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Background: A previous study suggested that psychomotor
training improves the performance on colonoscopy. Since
then, newer exercises have been included in the latest gen-
eration of Gl Mentor®. In order to optimize a colonoscopy
training program, we aimed to determine the impact of 3
virtual exercises in simulated colonoscopy skills. Methods:
This was a prospective and randomized study. Nineteen res-
idents completed a pre-training questionnaire and a colo-
noscopy trial before randomization in a study group (n = 10)
that performed three exercises (Endobubble I, Navigation |,
and Mucosal Evaluation ) until they achieved expert level,
and a control group (n = 9). Both groups performed 10 rep-
etitions of a simulated colonoscopy and were assessed on a
final case. Learning curves and skills transfer were assessed
by four parameters: mucosal surface examined (%), time to
reach the cecum (s), screening efficiency (%), and time the
patient was in pain (%). We also evaluated the construct va-
lidity for the exercises. Results: Construct validity was con-

firmed for Endobubble | and verified in Navigation | (experts
were faster than novices; 5 vs. 7 s, p = 0.040), but not for Mu-
cosal Evaluation I. Analyzing the learning curves and perfor-
mance in the 10 repetitions, the study group reached the
cecum faster (278 vs. 356 s, p = 0.035) and achieved a higher
screening efficiency (83% vs. 75%, p = 0.019). Concerning
skills transfer, the control group took longer to reach the ce-
cum (241 vs.292s,p=0.021) and the percentage of time the
patient was in pain was higher (6% vs. 9%, p = 0.021). Gen-
eral performances of the study group had smaller interquar-
tile variations. Conclusion: Psychomotor training has a sig-
nificantimpact on the homogeneous acquisition and assim-
ilation of colonoscopy skills. Endobubble | and Navigation |
should be considered in the training programs for novices.
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Resumo

Introducgdo: Um estudo anterior sugeriu que o treino psi-
comotor melhora o desempenho em colonoscopia. Des-
de entdo, outros exercicios virtuais foram incluidos na
nova geracao do simulador Gl Mentor®. De forma a oti-
mizar o programa de treino em colonoscopia procurou-se
determinar o impacto de trés exercicios virtuais nas com-
peténcias de colonoscopia simulada. Métodos: Estudo
prospetivo e randomizado. Dezanove internos completa-
ram um questionario pré-treino e uma colonoscopia, ten-
do sido depois randomizados: Grupo de Estudo (n = 10)
que realizou trés exercicios (Endobubble |, Navigation |,
Mucosal Evaluation 1) até atingir o nivel expert e Grupo
Controlo (n = 9). Posteriormente, ambos os grupos real-
izaram dez repeti¢cdes de um caso de colonoscopia simu-
lada e um caso de avaliagao final. As curvas de aprendiza-
gem e a transferéncia de competéncias foram avaliadas
com quatro métricas: superficie da mucosa examinada
(%), tempo para atingir o cego (s), taxa de eficiéncia (%) e
tempo que o doente teve dor (%). Adicionalmente,
avaliou-se a validade do constructo para os novos exerci-
cios. Resultados: Foi confirmada a validade do constructo
no Endobubble | e verificada no Navigation | (os experts
foram mais rapidos do que os formandos; 5vs. 7 s, p =
0.040), mas nao no Mucosal Evaluation I. Analisando as
curvas de aprendizagem e o desempenho nas 10
repeticoes, o Grupo de Estudo atingiu mais rapidamente
0cego (278 vs.356's, p = 0.035) e apresentou uma taxa de
eficiéncia mais elevada (83% vs. 75%, p = 0.019). Na trans-
feréncia, o Grupo Controlo demonstrou uma degradacgao
significativa no tempo para atingir o cego (241 vs. 292 s,
p=0.021) e na % de tempo que o doente teve dor (6% vs.
9%, p =0.021). O desempenho do Grupo de Estudo apre-
sentou uma menor variabilidade interquartil. Concluséo:
O treino psicomotor teve um impacto significativo na
aquisicao e assimilacdo homogénea de competéncias em
colonoscopia. Os exercicios Endobubble | e Navigation |
devem ser considerados nos programas de treino em sim-
ulador para iniciados.

