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ABSTRACT

Objective: A comparison between Cinematic Rendering Technique (CRT) and Volume Rendering Technique (VRT)
in cases with postmortem CT-angiography (PMCTA) was carried out.

Methods: For different injuries seen in PMCTA, a VRT and a CRT image of exactly the same pathological section
was generated. Two questionnaires were created, one with CRT and one with VRT reconstructions, with the same
questions per 3D-image. The questionnaires were sent to forensic pathologists, lawyers and police officers. In
total eleven different injuries had to be analyzed.

Results: In total 109 questionnaires were answered fully. Of these returnees, 36 stated that they were forensic
pathologists. Seventy-three people were assigned to the group of medical laypersons, in the study this group
consists mainly of police officers, judges and lawyers. Between the two software programs CRT and VRT that
were compared, no significant difference could be identified in any of the participating groups with regard to the
assessment of the life-threatening nature of the injury images shown. When asked about the comprehensibility of
pathology, there was a significant difference in favour of CRT. This advantage was apparent to named medical
laypersons and to forensic pathologists.

Conclusions: The study showed a positive trend that CRT may be more understandable than VRT. Not only the
medical laypersons, but also the forensic physicians found CRT to be beneficial.

1. Introduction

In recent years post-mortem imaging has increasingly come to the
fore."”? In particular, post-mortem computed tomography (PMCT) is
now often performed as standard.® © Post-mortem computed tomogra-
phy angiography (PMCTA) has also shown to be superior to conven-
tional autopsy in the search for vascular occlusions or bleeding
sources.””® In the context of technical progress, not only 2D but also 3D
visualisation of PMCT and PMCTA datasets are often produced. The 3D
visualisation is not used for data evaluation, but for better presentation
in expert reports.

Forensic medical reports are mainly written for lawyers, police of-
ficers or private persons. This group of clients are medical laypersons. It
is therefore necessary that such expert opinions are understandable for
the client. Currently, when 3D representations are used, they are mainly
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generated with the Volume Rendering Technique (VRT) software, which
has been known and tested for many years. Due to technical de-
velopments in radiology, Siemens Healthineers GmbH (Erlangen, Ger-
many) has developed the so-called Cinematic Rendering Technique
(CRT) software for the three-dimensional representation of the human
body, mainly used in the clinical context.” !

The CRT software is based on new animation techniques and, in
particular, can create more photorealistic light and shadow effects. CRT
generates more than a hundred times the number of photon paths per
pixel than conventional VR technology. To achieve this more photo-
realistic visualisation, a complex model calculates the light paths that
reach the eye and prioritises the photon paths required. This can result
in a more understandable 3D model of the human body.'?

The new method can also be a useful addition to the 3D represen-
tation of PMCTA data.'®'*
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Due to the altered, more photorealistic representation of light inci-
dence, the 3D images produced by CRT could provide a better under-
standing of expert reports for medical laypersons. It is important for the
court to be able to follow the expert’s explanation of, for example, the
number and the locations of fractures, bleeding or other injuries. As a
next step, the forensic expert can use these 3D images to explain the
nature and direction of the force used.

The purpose of this analysis is to explore whether the described
technological advances in forensic medicine help to reconstruct cases in
a more comprehensible way and to better understand the severity of
injuries after violent crimes for the professional groups involved. This
could be the case through more accurate three-dimensional visualisation
using CRT.

2. Material and methods

The retrospective evaluation and further processing of the data
collected in routine was approved by the responsible ethics committee
(Cantone Vaud CER-VD No. 2022-00075).

2.1. Selection of the MPMCTA data

First, the forensic medical reports of legally closed cases investigated
by the MPMCTA ordered by the public prosecutor in the years
2015-2019 were searched in our local database at the Institute of
Forensic Medicine (Lausanne, Switzerland) using the keywords “hae-
morrhage” and “vascular injury”. The radiological reports found were
then categorised as either “traumatic injury”, e.g. following sharp force
or gunshot, or “other”. After this selection, 31 post-mortem radiology
reports with routinely performed PMCT angiographies after “traumatic
injury” were found.

The MPMCTA datasets of these cases were then reviewed by a
forensic expert and a radiology expert to determine whether a source of
bleeding, vascular injury or other traumatic injury could be clearly
identified in the angiography. From the 31 data sets found, the ten cases
that seemed most relevant to the research question of this study were
finally selected and processed into 3D images.

