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Keywords: Material and methods: The Lapsim®™ simulator with 7 basic modular exercises was used.
Virtual simulator Twenty-four students (8 second, 8 fourth, and 8 sixth year) were subjected to a training
Surgical skills program (basic test plus 3 sessions), and an examination at 30 days. A control group (n=24)
Learning curve from each year was subjected to 2 examinations with an interval of 30 days.

Results: All the groups improved significantly after training, and this was maintained in all
the exercises after a “wash out” period of 30 days. All the groups achieved lower baseline
scores in the “Cutting” and “Lifting and grasping” exercises, considered of intermediate level
than any of the others. However, after the training process, they were the only exercises that
the sixth year students demonstrated that they were clearly superior to the rest of the years:
“Cutting” (94.5%+11% vs 81%=+7%) (P<.05), “Lifting and grasping” (88.1%=+13% vs 68%+11%)
(P<.001).
Conclusions: The virtual simulator appears to be of greater use for those students in higher
years with more clinical experience, there already being a discrimination process during this
period. Surgical skills during this phase should be reinforced by means of new teaching
challenges, such as simulation programs in the framework of skills laboratories.
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Evaluacion de las habilidades quirirgicas durante el pregrado mediante la
introduccion de un simulador virtual

RESUMEN

Introduccion: Durante el pregrado, la utilizacién de los simuladores virtuales junto con las
préacticas hospitalarias puede mejorar las aptitudes quirtirgicas basicas, e incluso ser un eje
motivacional importante. El objetivo del trabajo es determinar el grado de habilidad
endoscépica y su curva en 3 etapas dentro del grado de Medicina (segundo, cuarto y sexto
curso) mediante un simulador virtual.

Material y métodos: Se ha utilizado el simulador Lapsim® con 7 ejercicios del médulo basico.
Se somete a 24 alumnos (8 de segundo, 8 de cuarto y 8 de sexto curso) a un programa de
entrenamiento (prueba basal mds 3 sesiones) y a un examen a los 30 dias. Un grupo control
de cada curso (n = 24) ha sido sometido a 2 exdmenes con un intervalo de 30 dias.
Resultados: Todos los grupos mejoran significativamente después del entrenamiento y se
mantienen después del periodo de lavado de 30 dias, y en todos los ejercicios. Los ejercicios
«Cutting» y «Lifting and grasping», considerados de nivel intermedio, destacan sobre los demds
por el bajo score basal que tienen todos los grupos. Después del proceso de entrenamiento, en
cambio, son los Unicos ejercicios en los que los alumnos de sexto se muestran claramente
superiores respecto a los demas cursos: «Cutting» (94,5% + 11 vs 81% =+ 7) (p < 0,05), «Lifting
and grasping» (88,1% + 13 vs 68% + 11) (p < 0,001).

Conclusiones: La utilidad del simulador virtual parece mayor para aquellos alumnos de
cursos superiores con una mayor experiencia clinica, existiendo un proceso de discrimi-
nacién ya durante este periodo. Las competencias quirurgicas durante esta fase deberian
reforzarse mediante nuevas apuestas docentes como los programas de simulacién en el
marco de los laboratorios de habilidades.

© 2012 AEC. Publicado por Elsevier Espaiia, S.L. Todos los derechos reservados.

Introduction

Over the years, surgical teaching has had to adapt to
technological advances, mainly by the development of
endoscopic surgery. This type of surgery requires following
a progressive learning curve, in order to provide the surgeon
with sufficient technical experience.® In this process of
acquiring skills, virtual simulators have been gradually
implemented in the curricular itinerary and have been shown
to be a great help. The main advantages of virtual simulators
are avoiding patient injury and reducing the costs associated
with the use of cadaver and live animals, following the
principles of reduction, substitution and refinement. They also
provide the possibility of repeating surgical procedures as
many times as necessary to learn them correctly, while
offering revisualization of the procedures performed.” There
are different models, manufacturers and prices that can adapt
to departmental budgets. Likewise, there is the possibility of
extended modules after basic skills are acquired (cholecys-
tectomy, hemicolectomy, etc.).

