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ternatives in order to continue teaching. Opportunities such as watching pre-recorded

magnetic resonance imaging with various 3D surface imaging techniques are usually
time-consuming and cost-intensive. Photogrammetry, which allows the creation of 3D
textured surface models from a series of overlapping photographs taken from varying
viewpoints, is a less common approach compared with post-mortem imaging. We cre-
ated 3D autopsy case models for a special online forensic pathology course in which
students could try the models. Then, formal feedback was requested regarding the
possible application of this method in education. Most of the students were satisfied
with the new method and ranked photogrammetry higher than the other available
methods. Our results indicate that photogrammetry has a high potential in under-
graduate education, especially in the case of distance education or in those countries
where declining autopsy rates have resulted in a decline in the use of the autopsy as
an educational tool. Photogrammetry can also be used as a supplementary tool in
traditional autopsy-based education and has potential applications in various fields of

medical education.
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Highlights

e Documentation by photogrammetry is easy, fast, and compatible with the routine autopsy
algorithm.

e Photogrammetry does not need special equipment; even a mid-range smartphone camera
can produce suitable results.

e 3D models produced by photogrammetry are useful for autopsy and forensic pathology
education.

e Photogrammetry has high educational potential for medical students and medical education.
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1 | INTRODUCTION

On January 30, 2020, following the recommendations of the
Emergency Committee, the World Health Organization (WHO) de-
clared the 2019 novel coronavirus outbreak a global public health
emergency [1]. Apart from the many medical, social, and economic
effects to deal with after the outbreak of the virus, the coronavirus
disease 2019 (COVID-19) pandemic forced universities to switch
to online distance education, as classical contact education with
medical students was impossible. Educators had to quickly adapt
to an unpredictable duration of social distancing, and there was
an urgent need to identify virtual/digital alternatives to in-person
teaching.

The use of digital imaging in medical education has increased
in recent years, becoming popular and commonly accepted [2],
especially in the case of basic medical subjects such as human
anatomy [3]. In the case of pre-clinical or clinical subjects, it
is more challenging to create quality online education provid-
ing useful knowledge and practical skills. During the traditional
Hungarian forensic pathology curriculum, theoretical lectures/
seminars are usually combined with a relatively high number of
autopsy demonstrations, where students are present and ob-
serving an autopsy being performed, with explanation by the
performing forensic pathologist. The COVID-19 era has made
it necessary for us to replace conventional autopsy instruction
with alternatives. Opportunities such as watching pre-recorded
autopsy videos [4-6] or creating and analyzing post-mortem
computed tomography (CT) or magnetic resonance (MR) imaging
with various 3D surface imaging techniques are usually time-
consuming, cost-intensive [7] and require extensive training to
obtain acceptable results [8].

Photogrammetry is a technology that allows the creation of 3D
textured surface models from a series of overlapping photographs
taken from varying viewpoints [9]. Every aspect of the created
model can be examined by rotating in 3D and zooming in and out.
Although it is a less common approach for digital 3D reconstruc-
tion compared with the aforementioned post-mortem imaging
techniques, its ease of use and cost-effectiveness [10] make it an
interesting alternative for distance education of medical students.
In recent years, there has been an increase in the use of single-
camera photogrammetry in several fields of science, including
medicine, driven by the spread of relatively cheap high-resolution
digital cameras and easily accessible freeware, open-source, and
commercial photogrammetry and 3D modeling programs. A recent
study described a basic, practical workflow regarding autopsy
room photogrammetry [11], while two other publications pro-
posed the possible utilization of similar methods in the field of
education [12,13].

During the first wave of the pandemic, we developed a practi-
cal, user-friendly, low-cost, and fast single-camera photogrammetry
workflow. Based on our initial results, we propose that this method
has educational potential and, among available options, provides an
experience most similar to a traditional autopsy.

2 | MATERIALS AND METHODS

2.1 | Photograph recording procedure

Photographs were taken during the forensic autopsies using Canon
EOS 600D (18 megapixel) with EF-S 18-55mm kit lens. Camera setup
included aperture priority (AV) f stops set around 16-22 with 1SO be-
tween 1600 and 3200 and white balance adjusted to the room light tem-
perature. We also used a smartphone camera (Samsung Galaxy S7 Edge)
using automatic settings (12 megapixel) in case of the femur. Natural
window light and light fixtures above the autopsy table were able to
illuminate the entire surface of the body or organs/bones. Photographs
were taken handheld from different points of view and with an overlap
area of about 60%-70%. Generally, three sets of pictures were taken of
each objects: one round from a low perspective, one round at around
45°, and one from above. Additional pictures of important details (e.g.,
injuries) were also taken. Camera positions are presented on Figure 1A.
The total number of photographs for the reconstruction of total bodies
varied between 55 and 100, and between 30 and 60 for the imaging of

organs. We did not use special backgrounds.