© 2022 Sociedade Portuguesa de Gastrenterologia.
Published by S. Karger AG, Basel

Over recent years, the rapid evolution of endoscopic
techniques has complicated residents’ learning landscape,
who need to master a diverse array of technical and cogni-
tive skills. Endoscopic training was traditionally based on a
supervised “learning by doing” model in a clinical environ-
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ment. Despite the benefits of bedside teaching, it has some
known drawbacks, such as abdominal pain and discomfort
for the patient. Furthermore, some studies showed a nega-
tive association between experience and complication rates
[1], while others showed that the extra time required could
affect endoscopic service capacity and economics [2].

In this technological era, endoscopic simulation has
also rapidly evolved to facilitate training in a controlled
environment. The basic mechanical models developed in
the 1990s [3] have quickly moved toward screen-based
simulators of virtual reality (VR). VR endoscopy simula-
tors run a computer program that simulates the proce-
dure using endoscopic images while the resident handles
an endoscope with real dials and buttons connected to a
processor that sends the signal to a monitor [4]. The com-
puter displays pre-procedure clinical information, gener-
ates images with a variety of pathologies and provides re-
al-time feedback. Individuals can work independently
and exercises can be repeated multiple times until they
are fully mastered. Performance is assessed using param-
eters measured and recorded by the computer, which can
be displayed at the end of each procedure [5].

Therefore, VR endoscopy simulators were presented as
a promising tool in endoscopic training. Some of this
equipment has already been validated and shown to have
discriminative abilities for dexterity and competence levels
in flexible endoscopy [6, 7]. Some studies have also pro-
vided high-quality evidence for the positive effect of simu-
lator training in novices, measured in both VR and live
endoscopy. The skills acquired seem to translate well into
usable skills for patient-based endoscopy, as demonstrated
in randomized multicenter trials comparing simulator and
bedside training combined and bedside training alone for
colonoscopy [8-11]. They concluded on the benefits of
speeding up thelearning curve in the beginning of practice,
reducing patients’ burden. It is recommended that simula-
tor should only complement patient-based training and
should not be used as a competence assessment tool, but
studies showed diverging results on this issue [12-15].

Although there is now sufficient evidence for the use
of validated simulators in endoscopy training [4], no sin-
gle optimal method has been developed to integrate their
use in training programs. Existing studies have exposed
trainees to different experiences, including one-time
training or unlimited access to the machine, integrated in
a structured program or randomly used. Studies have also
varied in the included tasks (therapeutic interventions
[16], hand-eye coordination modules [17], and virtual
endoscopies [9]), time span (5-20 h) [9, 18, 19], and role/
presence of a mentor [20].
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Table 1. Expert level for the 3 psychomotor exercises

Endobubble | Navigation |

Mucosal Evaluation |

Total time: 78 s
Number of walls hit: <1

Average time for acquiring a target: 5 s
Total number of attempts to acquire all targets: 30  Mucosal surface examined: 88%

Efficiency of screening: 78%

Concerning task selection, some studies included a
hand-eye coordination exercise (e.g., Endobubble), but
only Eversbusch and Grantcharov [21] looked at the ef-
fect of psychomotor training on simulated colonoscopy
performance. Since then, new hand-eye coordination ex-
ercises have been included in the latest generation of the
Simbionix GI Mentor II®, one of the validated virtual
simulators currently available, but there have been no
studies looking into their utility [6]. These new virtual
exercises were included to address some of the five fun-
damental skills for flexible gastrointestinal (GI) endos-
copy defined by the Society of American Gastrointestinal
and Endoscopic Surgeons (SAGES).

Based on these considerations, and assuming the par-
ticular challenges and specific metrics in colonoscopy, we
evaluated the impact of psychomotor training, including
new virtual exercises to address endoscopic navigation
and mucosal evaluation, on simulated colonoscopy per-
formance. Our aim was to define the usefulness of these
exercises for the Portuguese Society of Digestive Endos-
copy (SPED) training curriculum.

This was a prospective, unblinded, randomized pilot study
conducted by the SPED in collaboration with the Portuguese So-
ciety of Gastroenterology (SPG). The research protocol was ap-
proved by the Ethics Subcommittee of Life and Health Sciences of
the University of Minho.

