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Summary
Background/Aims: It is well known that laparoscopic surgery requires the demonstration of a different set of technical skills when

compared to open surgery. Laparoscopic training using simulators has been shown to accelerate learning in an efficient and standardized
manner. Significant research has been conducted for skills acquisition in abdominal surgery, but in the field of gynecologic laparoscopy
the relevant studies are limited. The aim of this study was to compare the training efficacy of virtual reality (VR) simulators and box-
trainers (BTs) for skills acquisition in gynecologic surgery, and also to study the transferability of these skills in the performance of
more advanced gynecologic operations. Methods: Twenty residents in obstetrics-gynecology with minimal laparoscopic experience
were randomized into two equal groups to be trained on either a VR simulator (Group-A) or a BT (Group-B). Group-A was trained on
basic tasks (clipping, peg transfer, and cutting), whereas Group-B was trained on ovarian cystectomy and salpingotomy using custom
training models. After training, the two groups were assessed on the performance of two laparoscopic gynecologic procedures on a
VR simulator (salpingotomy and salpingectomy). Performance metrics included time, instrument pathlength, and various task-specific
errors. Results: Both groups demonstrated significant performance improvement in all training tasks, for all but one of the metrics (p
< 0.05). After training, both groups had improved performance in the laparoscopic operations using the VR simulator, but this trend
was not statistically significant in any metric considered (p > 0.05). Similarly, the post-training performance between the two groups
was not statistically different (p > 0.05). Conclusions: Basic skills training on either a VR simulator or BT results in equivalent but not
statistically significant performance improvement with more advanced gynecologic laparoscopic tasks on a VR simulator.
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Introduction

Laparoscopic surgery (LS) is the standard technique for
an increasing number of operations. Some of themajor ben-
efits compared to open surgery include: minimized risk of
infection, reduced postoperative pain, shorter rehabilitation
time, and better cosmetic results. In practice, LS requires a
very different set of both technical and non-technical skills
when compared to open surgery, designed to address the
absence of 3D vision, the use of long and thin instruments,
the fulcrum effect, and limited force feedback [1-3].

Realistic anatomical models and human cadavers have
been employed by surgeons to practice the various psy-
chomotor and visuospatial skills required to perform LS
procedures. However, these models need frequent replace-
ment and have high maintenance costs [4]. Over the last
decade, simulation-based surgical education has received
significant attention, and a number of laparoscopic sim-
ulators have been employed [5]. Box trainers (BTs) and
virtual reality (VR) simulators are the two main training
modalities employed in the hospitals and clinical training

centers for laparoscopic skills acquisition and development.
A number of studies have demonstrated that training with
such devices improves the required laparoscopic skills and
that these skills are transferable to the operating room [6-8].
High-fidelity models with life-like patient anatomy are em-
ployed for the development of special psychomotor skills
outside the operating theater [9]. Trainees are able to de-
velop surgical skills and become familiar with a particular
procedure in a surgical laboratory before operating on a pa-
tient [10-11]. However, there remain some questions about
the superiority of laparoscopicVR simulators over BTswith
regard to the level of training and the skills achieved, mainly
due to the different sense of force-feedback, the difference
in the image quality, the behavior of the tissue models, as
well as the dissimilarity of the tasks performed with the two
modalities [12-13].

A significant amount of research has been published
evaluating simulation-based training for general surgery
procedures and gynecology. Gor et al. suggested that the
MIST-VR simulator provides objective assessment of the
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Figure 1. — Various steps from the salpingotomy (top) and salpingectomy (bottom) procedures performed on the VR simulator.

laparoscopic skills of gynecologists [14]. Aggarwal et al.
demonstrated that an ectopic pregnancy scenario in a VR
simulator can differentiate Ob/Gyn residents with different
level of surgical experience [15]. Similarly, Larsen et al.
showed that expert gynecologists outperformed intermedi-
ates and novices in time, instrument pathlength, and total er-
rors [16]. Schreuder et al. reported that gynecologists with
minimal laparoscopic experience can improve their skills
during short-phase training on a VR procedural simulator
[17].

