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Abstract
Background: Simulation in laparoscopic surgery is nowadays recognized as a valid instrument for learning and
training surgeons in different procedures. However, its role as evaluation test and self-assessment tool to verify
basic surgical skills is still under discussion.
Methods: Thirty-three residents in obstetrics and gynecology at University of Pisa, Italy were recruited, and they
received a simulation program consisting of 5 tasks. They had to perform basic laparoscopic surgery maneuvers as
creating pneumoperitoneum, positioning trocars under vision, demonstrating the appropriate use of dominant and
non-dominant hand and making single stitch and knot. They were evaluated with a modified OSATs scale.
Results: Senior trainees had better score than junior trainees (p value< 0,005) and after different sessions of
simulation scores of both groups significantly improved (p < 0,001), especially for the junior group. All the trainees
reported self-assessments that matched with the evaluation of external observers demonstrating the importance of
simulation also as auto-evaluation test.
Conclusions: In this study, we demonstrated the role of simulation as powerful tool to evaluate and to self-assess
surgical technical skills and to improve own capacities, with the use of a modified OSATs scale adapted to specific
exercises.
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Background
Surgical training is one of the most important aspects in
different medical specialties. Trainees can obtain competences in traditional and minimally invasive surgery only
after years of practice and sacrifices. Traditionally, one
of the main methods of surgical residency training remains an intensive internship in the operating room, although it presents several negative aspects including
potential risks to the patient safety [1] and the need for
trainees to spend many hours in the operating theatre
before achieving good results, with limited training opportunities due to the lack of time and to the many professional activities that must be performed [2]. To
overcome difficulties about this “learning-by-doing”
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approach, a lot of simulators and box trainers have been
tested in the last decades to evaluate their effectiveness
for surgery training, demonstrating their ability to improve technical skills, operative performance and coordination [3–5] and therefore simulation programs are
now considered a key role in the surgical learning process.
The American Board of Surgery in 2008 announced that,
among the necessary requisites to complete general surgery residency in the United States, the Fundamentals of
Laparoscopic Surgery (FSL) were mandatory; the goal of
this program is to allow residents to learn and practice
technical skills and then test them to ensure an appropriate required skills level [6]. Also, the program of the
OBGYN residency could benefit from training models.
Several studies demonstrated the role of simulation to improve obstetric skills in specific clinical situation such as
shoulder dystocia, vaginal delivery for breech presentation
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or vacuum extraction [7–10]. The aim of this study is to
demonstrate the role of simulation in laparoscopy on improving technical skills in trainees in obstetrics and
gynecology and as evaluation tool to self-assess own capacities with the use of a modified OSATs scale.

Methods
Thirty-three residents (post-graduate training year, PGY,
1–5) from the Division of Obstetrics and Gynecology of
University of Pisa, Italy, performed five simulated surgical procedures and they were evaluated by an external
observer who is an expert surgeon with a high experience
in minimally invasive surgery. All the procedures were selected to assess laparoscopic skills and they showed a level
of increasing difficulty using a high-fidelity simulation
platform, the Simsei training system (© 2018 Applied
Medical). The five-tasks for each station were:
1) creating pneumoperitoneum and positioning trocars
under vision, using a first entry kit that reproduced
the characteristics of the abdominal wall
2) moving six pegs on a platform, from right to left
and from left to right using dominant and nondominant hand
3) changing the shape of a rubber band on a platform
with spikes using dominant and non-dominant hand
4) cutting precisely a circle printed on a dual layer
gauze which was laterally fixed with supports
5) making single stitch/knot on a silicon suture-pad
that simulated tissues.
Trainees performed all the procedures several times at
different moment of the day, by their own.
In the first phase, procedures were executed without
any information about the “correct” type of execution.
This phase was permitted to make trainees confident
with simulation. At the beginning, trainees received only
indications concerning the exercises and then they
started doing procedures.
Each procedure was evaluated by four expert surgeons
of our department, that were randomly assigned and each
trainee filled a self-evaluation test. After that, the correct
execution of each task was shown by expert surgeons to
the trainees and, after 2 h of training, they repeated all the
five procedures again and a new evaluation was performed.
Procedures were executed in the same order, from exercise number one to exercise number five. Time used
to perform the procedure was evaluated only in the
fourth station.
Faculty members, during the second examination,
could not see previous results to avoid any influence in
the judgment.
Assessments were given using OSATS (Objective
Structured Assessment of Technical Skills) (Table 1) that
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were specifically adapted for each station to evaluate surgical abilities for each procedure. OSATS presented
scores ranging from 1 to 5, with minimum and maximum score of 3 and 15 for the first station, 4 and 20 for
the second, third, and fourth stations, 5 and 25 for the
fifth station.
Tasks were the same for young and senior trainees
and no differences on procedures were considered between trainees with higher experience in surgical room
or different sub-specialties. This aspect is pivotal to consider. The training program of Department of Experimental and Clinical Medicine, Division of Obstetrics and
Gynecology, University of Pisa, Italy, indeed provides a
basic level of surgical competences for all the trainees
during 5 years. Therefore, each resident, starting from
the fourth year of residency, can decide which subspecialty focus on.
Objective structured assessment of technical skills

