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ABSTRACT

Objectives. Laparoscopic learning curves are slow, and there are
no uniform surgical skill acquisition models. Therefore, our objective
was to assess a laparoscopic skill learning program in individuals
without any surgical experience, analyzing the learning curve by
means of a certified custom-made simulator, and evaluating whether
previous surgical experience had an impact on the learning curve.

Materials and methods. A certified custom-made simulator and
laparoscopic instruments were used to assess 20 university students
who performed 10 repetitions of 3 exercises of growing difficulty
(eye-hand coordination, hand-hand coordination, and cutting). Three
parameters were analyzed: total time with each hand, total mistakes
with each hand, and three items of the OSATS technical skill scale.
The two first exercises were compared with a group of 14 experi-
enced surgeons. Statistical analysis using repeated-measures Anova
and Student’s t-test was carried out (p < 0.05).

Results. Significant time improvement with each repetition was
demonstrated in the three exercises. Curve stabilization was faster in
surgeons (2-4 repetitions) than in students (8-9). Time reduction was
noted in the first and second exercises in both groups, with 44.08%
and 33.1% shorter times, respectively.

Conclusions. Individuals without surgical experience acquired
basic laparoscopic skills using a custom-made simulator, which al-
lows simple surgical techniques to be carried out in an inexpensive,
accessible fashion. Previous surgical experience was associated with
a shorter learning curve. The custom-made simulator allowed in-
dividuals with and without surgical experience to be distinguished
from each other.

KEeY WorbDs: Laparoscopy; education; Learning curve; Simulation;
Training.
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CURVAS DE APRENDIZAJE EN LAPAROSCOPIA

RESUMEN

Objetivos. La curva de aprendizaje en cirugia laparoscépica es
lenta y no existen modelos uniformes de adquisicién de habilidades
quirtrgicas. Tratamos de establecer la idoneidad de un programa de
aprendizaje de habilidades laparoscdpicas en sujetos sin experiencia
quirdrgica, analizando la curva de aprendizaje utilizando un simula-
dor artesanal homologado. Comprobar si la experiencia quirtrgica
previa modifica la curva de aprendizaje.

Material y métodos. Se empled un simulador artesanal vali-
dado e instrumental laparoscépico para evaluar a 20 estudiantes
universitarios que realizaron 10 repeticiones de tres ejercicios de
dificultad creciente (coordinacién ojo-mano, coordinacién mano-
mano y corte). Se evaluaron tres pardmetros: tiempo total y con
cada mano, errores totales y con cada mano y tres items de habilidad
técnica OSATS. Comparacion de los dos primeros ejercicios con un
grupo de 14 cirujanos con experiencia. Andlisis estadistico mediante
Anova para medidas repetidas y t de Student (p < 0,05).

Resultados. Se demostrd la mejorfa significativa del tiempo con
cada repeticion en los tres ejercicios. La estabilizacion de la curva fue
mds precoz entre los cirujanos (2-4 repeticiones) que los estudiantes
(8-9). Se comprobd la reduccién del tiempo invertido para el primer
y segundo ejercicio en ambos grupos, que en los estudiantes fue del
44,08% y 33,1% respectivamente.

Conclusiones. Individuos sin experiencia quirirgica desarrollan
habilidades laparoscépicas bdsicas utilizando un simulador artesa-
nal, que permite practicar técnicas quirtrgicas sencillas de forma
barata y accesible. La experiencia quirdrgica previa se asocia con
el acortamiento de la curva de aprendizaje. El simulador artesanal
permite discriminar entre sujetos con y sin experiencia quirdrgica.

PALABRAS CLAVE: Laparoscopia; Educacion; Curva de aprendizaje;
Simulacién entrenamiento.

INTRODUCTION

Laparoscopy is the technique of choice for multiple
procedures, both in adults and in children, with exponen-
tially growing importance(!?. Advantages over conven-
tional open surgery are widely known: better operating
field visualization, fewer surgical wound complications,
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less postoperative pain, shorter postoperative recovery
(thus making hospital stay shorter, too), and better esthetic
results®3. In pediatric surgery, the introduction of laparos-
copy has taken longer as a result of the lack of instruments
adapted to pediatric patients and the lower number of sur-
gical patients, which implies a slower learning curve®.