Investigations of the training value of BTs is more fo-
cused on the development of appropriate anatomic models
for gynecologic surgeries. For example, Scott et al. inves-
tigated the laparoscopic cost effectiveness of bench mod-
els in relation to operating room experience [18]. Zhen
et al. highlighted the use of the fundamentals of laparo-
scopic surgery (FLS) program to assess the laparoscopic
competence of gynecologists [19]. Tang et al. described
the design of a phantom that allows trainees to practice
key skills required for laparoscopic salpingotomy and salp-
ingectomy [20]. A porcine small bowel was used to simu-
late the fallopian tube, while porcine liver and red food dye
were used to simulate ectopic pregnancies inside the fal-
lopian tube. Levine et al. described the use of a lightly em-
balmed human cadaver model for practicing laparoscopic
techniques for various operations, including laparoscopic
hysterectomy [21]. A live porcine model for teaching ad-
vanced laparoscopic skills to gynecologic oncology fellows
was developed by Hoffman et al. [22]. The model was
found to be suitable for laparoscopic training in various pro-
cedures such as lymphadenectomy, uretero-neocystostomy,
and bowel anastomoses.

The aim of our study was to compare the training effi-
cacy of two LS simulators and also to assess the transfer-
ability of skills acquired, during training on basic laparo-

scopic tasks, to the performance of more advanced gyneco-
logic operations on a VR simulator. To achieve this goal we
used two separate groups of residents and studied the impact
of basic skills training using a VR simulator or a box trainer,
using custom training models that represented female gyne-
cological anatomy. Following this training, the two groups
were assessed on the performance of two laparoscopic gy-
necologic operations on a VR simulator (salpingotomy and
salpingectomy). The post-training performance was com-
pared to that before training and also compared between the
two groups. Our analysis also included investigation of the
effect of gender, video gaming skills and musical instru-
ment ability in the performance of laparoscopic operations.

Materials and Methods

Study design
Twenty residents in Obstetrics-Gynecology from the

‘Elena Venizelou’ General Maternity State Hospital were
recruited for voluntary participation in the study, which was
carried out in the Medical Physics Lab-Simulation Center
(MPLSC) of the University of Athens, Greece. All subjects
had minimal experience in laparoscopic surgery (< 10 op-
erations), and no experience with laparoscopic simulators.
Written informed consent was obtained prior to participa-
tion and our institutional review board granted exception
for this study. The participants were randomized into two
equal groups to undertake training on either a VR simulator
(Group-A) or a BT (Group-B). Subjects within one group
were not allowed to practice on the opposing trainers.

After familiarization with the equipment, the partici-
pants first performed two laparoscopic operations (salpin-
gotomy and salpingectomy for ectopic pregnancy) on the
VR simulator as a pre-training assessment. Group-A was
then trained in three VR basic tasks (clipping, peg transfer
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Figure 2. — The three VR training tasks performed by Group A.

and cutting), whereas Group-B practiced two tasks based on
custom training models (‘cystectomy’ for an ovarian cyst,
and ‘salpingotomy’ for an ectopic pregnancy). More de-
tails about the training and assessment tasks are provided
below. After training sessions, lasting two hours each on
two consecutive days, all subjects were re-assessed on the
initial VR operations (post-training assessment). Care was
taken so that participants from each group received the same
duration of training across the tasks.

Assessment and training tasks
Ectopic pregnancy on the VR simulator

The ectopic pregnancy procedures (pre- and post-
assessment tasks in the study) are based on high-fidelity
virtual graphics of the internal female genitalia as would
be seen from a camera inserted through the umbilicus. The
ectopic pregnancy is placed in the right fallopian tube.

In the ‘salpingotomy’ scenario (Figure 1), the user needs
to grasp and hold the tube on its anti-mesosalpingeal bor-
der either proximal or distal to the ectopic section. Then
the dominant hand instrument is changed to a cutting de-
vice for making the incision. A 2 cm longitudinal incision
is made on the anti-mesosalpingeal border over the proxi-
mal portion of the ectopic pregnancy site. If the pregnancy
does not protrude after making the incision, the user may
make an instrument change to the suction-irrigation device
and attempt hydro-dissection with saline. Finally, the user
places the tissue removed in a retrieval bag. Performance
metrics were: time for cautery used, total blood loss, inci-
sion length, total instrument pathlength, and time.