Virtual simulators are included in the framework of “skills
laboratories” where simulations are also done with manne-
quins and diverse models that may even be personal designs.
In addition, there are low-cost closed-circuit TV simulation
models that have been shown to be useful in developing basic
skills.® The use of simulators can be applied at different levels:
during specialty training, the post-graduate period or even as
maintenance training for experienced professionals, although

these are not implemented in a mandatory fashion.* Their
application during medical schoolis not a part of the curricular
itinerary as many Spanish medical schools do not have skills
laboratories. This has repercussion on the quality of teaching,
both in the field of medicine as well as in surgery. Updating
teaching resources should be a priority in student education
and training. The joint use of virtual simulators together with
practical hospital experience can improve the basic surgical
aptitudes of students and help them acquire correct tridi-
mensional orientation in the endoscopic two-dimensional
plane.” Furthermore, it may even be an important motivatio-
nal element during the learning stage.

The general objective of this study is to determine the
degree of endoscopic skills of medical students at 3 different
stages within the 6-year undergraduate period (second year,
fourth year and sixth year) by means of a virtual simulator and
after a training period.

Materials and Methods

Participants

Atotal of 48 participants were included in the study, all of whom
were medical students at the Medicine and Health Science
School of the Rovira i Virgili University in Tarragona, Spain.
There were 16 second-year participants, 16 fourth-year and
16 sixth-year students. Each of the 3 groups was divided into a
training program subgroup (n=_8) and a control subgroup (n==8).
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Inclusion criteria for study participants: It was required for
sixth-year students to have completed their 9-week hospital
rotation in the General and Digestive Surgery Department at
the Sant Joan de Reus University Hospital (Tarragona, Spain).
The fourth-year students needed to have completed the 3-
week rotation at the same hospital, in addition to the surgical
skills laboratory training module belonging to our Surgery
Department. The second-year students were required to have
passed the Surgical Anatomy course (first cycle) in which
students first come into contact with surgery (one operative
session plus one session in the surgical skills laboratory). In
the skills laboratory, none of the students had had any
experience with surgical endoscopic simulation; only basic
suture and knot-tying skills were developed. This avoided
possible bias in the results in spite of the acquisition of basic
skills.

Material

The LapSim®™ simulator (Surgical Science Ltd., Géteburg,
Sweden) uses a non-haptic hardware interface that includes
2 articulated supports with sensors and corresponding hand
controls for each hand. At the same time, a computer with
Windows Xp Pro Operating System (Pentium IV processor,
250 Gb ram) and a 17-inch flat screen was used to process and
visualize the exercises. The software used was the 2009
version of LapSim Basic Skills (Surgical Science Ltd., Goteburg,
Sweden).

Exercises

Seven exercises were chosen in order of difficulty according to
the LapSim Basic Skills 2009 computer program. Each was
explained and shown to the participants by an instructor who
tutored the sessions. Each session was 40 min long, which was
the time limit established for performing the 7 exercises. The
default design of each exercise was determined by the
software, with no added adjustments such as changes in
the camera angle or zoom. The overall score (%) for each
exercise was determined based on tissue damage, maximum
damage, estimated blood loss, time, angled or straight
navigation, etc.
The selected exercises included:

Camera navigation: This is a basic exercise in which the
participant should locate and focus on 5 red balls in a
randomly appearing virtual field. The correct execution of
the exercise turns the balls green.

- Instrument navigation: Here, each hand corresponds with an
endoscopic instrument whose tip is a different color (red and
green). Ten colored balls appear in random locations,
and each should be touched with the hand corresponding
with each color.

Coordination: This combines the camera and instruments.
Ten randomly appearing red balls should be found,
touched and transported to a target that appears instan-
taneously.

Grasping: An intermediate-level exercise that involves
grasping 6 longitudinal bands or appendices and transport-
ing them to an identifier or target. Each hand corresponds

with a color that is randomly defined by the band on the
screen.

