Hernia (2020) 24:159-166
https://doi.org/10.1007/510029-019-02032-5

ORIGINAL ARTICLE q

Check for
updates

Development and evaluation of a novel simulation model
for transabdominal preperitoneal (TAPP) inguinal hernia repair

G. Ivakhov'® - A. Kolygin' - S. Titkova? - M. Anurov? - A. Sazhin'

Received: 5 May 2019 / Accepted: 7 August 2019 / Published online: 19 August 2019
© Springer-Verlag France SAS, part of Springer Nature 2019

Abstract

Background Transabdominal preperitoneal (TAPP) inguinal hernia repair requires the surgeon to have good manual skills
in laparoscopic surgery, as well as an understanding of the laparoscopic features of the groin anatomy. This is why TAPP
is considered a more difficult surgical procedure compared to open techniques. Realistic training model for TAPP inguinal
hernia repair would enhance surgeons’ skills before they enter in the operation room. Our aim was to create a realistic,
inexpensive, and easily reproducible model for laparoscopic TAPP inguinal hernia repair and to assess its effectiveness.
Methods The applied TAPP inguinal hernia repair training simulator consists of a laparoscopic box and an inguinal region
model placed in it. The model of the groin area is made of the porcine stomach and assembling materials. Uniaxial tensile
and T-peel tests were performed to compare the mechanical properties of the porcine stomach and the human cadaver peri-
toneum. Thirty eight surgeons performed TAPP inguinal hernia repair using this model. Their opinions were scored on a
five-point Likert scale.

Results Close elastic modules of the porcine and human tissues (13.5 +4.2 kPa vs. 15.8 +6.7 kPa, p=0.531) gave to trainees
a realistic tissue feel and instrument usage. All participants strongly agreed that model was highly useful for TAPP inguinal
hernia repair training. They also put the following points: the model as a whole 5 (3-5), simulation of anatomy 5 (3-5),
simulation of dissection and mobilization 5 (3-5), and simulation of intracorporeal suture 5 (4-5).

Conclusions We successfully created a model for TAPP inguinal hernia repair training. The model is made of inexpensive
synthetic and biological materials similar to the human tissue. The model is easy to reproduce and can be used in the train-
ing programs of surgical residents.

Keywords TAPP - Training - Simulation model - Laparoscopy education

Introduction

Inguinal hernia repair is one of the most common operations
performed by general surgeons. TAPP inguinal hernia repair
is becoming increasingly frequent due to the lower incidence
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of postoperative pain, the lower chance of mesh infection,
and faster patient recovery compared to open techniques.
When performed by experienced surgeons, laparoscopic
TAPP for inguinal hernia repair is an operation of choice
for bilateral and recurrent hernias after open surgery pro-
cedures [1].

Despite the proven advantages in current guidelines, the
widespread introduction and use of TAPP operation has not
yet been noted [2]. Recent studies showed the low rate of
utilization of minimally invasive techniques for inguinal
hernia repair ranges from 10 to 48% [3], and almost half of
the surgeons have never performed laparoscopic operations
for inguinal hernias [4].

The main problem for introduction of TAPP is the lack
of required manual skills for this procedure [5]. At the same
time, the loss of tactile feedback has created a prolonged
learning curve for this approach [6]. It should not forget
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the absence of a similar open procedure, which also makes
learning more difficult. Moreover, laparoscopic TAPP ingui-
nal hernia repair is one of the few operations, which must
be completed totally laparoscopically, and it is impossible
to perform a conversion.

In this aspect, TAPP procedure simulation models should
play an invaluable role, being as close as possible to live sur-
gery, allowing trainee to feel the features of dissection in the
preperitoneal space, the difficulty in positioning of the mesh,
and applying intracorporeal suture on the peritoneum [7].

All hopes for virtual simulators failed, because they do
not allow us to feel feedback and have low efficiency for such
kind of procedure [8]. Unfortunately, training on cadavers
is a complex problem and very expensive [9]. In this regard,
only specially created models that maximally reflect the fea-
tures and feedback of the dissection during an operation can
have an importance.

We think that an inexpensive and realistic model could
improve the learning outcomes and make laparoscopic TAPP
inguinal hernia repair more accessible for surgeons.

