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In order to create a three-dimensional (3D) documentation of findings which
can be reassessed if necessary by other experts, the research project ‘Virtop-
sy®” was launched in the late 1990s. This project combined autopsy results
with forensic imaging in the form of computed tomography, magnetic reson-
ance tomography and 3D surface scanning. The success of this project
eventually succeeded in convincing the courts in Switzerland to accept these
novel methods as evidence. As opposition towards autopsies has grown
over the last decades, Virtopsy also strives to find and elaborate additional
methods which can answer the main forensic questions without autopsy.
These methods comprise post-mortem angiography for illustration of the
vascular bed and image-guided tissue and fluid sampling for histological,
toxicological and microbiological examinations. Based on the promising
results, post-mortem imaging, especially with 3D surface scanning, has mean-
while also been applied to living victims of assault, who have suffered
patterned injuries due to bites, blows with objects, etc. In our opinion, forensic
imaging is an objective method which offers the possibility for a reassessment
of the findings by other experts, even after burial or cremation of the corpse, or
healing of the injuries in living victims, thus leading to a greater security
in court.

1. Introduction

Although forensic science has experienced ground-breaking innovations in
crime-scene investigation methods, genetics and toxicology, forensic pathology
seems to have been subjected to a Sleeping Beauty sleep, still relying on time-
old, evidence-based methods introduced centuries ago: namely the dissection
of corpses and an oral description plus written documentation of the findings
[1], augmented in the past decades by photography and X-ray examinations.

Even though clinical medicine adopted computed tomography (CT) and
magnetic resonance imaging (MRI) and relies on the findings presented by these
cross-sectional modalities for planning even the most complicated and intricate
interventions, and a first forensic CT was performed in 1977 [2], forensic pathology
somehow did not realize the potential of these novel examination techniques.

This is indeed surprising, as prosecutors and defence lawyers are, in our
experience, often eager to test new methods to make their case.

Despite this obvious general disinterest (and on occasion downright enmity)
towards cross-sectional imaging in forensic pathology, many different institutions
have implemented CT in post-mortem investigations on a broad scale, such as
groups from the Office of the Armed Forces Medical Examiners in the USA
(Armed Forces Institute of Pathology, Washington, DC and Dover, DE), from
Denmark (Copenhagen), Sweden (Linkoping), Australia (Victorian Institute of
Pathology, Melbourne) and the UK (University of Leicester).

In Switzerland, this revolution in forensic medicine started off in the late
1990s, when the Institute of Forensic Medicine of the University of Bern started
a collaboration with the Scientific Service of the City Police of Zurich, aiming at
documenting the surfaces of objects and bodies in a three-dimensional (3D)
manner [3]. After the turn of the century, the Institute of Forensic Medicine in
Bern started a collaboration with the institutes of Diagnostic Radiology and
Neuroradiology of the University of Bern. The ambitious aim of this newly
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founded research project called Virtopsy® was to detect foren-
sic findings in corpses using CT and MRI and to compare these
with those obtained by autopsy [4-8].

The Virtopsy® project started off with surface documen-
tation by 3D photogrammetry-based optical
scanning, CT and MRI.

It evolved over the years, implementing other methods
such as post-mortem biopsy and angiography. The initial hos-
tility towards the project slowly succumbed and courses
teaching the use of the Virtopsy methods were started in 2006.

This was indeed the beginning of a success story; forensic
pathologists and radiologists from all over the world partici-
pating in these Virtopsy® courses returned to their home
countries and often enough succeeded in implementing at
least some of the learnt methods. In order to disseminate the
experiences even further, the founders of the Virtopsy™ project,
Professors Michael Thali, Richard Dirnhofer and Peter Vock,
edited a textbook dedicated to forensic imaging [9].

Now, over two decades after the first, nascent steps towards a
new future in forensic medicine and pathology, it is definitely
time to reflect on the achievements, the strengths, the weaknesses,
the threats and the opportunities of forensic imaging.

surface

2. Methods

To date, forensic imaging comprises two cross-sectional modal-
ities, namely CT and MRI, which are augmented by minimally
invasive techniques such as post-mortem angiography and
biopsy, and 3D photogrammetry-based optical surface
scanning. These methods are presented briefly below.

(a) Computed tomography

Computed tomography is the most frequent imaging tool in
forensic pathology besides X-ray. With modern scanners,
2D and 3D reconstructions based on slice thicknesses of
0.5mm are not only possible, but are becoming routine
standard.

