Surg Endosc (2017) 31:3306-3312
DOI 10.1007/s00464-016-5363-2

=

Wildg |
: CrossMark

and Other nterventional Techniques

)

Retention of laparoscopic and robotic skills among medical
students: a randomized controlled trial

Megan S. Orlando’ - Lauren Thomaier' - Melinda G. Abernethy’ -

Chi Chiung Grace Chen'

Received: 2 August 2016/ Accepted: 13 November 2016/ Published online: 11 January 2017

© Springer Science+Business Media New York 2016

Abstract

Background Although simulation training beneficially
contributes to traditional surgical training, there are less
objective data on simulation skills retention.

Objective To investigate the retention of laparoscopic and
robotic skills after simulation training.

Methods We present the second stage of a randomized
single-blinded controlled trial in which 40 simulation-naive
medical students were randomly assigned to practice peg
transfer tasks on either laparoscopic (N = 20, Fundamen-
tals of Laparoscopic Surgery, Venture Technologies Inc.,
Waltham, MA) or robotic (N = 20, dV-Trainer, Mimic,
Seattle, WA) platforms. In the first stage, two expert sur-
geons evaluated participants on both tasks before (Stage 1:
Baseline) and immediately after training (Stage 1: Post-
training) using a modified validated global rating scale of
laparoscopic and robotic operative performance. In Stage
2, participants were evaluated on both tasks 11-20 weeks
after training.

Results Of the 40 students who participated in Stage 1, 23
(11 laparoscopic and 12 robotic) underwent repeat evalua-
tion. During Stage 2, there were no significant differences
between groups in objective or subjective measures for the
laparoscopic task. Laparoscopic-trained participants’ per-
formances on the laparoscopic task were improved during
Stage 2 compared to baseline measured by time to task
completion, but not by the modified global rating scale.
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During the robotic task, the robotic-trained group demon-
strated superior economy of motion (p = .017), Tissue
Handling (p = .020), and fewer errors (p = .018) compared
to the laparoscopic-trained group. Robotic skills acquisition
from baseline with no significant deterioration as measured
by modified global rating scale scores was observed among
robotic-trained participants during Stage 2.

Conclusion Robotic skills acquired through simulation
appear to be better maintained than laparoscopic simulation
skills.

Clinical trial This study is registered on ClinicalTrials.gov
(NCT02370407).

Keywords Laparoscopy - Robotic skills - Simulation -
Surgical simulation - Surgical training

The use of minimally invasive surgical techniques has
become the standard of care in gynecologic and other
surgical specialties. It is important for trainees to acquire
laparoscopic and robotic surgical skills efficiently and
without compromising patient safety. This is particularly
relevant in light of resident work hour restrictions and
subsequent time-limited training pathways. Surgical sim-
ulation provides an alternative paradigm to supplement the
traditional apprenticeship model of training. Simulation has
been shown to promote laparoscopic and robotic skills
acquisition, improve surgical performance, and decrease
operative times [1-3]. Between the two minimally invasive
platforms, several studies demonstrate that new learners
achieve proficiency in robotic skills more easily than in
laparoscopic skills, and learners can perform robotic sur-
gery without compromising patient outcomes during the
learning period [4, 5].
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Ideally, proficiency attained in either robotic or laparo-
scopic surgery would translate to the other technique with
low rates of skills deterioration. However, current research
into the transferability of surgical skills between laparo-
scopic and robotic simulation platforms is limited. Some
studies indicate that there is unlikely to be any major
advantage garnered by prior laparoscopic experience when
attempting to learn robotic surgical methods [6], while
others demonstrate significant transferability of skills
between modalities [7, 8]. Moreover, there is a lack of data
concerning medium- and long-term retention of skills on
both platforms, though it does appear that proficiency
acquired through simulation in a single modality is main-
tained [9, 10].

