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Abstract

Purpose: To evaluate whether the use of the physical surgical simulator may benefit the 
development of laparoscopic skills. 
Methods: Ten medical students were divided into two groups: the first one performed ten 
weekly training sessions with a physical surgical simulator - ETX A2 LAP and, afterwards, 
one laparoscopic cholecystectomy in a porcine model, while the second group performed 
only a laparoscopic cholecystectomy. Both groups were compared regarding bleeding, total 
surgical time, time to perform each surgical step and qualitative parameters, based on a 
previously validated tool. 
Results: There was no difference in any of the evaluated parameters. 
Conclusion: We did not find any evidence of benefit in the use of the physical simulator for 
surgical performance in medical students. 
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in animals6,7. Subramoniam et al.8, when 
comparing learning differences between 
conventional and laparoscopic surgeries, found 
that the difficulty is greater for laparoscopic 
surgery, even after training, and that the main 
difficulties were fine dissections and correct 
identification of plans. In this context, virtual 
reality surgical simulators (VRSS) and physical 
simulators have emerged.
	 The VRSS already have a considerable 
spread in the surgical teaching process and 
extensive approach in the literature. Some of 
its advantages include: unlimited possibility of 
repetition, tasks can be adjusted to your needs 
and decreased use of experimental animals9. 
Furthermore, the possibility of measuring 
several parameters and documentation of 
results are important gains that VRSS provide 
for self-learning10. Hart et al.11 also highlights 
the possibility of anticipating deficiencies that 
surgeons may have, before they occur.
	 On the other hand, the literature also 
shows negative points about the VRSS. The 
high costs of purchase and upgrade are barriers 
to the widespread use12. There is also difficulty 
in integrating their use in clinical practice and 
in the surgeon’s curriculum13. At last, tissue 
representation is artificial and still not entirely 
consistent with reality14.
	 The physical simulator ETX A2 LAP 
(Prodelphus, Olinda-PE, Brazil) is a new tool 
for surgical training. It consists basically of a 
manikin with full representation of abdominal 
organs, including vessels and nerves. There is 
a mechanism for simulation of bleeding and 
organ injury. Although it is a very promising 
tool is has been little explored in the literature 
for surgical training. In other fields, such as 
anesthesiology, the use of manikins is well 
established and discussed15.
	 The purpose of this study is to evaluate 
whether the use of physical simulator ETX A2 
LAP), as a method of training for laparoscopic 
surgery, results in surgical performance 
improvement in medical students.

■■ Introduction

	 Learning surgery is a dynamic, 
extensive and multifaceted process. Besides 
the extensive range of theoretical learning, 
surgeons must possess an immense practical 
training experience in order to reach a 
satisfactory domain of surgical skills and be 
responsible for leading the operation room. 
To reach this ability level, surgeons relied on 
various training methods throughout history: 
corpse’s dissection, surgery in animals and by 
attending surgical procedures with experienced 
surgeons dedicated to teaching. However, 
with the tremendous development of medical 
technology in recent decades, especially in the 
field of laparoscopic surgery, the opportunity 
and the need for new teaching methods arises.
	 With the advent of laparoscopic 
surgery, introduced effectively by Kurt Semm in 
1980 with the first laparoscopic appendectomy 
in humans, a true revolution happened1. 
The improvement of laparoscopic surgical 
technique over the years has allowed this 
approach to present several advantages over 
conventional surgery, such as: lower rate of 
postoperative infection, better cosmetic results, 
shorter hospital stay and faster postoperative 
recovery2,3. Thus, laparoscopy has evolved over 
the years and is currently the gold standard for 
some procedures, such as cholecystectomy, and 
discussed whether it should be considered the 
gold standard for others, like appendectomy4,5. 
However, the search for better methods of 
teaching laparoscopic surgery is still the subject 
of extensive research.
	 The traditional forms of learning 
surgery, such as the use of corpses and 
animals, provide good training opportunities, 
but present significant obstacles to large-
scale use. The main ones are: ethical matters, 
material shortage, the impossibility to 
reproduce specific pathologic conditions and 
some technical details such as the absence of 
bleeding in corpses or anatomical differences 
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■■ Methods

	 Ten students enrolled in the School 
of Medicine of Universidade de São Paulo, 
between the 5th and 6th grade were 
evaluated. Students had prior mild experience 
in laparoscopy, since they had basic training in 

the disciplines of surgical technique given in 
the third and fifth years of graduation. They 
were randomly assigned into two groups 
(groups I and II), consisting of 5 students each. 
Group II was the control group. Participants’ 
demographics are described in Chart 1.

Chart 1 - Participants’ demographics.

