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Rezumat

Trainingul in chirurgia laparoscopicd - experienta Clinicii I
Chirurgie lasi

Invatamantul chirurgical, dupi principiile clasice, se desfasoara
in sala de operatie sub coordonarea unui chirurg cu exeperient.
De-a lungul timpului si in special dupa introducerea tehnicilor
de chirurgie minim invaziva ca abord standard pentru multe
afectiuni, au fost dezvoltate multiple metode care si asigure
insusirea cunostintelor. Din punct de vedere al comportamen-
tului uman, se disting trei niveluri de cunoastere: 1) comporta-
ment uman bazat pe abilitati de bazi; 2) comportament bazat
pe reguli; 3) comportament bazat pe cunoastere. Abilititile
necesare chirurgiei minim-invazive sunt dificil de insusit
folosind modelul clasic de invatdmant chirurgical, datoritd a
numeroase motive: etice, medico-legale si economice. De
aceea, au fost dezvoltate multiple tipuri de simulatore destinate
invatdmantului chirurgical minim-invaziv. Actualmente,
simulatoarele sunt acceptate peste tot in lume pentru trainingul
tehnicilor minim-invazive asigurand imbunatitirea perfor-
mantelor tinerilor chirurgi. Simulatoarele folosite curent
asigura insd numai insusirea abilitatilor practice de bazi si,
partial, a comportamentului bazat pe reguli. Totusi, folosirea
modelelor animale ca si a viitoarelor modele de simulatoare de
realitate virtuala vor oferi posibilitatea insusirii si a comporta-
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mentului bazat pe cunoastere. Cu toate acestea nu existd o
curriculd general acceptatd pentru trainingul in chirurgia
minim-invaziva. Lucrarea prezinta experienta de peste 10 ani a
Clinicii I Chirurgie lasi si evolutia diverselor metode si
tehnici de antrenament. De asemenea, s-a realizat un review al
literaturii despre noile concepte si probleme ale invatdmantului
chirurgical.

Cuvinte cheie: chirurgie minim-invaziva, invatdmant medical,
simulatoare, training laparoscopic, realitate virtuali

Abstract

The classic apprenticeship model for surgical training takes
place into the operating theater under the strict coordination
of a senior surgeon. During the time and especially after the
introduction of minimally invasive techniques as gold standard
treatment for many diseases, other methods were developed to
successful fulfill the well known three stages of training: skill-
based behavior, rule-based behavior and knowledge-based
behavior. The skills needed for minimally invasive surgery
aren’t easily obtained using classical apprenticeship model due
to ethical, medico-legal and economic considerations. In this
way several types of simulators have been developed. Nowadays
simulators are worldwide accepted for laparoscopic surgical
training and provide formative feedback which allows an
improvement of the performances of the young surgeons. The
simulators currently used allow assimilating only skill based
behavior and rule-based behavior. However, the training using
animal models as well as new virtual reality simulators and
augmented reality offer the possibility to achieve knowledge-
based behavior. However it isn’t a worldwide accepted laparos-
copic training curriculum. We present our experience with
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different types of simulators and teaching methods used along
the time in our surgical unit. We also performed a review of the
literature data.

Key words: minimally invasive surgery, education, simulators,
laparoscopic training, virtual reality

Background

Minimally invasive surgery (MIS) has some well known advan-
tages: minimum abdominal wall trauma, better aesthetic
results, rapid recovery, short hospital stay, reduced hospital costs.
(1) Much more, in the countries with high prevalence rate of
human immune-deficiency virus infection, MIS has other
important advantages: decreased risk of per operative infection
and reduced postoperative patient immunosupression. (2)
However, MIS has some disadvantages: inserting tools through
keyhole incisions reduces the number of degrees of freedom,
haptic perception, fulcrum effect with contra-intuitive (reverse
motions), operating into a three-dimensional space while inter-
acting with a bi-dimensional video interface. (3,4) That is why
MIS requires specific psychomotor and cognitive skills: accurate
instrument targeting in a three-dimensional environment using
a video interface, non-dominant hand dexterity, two handed
dexterity, surgical technique knowledge, knowledge of the
laparoscopic anatomic particularities. (3,5,6,7,8) These skills
are markedly different from those used in conventional open
surgery and aren’t directly derivative from open surgery skills
(3,5). For these reasons as well as ethical, medico-legal and
economic considerations, specialized training in MIS is
mandatory. (9)

