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Abstract. Background. Nowadays, anatomy education use 3D digital models, which are
particularly helpful when a cadaveric material is scarce or absent. Such models can be
created using the photogrammetry, which consists of multiple digital photographs tak-
en from various angles and then are used for constructing a virtual anatomical model.
With the advance of novel smartphones and applications, a high-quality and easy-to-
perform photogrammetry became user-friendly. Methods. In this study we assessed the
feasibility and technique of creating 3D digital models of the fresh cadaver brains. For
this purpose we applied the KIRI Engine application installed on the iPhone smart-
phone. With this method, five brains of recently deceased patients were scanned and
3D virtual models of these organs were created. Results. We did not encounter major
problems with scanning of the brain with the above-described method. After comple-
tion of the scanning, models of the brain could be downloaded and either displayed
as the virtual reality objects, or as isolated 3D objects. These virtual brains could be
moved or rotated or enlarged in order to see details. Also, it was possible to transfer
the file containing virtual model the scanned organ to another phone or computer, in
order to be handled by another user. Conclusions. We found 3D scanning of the brains
with the use of a smartphone application feasible and highly valuable from the educa-
tional perspective, especially considering visual appearance of 3D virtual models of the
brains, which were very similar to the alive organs.
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INTRODUCTION

Although anatomy based on cadaveric dissections is regarded the back-
bone of undergraduate medical education, nowadays such dissections are
increasingly augmentted or even displaced by other educational tools. This
shift in the approach to teaching anatomy was not exclusively associated
with the limited access to cadaver bodies. It has rather been associated with
the shift toward clinically oriented undergraduate medical education, which
is not easy to achieve when teaching is solely based on cadaver dissections.
Besides, new attractive educational tools, such as virtual immersive reality or
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“living anatomy” with the use of ultrasonography, were
introduced to the anatomical education, which made the
traditional approach to teaching anatomy debatable.

There is also another problem with the education
based on cadaver dissections. For the purpose of such a
teaching, the bodies should be embalmed with chemicals.
Traditionally, formaldehyde had been used. Nowadays,
since this chemical substance is highly toxic and carcino-
genic, it is displaced by novel chemical preservatives, for
example Thiel fluid [1-10]. However, chemical embalming
of the cadaver bodies, irrespective of the chemical com-
pound used, is associated with good preservation of some
tissues, while other tissues and organs easily disintegrate.
Moreover, embalmed cadaver bodies, especially when
formaldehyde is used, poorly resemble living tissues and
organs. Consequently, the undergraduate anatomical edu-
cation quiet often focuses at these structures that are well
preserved and are easily recognizible on embalmed bod-
ies, such as bones, muscles and ligaments. By contrast,
organs and structures poorly preserved during embalm-
ing, are often neglected during anatomical courses, if
other educational methods are not used. Besides, quite
often in embalmed organs details of negligible clini-
cal relevance are well preserved, while those of clinical
importance are not well visible in these speciments.

All these problems concern teaching of neuroanato-
my. Although the brain can be quite well preserved if for-
maldehyde embalming is used, such an embalmed organ
changes its color from whitish to grey, blood vessels are
no longer visible and only superficial macroscopic struc-
tures are recognizible [11-13]. Besides, a free use of for-
maldehyde is no longer possible in the European Union.
Due to toxic and carcinegenic activity of this chemical
compound, its use during anatomical education is strict-
ly limited and requires a costly equipment in the lab to
minimize side effects related to its toxicity [14,15]. Unfor-
tunatelly, the brain is poorly preserved following less tox-
ic methods of the embalming, such as the Thiel fluid. In
addition, handling with the nervous tissue is associated
with potential risk of prion infection [16,17].

Although contemporary clinical imaging, particu-
larly magnetic resonance, offers a valuable alternative
for the brain dissection speciemens, especially regarding
the subcortical structures, still such a teaching, which is
exclusively based on radiological images cannot replace
traditional methods completely. Importantly, magnetic
resonance or computed tomography scans are 2-dimen-
sional (2D). Unlike graduated doctors, students dur-
ing their first years at the medical university are usu-
ally incapable of mental transformation of the 2D scans
into 3-dimensional (3D) structures. This skill is stead-
ily developed during subsequent medical education but
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is typically undeveloped when the anatomy courses are
performed [18]. Hence, need of a good quality brain
specimens at anatomical classes.