Qualitative Evaluation: Global Assessment Scale adapted from Vassiliou et al.17

Depth Perception
1.	 Often exceeds the target, wide movements, slow to 

correct
2.	
3.	 Sometimes exceeds or misses the target, but 

quickly corrects 
4.	
5.	 Aims the instrument directly at the proper target 

Tissue Handling
1.	 Sudden movements, damage to tissue and 

adjacent structures, poor grasp and fixation 
control 

2.	
3.	 Reasonable handling of tissues, resulting in a 

smaller lesion
4.	
5.	 Good handling of tissue, proper traction applied, 

no damage to adjacent structures
Dexterity
1.	 Uses only one hand, ignores the non-dominant 

hand, lacks coordination between both hands
2.	
3.	 Uses both hands, but without optimizing the 

interaction between them
4.	
5.	 Experienced bimanual skills providing optimal 

performance

Autonomy
1.	 Unable to complete the entire task, even with 

verbal instructions
2.	
3.	 Able to complete the task safely with moderate 

instructions
4.	
5.	 Able to complete the task without instructions

Efficiency
1.	 Inefficient efforts, many attempts, constantly 

changing approach and persisting without progress
2.	
3.	 Slow, but planned movements, organized rationally
4.	
5.	 Efficient and safe, maintaining focus until an 

alternative approach provides better performance

Total Score
5-25 / 25

	 Members of group I underwent ten 
weekly sessions of simulator training ETX 
A2 LAP (Prodelphus, Olinda-PE, Brazil) in 
which they would perform a laparoscopic 
cholecystectomy in the physical model 
(Figures 1 to 4). Thereafter, each student 

performed a cholecystectomy in swine model. 
Students performed ten sessions because it 
is estimated that about the eighth session 
they would have achived the plateau of their 
learning curve16. The members of the group II 
(control) underwent only a cholecystectomy 
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each, without prior training, under identical 
conditions to group I. A surgeon experienced 
in laparoscopy accompanied each procedure. 
All participants attended a lecture where the 
necessary instruments and surgical steps were 
presented, alongside with a video explaining 
the procedure.

Figure 1 - ETX A2 Lap Simulator.

	
Figure 2 - ETX A2 Lap Simulator in use.

Figure 3 - The gallbladder model inside its package.

	
Figure 4 - Gallbladder model size comparison 
to a scalpel.

	 All participants signed a consent form, 
but were not informed of the parameters 
that would be evaluated (blinded). All 
surgeries were recorded and the volume of 
aspirated blood was measured. A experienced 
surgeon evaluated the videos of each surgery 
performed. The evaluator was not informed to 
which group each video belonged (“blinded”).
	 Quantitative parameters analyzed 
during the cholecystectomies of each 
participant were: time spent for dissection of 
the gallbladder pedicle, time spent clipping the 
pedicle, time spent sectioning the pedicle, time 
taken to remove the gallbladder from the liver 
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bed, total time of the procedure and aspirated 
blood loss (irrigation was subtracted).
	 The qualitative aspects were evaluated 
based on criteria presented on a previously 
validated tool by Vassiliou et al called Global 
Operative Assessment of Laparoscopic Skills 

(GOALS)17, which consists in a rating scale of 
five aspects of minimally invasive procedures: 
depth perception, bimanual dexterity, 
efficiency, handling of tissues and autonomy. 
For each aspect, the individual is given a score 
varying from 1 to 5 (Table 1). 

Table 1 - Global Assessment Scale: criteria for qualitative evaluation of surgical skill.
 Group I Group II p
Age - years (mean± SD) 23.8±1.3 24.8±1.9 0.36
Gender (Male/Female) 5/0 4/1 0.29
Dominant hand (Right/ Left) 4/1 4/1 1.0
Interest in surgery  (Yes/ No) 4/1 3/2 0.49

	 The animals were anesthetized with 
Telazol (4.4 to 6.6 mg/kg intramuscularly), 
xylazine (1.1 to 2.2 mg / kg im) and atropine 
(0.04 mg/kg intramuscularly) Anesthesia 
was maintained with isoflurane (1% to 4%) 
mixed with 1 to 2 liters of oxygen through 
an endotracheal tube. After the procedures, 
the animals were sacrificed by intravenous 
injection of a lethal dose of KCl.
	 The results from both groups (I and II) 
were subjected to statistical analysis with a 
significance level of 5%. The variables were first 

assessed for normality through Kolmogorov 
Smirnov test. Variables with normal distribution 
were compared through t-test, the remaining 
ones were compared with Mann-Whitney test. 
The software used was StatPlus® v. 2009 for Mac.

■■ Results

	 The results for the laparoscopic 
cholecystectomy in the swine model for both 
groups, alongside with the corresponding p 
value, are demonstrated in Table 2.