Original OSATS model was developed in 1997 to evaluate general surgery residents performing operative tasks
both on live anaesthetized animals and on bench models.
The scoring system included three parts and it was used
for each task. It consisted in: 1) a task specific check-list
2) a seven-item global rating scale 3) a pass/fail judgement [11]. In our study, we partially modified the original OSATS model (Table 1) to fit on our type of
simulation model.
We organized 5 different tasks, which covered the
basic skills to perform laparoscopic surgery. An external
observer reported the competence of trainees with a
score from 1 to 5, considering 5 as optimum.
In task 1, we evaluated the competence of trainees on
creating pneumoperitoneum and positioning trocars correctly under vision. Then, in other tasks we evaluated
other important aspects of mini-invasive surgery as instrument handling and synchronization between the
hands (task 2 and 3), the careful handling of tissue and
the cutting technique (task 4) and indeed, the making
stitches and knots with laparoscopic instruments (task
5). For each task, we considered time and motion of
trainees. Time was evaluated with a general consideration of the time of execution of each exercise. Only for
task 4, which is considered the summary of different expertise and laparoscopic skills, we recorded the exact
time (in seconds) occurred to complete the entire
exercise.
Statistical analysis

Statistical analysis was performed using GraphPad Prism
7 (GraphPad Software). Wilcoxon matched-pairs signed
rank test was used to study time-operative outcomes in ex
4. In addition, two-way Anova was performed followed by
Holm-Sidak’s multiple comparisons test. The values of
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Synchronization between the hands

Instruments handling (non-dominant hand)

Instruments handling (dominant hand)

Time and motion

TASK 3: changing the shape of a rubber band on a platform with spikes

Synchronization between the hands

Instruments handling (non-dominant hand)

Instruments handling (dominant hand)

Time and motion

TASK 2: moving six pegs on a platform, from right to left and from left to right

Instruments handling

Knowledge of instruments

Time and motion

TASK 1: creating pneumoperitoneum and positioning trocars under vision

Table 1 Objective Structured Assessment of Technical Skills assessment test: each trainee was evaluated in five different task with a score from 1 (low) to 5 (high)
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5

Table 1 Objective Structured Assessment of Technical Skills assessment test: each trainee was evaluated in five different task with a score from 1 (low) to 5 (high) (Continued)
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p < 0.05 were considered significant. (*p < 0,05; **p < 0,01;
***p < 0,001).

scores to what the senior residents do before simulation
(PGY 5), especially in exercises 2–4 (Fig. 3).