The learning curve is a graphic representation of how
many times a certain procedure needs to be repeated before
the skills necessary to perform it in an adequate and safe
manner are acquired. Curve inclination varies according to
individuals and procedures®. In laparoscopy, the learning
curve is more complex, slower, and more prone to mistakes
than in open surgery. This can be explained by various
factors, such as shortage of procedures suitable for training
purposes, difficulty of video-eye-hand coordination, loss
of third dimension and touch, and fulcrum effect, which
inverts instrument motion and increases trembling(4. For
greater patient safety, the learning curve should not be
based on the trial-and-error experience acquired at the
operating room only, but training should be initiated out-
side clinical practice®>.

There is no uniform laparoscopic skill acquisition
model available®©. Traditionally, skills have been acquired
by means of intensive hands-on courses®, but there are var-
ious laparoscopic surgical simulators designed for learning
at all levels™. They may use live (anesthetized animals)
or inert (human or animal corpses, virtual reality, syn-
thetic simulators, and custom-made simulators) systems.
The objective is to create a realistic environment allowing
laparoscopic skills to be reproduced outside the operating
room in a safe and ethical manner, with time and cost being
the only limitations. In addition, these simulators are
not only useful for initial laparoscopic learning, but also
for technical skill improvement in experienced surgeons.

The objective of this study was to assess a structured
training program for the acquisition of basic laparoscopic
skills in individuals without surgical experience by ana-
lyzing the learning curve using a certified custom-made
simulator®. To verify whether previous surgical experi-
ence had an impact on the laparoscopic learning curve,
the curves from the non-experienced group were compared
with those from the experienced surgeon group.

MATERIALS AND METHODS

For surgical skill assessment, a custom-made simulator
was used, and exercises were designed with growing levels
of difficulty (Fig. 1).

Custom-made simulator and exercise plates

The simulator was made up of a 38 x 27 x 20 cm
translucent plastic box with a 30-degree inclined inner
wood panel, on which two Velcro straps were adhered
for plate fixation purposes. Exercise plates were inter-
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Figure 1. Custom-made simulator and exercise plates. A) Eye-hand
coordination. B) Hand-hand coordination. C) Cutting. D) Final look
of the custom-made simulator.

changeable (Fig. D). A webcam was placed on the box
lid, centered with respect to the instrument orifices, and a
fluorescent was installed for lighting purposes. The image
was achieved using a personal computer connected to the
camera. Interchangeable plates, fixated on the simulator’s
inclined panel, were used, with a rubber surface allow-
ing three exercises of growing difficulty to be carried
out: eye-hand coordination, hand-hand coordination, and
cutting.

The instruments used included “crocodile” grasping
forceps, dissecting forceps, and 5 mm diameter scissors.

Exercise assessment

Each participant performed 10 repetitions of each exer-
cise in the custom-made simulator. A growing difficulty
order was followed: eye-hand coordination, hand-hand
coordination, and cutting. The 10 repetitions had to be
completed before moving on to the next exercise. Exercise
assessment was based on three parameters: time in minutes,
number of mistakes, and the first three items of the OSATS
(Objective Structured Assessment of Technical Skills®)
scale, measured by the primary researchers (S.H.A. and
A.G.S.) and supervised by the main author. Each exercise’s
score was assessed while adding a 10-second penalty per
mistake to final time.

Eye-hand coordination (“stones”)

Four little transparent plastic boxes fixated to the sur-
face were placed on the exercise plate. Three of them were
colored red, blue, and green, respectively, and the fourth
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was filled with irregular stones of the aforementioned col-
ors. Two “crocodile” grasping forceps were used (Fig. 1A).

The exercise was initiated with all color stones mixed
in the container located closest to the camera. Participants
had to move the stones to the containers of the same color
using their right hand, and then move them back to the
initial container using their left hand. 10 repetitions were
carried out before moving on to the next exercise.

At each repetition, total time in minutes, time spent
with each hand, and number of falling stones (total and
with each hand) were recorded. A total score was achieved
while adding a 10-second penalty per mistake to final time,
and the second and third items of the OSATS scale (time
and motion; instrument handling) were assessed.

Hand-hand coordination (“rings”)

Four nails of various lengths were fixated on the base
of the exercise plate, and several rubber rings of three dif-
ferent diameters were placed on it. Two dissecting forceps
were used in this exercise (Fig. 1B).