Although soft tissues can also be seen and assessed with
CT, the main strength lies in the detection and depiction of
foreign bodies (figure 1), fractures (figure 2), gas (figure 3)
and fluid accumulations, such as blood [10-13].

Computed tomography can also show calcifications such
as coronary sclerosis and larger vessels easily. However, the
extent of vessel occlusion or a vascular rupture is, depending
on the size of the vessel, difficult or impossible to appraise.
This is where post-mortem angiography can be of great
value (figure 4).

Although there are other groups using special pumps and
contrast agents [14,15], our group uses a simple roller-pump,
in order to administer an ionized water-soluble contrast
medium mixed with polyethylene glycol [16—-18] for whole-
body post-mortem angiography.

(b) Magnetic resonance imaging

Although CT is the method of choice in showing foreign bodies,
fractures and gas, it has limitations regarding the assessment of
soft tissues and internal organs. MRI, by contrast, can depict
soft-tissue injuries and pathologies clearly [19-22]. By virtue
of this method being non-ionizing, it is also the imaging
method of choice when examining living victims of assault,
such as manual strangulation (figure 5) [23-25].

Figure 1. (T, 3D reconstruction of the skull of a homicide victim who was
stabbed with a large kitchen knife. Besides a stab-induced fracturing of the
skull (encircled) and multiple stab defects to the skull (red arrows), radiopaque
fragments (coloured blue by the computer) are seen (yellow arrows). These
fragments turned out to be knife tip fragments.

Figure 2. (T, 3D reconstruction of the skull of a young woman who fell from
a window on the 4th floor. Note the extensive fractures.

() Post-mortem biopsy

Although the term “post-mortem biopsy’ is unfortunate, as the
part ‘bios’ is ancient Greek for ‘life” and is therefore, strictly
speaking, not applicable for a post-mortem method, this termi-
nology has established itself in forensic pathology in analogy to
biopsies performed in clinical medicine. With a biopsy gun,
samples of organs of interest, e.g. the heart, or specific pathol-
ogies seen at CT or MR, e.g. tumours of unknown dignity, can
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Figure 3. (T, 3D reconstruction of a fatal scuba diving accident. This recon-
struction shows gas in the vascular bed throughout the body due to
decompression disease.

Figure 4. (T, 3D reconstruction of the arterial system after post-mortem
angiography.

Figure 5. MRI (T2-weighted) of the neck of a victim of alleged manual
strangulation at the level of the larynx. At external inspection, the skin
of the neck only displayed very discreet superficial excoriations. MRI,
however, showed a fluid (blood) accumulation (arrow) on the left side of
the larynx.

Figure 6. 3D photogrammetry reconstruction of the skin of a living victim of
physical assault with the weapon (truncheon) used.

be taken and examined histologically [26]. Also, tissue and
fluid samples can be collected for toxicological and microbiolo-
gical examinations.

Besides the manual sampling, image-guided sampling
with a dedicated robot has been introduced recently [27-29].

(d) 3D photogrammetry-based optical surface scanning
With a surface-scanning unit, which projects a fringe pattern
onto a surface and is in turn recorded by two cameras, a 3D
image can be calculated using special software. Digital pho-
tography of the surface from different angles can then be
added to the data, thus enabling a true colour 3D surface recon-
struction. This very accurate documentation, which—
depending on the applied resolution—can document structures
less than 1 mm in size, is applicable not only for the documen-
tation of vehicles (its original purpose in the automobile
industry), but also for injuries in corpses and living victims
[30,31] (figure 6).
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3. Strengths

(a) Identification

One of the foremost questions in forensic pathology is the
identity of the deceased. Not only does this enable the filling
out of a death certificate and is obviously extremely impor-
tant for the next-of-kin of a missing person, but it also
serves to collect a deceased’s biography, a feature which
very often will affect further examinations.

The secure identification methods to date consist of a
comparison of dental records, fingerprints and DNA of the
corpse with ante-mortem data or DNA of blood-related
family members.

With post-mortem CT, other singular traits enabling an
identification of a corpse (or parts of it) beyond reasonable
doubt can also be readily found. Such traits may be anatomical,
such as the structure of the frontal sinus [32,33], degenerative
changes of the skeleton such as the spine, healed fractures
and unique calcifications. Surgical implants, i.e. the form of
sternotomy wires, plates, SCrews, pacemakers, joint prostheses,
etc., may also allow for identification of unknown corpses. As
CT is a very rapid examination technique necessitating only a
few minutes to perform, a great number of corpses can be
scanned, a valuable feature in mass catastrophes [34-36].