In order to assess the retention of minimally invasive
surgical skills, we present the second stage of a randomized
single-blinded controlled trial. In Stage 1, skills-naive
participants were evaluated on both laparoscopic and
robotic simulators before and after training on one simu-
lation modality. During Stage 2, we sought to evaluate
retention of skills using both objective parameters and a
modified previously validated global rating scale.

Materials and methods
Study design

We previously completed the first stage of a randomized
single-blinded controlled trial in which 40 Johns Hopkins
University School of Medicine students without previous
simulation or operative experience were randomly assigned
to perform ten repetitions of peg transfer tasks on either the
laparoscopic box trainer (N = 20, Fundamentals of
Laparoscopic Surgery, Venture Technologies Inc., Wal-
tham, MA) or robotic computer-based simulation (N = 20,
dV-Trainer, Mimic, Seattle, WA) platforms. These tasks
were chosen because they were analogous between training
platforms with similar required motions and instrument
techniques. Previous research has demonstrated significant
improvement in time to task completion for peg transfer
exercises with successive practice repetitions, with the
most notable improvement demonstrated in the first nine
repetitions [11]. The initial training sessions occurred
between November 26 and December 17, 2014. Two expert
minimally invasive surgeons evaluated participants on both
simulation platforms before and immediately after practice
sessions using a modified version of previously validated
global rating scales [12—14]. Evaluators were blinded to
students’ training platform. Detailed information about the
initial study including descriptions of randomization
methods, training protocols, and performance metrics has
been described elsewhere [15].

The second phase of this randomized controlled trial
occurred between February 24 and April 18, 2015. All 40
students who participated in Stage 1 were contacted via
e-mail and asked to return for Stage 2. Stage 2 involved
participants performing the laparoscopic and robotic peg
transfer task once each without a practice session in the
minimally invasive training suite at our institution. During
Stage 1, randomization of which task participants per-
formed first was determined using Microsoft Excel random
number generator. Participants in Stage 2 followed the
same task order as in Stage 1. Blinding protocols for pro-
cedures, evaluators, and performance metrics were identi-
cal to the first stage of the trial. This study received
approval from the Johns Hopkins Institutional Review
Board (IRB00031436).

Outcome measures

During the initial study, participants self-reported demo-
graphic information including age, gender, medical school
class year, handedness, and experience playing musical
instruments, organized sports, and video games. Outcome
measures for Stage 2 were the same as those for Stage 1
and consisted of both objective and subjective metrics for
the laparoscopic and robotic peg transfer tasks. Primary
objective parameters included time to task completion
(manually recorded in seconds using a stopwatch for the
laparoscopic task and automatically recorded by the dV-
Trainer for the robotic task), error rate (number of peg
drops, manually recorded in the laparoscopic task and
automatically recorded in the robotic task), and motion
metrics captured by the Mimic dV-Trainer. These motion
metrics included economy of motion (cm, where higher
numbers indicated less economy of motion), number of
instrument collisions, time spent using excessive force
(seconds), time instruments which were out of view (sec-
onds), and workspace range (cm).

Subjective parameters consisted of the component and
total scores of a modified global rating scale of laparo-
scopic and robotic operative performance. The scale was
derived from the combination of three previously validated
rating scales for open (OSATS, Objective Structured
Assessment of Technical Skills) [14], laparoscopic
(GOALS, Global Operative Assessment of Laparoscopic
Skills) [13], and robotic (GEARS, Global Evaluative
Assessment of Robotic Skills) [12] surgery. The scale was
modified to apply to both the laparoscopic and robotic
simulation settings while avoiding redundancy. The
resulting modified global rating scale of laparoscopic and
robotic operative performance included seven components:
(1) depth perception, (2) bimanual dexterity, (3) efficiency,
(4) tissue handling, (5) time and motion, (6) instrument
handling, and (7) flow of operation. Each component was
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graded on a five-point anchored Likert scale with higher
scores indicating higher proficiency. Components from the
aforementioned previously validated global rating scales
that were not considered relevant to our experimental set-
ting included “Knowledge of Instruments” [14], “Use of
Assistants” [14], “Knowledge of Specific Procedure” [14],
“Autonomy” [12, 13], and “Robotic Control” [12]. “Force
Sensitivity” [12] and “Respect for Tissue” [14] were
considered redundant with the inclusion of “Tissue
Handling.”