Participants

Twenty-four participants were included in the study: 19 first-
year gastroenterology residents, with no prior experience in colo-
noscopy, and 5 gastroenterologists (more than 500 colonoscopy
cases each). The “Introduction to Endoscopy Course 2017” deliv-
ered by the SPED/SPG to residents before starting endoscopy on
patients was used for recruitment, with the sample size determined
by the number of new residents that year. All subjects gave their
informed consent. The Excel randomize function was used to gen-
erate the allocation sequence for each of the three regions (North,
Centre, and South), creating a study group that performed a ses-
sion of psychomotor training before the conventional colonoscopy
simulated cases and a control group that only performed the con-
ventional colonoscopy cases. Once generated, the allocation was
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transcribed by a researcher into documents that were sent to par-
ticipants and tutors together with general instructions. The Expert
Group comprised 5 gastroenterologists, some of them tutors of the
hands-on sessions.

Simulator and Selected Exercises

The GI Mentor II VR simulator (Simbionix, Ltd.; Israel), prop-
erty of SPED and SPG, was used in this study. The endoscope is a
customized Pentax ECS-3840F (Pentax Corp., Tokyo, Japan), and
its steering and torque control is no different from that of real en-
doscopy. The simulator records a range of parameters in each ex-
ercise and provides diverse modules for training [5]. Our selection
of exercises included the following.

Hand-Eye Coordination or Virtual Psychomotor Exercises

Endobubble I (Cyberscopy Module). Navigation through a vir-
tual colon, combined with the task of piercing 20 balloons along
the way with an injection needle; each balloon must be punctured
within a certain amount of time, avoiding collisions with the wall.

Navigation I (Fundamental Skills Module). The goal is to under-
stand the basic endoscope maneuvers (e.g., tip deflections, neutral
position, torque, and forward/backward movements) and to gain
dexterity in applying them properly to acquire a displayed target.

Mucosal Evaluation Advanced I (Fundamental Skills Module).
(From now designated as Mucosal Evaluation I.) The learner ac-
quires habits of thorough mucosal evaluation on scope withdraw-
al; proper evaluation of the mucosal surface is indicated by clearing
a rectangular pattern overlaying the colonic surface.

Colonoscopy Exercises

Case 1 (Module 1). Basic colonoscopy, easy to perform, without
pathology or anatomic variations; this aimed to familiarize the par-
ticipants with the procedure and to evaluate their baseline perfor-
mance.

Case 4 (Module 1). Pathology present, but the case was selected
for training and learning curve evaluation due to the required tech-
nical skills (e.g., straightening of the endoscope during loop forma-
tion and when applying torque, plus general navigation).

Case 3 (Module 1). Complex colonoscopy due to a relatively
winding sigmoid and a built-in loop in the ascending colon and
hepatic flexure, but no pathology (similar difficulties to resolve as
in case 4), for final assessment and evaluation of skills transfer.

Expert Level and Construct Validity for Psychomotor Exercises

The expert level, or expert-derived training criteria, for the
three virtual exercises was initially defined by five gastroenterolo-
gists who performed three consecutive trials of each exercise. The
mean scores of the two parameters considered more pertinent in
each exercise were recorded and set as the expert level (Table 1).
The study group residents were required to achieve the expert lev-
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Eligible Subjects:

experience.

» 19 Portuguese gastroenterology first year residents without previous colonoscopy

Braga
N=6

Coimbra Lisbon
N=4 N=9

Session 1:

» Questionnaire regarding demographics and video-game experience.
« Pre-trial instruction on the simulator and in basic colonoscopy technique.
+ GI Mentor II Hands-On Baseline test:1 trial, Case #1 Module 1 Colonoscopy.