Material and Method

During the last 15 years, the surgical education in the First
Surgical Unit lasi, and especially the training in MIS, has
been continuously changed. From the point of view of laparos-
copic education, our surgical unit staff made a successful
transition from learning to teaching. Along this period of
time, in our surgical unit, under the coordination of different
lecturers 27 postgraduate courses and workshops for laparos-
copic education were run. We retrospectively reviewed the data
collected from these courses.

For a better exposure and understanding, the data were
managed using the human behavior model described by
Rasmussen. (10) This model has been successfully applied in
laparoscopic training and allows a better and easier definition
of the training objectives, needs and means. (11)

According to this model, there are three levels of human
behavior: (4,10,11)

- Skill based behavior (SBB) — during the normal activi-
ties different movements and instruments handlings are
executed without conscious control; the achievement of
skill based behavior is reflected in the correct automatic

handling of the instruments. From point of view of MIS,
this means a good eye-hand coordination and bi-manual
dexterity.

- Rule based behavior (RBB) - as in “classical” surgical
approach, the laparoscopic surgical procedures are
performed respecting a sequence of steps and rules; that
is why the RBB can be easily transferred from open
surgery to MIS. However the RBB in MIS has some
particularities (e.g. the critical view during the dissec-
tion of the gallbladder infundibulum and cystic duct).
Due to these features, the classical residency program is
not sufficient to achieve the RBB level and intensive
training is mandatory. (4)

- Knowledge based behavior (KBB) — means the higher
level of human behavior. From surgical point of view
that means the possibility to solve complex and
unexpected intraoperative situations (e.g. bleeding from
aberrant vessels, abnormal biliary anatomy, technical
problems). The achievement of KBB level means the
use of different resources: lectures, attendance to live
surgical procedures and commented surgical procedures,
multimedia resources (internet, surgical procedures
movies). We think that for a surgeon the achievement
of the KBB means a continuous education during all
the life.

Results

In Romania, the minimally invasive surgery era, has begun in
1992 when the first laparoscopic cholecystectomies were
performed by Prof. V. Sarbu and Prof. S. Duca from Constanta
and Cluj-Napoca, respectively. A few months later (March 31%,
1993), in the First Surgical Unit from lasi University of
Medicine, was performed the first laparoscopic cholecystectomy
from Moldavia region, by a Romanian-Belgium team. From
then the laparoscopic education became a constant priority for
our surgical staff.

The First Surgical Unit apprenticeship model in laparos-
copic education is common for some surgical centers from the
first years of the MIS and consists in the staff’s skills transfer
from learning to teaching. (12,13,14)

Retrospectively analysed, the laparoscopic education from
our Surgical Unit could be described as a three stages process:

1. first stage (the beginning), from 1993 until 1995 - our
staff acquired SBB, RBB and KBB for basic MIS
procedures: cholecystectomy, appendectomy, surgical
ablation of ovarian cysts;

2. the second stage, from 1996 until 1999 — characterized
by continuous training of our surgical staff until the
achievement of the KBB level for basic MIS procedures
and training for other operations (laparoscopic treat-
ment of the groin hernias, eso-gastric surgery, bariatric
surgery) and the teaching of the residents and the
surgeons from Moldova region to achieve SBB and RBB
for basic MIS procedures;

3. the third stage, from 2000 until present — characterized
by a continuous improvement of the surgical teams’



laparoscopic skills for different procedures, and
developing a modern curricula for laparoscopic
education.

