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Combining post-mortem medical imaging with forensic 3D
documentation for crime scene reconstructions

Lars Christian Ebert PhD.

University of Zurich, Institute of Forensic Medicine, The 3D Center Zurich

[Abstract]

In Zurich, Switzerland, 3D documentation technology 1s routinely used to document forensic cases. Medical
scans such as post-martem computed tomagraphy (PMCT), PMCT angiography, magnetic resonance imaging
(MRI and various types of surface documentation techniques are utilized 1o document living and deceased.
In addition, crime scenas, vehicles and other objects are documented in 3D using a variety of scanners.

Combining all available data to answer specific forensic questions is the task of the 3D Center Zurich. The
3D Center Zurich was founded in 2015 by the Institute of Forensic Medicine Zurich and the Forensic Science
Institute, part of the City and Canton Police Zurich,

This talk will give an overview about the different imaging technologies used, with a case example. In addition
to routine work, the research and development conducted at the 3DZZ will be presented.

[(Major scientific achievements}

The Virtobot system

In 2007, adapted a technique from orthopedic surgery and developed a surgical navigation systam for post-mortem image guided biopsy, which was the
precursor to the Virtobot system, Since 2008, | am (eading the development of the Virtobot, a multi purpose rohatic arm, capable of performing image
guided automatic needle placement as well as automated surface documentation of deceased. The Virtobot system is used In dafly routine as well as a
research teol, i.e. for toxicological studies. The development of the Virtobat system is still ongoing, with additional modules for automatic tissue and
liquid sampling being ready for deployment.

Forensic Radiology

Forenslc radiology is a relatively new field and knowledge as well as stendard procedures from clinical radiolegy cannot be directly transferred. |
conducted, supervised or participated in multiple studies In the field of forensic radiology, including studying signs of acute myocardial infarction on post-
mortem magnetic resonance imaging using an animal medel (Ruder et al,, 2013), the differentiation of causes for hemopericardium on unenhanced PMCT,
the estimation of free abdeminal blood velumes on PMCT images and the differentiation of dental restorative materlals using dual energy CT or the use
of PMCT for disaster victim identification. | supervised a study, that exposed & medical myth that can be found in medical textboeks as incorrect.

Visualization and Human Computer Interaction

PMCT is often used as a supplement to traditional autopsy. That means, that radiological images are generated and analysed prior to autopsy and the
information Is available to the forensic pathologist conduction the dissection, Availability of medical image data can be important, i.e. for the localization
of forelgn bodies or the planning of autopsy access. Dr. Ebert developed or supervised the development of several prototypes that aim at giving forensic
pathelogisis direct access to PMCT data during autopsy. Techniques used include passive optical tracking infrared structured light depth cameras and

augmented reality.

New imaging techniques for forensics

| participated in developing or implementing new imaging methods, such as ventilatedpost-mertem computed tomography, pest-mortem magnetic
resanance imaging anglography or the use of high resclution photogrammetry. Together with Scanca as industrial partner, the Department for
Neonatelogy of the University Hospital Zurich and the Swiss Federal Laboratories for Material Sciences and Material Testing, |, as a Co-

Pl, successfully applied for CTl finding for the development of a contrast enhanced Micro-CT dedicated to port-mortem imaging of neonates and
infants.

Processing of image data



PMCT scanners generate vast amounts of data, with every scanner generation offering even higher resolutions. Computer assisted image analysls could
help to reduce increasing workloads In the field of forensic radiology. Together with the Department of Mathematics and Computer Science of the
University of Basel, | implemented the use of statistical shape modelling for sex determination for anthropology. | initiated a research project that aims
at Implementing Machine Learning techniques for the amalysis of high resalutlen PMCT datasets. This project is financlally supported by the Emma
Louise Kessler Foundation. Visualization of findings plays a vital role in forensics. | have multiple pubfications on visualizing medical findings using
techniques such as segmentation, physics based rendering and 3D printing.

Virtual Reality in Forensics

Within the 3DZZ, medical image data Is combined with crime scene data compiled by the palice, which allows for the reconstruction of incident scenes
in 3D, In 2014, | developed the first prototype of a VR system capable of visualizing such reconstructions in immersive 3D. Since then, the system called
Farensle Holodeck was further improved and is routinely used for foransic cases at the 3DZZ since 2017, At present, VR is used to present incident scene
reconstructions to prosecutors, question perpetrators and witnesses and perform actual recenstructions in VR.
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Lars Christian Ebert University of Zurich
Zurich Institute of Forensic Medicine Winterthurerstrasse 190/52
+4% 44 6355611, lars.ebert@irm.uzh.ch CH-8057 Zurich
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2018-2019 Editor of the special Issue “Technological Advancements & Applications in Forensic Imaging"of  the International Journal of
Farensic Radiology and Imaging

2017-present Member of the editorial board of Data in Brief
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[Active memberships in scientific societies, fellowships]

Founding member of the International Society of Forensic Radilogy and Imaging
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[Organization of conferences)
2013 Second Congress of the International Soclaty of Forensic Radiclogy and Imaging {Zurlch, Switzerland, Member of Organizing Committes)
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A case of blunt head trauma caused by a fall from one’ s height.
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[ Abstract}
We present a case of blunt head trauma caused by a fall
from one’s height. Two skull fractures, which existed
above the hat brim line (HBL), were found. The position
of the fractures indicated homicidal blows according to
the HBL rule which was known as the most useful
criterion. In order te evaluate the cause of skull

fractures, a multi—criteria approach should be used.
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Superimposition of CT images of a rock and depressed skull fracture

Motoo Yoshimiya® ?, Dawa Zangpo¥, Minoru Endo”, Jyunya Kuwabara”, Kazuma Ootsuki®, Hideko
Fujimoto™ ®, Masato Nakatome", Morio lino?