(b) Foreign bodies

The detection of foreign bodies is indeed a cardinal aspect in
forensic radiology. CT can, in addition to plain X-rays, depict
a potential foreign body in a 3D manner in one single exam-
ination, as opposed to X-ray, in which images are taken from
different angles, thus necessitating a sometimes tedious
repositioning the corpse. This 3D depiction of the location
of the foreign body facilitates its extraction tremendously.
In X-rays, the size of the foreign object within a corpse can
be difficult to assess; if the object is located near the X-ray
source it will seem larger, if it is further away it will appear
smaller. In CT, the object can be measured very accurately,
very often in the dimension of less than one millimetre,
regardless of where it is. The knowledge of the presence of
a foreign body and its size, e.g. the calibre of a bullet, even
before autopsy has begun, is to our experience very much
appreciated by crime-scene investigators. Another aspect is
that CT can measure the radiopacity of foreign bodies pre-
cisely in Hounsfield units (HU). As different materials
possess different HU, a more or less precise determination
of the material of which a foreign body consists can be
rapidly made. This feature is especially valuable in explosion
victims. These victims may be riddled by a multitude of
foreign bodies, e.g. glass shards, brickwork, timber, etc.,
besides bomb fragments. Although foreign bodies such as
brickwork or glass fragments may have killed the victim,
they are of minimal importance for bomb investigators,
who need to gather information on the type of bomb used
in order to try to find the perpetrators. With the HU values
determined by CT, possibly bomb-associated fragments, e.g.
fragments consisting of steel, aluminium, copper, etc., can
be located and extracted rapidly for further analysis [37].

(c) Adjuvant to autopsy
Several advantages arise due to the fact that forensic imaging
does not necessitate a physical contact or severing of tissue in

order to see findings. For example, in decomposing brains, [ 4 |

the anatomical structures, i.e. the skull and the cerebral cover-
ings, are left intact, so the cerebral tissues tend to keep their
anatomical relation to each other. This facilitates assessment
enormously compared with classical autopsy, where the
decomposing, liquefying brain oozes out as a papescent
mass after opening of the skull [38,39].

The fact that forensic imaging does not tamper with pre-
existing structures can also be of assistance when assessing
multiple comminute fractures of, for example, the skull
after repeated blows or gunshots. At autopsy, one is forced
to pull off the scalp, which may lead to the skull fragments
dislodging, which in turn will make a painstaking and
time-consuming reconstruction of the shattered skull necess-
ary. With CT one can evaluate the fracture pattern reliably
and easily and then, due to the fact that later fracture lines
do not cross pre-existing ones, determine which blows or
gunshots occurred first.

Another example is gas embolism; gas embolism diagnos-
tic is difficult at autopsy, as, by opening the body, air will
obviously enter the vascular system. For this reason, the
heart is submerged in water filled into the pericardial sac
and the cardiac chambers then punctured. If gas bubbles
rise, then there was gas, e.g. air, within the heart. This classi-
cal method is inaccurate, as it only proves the presence of gas
in the heart, and not if this gas was pumped into the vascular
bed in the sense of an “embolism’ or how much gas there was.
CT can show not only the presence but also the amount and
distribution very accurately [40].

Certain areas of the human body are difficult to examine,
for example the topmost region of the spinal cord, which is
generally severed when extracting the brain at autopsy. CT
can deliver information as to osseous lesions here, and with
MRI it is even possible to assess the spinal cord. The face is
another region in which post-mortem imaging is a valuable
tool; in order for the next-of-kin to be able to see the corpse
even after autopsy, the face is generally spared from dissec-
tion. With forensic imaging, the soft tissues and skeleton of
the face can be examined in a non-destructive fashion.

(d) Adjuvant to external inspection

The surface of a victim, living or dead, is of utmost impor-
tance in medico-legal examinations. Beside traces such as
DNA and fibres, etc., patterned injuries very often lead to
identification of the injury-causing object or structure, and
may eventually solve the case.

Obviously, a thorough visual examination is of para-
mount importance. Indeed, in our experience, the external
examination of a corpse may often exceed the actual autopsy
or examination of the internal findings with regard to time
and documentation.

However, photographs reduce a 3D finding to a 2D
image, a feature which may affect future reappraisals nega-
tively. Sketches and written reports are subject to an
examiner’s interpretation and are therefore not an objective
documentation method. With 3D photogrammetry-based
optical scanning, external findings can be documented in
an objective, 3D, and readily reproducible fashion. With
these data, the injury inflicting object or structure of a vehicle
can be identified [30,31].