(A)

©

(F)

i
FIGURE 1 Photogrammetric reconstruction of a forensic
autopsy of a case of suicidal hanging. Camera positions (A). Model
of the whole body (B). Hanging mark on the neck: model with
texture (C) and solid model of the same area (D). Layer-by-layer
preparation of neck structures: model with texture (E) and solid

model of the same segment (F) [Colour figure can be viewed at
wileyonlinelibrary.com]
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FIGURE 2 Model of a polytraumatic
liver with texture (A) and as a solid model
(B) [Colour figure can be viewed at
wileyonlinelibrary.com]

A detailed guide and reference sheet about the photography
process can be found at Appendix S1.

2.2 | Post-processing of data

Images were transferred to a computer, and any blurred or out of
focus ones were erased. The remaining image sets were uploaded to
Autodesk ReCap Photo. A detailed guide to the use of the software
can be found in the Appendix S2. The constructed 3D models were
cropped and remeshed to decrease polygon count and converted
into .obj file format. This ensures compatibility with viewing various
software. The photographs were de-identified during the process,
and the use of these anonymized pictures for scientific and educa-
tional purposes is allowed by the 40. § (3) of the Hungarian act of
Forensic Experts (2016.XXIX).

2.3 | The online course test

Twenty volunteer medical students attended a special online fo-
rensic pathology seminar focusing on the usability of 3D models
in education only. Previously, each student successfully completed
the original, in-person version of the forensic pathology course in-
volving multiple autopsy room and forensic post-mortem CT/MR
demonstrations.

The online demonstration contained (1) a post-mortem exter-
nal examination and neck dissection in a case of suicidal hanging
(Figure 1B-D); (2) an external post-mortem examination in a case of
a suicidal wrist cut; (3) the external examination of the lungs and liver
in a case of polytrauma (Figure 2); and (4) one anthropology-oriented
case, consisting of skull, humerus, and femur (Figure 3). The seminar
was held on Microsoft Teams, while the 3D models were presented by
screen sharing. After the seminar, the students had the opportunity to
use some of the models in Microsoft Teams without downloading the
files, or they could download the 3D models and attempt to use them
on their own computer/tablet or mobile phone. Microsoft 3D Viewer,
a free application in Windows 10, or Emb3D, a free application in iOS/
Android, was used by the students. A video showing one of the 3D
models can be accessed from https://youtu.be/TB9pUlogxiQ

All participants were requested to give formal feedback, an-
swering eight questions regarding the usefulness of the method.
The first part of the anonymous questionnaire consisted of three

RENSIC SCIENCES

(A) (B)

(D)

FIGURE 3 Femur models created with photogrammetry. Model
created with a smartphone (Samsung S7 Edge (A) and a DSLR
(Canon EOS 1300D) (B). Wireframe of the model superimposed
on a part of the model (C). Virtual view from the medullary cavity
with superimposed wireframe (D) [Colour figure can be viewed at
wileyonlinelibrary.com]

questions, in which photogrammetry was compared to other “con-
ventional” methods. The students had to respond according to a
5-point Likert scale to express their satisfaction with 3D photo-
grammetry models compared with current in-person autopsy room
experiences, watching pre-recorded autopsy videos, or viewing
post-mortem images. The second segment consisted of three ques-
tions about the possible future role of photogrammetry in forensic
pathology education. In this part, the participants had to respond
using a 3-point Likert scale to indicate whether they would like to
learn with this modality only in the setting of required distance
education, or whether it could be used in the setting of in-person
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education as an additional educational modality or as a replace-
ment for the current conventional in-person autopsy room experi-
ence. The last part of the questionnaire contained two open-ended
questions. One related to the quality of the 3D models, asking the
students which of three bone models was created using a smart-
phone camera, and the other asked for the student’s personal opin-

ions, suggestions, and technical notes.

2.4 | Statistical analysis
Chi-square test was calculated with GraphPad (GraphPad Software)
to determine statistical significance between answers. Level of sig-

nificance was p < 0.05.

3 | RESULTS

Each participant completed the questionnaire. The responses are
presented in Tables 1 and 2 and show that 3D models are a promis-
ing educational modality in forensic pathology. While 100% of the
students recommended the use of photogrammetry in distance
education and as a supplement to traditional in-person autopsy ex-
periences, only 40% indicated that it should be used instead of the
in-person demonstration.

According to the last part of the questionnaire, only one (5%)
student correctly selected the image of the bone model which had
been digitized using a smartphone camera.