Study Group

Session 2: Psychomotor Training: *
+ Endobubble I

» Navigation I

» Mucosal Evaluation I

Randomized
Control Group

Session 2:
* 6 repetitions, Case #4, Module 1 Colonoscopy

Session 3:
+ 4 repetitions, Case #4, Module 1 Colonoscopy

Session 3:

* 6 repetitions, Case #4, Module 1 Colonoscopy

» 1 Trial, Case #3 Module 1 Colonoscopy

Session 4:

* 4 repetitions, Case #4, Module 1 Colonoscopy
» 1 Trial, Case #3 Module 1 Colonoscopy

* required to reach expert level

Fig. 1. Study design.

el in the three psychomotor exercises before progressing to con-
ventional colonoscopy cases.

Construct validity has only been demonstrated for Endobubble
[21, 22]. Eversbusch and Grantcharov([21] demonstrated that ex-
perienced endoscopists reached a plateau after the second repeti-
tion and the inexperienced group after the seventh repetition.
Thus, experts completed 3 repetitions and we expected to confirm
the construct validity for Navigation I and Mucosal Evaluation I,
analyzing the learning curves within the first 6 repetitions of the
residents during the psychomotor training.

Virtual Exercises in Colonoscopy
Training

Protocol Training Sessions

The simulator was transported to three Portuguese cities (Bra-
ga in September — School of Medicine — University of Minho; Co-
imbra in October - University Hospital of Coimbra; and Lisbon in
November - SPED and SPG oftice) to facilitate the access of par-
ticipants. Nine tutors were enrolled and received a script before the
sessions that detailed the sequence and formation aims.

All residents, study and control groups, engaged in 3-4 hands-
on sessions that followed a previously defined program (Fig. 1).
Each session lasted 5 h on average, in which participants trained
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Table 2. Demographic characteristics, questionnaire, and basal colonoscopy performance of both groups (study vs. control group)

Study group Control group Total p value
(n=10) (n=9)
Demographic characteristics
Gender, n (%) 1.0002
Male 3(30.0) 3(33.3) 6(31.6)
Female 7 (70.0) 6 (66.7) 13 (68.4)
Age, median [Q;-Qs], years 26 [26-26.25] 26 [26-26.5] 26 [26-26] 0.968°
Region, n (%) NA
North 3(30.0) 2(22.2) 5(26.3)
Center 2(20.0) 2(22.2) 4(21.1)
South 5(50.0) 5(55.6) 10 (52.6)
Dominant hand, n (%) NA
Right 10 (100.0) 9(100.0) 19 (100)
Left 0(0) 0(0) 0(0)
Video game experience
Question 1, n (%) 0.6282
None 8(80.0) 6 (66.7) 14 (73.7)
>0 2(20.0) 3(33.3) 5(26.3)
Question 2, n (%) 1.000?
None or very little 4 (40.0) 4(44.4) 8(42.1)
Moderate or extensive 6 (60.0) 5(55.6) 11(57.9)
Question 3, n (%) 1.000?
None or very little 8(80.0) 7(77.8) 15 (78.9)
Moderate or extensive 2(20.0) 2(22.2) 4(21.1)
Question 4, n (%) 0.656%
Very poor or poor 4 (40.0) 5(55.6) 9 (47.4)
Moderate or good or excellent 6 (60.0) 4 (44.4) 10 (52.6)
Case 1
Mucosal surface examined, median [Q;-Qs], % 91 [86.5-91.5] 87 [84-90] 0.094b
Time to reach the cecum, median [Q;-Qs], s 251[166-281.5 212[163.5-262] 0.730P
Efficiency of screening, median [Q;-Qs], % 69 [67-86.5] 83 [68.5-84.5] 0.605°
Time the patient was in pain, median [Q;-Qx3], % 1[0-14] 3[1-17] 0.436°

Question 1: Prior exposure to flexible endoscopy technical skills lab training. Question 2: Past video game experience. Question 3:
Current video game experience. Question 4: Video game self-rating. NA, not applicable. 2 Fisher's test. ® Mann-Whitney test.

during a period and observed in the remaining time of the session.
The training amounted to approximately 5 h hands-on and 20 hin
total, for each participant, during a period of 3 weeks.

At the start of the first session, all participants signed the in-
formed consent form and completed a questionnaire about demo-
graphics and video game experience (adapted from the online
questionnaire of the Texas Association of Surgical Skills Laborato-
ries). Participants in both groups then received identical pre-trial
instructions on the simulator and a reminder of the technical as-
pects addressed in a previous theoretical session (February 2017).
After this, they completed a sequence of upper endoscopy cases,
received some basic instruction on colonoscopy, and completed
one pre-training colonoscopy trial (Case 1, Module 1).