Results

Simulation reduces time of execution of the exercises

Simulation as tool to evaluate different competences of
trainees

Main scores, obtained before the simulation training,
show similar results for all the stations (Fig. 1), with junior trainees (PGY 1–3) performing worse scores in comparison to senior trainees (PGY 4–5). However, this
trend was statistically significant for the task 1–4 but
not for the task 5 (Exercise 1: 6.947 vs. 11.07, p = 0.0004;
Ex. 2: 9.684 vs. 12.64, p = 0.0196; Ex. 3: 10.05 vs. 13.29,
p = 0.0084; Ex. 4: 8.263 vs. 11.43, p = 0.0104; Ex 5: 9.947
vs. 11.93, p = 0.2340).
The use of simulator improves technical skills in each
exercise

Trainees improve their OSATS mean scores with the use
of simulator. Except for exercise 1, the use of simulator
improves the mean score of the other exercises (2–5) in a
statistical significant way, as shown in Fig. 2 (Exercise 1:
8.697 vs. 9.03, p = 0.6686; Ex. 2: 10.94 vs. 13.48, p =
0.00119; Ex. 3: 11.42 vs. 14.27, p = 0.00029; Ex. 4: 9.606 vs.
12.06, p = 0.00176; Ex.5: 10.79 vs. 14.67, p < 0.00001).
Simulation improves technical skill especially in “naïve”
residents

The improvement on technical skills is similar in all
trainees without statistically significant differences (exercise 1: mean score differences 1.3 vs 0.8; exercise 2:
mean score differences 2.6 vs 1.2; exercise 3: mean score
differences 3.1 vs 4.1; exercise 4: mean score differences
3.8 vs 1.8; exercise 5: mean score differences 2.8 vs 6)
but it is worthy to note that, after the training with
simulator, junior residents (PGY 1) present very close

The time of execution for each task was evaluated exclusively in task number four. For this task, the time was
measured for all 33 residents in both the first and second tests. A statistically significant reduction in time in
the second test demonstrating how practice affects execution times (Exercise 4a before simulation: mean time
393.5 ± 117.5; Exercise 4a after simulation: mean time
254.8 ± 76.85; p < 0.0001) (Fig. 4). It is important to note
how the time difference is statistically significant both in
the group of residents who are dedicated to surgery and
in that who are not dedicated (Mean time in surgery
group: 335.4 vs.193.6; p 0.0002; mean time in no surgery
group: 436.2 vs. 299.8; p < 0.0001). The group with
higher experience on surgery performed the entire exercise with shorter times than the no-surgery group, both
in the first test and in the second test (Mean time before
simulation: 335.4 vs. 436.2; p 0.0029; Mean time after
simulation: 193.6 vs. 299.8; p 0.0025). Similar results
were also obtained by comparing times of the trainees of
first and fifth year, with statistically significant results: in
both groups, there was a reduction in the execution time
after the simulation (Mean time before simulation: 466
vs. 305.4; p 0.0019; Mean time after simulation: 323.6 vs.
187; p 0.0182), as shown in Fig. 4b.
Simulation as tool for self-assessment

For all the five tasks, both in the first and second tests,
assessment and self-assessment were performed. The
self-perception of what trainees do is overlapping with
the judgment of external observers (Fig. 5). However,
this does not occur for the last task, the number five. In
this task, the scores of self-assessments are statistically
lower than those of evaluation by the external observers.

Fig. 1 White spots: scores of junior trainees; Black spots: scores of senior trainees; *: p value < 0,05; **: p value < 0,01; ***: p value < 0,001)
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Fig. 2 White spots: scores before simulation training; Black spots: scores after simulation training; ***: p value < 0.0001

This difference was present before and after simulation
training (Exercise 1a: 8.697 vs. 8.303; p 0.9921; Exercise
1b: 9.03 vs. 10.06 p 0.8234; Ex 2a: 10.94 vs. 10.58; p
0.9921; Ex 2b: 13.48 vs. 12.73; p 0.9176; Ex. 3a: 11.42 vs.
11.06; p 0.9921; Ex. 3b: 14.27 vs 13.42; p 0.9050; Ex 4a:
9.606 vs. 9.485; p 0.9921; Ex 4b: 12.06 vs. 11.88, p
0.9921; Ex 5a: 10.79 vs. 7.303; p 0.0001; Ex 5b: 14.82 vs.
9.364; p < 0.0001).