First stage (1993-1995)

The laparoscopic surgery began in 1993 with knowledge and
logistic support of a Franco-Belgium team (Dr. W. Cornette,
Prof. C. Gouillat, Dr. M. van Baden).

The goal of this stage was to train, as soon as possible, a
surgical team to achieve the KBB level for laparoscopic
cholecystectomy and laparoscopic appendectomy.

The trainees from that period had some unique characteris-
tics: they were senior surgeons highly trained in open surgery,
but without any MIS experience. In fact they had no SBB and
RBB but they had some RBB and KBB “imported” from their
previous experience in open surgery.

The training methods were: lectures, postgraduate courses
and scholarships in France and Belgium (IRCAD, Strasbourg,
C.H.U. Lyon, Zaventem Hospital,), attendance to live surgical
procedures performed by experts from abroad, training using a
“box trainer” to achieve SBB and RBB (simple exercises for
eye-hand coordination and bimanual dexterity, dissection of a
porcine liver-gallbladder model), animal experiment (in fact,
the first laparoscopic cholecystectomy has been performed in a
live pig model).

Experts from abroad were involved to evaluate the surgical

skills.
The second stage (1996-1999)

The primary goal of the second stage was to start the develop-
ment of an education program in MIS to train the residents and
surgeons from the hospitals from Moldavia region until the
KBB level for basic laparoscopic surgical procedures (cholecys-
tectomy, appendectomy). The secondary objective was the
continuous training of the own surgical team for different other
procedures (laparoscopic treatment of the perforated ulcer,
eso-gastric surgery, laparoscopic treatment of inguinal hernia,
bariatric surgery).

The characteristics of this period were a heterogeneous
group of trainees and a team of lectures from our surgical unit
already trained in MIS. There were two categories of trainees:
the residents with no SBB, RBB and KBB and the surgeons
from the hospitals from Moldavia region (Suceava, Onesti,
Barlad, Neamt, Focsani, Galati, Buziu) who already had
experience in open surgery.

The training tools consisted in lectures, attendance to live
surgical procedures, commented videos during the postgraduate
courses and workshops. The “box trainer” was extensively used
and different tasks were designed (peg transfer, rope pass, rope
cutting etc.) for the achievement of the SBB. Others important
“box trainer” tasks were the exercises designed for suturing and
intracorporeal knot tying. The dissection of a porcine liver-
gallbladder model was also used for training and, associated
with others methods (lectures, commented videos, attendance
to live surgical procedures) provided the achievement of the
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RBB. Unfortunately, due to the financial problems, the live pig
model was used only for two courses.

Experts and trainers evaluated the trainees’ performances
during the “box trainer” exercises. The theoretic knowledge
was tested using questionnaires and multiple choice questions.

The third stage (2000 until the present days)

The primary goal of the third stage was to develop a modern
curriculum for MIS education for residents in general surgery
until they achieve the KBB level for basic MIS procedures.
During the time we also designated other objectives for MIS
education: 1) to start a selection program for the students with
high surgical abilities and guide them to start residency in
surgical specialties; 2) the implementation in the surgical
department of a new concept — the preoperative warm-up.

The unique features of this period were the use of the ulti-
mate methods of surgical education - virtual reality simulators
and multimedia resources. The multimedia support (live trans-
mission from operating room, commented videos, CDs and
DVDs with different techniques, online internet libraries, jour-
nals and sites) is extensively used and is absolutely necessary
for the achievement of RBB and especially for KBB level. (15)

The training methods used during this period consisted of
lectures, attendance to the surgical procedures, commented
operations (during the courses and workshops), training using
VR simulators and “box trainer”. Unfortunately, the live pig
model wasn’t anymore available.