In the ‘salpingectomy scenario’ (Figure 1), an ectopic
pregnancy with tubal adhesions has to be dissected from
the fallopian tube, the adhesions and the surrounding mem-
branes. The user begins just distal to the cornual area of
the affected tube using bipolar electrosurgery and coagu-
lates 2-3 successive overlapping passes until a 2- to 3-cm
length is desiccated. Then the infundibulo-ovarian ligament
is identified and coagulated. Using scissors, the desiccated
region is cut in the middle. Beginning at either end, the user
starts the division of the mesosalpinx using bipolar elec-
trosurgery, staying close to the fallopian tube, and finally
places the tube with the excised ectopic in specimen bag.
Performance metrics include: time used for cautery, total

blood loss, adhesions ripped (due to excessive force), adhe-
sions lysed, instrument pathlength, and time.

Training tasks on the VR simulator (Group-A)

The selected training tasks are common in laparoscopic
simulation training, presenting a gradual increase in com-
plexity and a variability of psychomotor skills (see Figure
2). The first task, clipping, required the user to apply 4 clips
at pre-marked positions on each end of the vessel. Once the
clips are adequately placed, a mark appears on the vessel
between the clips indicating the area to cut. Performance
was measured as: number of clips applied, number of clips
dropped, instrument pathlength, and time.

The second training task (peg transfer), required that the
user pick up a series of four cylindrical pegs from the floor
of the cavity and place them into the correct holes of a peg-
board. For two of the four pegs, the task required peg trans-
fer between the graspers. Performance metrics included:
number of pegs dropped, instrument pathlength, and time.

Cutting was the third training task and required the user
to cut a section of gauze along the perimeter of a circle
and within a boundary area that indicated the maximum al-
lowable deviation. Excessive tension on the gauze leads to
avulsion from the anchoring hooks. The simulation ended
when the circular shape was completely cut out and the ex-
cised cloth was completely freed from the original piece.
Performance was measured as: percentage cutting out of
boundary area, number of unsuccessful cutting attempts, in-
strument pathlength, and time.

Training tasks on the BT (Group-B)

The first task was a simulated ovarian cystectomy as
shown in Figure 3. The training model was a medium-sized
balloon filled with clay and tied at its end. This balloon
was put inside another balloon to simulate the ovarian cor-
tex. A 7-cm vertical black line was marked on the outer
balloon. The model was fixed inside the box trainer. The
model served as a replica of cystectomy, such as in ovarian-
cyst surgery. The task required the trainee to cut the outer
balloon on the marked line avoiding cutting of the inner
balloon, which represents the ovarian cyst. Minimal dam-
age of the inner balloon was taken into consideration. Per-
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Figure 3. — Various steps from the two training tasks (top: cystectomy, bottom: salpingotomy), performed by Group B on the BT.

formance metrics included: minimal damage of the ‘cystic
wall’ (yes/no), a successful 7-cm longitudinal incision on
the ‘ovarian cortex’ (yes/no), maximum deviation from the
labeled line, instrument pathlength, and time.

The second task was a simulated salpingotomy as pic-
tured in Figure 3. The fallopian tube ectopic pregnancy
model was composed of a 15-cm oblong balloon with a 2-
cm long bean put inside to simulate the trophoblastic tissue.
The balloon was sewn at both ends of the bean using a thin
thread. The model was fixed inside the box trainer. The
model served as a replica of salpingotomy for extraction of
the trophoblastic tissue as performed in laparoscopic con-
servative ectopic surgery. The trainee had to make a lon-
gitudinal incision on the balloon and extract the bean. Per-
formance was measured as: success with the longitudinal
incision (yes/no), total instrument pathlength, and time. At
this point it should be noted that both tasks were captured
on video and performances were scored by an expert in-
vestigator in a blinded fashion. Instrument pathlength was
computed via custom video analysis software, as reported
in another study [23].

Equipment

The VR simulator was the Immersion laparoscopic
LapVR simulator (Immersion Inc., San Jose, CA, USA).
LapVR has been validated as an effective educational la-
paroscopic tool in prior studies [23-25]. The laparoscopic
BT has been described previously [23]. In brief, the BT
simulator includes a pelvic trainer, a rigid laparoscope with
zero degrees angle of view and an optical fiber light ca-

ble connected to an Olympus (Hamburg, Germany) laparo-
scopic tower (19-in. flat screen, 3CCD digital processor
and xenon light source, and DVD recorder).

