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ABSTRACT

Virtopsy which literally means virtual autopsy, a 
scalpel-free procedure of autopsy subsequently 
developed into a multitool documentation and 
analysis research project, combining 3D body 
s u r f a c e  i m a g i n g  m e t h o d s  w i t h  m e r g e d 
CT/magnetic resonance imaging (CT/MRI) data 
and 3D shape analysis. It is a simple, non-invasive 
procedure to record the surface and internal 
features of the deceased. As virtopsy involves 
preserving the records, it is immensely helpful for 
future correlations. This technique is a new 
development in the field of forensic sciences, and 
its acceptability in the court of law is yet to be 
proved. Scientific rationale and practical merits of 
virtopsy salutes and respects the religious and 
emotional sentiments of various ethnic groups. 
The present article is an overview of this emerging 
technique. 
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Death is an inevitable part of life and at few 
occasions scienti�c examination of bodies 

1after death becomes mandatory . Forensic 
science is a multidisciplinary science 
amalgamating criminalistics, engineering 
science, general jurisprudence, odontology, 
pathology/biology, psychiatry and behavioural 
science, questioned documents, toxicology, 
and physical anthropology. On the other hand, 
forensic medicine deals with the examination 
and identi�cation of relevant medical data in 

2both living and dead .

The traditional procedures of autopsy included 
dissection, interpretation and cataloguing and 
the data gathered from the examination was 
then put together for arriving at the conclusion. 
The dead body was then delivered for the last 
rites to be performed. However, the mutilations 
involved in the procedure often left the 
distressed family disturbed. These pitfalls led 

3to the birth of virtopsy .

Virtopsy is a minimally invasive, observer-
i n d e p e n d e n t  n e w - a g e  a p p r o a c h  i n 

4postmortem examination . Virtopsy is a virtual 
substitute to a traditional autopsy, conducted 
with scanning and imaging technology. The 
name is a portmanteau of 'virtual' and 
'autopsy' and is a trademark inscribed to Prof. 
Richard Dirnhofer (de), the former head of the 
Institute of Forensic Medicine of the University 

5of Bern, Switzerland .

The non-invasive nature of virtopsy is its 
salient feature, offering many advantages over 
conventional gross autopsy. The resultant 
advent of virtopsy into forensic pathology 
appraisal, therefore, has been a necessary 

6development .

Virtopsy represents not only the �rst step 
toward a better obtaining of information 
regarding death causes, lesions types, etc., 
through modern technologies but also an 
alternative that ensures the right to body 
integrity, to intimacy, and assigning an intrinsic 
value to the human body. At the same time, 
virtopsy avoids social stigma, whose huge 
prejudices would exhibit on the family 
members and on the deceased person, 
impacting the image of his life. Although 
virtopsy is advanced and has many bene�ts, it 

7in itself is not entirely free from demerits .

This article reviews on virtopsy where in 
various articles were tracked down through 
web search, relevant data were selected, 
extracted and summarized here.

History:

A question “The autopsy: Do we still need it?” 
released by a journal “Chest” in 1970 led to an 
initiation of new paths and alternative ways for 

8autopsy . Imaging techniques were suggested 
as the most important pathway and was 
s u p p o r t e d  by  t h e  e s t a b l i s h m e n t  o f 
organizations like the Society of Imaginological 
Autopsy (Japan), the Institute of Forensic 
Medicine (Denmark), the Headquarters of 
Medical Examinations of the Armed Forces of 
the United States of America and the Victorian 

9Institute of Pathology (Australia) . In the 
nineties, the Institute of Forensic Medicine of 
the University of Bern, Switzerland, started to 
document on the properties of the human body 
in a concrete, objective and non-invasive way. 
This arose the creation of a new discipline, 
designated as “Virtopsy”, a virtual project of 

2autopsy . In this context, the idea of the 
objective and non-invasive documentation of 
the body lies in the observation of the 
anatomical structures through computed 
tomography (CT), magnetic resonance (MRI) 
and micro radiology devices. The computed 
tomography images of the observed structures 
were developed into 3D reconstructions by 
using speci�c software (e.g. Tera Recon 
Aquarius NET®, Foster City, California, United 
States of America). Another part of the 
documentation deal with the body surface 
r e c o r d i n g ,  p e r f o r m e d  b y  f o r e n s i c 

9photogrammetry and 3D optical scanning .