Statistical analysis

Participants were grouped by minimally invasive training
platform (laparoscopic or robotic), and their performances
on both simulators in Stage 2 were compared using Stu-
dent’s t tests for continuous variables to assess for trans-
ferability of skills. Additionally, participants’ time to task
completion, error rates, and modified global rating scale
scores from Stage 1 were recorded for comparison. We
assessed participants’ Stage 1 and Stage 2 performances on
the laparoscopic and robotic tasks, respectively, to evaluate
retention of skills. Data analysis was performed using
Stata/IC software, version 13.1 (Stata Corporation, College
Station, TX). A p value <.05 was considered statistically
significant.

Results

Of the 40 students who participated in the initial phase
(Stage 1), 23 participants (11 laparoscopic-trained and 12
robotic-trained) underwent repeat evaluation in the reten-
tion phase (Stage 2, Fig. 1). Mean retention time was

Fig. 1 Methodology for Stages
1 and 2 of this randomized
controlled trial

Stage 1: Baseline

15.6 weeks (range 11.4-19.6 weeks). There were no sig-
nificant differences in demographic characteristics between
Stage 2 participants in the laparoscopic and robotic training
groups (Table 1).

Evaluation of the laparoscopic peg transfer task
approximately 16 weeks after simulation training showed
no difference in performances between participants ran-
domized to laparoscopic or robotic practice in Stage 1
(Table 2). There were no significant differences between
groups in objective metrics (time to task completion and
peg drop count) or modified global rating scale measures.

Evaluation on the robotic peg transfer task demonstrated
fewer peg drops (p = .018) and improved economy of
motion (p = .017) among robotic practice group partici-
pants compared to the laparoscopic practice group
(Table 3). Furthermore, participants randomized to robotic
practice demonstrated a trend toward improved perfor-
mance on all modified global rating scale components and
the composite measure, though the only significant differ-
ence was seen in Tissue Handling (p = .020).

To investigate retention of skills, we compared laparo-
scopic-trained participants’ performances on the laparo-
scopic task and robotic-trained participants’ performances
on the robotic task at three time points: (1) prior to training
(Stage 1: Baseline), (2) immediately after training (Stage 1:
Post-training), and (3) at repeat evaluation 16 weeks later
on average (Stage 2). Comparison of results from Stage 1:
Baseline and Stage 2 indicates skills acquisition from
baseline, whereas comparison of results from Stage 1: Post-
training and Stage 2 indicates how well skills were retained
after they were acquired.

Laparoscopic-trained participants’ performances on the
laparoscopic task were significantly better 16 weeks after
initial practice (Stage 2) compared with baseline (Stage 1:

medical students
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Table 1 Demographic characteristics for participants who underwent repeat evaluation 16 weeks (range 11.4-19.6) after simulation, by training

platform (N = 23)

Laparoscopic practice group (N = 11) Robotic practice group (N = 12) p value

Female 7 (64%) 4 (33%) 0.22
Mean age (years) 24.5 (SD 2.9) 25.2 (SD 3.8) 0.663
Class year

MS1-2 11 (100%) 10 (83%) 0.478

MS3-4 0 2 (17%)
Right-hand dominant 10 (91%) 11 (92%) 1
Played musical instrument 9 (82%) 8 (67%) 0.64
Played organized sports 9 (82%) 9 (75%) 1
Played video games 7 (64%) 9 (75%) 0.667

