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Abstract

Background: This study assesses the acquisition of skill
and the learning curve associated with the performance
of the clip-and-cut task on the Xitact LS 500 virtual
reality (VR) simulator in laparoscopic cholecystectomy.
Methods: A group of 33 residents and interns with no
previous laparoscopic experience participated in the
study. All participants received a 1-h familiarization
tour on the simulator. Thirty participants completed a
full course of 30 simulation runs over 3 days (10 runs per
day). The outcome parameters were a previously vali-
dated sum-score and time to complete performance.
Results: Group demographics were similar. Of the
participants who completed the full study, 16.7% ap-
peared to have such a high level of innate psychomotor
abilities that they were considered proficient in the task
immediately after the initial familiarization tour. Most
participants (63.3%) had a moderate level of innate
abilities, and their performance improved through re-
petitive VR training. In our study, 20% of the partici-
pants had such a low level of innate abilities that they
were unable to achieve an acceptable performance in our
minimal-access surgery (MAS) simulation.

Conclusions: Learning curves cannot be assessed by ex-
amining the repetitive training of only one person. There
seem to be four different performance profiles, reflecting
the fact that some people are more adept than others to
be trained by MAS procedural VR simulation. For
participants receptive to training—63.3% in this
study—proficiency in the task occurs after ~25 simula-
tive runs.
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Improvement in the performance of surgery depends, in
fact, on practicing surgery [2]. Tight operating room
schedules, shortened training curriculum for residents
and medicolegal issues have led surgical educators to
question whether the operating theater should be the
primary teaching environment for the initial acquisition
of surgical skill [8, 17]. This dilemma points to the need
for supplementary and innovative approaches for the
teaching of surgical skills outside the operating theater.
Currently, a 3-day hands-on basic surgical skills course
is a mandatory part of training in surgery in the U.K.
[10]. Indeed, the directors of many surgical residency
programs now recognize the need for additional training
programs to supplement the more traditional appren-
ticeship graded responsibility model of surgical training.

The actual performance of surgical tasks is known to
improve with experience—that is, through standardized
repetition. Improvement tends to be most rapid at first;
subsequently, it tails off over time until a steady state of
performance is reached [14]. The term ‘“‘learning curve”
is often used to describe this phenomenon. In fact, the
learning curve is the graphic representation of the rela-
tionship between experience with a procedure and an
outcome variable, such as operative time or complica-
tion rate [21]. Learning curves have long been recog-
nized in areas other than health care assessment, such as
psychology, manufacturing, and aviation. The term was
first used in health care in the 1970s and came to greater
prominence in the 1980s after the introduction of MAS.

MAS places specific strains on the surgeon, requiring
particular psychomotor abilities and skill to overcome
difficulties imposed by the videoscopic surgical interface.
Studies show that laparoscopic surgery is associated
with a higher rate of complications than open surgery [5,
13]. With the widespread application of laparoscopic
techniques in the early 1990s, an associated two- to
three-fold increase in bile duct injuries was documented
among certified surgeons. The risk of complications is
known to be highest during the early part of the sur-
geon’s MAS experience [19]. Historical estimates of the
number of cases needed to master the procedure of
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laparoscopic cholecystectomy range from eight- to 40. A
study by the Southern Surgeons Club that used multi-
variate regression to analyze > 8,000 procedures showed
that >90% of all bile duct injuries occur within the first
30 cases performed by an individual surgeon [12].

When performing MAS, trainee surgeons cannot
easily mimic their mentor’s actions or maneuvers with-
out actually manipulating the laparoscopic instruments
in an initially disorienting, two-dimensional environ-
ment [11]. It is known that surgical skills—and in par-
ticular the complex psychomotor skills needed for
endoscopic surgery—are in part innate and in part
learned through extensive repetitive practice of a pro-
cedure [18]. Recent advances in virtual reality (VR)
technology have led to the development of VR surgical
skills simulators. These novelties are promising assets
for the training and assessment of surgical skills [1, 7].
VR simulators provide an opportunity for repetitive
practice, allowing for trial and error in the acquisition of
new skills without the pressures or consequences of
clinical reality. Furthermore, simulators afford flexibility
and independence, because training does not depend on
the presence of an instructor. Furthermore, simulators
offer excellent opportunities for the assessment of sur-
gical skills. The very nature of laparoscopic surgery,
with its videoscopic interface, makes it likely to benefit
from developments in VR [3].

Ultimately, learning curves for laparoscopic surgery
could be shortened by achieving a good and stable
performance on the simulator, leading to proficiency in
the in vivo procedure. Our study focuses on the acqui-
sition of skill and the learning curve associated with the
task-oriented clip-and-cut scenario of the laparoscopic
cholecystectomy, as represented by laparoscopic the
Xitact LS 500 cholecystectomy VR simulator.