The keystones of Virtopsy are –Three-
d i m e n s i o n a l  ( 3 D )  s u r f a c e  s c a n n i n g 
3D/computer aided design photogrammetry, 
Multi-slice computed tomography (MSCT), 
Magnetic resonance imaging (MRI), MRI 
spectroscopy.

Procedure of  Virtopsy
9Virtopsy contains the following tools :

• 3D surface scan using 3D photogrammetry 
based optical surface scanner 

• Post-mortem CT (PMCT) with adjuvants 
such as PMCT-guided biopsy (pm-biopsy 
and PMCT-guided angiography)

• Post-mortem MRI (pm-MRI)/MRS (magnetic 
resonance spectroscopy). 

• 3D facial reconstruction.

The procedure of virtopsy is based on the 
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principle of triangulation and an entire 
procedure requires approximately 30 minutes. 
The accuracy of virtopsy on detailing 
anatomical structures depends on the 
equipment and the settings used.

A. Arrange the corpse for autopsy 

o Place small disks along the exterior of the 
body so that the surface scan and the 
interior scans could easily be lined up. 

o The markers are used by the computer 
processors to calibrate the exterior scan of 
the corpse and match with internal imaging 
processes. 

o Virtobot was developed at university of Bern. 
Using it, interpersonal inaccuracies can be 
avoided. It scans around the dead tissue 
with light radiation and takes photos with 
high quality. 

B. 3D color model of the corpse

o The scan uses stereoscopic cameras of 
0.02mm resolution to capture the color 
image, and a projector is used to cast a mesh 
pattern on the body. 

o The robot move over the body creating a 3D 
image and the process takes as little as 
10seconds.

10C. After surface scanning - preparing  
for CT/MRI

o Brought to the CT and MRI workplace 
usually double-covered inside a blue bag 
through which X-rays can easily pass, in 
order to prevent contamination and then 
the body is placed on the sliding table of the 
CT, MRI, and MRS equipment. 

o While the body is scanned, the bag will 
remain closed, in order to respect privacy of 
the dead, maintain hygiene of  the 
surroundings and to remain undisturbed by 
any non-forensic personnel in the room 
(Figure 2).

D.  CT and MRI/MRS 

o A corpse is subjected to CT scan, a procedure 
that takes upto 20 seconds and obtains up to 
25,000 images.

o Each image is a slice or cut through the body. 
Further, the corpse is also subjected to MRI 
and MRS scans.

VOLUME 4, ISSUE 2JIDAk 2022 

Fig. 1 : Chart illustrates the Virtopsy project, in which forensic information is acquired with 
various radiologic methods.
Courtesy - Dirnhofer R, Jackowski C, Vock P, Potter K, Thali MJ. Virtopsy – minimally invasive, 
imaging guided virtual autopsy. 
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E. Combining the data 

o Interior and surface scans are fed to 
powerful desktop computers where in data 
are combined, further furnished using 
computer aided drafting-style programs 
and ultra-powerful graphics processors. 

o In a short interval as 10 min, crisp, detailed 
images of bone and tissue are reconstructed 
using powerful desktop computers, from the 
data representing thin X-ray slices of the 
body. 

o Different tissues, foreign objects (such as 
bullets) and bodily substances absorb the 
scanner’s X-rays in varying amount and the 
different absorption levels are supplied into 
a 3D visualization of different colors and 
opacities. 

o The computer can allot the density 
differences of any color, but this is often 
standardized as 

? Blue for air pockets, 

? Beige for soft tissues, 

? Red for blood vessels, 

? and White for bones.

F. 3D Forensic Facial Reconstruction 

o Computerized 3D FFR: 3D computerized 
models are constructed using manual clay 
model techniques. 

o Computerized systems 

? 3D animation software: to replicate the face 
onto the skull 

? Sensable Technologies 

? Phantom Desktop TM Haptic Device 

? Virtual sculpture system with haptic 
11feedback .

