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Abstract

Background We verified the effectiveness of training in endo-
scopic endonasal transsphenoidal surgery (eETSS) techniques
using chicken eggs and a skull model.

Methods We verified the area of eggshell removed by drilling
when five residents and four experts used the chicken eggs
and a skull model.

Results When residents performed drilling on 10 eggs, a mean
(£ standard deviation [SD]) area of 31.2 £ 17.5 mm2 was
removed from the first egg, and 104.8 = 3.3 mm2 from the
tenth and final egg, representing an increase in area and a
decrease in SD. The experts performed the same drilling
operation on a single egg, and removed a mean area of 257+
31.7 mm2. These results demonstrated that skills improved as
a result of this training, and suggested that this method was
also capable of overcoming the initial individual differences in
the amount of force applied and ability. An obvious difference
between residents and experts was seen in the area removed
(p = 0.00011); however, this was attributed to differences in
endoscopic manipulation, rather than drilling skill.
Conclusion Our findings suggest that this training method
could be adequate for acquiring eETSS techniques.
Although experts showed superior endoscopic manipulation,
residents may also be able to acquire adequate endoscopic
skills through further training, and our training method
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appears to offer an effective means of improving eETSS
techniques.
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Introduction

The use of endoscopic endonasal transsphenoidal surgery
(eETSS) has been rapidly adopted since it was first reported
for the treatment of pituitary tumors in the early 1990s [4, 5]. A
variety of skull base closure methods have recently been de-
veloped and are now being used for parasellar lesions; they are
also being used more widely in the skull base region [6, 7].
However, eETSS is a highly specialized procedure that requires
training to master [1, 13]. Cadaver dissection and hands-on
seminars are both used, but these chiefly focus on understand-
ing the surgical anatomy [10], and training in surgical tech-
niques is not yet as advanced as that available for microscopic
surgery [2, 3]. The expanding use of eETSS in recent years to
cover a wider range of conditions means that training in eETSS
techniques similar to that for microscopic surgery will become
more important in the future. We have previously reported a
specialized training method for eETSS techniques that utilizes
chicken eggs and a skull model [11]. This method has low
running costs and can be used for repeated practice, meaning
that it has the potential to contribute to improving eETSS
techniques. The present study investigated the value of this
method in training residents in eETSS techniques.

Methods
Subjects comprised five residents, with two in post-graduate

year (PGY)-2, one in PGY-3, and two in PGY-4. No subjects
had any experience in neuroendoscopic surgery. An Okuda
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Fig. 1 External appearance of the Okuda training model. a Frontal view
of the facial simulation model. The egg is secured by pressure from the
sponge above it. b Frontal view with the facial simulation model re-
moved. The nasal cavity and nasal sinuses are constructed from three

training model (SurgTrainer, Ibaragi, Japan) was used as the
training model (Fig. 1). This model is made using 3-
dimensional (3D) printing technology to reproduce the nasal
cavity and nasal sinuses from patient computed tomography
scans as 3D plates, recreating a more realistic operative field
(Fig. 2). This depicts the nasal ala of the facial model with
greater reality, reproducing both its flexibility and the degree
of displacement caused by surgical instruments (Fig. 3). As
training with this model starts from the sellar floor, the anterior
wall of the sphenoid is removed in advance. The sellar floor

Fig. 2 Endoscope inserted into
the model. a Actual training in
progress. b The endoscope
inserted from the right nasal
cavity. The front right black arrow
indicates the inferior nasal
concha, and the back white arrow
indicates the middle nasal concha.
Part of the chicken egg is also
visible at the back. ¢ The
endoscope is further inserted. As
the anterior wall of the sphenoid
has already been removed, the
inside of the sphenoid sinus is
visible, and the egg that forms the
simulated sellar floor can be seen
(arrow). d The endoscope
inserted into the sphenoid sinus.
The egg appears just like a sellar
floor that has ballooned
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Plates. ¢ Side view of the model. The anterior wall of the sphenoid has
been removed in advance. The posterior part of the nasal septum can
easily be cut in the desired location (it has already been cut in this
photograph). The white arrow is operative view