Institutional review board

This study does not require any approval by our IRB according our national regulation about simulation study:
all the participants, however, received the informed consent procedure and the participation in the research was
completely voluntary. All the results remained confidential and completely anonymity for participants in the
manuscript was ensured.

Fig. 3 White spots: mean scores before (A) and after (B) simulation training of junior trainees; Black spots: mean scores (A) and after (B) simulation
training of senior trainees
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Fig. 4 a. White spots: time before simulation in exercise 4; Black
spots: time after simulation in exercise 4; ***: p value < 0,0001). b.
White spots: mean times before (A) and after (B) simulation for
trainees of the first year; Black spots: mean times before (A) and after
(B) simulation for trainees of the last year **: p value 0.0019 *: p
value 0.0182)

Discussion
Laparoscopic training is an important aspect of the curriculum for general surgeons, and for gynecologists. This
type of procedure requires a set of skills as coordinating
instrumentation, cutting, knotting, 2D optics, depth perception which constitute the FSL. These capacities can
be reached only with a long and challenging curve of
learning in the operating room. And also after these efforts, validated methods for assessing laparoscopic skills
remain debatable [12] and there are not approved
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protocols for the standard use of simulation as a tool for
evaluating and improving the surgical skills of the operators [13].
Indeed, some authors have partially questioned the
role of simulation as training compared to surgical experience. Comparing the operating times of experienced
surgeons with young trainees, despite having similar
scores in simulation, the first group presented completely different results in operating room [14].
The aim of this study is not only to provide further
data to support the routine use of simulation in the educational field, but, above all, the use of simulation as a
useful evaluation tool by an external observer and as a
self-assessment test.
In this paper, we demonstrated the role of simulation
to evaluate and to improve technical skills in OBGYN
trainees. By using OSATS, we evaluated trainees’ training and their improvement, comparing the role of simulation on the learning process of no-expert operators
and on meliorating technical skills depending on the
prior experience in surgery.
Furthermore, the judgment expressed by external observers corresponds to the trainee’s perceptions. This
element is very important to stress. Trainees can selfevaluate their ability to perform FSL and to understand
any improvements and this self-assessment corresponds
to the judgment of the observer.
Previous researches have demonstrated the usefulness
and the validity of OSATS to evaluate residents’ training
and their improvement. OSATS have become one of the
most used tools for surgical skills assessment, thanks to
its construct validity and inter-examiner reliability [11,
15, 16]. Although OSATS were used in laboratory setting, their reliability has been repeatedly demonstrated
even in the operating room, making it a very useful instrument to evaluate the operative skills in their entirety
[17, 18].
In recent years, however, some authors have shown
greater validity and reliability of the global rating scale
than the other scores, using it also in a modified form