VR simulators
MIST VR

The use of VR simulators started in 2000 using a MIST VR
(Minimally Invasive Surgery Trainer - Virtual Reality)
simulator. The MIST VR system was developed in the last
years of the 20-th Century in order to facilitate the access to
the Basic Surgical Skills Course (BSSC) imposed by The
Royal College of Surgeons of England. (16) The MIST VR
system consists in a hardware platform (200 MHz Pentium®
PC with 64 Mb RAM and 16 Mb video-card, running a
Windows NT operating system and a Virtual Laparoscopic
Interface (VLI) (Immersion Inc., San Jose, CA, USA),
which includes a jig with two endoscopic handles with 6
degree of freedom but without force feedback and a software
which translated the instruments movements as a real-time
graphical display of the instruments. The operating volume
is represented as a three-dimensional cube on the computer
screen. The overall image size and the sizes of the target
objects (small balls and a cylinder) can be varied for
different skill levels. Targets can be grasped, manipulated and
coagulated according to the task design. Six tasks have been
designed to simulate some of the basic manoeuvres
performed during a laparoscopic cholecystectomy. The soft-
ware recorded the accuracy, errors and time to completion.
These data allow an objective assessment method for the
trainees’ performances. However the cut-off point is
difficult to establish. The tasks are relatively easy to be
completed, especially when factory settings is used. In this



70

way, both trainer as well as trainees considered the MIST
VR tasks as being boring. However, we tested the trainees
before and after the training of MIST VR using experts and
Global Rating Score (17) to evaluate the performances and
we found a significant improvement of all the scores.

LapSim

We had the opportunity to use one of the most powerful
system for laparoscopic education — LapSim VR Simulator.
The hardware consists in a 2000 MHz processor Pentium IV
computer running Windows XP, equipped with a GeForce
graphic card and a 17 inches TFT monitor, and the same
Virtual Laparoscopic Interface (VLI) hardware (Immersion
Inc., San Jose, CA, USA) used for MIST VR. The software
was LapSim Basic Skills 3.0 (Surgical Science Ltd., Géteburg,
Sweden) which had a basic skill training module consisting in
the following six tasks: camera navigation, instrument naviga-
tion, lifting and grasping, cutting, clip applying and suturing.
The software also included an advance module which allowed
the training until the RBB level for laparoscopic cholecystec-
tomy and adnexectomy.

The software also recorded different parameters which
allow an objective evaluation: time, misses, drift, trajectory
and angular path of the instruments, tissue damage (total times
and maximum depth), missing clips, badly placed clips,
blood loss volume. The recorded Lap Sim parameters were
interpreted as: higher parameters scores mean a poorer virtual
laparoscopic performance and the best performance was
designated as the task performed in the shortest time with
lowest score from point of view of tissue damage. Our previous
work showed that LapSim VR simulator can evaluate the
surgeons' performances, especially the parameters of the
instrument navigation and lifting and grasping modules,
which require a higher degree of eye-hand coordination, but
the suturing module is less influenced by surgeons’ experience,
result probably explained by a lack of the transfer of training
and the absence of the of the force feed-back. (18)

However we’d like to emphasize that the laparoscopic
cholecystectomy dissection module is very well designed,
especially related to the “critical view” and allows the
possibility to achieve the RBB level.

Lap Mentor

From 2008 we used Lap Mentor for VR laparoscopic training.
This device is one of the most recent VR simulators on the
market. The system comprises a powerful PC running
Windows XP and a console which simulates a patient’s
abdomen with three trocars already inserted. The most
important feature of the console is the force feed-back (haptic
console). The software is very complex and is structured as a
library with different modules. We used only the basic skills
module and laparoscopic cholecystectomy module. The basic
skills module includes the following tasks: camera navigation,
instrument navigation, grasping, clipping, grasping and
clipping, cutting, coagulation. During these tasks the instru-
ments can be changed to choice the appropriate tool. The Lap
Chole - Procedural Tasks Module is designed as a step by step

tutorial focused on the key points of laparoscopic cholecystec-
tomy. The module helps surgeons to identify the anatomic
landmarks clues (and especially the critical view) associated
with tissue handling. In our opinion the modules allow the
achievement of the RBB level for laparoscopic cholecystectomy.
The system allows a variety of clinical cases with different
biliary and vascular abnormalities which, in fact, insures
training until the KBB level. The software recorded a large
number of kinematics parameters for assessing trainees’ per-
formances. Lap Mentor has a good construct validity providing
the possibility to distinguish between subjects with varying
laparoscopic experience. (19)

