three-dimensional (3D) reconstruction have revolutionized forensic 

investigations [7]. Virtopsy and postmortem imaging techniques allow non-invasive examination of 

remains, facilitating trauma analysis, facial reconstruction, and virtual autopsy procedures. These methods 

are particularly useful in culturally sensitive cases or situations where conventional autopsy is limited. 

Emerging technologies including artificial intelligence, facial approximation software, and isotope 

geolocation analysis are expanding the capabilities of forensic identification. Stable isotope analysis can 

provide information regarding geographic origin, dietary habits, and migration patterns of unidentified 

individuals [8]. AI-assisted facial reconstruction and machine learning algorithms improve the 

reconstruction of damaged facial structures and automate comparative identification processes. 

Despite these technological advances, numerous challenges continue to affect forensic identification 

efforts. Environmental factors such as heat, moisture, microbial activity, water immersion, and chemical 

exposure can severely degrade biological evidence [9]. Additionally, lack of ante-mortem records, limited 

access to reference DNA samples, logistical difficulties in disaster settings, and insufficient forensic 

infrastructure in developing regions hinder effective identification processes. Given the growing frequency 

of natural disasters, armed conflicts, and humanitarian crises worldwide, the development of advanced 
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forensic identification techniques has become increasingly important. This study aims to evaluate modern 

forensic methods used for the identification of human remains in challenging environments while exploring 

current limitations and future opportunities for improving forensic investigations and humanitarian 

response efforts. 

2. Methodology 

Study Design 

Narrative review and analytical study 

Data Sources 

 PubMed  

 Scopus  

 Web of Science  

 Forensic disaster investigation reports  

Inclusion Criteria 

 English-language studies published between 2010–2025  

 Articles related to forensic identification techniques  

 Studies involving challenging environmental conditions  

Parameters Evaluated 

 DNA profiling effectiveness  

 Anthropological analysis  

 Dental identification methods  

 Imaging technologies  

 Emerging AI and isotope applications  

3. Results 
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Table 1: Advanced Forensic Identification Techniques 

Technique Application Advantage 

DNA Profiling Biological identification High accuracy 

Forensic Anthropology Skeletal analysis Biological profiling 

Forensic Odontology Dental comparison Fire-resistant evidence 

CT/3D Imaging Trauma analysis Non-invasive reconstruction 

 

Table 2: Challenges in Human Remains Identification 

Challenge Impact 

Severe decomposition DNA degradation 

Environmental contamination Reduced evidence quality 

Fragmented remains Difficult reconstruction 

Limited reference samples Delayed identification 

 

Table 3: Emerging Technologies 

Innovation Potential Benefit 

Next-generation sequencing Improved degraded DNA analysis 

AI facial reconstruction Enhanced visualization 

Isotope geolocation analysis Geographic tracing 

Virtopsy imaging Digital autopsy procedures 

 

Table 4: Applications in Challenging Environments 
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Environment Major Forensic Challenge 

Mass disasters Multiple fragmented victims 

Aquatic environments Tissue decomposition 

Burned remains Destruction of soft tissues 

War/conflict zones Lack of records 

4. Discussion 

The findings of this study demonstrate that advanced forensic technologies have significantly enhanced the 

identification of human remains in challenging environmental conditions. Traditional identification 

methods are often ineffective in cases involving severe decomposition, fragmentation, burning, or 

prolonged environmental exposure [10]. Consequently, multidisciplinary forensic approaches have become 

essential for improving identification accuracy in complex forensic investigations. 

DNA profiling remains the gold standard for human identification due to its high specificity and scientific 

reliability. However, conventional nuclear DNA analysis may be limited in severely degraded remains. 

Advanced molecular techniques such as mitochondrial DNA analysis and next-generation sequencing have 

improved the ability to recover genetic information from compromised biological samples [11]. These 

methods have proven especially valuable in disaster victim identification and historical forensic 

investigations involving degraded remains. 

Forensic anthropology continues to play a vital role in identifying skeletal remains and reconstructing 

biological profiles. Anthropological examination provides critical information regarding age, sex, ancestry, 

stature, and trauma patterns, assisting investigators in narrowing potential matches [12]. In mass disasters 

and conflict zones, forensic anthropologists contribute significantly to the recovery, sorting, and 

interpretation of fragmented skeletal remains. 

Forensic odontology has demonstrated considerable reliability in identifying burned and decomposed 

victims due to the durability of dental structures. Dental restorations, radiographs, and anatomical variations 

provide valuable comparative evidence even under extreme environmental conditions [13]. Digital imaging 
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technologies and computerized dental comparison systems have further improved the efficiency of forensic 

dental investigations. 

Radiological imaging and virtual autopsy technologies have revolutionized forensic examinations by 

enabling non-invasive analysis of remains. CT imaging and 3D reconstruction techniques facilitate trauma 

assessment, facial reconstruction, and skeletal visualization while preserving evidence integrity [14]. 

Virtopsy methods are particularly valuable in culturally sensitive situations and mass casualty incidents 

where conventional autopsy procedures may be impractical. 

Despite these advancements, several challenges continue to hinder effective forensic identification. 

Environmental degradation caused by heat, water immersion, microbial activity, and chemical exposure 

can severely damage biological evidence and complicate DNA recovery [15]. Additionally, limited access 

to ante-mortem records and reference DNA samples frequently delays identification efforts in developing 

regions and humanitarian crises. 

Emerging technologies such as artificial intelligence and isotope geolocation analysis offer promising 

opportunities for improving forensic investigations. AI-assisted facial reconstruction and machine learning 

algorithms can automate image analysis and improve reconstruction accuracy [16]. Stable isotope analysis 

provides valuable information regarding geographic origin and migration history, which may assist in 

narrowing victim identification in unidentified remains cases. 

International collaboration and standardized forensic protocols are essential for improving disaster victim 

identification and humanitarian forensic operations. Establishing centralized DNA databases, expanding 

forensic infrastructure, and enhancing multidisciplinary training programs can strengthen global forensic 

response capabilities [17]. 

Overall, the development of advanced forensic techniques has significantly improved the identification of 

human remains in challenging environments. Continued research, technological innovation, and 

international cooperation will be critical for addressing future forensic and humanitarian challenges. 

5. Conclusion 
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Advanced forensic technologies have greatly enhanced the identification of human remains in complex and 

environmentally challenging situations. DNA profiling, forensic anthropology, forensic odontology, 

radiological imaging, and emerging AI-based methods provide powerful tools for forensic investigations 

and disaster victim identification. However, environmental degradation, limited infrastructure, and lack of 

reference data remain major obstacles. Continued investment in forensic research, multidisciplinary 

collaboration, and technological innovation is essential for improving identification accuracy and 

strengthening humanitarian forensic efforts worldwide. 
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