Materials and methods

Subjects

Thirty-three hospital residents and last-year interns, all without any
laparoscopic experience, participated in the study. Participants re-
ceived a 1-h familiarization protocol on the simulator, introducing
them to the laparoscopic cholecystectomy clip-and-cut scenario. Par-
ticipants followed a step-by-step teaching schedule for the laparoscopic
cholecystectomy clip-and-cut task. This teaching schedule incorporates
live video clips of the simulated in vivo and the VR clip-and-cut pro-
cedure, a color-guided teaching approach showing the exact area and
preferred sequence for the placement of the clips on the virtual cystic
duct and artery, specific instruction on what are regarded as common
faults and/or resulting problems, and finally a free-form exercise
without color guidance. Feedback, through an assessment sheet,
showing the end result of the procedure, and via comments from the
instructor, was given after the 1-h familiarization. Each participant
performed the procedure 30 times—that is, 10 consecutive procedures
per session over 3 consecutive days.

Simulator

The Xitact LS 500 laparoscopic cholecystectomy simulator is a
modular VR training platform that was developed for training and
education in a variety of laparoscopic skills. It is a hybrid simulator
that combines a physical object (the Optable, or “virtual abdomen’)

Fig. 1. The Xitact LS 500 laparoscopic cholecystectomy simulator.

with a computer software simulation providing the visual image and
tactile feedback. The Xitact incorporates basic surgical skills, the clip-
and-cut task for the laparoscopic cholecystectomy, and a peritoneal
dissection module for opening Calot’s triangle. The module used in
this study for determining learning curves was the clip-and-cut task,
because this module has been previously validated [16, 17]. The Xitact
LS 500 was developed and is registered by Xitact SA (Morges, Swit-
zerland) (Fig. 1).

Statistical analysis

The measurement of the performance of a new task—e.g., the learning
curve—poses specific difficulties. Identification of the correct parame-
ter to measure performance is one of them. In MAS, one could opt for
the most obvious measurements, such as complications (bleeding or
leakage) or ultimately conversion. Nevertheless, they may be too in-
frequent or not useful (because they tend to be dichotomous) for
statistical analysis. Time is considered to be a parameter of impor-
tance, although not necessarily a reflection of proper outcome. In our
view, statistical methods exploring the learning curve should address
three basic aspects of the performance: the aspect of learning itself (was
there change in performance over time?), the aspect of proficiency
(when is there no further change in performance; e.g., what is the
asymptote of the learning curve?), and the aspect of stability (is the
change in performance stable?). Parameters of interest must therefore
be continuous in outcome. Performance in this study was expressed
through a previously validated Xitact-specific performance score [17].

Curve estimation, fitting a line to individual performance data,
offering least squares regression was used for trend analysis. Lines
reflecting the observed performance outcome and the best-fitting sta-
tistical model were plotted. For comparison of the demographics, the
Kruskal-Wallis test was chosen. The Statistical Package for the Social
Sciences (SPSS) ver. 9.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical calculations.
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Sex Age Dexterity Speciality Year of training
Chi-square 3.805 1.347 6.429 1.804 5.067
df 3 3 3 3 3
Asymp. sig. 0.283 0.718 0.093 0.614 0.167
df, degrees of freedom
# Kruskal-Wallis test
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Fig. 3. Group 1. High level of innate abilities, gaining little extra im-
provement through virtual reality training.

Results
Demographics

The mean age of the participants was 28 years (range,
21-35). There were 18 men and 15 women in the study.
Nineteen were right-handed, two were left-handed, and
two were ambidextrous. Eleven participants were in-
terns. Two were residents in emergency medicine, Six
were residents in radiology, three were residents in
urology, one was a resident in cardiology, three were
residents in pulmonology, two were residents in anes-
thesiology, and five were residents in internal medicine.
Three participants could not complete the required 30
runs. They were therefore excluded from further analy-
sis. When Kruskal-Wallis nonparametric tests were used

runs. Time needed to complete the runs is also distrib-
uted in an incoherent manner with no apparent decrease
in time over the 30 runs. This lack of coherence could
only be explained by assuming that there were different
“sets” of profiles that made interpretation of the results
impossible when they were displayed together in one
graphic plot. Therefore, individual curve estimations
were created to identify the different sets of profiles.

Curve estimation. There appeared to be four different
types of curves. Different models (linear, logarithmic,
power, and S) were used to estimate the best-fitting
curve. The S model—Y = e**[by, + [bl/t]l—appeared
to have the best overall fit. For each group, a repre-
sentative curve of one of the participants was chosen as
an example.

Group 1 was labeled “High level of innate abilities,
gaining little extra improvement through VR training”
(Fig. 3 and Table 2). Neither the linear model nor the S
curve were able to explain the variance in the scores in
this group, because there is little variation. For this
participant (no. 26), Rsq linear is 0.006, Rsq S is 0.000
(NS).