At this point, after a small explanation about the exercise’s ob-
jective, the study group performed psychomotor training until
they achieved expert level in Endobubble I, Navigation I, and Mu-
cosal Evaluation I. They began with Endobubble I and were re-
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quired to achieve the expert level before progressing to the subse-
quent exercise.

Thereafter, conventional colonoscopy training was resumed with
no further differences between groups. Participants completed 10
repetitions of Case 4, Module 1. They received structured construc-
tive feedback from the instructor for the first 3 repetitions, but could
use feedback from the simulator (position of the scope and the vir-
tual colon) for all 10 repetitions. The aim was to reach the cecum as
quickly as possible with least patient discomfort, performing ade-
quate evaluation of the intestinal mucosa during endoscope with-
drawal. GI Mentor® recorded performance metrics of all cases, and
the residents were granted access to the computer-generated case
report. To avoid fatigue, each resident only made 2 repetitions in a
row, alternating with colleagues in the same order. In the final ses-
sion, the residents were asked to perform one trial of Case 3, Module
1, to evaluate skills transfer. This was a final assessment, so although
the aim was unchanged, feedback was not allowed.
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Performance Parameters

A broad range of variables were recorded by the simulator.
However, only the time required to reach the cecum (s), the
amount of mucosal surface examined (%), the screening efficiency
(%), and the time the patient was in pain (%) were considered for
this study. These metrics correlate directly or indirectly with navi-
gation skills acquired in Navigation I and Endobubble I (time to
reach the cecum, time the patient was in pain, and screening effi-
ciency) and in Mucosal Evaluation (mucosal surface examined and
screening efficiency).

Screening efficiency was a composite parameter calculated by
the simulator using the procedure time (total and time to cecum)
and the percentage of mucosal surface examined. The percentage
of time the virtual patient experiences excessive pain was calcu-
lated by the simulator as a composite of several pain-related pa-
rameters (pressure, air distension, and loop rate).

Skills transfer was evaluated based on the performance of the
last repetition of Case 4 (plateau) and the performance in Case 3
(new situation).

Statistical Analysis

We described categorical variables using absolute and relative
frequencies, n (%), and performed comparisons with the x* or
Fisher’s exact probability test. We described scale variables using
medians and interquartile ranges and used nonparametric tests to
compare data due to the sample size: Mann-Whitney test for inde-
pendent groups and Wilcoxon test for paired samples. Any p value
<0.05 was considered as significant. Data were analyzed using IBM
SPSS version 22.0 (IBM Corp., Armonk, NY,USA) and Microsoft
Excel.

The study group included 10 residents and the control
group 9 residents after randomization, and all completed
the training protocol. There were no differences between
the groups regarding gender, age (median 26 years old),
hand dominance (all right handed), video game experi-
ence, or performance in colonoscopy (Case 1, Table 2). A
logistical problem was that colonoscopy Case 1 of 1 par-
ticipant (study group) was not eligible for inclusion in
this comparison. However, the participant was kept for
all analyses because his behavior matched the group in all
other parameters.

Construct Validity for Psychomotor Exercises and

Expert Level Achievement

We compared the first 3 repetitions by experts and res-
idents in the study group and analyzed the performance
of residents in the first 6 repetitions up to achieving ex-
pert level.

Endobubble I. Significant differences were found in the
time to complete the task in all 3 first repetitions (Repeti-
tion 3, experts: 74 [52.5; 80.5] vs. residents: 140 [122;187],

Virtual Exercises in Colonoscopy
Training

p=0.001); no difference was found for the number of wall
hits (Repetition 1, experts: 0 [0; 0] vs. residents: 0 [0; 4.5],
p=0.371).

Navigation I. The task was completed faster by experts
on all 3 first repetitions (Repetition 3, experts: 5 [4; 5] vs.
residents: 7 [5; 8.25], p = 0.040); no significant difference
was found for the average number of attempts to acquire
atarget (Repetition 1, experts: 29 [27.5; 32.5] vs. residents:
31.5 [28.5; 35.5], p = 0.440).