Box trainer

We used the box trainer (pelvitrainer) even from the beginning.
It was demonstrated in different studies that box trainer allows
the achievement of SBB and, using specialized models or
animal models (e.g. porcine liver-gallbladder model), the
achievement of the RBB for some basic surgical procedures, like
laparoscopic cholecystectomy. (4,20,21) The box trainer also
allows the achievement of the knots and suturing skills.
Nowadays, we use a box trainer system and a training program
which permit the achievement of SBB level and even the RBB
level for laparoscopic cholecystectomy.

The actual box trainer consists in a laparoscopic system, a
“black box” and a digital system of video recording (DELL
notebook + Pinnacle USB video capture system + Pinnacle
Studio software). The actual educational program consists in
three modules - basic skills module, dissection module and
suturing module. The training modules were designed to be
completed during short practical courses to give a maximum
concentration for maximum performances.

The basic skills module has the following tasks (Fig. 1):

- peg drop - picking up a peg with a grasper and dropping
it into a cup (alternative with dominant and non-
dominant hand). There were twenty pegs to be handled.

- peg transfer — picking up a peg with a grasper then
transfer in the other hand and then dropping it into
a cup; there were also twenty pegs to be handled.

- peg pass — using both hands a match must be pass
through 3 ringlets.

- rope pass and cutting — the task consists in running a
rope and then cutting it in pieces of about 5 cm
length.

- dissection and cutting — cutting a circle shape from a
surgical glove.

The dissection module has the primary goal to allow the
achievement of SBB level and even RBB level for laparoscopic
cholecystectomy. In this way, we used a porcine liver-gallblad-
der model to train the traction / exposure maneuvers, the
dissection of the cystic duct and artery and, the complete
dissection of the cholecystectomy.

The suturing training module has three tasks: knot tying
task to train the intracorporeal knots; needle pass and suturing
which consists in passing a curve needle through a piece of
sponge covered with natural leather which mimicked the
suturing of a perforated ulcer; intracorporeal suturing consists



Figure 1. Box trainer -
basic skills and suturing
modules. A. Peg drop task;
B. Peg transfer task; C. Peg
pass task; D. Rope pass |
and cutting; E. Dissection
and cutting; F. Needle pass
and suturing

in performing a running sutures through a piece of sponge
covered with natural leather.

All the trainees are tested initially, and at the end of the
training program, and their performances are recorded and
evaluated by the trainers using a Lykert type scale [Global
Rating Score (17)] (Fig. 2).

The training program

The actual education program for MIS consisted of lectures,
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surgical demonstrations, proctorships which are already
included in the residency curriculum (from 2000). We also
organized for our residents the hands-on courses to allow the
achievement of the SBB and RBB level for basic MIS. The
actual hands-on courses were designed as workshops with a few
lectures to emphasize the key points of the surgical procedures
and recorded procedures commented by experts. The trainees
are initially tested using the box trainer in basic skills module;
their performances are digitally recorded. The next step is the

Figure 2. Global Rating WORKSHOP TEHNCI DE BAZA IN LAPAROSCOPIE ) S
. Global Rating Score
Score used for trainees Firstname ... LastName ... age ... : student (0 rezident 0 consultant O
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working with simulators (MIST VR, Lap Mentor and finally,
the box trainer modules with complex procedures). At the end
of the hands-on course, the trainees are tested again using the
same box trainer basic skills module and their performances
are recorded and evaluated by the experts.

One of the latest goals of our education program in MIS is
to select the students with high surgical abilities; in this way
we organized three days courses for students in the last two
years of study. The students are initially tested and then they
work with different simulators, as in the hands-on courses for
residents. Then they are tested at the end of course and the
students with performances higher then the 50% cut-off value
of the residents are advised to follow a surgical carrier.