Although autopsy is the traditional method of document-
ing internal findings in corpses, this obviously does not apply
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to living victims. In the medico-legal assessment of, for
example, a person who claims to have been subjected to
manual strangulation, one may or may not detect evidence
supporting this claim. This forces the examiner to rely on
statements given by the examined person, which may be
inaccurate or downright false. With MRI, by contrast, lesions
to the deeper soft tissues of the neck, otherwise unseen at
external, forensic-clinical inspection, may be documented
and prove blunt trauma, thus supporting the victim’s claim
in an objective, reproducible fashion [23-25].

(e) Demonstration at court

Although many judges, district and defence attorneys and
jurors accumulate a certain medical knowledge over the years
and are often advised by physicians, they are essentially medi-
cal laymen. A clear and understandable presentation of the
findings is absolutely essential if these medical laymen are to
understand the presented findings properly and thus (hope-
fully) judge correctly. Typical ‘blood-and-guts’ photographs
of autopsies, often presented at court, do not necessarily help
in giving a neutral, fact-based verdict, as especially jurors
may be emotionally influenced by such images or reluctant to
study them with the necessary attention due to an intense aver-
sion to the documentation. Forensic imaging can be of help in
these situations; indeed, it is our experience, that ‘clean’, blood-
less images are easier to appreciate than a photograph of an
opened body in which only a physician acquainted with such
images may see and appreciate the findings and draw the
proper conclusions.

To date, as post-mortem imaging is an emerging discipline,
our group only presents radiological findings together
with autopsy findings at court. Radiological findings such as
fractures, retained bullets, knife tips, which are readily dis-
tinguishable even by medical laypersons, have, according to
our experience, never been challenged at court. However,
more discreet findings such as pneumonic infiltrates, etc.
have given rise to discussion and should only be presented
in combination with fully established methods.

Furthermore, the stored data can be retrieved long after
burial or cremation of a corpse or healing of the wounds of
a living victim, thus allowing for a new assessment by a
different expert should the need arise.

4. Weaknesses and threats

Apart from surface scanning, post-mortem imaging lacks an
important feature that classic methods possess, namely
colour. Colour, as well as the texture and smell of an organ
are important diagnostics which cannot be shown at forensic
imaging. Another aspect complicating forensic imaging is a
potential lack of knowledge regarding the visual evidence. For-
ensic radiology is not clinical radiology performed on a corpse;
indeed, forensic radiologists encounter a vast amount of find-
ings that a clinical radiologist will never have seen, such as
livores, which in the lungs are easily misinterpreted as pneu-
monia, or putrefaction gases in the soft tissues mimicking
emphysema, or maggots, which confound clinical radiologists
completely, just to name a few such findings.

Additionally, advanced putrefaction or extensive lacera-
tions may also render certain methods such as post-mortem
angiography inapplicable, as the disintegrating or destroyed

vascular bed will not be able to keep the contrast medium
sufficiently for assessment to be possible.

Furthermore, due to the fact that forensic radiology is a
new discipline, there is still a general lack of experience in
the interpretation.

A caveat deserves mentioning: many natural causes of death
are difficult to determine with post-mortem imaging and the
most common cause of sudden and unexpected death, namely
arrhythmogenic coronary artery disease, cannot be diagnosed.
However, this also applies for autopsy in such cases, as these
cases often only display coronary stenosis or occlusions, poss-
ibly in combination with cardiac hypertrophy and unspecific
findings such as pulmonary congestion. Here, if at all, the
diagnosis is based on exclusion of other causes of death and
the possible, albeit rare, presence of histological changes in the
cardiac musculature.

And last, but unfortunately not least, there are pecuniary
issues. In many countries, even in the so-called ‘first world’,
not every larger hospital possesses its own CT, let alone an
MR unit. It goes without saying that, should finances be
made available, these will primarily be allocated to help
the living, and not for examining corpses. Therefore, even
though many forensic pathologists today would very much
embrace post-mortem imaging, the lack of money will
prevent such undertakings.

Apart from this, there is the issue of who should pay for
such examinations. In Switzerland, even middle-sized hospi-
tals and every university-based Institute of Forensic Medicine
possess at least a CT. Although clinical CT and MR scanners
are perfectly suitable for forensic purposes, there may be diffi-
culties arising out of the sharing of such units for forensic and
clinical purposes. For example, not many clinics (or patients)
will be fond of the notion of scanning patients after a decom-
posed, maggot-ridden corpse has been in the machine before.
Furthermore, most clinical radiology departments have more
than enough workload themselves without having to deal
with forensic cases. For this reason, specially dedicated forensic
imaging units, such as ours, are definitely advisable.