In this study, we aimed to create a biological model for
the main stages of laparoscopic TAPP inguinal hernia repair
training and to assess its efficiency.

Materials and methods
Model creation

We made our model using the biological tissue and synthetic
materials: a large flap of the porcine stomach, a polyure-
thane board, and polyethylene tubes of different diameters
and rigidity.

Creation of the biomodel includes four stages: preparation
of biomaterial, the creation of an inguinal area simulating
board made of polyurethane foam and synthetic tubes, the
connection of the gastric flap and the board, and the place-
ment of the model in a laparoscopic box.

Preparation of biomaterial

The fresh porcine stomach was washed with water through
the stump of the esophagus. With straight scissors, we cut
the stomach along a small curvature and set it on the table
with a mucous layer outside. We made incisions of about
5 cm along a large curvature to straighten the folds of the
stomach. The flap of the stomach was placed on a board and
the edge excess of tissue was cut off. The prepared gastric
flaps were laid in a straightened form on top of each other in
a plastic box. A preserving solution was added to the box,
which consisted of three equal parts of alcohol, glycerin, and
distilled water. After 2—-3 h, boxes with tissues were placed
in a refrigerator with a temperature of +6 ‘C. The next day,
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the tissues were ready for use. After such preparation, the
tissues can be stored for up to 2 weeks at a temperature of
6-8° without loss of their properties.

The creation of an inguinal area simulating board

Schematic view of the model is shown in Fig. 1a. We used
a board of polyurethane foam with a thickness of about
2 cm and a size of 33 by 24 cm. Tubes of different diam-
eters which simulated the basic anatomical structures of the
inguinal region were placed on the board (Fig. 1b). A thick-
walled tube, 10 mm in diameter and about 20 cm long, was
used to simulate the iliopubic tract. It was located in the
oblique longitudinal direction: 5 cm to the left and 8 cm to
the right above the lower edge and fastened with 5—6 sutures
to the board. A thin-walled elastic tube, 4-5 mm in diam-
eter, was used to simulate the epigastric artery. The tube that
simulates the artery was filled with red water-soluble paint
and attached transversely to the left side of the board. Soft
thin tubes, 3 mm in diameter, that simulate the vas deferens
(filled with white water-soluble paint) and the spermatic ves-
sels (filled with red water-soluble paint) were fixed above
the tube of the iliopubic tract. The board was ready to be
connected to the gastric flap after fixing all the tubes.

Creation of a biomodel

The porcine stomach flap was placed on the board. The
upper part of the flap was fixed with 2-3 seams to the board
to prevent its displacement during manipulation. Then, in the
lower part of the flap, we created tunnels between the sero-
muscular and mucosal layers and carried through them the
tubes simulating the artery and the vas deferens (Fig. lc, d).
The stomach tissue in the central part was fixed to the board
with six seromuscular sutures without a submucosal layer.
Then, a flap of the stomach was fixed along the edge of 8—10
sutures through all layers to the polyurethane foam board.
Thus, a biomodel of the right inguinal region was created.
Prepared biomodels for prevention of drying were covered
with a semi-moist cloth and placed in tightly closed boxes,
in which they were stored from several hours to 3 days.

Placement of the model

Before training, the prepared biomodel was placed into
a box under the control of a laparoscope (Fig. le, f). The
biomodel was placed at an angle, which is similar to the
angle of the anterior abdominal wall of the patient during
the laparoscopic TAPP inguinal hernia repair. After plac-
ing the model, we fixed it to the bottom and top of the box.

The simulator consists of a plastic box located on a
table, which simulates the patient’s position on the operat-
ing table. The surgeon and the assistant stand in front of
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a

Fig.1 Schematic view (a) and stages of TAPP hernia repair model
preparation; b the tubes for simulation of the basic anatomical struc-
tures of the inguinal region placed on the board; ¢, d pulling of the

the box. They could stand in a position similar to laparo-
scopic TAPP inguinal hernia repair and use laparoscopic
tower and instruments normally used in the operating
room (Fig. 2a).

tubes through the tunnels in submucosal layer; e the model placed to
the laparoscopic box; f laparoscopic view of the created model with
marked anatomical structures

Mechanical testing
Sample collection

The samples of parietal peritoneum for the study were col-
lected from two male and two female non-fixed cadavers.
The local ethics committee at Pirogov Russian National
Research Medical University approved this study experi-
mental design. Specimens of the peritoneum together with
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Fig. 2 Position of the surgeon and the assistant in front of the training box (a) and main steps of training: dissection (b), mesh placement (c), and

peritoneal closure (d)

underlying tissues were collected from both sides of lower
part of abdominal wall.