Table 2 Repeat evaluation of laparoscopic peg transfer task 16 weeks (range 11.4—19.6) after simulation training, by training platform (N = 23)

Laparoscopic group (mean, SD) (N = 11) Robotic group (mean, SD) (N = 12) p value
Time to complete task (s) 144 (61) 182 (60) 0.152
Error count 0.73 (1.2) 0.92 (1.1) 0.694
Modified global rating scale of laparoscopic operative performance
Depth perception (1-5) 2.18 (0.87) 2.0 (0.85) 0.619
Bimanual dexterity (1-5) 2.55 (0.93) 2.42 (0.90) 0.74
Efficiency (1-5) 245 (1.1) 1.92 (0.90) 0.218
Tissue handling (1-5) 2.45 (0.52) 2.25 (0.87) 0.505
Time and motion (1-5) 2.36 (1.0) 1.92 (0.90) 0.279
Instrument handling (1-5) 2.64 (1.0) 2.08 (0.90) 0.183
Flow of operation (1-5) 2.45 (0.93) 2.08 (1.1) 0.391
Composite score (7-35) 17.09 (6.1) 14.67 (5.9) 0.342

Baseline) as measured by time to task completion, but not
by the modified global rating scale composite or compo-
nent measures. Table 4 outlines the performances at vari-
ous time points of laparoscopic-trained participants who
participated in both stages of the trial. Furthermore, there
was skills deterioration as evidenced by significantly worse
objective (time to task completion) and subjective perfor-
mances (modified global rating scale total score and the
following component measures: depth perception, effi-
ciency, tissue handling, time and motion, and flow of
operation) in Stage 2 compared with Stage 1: Post-training
(Table 4).

Robotic-trained participants’ performances on the
robotic task were significantly better 16 weeks after initial
practice (Stage 2) compared with baseline (Stage 1:
Baseline) as measured by time to task completion, peg drop
count, economy of motion, and the modified global rating
scale composite score and all component measures.
Table 5 details the performances of robotic-trained

participants who participated in both stages of the trial.
There was skills deterioration evidenced by time to task
completion and economy of motion results. However,
global rating scale composite scores, all component scores,
and peg drop counts were not significantly different in
Stage 2 compared with Stage 1: Post-training.

Comment

Our findings reveal no differences between laparoscopic
and robotic training groups during the laparoscopic simu-
lation task. However, there was a trend toward better per-
formance on the robotic platform among participants who
trained on the robotic simulator. Robotic skills acquired
through simulation appear to be better maintained than
laparoscopic skills.

Prior research into laparoscopic simulator training
indicates that skills retention is impacted by the initial
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Table 3 Repeat evaluation of robotic peg transfer task 16 weeks (range 11.4-19.6) after simulation training, by training platform (N = 23)

Laparoscopic (mean, SD) (N = 11) Robotic group (mean, SD) (N = 12) p value
Time to complete task (s) 125 (30) 97 (36) 0.063
Error count 0.82 (0.40) 0.25 (0.62) 0.018*
Economy of motion (cm) 228 (37) 189 (36) 0.017*
Collisions 291 (2.3) 1.92 (2.0) 0.273
Excessive force (s) 0.25 (0.36) 0.12 (0.37) 0.409
Instruments out of view (cm) 0.29 (0.72) 1.30 (3.1) 0.306
Workspace range (cm) 8.74 (1.7) 9.01 (2.7) 0.775
Modified global rating scale of robotic operative performance
Depth perception (1-5) 2.27 (0.79) 2.92 (0.90) 0.083
Bimanual dexterity (1-5) 2.27 (0.90) 2.92 (1.1) 0.139
Efficiency (1-5) 2.45 (0.82) 2.83 (0.94) 0.316
Tissue handling (1-5) 2.36 (0.67) 3.17 (0.83) 0.020%*
Time and motion (1-5) 2.18 (0.87) 2.83 (0.94) 0.100
Instrument handling (1-5) 2.18 (0.87) 3.0 (1.0) 0.056
Flow of operation (1-5) 2.36 (0.81) 2.75 (0.97) 0.312
Composite score (7-35) 16.09 (5.3) 20.42 (6.3) 0.0925