D Division of Forensic Medicine, Faculty of Medicine, Tottori University, 2 Emergency Department
Tottori University Hospital ¥ Kyoto Forensic Odontology Center

[IRUBIZ] BEEZSBFO A 2BV TR, RIERD
CT EfRZREL. BETMLERSDLRIIE(RA—
PR R =RV R, ZERESHETELL
Bdd, Ll BRIERB YT AR — I ADESRWEE
ER2bOTHIHE, ZOFREEEL 2V, 50,
4 IIEFTREEESIC 8T, 248 (EAEK 1.5m) @
—HOBEREER T ALY, A=/t — =X
WEERATHIENTELLD, 2o THRET S,
[E51] 60 LB, &R ~EAREITRV, BEBED
PR eT IRy FOMMAL R REh, RIEMER
R, SHEMSIEITok,

[Al TR} ARIAMIZERG 4.9 mOEPHRRE
Hrafid, FEMIArbRSFHRICH OB TR AR
Dz, TOM, BRINEBHERDIH, FHEHS
SMEMEIERSR IR b T,

(fRfIER ] & & 167 cm, (FE 50.5ke, L£HIMEAIC
686g, AMIEMIZ 912 DM AESEEERD ., &%
PHRE XPUCHRIFORESITEL W, EE
WA 470g, BB 542g Th-otz, BT 58 ThHo
7o (DI=45) , FEBIARMEAE I IR EE (Hez2 3R 0~25%) T
D, BEORE L2515 2 NEER BB &
2T, BT RIS KRR Thoo, BT
FRAERTERE T o0 o0 A S L R AU IEAZE O < B IE T H
AR, BEICHIEMRABICIVERBEELR
L. #KES|IL. ZERLIbOLHEELE,
[RERFRIBERGEOD, HEFRB T
HT Lo A THCEBIT RV HBRBAEERTV. b
55 DESEVR R EEMEER L, O CT %4
# L. BWE CT DM B I E DA — /i —A L R— X%

Tof.

[FRBLUER] BEREHOMRNS, BHHIME
RS IR OO SR IR E L b D b E
RAbivie, R—R—AR—XEIT LY, iR EBIFOW
REBBOTRB—F Uz, BHEEZ TICLTERELE
R, BERESBITERUbO LB ELE,

[#53E] BHDIHi CT H R~ ARG D
BOLEIN T ZEOTEROLOR, MR
BT ATZEIZED, A= — AR —REEF A T2
BTE, RIEROHERITEHTES,

Fig.1 Superimposing of the depressed skull fracture and the rock
[Abstract] We experienced a case of a depressed
skull fracture with unknown injury mechanism, We
made a mock up model of a rock and used superimposing
to proof that he hit his head with the rock and that

became the original cause of death,



0-3
oLl 35—

R EEE, MIUER

ABHETHITBIT DA (FEREIR) BT ROKE

Diagnosing Bathing-associated death by Autopsy imaging
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[Abstract]

On bathing—associated death Ai{CT) revealed fluid

at paranasal sinus, stomack, trachea, and
showed ground-glass shading in the lung, Death
cause of bathing—associated death in our 75% cases was

considered drowing .
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Spontaneous migrating Bullet fragments in the skull with Gunshot wound to the head
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[Abstract]

I describe a patient who achieved a return of
spontaneous circulation after cardiopulmonary arrest
caused by a gunshot wound, following extracorporeal
cardiopulmonary resuscitation. Repeated computed
tomography  identifled  spontaneously  migrating
bullets/fragments in the right hemisphere and the metal
fragment was excreted from the skull, while another
fragment had moved from the left temporal to the

occipital fossa.
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Longitudinal comparison of ascites attenuation between antemortem and postmortem computed

tomography
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[ Abstract ]

To investigate the changes in ascites attenuation
between AMCT and PMCT, ascites attenuation was
measured at similar sites on unenhanced/enhanced
AMCT and unenhanced PMCT in each subject, We
confirmed an elevated level of ascites attenuation on
PMCT relative to AMCT in subjects who underwent
enhanced AMCT, but not in subjects who underwent

unenhanced AMCT.
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Influence of administered sodium bicarbonate during cardiopulmonary resuscitation on postmortem

computed tomography finding of cardiac gas
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[Abstract]

In patients who were administered sodium bicarbonate
during cardiopulmonary resuscitation, postmortem
computed tomography (PMCT) significantly frequently
showed cardiac gas, suggesting that sodium bicarbonate

may influence on PMCT findings of cardiac gas.
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Postmortem dynamic examination of the cervical spine and histological examination of the cervical
spinal cord.
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[ Abstract])

We developed postmortem dynamic examination of the
cervical spine in order not to overlook cervical spine
and spinal cord injury. This examination is useful but

not universal.
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[Abstract]

We conducted a retrospective investigation of 341
patients who were performed Ai-CT at emergency
department of our hospital while 6 years, The number of
requests from the police has increased. AI~CT could
identify possible causes of death in 51.0% of patients.
Performing Ai-CT scan for died OHCA has become
routine in emergency department. Even if there is no
significant finding, we use it for determining the cause

of death.
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[Abstract]

Not many hospitals are performing post mortal imaging
{PMD), because they don’t have a time for PMI besides
routine medical services. We performed 463 ceases of
PMI in this past a half yvear. We show the time
necessary for CT scan, postmortem examination and

preparation of the certification.
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[ Abstract ]We present a case of superior mesenteric

arterial gas on Autopsy imaging. The origin of this gas
is not certain. Therefore, we eliminate a possibility of
the origins. We concluded that SMA gas is from

intestinal gas.
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