This conudrum could be partially solved if 3D
digital brains were used, instead of the real embalmed
organs. Until recently, it was not easy to do and was
not economically affordable. Still, with the advance of
novel smartphones and applications, a high-quality and
easy-to-perform photogrammetry became assessible and
cheap. In this study, we assessed the feasibility and tech-
nical challenges associated with the creation of 3D digi-
tal models of the fresh cadaver brains.

DESCRIPTION

For the purpose of this study, we applied the KIRI
Engine application (KIRI Innovations, Shenzhen, China)
installed on the iPhone 13Pro Max (Apple Inc., Cuperti-
no, CA, USA) smartphone. With this method, five brains
of recently deceased patients were scanned. The brains
were scanned using the Light Detection and Ranging
(LiDAR) Object Capture tool of the KIRI Engine appli-
cation. This particular tool utilizes the algorithm that
captures and processes high-quality 3D models, using a
combination of the LiDAR’s light-detection technology
and the photogrammetry. After switching on the Object
Capture tool of the application, the phone was moved
around the brain, following the instructions given by the
application. The pictures of the target object were taken
automatically, finally creating highly detailed 3D virtual
models of the brain.

We did not encounter major problems with scan-
ning of the brain with the above-described method.
There were, however, some technical issues that should
be solved in the future, and these will be further dis-
cussed. After completion of the scanning, models of the
brain could be downloaded from the phone and either
displayed as virtual reality objects (Figure 1), or as iso-
lated 3D objects (Figure 2). These virtual brains could
be moved or rotated or enlarged in order to see details
(Supplementary File). Also, it was possible to transfer
the file containing virtual model the scanned organ to
another phone or computer, in order to be handled by
another user.

We found this method feasible and highly valuable
from the educational perspective, especially considering
visual appearance of these virtual organs, which were
very similar to the alive brains (Figure 3). Since these vir-
tual objects were created using the high-resolution pho-
tographs, after augmentation of a model, the details were
clearly visible (Figures 4-6). Still, at this stage of research,
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Figure 1. Scanned brain displayed on the screen of a smartphone
seen as virtual reality object; here, the page from the student’s anat-
omy textbook is visible in the background.

we encountered some problems with creation of the 3D
models. Unlike embalmed brains, fresh brains are quite
soft and prone to gravitational distortions. Consequently,
some parts of this organ that topographically are close
together, after removal from the cranial cavity moved

Figure 2. Scanned brain displayed on the screen of a smartphone
seen as the 3D object.

aside (Figure 7). However, although the virtual brain was
somewhat distorted, on the other hand this distortion
enabled the view of the medial surface of the brain with
its important anatomical structures (Figure 8).

Until now, we were unable to build a virtual mod-
el of the whole brain. It was possible to scan this organ
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Figure 3. Virtual model of the fresh cadaver brain seen from below;
all superficial details are clearly visible, while the brain’s color and
its blood vessels are similar to those of an alive organ.

from above, with the brain lying either on its lower or
upper surface. Unfortunately, unlike other more rigid
anatomical specimens that could either be suspended in
the air or steadily rotated during scanning, a fresh brain
was too soft and prone to distortion. Consequently, it
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Figure 4. Augmented virtual model of the fresh cadaver brain;
small blood vessels of the pia are well visible, with their color and
appearance similar to those of an alive brain.

was possible to get good quality 3D virtual brains (Fig-
ure 9), either seen from below or above (Figure 8), but
actually these models lacked the other surface (Figure
10) when rotated. Still, even considering these shortcom-
ings, which probably can be solved in the future with
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Figure 6. Brain transected alongside the lateral ventricle - the cho-
roid plexus (arrow) with its vivid reddish color is clearly visible.

Figure 5. Augmented virtual model of another fresh cadaver brain,
in which the arachnoid mater was not removed; a translucent
arachnoid is well visible, and below it there is the pia with its small
blood vessels.

more experience in the scanning, 3D virtual models of

the fresh brains seem to be a promising educational tool

for undergraduate medical students. Figure 7. Distortion of the brain after its removal from the cranial
cavity; the occipital lobes (yellow arrows) that normally are close to
each other, moved aside due to the gravitation.
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Figure 8. Gravitational distortion of the occipital lobes enables
inspection of anatomical details located at the medial surface of the
digital brain; green arrow: the parieto-occipital sulcus, red asterisk:
the precuneus, yellow asterisk: the cuneus.
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Figure 9. On the left: virtual brain seen from below; on the right:
virtual brain seen from above.

DISCUSSION

Our preliminary observations demonstrate that
scanning of the fresh cadaver brains with the KIRI
Engine application is easy, feasible and of potentially
high educational value, especially considering the vis-

Pawel Grabarek et al.