All rings of different sizes were placed on the nail
located closest to the camera. Participants had to grasp the
rings with their right hand, move them in the air to their
left hand, and place them on the different nails according
to size — the big rings on the big nail, the medium rings
on the medium nail, and the small rings on the small nail.
Once the rings had been adequately placed, participants
had to move them back to the initial nail by grasping them
with their left hand and transferring them to their right
hand. 10 repetitions were carried out before moving on
to the next exercise.

At each repetition, total time in minutes and the number
of falling rings with each hand and during hand-to-hand
transfer were recorded. A total score was achieved while
adding a 10-second penalty per mistake to final time, and
the second and third items of the OSATS scale (time and
motion; instrument handling) were assessed.

Cutting

The exercise plate was prepared with a gauze anchored
to the rubber sheet, on which a 5 cm diameter circle was
drawn with a marker. The instruments used included a
dissecting forceps and a pair of laparoscopic scissors (Fig.
10).

Participants had to cut out the border of the circle while
following the line. They used their right hand to cut the
right half of the circle, and their left hand to cut the left
half of the circle. 10 repetitions were carried out. At each
repetition, total time in minutes, time spent with each hand,
and number of cuttings not following the line — total and
with each hand — were recorded. A total score was achieved
while adding a 10-second penalty per mistake to final time,
and the first, second, and third items of the OSATS scale
(respect for tissue; time and motion; instrument handling)
were assessed.
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Asymptote
Learning curve stabilization was statistically repre-
sented for each exercise.

Study individuals

20 individuals without surgical experience were
selected. They were personally monitored for learning
curve drawing and analysis purposes.

In the eye-hand coordination and hand-hand coordina-
tion exercises, sample results were compared with those
achieved by 12 specialist pediatric surgery physicians
and 5 fellows from the pediatric surgery department at
our healthcare facility. Of them, 7 had performed more
than 50 laparoscopic procedures as surgeons and more
than 100 as assistants, and 10 had conducted less than 50
laparoscopic procedures as surgeons and less than 100 as
assistants (data from Carolina Corona Bellostas’ Contri-
bution to learning curve analysis in laparoscopic surgery
doctoral thesis(®).

Statistical analysis

The SPSS 15 for Windows statistical package was
used. Results were considered statistically significant at
p < 0.05. In the general analysis of the learning curve, a
repeated-measures Anova test was used in order to demon-
strate significant learning improvement at each exercise.
For asymptote study purposes, a Student’s t-test applied
to mean total time and mean total score for each repetition
was carried out.

RESULTS

20 medical students without previous surgical experi-
ence were selected: 8 first-year students (40%), 6 fourth-
year students (30%), and 6 sixth-year students (30%). 13
participants (63%) were female and 7 participants were
male, with a mean age of 21.2 years (range: 18-28 years).
All participants were right-handed.

General analysis of the learning curve

Eye-hand coordination (“stones”)

Statistically significant improvement with each repeti-
tion was noted in total time and time spent with each hand
(Table I), number of mistakes with the right hand (Table
1), total score (Fig. 2), and OSATS scale items 2 and 3.
No statistically significant differences were found when
analyzing the total number of mistakes and the number of
mistakes with the left hand at each repetition (times and
mistakes with each hand are featured in table III).

Hand-hand coordination (“rings”)

Statistically significant improvement with each rep-
etition was noted in total time and time spent with each
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Table 1.

Mean time for each exercise repetition (in minutes:seconds).

Number of repetitions Eye-hand coordination ( “stones”) Hand-hand coordination (“rings”) Cutting
1 5:38 + 1:56 6:41 + 1:14 6:42 +2:39
2 4:48 + 1:37 6:26 + 1:31 5:01 £ 1:35
3 4:28 + 1:06 5:39 + 1:06 4:54 + 1:30
4 3:59+ 1:11 5:25 £ 1:25 4:42 +1:29
5 3:53 + 1:06 5:15 £ 0:50 4:14 + 1:08
6 3:31 £5:38 5:21 +1:02 4:07 + 1:13
7 3:39 £ 0:53 4:53 £ 0:54 4:00 £ 0:57
8 3:28 +0:47 4:53 + 0:47 3:42 +0:56
9 3:23 £0:50 4:30 £ 0:54 3:43 + 1:01
10 3:09 £ 0:51 4:24 + 0:45 3:36 = 0:46
p <0.05 <0.05 <0.05
Table II. Mean number of mistakes for each exercise repetition (in minutes:seconds).
Number of repetitions Eye-hand coordination ( “stones”) Hand-hand coordination (“rings”) Cutting