Mucosal Evaluation 1. No differences were found be-
tween the experts and novices for the two task parame-
ters, percentage of mucosal surface examined (Repetition
1, experts: 89 [83.5; 89.5] vs. residents: 87 [85.75; 90], p =
0.953), and percentage of screening efficiency (Repetition
1, experts: 75 [55.5; 92.0] vs. residents: 71.5 [23.0; 79.25],
p=0.513).

The performance curves are displayed in Figure 2,
which shows a clear learning curve for the time to com-
plete Navigation I and Endobubble I, but not for Mucosal
Evaluation I. Besides the repetitions in the graphics, the
residents from the study group all individually achieved
the expert level after a variety of repetitions (Navigation
I: 6.2 £ 2.7; Endobubble I: 9.1 + 5.1; Mucosal Evaluation
1: 4.2 +2.3), within a median time of 92 [74.9; 117.9] min.

Colonoscopy Learning Curves: Study versus Control

Group

For each key parameter, we analyzed the learning
curve and performance in both groups (Fig. 3) over the
10 repetitions of colonoscopy Case 4, Module 1.

Time to Reach Cecum (s). The study group reached the
cecum significantly faster in the 10 repetitions (study
group: 278.25 [230.75; 316.75] vs. control group: 356
[267.25;471.75], p = 0.035).

Time the Patient Was in Pain (%). The control group
had a degradation of performance in the seventh repeti-
tion, although this difference was not significant (study
group: 4.25 [2.88; 9.13] vs. control group: 8.5 [3; 19.25], p
=0.065).

Mucosal Surface Examined (%). There was no global
difference between the groups, although the control
group showed worsened performance in the seventh rep-
etition (study group: 91.5 [91; 92.13] vs. control group: 91
[90; 92], p = 0.022).

Screening Efficiency (%). The study group reached a
significantly higher screening efficiency in the 10 repeti-
tions (study group: 83 [77.38; 86.88] vs. control group: 75
[61.25; 81.25], p = 0.019).
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Endobubble level I - Total time (s)
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Mucosal Evaluation I - Mucosal surface examined (%)

89.5
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86
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Mucosal Evaluation I - Efficiency of screening (%)
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Fig. 2. Performance in psychomotor exercises: residents (study group) versus experts.

Skills Transfer: Study versus Control Group

Table 3 summarizes the skills transfer in both groups.
The study group experienced significant degradation in
only screening efficiency (Case 4 Repetition 10: 88 [83-
90.5] vs. Case 3: 80 [76.5-84.5], p = 0.008). By contrast,
the control group experienced significant degradation in
the time to reach the cecum (Case 4, Repetition 10: 241
[151-312] vs. Case 3: 292 [183.5-378.5], p = 0.021) and
the percentage of time the patient was in pain (Case 4,
Repetition 10: 6 [0-12.5] vs. Case 3: 9 [4.5-26.5], p =
0.021).

Final Performance: Study versus Control Group

When comparing the two groups on each case metric
(online suppl. Fig. 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000520237), a statistically
significant difference was only present for the percentage
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of the mucosal surface examined (study group: 93 [91.75-
94.00] vs. control group: 90 [88.00-92.50], p = 0.035).
However, we noticed that the study group presented an
inferior interquartile range in the different metrics evalu-
ated.

Designing a structured curriculum for endoscopic
simulation is a daunting task. We adapted current evi-
dence to our own program, offering a theoretical intro-
duction [23] and constructive feedback until the third
repetition of colonoscopy Case 4, as it seems to ensure
relevant cognitive and psychomotor skills acquisition
[20]. The number of training hours was consistent with
previous results [18], and the distribution of training to
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Time to reach cecum (s), p-value = 0.035%
600
550
500
450
400
350
300
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«=@==Control Group e==@==Study Group

Mucosal surface examined (%), p-value = 0.393

94
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1 2 3 4 5 6 7 8 9 10

«=@==Control Group  ==@==Study Group

Time patient was in pain (%), p-value = 0.315

30
25
20
15

10

«=@==Control Group e=@==Study Group

Efficiency of screening (%), p-value = 0.019*

1 2 3 4 5 6 7 8 9 10

«=@==Control Group ==@==Study Group

Fig. 3. Learning curves and Case 4 performances (study vs. control group) with respective p values for the Mann-
Whitney test, where * indicates significance at the 5% level.