X AR

Obiekt ﬂ]

Figure 10. Virtual brain scanned from its basal surface; after rotat-
ing the model the other surface is missing.

ual appearance of these models, which were very simi-
lar to alive brains. Several anatomical features, such as
the tiny blood vessels of the pia mater, a translucent
arachnoid mater, or the choroid plexus, unlike brains
preserved by chemical solutions, are quite similar to
those structures of the alive organ, seen for example
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during the neurosurgical procedures. Although we have
encountered several technical problems during scan-
ning (discussed in the Results section of this paper),
they seem to be of minor educational importance and
most likely can be solved in the future. Besides, during
this feasibility study we scanned only superficial aspects
of the whole brains. In the future, we plan to scan
also the internal structures of brain. Of note, since the
brains are scanned during the autopsies, such a scan-
ning should not interfere with this examination and, in
general, with the work of a hospital morgue or foren-
sic pathology center. Alternatively, more detailed and
focused scanning of a brain of recently deceased donor
could be performed, still it should be remembered that
an opening of the skull may disturb the process of
embalming of the rest of cadaver’s body.

Over the last decade, the photogrammetry (the
term refers to a technology that measures something
using the recording of light) has been steadily intro-
duced to the medical education, including anatomy
[19-23]. However, until recently, its use has been lim-
ited by high costs of the scanners and an IT-expertise
needed to operate the models acquired after the scan-
ning. Recent advance in technology, especially develop-
ment of the operator-friendly applications, and the fact
that some modern smartphones are equipped with the
LiDAR device (LiDAR is a remote sensing technology
that uses the laser light to measure distances) made pos-
sible a creation of highly accurate, 3D representations
of the target object. Consequently, it became possible to
scan anatomical specimens and create their 3D virtual
representations. In the recent publications, a shift from
expensive commercial scanners to the free smartphone
applications is notable. Several different smartphone
applications were used [24,25]. Currently, it remains
unclear which of them is of the best educational value,
especially because they are being constantly updated
and improved. In addition to the KIRI Engine, applica-
tions that may be potentially used for anatomical scan-
ning comprise: the Qlone, the Polycam, the Scandy Pro,
the Trnio 3D Scanner, the SCANN3D, and the Reali-
tyScan. Probably, those basing on the LiDAR technol-
ogy should be chosen, since this method provides better
quality pictures.

In this feasibility study we have chosen the KIRI
Engine application, since for the purpose of this research
it was possible to use the non-commercial version of
this application, with no associated costs for our uni-
versity. Besides, in the not yet published study (Wawer,
J.; et al. Evaluation of the commercial applications for
mobile devices for the scanning of 3D anatomical model.
Presented at the 3" Conference on Anatomical Didactics;

08-09.05.2024, £6dZ, Poland), it was reported that for
anatomical scanning, this particular application is of the
best usefulness. Another advantage of the KIRI Engine is
the fact that photogrammetry requires a high computing
power. The KIRI Engine effectively utilizes cloud-pro-
cessing and storage to combat this limitation.

Importantly, until now, 3D anatomical virtual
models were created from the embalmed prosection
specimens [25,26-30]. By contrast, in our study we used
fresh brains of the recently deceased individuals. The
scanning was performed during the post-mortem, not
during dissecting the body of a cadaver. It seems that
the use of fresh organs can overcome limitations asso-
ciated with the use of embalmed brains for anatomy
education. Although embalmed brains can be used for
a longer period of time, yet after the embalming they
change their color and structure, while some impor-
tant anatomical structures, particularly blood vessels,
are no longer well visible. Some authors tried to solve
the problems of poorly visible cerebral vessels in brain
specimens by injecting the cerebral vessels with a
colored silicone or another filling material [31-33]. Still,
such injected specimens, even if valuable from educa-
tional point of view, lack the appearance of an alive
brain. Besides, a wider use of virtual models instead
of embalmed cadaver specimens would reduce the risk
associated with exposure of the students and academic
teachers to formaldehyde and other toxic and carcino-
genic chemicals, as well as to a potential exposure to
the brain-residing prions.

We found 3D scanning of the brains with the use of
a smartphone application feasible and highly valuable
from the educational perspective, especially considering
visual appearance of 3D virtual models of the brains,
which were very similar to the alive organs. Such a 3D
scanning of the organs of fresh cadavers seems to be a
new and promising educational tool for undergraduate
medical students.
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