The selected cases showed (multiple) gunshot wounds (with bone
fractures, intrathoracic bleeding) or sharp force to the neck (with
severing of a carotid artery), thorax (knife blade remnants, hae-
mopneumothoraces), head and extremities.

The settings of the earlier performed MPMCTA were the following:
section thickness 1.25 mm, field of view 500 mm, tub voltage 120 kV,
tube current 200 mA and the postmortem angiography was carried out
as described by Grabherr et al.” (Devices: GE LightSpeed VCT 64 Slice CT
Scanner, GE Healthcare, Milwaukee, USA and Virtangio-Pump,
Fumedica AG, Luzernerstr. 91, Muri, Switzerland).

2.2. Creation of 3D images with Cinematic Rendering Technique (CRT)
and Volume Rendering Technique (VRT) software

For each pathology, a VRT and a CRT of exactly the same image
section with the same information content were generated. Image sec-
tions from ten different cases were selected from the datasets based on
the clarity of the pathology seen. Due to the technical equipment, the
reconstructed image section could be created in directly consecutive
steps with both software programs, without moving the image section or
readjusting the pathology shown. This ensured that the viewing angle
and section depth, as well as other settings such as the optical distance of
bleeding or bone, were exactly the same in the images (Figs. 1-3). The
datasets were generated using the Siemens Healthineers Cinematic
Anatomy application, version VA40A (Siemens Healthineers, Erlangen,
Germany).
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Fig. 1. Image example questionnaire group “number of bone injuries™ Left:
CRT - Right: VRT.

2.3. Establishment of the online questionnaires

The reconstructions were divided into three categories:

In the ‘number of bone injuries’ question group (two questions;
Fig. 1), participants were shown a picture of a skeleton embedded in two
questions in which they were asked to indicate the number of bone in-
juries they had seen in whole numbers.

For the ‘Imagining the location of the pathology’ questions (six
questions; Fig. 2), participants were asked to rate the pathology shown
between ‘not imaginable/understandable’ and ‘very imaginable/un-
derstandable’ on a 5-point Likert scale.

In the final set of questions, ‘life-threatening assessment’ (three
questions; Fig. 3), participants were asked to rate the life-
threateningness of the pathology seen in the images. They were given
a 4-point Likert score-like scale with ‘not life-threatening’, ‘abstract life-
threatening’, ‘concrete life-threatening’ and ‘probable cause of death in
this case’ (see full questionnaire in Appendix 1).

The questionnaires were then constructed using the online tool www
Jimesurvey.org. Two questionnaires were created, one with the CRT
images and one with the VRT reconstructions, with the same questions
per image. To be able to evaluate the images separately by software,
only images from the VRT software were used in one of the question-
naires. The second questionnaire contained only images created by the
cinematic rendering technique. This allowed an evaluation without the
participants being biased by the direct software comparison. The ques-
tionnaires were then sent to forensic pathologists, lawyers and police
officers from the “law enforcement” or “criminal investigation” de-
partments. The minimum number of participants per professional group
was set at 15. The survey was randomised between VRT and CRT re-
constructions. The questionnaires were available in three languages

Fig. 2. Image example questionnaire group “imagination of the location of the
pathology”; Left: CRT - Right: VRT.


http://www.limesurvey.org
http://www.limesurvey.org
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Fig. 3. Image example questionnaire group “life-threatening assessment”; Left:
CRT - Right: VRT.

(English, French, German).
The survey was carried out between March 2021 and July 2021.
All questions and the structure of the questionnaire sent out can be
found in Appendix 1.

2.4. Statistical evaluation of the questionnaires

Only completed questionnaires were included in the analysis. These
were divided into the two main groups (CRT and VRT) and two sub-
groups per software regarding the participating profession (physicians
= “MD” and non-physicians = “nonMD”). The metric scale for the
number of bone injuries question was estimated with a Poisson mixed
effects model with ID and item as crossed random effects. The Likert
scales for the questions on “imagining the location of a pathology” and
“assessment of life-threatening” were estimated with a cumulative link
mixed effects model with ID and item as crossed random effects.

In addition, the descriptive evaluation of the participants’ personal
data (age, gender, professional group and professional experience) was
carried out.

The data were also analyzed according to the item ‘professional
experience’ regarding the topic of postmortem imaging.