Virtopsy table
This is a large touch-sensitive liquid-crystal 
display screen represents the operating table 
displaying the image of the body. This device 

1 1was developed by Dr. Anders Persson . 
(Figure3).

Practice of  Virtopsy
Virtobots
virtopsy uses an all-in-one machine called 
“Virtobot” which integrates the four imaging 
tools of virtopsy. This machine will allow 
combined surface and body volume data 
addition within a single 3D space, making 
p re s e n t - d ay  d a t a  f u s i o n  t e ch n i q u e s 
dispensable. (Figure 4)

Virtomobile

Virtobot is a gigantic machine making its use in 
the sites of mass disaster ineffective. This led to 
the requirement of a more compact device for 
practice of virtopsy. Thus, virtomobile was 
conceived. It is a variety of Virtobot mounted on 
a trailer which can be easily transported to the 

12site of disaster .

JIDAk 2022

Fig.2 :  Blue bag containing the corpse during scanning
Courtesy - Virtopsy: Digital Era of Autopsy, Shreshta Sathish.

Virtopsy
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Applications:
For identi�cation of individuals

Dental identi�cation procedures often deal 
with comparison between post-mortem and 
ante mortem data, dental deoxyribonucleic 
acid techniques and development of dental 
post-mortem victim details. Post-mortem 
dental data are compulsory for dental 
identi�cation and these are obtained 
principally by visual examination. But visual 
examination is arduous in victims with charred 
bodies and damaged oral cavities. In such 
cases, virtopsy becomes a very quick, reliable 

13.way for getting post-mortem records

Smith et al. reported a case of positive 
identi�cation of a deceased individual which 
was achieved by performing a CT scan on an 
unidenti�ed cranium and comparing multiple 
landmarks, images with corresponding 
features in an ante mortem CT scan of a 
missing individual. The result revealed that 
they were exactly the same on both CT scans, 

14con�rming the identity of the missing person .

For toxicological examination 

Virtopsy can be used as a tool to determine the 
13death of an individual in cases of drug abuse . 

VOLUME 4, ISSUE 2JIDAk 2022 

Fig. 3  Virtopsy table - Large touch-sensitive liquid-crystal display screen 
represents the operating table displaying the image of the body
Courtesy- Virtopsy: The Digital Era of Autopsy ,Shreshta Sathish.

Fig. 4 
A representative 
image of the 
VIRTOBOT system. 
Courtesy: Louise 
Murray, Biomedical 
Picture of the Day 
(BPoD).  Managed by 
the MRC London 
Institute of Medical 
Sciences 
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Virtopsy in road traf�c accident 

Aghayev reported a case series of three cases of 
fatal blunt head injury using post-mortem 
MSCT and MRI that revealed substantial hard 
and soft tissue injuries of the head and signs of 
high intracranial pressure along with 
herniation of the cerebellar tonsils. Similar 
�ndings were found in clinical autopsy, which 

15was performed after the digital autopsy .

Role of virtopsy in cardiorespiratory failure 
from nontraumatic origin

Sohail et al. described the utility of PMCT 
examination in determining the cause of death 
among male prisoners dying in Karachi jails, 
and it was concluded that PMCT is as effective 
as  dissect ion autopsy in  recognizing 
pulmonary infections and natural causes of 

16death .

In determining the timing of death 

Virtopsy can be used to determine the timing of 
death by the changes seen in both MSCT and 

17MRI in head injury cases .

Role of virtopsy in death due to burns 

Thali et al. reported a case of a completely 
charred body resulted from a single motor 
vehicle/�xed object collision with a post-crash 
�re. With a help of radiological methods of 
MSCT and MRI it was possible to document the 
injuries caused by burns as well as the forensic 
relevant vital reactions such as air embolism 
and blood aspiration and they concluded that 
post-mortem imaging is a good forensic 
visualization tool with a great capacity for 
forensic documentation and examination of 

18completely charred bodies .

Role of virtopsy in gunshot injuries 

Thali MJ et al. reported a case series of eight 
gunshot victims scanned by MSCT and MRI; the 
data from these imaging techniques were post 
processed in a workstation, interpreted with 
subsequent correlation of �ndings from 
classical autopsy. The spiral CT and MRI 
examinations with the subsequent two-
dimensional multi-planar reformation and 3D 
shaded surface display reconstruction the 

entire gunshot created complex skull fractures 
and brain injuries (deeply-driven bone 
splinters and wound channels) could be 

19documented in complete graphic detail .