- Cutting: This entails grasping a segment or ‘‘vessel”,
extending it and preparing it with the right hand to be
cut with the ultrasonic scalpel (left hand and pedal). The cut
segment should be placed in the corresponding identifica-
tion area that appears on the screen. The complete exercise
includes 3 vessels.
Lifting and gasping: In this exercise, a cube is lifted to reveal a
curved needle, which is then grasped and placed in the
identification area. There are a total of 7 cubes that appear
randomly, and the grasping and placement of the needle
should be done with both hands according to the color of the
tip of the forceps.

- Fine dissection: This is considered a more difficult exercise.
A conglomeration of vessels appears, which should be
extended for correct visualization; the thinner vessels are
then cut with the harmonic scalpel (right hand and pedal)
without cutting the larger vessels.

Design

In the intervention/training groups (second, fourth and sixth
years, n=24), an initial baseline test was completed of the
entire battery of exercises. Ten days later, a standardized
training program of 3 sessions (one session per week) was
begun. Afterwards, and after a 30-day washout period, a final
test was done to determine the effects of the training
program.

In the control groups (second, fourth and sixths years,
n=24), the first baseline test was completed of the entire
battery of exercises. After the same 30-day washout period, a
final test was done to determine the effects in the training

group.
Analysis

To compare the means of the scores in the same group or
between groups, we used the Wilcoxon and Mann-Whitney
U-tests (for paired and unpaired data, respectively). Global
analysis was done with the SPSS-PC 17.0 computer program.
A P value <.05 was considered statistically significant.

Results

All the student groups improved significantly after the training
process and this result was maintained over a 30-day washout
period and in the entire battery of exercises. The evolution of
the means through the learning process by student year and
per exercise is demonstrated in Figs. 1 and 2 and in Table 1.

Contrarily, the students in the control group (second,
fourth and sixth years) did not significantly improve their
scores (%) after the 30-day washout period, as can be observed
in Table 2. The difference between the score of the final exam
of the control subjects and the final exam of the training group
is significant for all the exercises. In the fourth- and sixth-year
control subjects, there is a possible memory effect for the
easiest exercises (Camera navigation and Instrument navigation)
(Table 3).
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Fig. 2 - Evolution of the training by student year in the Cutting, Lifting and grasping and Fine dissection exercises.

In the Cutting and Lifting and grasping tests, the sixth-year
students obtained a significantly higher score than the
other students after the washout period: Lifting and grasping
(88.1+13 vs 62.6+121) (P<.001) and Cutting (94.5+11 vs
65.1+12) (P<.05).

The second-year students had inferior skills than the
fourth- and sixth-year students on the baseline test and
throughout the entire training period. In spite of this, in the
final exam their scores were at the same level as the rest of
the students (except in the Cutting and Lifting and grasping
exercises, where the sixth-year students had higher scores).

In the least difficult exercises (Camera navigation and
Instrument navigation), the baseline scores were higher than
those for more difficult exercises (Cutting and Lifting and

grasping): 80.3+12 and 83.6+9 vs 60.3+8 and 59.3+9, respecti-
vely; P<.001.

Discussion

In order to demonstrate their validity and teaching potential,
virtual simulators should be able to discriminate between the
different skill levels of their users. This has been demons-
trated at the professional level, among resident physicians
and professionals with extensive laparoscopic experience.®
Even so, the clinical transferability of these skills has not been
demonstrated in all the simulators on the market, and there is
need for improvement of the so-called “predictive validity”,
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Table 1 - Mean and Standard Deviation of the Scores (%)

of the Baseline and Final Tests, by Exercises.

Baseline test Final test
Camera navigation 80.3+12 95.047
Instrument navigation 83.6+9 99.9+1"
Coordination 63+15 79.5+8"
Grasping 70.6+13 91.4+8"
Cutting 60.348 85.2415"
Lifting and grasping 59.349 72.7413"
Fine dissection 83.3+11 96.3+£10

SD: standard deviation.
* P<.05.
** P<.001.

Table 2 - Differences of the Final Mean Scores (%) of the

Exercises in the Control and Training Groups.