124

Table 2. Classification of groups

Group  Profile

Participants %

1 High level of innate abilities, gaining little extra improvement through VR training

e No score <50 in any run

e No score <80 during the last series of 10 runs
e Standard deviation over all runs < 10

e Overall mean 290

2 Moderate level of innate abilities, gaining improvement and stability through VR training

e No scores of 0 in the last two series of 10 runs
e No scores <50 in the last series of 10 runs
e Standard deviation over all runs 10 < 30

3 Moderate level of innate abilities, gaining unstable improvement through VR training

e No scores of 0 in the last series of 10 runs
e Standard deviations over all runs 30 < 40

4 Low level of innate abilities, not gaining improvement through VR training

[ )
e Scores of 0 in last series of 10 runs
e Standard deviations over all runs > 40

16, 19, 21, 22, 26 16.7

4,5,7,8,9,17, 24, 31, 33 30.0

1, 3,6, 11, 15, 20, 23, 28,29, 32 333

10, 12, 13, 14, 27, 30 20

VR, virtual reality

SCORE4

nn

participant nr. 4

Fig. 4. Group 2. Moderate level of innate abilities, gaining improve-
ment and stability through virtual reality training.

SCORE11

participant nr. 11

Fig. 5. Group 3. Moderate level of innate abilities, gaining unstable
improvement through virtual reality training.

Group 2 was labeled “Moderate level of innate
abilities, gaining improvement and stability and through
VR training” (Fig. 4 and Table 2). The S curve can be
used to explain the variance in the scores in this group,
because there is a definite learning curve. For this par-
ticipant (no. 4) Rsq S is 0.694, Sigf is 0.000. That is, 69%
of the observed variance is explained by the model.

SCORE10

participant nr. 10

Fig. 6. Group 4. Low level of innate abilities, not gaining improve-
ment through virtual reality training.

Group 3 was labeled “Moderate level of innate
abilities, gaining unstable improvement through VR
training” (Fig. 5 and Table 2). The S curve cannot be
used explain the variance in scores in this group. Much
variation is present throughout the runs, and some
participants do better in their second series of runs than
in their third series. For this participant (no. 11), Rsq S
is 0.038 (NS).

Group 4 was labeled “Low level of innate abilities,
not gaining improvement through VR training” (Fig. 6
and Table 2). The S curve cannot explain the variance in
the scores in this group. Much and large variations are
present throughout the runs, and participants are un-
stable in their performance throughout the runs. For
this participant (no. 10), Rsq S is 0.043 (NYS).

Plots 2

When the scores were plotted for group 1 time to
complete each run and score vs time, there appeared to
be little dispersion (Fig. 7). There seems to be a strong
relation between time and score, indicating that the runs
with the lower scores actually take longer to complete.
Also, participants become faster over runs while pre-
serving their high scores.
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Fig. 8. Group 2. Moderate level of innate abilities, gaining improvement and stability through virtual reality training.

When scores were plotted for group 2, time to
complete each run and score vs time, there appeared to
be some dispersion, especially in the first series of runs
(Fig. 8). There seems to be a relation between time and
score, indicating that the runs with the lower scores
actually take longer to complete. However, perfect runs
sometimes take more time to complete, whereas non-
perfect runs may take less time.

When scores were plotted for group 3, time to
complete each run and score vs time, appeared to be
large dispersions throughout runs (Fig. 9). There seems
to be little relation between time and score.

When scores were plotted for group 4, time to
complete each run and score vs time, there appeared to
be very large dispersions throughout runs (Fig. 10).
There seems to be no relation between time and score.

If we look specifically at the curves of the participants
in groups 2 and 3, the average number of runs needed to
be in the “‘safe zone” that is, to complete the procedure
without harming the common bile duct or incurring
other troublesome errors—seems to be ~25 runs.

Discussion

Surgical competence has two major components. The
first one is cognitive competence, which requires cogni-
tions mainly based on surgical, anatomical, and medical
knowledge. The second one is technical skill in surgery,

