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ABSTRACT 

A major advancement in forensic science has been made with the introduction of virtual autopsies, 

which improve conventional investigative techniques by utilizing cutting-edge imaging technologies. This 

article offers a thorough analysis of the idea and significance of virtual autopsy in forensic investigations. We 

describe the shift from conventional to virtual procedures by tracing the development and history of autopsy 

techniques. A step-by-step summary of the virtual autopsy procedure is provided after an examination of the 

technology underlying virtual autopsies, including CT and MRI images. There is a full discussion of the use of 

virtual autopsies in forensic investigations, including how they can be used to identify victims of disasters and 

perform no-cut autopsies to solve crimes. We discuss the benefits of virtual autopsies for forensic science 

developments as well as their drawbacks and restrictions, including acceptance, expenses, and technology 

limitations. Case studies showing global perspectives and the global acceptance of virtual autopsies are used to 

help the exploration of ethical issues and future trends in virtual autopsy technologies. These observations are 

summarized in the conclusion, which also highlights how virtual autopsies have revolutionized forensic 

investigations and looks forward to future developments in the area. 

Keywords: Autopsy, Virtual Autopsy, Virtopsy, Computed Tomography (CT), Magnetic Resonance Imaging (MRI), 

Postmortem CT Angiography (PMCTA), Three-Dimensional (3D) Reconstruction 

INTRODUCTION 

The Greek terms "auto" and "opsis," which directly translate to "an eye-witnessing, a seeing for 

oneself" or "to see with one's own eyes," are the source of the English word "autopsy."  In essence, an autopsy 

is a detailed examination of the deceased body to ascertain the cause of death. It is a critical analysis, 

assessment, or evaluation of a historical figure or object. Since the virtual autopsy (virtopsy) examines the dead 

body internally without opening the corpse or any of its parts, it represents a fresh method in the death inquiry. 

Several imaging techniques are employed for this purpose. These methods can be used separately or in 
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combination. While there has been some progress in the field of forensic science with regard to imaging 

techniques, the conventional approach to death inquiry has not entirely disappeared. To this day, the majority 

of death investigation cases are handled using the traditional approach of dissecting, characterizing, and 

recording. Each of these has advantages and disadvantages of its own.[1]  

IMPORTANCE OF VIRTUAL AUTOPSIES 

 Virtual autopsies don't include actual dissection, they preserve the deceased's integrity and dignity and 

are beneficial in societies or faiths where traditional autopsies are frowned upon or forbidden.[2] 

 Internal structures can be seen in detail using high-resolution imaging methods like CT and MRI, which 

can show pathological alterations, foreign objects, and traumas. [3] 

 Virtual autopsy digital records can be kept forever for later examination and analysis, and they can be 

used as excellent visual evidence in court. [4] 

 Virtual autopsies are more accessible in settings with the right imaging equipment and can be 

completed swiftly, giving timely information essential for criminal investigations. [5] 

 Technologies such as three-dimensional reconstruction provide in-depth analysis of wounds and 

anatomical features, which is helpful in the interpretation of complex trauma and forensic 

anthropology. [6] 

 Virtual autopsies can supplement traditional autopsy by emphasizing regions that require closer 

scrutiny. They are fully reversible, allowing for extra exams if necessary. [7] 

 They are important sources for forensic specialists' training and they support forensic science research, 

which advances methods and increases understanding. [8] 

 Virtual autopsies serve a critical role in trauma analysis, disease diagnosis, poisoning and drug 

overdose detection, disaster victim identification, and delivering strong evidence in court. [9] 

HISTORY 

In 1980, a study on Digital Autopsy was carried out at the University Hospital Mainz, Germany, in the 

department of Neuroradiology. The study involved 105 human specimens, both stillborn and born, with ages 

ranging from prenatal week 13 to postnatal month 18[10] . Since then, the field of 2D CT scan pictures has 

progressively advanced to include modern technology such as real-time, high-definition 3D rendering and 

multi-planar reconstructions (MPR).  In 1998, the Academic Medical Centre in Amsterdam successfully 

conducted a digital 3D assessment of ancient mummified specimens to study many aspects of human and 

animal anatomy and pathology. Since then, the British Museum has also conducted research along similar 

lines. Some of the mummies' faces, particularly those of chanters from the Temple of Karnak, have been 
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visualized thanks to digital 3D analysis of data from CT scanning the mummies. This technology has also 

provided a wealth of knowledge regarding the embalming and interment procedures [11].  