The last objective was inspired from the recent works from
the literature data — the preoperative warm-up. (22) We tested
the efficiency of the preoperative warm-up using the
LapMentor VR simulator. Partial results about this work
revealed that performing simple exercises using VR simulators
before the surgical procedure, even highly trained surgeons may
become more prepared both in terms of psychomotor and
cognitive skills. These results were recently presented. (23)

Discussions

Surgery is constantly evolved from the Ancient Age until the
Computer Age. (24) During the last decades of the Industrial
Age, a new approach has been developed — minimally invasive
surgery. If, in the open surgery, the surgeon has a direct contact
with the patient and directly visualizes the operative field, and
directly manipulate the specific tools, during the minimally
invasive approach the surgeon has a limited contact with the
patient. He continues to directly manipulate the special
designed tools, but visualize the operating field using a video
bi-dimensional interface. (25) The latest technological level
allowed, in the last years, the development of robotic surgery.
In this surgical approach the surgeon operates and manipulates
specific tools without direct contact with the patient. (24,25)
In this way it could be better described by a term imported
from aviation industry: surgeon operates by wire. (9)

Because surgery is a domain in which the surgeon’s
performance is a crucial determinant of outcome (26) a charac-
teristic apprenticeship model has been developed along the
history. This classical training model was defined and theorized
by William Stewart Halsted (1852-1922) known by own
trainees as “The Professor”. (27) He changed the training of
surgeons from a disorganized apprenticeship to the residency
training programs. (27) His aphorism, “see one, do one, teach
one”, is probably the best description of the classical training
model. (27) According to this model, the surgical training takes
place into the operating theater under the coordination of a
senior surgeon, “Le Grand Patron”. (28) This master needed
certain qualities: a well based and very broad knowledge, a
strong-willed character and an imposing personality with quite
good surgical performances. (28) However, his knowledge were
not technological based and his performances were not fully
evaluated. (28)

Due to the specific capabilities required in MIS the

halstedian model of apprenticeship is no longer available. (29)
These capabilities can only be gained through extensive
training. (30) It was demonstrated that the specialized training
for MIS is absolutely necessary to avoid or to minimize the
intraoperative errors. (31,32) In this way we quoted Mr. R.
Satava “Among the many attributes of simulation, one of the
most important is that it permits exploration and repeated
practice in a setting that fosters “permission to fail” - the
opportunity to learn from owns mistakes”. (33)

However, until now, is no training curriculum for MIS
gained universal acceptance. To efficiently design a training
program is necessary to establish the goals, the needs and the
means of the training. (4,11) The goals represent the level of
proficiency required (SBB, RBB or KBB). (11) The needs are
defined as the difference between the initial level of compe-
tence and the required level of competence of the trainees and
the means are represented by the methods of training. (11) The
objectives, the needs and means of our training program have
been changed over the time according to our staff experience
in MIS, the evolving of the technology and the social needs.
During 90’ the concept of accreditation for MIS appeared in
the majority of Western countries especially due to the medico-
legal implication. (21,34) During that time, consultants and
seniors surgeons with high experience in open surgery graduat-
ed hands-on courses which allowed the achievement of the
SBB and RBB level for basic laparoscopic procedures in order
to transfer the experience from open surgery in MIS. (21) Our
teaching program had the same features in the first stage.
During the next years, many countries and medical societies
developed guidelines and training programs for MIS and some
training programs for MIS were included in residency
curriculum. (34,35,36,37,38,39,40,41) The constant goal of our
training program, for all the trainees and especially for the
residents, was to achieve the RBB and even KBB level for basic
laparoscopic procedures (cholecystectomy, appendectomy,
treatment of the ovarian cysts). The actual program designed for
residents integrating into the residency curriculum the training
in MIS because at the end of the residency, the surgeons have
the accreditation for basic laparoscopic procedures. (42)