The samples of gastric mucosa were taken from four
pig stomachs prepared for the biomodel the next day after
conservation.

All samples of mucosa layer were excised from the por-
cine stomach along curvature major and of the human peri-
toneum along linea alba.

The specimen thickness was measured with a digital
thickness gauge.

Tensile test

All mechanical tension tests were carried out with help
of a single-column universal material testing machine
TA.XTplus texture analyzer (Stable Micro Systems Ltd.,
UK) equipped with a strain gauge load cell of 0.3 kN with
a minimum value of scale division of 0.1 cN. A step of
crosshead movement was 0.001 mm. The working width
of grips was 40 mm. For analyzing the results, interactive
stress—strain curves were used. Samples 40 X 20 mm were
fastened with standard grips; the operational distance was
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25 mm. The initial tension was set at 10 cH, the samples
were stretched at the speed of 0.5 mm/s up to breaking.
Exponent version 6.0 software was used to register and pro-
cess the data. A straight line was drawn from the zero mark
through the slope of the linear region of the stress—strain
curve. Projection of the point of line’s divergence to the
stress axis was the elastic limit and to the strain axis was the
elastic strain. The elastic modulus (E) was calculated as the
ratio of the elastic limit to the elastic strain, and measured
in kPa.

T-peel test

We used T-peel test to compare the force needed to sepa-
rate the porcine gastric mucosa and human peritoneum from
underlying tissues.

The layers of tested samples were peeled apart in a dis-
tance of 20 mm for forming the two “legs”, which were
placed in the grips of a force-testing stand for continuous
measurement of the force and displacement of the separa-
tion at a constant speed of 0.5 mm/s. The average peeling
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force over the width of the sample was then calculated and
expressed in N/mm.

Model use and assessment

The mentor showed a training video, and then performed
a demonstration operation on the biomodel before training
operation. During the demonstration operation, the men-
tor paid attention to various difficult technical moments.
After that, the trainees worked in pairs and each performed
three operations. The model allows performing 12—-14-cm
incision, dissection (Fig. 2b), placing a 10 X 15-cm mesh
(Fig. 2c), fixing the closing of peritoneum with sutures as
during the real surgery (Fig. 2d). After training, all the par-
ticipants filled out a questionnaire, specially designed for
this study, regarding their opinion about the model as a
whole, simulation of anatomy, simulation of dissection and
mobilization, and simulation of intracorporeal suture on a
five-point Likert scale (1—strongly disagree; 5—strongly
agree).

Statistical analysis

All analyses were performed using a commercial pack-
age of Statistica 13.3 software for Windows (StatSoft Inc.,
Tulsa, OK, USA). Results are expressed as mean values and
standard deviations (SD) for continuous normally distributed
variables, as median (range) for continuous non-normally
distributed data, and as counts and percentages for categori-
cal data. Analysis of normality was performed with the Kol-
mogorov—Smirnov and Shapiro—Wilk tests. The Student’s ¢

test for independent samples was used for comparisons of
continuous variables. The Mann—Whitney U test was used
for nonparametric quantitative data. A p value less than 0.05
was considered statistically significant.

Results
Mechanical testing

Mechanical tests demonstrated that the elastic moduli of
the human peritoneum and pig gastric mucosa are close in
mean values, reaching 15.8+6.7 kPa and 13.5+4.2 kPa,
respectively (p=0.531). However, the average peeling force
is nearly two times higher for gastric mucosa separation
(0.212+0.014 N/mm vs. 0.11 +0.086 N/mm, p=0.038).

According to measurements, the thickness of human peri-
toneum was, on average, 1.74 +£0.39 mm vs. 1.73 +0.32 mm
of pig gastric mucosa (p =0.168).