Virtopsy in drowning deaths 

Plattner reported a case of drowning in which 
the �ndings of a massive vital decompression 
with pulmonary barotrauma and lethal gas 
embolism were identi�ed in the radiological 

20images .

Virtopsy in hanging or manual 
strangulation

Case series of nine persons who died from 
hanging or manual strangulation was reported 
by Yen K et al. They described a post-mortem 
MSCT and MRI reports of the deceased. The 
neck �ndings were compared with those 
discovered during forensic autopsy. In addition, 
two living patients underwent imaging and 
clinical examination following severe manual 
strangulation and near-hanging, respectively. 
The report concluded that MSCT and MRI 
revealed strangulation signs concordantly with 

21forensic pathology �ndings .

Virtopsy for age and gender 
determination

Sexually dimorphic bones that include pelvic 
bones such as the os sacrum are used to 
determine the gender in forensic practice. 
PMCT scan provides an easy and fast method 
for depicting and measuring bone structures 

22prior to elaborative autopsy preparations .

Medico-legal autopsy in Covid-19 deaths is a 
high-risk procedure and should be avoided 

23where ever possible . ‘Virtopsy’ has been 
suggested as an effective alternative to high-
risk traditional autopsy procedure in pandemic 

24situation like Covid-19 .

THE VIRTUAL DENTAL 
AUTOPSY PROJECT 
(VIRDENTOPSY) 

The identi�cation process of unidenti�ed 
human remains should always adhere with 
best practices in human identi�cation, which 
should always comprise a complete dental 

JIDAk 2022
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autopsy even when no forensic odontologists 
are available onsite. Based on this hypothesis, 
The Human Identi�cation Laboratory and the 
medico-legal section of the University of Turin 
started a research project in 2020 Furthermore, 
teleconsultation in medicine and dentistry, 

25especially during the COVID-19 pandemic  and 
26potential risk of infection , can also be applied 

in forensics, and speci�cally in the human 
identi�cation process. This allows forensic 
pathologists to perform the autopsy procedure 
without compromising on the technical inputs 
of forensic odontologists. Currently, there are 
few institutions worldwide that have 
recognized the feasibility of remote dental 

27,28autopsy  but none are currently offering 
teleconsultations in forensic odontology for 
the purpose of human identi�cation or 
considering offering this service on a 
humanitarian basis. The project comprises 
r e s e a r c h  t o p i c s  s u c h  a s  p a t h o l o g y, 
anthropology, odontology and archeology 
under the umbrella of human rights of the dead 

27,29,30and humanitarian forensic odontology . 
The term VIRDENTOPSY blends the terms 
“virtual” and “dental autopsy”. It is a registered 

30brand (Figure 5) with a dedicated website  in 
order to offer a remote forensic odontological 
assessment of post-mortem dental data of 
unidenti�ed human remains. Virdentopsy 
provides facilities for the systematic collection 
of post-mortem dental data performed by 
forensic pathologists, dentists with no forensic 
background, dental hygienists with a forensic 
background, or other forensic operators 
authorized in the mortuary. These operators 
perform the dental and intraoral collection of 
p o s t m o r t e m  d e n t a l  d a t a  ( a l s o  i n 
livestreaming), following what is usually 
performed by forensic odontologists in the 
preliminary dental examination of human 
remains, which is one of the stages of a 

31traditional dental autopsy . Data can be passed 
on to the human identi�cation laboratory, 
where one or more forensic odontology 
consultants could evaluate the data received 
and provide charting and the dental autopsy 

31report . Provisions on the unidenti�ed human 
remains consist of the following data 
collection: 
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I. 2D or 3D video recording of the dental 
arches and oral cavity, using intraoral 
camera or smartphones (Figure 6). 

ii. Photographic collection of the dental 
arches. 

iii. Photogrammetry of the dental arches using 
an intraoral scanner (Figure 7). 

iv. 3D scanning of jaws and skull. 

v. Intraoral radiographic collection using 
digital sensors. 

vi. Any radiographic imaging of the skull 
(Panoramic images, OPG, TC scans, if 
available). 

vii. Live streaming using smartphone and 
smart glasses (Figure 8). 