which is the result of a person’s innate abilities to per-
form a specific surgical task combined with repetitive
training in that procedure. There are numerous theories
that attempt to explain the acquisition of technical skill.
In combination, they emphasize the importance of
modeling, repetitive practice, and formative feedback.
Obviously, both components are essential for a surgeon
to become competent. Assessment tools for measuring
cognitive competence are widely available; it is the
technical aspect that suffers from poor and subjective
assessment strategies [21]. VR studies, so far have lacked
the power to measure fundamental issues in the learning
of motor skills adequately [6]. In response to the grow-
ing need for better methods to assess surgical compe-
tence, an initial framework has recently been devised to
standardize definitions, measurements, and criteria for
objective metrical assessment [15]. There is general
agreement that, as with any method of teaching, VR
simulators should be evaluated repeatedly before they
widespread implementation into surgical education [4].
No doubt, this principle is even more important when
assessing surgical technical skill using VR simulators.
The essential measures of a psychometrically sound
test are its reliability and its validity. The validity of a
test must be considered proportional to the realism of
the simulation. Few studies have focused on the vali-
dation of VR training tools. So far, only a few research
groups have attempted to validate a VR simulator in a
setting that goes beyond the context of a basic psycho-
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Fig. 9. Group 3. Moderate level of innate abilities, gaining unstable improvement through virtual reality training.
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Fig. 10. Group 4. Low level of innate abilities, not gaining improvement through virtual reality training.

motor skills trainer. No studies have attempted to assess
the learning curve for laparoscopic task-oriented proce-
dural VR settings. It must be stressed that the term
“learning curve” is, in fact, a misnomer. Learning is a
parameter that cannot be measured in itself. It is usually
an extrapolation from changes in performance over
time. It is important to realize that the outcome meas-
ures used in this study—performance time and sum-
score—are fixed due to time restraints and the finite
endpoint of score.

There are four major implications of our study that
result from the assessment of the learning curves for our
VR procedural surgical simulation. First, the data show
that is not opportune to assess a VR system’s learning
curve using only one test subject who performs a sim-
ulation task repeatedly. In fact, there appear to be very
different profiles in the spectrum of performers. We
identified four basic profiles of performers along the
spectrum. Performers in groups 1 and 4 have profiles
that do not seem to improve through repetitive training.
The explanation for this phenomenon is, in essence, very
different for the two groups. Group 1 appears to have
such strong innate abilities that after the 1-h hands-on
familiarization protocol, there is little more to be gained
from repetitive training. This group comprises 16.7% of
the total group. In contrast, in group 4 (20% of the total
group), native abilities seem to be lacking, so there is not
much of an innate psychomotor framework to build
upon.

Second, the study shows that most performers are
indeed responsive to training. These are the individuals

in groups 2 and 3 (together, 63.3% of the total group).
Performers in these groups displayed curves with a
definite asymptote, although performance is less stable
in group 3 than in group 2. An equilibrium occurs after
~25 runs, after which no major errors are incurred.
From the plots, we can conclude that the parameter of
time, in itself, is a fairly untrustworthy basis for as-
sessing surgical competence.

Third, the study shows that it is, in fact, possible to
identify different profiles of performers using VR pro-
cedural simulation. This finding justifies the use of VR
procedural simulators such as the Xitact LS 500 to train
most surgical residents in the performance of the tasks
essential for MAS procedures, such as the laparoscopic
cholecystectomy.

Finally, it suggests that VR procedural simulators
can be used for the future guidance and selection of
surgical trainees in MAS.

The dynamics of acquiring laparoscopic proficiency
through VR simulation are complex. In MAS, learning
is likely to be affected by a variety of factors, including
previous experience with the specific procedure or sim-
ilar procedure, the experience of the supporting surgical
team, the type of equipment, and of course the nature of
the clinical case itself. Many of these factors are not of
influence whilst training with the Xitact LS 500. None of
the participants in this study had any hands-on experi-
ence in MAS. No anatomical variations were encoun-
tered in the repetitive simulations, in sharp contrast to
clinical practice with real patients. The instruments did
not vary during the simulation, nor did the place of



“operation.” Excluding these factors, there is little sta-
tistical noise—e.g., validation bias—to be expected in
our study. Nevertheless, these factors are definitively
present in real-time operations.

We believe that it is important to proceed carefully,
taking a stepwise approach in assessing VR simulative
training through validation studies. Only by repeated
validation in different settings, a solid and optimal
framework for the use of VR simulation be built.
Therefore, further research should be aimed at the
elaboration of heretofore undefined, and therefore crit-
ical parameters, parameters such as the ideal time in-
terval for initial training in VR simulators during the
learning curve and the establishment of optimal training
schedules thereafter.

The ultimate purpose of VR simulations of laparo-
scopic cholecystectomy is not to train residents to op-
erate safely on simulators; it is to train residents to
operate safely on patients. Ultimately, the endpoint of a
valid and stepwise VR validation, and of learning skill
studies in general, is to address the question of whether
the skill acquired on the simulator in fact translates to
the clinical setting.

Advances in medical science and technology are
likely to be accompanied by dramatic changes in the
way that surgery is taught. For many procedures, the
surgical community is now moving from the open sur-
gical approach to the minimally invasive one, where
different sensory feedback properties are eminent and
specific psychomotor skills are important. Such a para-
digm shift will have profound implication for the way
surgical training programs are developed, surgeons are
selected, and policy for the (re)certification surgeons is
established.
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