area is also open, but a chicken egg is inserted in this area to
create a simulated tumor. The eggshell is extremely thin, with
an inner shell membrane composed of extremely fragile tis-
sue. Rough drilling not only fractures the shell but also easily
ruptures the shell membrane, resulting in leakage of the con-
tents. In this study, we measured the area of eggshell that
could be removed by drilling without fracturing the shell
membrane. This area was measured by attaching Inkjet
Printable Temporary Tattoo Paper (squared paper, 2 mmXx
2 mm) to the eggs used for measurement, with each subject
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Fig. 3 Nasal ala in the model. a
No displacement of the nasal ala.
b With the nasal ala displaced.
The nasal ala faithfully
reproduces the hardness of the
living body, giving the user the
same experience of inserting
surgical instruments by displacing
the ala as that during actual
clinical surgery. Two or three
instruments can be inserted from
one side, enabling the user to
experience a more realistic
unilateral approach

performing simulated eETSS using 10 eggs (Fig. 4). The data
thus obtained were compared with the areas removed by
experts (one-way analysis of variance, 1 % level). The experts
used only a single chicken egg. The endoscope used was a 4-
mm, 0° endoscope (EndoArm; Olympus, Tokyo, Japan).

Results

Data from the five residents showed that they removed a mean
(¢standard deviation [SD]) area of 31.2+17.5 mm? on the first
try. For all residents, the area removed increased in proportion
to the number of eggs used (Fig. 5). SD was clearly decreased
for the tenth and final egg, with an area of 104.8+3.3 mm?
removed. The mean area removed by the four experts (indi-
vidual data: 236, 240, 248 and 304) was 257+31.7 mm?, with
an obvious significant difference between this and the area
removed by residents (p=0.00011) (Fig. 6).

Discussion
Data from the five residents showed that the area of eggshell

removed increased in proportion to the number of eggs used.
This result demonstrated that drilling skills were improved

using this method. Individual differences in the area that could
be removed were evident on the initial try; this may
be attributed to differences in individual ability and the
amount of force applied. After continued training, however,
SD decreased and no great differences were observed be-
tween the five residents in the area removed from the final
tenth egg. This finding indicated that differences in individ-
ual ability and the amount of force applied were resolved
through training. It has been reported that eETSS entails a
learning curve, and the present results may be described as
indicating a similar finding [8, 9, 12]. However, the results
from inexperienced residents were obviously inferior to those
from the experts. This may have been due to differences in
the ability to manipulate the endoscope. Residents kept the
position of the endoscope almost fixed while drilling, ob-
serving the procedure from practically a single direction. In
contrast, experts effectively displaced the nasal ala to ensure
that the operative field encompassed both sides and the
anterior and posterior directions, providing a wider drillable
area of shell. If residents could undergo further training in
endoscopic manipulation, their skills would presumably im-
prove further.

Because this model is similar to eETSS and the instruments
are the same, it is reasonable to assume that the skills would be
transferable. In addition, the surgeons who perform eETSS

Fig. 4 Eggshell drilling test. a Inkjet Printable Temporary Tattoo Paper (squared paper, 2 mm x 2 mm) is attached to the egg, and only the shell is drilled.
b Example of an egg from which only the shell has been drilled. The shell membrane can be seen underlying the region of removed shell (arrow)
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Fig. 5 Comparison of areas 120
removed by five residents. On the (mmZ)
first try, the five residents 100

removed 31.2+17.5 mm? (mean
+ SD). For all residents, the area

removed increased in proportion 80
to the number of eggs used,

reaching 104.8+3.3 mm? for the
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tenth and final egg
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were much better from the outset than residents, and the
residents, through training, were moving toward where expe-
rienced surgeons were. Hence, our findings suggest that this
training method may be used to facilitate the acquisition and
improvement of eETSS techniques.
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Fig. 6 Comparison of areas removed by residents and experts. We
compared the results of the five residents for the tenth egg, from which
the greatest area was removed, with the results from four experts. The
mean area removed by the experts was 257+31.7 mm?, with an obvious
significant difference between this and the area removed by residents
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