Statistics

Statistical analysis was performed using SPSS 20.0 soft-
ware forWindows (SPSS Inc., Chicago, IL, USA). Categor-
ical variables were compared by chi-squared test. Signifi-
cance of differences in the measurements between/within
groups was determined by Mann–Whitney U test. The cor-
relation between performance scores and number of repe-
titions across each task was statistically assessed using the
nonparametric Spearman’s correlation analysis. A p-value
of 0.05 or less was considered statistically significant.

Results

Subject demographics
Group-A included 6 men (60%) and 4 women (40%)

with a median age of 34 years. In this group 4 residents
(40%) identified themselves as video gamers and 3 (30%)
as playing musical instruments. Group B included 5 men
(50%) and 5 women (50%) with a mean age of 32 years.
In Group-B 4 residents (40%) had experience with video
gaming and 3 (30%) played musical instruments.

Training performance
Subjects who trained on the VR simulator (Group-A)

demonstrated performance improvement for almost all met-
rics assessed in each task (Tables 1-3). Specifically, on the
last two repetitions the performances were improved when
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Table 1. — Group A, ‘Clipping’: Training results (mean ± standard deviation), and correlation coefficient w.r.t.
to the number of repetitions performed (VR simulator). Bold numbers indicate significance.

First two
repetitions

Last two
repetitions

p-values Correlation coefficient p-values

Number of clips applied 4.60 ± 2.68 4.10 ± 0.45 0.42 -0.02 0.77
Number of clips dropped 0.85 ± 0.23 0.07 ± 0.26 0.01 -0.18 < 0.01
Total instrument pathlength (m) 2.45 ± 1.50 1.62 ± 0.64 0.04 -0.36 < 0.01
Completion time (s) 149 ± 65 89 ± 40 < 0.010 -0.46 < 0.01

Table 2. — Group A, ‘Peg transfer’: Training results (mean ± standard deviation), and correlation coefficient w.r.t.
to the number of repetitions performed (VR simulator). Bold numbers indicate significance.

First two repetitions Last two repetitions p-values Correlation coefficient p-values

Number of pegs dropped 1.10 ± 0.85 0.42 ± 0.63 0.02 -0.22 < 0.01
Total instrument pathlength (m) 6.47 ± 1.36 4.41 ± 0.57 < 0.01 -0.27 < 0.01
Completion time (s) 184 ± 80 104 ± 30 < 0.01 -0.51 < 0.01

Table 3. — Group A, ‘Cutting’: Training results (mean ± standard deviation), and correlation coefficient w.r.t.
to the number of repetitions performed (VR simulator). Bold numbers indicate significance.

First two repetitions Last two repetitions p-values Correlation coefficient p-values

Percentage cutting out of boundary area 0.70 ± 1.38 0.47 ± 0.67 0.04 -0.29 < 0.01
Number of unsuccessful cutting attempts 5.90 ± 6.67 1.80 ± 2.71 0.02 -0.19 0.01
Total instrument pathlength (m) 7.43 ± 2.12 4.25 ± 2.15 0.04 -0.33 < 0.01
Completion time (s) 294 ± 147 166 ± 67 < 0.01 -0.53 < 0.01

compared to the first two attempts. For clipping the per-
formance was improved for 3 out of the 4 metrics: num-
ber of clips dropped, instrument pathlength, and time. For
the other tasks the performance was improved in all met-
rics assessed (peg transfer: number of pegs dropped, instru-
ment pathlength and time; cutting: percentage cutting out
of boundary area, number of unsuccessful cutting attempts,
instrument pathlength and time). It is worth noting also that
‘completion time’ increased across the three tasks, denot-
ing their increased difficulty in progressing from clipping to
peg transfer to cutting. Moreover, a statistically significant
negative correlation was found between the metrics and the
number of repetitions performed in almost all metrics for
each task (clipping: in 3 out of 4 metrics, peg transfer: in
all 3 metrics, and cutting: in all 4 metrics). The correlation
was found to be statistically significant for the same met-
rics, described previously, that showed significant improve-
ment between the first and the last repetitions. The neg-
ative sign for the correlation coefficient denotes improve-
ment over the training period.