Bold values are statistically significant (p < 0.05)

* Significant differences in error count, economy of motion, and tissue handling were seen between training groups

Table 4 Comparison of laparoscopic-trained participants’ performances on the laparoscopic task 16 weeks (range 11.4-19.6 weeks) after
training (Stage 2) with their performances prior to training (Stage 1: Baseline) and immediately after training (Stage 1: Post-training) (N = 11)

Stage 1: Baseline Stage 1: Post-training ~ Stage 2 p value p value
(mean, SD) (mean, SD) (mean, SD) Stage 1: Baseline Stage 1: Post-training
versus Stage 2 versus Stage 2
Time to complete task (s) 213 (105) 104 (35) 144 (61) 0.022* 0.019%
Error count 0.82 (1.8) 0.55 (0.93) 0.73 (1.2) 0.839 0.724
Global rating scale 13.91 (4.3) 22.09 (4.4) 17.09 (6.1) 0.160 0.014°

composite score (7-35)

Bold values are statistically significant (p < 0.05)

* Significant differences were seen between baseline and retention testing in time to complete the laparoscopic task

¥ Significant differences were seen between immediate post-training and retention testing in time to complete the laparoscopic task and modified
global rating scale of laparoscopic operative performance composite score (including component scores for depth perception, efficiency, tissue

handling, time and motion, and flow of operation—not displayed)

training intervention and simulation task complexity. In a
2010 study by Rosenthal and colleagues, 100% of fifteen
skills-naive medical students who completed the Funda-
mentals of Laparoscopic Surgery program retained suffi-
cient knowledge and abilities at 6 months and 12 months
to pass the certification exam [16]. Conversely, some
studies demonstrate substantial decreases in laparoscopic
simulator performance metrics over 6-12 months [17, 18],
while others report deterioration for only more complex
laparoscopic tasks [9, 18]. Our trial involved a 1-day
training intervention and is therefore not entirely analogous
to studies that use more extensive minimally invasive
surgical curricula.

@ Springer

As each of our participants practiced one exercise for
ten repetitions during training, we did not address the
optimal duration and interval of training, which is an
important area for future research. Repeated learning and
practice with simulation trainers appears to be more ben-
eficial for long-term skills retention. Spruit et al. [19]
examined the optimal schedule for laparoscopic skills
training and determined that spacing training over 3 weeks
compared to massed training on a single day led to better
performance at 2 weeks and at 1 year. Another group of
researchers found that “Optional Deliberate Practice”
between training sessions is effective at reducing deterio-
ration of laparoscopic skills [20].
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Table 5 Comparison of robotic-trained participants’ performances on the robotic task 16 weeks (range 11.4-19.6 weeks) after training (Stage 2)
with their performances prior to training (Stage 1: Baseline) and immediately after training (Stage 1: Post-training) (N = 12)

Stage 1: Baseline Stage 1: Post-training  Stage 2 p value p value
(mean, SD) (mean, SD) (mean, SD) Stage 1: Baseline Stage 1: Post-training
versus Stage 2 versus Stage 2

Time to complete task (s) 179 (62) 73 (24) 97 (36) <0.001* 0.010%
Error count 1.58 (1.8) 0.33 (0.65) 0.25 (0.62) 0.035% 0.586
Economy of motion (cm) 256 (63) 163 (37) 189 (36) 0.005%* 0.021%
Collisions 4.17 (7.0) 0.92 (2.0) 1.92 (2.0) 0.311 0.060
Excessive force (s) 1.44 (2.7) 0.004 (0.014) 0.12 (0.37) 0.132 0.280
Instruments out of view (cm) 0.80 (1.9) 1.43 (2.8) 1.30 (3.1) 0.605 0.877
Workspace range (cm) 8.46 (2.2) 9.44 (2.5) 9.01 (2.7) 0.547 0.351
Global rating scale 12.50 (6.3) 21.92 (7.5) 20.42 (6.3) 0.001* 0.334

composite score (7-35)