“R” (version 4.1) was used to analyse the data. The figures were
created with the “R" add-on package “ggplot2".

3. Results

As the questionnaires were not sent personally, but were often passed
on through secretariats, e.g. in the Crown Prosecution Service, a reliable

Table 1
Flow-chart of the evaluation of the participants.

Participants
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return rate cannot be given.

A total of n = 109 fully completed questionnaires were returned, of
which almost half (51%, n = 56) showed the images produced by the
CRT software, the others (49%, n = 53) were produced by the VRT
software (see Table 1).

There was an imbalance between the professional groups. Only 32%
(n = 18) of the CRT and 34% (n = 18) of the VRT questionnaires were
completed by physicians (group “MD”; see Table 1). In the group of the
medical laypersons most responses were from police officers (n = 26),
judges (n = 23) and lawyers (n = 10). One person identified as a pros-
ecutor. N = 14 stated that they belong to another non-medical
profession.

3.1. Item “experience with forensic radiology”

The question of whether there was a statistically significant differ-
ence between the responses of participants who answered ’yes’ to the
question of having had experience of forensic imaging could not be
conclusively assessed due to the small number of positive responses. In
total, only n = 20 (18%) of all participants indicated that they’d had
experience with forensic imaging, which created a too important
imbalance for statistical analysis.

3.2. Item “professional group: MD vs. nonMD”

With regard to the four subgroups according to software tool and
professional group (“CRT-MD”, “CRT-nonMD”, “VRT-MD”, “VRT-
nonMD”), the results were rather heterogeneous depending on the
question group.

3.2.1. Questionnaire group “number of bone injuries”

Here, only the “VRT-MD” group stood out significantly from the
other participants (see Fig. 4). This group counted significantly (p =
0.004) fewer bone injuries (VRT-MD: mean = 2.65) than the other three
groups (CRT-MD: mean = 3.54, CRT-nonMD: mean = 3.59, VRT-
nonMD: mean = 3.99).

3.2.2. Questionnaire group “imagining the location of the pathology”

In this question group, no differences were found between the sub-
groups of each software, but a significant difference (P < 0.001) was
found between the two main groups regarding the software tools “CRT”
and “VRT”. The images produced by the CRT software were rated as
more imaginable and understandable than the VRT images, regardless of

Software

Profession

Experience
forensic radiology
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Fig. 4. Significant difference between MD and non-MD groups at the VRT
software regarding the number of fractures.

profession (see Fig. 5).

3.2.3. Questionnaire group “life-threatening assessment”

For these questions, the differences between the “VRT-MD” and
“VRT-non-MD” subgroups were significantly different (see Fig. 6). The
images generated by the VRT software and assessed by the physicians
were significantly (P = 0.001) less life-threatening compared to the
“VRT-nonMD” group. The differences between the other two subgroups
(“CRT-MD” and “CRT-nonMD”) were not significant. There were also no
differences between the main groups of the two software programs.

4. Discussion

CRT software is already more widely used in clinical radiology than
in post-mortem imaging. 15-18

A large number of positive case reports have already been published
on various diseases and pathologies. In particular, surgeons with com-
plex anatomical conditions could benefit from preoperative guidance
images generated by Cinematic software.'” Similarly, certain pathol-
ogies shown during interdisciplinary case discussions may be better
understood by all participants if CRT is used to present the case.

Medical students in anatomy courses also appear to benefit from the
visualisation of the human body using the more realistic light and
shadow modalities.?’

very well imaginable

/comprehensible p < 0.001***
i s
s i
not imaginable/
incomprehensible
CRT VRT

—— MD -#- non-MD

Fig. 5. Significant difference between the CRT and the VRT software regarding
the imaginability/comprehensibility of the shown pathologies.
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In post-mortem imaging, there are few publications to date that
address the potential advantage of technological advances in imaging
applications for PMCT and PMCTA. The published study by Boven et al.,
2020 compared 2D-CT with three-dimensional imaging using CRT and
VRT. They concluded that the CRT software was significantly more
informative than the VRT software and 2D CT images. To reach this
result, two forensic doctors examined the images and rated them on a
5-point Likert scale. In addition, the detectability of injuries in the
different modalities was assessed by two radiologists. Due to the very
small number of evaluators (two per question), this study may be a good
indication of the superiority of CRT over VRT. These results need to be
checked to see if they can be applied to lay persons.