For Group-B (trained on the BT), the performances were
improved on the last two repetitions when compared to the
first two attempts. Specifically, a statistically significant
performance improvement was found for almost all per-
formance metrics in each task (Tables 4-5). For ovarian
cystectomy the significant improvement was found for 4
out of 5 metrics: minimal damage of the cystic wall, suc-
cess for a 7-cm longitudinal incision on the ovarian cortex,

maximum deviation from the labelled line, instrument path-
length, and time. For salpingotomy, success of longitudinal
incision, instrument pathlength and time were significantly
improved. Moreover, in each task a statistically significant
negative correlation was found between the statistically im-
proved metrics and the number of repetitions performed.

Training assessment

Prior to training the two groups had equivalent perfor-
mance in the two assessment tasks performed on the VR
simulator (p > 0.05, results not shown here). Tables 6-7
show for each group the comparison of the results before
and after training for salpingotomy and salpingectomy re-
spectively. Although the trainees’ performance on both VR
tasks improved after training, this improvement was not sta-
tistically different (p > 0.05).

Our analysis also investigated the effect of gender, video
gaming and music instrument ability in the performance of
laparoscopic operations. For salpingotomy, the only sta-
tistically significant difference was found for video game
players with respect to the improved length of the incision
parameter, during post-training (p = 0.039). For salpingec-
tomy, video gamers also showed a statistically significant
improvement, again with respect to the instrument path-
length parameter (p = 0.033). No other statistically signifi-
cant difference was found in this investigation.



760 M. Varras, C. Loukas...

Table 4. — Group B, ‘Ovarian cystectomy’: Training results (mean ± standard deviation), and correlation coefficient
w.r.t. to the number of repetitions performed (Box Trainer). Bold numbers indicate significance.

First two repetitions Last two repetitions p-values Correlation coefficient p-values

Minimal damage of the cys-
tic wall (yes = 1/no = 2)

1.95 ± 0.22 1.60 ± 0.30 0.04 -0.4 < 0.01

Success for a 7-cm longitu-
dinal 1.45 ± 0.21 1.10 ± 0.27 0.04 -0.18 0.04

incision on the ovarian cor-
tex (y = 1/n = 2)
Maximum deviation from
the labelled line (mm)

1.57 ± 0.95 1.50 ± 0.98 0.58 -0.14 0.10

Total instrument pathlength
(m)

13.42 ± 7.22 9.66 ± 5.05 0.03 -0.22 0.01

Completion time (s) 480 ± 110 320 ± 136 0.02 -0.19 0.04

Table 5. — Group B, ‘Salpingotomy’: Training results (mean ± standard deviation), and correlation coefficient w.r.t.
to the number of repetitions performed (Box Trainer). Bold numbers indicate significance.

First two repetitions Last two repetitions p-values Correlation coefficient p-values

Success of longitudinal 1.53 ± 0.51 1.26 ± 0.45 0.17 -0.24 0.03incision (y = 1/n = 2)
Total instrument pathlength (a.u.) 10.98 ± 5.66 4.30 ± 2.11 < 0.01 -0.65 < 0.01
Completion time (s) 382 ± 183 136 ± 65 < 0.01 -0.66 < 0.01

Table 6. — Pre-training vs. post-training performance results (mean ± standard deviation), for each group,
for the salpingotomy assessment task performed on the VR simulator.

Pre-training Post-training p-values

Group A
Time for cautery used (s) 38.51 ± 30.44 33.61 ± 32.17 0.91
Total blood loss (cc) 69.40 ± 31.06 60.64 ± 18.24 0.18
Incision length (cm) 2.42 ± 0.46 2.26 ± 0.67 0.35
Total instrument pathlength (m) 6.60 ± 2.85 6.57 ± 4.32 0.43
Completion time (s) 260 ± 141 222 ± 120 0.85
Group B
Time for cautery used (s) 50.24 ± 33.89 28.89 ± 19.60 0.74
Total blood loss (cc) 67.56 ± 28.12 62.45 ± 22.34 0.68
Incision length (cm) 2.68 ± 0.98 2.33 ± 0.52 0.63
Total instrument pathlength (m) 6.29 ± 2.13 7.64 ± 4.89 0.85
Completion time (s) 276 ± 114 252 ± 164 0.48

Discussion

The increasing popularity of minimally invasive surgery
highlights the necessity to develop training programs for
improvement of key psychomotor skills such as hand eye
coordination. Clinical experience has shown that these
skills require a significant training period in the operat-
ing theater (10 to 30 patients, depending on the operation),
resulting in longer operating times, higher complication
rates, higher conversion rate to open laparotomy, and sub-
sequently higher hospital costs [26-27]. Therefore, training
using laparoscopic simulators has significant advantages
over training on patients, providing a safe and controlled

environment without the risk of harm to patients and avoid-
ing the stressful operating conditions with patients.