Even if this program is not covered in any official
documents of the Ministry of Health or National Center for
Continuous Education for Physicians and Pharmacists, we
advise our residents to participate and to graduate at least two
hands-on courses and workshops during the residency to
achieve SBB and RBB level, as in other experiences presented
in literature. We also noted during the hands-on courses and
workshops the different tasks became a challenge and enhance
the competence between the trainees and allow a maximum
performance and proficiency. (43) The regular organization of
hands-on course and workshops, solve another important
problem of the residency training — the limited weekly working
time at 48 hours due to the The European Working Time
Directive. (28,44) Another important advantage is the
laparoscopic skills improvement of our own staff. (45) Due to
the complexity of the problem, we consider the term of MIS
education more appropriate that MIS training, as Prof.
Schiappa already stated. (28) In our opinion, the acceptance of



Rasmussen model about the human behavior, (4,10,11) allows a
mathematical definition of the objectives and needs and is the
first step to a standardized worldwide curriculum for MIS
education. In aviation this model has been already successfully
applied to pilots. (10)

There are many data in the literature about the different
methods of training in MIS. The actual techniques used
worldwide are: lectures, courses, live surgical demonstrations,
live or recorded commented videos, online resources, hands-on
courses and workshops using simulators (box trainer /
pelvitrainer, VR simulators), proctorships. (4,21) The access to
different resources can pose problems; even in the United
States, a recent evaluation revealed that only 55% from 253
hospitals have not training facilities for MIS and 46% have not
VR simulators. During the last ten years we used almost all the
methods cited in literature for MIS education, from the
simplest box trainer until the most performing VR simulators
with haptic console and live animal experiments.
Unfortunately, even though the live animal experiment is the
best possibility to achieve the KBB level for different types of
laparoscopic procedures (47), we used this method only in the
first years. The VR simulator is a very efficient method for MIS
training and easily accepted by the trainees. (4,32,33,48,49)
However VR simulators have some limitations: the video
simulation of the operative environment and the force feed-
back. (4) Even if the computer modeling reached high
performances, these aspects remain far from realistic. Along the
time, both the trainees and trainers noted that the box trainer
is superior to the VR simulators especially when animal
models (e.g. porcine liver gallbladder model) are used. This fact
is explained especially by the realistic force feed-back of the
laparoscopic instruments. We demonstrated in a previous work
that the lack of force feed-back is one of the most important
disadvantages especially when suturing and knot tying are
trained. (18) These data are in concordance with other studies
from literature. (7,50,51) During the time we used different tasks
for the box trainer: peg drop, peeling the grapes or chicken
skin, needle pass through different materials. The actual
modules consist in 6 tasks (peg drop, peg transfer, peg pass, rope
pass and cutting, dissection and cutting a glove) and other
three additional tasks to train the knots and sutures (knot tying,
needle pass and suturing and intracorporeal suturing through a
piece of sponge covered with natural leather). These exercises
were designed according to other data from the literature.
(6,52,53)

Munz Y et al. compared the training using VR simulators
(LapSim) vs box trainer and noted that both modalities are
effective means of teaching and improving basic psychomotor
skills, and that these skills are transferable to a relatively
complicated real task. (20) However, the authors didn’t study
the suturing or knot tying tasks. A promising type of simulator
is augmented reality simulator which combines the realistic
haptic feed-back with computer generated objects. (54) These
future simulators are already tested and will offer the possibility
to achieve the RBB and KBB levels.

The multimedia resources are continuously developing.
Different online libraries and sites (e.g. www.websurg.com,
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www.sls.org) are now available and offer a real support to
achieve the KBB level for different laparoscopic procedures.
Other concepts as telementoring and telepresence were
developed in the last years and offer unlimited possibilities
of surgical education. (55,56)

Every training method is efficient in the concept of
Rasmussen human behavior. In this way, we agree with
Dankelman ] (4) who classified the training methods according
to the human behavior: 1) the achievement of SBB level using
pelvitrainers and VR simulators; 2) the achievement of RBB
level using courses, literature, internet resources, VR simulators;
3) the achievement of KBB level using animal experiments,
some VR simulators, live surgical demonstrations.