Evaluation of the survey for an advantage of CRT software due to
newer technical elements showed an overall slight advantage for the
questions asked.

For the questions on the number of bone injuries seen, no explicit
advantage of the cinematic rendering technique could be demonstrated.
There was a wide range of answers, especially among the medical lay-
persons, and despite the more favourable light and shadow conditions,
no significant difference in the number of injuries were found compared
to the VR technique.

It is certainly not the responsibility of a prosecutor, for example, to
find all the fractures in an anatomical context. But understanding these
injuries and the images presented by experts in court is the basis for the
forensic expert’s explanation of (in this case) the trajectory of the shots.
With this knowledge and understanding, combined with 3D imaging, the
court’s ability to make a correct legal interpretation of the nature of the
violence is strengthened.

When asked to assess the life-threatening nature of an injury, there
was also no statistically significant difference in the perceived pathology
between the two software programs. When comparing the subgroups
within the VRT software, there was an effect in the “non-MD” group,
who rated the pathologies as significantly more dangerous. The higher
resolution of CRT did not make the injuries appear more *dangerous’ to
doctors, lawyers or police officers. Surprisingly, the well-known VRT
software seems to have this effect. This may be due to the more realistic
presentation using cinematic rendering technology. Doctors and medical
laypeople can therefore perceive the danger of an injury on the same
level, whereas this was not possible for the “non-MD” group using the
VRT software. The consequence of a different perception of a traumatic
injury can also affect the verdict in a court case.

When asked about the comprehensibility of pathology in Cinematic
images, there was a significant difference in favour of CRT. This
advantage was apparent not only to medical laypersons such as police
officers, prosecutors, lawyers and judges, but also to the participating
doctors themselves. As a result, judges, lawyers and prosecutors may be
better able to follow the medical experts’ explanations when reviewing
the injuries relevant to the case together.

Previous clinical and, in particular, forensic studies on the visual-
isation of pathology have consistently shown a certain advantage for
CRT due to the technically more sophisticated representation of light
and shadow in three-dimensional images. However, the advantage in
post-mortem imaging is not as great as perhaps hoped for in the few pm-
imaging studies discussed. The increased representation of shadows may
obscure injuries that are not visible in the anterior part of the image,
making them less visible than with the VRT software that has been used
regularly to date. This is because VRT allows more posterior pathologies,
such as fractures, to be seen in the same colour as injuries in the frontal
part of the image.

Our study showed that, overall, forensic reports can be improved for
medical laypersons by using CRT images.

Concerning the results, the significant difference between the CRT
and VRT software in terms of the imaginability/comprehensibility of the
pathologies shown in a postmortem CT-based angiography seems to be
the greatest advantage of this new imaging technology. The benefits of
Cinematic Rendering Technology are not limited to forensic physicians,
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Fig. 6. Significant difference between the MD and non-MD group by rating the life threateningness.

but also to medical laypersons.

This software can help to reconstruct cases in a more comprehensible
way and to better understand the severity of injuries after violent crimes
for all professionals involved in a case.

Limitations of this study are the small study group with an uneven
distribution of participants and the limited range of forensic cases pre-
sented. In addition, the small number of studies conducted to date, with
a mainly clinical rather than forensic focus, results in less meaningful
forensic experience with the new CRT software.

It is also important to consider that these visually impressive images
may also mislead forensic and lay witnesses in court, as the focus may be
lost on the important forensic question of the impact of violence.

Further research is needed to investigate the impact of the new
technology, not only on the comprehension of forensic pathology, but
also on the people involved in the legal process and their decision-
making in a trial. In addition, research should be conducted to deter-
mine whether there are injuries to specific organs, soft tissues or bones
that may particularly benefit from CRT software. Further research is also
needed to determine whether there is a positive benefit from this 3D
technology compared to conventional cross-sectional imaging and
multi-planar reconstruction (MPR).

5. Conclusion

In this study, we found a slight advantage of the new Cinematic
Rendering Technique (CRT) over the well-known Volume Rendering
Technique (VRT) in our study population. The study showed a positive
trend that CRT may be more understandable than VRT. Surprisingly, not
only the medical laypersons participating in the study, but also the
forensic physicians themselves found CRT to be beneficial. The use of
Cinematic Rendering Technique could be beneficial in understanding
forensically relevant injuries in court.
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