In this study we aimed to investigate the differential im-
pact of training and skills acquisition in high-fidelity VR
simulator vs. low-fidelity BT. The evaluation was con-
ducted on the VR simulator, since there are controversies
about the transferability of skills between different laparo-
scopic training modalities. It has been suggested that the
VR simulators are able to assess the skill level of laparo-
scopic surgeons [28-29]. It also seems that VR simula-
tors, when used appropriately, more closely simulate real
laparoscopic procedures [30]. However, VR simulators and
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Table 7. — Pre-training vs. post-training performance results (mean ± standard deviation), for each group, for the
salpingectomy assessment task performed on the VR simulator.

Pre-training Post-training p-values

Group A
Time for cautery used (s) 157.79 ± 90.65 119.66 ± 71.36 0.31
Total blood loss (cc) 585.27 ± 341.84 405.87 ± 210.23 0.17
Adhesions ripped (%) 2.84 ± 3.76 2.60 ± 1.65 0.85
Adhesions lysed (%) 97.40 ± 7.54 94.30 ± 18.02 0.62
Total instrument pathlength (m) 20.37 ± 8.09 19.75 ± 9.52 0.43
Completion time (s) 732 ± 292 650 ± 318 0.87
Group B
Time for cautery used (s) 131.81 ± 56.47 159.55 ± 88.46 0.41
Total blood loss (cc) 505.97 ± 279.15 398.05 ± 211.47 0.34
Adhesions ripped (%) 2.68 ± 0.98 2.33 ± 0.52 0.84
Adhesions lysed (%) 99.40 ± 0.97 99.80 ± 0.63 0.28
Total instrument pathlength (m) 20.33 ± 7.27 22.31 ± 9.72 0.61
Completion time (s) 810 ± 306 726 ± 277 0.53

BTs have some fundamental inadequacies. For example,
VR simulators provide worse depth perception compared to
BTs, whereas in some tasks the properties of the graphical
models are not so realistic. On the other hand, BTs provide
no automated means for performance assessment, whereas
the training models require replacement after a task perfor-
mance, and maintenance.

In this study the training tasks were not identical for the
two groups, as there is no consensus on which tasks to in-
clude in a basic laparoscopic training program in order to
achieve the most effective skills training. A previous study
has shown that training on the same tasks, but using differ-
ent modalities (VR simulator and BT), resulted in almost
equivalent performance [23]. In the present study the tasks
on the VR simulator were common basic laparoscopic exer-
cises, whereas the ones in the BT were chosen as more ad-
vanced: ‘cystectomy’ for ovarian cyst, and ‘salpingotomy’
for ectopic pregnancy. Our main purpose was to investi-
gate whether practice of more advanced tasks on the BT is
more effective than VR basic skills training, given that the
assessment tasks are simulated surgical operations.

Our results indicated that VR training improves certain
laparoscopic skills, in agreement with other studies which
have shown that training on basic tasks has a significant
impact in the improvement of more complex tasks [29]. In
another study it was shown that VR training contributes to
the enhancement of key laparoscopic skills, and that expe-
rienced surgeons scored better than residents in terms of
time and instrument pathlength [25]. Iwata et al. found
that basic laparoscopic tasks such as peg transfer and cutting
were strong discriminators of laparoscopic experience [24].
Furthermore, Mansour et al. assessed technical and dexter-
ity skills of surgeons by measuring various parameters dur-
ing peg transfer and cutting, and they found improvement
in some aspects of the laparoscopic surgical skills of the
trainees [31].