Table 2 - Results for cholecystectomy #1.
Cholecistectomy #1 Group I Group II

Participant 1 2 3 4 5 6 7 8 9 10 p
Quantitative 
Parameters

Isolation (s) 73 129 506 788 206 100 289 103 449 441 0.69
Clipping (s) 145 156 149 203 302 188 263 220 213 264 0.28
Sectioning (s) 11 12 34 44 15 79 33 40 99 41 0.05
Removal (s) 205 318 237 804 924 377 446 578 1165 963 0.36
Total (s) 434 615 926 1839 1447 744 1031 941 1926 1709 0.54
Volume (mL) 45 19 23 44 26 100 70 200 40 100 0.05

Qualitative 
parameters

Depth 5 5 4 4 3 4 3 3 4 3 0.11
Dexterity 4 4 2 2 2 4 3 1 4 2 1
Efficiency 4 4 3 3 2 3 3 2 3 3 0.38
Tissue Handling 3 3 2 2 2 3 2 1 4 3 0.73
Autonomy 5 5 3 2 2 4 3 3 3 3 0.78
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	 The results show no statistically 
significant difference between the 2 groups for 
the different parameters on the first procedure. 
The results for each individual variable are also 
displayed on the graphs below (Figures 5 to 8):

Figure 5 - Quantitative analysis.

Figure 6 - Qualitative analysis.

Figure 7 - Aspirated blood loss.

Figure 8 - Total operative time.

■■ Discussion

	 After a brief survey of the medical 
literature, it is noted that many studies are 
focused on the use of various simulation 
methods and the ability improvement resulting 
from them, not only in surgery, but in the 
entire medical field. Simulation is seen today 
as an important factor in medical education 
and it tends to be increasingly present in the 
teaching of students and residents, ensuring 
greater safety for patients18.
	 There are many articles in the previously 
published literature that relate to the topic of 
simulation and training in laparoscopic surgery 
(416 in the last 5 years). However, only few 
studies assess the use of physical simulators 
and there is not a single paper similar to this 
that compares specifically the use of the LAP 
ETX A2 simulator for the benefit of learning. 
The vast majority of studies focused on the 
analysis and comparison between physical 
simulators and box trainers (black boxes)19,20. 
	 While performing the study, we were 
able to notice how the simulation exercise was 
beneficial for the students tested. The simulator 
proved to be an excellent method of learning, 
especially in regard to the anatomy and surgical 
steps of a laparoscopic cholecystectomy. 
Moreover, it was an excellent introduction 
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to laparoscopic surgery instrumental and 2 
dimensional vision that this method provides, 
which is undoubtedly one of the major 
obstacles to be surpassed by the young 
surgeons. During medical curriculum, medical 
students hardly have any real experiences 
and contact with laparoscopically and, when 
they do, they are mostly observers. Given 
that laparoscopy now occupies a prominent 
position in the surgical field, including being 
the preferred technique for many procedures21 
medical students and surgical residents should 
be trained and introduced to this method as 
early and comprehensively as possible.
	 After statistical analysis, we observed 
that despite the best averages scores in 
virtually all analyzed parameters belonged 
to the test group, no statistically significant 
difference was found between the two groups 
performance. This result may be related to the 
small number of students tested in this study, 
which obviously decrease its statistical power. 
However, both the simulator and animal 
models are expensive, consequently limiting 
the number of participants.
	 As a downside of the simulator, we 
must emphasize that the hardened consistency 
of the synthetic tissue required higher drifts 
when performing maneuvers of dissection than 
the actual procedures requires. In addition, as 
the fabric is not easily separated with simple 
divulsion, the use of sharpened tweezers was 
required to advance trough tissues. On the 
other hand, the material proved to be excellent 
for training sutures.
	 Laparoscopy has been showing 
excellent results in the short and medium term 
throughout the years, being considered as the 
gold standard approach in several abdominal, 
urological and gynecological conditions22,23. 
However, it is believed that the lack of 
appropriate programs and training methods is 
one of the major obstacles to the supremacy 

of this technique in some procedures, such as 
colectomy24.
	 As already stated, the use of animal 
models is increasingly costly both financially 
and morally for educational institutions. 
Although this model still plays a key role 
in training physicians and surgeons, being 
preferred by many residents by the similarity 
in texture of tissues, bleeding and ability to 
physically simulate the complications25,26, the 
use of the physical simulator could significantly 
reduce the number of animals used, at least in 
regard to the gain of basic laparoscopic surgical 
skills. Therefore, the applicability of these 
simulators in the curriculum of the students 
and residents is certainly a topic that deserves 
attention. 

■■ Conclusion

	 We did not find any evidence of benefit 
in the use of the physical simulator for surgical 
performance in medical students. 
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