Fig. 5 White spots: main scores of assessments; Black spots: main scores of self-assessments; exercise a: before simulation; exercise b: after
simulation; ***: p value < 0,0001)
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[18]. Also in this study, we used the global rating scale
but not in its original form. For each task a specific score
has been created, adding criteria like hands synchronization
and removing others unnecessary for that exercise.
The use of OSATS to evaluate technical skills in nogeneral surgery trainees as gynecologists is limited [19].
Even if FSL are all basic technical skills, usually this part
of the training is relatively considered. Most of the authors focus their attention on an objective scale for the
assessment of specific procedures (hysterectomy, annexectomy, etc) [20].
By using OSATS applied to simulation, we could
evaluate different competences of trainees in each task.
As expected, young trainees presented lower scores than
seniors in statistically significant way. This did not happen for exercise 5, where trainees had to make stitches
and knots on a silicon suture-pad. The most reasonable
option of this result could be the difficulty of this exercise. In fact, senior trainees still presented better results
but not in statistically significant manner.
However, simulation has a pivotal role on ameliorating
technical skills. In this study, we demonstrated the use
of simulation improves, in a statistically significant way,
specific surgical competences as handling instruments,
using dominant and no-dominant hands, cutting, making single stitch/knot in a lab setting (Table 1). After
simulation, trainees significantly improve their technical
skills in all the considered domains. However, it is
worthy to note no differences were found in task 1,
(introduction of trocars and Verres’s needle). This could
be due to different reasons: the system we used for
simulation did not perfectly match with reality. In this
type of exercise, this lack of likelihood could lead to a
difficult evaluation of the correct introduction of trocars
and needle. At the same time, for this type of exercise
the recognition of the instruments and its handling, outside the operating field, is also intuitive for trainees who
have never performed laparoscopy in person. These elements could justify no significant differences before or
after simulation.
The benefit of simulation relapsed on junior (first year
of residency) and senior (last year) trainees. In each task,
competences resulted significantly improved and the
powerful of this improvement is particularly important
in junior trainees. After simulation, junior trainees presented competences, which are superimposable with
those of senior trainees before simulation. This aspect
deserves to be highlighted. After a few sessions of simulation, junior trainees reached the same level of basic
technical skills on laparoscopic surgery, which senior
trainees reached after at the least 2–3 years of work in
surgical theater. Also, the execution time improves before and after the simulation training and this difference
persists even when comparing junior and senior trainees.
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This data is in contrast with other papers already published on this issue [21, 14] but it should be emphasized
that, in our study, the number of participants is a little
bit higher.
Obviously, we must consider this data with extreme
caution even because recruited residents were only in
Gynecology and Obstetrics. However, this data could
support the use of simulation before any training in vivo,
on the patient from the beginning of residency.
The development of simulation in Medicine has often
been hampered by misperception of reality that would
reduce the simulation to a game for adults. In truth, several studies now show how simulation can help not only
to acquire technical skills but also to improve the perception of one’s own abilities in that specific task [9, 10,
22]. Several authors even consider mandatory the use of
simulation before starting rotation in surgical room [23].
In our study, we have shown that simulation can also
be a useful tool for evaluating technical skills of the
trainee by an external tutor. This evaluation, moreover,
corresponds to the learner’s self-judgment in all the
tasks observed except for exercise 5. The discrepancy in
this exercise is not causal. This exercise requires high
surgical skills and expert operators in clinical practice
usually perform it. Evidently, based on this comparison,
trainees consider badly their performance even if, from a
purely technical point of view, their skills are good at the
judgment of their tutors.
This work presents some weaknesses. Evidently, in the
learning process, per the Kirkpatrick’s Model, the third
level is missing [24]. This aspect is necessary to analyze
and evaluate results of training and educational programs.
In fact, this study did not evaluate the differences in
the participant’s behavior at work after completing the
program.
From an experimental point of view, this study does
not have an in vivo “after simulation” evaluation. This
limitation of the study depends on several elements, including the decision shared by our Institute’s Ethical
Committee, not to test the ability of young trainees in
patients for pure research purposes. In our residency
program, the approach to the operating room as operators is gradual and takes place in about 5 years. The activity of the first operator in major surgery, where an
appropriate laparoscopic skill is required, is reserved for
the last 2 years of the program and for those residents who
want to specialize themselves in the surgical gynecology.
However, in literature, skills acquired by simulationbased training are transferable to the operative setting
[23–25]. The lack of direct access to the operating room
by all the specialists limits an adequate training and
simulation could help us in this as pointed out by some
authors [23–25]. For this reason, we have routinely introduced simulation in our programs.
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However, it should be highlighted that the real purpose of the study is to use simulation as a tool for evaluation in safety. In our study, we demonstrated that
simulation can be a useful tool to evaluate a trainee by a
senior tutor and as self-evaluation.

Conclusions
Our data support the routine use of simulation in laparoscopy to evaluate and improve surgical skills in
trainees. Indeed, trainees could use simulation to selftest their capacity before to practice on patients.
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