Bold values are statistically significant (p < 0.05)

No significant differences observed between global rating scale composite and component scores (not displayed) between Stage 1: Post-training

and Stage 2

* Significant differences were seen between baseline and retention testing in time to complete the robotic task, error count, economy of motion,
and modified global rating scale composite score (as well as all component scores, not displayed)

§ Significant differences were seen between post-training and retention testing in time to complete the robotic task and economy of motion

Some researchers suggest that skills deterioration occurs
over an even shorter period of time without training.
Varley et al. [21] found that laparoscopic simulation
training allowed for acquisition and retention of skills for at
least 4 weeks, though there was significant performance
deterioration by 12 weeks. These results are similar to our
findings. When compared with testing immediately after
practice, laparoscopic-trained participants took longer to
complete the simulation task and had lower global rating
scale scores during repeat evaluation 16 weeks later.
However, laparoscopic practice did confer improved speed
16 weeks after training compared to baseline performance.
Therefore, although participants retain some improvements
in speed after a one-day training intervention without
increased error, the improvement in quality of performance
was not retained over 16 weeks.

Previous research by Teishima et al. [10] using the
Mimic dV-Trainer (Mimic, Seattle, WA) to teach robotic
skills to urologic surgeons with limited experience
demonstrated that proficiency gained through simulation
training was maintained 1 year after the intervention
without additional practice. Our results correspond with
this study and support the use of simulation in robotic skills
training. We found that improved quality of performance
measured by the composite global rating scale was retained
over 16 weeks among the robotic practice group. Addi-
tionally, robotic practice was associated with improved
speed and economy of motion compared to baseline,
though participants’ performances on these objective
parameters were worse than on immediately after training.

An important strength of this study is the participation of
skills-naive medical students rather than physicians with
varying skill levels. This naive cohort allowed for an
accurate assessment of the impact of initial simulation
training on retention of skills. One limitation was that
participants were scheduled for repeat evaluation (Stage 2)
based on convenience. Although times from training to re-
testing during Stage 2 were not uniform, all participants
were tested at least 11 weeks after initial training, which is
comparable to other studies in the literature. Additionally,
participants were not specifically queried about their
exposure to minimally invasive surgical instruments or
activity during the intervening time between Stages 1 and
2. However, 21 of the 23 students who completed Stage 2
of the study were in their first two (preclinical) years of
medical school. There is no formal minimally invasive
training built into the curriculum at this stage. The
remaining two participants were medical students in their
third year. Although it is possible that these students
completed surgical clinical clerkships during the period
between Stages 1 and 2, it is unlikely that they played
active roles in the minimally invasive portion of surgical
cases given the emphasis placed on training residents at our
institution. Only 58% of Stage 1 participants were available
for participation in Stage 2. Although this participant
retention rate is similar to other published studies [9], it
limits overall study power.

In conclusion, the second stage of this randomized
controlled trial revealed that robotic skills acquired through
simulation are better maintained than laparoscopic skills.
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To our knowledge, this is one of the few studies to examine
the impact of minimally invasive simulation training
modality on the transferability of skills between laparo-
scopic and robotic simulation platforms and the retention
of those skills. Further research is needed to determine
optimal duration and interval of training, and how simu-
lation skills relate to performance in the operating room
and patient care outcomes.

Acknowledgements This research was presented at the 2016
CREOG/APGO Annual Meeting, March 3, 2016, in New Orleans,
Louisiana. The Mimic Technologies, Inc., dV-trainer was on loan to
the Johns Hopkins Medical Institutions for the duration of the study.