Control groups, Training
pre- and groups,
post-washout final test
(n.s.)
Camera navigation 70.6+15—78.24+11 95.0+7
Instrument navigation 84.2+12—91+13 99.941
Coordination 62.8+14—67.1+£12 79.5+8
Grasping 69.9413—73.14+10 91.448"
Cutting 54.9+14—56.5+10 85.2+15"
Lifting and grasping 56.3+10—58.6:11 72.7413"
Fine dissection 87+11—85.4+13 96.3+10
* P<.05.
** P<.001.

which is only achieved with standardized programs and
cutting-edge software.”

Few studies in the literature include medical students in
virtual training in order to define their abilities. Its usefulness
at this level has been demonstrated not only with regard to
technical skills, but also in reducing stress levels when
the transfer is made to real surgical scenarios.® In our case,

we can say that the virtual simulator is able to discriminate
between students in the sample, especially between those in
their second and sixth years. In the baseline tests for all the
exercises, except in the Lifting and grasping test, the second-
year students obtained significantly lower scores despite the
fact that after the training phases these levels were compara-
ble to those of the other students. The superiority of the
fourth- and sixth-year students at baseline is an indicator of
the usefulness of standardized practical training within the
study plan. This training, together with the skills laboratory
training, has a positive effect on students who, once their
medical school education is completed, will have superior
overall skills than those students whose curricular itinerary
has included little practical training.

The 3-week training program of this study produces a
significant improvement in all the student groups. Taking into
account this fact and the demonstrated importance of clinical
practice, its standardized application in the curricular itine-
rary of residents should be a priority teaching objective in
hospital centers that are accredited for training specialists.’
Subsequently, the evaluation of technical skills with virtual
simulators could be considered a valid, objective method in
hiring processes, together with personal interviews and
professional experience.’®

In the Cutting and Lifting and grasping exercises (considered
to be of intermediate difficulty), it was striking to see the low
baseline scores of all the analyzed groups. After the training
process, however, these are the only exercises in which the
sixth-year students are seen to be clearly superior to the other
students. This is similar to data found in the literature at the
post-graduate level where, after training, surgeons with
greater laparoscopic experience obtain higher scores.’* This
fact once again reinforces the importance of clinical practice
in the exponential acquisition of surgical skills when various
teaching methods are combined. On the other hand, the
exercise considered as being the most difficult (Fine dissection)
obtained a significantly higher score both before and after the
training period. At this point, we should also mention that
during this study most students indicated that the most

Table 3 - Differences Observed in the Scores (%) Between the Different Groups Pre- and Post-washout Period, According to

Student Years and Exercises.

Camera Instrument Coordination Grasping Cutting Lifting and Fine
Navigation Navigation Grasping Dissection

2nd year control, pre- 77.1+8 90.7+10 57.2+11 66.1+10 55.54+9 60.3+13 88+15
2nd year control, post- 74.3£9 85.2+12 61.1+8 68+9 54.7+11 59.1+11 84.6+12
2nd year training, pre- 76.1+10 77+9 53.2+10 66.1+12 55.5+12 60.3+15 77+14
2nd year training, post 97.548 98.3+ 8" 81.349" 87.7+11° 81.349" 76.3+£10" 98.3+9"
4th year control, pre- 60.6+11 78.3+12 65.6+9 75+10 53.2+12 54.5+13 80.2+13
4th year control, post- 77.1410 95.3+11° 72.6+10 79.6+15 55+10 57.1+11 86.3+15
4th year training, pre- 79.3+10 87.5+9 70.2+8 76.5+9 61.1+10 55.7+9 87.5+10
4th year training, post- 94.248 97.248 81.1+7 94,149 80.5+11" 64+8" 97.249
6th year control, pre- 72.5+11 83.6+10 61.7+£16 68.6+13 56.1+14 54.3+12 90.5+16
6th year control, post- 83.3+10" 92.748 67.5+14 71.8+11 59.1+13 59.6+10 76.3+14
6th year training, pre- 86.3+8 85.7+10 65.1+12 75.1+10 65.1+12 62.6+12 85.7+13
6th year training, post- 93.548" 94.247 76.149 92.54+11 94,5411 88.14+13" 94.2410