Also in our study, the performance of the subjects im-
proved significantly as a result of the BT training on the
two advanced tasks. These exercises were designed to in-
corporate laparoscopic grasping and cutting skills, which
are fundamental for performing laparoscopic ectopic preg-
nancy surgery. Although the primary goal of training was to
increase technical performance (i.e. shorter time and fewer
errors), we also observed a decrease in the dexterity vari-
ability, as demonstrated by the greater economy of move-
ments performed (i.e. shorter instrument pathlength). This
finding was also valid for the other group trained on the VR
simulator.

With regard to the pre- and post-training assessments
performed on the VR simulator, there was no statistically
significant improvement for either of the groups in any per-
formance metric with the laparoscopic operations. Also
there was no statistically significant difference between the
two groups for any metric. This result may seem surprising,
since one would expect the skills acquired during training
would be transferred to the performance of the (more ad-
vanced) assessment tasks, and/or that one of the two types
of training provided would be superior. There are a number
of potential reasons for this discrepancy. First, the assess-
ment tasks are actual laparoscopic operations which require
the combinative demonstration of various complex skills.
Second, in the training sessions, each group practiced a lim-
ited number of basic skills separately (such as grasping, cut-
ting, etc.). Thus, when the subjects attempted to perform the
laparoscopic operations on the VR simulator, they could not
combine the separate skills learned during training. Third,
laparoscopic operations require management of additional
skills beyond those practiced during basic skills training.

The identical post-training performance of the two
groups suggests that VR simulators and BTs are equiva-
lent modalities for laparoscopic basic skill training. One
of the limitations of our study could be the fact that both
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groups were assessed before training and after training in
VR simulators and that this might provide a positive bias
for residents that trained with VR simulators over those us-
ing the BTs. However, we chose VR operations for pre- and
post-training assessment as we were not able to assess the
groups in real surgical operations. It does appear that the
bias for the residents who were trained in VR simulators
was small since the skills required to perform VR opera-
tions are much more advanced than those required for the
VR basic tasks training. In a related study Loukas et al.
performed a head-to-head comparison study which showed
that both modalities provided significant enhancement in
novices’ performance and that the skills learned on one de-
vice were transferable to the other [23]. Other studies have
also attempted to clarify which trainingmodality is the most
effective by comparing the transferability of skills between
VR simulators and BTs [2, 32]. However, the reported re-
sults are contradictory mainly because of the dissimilarity
of the tasks performed on each device.

Finally, with respect to the subjects’ video gaming and
music expertise, only video gaming seemed to have a pos-
itive effect in the performance of the laparoscopic opera-
tions on the VR simulator. Grantcharov et al. suggests
that trainees who regularly play computer games make
fewer errors and have shorter learning times [33]. Also, it
has been suggested that video gamers acquire laparoscopic
techniques faster, and training on video games appears to
improve laparoscopic performance with VR trainers [34].

In a review article, we provided an overview of the
evaluation and capacity of the different types of laparo-
scopic simulators including laparoscopic box trainers, la-
paroscopic VR simulators, animal models, human cadavers
and lightly embalmed human cadavers in the development
and assessment of training in laparoscopic gynecologic pro-
cedures. We suggested that the clinical training curriculum
of obstetrician-gynecologists should include laparoscopic
VR simulators through a simulation-based education pro-
gram outside the live operative environment under appro-
priated supervision in order to ensure the acquisition of
maximal surgical psychomotor skills and the achievement
of high-quality laparoscopic training [35]. Moreover, Pa-
panikolaou et al. suggested that teaching hospitals should
introduce training programs using laparoscopic simulators
with standardized and reproducible tasks in order to achieve
better patient care with safety, efficiency and lower cost
[36]. Furthermore, Torricelli et al. suggested that the
best way for the dissemination of laparoscopic surgery in
obstetrics-gynecology residents is the induction of laparo-
scopic simulators for a short period of training [37].

Conclusions

The present randomized-prospective study showed that
basic skills are improved by training with either VR sim-
ulators or BTs. However, groups trained with these de-
vices show no statistically significant improvement in la-
paroscopic operations in a VR simulator. We propose la-

paroscopic training laboratories to include VR simulators
as a reasonable alternative to BTs for laparoscopic training
of inexperienced residents. Compared to BTs, VR simu-
lators provide various means for automated assessment of
training performance via a rich set of assessment metrics.
These parameters may then be used either by the trainees to
evaluate their training progress or by the tutor to adapt the
training procedure according to the needs of each individual
trainee.
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