Model assessment

Thirty eight surgeons participated in the study. Their charac-
teristics are shown in Table 1. Surgeons had different work
experience and level of experience in laparoscopic surgery.
Twenty one of them have never performed laparoscopic
inguinal TAPP hernia repair. Almost a quarter of surgeons
have performed less than ten laparoscopic TAPP inguinal
hernia repair.

The results of the subjective assessment of the model on
a five-point scale were as follows: the model as a whole—5

Table 1 Demographics of the

surgeons Age 39 (24-65)
Sex (male) 35(92)
Work experience 14.5 (1.5-32)

< 10 years 16 (42)

10-20 years 9(24)

> 20 years 13 (34)
Experience with laparoscopic surgery (as a main surgeon) 5.5 (0.5-25)

< 10 years 26 (68)

10-20 years 9(24)

> 20 years 3(8)
Number of laparoscopic operations per year 62.3 (6-300)

<50 17 (45)

50-100 924

> 100 12 (31)
Number of laparoscopic TAPP inguinal hernia repair per year

0 21 (55)

<10 9(24)

> 10 8(21)

Data are presented as median (range) or n (%)

@ Springer



164

Hernia (2020) 24:159-166

(3-5), simulation of anatomy—?5 (3-5), simulation of dissec-
tion and mobilization—S5 (3-5), and simulation of intracor-
poreal suture—5 (4-5). Structured evaluation of the simula-
tion model is shown in Table 2.

Discussion

Based on the guidelines of the European Hernia Society
(EHS) [10] and International Endohernia Society (IEHS)
[11], laparoscopic hernia repair is advantageous when com-
pared to open surgery and recommended as the first-choice
treatment. At the same time, the introduction of TAPP ingui-
nal hernia repair encounters significant difficulties associ-
ated with the need for special laparoscopic manual skills.

TAPP inguinal hernia repair is one of the few operations
that have no analog in open surgery, so first steps in learn-
ing of laparoscopic inguinal hernia repair require a special
approach to surgical training. The trainees need manual
skills for dissecting, positioning of the mesh, and the intra-
corporeal peritoneal defect closure alongside proper knowl-
edge of laparoscopic anatomy and features of technique.

A cognitive and technical training curriculum is vital to
improve surgeon’s manual skills and patient outcomes [12].
Both surgeons and residents agree that the best educational
method would be simulation-based training courses followed
by expert proctoring [4], therefore, simulation-based training
courses could be part of a standardized curriculum concept
for continuing training in hernia surgery [13]. Introduction
of various models for TAPP procedure reinforces expecta-
tion for improving quality of training and contraction of
learning curve.

In recent years, there has been an increasing role of vir-
tual simulators in laparoscopic surgery, and in particular,
in the teaching of laparoscopic inguinal hernia repair, but
up to date, no studies were encountered using computer-
simulated inguinal hernia repair for training [12]. The lack
of tactile sensitivity, a significant difference from the real
intraoperative situation in the dissection of the peritoneum,
and intracorporeal suturing reduce the effectiveness of vir-
tual simulators used for the learning of this intervention.

Different simulators for TAPP and TEP inguinal her-
nia repair used artificial anatomical structures and tissue

placed in a box trainer have been currently developed [14,
15] and their use demonstrates improving of the operative
performance and patient outcomes in laparoscopic ingui-
nal hernia repair [16]. Nishihara et al. recently presented a
physical simulator for TAPP inguinal hernia repair training
using 3D printing technology and a handmade organ replica
model [7]. Unfortunately, artificial models also do not give
an adequate possibility to simulate dissection of tissue and
to get a realistic tissue feeling and instrument usage [17].
An identifying feature of our model is approximate of real
haptic feedback of preperitoneal dissection, mesh position-
ing, and intracorporeal peritoneal defect closure. Nearly all
the participants who never performed laparoscopic inguinal
TAPP hernia repair rated the likelihood of its performance
after training on the model as very high. Placement of the
model at an angle similar to the angle of the anterior abdom-
inal wall of the patient during TAPP inguinal hernia repair
allows the trainees to experience stress positions of wrist
joint during all stages of TAPP procedure with a simulator.
Importance of the combination of haptic feedback and stress
positions of surgeon’s wrist and arm during laparoscopic
TAPP inguinal hernia repair training was noted in study of
Nishihara et al. [7]. Therefore, the model also can be used to
measure performance of the main procedure-specific surgi-
cal steps included in the curriculum for laparoscopic TAPP
inguinal hernia repair by many researchers [13, 18].