Compliance with ethical standards

Disclosures MSO, LT, MGA and CCGC have no conflicts of interest
or financial ties to disclose.

References

1. Seymour NE, Gallagher AG, Roman SA et al (2002) Virtual
reality training improves operating room performance: results of
a randomized, double-blinded study. Ann Surg 236(4):458-463.
doi:10.1097/01.SLA.0000028969.51489.B4 (discussion 463—4)

2. Gala R, Orejuela F, Gerten K et al (2013) Effect of validated
skills simulation on operating room performance in obstetrics and
gynecology residents: a randomized controlled trial. Obstet
Gynecol 121(3):578-584. doi:10.1097/A0G.0b013e318283578b

3. Cho JS, Hahn KY, Kwak JM et al (2013) Virtual reality training
improves da Vinci performance: a prospective trial. J Laparoen-
dosc Adv Surg Tech A 23(12):992-998. doi:10.1089/1ap.2012.
0396

4. Richards KA, Kader K, Pettus JA, Smith JJ, Hemal AK (2011)
Does initial learning curve compromise outcomes for robot-as-
sisted radical cystectomy? A critical evaluation of the first 60
cases while establishing a robotics program. J Endourol
25(9):1553-1558. doi:10.1089/end.2010.0630

5. Blavier A, Gaudissart Q, Cadiere G-B, Nyssen A-S (2007)
Comparison of learning curves and skill transfer between clas-
sical and robotic laparoscopy according to the viewing condi-
tions: implications for training. Am J Surg 194(1):115-121.
doi: 10.1016/j.amjsurg.2006.10.014

6. Teishima J, Hattori M, Inoue S et al (2012) Impact of laparo-
scopic experience on the proficiency gain of urologic surgeons in
robot-assisted surgery. J Endourol 26(12):1635-1638. doi:10.
1089/end.2012.0308

7. Panait L, Shetty S, Shewokis PA, Sanchez JA (2014) Do
laparoscopic skills transfer to robotic surgery? J Surg Res
187(1):53-58. doi:10.1016/j.jss.2013.10.014

@ Springer

10.

11.

12.

13.

14.

16.

17.

18.

20.

21.

. Hagen ME, Wagner OJ, Inan I, Morel P (2009) Impact of 1Q,

computer-gaming skills, general dexterity, and laparoscopic
experience on performance with the da Vinci surgical system. Int
J Med Robot 5(3):327-331. doi:10.1002/rcs.264

. Hiemstra E, Kolkman W, van de Put MAJ, Jansen FW (2009)

Retention of basic laparoscopic skills after a structured training
program. Gynecol Surg 6(3):229-235. doi:10.1007/s10397-008-
0458-y

Teishima J, Hattori M, Inoue S et al (2014) Retention of robot-
assisted surgical skills in urological surgeons acquired using
Mimic dV-Trainer®. Can Urol Assoc J 8(7-8):1-5. doi:10.5489/
cuaj.1993

Connor E, Raker C, Wohlrab K (2016) Effects of repetition and
inactivity on laparoscopic skills training. J Minim Invasive
Gynecol 23(2):194-197

Goh AC, Goldfarb DW, Sander JC, Miles BJ, Dunkin BJ (2012)
Global evaluative assessment of robotic skills: validation of a
clinical assessment tool to measure robotic surgical skills. J Urol
187(1):247-252. doi:10.1016/j.juro.2011.09.032

Vassiliou MC, Feldman LS, Andrew CG et al (2005) A global
assessment tool for evaluation of intraoperative laparoscopic
skills. Am J Surg 190(1):107-113. doi:10.1016/j.amjsurg.2005.
04.004

Reznick R, Regehr G, MacRae H, Martin J, McCulloch W (1997)
Testing technical skill via an innovative “bench station” exam-
ination. Am J Surg 173:226-230