Table 3. Transfer of skills in both groups (study vs. control group) with respective p values of Wilcoxon matched-pairs test

Study group Control group

Case 4, Repetition 10, Case 3, p value Case 4, Repetition 10, Case 3, p value

median [Q;-Qs] median [Q;-Qxs] median [Q;-Qs] median [Q;-Qs]
Mucosal surface examined, %  91.5[91-92.25] 93 [91.75-94] 0.093 91 [89-92] 90 [88-92.5] 0.809
Time to reach the cecum, s 222.5[179.75-258.25] 260 [209-325.75] 0.139 241 [151-312] 292 [183.5-378.5] 0.021*
Efficiency of screening, % 88 [83-90.5] 80 [76.5-84.5] 0.008* 83[71.5-90.5] 81 [67-90.5] 0.313
Time the patient was in pain, % 2.5 [0-15.25] 1[0-9.75] 0.321 6[0-12.5] 9 [4.5-26.5] 0.021*

* Significant at a level of 5%.

several sessions was to mitigate tiredness and optimize
performance [24, 25]. However, although it is clearly
known that colonoscopy training should include colo-
noscopy cases, it is unclear whether such training should
include other virtual exercises. We, therefore, also evalu-
ated the usefulness of specific tasks.

Virtual Exercises in Colonoscopy
Training

The previous version of the GI Mentor IT® VR simula-
tor included a cyberoscopy module with two hand-eye
coordination tasks (e.g., Endobubble) and a colonoscopy
module, both validated [6]. Recently, SAGES decon-
structed endoscopy practice and defined 5 fundamental
GI flexible endoscopy skills: endoscopic navigation, loop
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reduction, retroflexion, mucosal evaluation, and target-
ing. Training for these fundamental skills was explored
using a mechanical platform in a recent study [26]. The
current version of GI Mentor II® also introduced exer-
cises to develop practical competence in some of those
fundamental skills, such as endoscopic navigation and
mucosal evaluation.

In this study, we randomly divided trainee residents
into two groups, differing only in the performance of
three selected virtual exercises before colonoscopy train-
ing. In addition to showing that participants were similar
in demographic characteristics, hand dominance, and
baseline colonoscopy performance, we also confirmed
that there were no significant differences between the
groups in video-game practice, which has been shown in
previous studies to enhance the performance in VR en-
doscopy simulators [27, 28].

Our first goal was the construct validity of the new ex-
ercises. For Endobubble I, we confirmed the results of
other authors [21, 22], while for Navigation I, we verified
that experts were significantly faster than novices. Conse-
quently, the exercise assesses performance parameters
with relevance. Moreover, experts showed no significant
improvement despite repetition, while residents needed
more time and more repetitions to improve, showing
clear learning curves to reach the expert level. The profi-
ciency developed with these two exercises translated into
time saved. However, exercise assignment was essentially
completed without significant differences in other met-
rics. In Mucosal Evaluation I, no differences were found
between experts and novices in either the percentage of
mucosal surface examined or screening efficiency, with
no evidence of learning curve formation. Construct valid-
ity was, therefore, lacking for this task. In a different en-
vironment, Ritter et al. [26] also documented no signifi-
cant differences between pre- and post-training funda-
mentals of endoscopic surgery score for mucosal
inspection.

When analyzing the learning curves for simulated
colonoscopy, psychomotor training seemed to influence
study group performance positively, by decreasing the
time taken to reach the cecum and presenting greater
screening efficiency compared to the control group. Even
though the differences between the two groups in the oth-
er two parameters (i.e., percentage of mucosal surface ex-
amined and percentage of time the patient was in pain)
were not significant, the learning curves caught our atten-
tion. Concerning the percentage of mucosal surface ex-
amined, as in the Mucosal Evaluation I, there were again
oscillating performances without clear learning curves in
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both groups, although the study group stabilized after the
fourth repetition. Regarding the percentage of time the
patient was in pain, the study group stabilized after the
fourth repetition (values <5%), while the control group
once again presented a heterogeneous performance. An-
other aspect was the performance of both groups in rep-
etitions 4 and 7, the former being the first repetition with-
out constructive feedback and the latter being the first
repetition in a time-after session. It was notable that the
study group consistently improved at these points, while
the control group showed worse performance in most
metrics.