By registering on the Virdentopsy website, it 
will be possible to choose a type of assessment, 
either a single unidenti�ed human remains, or 
an assessment within a DVI procedure, and 
decide if a primary or secondary expert opinion 
is required. Quality control checks would be 
carried out on the received data. The service is 
remunerated or pro-bono depending on the 
applicant entity. This forensic service will also 
be available for age estimations of living 
individuals and for hands-on training sessions 

32of forensic odontology courses .

Advantages of virtopsy:
1. It is a non-invasive and a scalpel free 

imaging technology.

2. It has a digital storage facility over years or 
decades and even transferrable over the 
web for second opinion. 

3. It is an ethical evolution which serves 
better acceptance for the relatives of the 
deceased and also by certain religious 
c u s t o m s  w h e re  i n c i s i o n s  a re  n o t 
recommended after death. 

4. No hazard of infections from the blood or 
other tissue �uids as there is no mutilation 
of the body.

Fig.5 : Virdentopsy™ registered brand (Class 44).
Courtesy - Silver, E.W.; Souviron, R.R. Postmortem records. The dental autopsy. In 
Dental Autopsy; Silver, E.W., Souviron, R.R., Eds.; CRC Press: Boca Raton, FL, USA
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5. It is less time consuming and body can be 
1released immediately after the scanning .

6. It is extremely ef�cient in studying wounds 
and helps matching of the probable 
weapon. This can be studied without 

33disturbing the body architecture .

Disadvantages of Virtopsy:
1. It is not possible to differentiate all the 

patholog ica l  condit ions  with  th is 
technique. 

2. It is associated with insuf�cient data base 
when compared to conventional autopsy.

3. It exhibits dilemma in distinguishing ante 
mortem/postmortem artifacts, color 
changes and establishment of infection 
status.

4. Infrequently small tissue injury may be 
33missed .

5. The initial investment for the equipment 
required may not be feasible in developing 

 4countries .

Emerging Applications of 
Virtopsy:
I. Volume analysis software used in virtopsy 

helps in accurate estimation of mass of 
13internal organs .

ii. Post-mortem angiography is a virtopsy 
technique that is helpful in visualization of 
the cardiovascular system that includes 

infusion of contrast medium with the aid of 
13peristaltic pump and contrast medium .

iii. Robotic virtual autopsy is a multifunctional 
system that can perform automatic post-
mortem and three dimensional surface 
scanning which qualitatively increase the 
improvement in the outcome of forensic 
investigations. The robotic virtual autopsy 
also helps in detecting the change in color of 

13,34tissue .

Conclusion 

Virtopsy is a non-invasive and a scalpel free 
imaging technology. This technique allows for 
the permanent preservation of the document 
of proof, regardless whether the victim is dead 
and undergoing post-mortem or surviving. In 
comparison to other methods, imaging 
techniques are able to capture the �ndings at 
the moment of investigation without causing 
any damage and provides better analyses. It 
can also be used in cultures and situations 
where autopsy is not supported by different 
religions or by family members. Virtual autopsy 
is  a  new development in the �eld of 
investigations of death, and its acceptability in 
the court of law is yet to be proved. We can hope 
that in near future, we all will be accustomed to 
some kind of virtual autopsy or non- invasive 
autopsy technique which will be bene�cial for 
the courts as well as the autopsy surgeons and 
the relatives of the deceased.

Fig. 6 : Operator using smart glasses to 
observe and record dental features on the 
mandible. 
Courtesy- Nuzzolese E. VIRDENTOPSY: Virtual 
Dental Autopsy and Remote Forensic 
Odontology Evaluation

Fig. 7 Post-mortem photogrammetry 
collection of upper dental arch using an 
intraoral scanner.
Courtesy- Nuzzolese E. VIRDENTOPSY: Virtual 
Dental Autopsy and Remote Forensic Odontology 
Evaluation

Virtopsy
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