. Thomaier L, Orlando M, Abernethy M, Paka C, Chen CCG

(2016) Laparoscopic and robotic skills are transferable in a
simulation setting: a randomized controlled trial. Surg Endosc.
doi:10.1007/s00464-016-5359-y

Rosenthal ME, Ritter EM, Goova MT et al (2010) Proficiency-
based Fundamentals of Laparoscopic Surgery skills training
results in durable performance improvement and a uniform cer-
tification pass rate. Surg Endosc 24(10):2453-2457. doi:10.1007/
$00464-010-0985-2

Stefanidis D, Korndorffer JR Jr, Sierra R, Touchard C, Dunne JB,
Scott DJ (2005) Skill retention following proficiency-based
laparoscopic simulator training. Surgery 138(2):165-170. doi:10.
1016/j.surg.2005.06.002

Sinha P, Hogle NJ, Fowler DL (2008) Do the laparoscopic skills
of trainees deteriorate over time? Surg Endosc 22(9):2018-2025.
doi:10.1007/s00464-008-9929-5

. Spruit EN, Band GPH, Hamming JF (2015) Increasing efficiency

of surgical training: effects of spacing practice on skill acquisi-
tion and retention in laparoscopy training. Surg Endosc. doi:10.
1007/s00464-014-3931-x

De Win G, Van Bruwaene S, De Ridder D, Miserez M (2013)
The optimal frequency of endoscopic skill labs for training and
skill retention on suturing—a randomized controlled trial. J Surg
Educ 70(3):384-393. doi:10.1016/j.jsurg.2013.01.005

Varley M, Choi R, Kuan K et al (2014) Prospective randomized
assessment of acquisition and retention of SILS skills after sim-
ulation training. Surg Endosc 29(1):113-118. doi:10.1007/
s00464-014-3647-y


http://dx.doi.org/10.1097/01.SLA.0000028969.51489.B4
http://dx.doi.org/10.1097/AOG.0b013e318283578b
http://dx.doi.org/10.1089/lap.2012.0396
http://dx.doi.org/10.1089/lap.2012.0396
http://dx.doi.org/10.1089/end.2010.0630
http://dx.doi.org/10.1016/j.amjsurg.2006.10.014
http://dx.doi.org/10.1089/end.2012.0308
http://dx.doi.org/10.1089/end.2012.0308
http://dx.doi.org/10.1016/j.jss.2013.10.014
http://dx.doi.org/10.1002/rcs.264
http://dx.doi.org/10.1007/s10397-008-0458-y
http://dx.doi.org/10.1007/s10397-008-0458-y
http://dx.doi.org/10.5489/cuaj.1993
http://dx.doi.org/10.5489/cuaj.1993
http://dx.doi.org/10.1016/j.juro.2011.09.032
http://dx.doi.org/10.1016/j.amjsurg.2005.04.004
http://dx.doi.org/10.1016/j.amjsurg.2005.04.004
http://dx.doi.org/10.1007/s00464-016-5359-y
http://dx.doi.org/10.1007/s00464-010-0985-2
http://dx.doi.org/10.1007/s00464-010-0985-2
http://dx.doi.org/10.1016/j.surg.2005.06.002
http://dx.doi.org/10.1016/j.surg.2005.06.002
http://dx.doi.org/10.1007/s00464-008-9929-5
http://dx.doi.org/10.1007/s00464-014-3931-x
http://dx.doi.org/10.1007/s00464-014-3931-x
http://dx.doi.org/10.1016/j.jsurg.2013.01.005
http://dx.doi.org/10.1007/s00464-014-3647-y
http://dx.doi.org/10.1007/s00464-014-3647-y

	Retention of laparoscopic and robotic skills among medical students: a randomized controlled trial
	Abstract
	Background
	Objective
	Methods
	Results
	Conclusion
	Clinical trial

	Materials and methods
	Study design
	Outcome measures
	Statistical analysis

	Results
	Comment
	Acknowledgements
	References




