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Three-dimensional printing (3Dp) employs
a process of placing layers upon layers of mate-
rial to create a physical object based on a digitally
designed model [1]. The process (workflow) of
making 3D models involves data acquisition from
two-dimensional (2D) images, virtual reconstruc-
tion and physical printing [1]. 3Dp models are
sought as an effective means for educating not only
medical students, but also physicians, residents,
nurses and other healthcare providers, as well as
an aid in planning and training (simulating) pro-
cedures [2-8]. Having had experience in the field
and seeing the increasing interest, as depicted by
a growing body of literature, in medical 3Dp leads to
a question of whether it is worthwhile and possible
to teach undergraduate medical students about the
basics of 3Dp workflow within a reasonably short
timeframe. For this purpose, a pilot hands-on 3Dp
elective course was organized to expose medical
students to the potential of 3Dp in the hopes of
raising their awareness and interest in the concept.

The course was comprised of 15 teaching
hours, equally divided into 5 days. The first 3 days of
the course included seminars on the following top-
ics — medical applications of 3Dp (with examples
from experience and published literature); available
software, printing technologies and materials; and
overview of the 3Dp workflow. The seminars were
given by a pediatric cardiologist with experience
in medical 3Dp and representatives of Zortrax
and Sinterit, well-known as desktop 3D-printer
manufacturing companies. During the seminars,
students asked questions and actively participated

in discussion. The last 2 days consisted of hands-
on workshops, wherein students worked in pairs
on four computed tomography (CT) scans to pre-
pare models of scapula, middle aortic syndrome,
vascular ring and trachea, and coronary arteries,
respectively. On the first day of the workshop, the
students were taught how to segment the region
of interest from the 2D images, create a digital 3D
model and inspect them for artifacts, which were
fixed if present. Each pair practiced these steps on
all four CT scans using Materialise Mimics Innova-
tion Suite 22.0. The students then prepared a STL
file for the vascular ring and trachea model, which
was printed overnight for the second workshop day.
On the last day, the students were taught how to
post-process the printed 3D model (e.g. removing
support structures). Each pair worked together on
their models to prepare the final product, which
they were allowed to take home.

Fourteen 4" and 5" year medical students from
the Medical University of Gdansk participated in
this pilot course. The enrollment for the course was
done through an online system on a “first-come,
first-served” basis. Ten students were eligible to
take part in the study — three had prior experience
in making 3Dp models and one did not consent to
take part in the study. To gauge the effectiveness
of the course, a questionnaire and a technical test
was developed which the students filled out prior
to entering and after completing the course. The
entry questionnaire consisted of 22 Likert scale
items assessing their familiarity with 3Dp, their
opinion on its applications and their perception of
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Table 1. Results of entry- and exit-subjective questionnaire and objective technical test scores.

Entry-responses Exit-response P
(n = 10) (n = 10)
Median (IQR) Median (IQR)
3Dp models are accurate and precise representation 3 (2.75-4) 4 (3.75-5) 0.02
of patient’s anatomy
Working through the process of making 3Dp models 4.5 (3-5) 5 (4.75-5) 0.18
would improve my understanding of anatomy
3D printing helps in understanding pathologies and 4 (3.75-4.25) 5 (4.75-5) 0.01
planning medical interventions
3Dp models can be used to plan, prepare and practice 4 (3-5) 5 (4-5) 0.22
surgical procedures
3D printing has a role in medical education 4.5 (4-5) 5 (4-5) 0.75
3D printing can be used to make customized prothesis 5 (4-5) 5 (4-5) 0.75
and implants
3Dp models can be used to educate patients about 4 (3-5) 5 (5-5) 0.03
their diseases and treatment
3D printing can be used in pharmaceutical research 3 (2-3) 4 (3-5) 0.02
(e.g. drug dosages, delivery system
3Dp models can be used in administering doses of 3 (2-3) 3.5 (2-4.25) 0.34
radiotherapy in treatment of superficial cancers
3D printing can be currently used to make organs for 2 (2-3.25) 2.5 (1-5) 0.35
transplantation
3Dp models can be used to make physical libraries of 4 (3-5) 5 (4.75-5) 0.38
several pathologies and their variants
3D printing is a widely researched concept in medicine 3 (2-3) 5 (2.75-5) 0.03
and healthcare
Senior doctors can benefit from 3Dp models 5 (3.75-5) 5 (4-5) 0.63
Medical residents can benefit from 3Dp models 5 (3-5) 5 (5-5) 0.5
Medical students can benefit from 3Dp models 5 (3-5) 5 (5-5) 0.13
Nurses can benefit from 3Dp models 4 (3-5) 5 (4.75-5) 0.13
Patients can benefit from 3Dp models 4.5 (4-5) 5 (5-5) 0.06
3D printing models is an extremely time consuming 4.5 (3-5) 5 (3.75-5) 0.19
3D printing models is a very costly process 3 (3-5) 4 (2.75-4.25) > 0.99
The process of printing 3D models is difficult. 3 (3-4.25) 3 (2-4) 0.23
It requires a lot of skill and experience
It is possible to customize 3D printed models after they 4 (2.75-5) 4.5 (3.75-5) 0.19
are printed (e.g. adding colors, textures, labels etc.)
Technical Test Scores* 6.3 = 1.34 8.4 = 1.65 0.0049