* P<.05.
™ P<.001.
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difficult exercise in their opinion was Lifting and grasping. This
factis supported by other papers in which the exercise used to
evaluate surgeons’ skill is none other than Lifting and
grasping.**

In the less difficult exercises of our study (Camera navigation
and instrument navigation), there has been a possible memory
effect in the 30-day follow-up in the fourth- and sixth-year
groups. This did not happen in the other exercises or in the
case of the second-year students, in whom the 30-day period
was sufficient to validate the design. No participant had had
contact with a virtual simulator before taking part in the
experiment, although they had had contact with the skills
laboratory to work on basic skills such as suturing or knotting.
There are no values that refer to years of medical school, but a
longer period could be considered for evaluating elemental
exercises. When evaluating competencies among groups of
surgeons, washout periods can even be extended to more than
6 months.’?> However, when reviewing LapSim® validity
studies, it is observed that this type of simulator is much
more effective in inexperienced subpopulations, which
demonstrates its applicability and efficacy for use in medical
schools.”

Lastly, during the exercise process and follow-up of the
participating students, we have observed an important
motivational component for learning surgical skills in most
participants. Currently, part of the competency teaching in
surgery follows a cross-curricular process that may endanger
surgical teaching as its own entity.'* Surgical skills laborato-
ries, with the advent of specific curricular programs using
simulators, can also be motivational for the acquisition of
technical skills.”

Medical school students who participated in a training
program with a virtual simulator have significantly impro-
ved their basic endoscopic skills. This training is effective,
and the acquired skills are not lost after a rest period. The
usefulness of the virtual simulator seems to be higher for
students in more advanced years who have greater clinical
experience. There is already a discrimination process seen
during this period. Surgical abilities during this educational
phase should be reinforced with new teaching techniques
such as simulation programs in the skills laboratories.
There are many factors that promote simulation in the
educational setting, such as those that help students
acquire standardized learning in order to achieve specific
competencies and avoid irresponsible actions in real
patients. Competency-based learning in the new curriculum
should also be evaluated and, to do so, simulators could play
a fundamental role in exams.'® This means that instructors
and professors should be capacitated in this field, defining
teaching outlines and learning objectives for each year of
medical school,'” although there are studies where the
figure of the instructor is considered unnecessary and
unrelated to the results obtained.'® Even so, the simulation
program should be designed and evaluated by trained
instructors. Finally, it should be mentioned that the
standardized application of a training program during
the residency period would be highly effective and efficient

for acquiring the knowledge necessary to complement
residents’ training as specialists, which has been demons-
trated by recent studies.'®?°

Conflict of Interests

The authors declare having no conflict of interests.

Acknowledgements
We would like to thank our surgical residents and the medical

students at the Rovira i Virgili University for their disinte-
rested, voluntary participation in this study.

REFERENCES

1. Misra M, Schiff ], Rendon G, Rothschild J, Schwaitzberg S.
Laparoscopic cholecystectomy after the learning curve:
what should we expect? Surg Endosc. 2005;19:1266-71.

2. Gauger PG, Hauge LS, Andreatta PB, Hamstra SJ, Hillard ML,
Arble EP, et al. Laparoscopic simulation training with
proficiency targets improves practice and performance
of novice surgeons. Am J Surg. 2010;199:72-80.

3. Morandeira A, Cabrera A, Sabench F, Hernandez M,
del Castillo D. Low cost simulator for acquiring basic
laparoscopic skills. Cir Esp. 2010;87:26-32.

4. Van Dongen KW, Van der Wal WA, Rinkes IH, Schijven MP,
Broeders IA. Virtual reality training for endoscopic surgery:
voluntary or obligatory? Surg Endosc. 2008;22:664—7.

5. Hanna GB, Cuschieri A. Influence of the optical axis-to-
target view angle on endoscopic task performance. Surg
Endosc. 1999;13:371-5.

6. Van Dongen KW, Tournoij E, Van der Zee DC, Schijven MP,
Broeders IA. Construct validity of the LapSim: can the
LapSim virtual reality simulator distinguish between
novices and experts? Surg Endosc. 2007;21:1413-7.