During the second phase of the DVI process for the Victorian bushfires in 2009, the VIFM in Australia 

effectively employed CT scanning and digital analysis of DICOM data. Using particular processes, all 

deceased corpses and dispersed remains were CT scanned in their body bags and then examined.  

In addition to aiding in the identification of non-human remains, digital examination was helpful during 

the autopsy process in detecting traits in cases of Of extreme disfurement [12]. Many nations, including Japan, 

Malaysia, Switzerland, the United States, and the United Kingdom, are currently using digital autopsy with 

success. Radiologists may refer to this type of imaging, which lacks colorful 3D views, as post-mortem 

computed tomography (PMCT). It is referred to as Virtopsy (virtual autopsy) in Switzerland. Pathologists that 

specialize in forensic pathology refer to this process as "digital autopsy." 

TECHNOLOGY BEHIND VIRTUAL AUTOPSY 

 Computed tomography (CT),  

 Magnetic resonance imaging (MRI), 

 Postmortem CT angiography (PMCTA), and  

 Three-Dimensional (3D) reconstruction software are the primary technologies utilized. Together, these 

technologies produce accurate and detailed photographs of internal structures, which forensic 

pathologists can utilize to determine the cause of death without the need for traditional dissection. 

 

COMPUTED TOMOGRAPHY (CT) 

Computed Tomography (CT) has emerged as a vital instrument in forensic investigations, offering a thorough, 

non-invasive way to examine the bodies of the deceased. Using high-resolution cross-sectional images created by X-rays, 

CT scans enable forensic pathologists to see both soft tissue and bone structures. As it can identify internal injuries, 

foreign items like bullets or shrapnel, and bone fractures, this technology is especially useful in trauma investigations.  

Furthermore, CT plays a critical role in forensic cases by detecting gas embolisms and determining the degree of 

decomposition [13].  By allowing for a thorough evaluation of the vascular system by the injection of contrast agents and 

the detection of hemorrhages and vascular diseases, the capability to perform Postmortem CT Angiography (PMCTA) 

considerably improves the utility of CT [14]. CT scans are quick and efficient, providing timely results while preserving 

the body's integrity, which is especially important in cases where cultural or religious sensitivities prevent traditional 

autopsies. The digital nature of CT imaging also allows for permanent documentation and re-examination of data, 

enhancing the reliability and reproducibility of forensic investigations. The extensive study of injuries is aided by the 3D 

reconstruction capabilities of CT scans, which provide an intuitive grasp of complicated anatomical linkages.  
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Furthermore, CT scans are rapid and effective, giving results in a timely manner while maintaining the integrity 

of the body. This is crucial in situations where customary autopsies are prohibited due to cultural or religious concerns. 

Because CT imaging is digital, data can be permanently documented and reexamined, which improves the consistency 

and repeatability of forensic investigations.  

As such, CT is a useful adjunct to conventional autopsy techniques, directing pathologists to regions that 

necessitate further in-depth examination and guaranteeing a comprehensive and precise investigative procedure. A 

prominent breakthrough in forensic pathology is the incorporation of CT technology, which enhances the overall 

effectiveness of forensic examinations by combining speed, precision, and non-invasiveness [15]. 

MAGNETIC RESONANCE IMAGING (MRI) 

Considering it provides unmatched insight into soft tissue structures without requiring the use of ionizing radiation, 

magnetic resonance imaging, or MRI, has become an essential tool in forensic investigations. With the use of strong 

magnets and radio waves, magnetic resonance imaging (MRI) produces finely detailed images that are especially useful 

for studying the heart, brain, and other internal organs. When compared to other imaging modalities, this technique is 

particularly good at detecting soft tissue injuries, such as muscle tears, brain hemorrhages, and internal organ damage[16]..  

Due to its higher contrast resolution, magnetic resonance imaging (MRI) is particularly useful in forensic 

neuropathology for evaluating brain damage arising from trauma or illness. It is also great for detecting subtle 

pathological changes, such as tumors or infections [17]. Additionally, because MRI provides precise images of cardiac 

tissues and circulatory structures, it can be used to analyze cases involving sudden cardiac death. Because MRIs are non-

invasive, they help protect the body's integrity, which is important when traditional autopsy are impractical for cultural or 

religious reasons [18]. Moreover, MRI is helpful when examining decaying bodies, as it may be less successful than 

traditional techniques.  