The use of porcine models for laparoscopic surgery prac-
tical skills training has long proved its effectiveness [19,
20]. However, high cost and special requirements for animal
housing make using live porcine models very complicated.

The only model that allows simulation of TAPP hernia
repair in terms of real anatomy is the cadaver model. How-
ever, the implementation of such training requires special
facilities and equipment. In addition, both the cadaver and
the live pig model can be attributed to single-use models.
This also significantly increases the cost of training.

Not having a goal to reconstruct completely an anatomy
of human inguinal region in our model, we indicated the
main anatomical landmarks for recognizing using synthetic
materials filled with colored fluid and placed to the sub-
mucosal layer. Liquid leakage in case of damage of tubular
structures brings the procedure closer to actual practice. All
synthetic parts of our model can be used repeatedly. The

Table 2 Structured evaluation
of the simulation model of

laparoscopic TAPP inguinal
hernia repair

1 23 4 5
The model as a whole is realistic - — 4(10.5%) 10(26.3%) 24 (63.2%)
The model could simulate the human anatomy - — 4(105%) 11(29%) 23 (60.5%)
The model could simulate dissection and mobilization - — 405%) 7(184%) 27 ((71.1%)
The model could simulate peritoneal closure - - - 4(10.5%) 34 (89.5%)
This model is useful for TAPP inguinal hernia repair training — — - - 38 (100%)

Five-point Likert scale: 1 strongly disagree, 2 disagree, 3 neutral, 4 agree, 5 strongly agree
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porcine stomach is only single-use part of the model, which
can be obtained from the slaughterhouse for free.

The similarity of anatomy and mechanical properties of
the corresponding organs and tissues opens up opportuni-
ties for trainings and medical device testing on isolated pig
organs [21]. For the first time, we used dissimilar organ to
create TAPP hernia repair model—the porcine stomach.
Therefore, for the validation of the model, we performed a
comparative assessment of the mechanical properties of the
lower part of the human peritoneum, which is dissected for
a long distance in TAPP hernia repair, and the mucosa of
the porcine stomach, which is dissected in our model. Simi-
lar thickness and elasticity made it possible to perform the
main steps (dissection, intracorporeal suture) with sensations
close to real, and to use real laparoscopic instruments. At
the same time, the strength required to separate the gastric
mucosa was higher. Many trainees noted this in the com-
ments to questionnaire, but most of them attributed this to
the advantages of the model, as a possible element of train-
ing for procedure in case of recurrent hernia.

Our study has several limitations. Relatively small homo-
geneous group of general surgeons tested the model, and
further studies are needed to confirm whether skills obtained
with our model can be transferred directly to operative set-
ting. Our model does not include the step of hernia sac iden-
tification and reduction, but we are currently working with
improving the model.

The recommendation for a goal-directed curriculum
including anatomy, procedure steps, intraoperative deci-
sion-making and proficiency-based, simulation-enhanced
technical skills training has been strongly upgraded in the
International guidelines for groin hernia management [22].
Therefore, further models must be developed for intensive
preclinical training courses [23]. At the moment, no simu-
lation model can combine the real anatomy of the human
inguinal area, an intraoperative variety of hernias and all
procedural steps. We consider our model not as an alterna-
tive, but as part of a comprehensive multi-modal program
with focus on key procedure-specific practical skills training.
Considering the difficulties of performing TAPP procedure,
we suppose that our model, which reflects the main ana-
tomical landmarks, allows building a mental model of the
inguinal area for TAPP inguinal hernia repair even at the
training level.

Conclusions

We successfully created a model for TAPP inguinal hernia
repair training. The model is made of inexpensive synthetic
and biological materials similar to human tissue. This model
is easy to reproduce and can be used in the training programs
of surgeons and residents.
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