1 4.65+3.17 3.80 +2.59 6.25+1.71
2 3.85+1.81 3.70£2.13 5.15+1.53
3 4.00 £2.22 3.15+£2.37 3.85+1.49
4 3.40+1.54 2.75+2.29 3.95+1.39
5 2.65+1.81 2.10 £ 1.62 335+ 1.31
6 2.60 +2.01 2.50 +1.70 3.40+1.46
7 2.50 = 1.36 220+ 1.77 345+ 1.35
8 2.10 £ 1.62 240+1.93 3.75 £ 1.37
9 2.40 + 1.35 2.65 +2.30 3.00+1.12
10 295+ 1.79 2.50 = 1.96 3.50+1.23
p 0.221 0.087 <0.05

Total score

7:384

6:56

6:15

5:339

Time + mistakes

4:51+

4:10+

Repetitions

Figure 2. Eye-hand coordination (“stones”) score in minutes and sec-
onds (total time and 10-second penalty per mistake) at each repetition.
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hand (Table I), total score (Fig. 3), and OSATS scale items
2 and 3. No statistically significant differences with each
repetition were found in the number of mistakes during
hand-to-hand transfer or in the total number of mistakes
(Table II).

Cutting
Significant improvement with each repetition was
found across all variables analyzed (Fig. 4).

Surgeon-student comparative study

The results from our eye-hand coordination and hand-
hand coordination exercises were compared with those
achieved by expert surgeons in the same exercises" (Fig. 5).

Eye-hand coordination (“stones”)

Mean time at baseline and mean time at the last repeti-
tion were shorter in the surgeon group than in the student
group, but student mean final time was shorter than surgeon
mean baseline time. Time reduction was similar in both
groups (Table IV).
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Table III.

Time (in minutes:seconds) and number of mistakes with each separate hand in the eye-hand coordination exercise.

Number of repetitions Right hand time Left hand time Right hand mistakes Left hand mistakes
1 3:05 3:36 2.8 3.45
2 2:03 2:58 2.8 2.85
3 1:54 2:59 1.5 2.35
4 1:54 2:47 1.8 2.15
5 1:45 2:29 1.6 1.75
6 1:50 2:17 1.7 1.9
7 1:46 2:14 1.55 1.9
8 1:33 2:08 1.5 2.25
9 1:31 2:12 1.35 1.65
10 1:26 2:04 1.55 1.95
p <0.05 <0.05 <0.05 0.3
Total score Total score
7:384 7:384
6:56 6:56
g 6:154 g 6:154
= =
8 8
f 5:33 f 5:334
= =
4:51 4:514
4:10+ 4:10+
Repetitions Repetitions

Figure 3. Hand-hand coordination (“rings”) score in minutes and sec-
onds (total time and 10-second penalty per mistake) at each repetition.

Figure 4. “Cutting” score in minutes and seconds (total time and
10-second penalty per mistake) at each repetition.

Hand-hand coordination (“rings”)

Mean time at baseline and mean time at the last rep-
etition were shorter in the surgeon group. Student mean
final time was longer than surgeon mean baseline time.
Time reduction was greater in students than in surgeons
(Table IV).

Asymptote study (Fig. 5)
Eye-hand coordination (“stones”)
Total time curve stabilization was achieved following

4 repetitions in the surgeon group, and following 9 repe-
titions in the student group.
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Hand-hand coordination (“rings”)

Total time curve stabilization was achieved following
2 repetitions in the surgeon group, and following 9 repe-
titions in the student group.

DISCUSSION

In order not to violate the ethical principle of non-mal-
feasance, training methods are developed outside surgical
practice, which prevents patients from being used as a sin-
gle learning method®-!). Surgical practice with simulators
flattens the learning curve and has been demonstrated to
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Eye-hand coordination
06:00
04:48 9
o \ B
02:24 =
1
01:12 4
00:00
1 2 3 4 5 6 7 8 9 10
Surgeons

Hand-hand coordination

07:12

06:00 9
04:48

03:36

02:24 ?

2
01:12
00:00
1 2 3 4 5 6 7 8 9 10
Students

Figure 5. Comparison of surgeon and student total time (minutes and seconds) in the eye-hand coordination (stones) and hand-hand coor-
dination (rings) exercises. The asymptote is included in the four curves.

Table IV. Comparison of time reduction in minutes and seconds for each exercise in each group (surgeons and students).