With its capacity to generate multiplanar, high-resolution images, this imaging method enhances other forensic 

instruments by offering a thorough method for identifying the cause of death and comprehending the severity of injuries. 

An important development in forensic practice is the incorporation of MRI, which provides comprehensive non-invasive 

diagnostic capabilities that improve the precision and dependability of forensic investigations [19]. 

POSTMORTEM CT ANGIOGRAPHY (PMCTA) 

A vital tool in forensic investigations, postmortem CT angiography (PMCTA) greatly improves the 

capacity to see and evaluate the vascular system of the deceased. In PMCTA, a contrast agent is injected into 

the vascular system to improve blood vessel visibility in CT scans. This allows for detailed views that are 

essential for recognizing vascular lesions, hemorrhages, and blockages [20]. This method is especially helpful in 

trauma cases where internal bleeding or vascular damage may have contributed to the death. PMCTA provides 

forensic pathologists with clear views of the circulatory system, making it possible to diagnose abnormalities 

including embolisms, arterial dissections, and aneurysms that may be difficult to identify with conventional 

autopsy techniques[21]. 

As well, PMCTA is helpful in investigating situations of unexpected and unexplained deaths since it 

might identify subtle vascular diseases that traditional autopsies can overlook. In addition to maintaining the 
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body's integrity—which is crucial for honoring cultural and religious customs—PMCTA's non-invasiveness 

makes it easier to examine bodies that are difficult to dissect or that have decomposed. PMCTA is a priceless 

contribution to forensic pathology since it makes digital images easier to preserve and reassess, which 

improves the documentation and review process. Its incorporation into forensic practice is a noteworthy 

development since it offers thorough, repeatable, and detailed diagnostic capabilities that raise the precision 

and dependability of forensic investigations. [22] 

THREE-DIMENSIONAL (3D) RECONSTRUCTION 

The use of three-dimensional (3D) reconstruction software to create precise and in-depth models of 

human anatomy and injuries from two-dimensional imaging data has transformed forensic investigations. 

Using this software, forensic pathologists can examine and evaluate the body's interior architecture with 

remarkable clarity and accuracy by turning CT or MRI data into thorough 3D models.  

With the help of these 3D models, one can better grasp the cause and manner of death in complex 

trauma situations by viewing details like the trajectory of bullets, the amount of bone fractures, and the spatial 

linkages between various injuries[23]. 3D reconstruction in forensic anthropology makes it easier to analyze 

skeletal remains and helps identify people by comparing and reconstructing virtual skulls.  

 

Furthermore, the technology enhances documentation by creating permanent, high-resolution records 

that may be reviewed and reexamined without the need for additional intrusive operations. In addition to their 

use in education and forensic professional training, these digital models are also useful for presenting evidence 

in court, where 3D visualizations can help juries and judges better understand complex forensic results. A 

major development in forensic science, the use of 3D reconstruction software in forensic pathology improves 

the precision, effectiveness, and repeatability of investigations. 
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PROCESS OF CONDUCTING A VIRTUAL AUTOPSY: STEP-BY-STEP METHOD 

 

 

 

 

 

 

 

 

 

 

 

ADVANTAGES 

The main advantage of the procedure is that it is a non-destructive, scalpel-free method of examination. 

It is a morally sound result of technology that protects the architecture of the body and increases acceptance of 

body examinations without upsetting relatives. It takes less time, and the photo-based data may be easily 

exported and used again for future studies. It turns out to be the most effective way to look at injuries and 

figure out how they connect to the most likely weapon that was used in the crime.  The forensic report is given 

more weight thanks to 3D scanning, which also makes it easier for professionals to describe the reconstructions 

and animations of case investigations. In both living and non-living subjects, the investigation can be carried 

out easily and non-destructively without compromising the authenticity. One way to accomplish forensic 

documentation is to store the data in image format that is obtained using 3D optical scanning and 

photogrammetry. Moreover, radioactive decay, poisonous materials, viruses, and other biohazards are less 

likely to occur with virtual autopsy. The imaging system has proven to be a reliable instrument in 

contemporary forensic analysis, with a wide range of applications in many domains. 