Furthermore, the district attorneys, under pressure from the
cantonal governments, are forced to save money and will there-
fore occasionally object to a rather cost-intensive examination
in addition to the already expensive forensic autopsy.

5. Opportunities

Despite the above-mentioned weaknesses and threats, there
are, according to our experience, many opportunities for
forensic imaging in the future.

The drawback of not being able to assess the colour and
texture of organs can be relativized; firstly, the main question
posed to the forensic pathologist is whether there are signs of
a third-party involvement. Gross injuries, especially regard-
ing the more critical regions of the body such as the head,
neck and trunk are adequately examinable using CT and, if
need be, MRI.

If these cross-sectional modalities do not suffice to deter-
mine the cause, and, more importantly, the manner of death,
then toxicology and /or microbiological analysis are warranted,
just as in conventional autopsies. In order to take samples for
such examinations, one can either take blood, tissue and urine
samples with manual autopsy, or in an image-guided fashion
using a robot. This approach is very promising, as it may
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reduce the risk of infection of autopsy technicians and pathol-
ogists. Especially in the light of the possibly upcoming Ebola
epidemic, the minimally invasive examination of corpses
without autopsy is certainly not unattractive.

However, not only infections may give rise to hesitation
towards performing an autopsy. Different religious beliefs,
e.g. Judaism, explicitly prohibit autopsy. The Koran does not lit-
erally prohibit it, but says that breaking a dead person’s bones is
comparable to breaking a living persons bones, which implies
that autopsies are not welcomed in Islam either. Besides reli-
gious beliefs, many people object to autopsies for a number of
reasons, the most prevalent in our experience being that the
peace of the dead may be disturbed. These cultural, religious
and personal aversions towards autopsy stand in contrast to a
modern judicial system, in which the possibility of foul play
must be examined and perpetrators must be brought to justice.
With post-mortem imaging, the district attorney has a triage
tool based on which he may either deem a case as being clear
or deserving further attention, if need be with autopsy against
the will of the relatives.

Against a background of a reducing rate of autopsies, many
forensic pathologists object to post-mortem imaging as they
fear further reduction of autopsies. This is, in our opinion,
not justified. A very likely future scenario may be that more
deceased receive a preliminary external inspection and CT,
and, based on the results, receive an autopsy. This would
lead to a far larger percentage of post-mortem examinations,
lead to a higher homicide detection rate and, as more examin-
ations overall take place, not even lead to a relevant reduction
of autopsy numbers. Obviously, medical examiners and radiol-
ogists should be trained in forensic imaging in order to detect
possible signs of foul play. Therefore, additional training is of
paramount importance. Such additional training—besides on
the job teaching—is offered by annual meetings such as those
of the International Society of Forensic Radiology and Imaging
(ISFRI) as well as the meanwhile well-established ‘Virtopsy
Basic” and “Virtopsy Advanced’ courses.

Another great opportunity of forensic imaging is the possi-
bility of reassessing a case. The obtained and stored data can,

for example, be assessed by an appropriate expert of a specific [ 6 |

subspecialty anywhere at any time. By being able to involve
other specialists, the case will be dealt with in an optimal
manner. This is not only true for possible criminal cases; in
mass catastrophes, a multitude of corpses can be scanned
with mobile CT units at the incident location. This would
require only a minimum of trained personnel at the location.
The obtained data could be sent to a distinct location, prefer-
ably where most missing persons came from, examined by
forensic radiologists there and compared with ante-mortem
data, thus enabling a rapid processing of corpse identifications.

No commander-in-chief will wage war relying on one type of
force alone; depending on the situation, he will employ the
infantry, artillery, mechanized troops, the air force, etc. The
same should also apply for forensic medicine; depending on
the situation, a medical examiner should be able to resort to
the most appropriate, or a combination of the most appropriate
methods, be it autopsy, forensic imaging, surface scanning, etc.

In our opinion, it is irrelevant who gives expert advice to
the court, be it the forensic pathologist, the forensic anthropol-
ogist, the forensic toxicologist or even the forensic radiologist.
The main issue is that the court receives an optimum in facts
and findings, therefore improving justice.

Summarizing the above, the main question which should
be asked is how much a country and its judicial system are
willing to invest in an improved court system and greater
protection of its people from crime and terror.
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