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Abstract

Introduction: In the meantime, new methods from the digital field are finding their way into anatomy training for medical students. We have now taken a significant
innovative step in this regard by showing the three-dimensional anatomy of living human beings using CT and MR data sets in a high-end projection room, the so-
called dissection theatre of the future, using a projection surface of 16x9 meters.

Methods: For this dissection theatre of the future, a separate course “virtual anatomy and pathoanatomy” has been integrated into the existing anatomy curriculum of
the Johannes Kepler University in Linz. This course is anchored horizontally and vertically in the 3rd and 4th semesters of medical training. With a recently developed
3D post-processing method, called cinematic rendering, the students experience the anatomy of living human beings very photorealistically in 3D using active 3D
shutter glasses.

Results: After a pilot phase, the required image data could be imported into the system without any problems. All courses in the winter semester 2019/2020 were
held without any problems. There were no technical failures. The permanent change between 3D and 2D presentations during the courses was also possible without
any problems. Here, too, there were no technical failures. In the pilot phase and at the end of the first real teaching operation in the winter semester 2019/2020, the
course was evaluated by the students. In both cases there were only very good to excellent ratings by the students.

Conclusion: With the creation of a regular course "virtual anatomy and pathoanatomy" in the "Dissection Theatre of the Future", a significant step has been taken in

the further development of anatomy teaching for medical students.

Introduction

In 2008 we started to present medical topics from the field of
radiology to the public in popular science at the Ars Electronica Center
in Linz, Austria, the so-called Museum of the Future. In 2014 we
expanded the subject area to include virtual anatomy based on X-ray,
computed tomography (CT) and magnetic resonance (MR) imaging
examinations.

The so-called “Deep Space” is used for these kind of events. This is a
high-tech room for 150 visitors with a 16 by 9 meter wall projection and
an additional 16 by 9 meter floor projection. 4 projectors for wall and
4 projectors for floor projection enable laser tracking and stereoscopic
3D projections of the highest quality.

In order to be able to present CT and MR data sets in 3D, we first
developed a stereoscopic volume rendering program ourselves for the
3D projection of medical image data in the Deep Space [1]. This made
it possible to present virtual anatomy to the public in 3D and a series of
events entitled "anatomy for everybody" began, which is still running.

In the meantime we made a significant change in the rendering
method used. The so-called “cinematic rendering” has been available
for a number of years, a revolutionary new method that enables a
photo-realistic three-dimensional display of medical image data on
DICOM basis of a previously unknown quality [2]. With the help of
its developer, this method was installed in the Deep Space as a 3D
stereoscopic prototype and has been used for 3-dimensional virtual
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anatomy ever since. Navigation through the data sets takes place in real
time using a game controller [3]. The viewers wear active 3D shutter
glasses and thus have a very realistic three-dimensional impression.

Subsequently, the idea arose to integrate the virtual anatomy with
cinematic rendering in the Deep Space of the Ars Electronica Center
into the curriculum of anatomy teaching at the Medical Faculty of the
Johannes Kepler University in Linz. This was finally implemented in
the 2019/2020 winter semester. Thus the project title "dissecting theatre
of the future" was created.

Materials and methods

In the pilot phase of the implementation, a trial lecture Virtual
Anatomy using cinematic rendering, albeit non-stereoscopic, was held
as part of the regular anatomy training at the University of Erlangen and
structurally evaluated [5]. Then the implementation of cinematic rendering
in 3D took place in the Deep Space of the Ars Electronica Center in Linz.
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In the anatomy curriculum of the Medical Faculty of Johannes
Kepler University, the anatomy specialization takes place in the
3rd and 4th semesters. For the lectures in the 3rd semester of the
2019/2020 winter semester, 90 minutes of the course “virtual anatomy
and pathoanatomy” in the Deep Space of the Ars Electronica Center
were fixed per week. In advance, a virtual anatomy curriculum was
developed that is strictly parallel to the topics covered in conventional
anatomy lessons. This means that the course remains consistently
organ and system-centered for the students. The CT and MR data
sets required for this were selected from January to September 2019,
anonymized, imported into the Deep Space server and prepared for the
courses. In addition, Powerpoint presentations with x-ray images, CT
and MR images with normal anatomy and pathological changes were
created for the courses. This enables an interactive form of teaching
in which one can permanently switch between 2D and 3D anatomy
in the course. Due to the principle of stereoscopy, the students
have to put on active 3D shutter glasses for the 3D presentations
(Figure 1). The "virtual anatomy and pathoanatomy" was defined
as a mandatory course for the students with a system-immanent
examination character.