*Results reported in means + standard deviation. Analyzed using the Paired T-test; 3Dp — three-dimensional printing; IQR — interquartile

range

creating 3Dp models. In the exit questionnaire,
the students were asked about which step of the
3Dp workflow was the most challenging for them
and to give their opinion on how the course may
have influenced their medical education. It included
6 Likert scale items regarding the content and
quality of the course. The technical test included
7 true/false and 1 open question along with a ques-
tion regarding the order of steps in 3Dp workflow.
A statistical analysis of the questionnaire responses
and test scores was performed using the Wilcoxon

test and Paired T-test with GraphPad Prism 8.0.
As indicators of significance, two-tailed p-values
of < 0.05 was used.

Prior to starting the course, 70% of the stu-
dents stated that they were “somewhat familiar”
with the concept of 3Dp. In comparison, 40%
believed that they “have experience” and 60%
were “somewhat familiar” at the end of the course
(Suppl. Fig. 1A). The course was able to positively
change the opinion of the students regarding the
following medical applications of 3Dp — creating

www . cardiologyjournal.org 895



Cardiology Journal 2020, Vol. 27, No. 6

accurate representations of a specific patient’s
anatomy (p = 0.02), helpful in understanding
pathologies and planning medical interventions
(p = 0.01), beneficial for patient education (p = 0.03)
and application in pharmaceutical research
(p = 0.02) (Table 1). After the course, they also
realized the scientific interest in researching the
concept of 3Dp in the field of medicine (p = 0.03).
In both entry and exit responses, the students
unanimously agreed that 3Dp has a role in medi-
cal education, making customized protheses, and
practicing surgical procedures. At the end of the
course, 40% of students disagreed that 3Dp is dif-
ficult and requires experience as compared to 0%
before the course (Suppl. Fig. 1B).

Majority (60%) of the students found seg-
mentation to be the most challenging step in the
3Dp workflow, the rest found analyzing the CT
images, inspecting the digital model and prepar-
ing the model for printing to be more challenging
(Suppl. Fig. 1C). All students were pleased with
the content and methods of teaching 3Dp used in
the course (Suppl. Fig. 1D). Every student stated
that they would be interested in participating in
such courses in the future and would recommend
them to fellow students (Suppl. Fig. 1D). It was
also seen that learning the process of 3Dp and its
application had a positive impact on the experience
of learning medicine of each student participating in
the course (Suppl. Fig. 1D). The students scored
significantly higher in the technical exit test (mean
score = 8.4 vs. 6.3, p = 0.005). Majority (60%) of
students were able to correctly arrange the steps
of the 3Dp workflow in the exit test as compared
to only 30% in the entry test (Suppl. Fig. 1E).

Three-dimensional printing is a relatively
novel and emerging concept in the field of medicine
with widespread applications. It is therefore worth-
while introducing undergraduate medical students
to, not only its uses but also the process of creating
3Dp models. The present study demonstrates that
the course including hands-on workshops such as

these are effective for this purpose. Learning and
experiencing 3Dp workflow adds an additional skill
to the repertoire of a student while also enhancing
their medical education. Courses like these have
the potential of raising interest and attracting stu-
dents to partake and contribute in furthering the
practice of medical 3Dp.
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