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ABSTRACT

BACKGROUND. Nose and paranasal sinus surgery requires an accurate anatomical knowledge and a fine systematic learning. Sur-

gical practice on cadaveric specimens is very important for the ENT resident to allow for a step-by-step learning, but it is not easy in

all countries to have access to this compound.

MATERIAL AND METHODS. We propose 3D-printed anatomical bone model exercitations as an alternative method for ana-

tomical study, morphological research and surgical learning

RESULTS. We have achieved very satisfactory morphological results both for the colours and shapes.

CONCLUSION. The use of 3D modelling simulation allows the young surgeon to improve their technical skills and to the expert

surgeon to plan the preoperative strategy in complex situations.
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INTRODUCTION

Nose and paranasal sinus surgery and, in par-
ticular, fiberoptic endoscopic surgery require an
accurate anatomical knowledge and a fine system-
atic learning. Surgical practice on cadaveric speci-
mens is very important during ENT residency to
allow for a step-by-step learning, but students do
not have the same opportunity to access to this
compound in all countries.

Young surgeons often use cadaveric specimens to
study the morphology of human nasal cavity and im-
prove their surgical technique'. From ancient
Greece to the modern era, the use of cadaveric dis-
sections for learning anatomy was widely diffused.
Since the 14" century we have documented the
change in attitude of religious authorities towards
the body dissection and the diffusion of donation
programs in medical schools?. Otherwise, in some
countries, the access to anatomic compounds is still
limited and expensive because of cultural reasons
that discourage people from donating their body

for scientific research.

For example, China’s universities and medical
schools face an ongoing shortage of cadavers for
education and research®. We can find the same situ-
ation, or similar, even in Italy. Without a large
enough number of cadaveric specimens, surgeons
can learn surgical skills only by video and studying
images that cannot allow to evaluate the feasibility
of a new technique on a human body.

The use of 3D printing has been adopted for al-
most a decade in the medical field, with a limited
application especially in dentistry and orthopedics.
However, as the printers and dedicated software are
becoming more widely available and cheaper, there
is an increase in their use in medical practice for
rendering solutions. With the recent development
of 3D-printed anatomical bone models and the pos-
sibility to simulate specific clinical cases, some spe-
cialist has tried to use 3D models as an alternative
method for anatomical study, morphological re-
search and surgical learning. However, the real ac-
curacy of the morphology of a 3D-printed model
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Figure 1. CT scan reconstruction.

Figure 4. 3D model of the left middle turbinate and COM.

Figure 5. 3D model of the right middle turbinate and COM.

has not been completely determined.

The 3D anatomic model allows to perform a sur-
gical simulation reproducing the visual, auditory,
and all salient aspects of a real procedure. Zhao et
al.* demonstrated in 2011 that virtual reality simula-
tors could be used to improve performance on ca-
daver dissection of the temporal bone in comparison
with traditional teaching methods alone.

3D models for surgical training simulation allow
the trainees to practice surgical procedures in a safe
environment and exercise until they have mastered
them®. A recent study found that students who used
three-dimensional models had a better and shorter
learning curve when compared with students who
used digital models or textbook®.

For these reasons, we decided to create a 3D sili-
cone model reproducing the anatomy of the nose

Figure 3. 3D modelling for bioprinting.
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and paranasal sinuses of a healthy human adult and
keeping the colours and the anatomical features of
the different structures.

MATERIAL AND METHODS

We have therefore asked expert surgeons to cre-
ate a course for medical students and ENT resident
doctors, performing an anatomical dissection and a
simulation of the surgical techniques, highlighting
the many anatomical structures and focal points of
the different surgical times using CT scan, 3D re-
construction and 3D silicon model (Figures 1,2,3).

We have achieved very satisfactory morphological
results both for the colours and shapes. We have
used these 3D models to perform dissection exer-
cises. This represented an excellent method of
learning surgery, especially for young ENT doctors
who have not had technical skills yet (Figures 4,5).

The 3D models allow to perform anatomical dis-
section and to simulate surgical techniques, high-
lighting the many anatomical structures and focal
points of the different surgical steps. The most im-
portant limitation of this technology that we found
was the difficulty in rendering the multiple tissue
textures. In particular, we assessed that the consis-
tency of bone structures is different from the real
ones and that could represent a limit for the prac-
tice, especially in learning surgery. Otherwise, this
limitation can be solved using various colours to in-
dicate different layers.

CONCLUSIONS

In the light of this experience, the chance to re-
produce the exact anatomic layout could represent
a valid support in addition to the technical learning,
also for the assessment of complex clinical cases in

which the normal structural morphology is sub-
verted due to congenital malformations or patho-
logical processes. Thus, it provides a useful tool for
young surgeons to improve their technique and a
valid support for expert surgeons in pre-operative
surgical planning.
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