At the end of the semester, the students were asked to carry out a
written evaluation of the event via the internal Moodle platform.

Results

The evaluation of the virtual anatomy lecture with cinematic
rendering in 2D already achieved very good to excellent results with
the students.

The implementation of the data for cinematic rendering in 3D in
Linz was straightforward. All planned CT and MR data sets could be
installed and processed on the cinematic rendering server without any
problems.

At the beginning of October 2019, the course "Virtual Anatomy
and Pathoanatomy" began in the Deep Space of the Ars Electronica
Center. In the third semester, 63 students were enrolled who took part
in the event every week. All events could be carried out as planned.
Technical problems (e.g. system crashes, projector failures, etc.) never
occured. The permanent change between 3D and 2D projection was
completely problem-free and robust. The number of participants of
63 students enabled interactive lessons with permanent integration of

Figure 1. Scene from a course in the track virtual anatomy and pathoanatomy in the dissecting theatre of the future. Due to the principle of stereoscopy, active 3D shutter glasses provide a
very realistic 3-dimensional image impression. Without glasses, the image is blurred or has double contours, as can be seen in this example

Figure 2. Scene from a course in the track Virtual Anatomy and Patho-Anatomy in the Dissecting Theatre of the Future. The additional demonstration of patho-anatomical changes (as in
this middle cerebral artery infarction) facilitates the understanding of the anatomy and increases the compliance of the students to deal intensively with the anatomy
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Figure 3. Three-dimensional visualization of the polytrauma CT scan using cinematic
rendering in a patient with a skull fracture (from: Firmétz A, Fellner FA (2020) Virtual
anatomy and pathoanatomy: Cinematic rendering of a traumatic brain injury. Trauma
Emerg Care 5)

Figure 4. Cinematic Rendering image of an abdominal aortic stent graft and its
sidebranches, the coil in the left small calibrated accessory renal artery, and the maintained
blood flow in the crossover bypass (from: Hagleitner G, Pichler P, Kiblbock P, Fellner
FA (2020) Cinematic rendering in vascular imaging: Abdominal aortic aneurysm (AAA)
treated with fenestrated endovascular aortic repair (FEVAR). J Transl Sci 7)

the students through personal queries by the lecturer. Of course, the
students could ask questions at any time, which were then addressed
in a dedicated manner.

The final evaluation resulted in positive to excellent ratings almost
without exception. Many students described the course as the highlight
of the semester. Individual students only rated it negatively if the course
lasted 135 minutes or longer instead of 90 minutes, which was the case
twice in the semester for organizational reasons.
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Discussion

Sinceitsinvention, anatomy training based on dissection of cadavers
has not developed significantly for centuries in principle [6]. It was not
until the 1990s that anatomy training began to move in the sense of
further development through the integration of modern methods, such
as the use of interactive 3D graphics programs for human anatomy.
Another step, which we also took in the 1990s, was the integration of
radiological images (x-ray, CT, MR, ultrasound) into conventional
anatomy lessons [4]. Since then, these new methods, which can be
subsumed under the term virtual anatomy, have become more and
more important in terms of mixed learning and are particularly well
accepted by students [7-14].

With the creation of a regular course “virtual anatomy and
pathoanatomy” in the “dissection theatre oft he future”, a significant
step forward was taken in this regard. New powerful 3D post-processing
methods, such as cinematic rendering, open up new possibilities in the use
of radiological image data for anatomy lessons. This adds a new level of
anatomy study to living people to conventional cadaver-based anatomy.

The first evaluations have shown that this new method is very well
accepted by the students. Another aspect is that medical students are
made familiar with the imaging methods of radiology at a very early
stage, which will be of great benefit to them in the course of their
further studies and their later professional activity. The horizontal
and vertical integration of the "virtual anatomy and patho-anatomy"
into the anatomy curriculum enables a very high standard in terms
of blended learning. The demonstration of pathoanatomical cases
(Figure 2) facilitates the recognition and learning of relevant clinical
structures in terms of clinical anatomy and increases the compliance
of the students to deal intensively with the sometimes very dry subject.

Initial experience has already shown that the cinematic rendering
of CT data sets allows excellent visualization of bone and vascular
structures, which conventional cadaver-based anatomy cannot achieve
in this form [15-24], see Figures 3 and 4. Other structures, such as
nerves and fasciae, have not yet been able to be adequately represented
using radiological methods. In this regard, the conventional corpse-
based anatomy or dedicated 3D computer programs can be used.
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