 

 

Process of 

conducting a 

virtual autopsy: 

step by step 

method [24-27] 

Step 1: Preparation 

Body handling 

Identification 

positioning 

STEP 2: Imaging: 

positioning        

       CT scan, 

      MRI scanning 

STEP 3: Data Processing 

    Image Reconstruction  

    3D reconstruction 

    MRI data Processing 

Step 4: Analysis 

Initial review 

Comprehensive analysis 

           Bone analysis 

           Soft tissue analysis 

           Vascular system 

           Documentation 

 

Step 5: Comparison with 

other Information 

          Historical information 

          Scene investigation 

          Toxicology 

 

Step 6: Reporting 

         Comprehensive report 

         Expert testimony 

 

Step 7: 

Archiving 

Data Storage 

Case closure 
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DISADVANTAGES 

Despite the technique's many benefits, it is not without its shortcomings. Some clinical problems are 

difficult to diagnose or may go unnoticed, such as the degree of infection in the cadaver, changes in color, 

spoor, and minor tissue damage. There is no database on the system that could be helpful for comparisons. The 

distinction between ante-mortem and post-mortem injuries becomes more challenging. When data from many 

technologies are combined, accuracy may be called into question. This might also lead to total reliance on the 

imagery system [28]. 

CASE STUDY: THE UNIDENTIFIED VICTIMS OF THE 2019 DELHI RIOTS' 

DIGITAL AUTOPSY 

In February 2019, there were violent riots in Delhi that left several people dead. Conventional autopsy 

methods were difficult to use on several of the highly burned and decayed bodies that were discovered from 

the violent areas. The All India Institute of Medical Sciences (AIIMS) in New Delhi used digital autopsy 

techniques to help identify and analyze these victims in order to address this. 

DIGITAL AUTOPSY IMPLEMENTATION 

The forensic team performed non-invasive exams using cutting-edge imaging technology like magnetic 

resonance imaging (MRI) and postmortem computed tomography (PMCT). With the use of these tools, 

forensic pathologists were able to, 

1. Examine internal injuries without causing any damage to the remains. 

2. Find any metal parts in the body, such as bullets. 

3. Examine skeletal injuries such as fractures. 

4. Maintain the body' integrity in light of any potential cultural or religious influences. 

RESULTS AND IMPLICATIONS 

The digital autopsy offered precise, in-depth pictures of the bodies' interior state. These pictures played 

a key role in: 

 identifying the causes of death, which included asphyxiation, gunshot wounds, and blunt force 

trauma. 

 aiding in the comprehension of the scope and character of the violence by law enforcement. 

 enabling victims' identities to be quickly verified through digital records, helping families find 

closure. 
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 In this instance, the use of digital autopsy greatly improved the effectiveness and precision of 

forensic investigations, yielding vital evidence that aided in the general comprehension of the 

riots' events [29]. 

CONCLUSION 

  Digital or non-invasive autopsies, or virtual autopsies, use imaging technology like CT and MRI scans 

to study the corpse without the need for traditional dissection. Although there are many benefits to this 

approach, there are also certain ethical questions that need to be answered, particularly in a nation with as 

diverse a culture and religion as India. 

RESPECT FOR RELIGIOUS AND CULTURAL BELIEFS 

Many religious groups in India, such as Muslims and Hindus, have particular ideas on how to treat the 

deceased. Sometimes, conventional autopsies go counter to these views. In certain groups, virtual autopsies—

which don't involve chopping up the body might be more acceptable. This approach aids in upholding the 

family's desires and the dignity of the departed [30]. 

 CONSULTATION  

For any postmortem investigation, appropriate consent must be obtained. It is crucial to make sure the 

family or next of kin is aware of and consents to the virtual autopsy procedure. Maintaining the autonomy 

concept requires open communication regarding the benefits and contents of a virtual autopsy [31]. 

 ACCURACY AND INTEGRITY 

Whether virtual autopsies can offer the same degree of accuracy and detail as traditional procedures is 

one of the ethical concerns. Even though imaging technologies are very sophisticated, there may be situations 

in which they fail to pick up on minute details that a conventional autopsy would be able to. Maintaining the 

integrity of forensic investigations depends on ensuring the authenticity and dependability of virtual autopsies 

[32]. 

 THE PRICE AND AVAILABILITY  

Virtual autopsies' accessibility may be constrained by the high cost of the necessary technology and the 

requirement for qualified experts. In an economy as heterogeneous as India's, it is critical to strike a balance 

between the advantages of this technology and its regional viability and accessibility [33]. 

 SECURITY AND PRIVACY OF DATA 

Sensitive data from digital autopsies is produced in vast quantities, which needs to be safely kept. It is 

crucial to protect the privacy and confidentiality of this data in order to stop misuse or illegal access. To 

overcome these issues, data management protocols must be established clearly [34]. 

http://www.ijrti.org/
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