7. Thijssen AS, Schijven MP. Contemporary virtual reality
laparoscopy simulators: quicksand or solid grounds for
assessing surgical trainees? Am J Surg. 2010;199:529-41.

8. Gockel I, Hakman P, Beardi J, Schiitz M, Heinrichs W,
Messow CM, et al. New perspectives in laparoscopic
simulation: from students’ skills lab to stress evaluation.
Zentralb Chir. 2008;133:244-9.

9. Panait L, Bell RL, Roberts KE, Duffy AJ. Designing and
validating a customized virtual reality-based laparoscopic
skills curriculum. J Surg Educ. 2008;65:413-7.

10. Salgado J, Grantcharov TP, Papasavas PK, Gagne DJ, Caushaj
PF. Technical skills assessment as part of the selection
process for a fellowship in minimally invasive surgery. Surg
Endosc. 2009;23:641-4.

11. Tanoue K, Uemura M, Kenmotsu H, leiri S, Konishi K,
Ohuchida K, et al. Skills assessment using a virtual reality
simulator, LapSim, after training to develop fundamental
skills for endoscopic surgery. Minim Invasive Ther Allied
Technol. 2010;19:24-9.

12. Maagaard M, Sorensen JL, Oestergaard J, Dalsgaard T,
Grantcharov TP, Ottesen BS, et al. Retention of laparoscopic
procedural skills acquired on a virtual-reality surgical
trainer. Surg Endosc. 2011;25:722-7.


http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0005
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0005
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0005
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0010
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0010
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0010
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0010
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0015
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0015
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0015
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0020
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0020
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0020
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0025
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0025
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0025
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0030
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0030
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0030
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0030
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0035
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0035
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0035
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0040
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0040
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0040
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0040
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0045
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0050
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0050
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0050
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0050
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0055
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0055
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0055
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0055
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0055
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0060
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0060
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0060
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0060

CIR ESP. 2013;91(3):177-183

183

13.

14.

15.

16.

17.

Fairhurst K, Strickland A, Maddern G. The LapSim virtual
reality simulator: promising but not yet proven. Surg
Endosc. 2011;25:343-55.

Véazquez G, Ruiz J. Simulation: usefulness in medical

and surgical training. Cir Esp. 2009;86:1-2.

Rodriguez JI, Turienzo E, Gonzdlez J. Does the incorporation
of a virtual simulator improve abilities in endoscopic surgery
acquired with an inanimate simulator. Cir Esp. 2009;86:167-70.
Gomez Fleitas M, Palazuelos JC. Clinical simulation in
surgical training in the 21st century. Cir Esp. 2011;89:133-5.
Morales Garcia D. Clinical simulation in the surgical training
in the xx1 century. Cir Esp. 2012;90:139-40.

18.

19.

20.

Snyder CW, Vandromme M]J, Tyra SL, Porterfield Jr JR,
Clements RH, Hawn MT. Effects of virtual reality simulator
training method and observational learning on surgical
performance. World J Surg. 2011;35:245-52.

Enciso Sanz S, Sanchez Margallo FM, Diaz-Gliemes Martin-
Portugués I, Usén Gargallo J. Preliminary validation of the
Simulap™ physical simulator and its assessment system for
laparoscopic surgery. Cir Esp. 2012;90:38-44.

Stefanidis D, Hope WW, Korndorffer Jr JR, Markley S,

Scott DJ. Initial laparoscopic basic skills training shortens
the learning curve of laparoscopic suturing and is
cost-effective. ] Am Coll Surg. 2010;210:436-40.


http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0065
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0065
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0065
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0070
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0070
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0075
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0075
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0075
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0080
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0080
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0085
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0085
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0090
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0090
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0090
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0090
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0090
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0095
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0100
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0100
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0100
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0100
http://refhub.elsevier.com/S2173-5077(13)00102-6/sbref0100

	Evaluation of Surgical Skills in Medical Students Using a Virtual Simulator
	Introduction
	Materials and Methods
	Participants
	Material
	Exercises
	Design
	Analysis

	Results
	Discussion
	Conflict of Interests
	Acknowledgements
	References