Exercise Group Baseline time Final time Time reduction
Eye-hand coordination (“stones”) ST el = S
Students 5:38 3:09 44.08%
S 3:07 2:36 16.58%
Hand-hand coordination (“rings’) urecons 7
Students 6:41 4:24 33.17%

reduce the likelihood of intraoperative complications in
the future(213.

The usefulness of commercial and custom-made sim-
ulators in minimally invasive surgery has been proven
by multiple studies comparing custom-made systems
with commercial pelvitrainers(4. These studies have also
demonstrated that laparoscopic training customized boxes
involve lower costs than commercial simulators, with the
additional advantage of being simple, accessible devices
that can be used anywhere®!>. The simulator used in our
study had been certified in a previous work carried out at
the same healthcare facility®.

Learning programs should consist of exercises of
growing difficulty and structured systems allowing for
laparoscopic skill acquisition by surgeons and students
alike. Preclinical structured training (last-year students and
fellows) has proved superior to assisted clinical training
and clinical training combined with simulation©.

Our study confirmed that individuals without sur-
gical experience are able to learn basic laparoscopic
techniques. The analysis of the total score curve demon-
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strated that repetitions allowed for shorter exercises and
fewer mistakes. When separately analyzing both vari-
ables, significant improvement in terms of total time was
noted in all exercises, but significant improvement in
terms of mistakes was only recorded in the third exercise
(“cutting”) and not in the two first exercises (coordi-
nation exercises). This could be explained by the fact
individuals initially prioritize time reduction over mini-
mizing the number of mistakes. Previous experience may
allow individuals to significantly reduce not only time,
but also the number of mistakes in the third exercise.
The fact a right-handed student cohort was used could
account for the fact that, even though time improvement
was achieved with each hand separately, baseline and
final times were shorter with the right hand than with
the left hand.

The OSATS (Objective Structured Assessment of Tech-
nical Skills) scale assesses surgical apprentices’ technical
skills by evaluating 7 items with a score ranging from 1 to
5 during various structured surgical tasks®. Improvement
in OSATS scale parameters was noted in the 3 exercises.
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Students learnt how to handle laparoscopic devices they
were not previously familiar with, but without reaching
high skill levels (maximum score: 3 out of 5).

Surgical experience has been demonstrated to reduce
the learning curve. In the surgeon group, curve stabilization
was achieved in the first 3-4 repetitions, whereas students
required 8-9 repetitions (Fig. 5). Student learning curve
may improve with further repetitions, thus allowing for
greater stabilization.

In the two exercises assessed, surgeons had shorter
baseline and final times than students. Indeed, surgical
experience contrasts with how little familiar students are
with laparoscopic instruments and operating field visu-
alization on a screen. In the eye-hand coordination exer-
cise, student final time was shorter than surgeon baseline
time, with time reduction being similar in both groups
(Fig. 5A). In the hand-hand coordination exercise, stu-
dent final time was longer than surgeon baseline time.
This can be explained by the fact the second exercise was
more complex than the first. In spite of this, time reduc-
tion in the second exercise was significantly greater in
the student group, which means surgeons find it harder to
reduce time than students (Fig. 5B). This can be explained
by the fact surgeon times are already short and therefore
hard to improve, whereas student baseline times can be
more easily reduced throughout repetitions. In addition,
the custom-made simulator used in this study was able to
distinguish individuals with experience in laparoscopic
surgery from individuals without it, consistent with pre-
vious studies(?.

One of the main limitations our study has lies in the fact
that the OSATS scale was applied by medical students, not
by specialist surgeons. Current simulators require expert
surgeon supervision for skill acquisition and assessment
purposes®.

Further studies evaluating surgeon cutting skills should
be carried out. The study of the student learning curve
could also be enhanced by assessing other basic skills such
as knots and sutures, and subsequently, by using animal
models for more complex skill acquisition!®. Furthermore,
students with greater exposure to videogames had bet-
ter eye-hand coordination®. Knowing how many hours
students devote to playing videogames could allow us
to assess whether this proves advantageous for exercise
completion or not.

In conclusion, it has been proved that a group of
individuals without surgical experience can learn about
basic laparoscopic techniques using a custom-made sim-
ulator. The comparative study demonstrated differences
in terms of performance according to previous surgical
experience, which allows for a shorter learning curve. The
custom-made simulator proved effective in distinguish-
ing individuals with surgical experience from individuals
without it.
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