One of the most important aspects of laparoscopic educa-
tion is the evaluation of the trainees. The primary objective of
the evaluation is to establish the trainees’ level of proficiency
after MIS education. (4) The secondary objectives are to reveal
the level of proficiency of the surgeons and how this level is
influence by different factors [fatigue (57), self-belief (58),
psychological and social factors] and if the surgeon’s accredita-
tion for MIS is still valid. (59,60) These last goals will be more
and more important due to the medico-legal implications. The
process of trainees’ evaluation motivated the trainees and
especially the residents, and the hands-on courses and work-
shops become more challenging. (4) There are different assess-
ment tools used for MIS education. VR simulators are in fact
devices specialized to provide a formative feed-back and an
objective evaluation of the recorded kinematics data. (6,33)
Evaluation consists in accurate measurement of path length
and angles as well as time and errors. The results are inter-
preted as follows: higher parameters scores mean a poorer
virtual laparoscopic performance and the best performance
was designated as the task performed in the shortest time with
lowest score from point of view of tissue damage. (18) However
the results and the level of proficiency are difficult to be inter-
preted and statistical analysis to establish the cut-off points are
necessary. (61,62) The measurements of kinematics data are
sufficient to evaluate the achievement of SBB level. (4)
However the evaluation of the RBB level’s achievement is
more difficult and kinematics data are not sufficient. In this
way, the VR simulators recorded and reported adjacent data as
volume of blood loss, badly placed clip, billiary injuries, and
tissue damage. (63,64)

Another important assessment method is the performances
evaluation using global scales. One of the simplest and effective
scale is Global Rating Score (GRS) (17,65) which has the
advantages to be correlated with kinematics data. (62) Actually
we recorded the trainees’ tasks and then experts evaluated their
performances using GRS. The method could be used for self
evaluation to identify and to correct the errors. It could be also
used as preoperative assessment tool. (17)

The KBB level is difficult to be evaluated. The theoretical
data could be assessed using tests and multiple choice
questions. However, the real operative possibilities to solve
different unusual situations are almost impossible to be
evaluated. Checklists and global score were proposed. (3) We
think only evaluation of the recorded videos using experts and
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telementoring systems could assure an efficient evaluation.

Another important fact about the assessment methods is
the number of surgical procedures to be performed during
residency to become proficient. (28,30,34) This method is used
in many countries as a powerful tool for MIS accreditation.
Future possibilities, already used in different studies to be used
to establish the training level as well as the current proficiency
are assessment using electromagnetic tracking devices (66) or
video tracking devices. (67) The interpretation of kinematics
data associated with a global score or checklist will provide a
better assessment for MIS education.

Because 8-10% from all the surgeons can’t achieve laparos-
copic skills (28) we also begin to develop a program to assure a
selection for the students with high surgical abilities. There are
the same tendencies in the literature data. (68) The warm up
concept is very new and the literature data are a few. However,
it was demonstrated that a 15 to 20 minutes warm-up led to a
33% overall reduction in errors on a series of exercises that
simulated surgical skills. (22)

Conclusions

The training model of the First Surgical Unit evolved as a
three stages process (from the learning to teaching). Along the
time we used almost all the training methods world wide
available, from box trainer to VR simulators, animal experi-
ments and multimedia resources. Our experience demonstrates
good results using a combination of training modules which
allowed acquiring: SBB level - VR simulator (MIST VR) and
box trainer; SBB level (suturing module) - box trainer; RBB —
VR simulator (LapMentor, dissection module) and box trainer
(liver-gallbladder porcine model); KBB level — VR simulator
(LapMentor), multimedia resources, live operation.

Future goals are to reimplement the live pig model and the
use of tracking motion devices for assessment of intraoperative
and box trainer skills. Further studies are necessary to establish
the transfer the preoperative warm-up concept in surgical
practice.
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