The last question was about personal opinions. The students felt
that photogrammetry would be a practical and potent tool in educa-
tion: “I would use the method during the exam period and even after my
forensic classes...”. Regarding technical handling of the models, and

compatibility with different media tools and operating systems, only

one student gave negative feedback, citing difficulties rotating the

models using touchscreen device.

4 | DISCUSSION

With the improvement of algorithms, photogrammetry has become
widely available but is not yet a commonly used tool in forensic pa-
thology and in medical education.

Documentation by photogrammetry was easy, fast, and fit-
ted completely into our routine autopsy algorithm. The extra time
needed to take the required photographs varied from 3 to 4 min per
object, so it did not interrupt the process of autopsy. Basic knowl-
edge in photography was sufficient to obtain images of good quality.

To increase depth of field, small aperture (f: 16 or 22) was used.
This resulted in decreased light reaching the sensor, which increased
shutter time and the likelihood of blurred pictures. To counter this,
high sensitivity (ISO 1600-3200) was set. In traditional photograph
documentation, this should be avoided, because elevated sensitivity
increases background “noise” levels. However, because of the use the
overlapping pictures, noise is eliminated during the data processing.

Unlike post-mortem imaging and 3D surface scanning, photo-
grammetry does not need special equipment. If there is homoge-
nous lighting, even a mid-range smartphone camera can produce
suitable results. To demonstrate this, one of the bones (femur) was
also photographed with a mobile phone. The resulting 3D model was
presented to the students along with two other models made with
the DSLR camera. Based on the result of the questionnaires, the vast
majority of students could not detect which model was made by a
professional camera and which one with a smartphone (Figure 3).

Among academic users, one of the most popular software prod-
ucts for photogrammetry is Meshroom, a free and open-source 3D

reconstruction software based on the AliceVision framework. For

TABLE 1 Questionnaire: Comparison of photogrammetry to other means of autopsy demonstrations

How satisfied are you with the photogrammetry = Completely Moderately Slightly Not at all

models compared to... satisfied Very satisfied satisfied satisfied satisfied

Traditional autopsy room demonstrations 10 (50%) 9 (45%) 1 (5%) 0 (0%) 0 (0%)

Watching an autopsy video 16 (80%) 3(15%) 1 (5%) 0 (0%) 0 (0%)

Post-mortem CT/MR imaging 14 (70%) 6 (30%) 0 (0%) 0 (0%) 0 (0%)
TABLE 2 Demonstration questionnaire:

Would you recommend the use of Would Would not Do not N .
Preference of photogrammetric

photogrammetry... recommend recommend know . X
demonstration in different educational

In distance education 20" (100%) 0 (0%) 0(0%) scenarios

In addition to autopsy demonstrations in 20" (100%) 0 (0%) 0 (0%)

contact education
Instead of autopsy demonstrations in 8 (40%) 7 (35%) 5(25%)

contact education

*p < 0.000.1 vs. would not recommend
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optimal results, it needs a computer with relatively strong CPU and
a CUDA enabled GPU. Models can be produced with a slower com-
puter as well, but the reconstruction can be very time-consuming.
We have used Autodesk ReCap Photo suite; one advantage is that
the computation-intensive tasks are handed server-side, so the user
does not need a powerful computer. For teachers, students, and ac-
ademic institutions, AutoCAD offers a free educational license with
some limitations.

Our study focused on the online forensic pathology teaching ex-
perience of medical students in Hungary during the first wave of the
COVID-19 pandemic. The results of our study indicate that photo-
grammetry has a high educational potential in forensic pathology,
both in the setting of required distance education when in-person
autopsy experiences cannot be provided and providing a useful
educational modality to enhance accompanying conventional in-
person autopsy education. By using the photogrammetric models,
the students were able to visualize each dimension (including depth)
of the wound and injury patterns, resulting in a similar experience
to autopsy demonstration. In addition, they were able to study and
review these models.

On the other hand, the application of this fast, easy, and cheap
method could be a promising addition in pathology education, as it
would allow the teacher to show more types of cases to students.
3D modeling of organs or organ systems affected with specific dis-
eases could provide better visualization and understanding to stu-
dents. The questionnaires showed that most students would see
this technique as a supplementary method, but not a substitute, as
one of the students commented: “I would not replace the autopsy
demonstrations, because | really liked them, but this would help study-
ing and practicing at home...”. Furthermore, this method also has
much potential for use in routine forensic pathology as a way of
documentation [11]. In courtroom testimony, the rotatable, zoom-
able 3D models have higher demonstrative value and help better
understand certain situations than the standard static photograph
documentation [14]. It is important to note that during the educa-
tional use of photogrammetric models of autopsy cases, the local
legal regulations must always considered, and all 3D models should
be de-identified.
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