We used performance on Case 3 to assess skills trans-
fer. The study group demonstrated the transfer of all skills
between the tenth repetition of Case 4 and performance
in Case 3, except for percentage of screening efficiency,
which worsened. We hypothesize that this being a new
case and the residents being evaluated resulted in them
spending more time inspecting the mucosa and losing
their efficiency. On the other hand, the control group out-
comes worsened significantly for parameters dependent
on technical skill, such as time to reach the cecum and
percentage of time the patient experienced pain. When
comparing the final performance of both groups, there
were no significant differences in any metric, except for
the percentage of the mucosa examined. Nonetheless, the
smaller variation in the interquartile range for all param-
eters in the study group is conspicuous.

Globally, it seems to us that the first two exercises (En-
dobubble I and Navigation I) developed the technical
skills for navigating and maneuvering through the colon.
This allowed the study group to achieve higher perfor-
mances in metrics dependent on dexterity (time to ce-
cum, time the patient was in pain, or even screening ef-
ficiency, which may benefit from more assertive control
of the endoscope in saving time). These exercises pro-
moted more uniform and homogeneous performances.
However, the mucosal evaluation exercise did not trans-
late into a clear evolution of skills during colonoscopy,
consistent with our findings when assessing construct va-
lidity. This performance depends more on the awareness,
motivation, available time, and tiredness of the endosco-
pist than purely on motor skills. The incipient ameliora-
tion on the percentage of mucosa examined can probably
be justified by other acquired abilities during the training
process.

This study has several limitations. First, this was a na-
tional study with several sessions and tutors, but all re-
ceived the same instruction, and one of the investigators
was always present to ensure uniformity. Second, the
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study sample was small, which could have affected the sig-
nificance of some results, but it is similar to that in most
studies on this topic [5, 20, 21]. Third, the exercises and
metrics represent only a selection of the available possi-
bilities in the simulator. Fourth, the study was unblinded
(participant, tutor, and investigator), even though all eval-
uation parameters were generated objectively in the GI
Mentor® software. Fifth, a concern with the study design
may be that the exercises added more contact time with
the simulator (albeit not in colonoscopy). Finally, we
could not evaluate skills retention or translation to pa-
tient-based colonoscopy. Other studies have already dem-
onstrated that skills acquired after VR colonoscopy seem
to be maintained for several months after training [29],
and as mentioned, randomized trials have confirmed that
these translate into usable real-life skills [8, 9, 30].

To our knowledge, only one study [21] has evaluated
psychomotor exercises in the development of virtual
colonoscopy skills, showing the impact of Endobubble
(after 10 repetitions) in a single colonoscopy perfor-
mance. The authors confirmed significant differences in
all colonoscopy metrics between the training and control
groups. We believe that our study makes several useful
additions to their data by documenting the impact on a
learning curve, not just on a single performance. More-
over, in a training program, achieving expertise in a psy-
chomotor skill is probably better than having a predefined
number of repetitions, because this accommodates the
natural skills and specific needs of each resident. Our re-
search also represents the first formal evaluation of fun-
damental skills exercises in this VR simulator. We think
that Navigation I offers similar hand-eye coordination
training as Endobubble I, despite using different scenari-
os. It can be argued that with our design we cannot be
certain if the benefits were from the old exercise or the
new Endoscopic Navigation from the fundamental skills
module. However, we believe that both exercises work on
the same skills to potentiate dexterity benefits and im-
prove training for novices. Mucosal Evaluation is not a
true “psychomotor” exercise, and we believe that it can be
trained directly in the colonoscopy module, making it less
monotonous while probably achieving the same output.

In conclusion, psychomotor training exercises signifi-
cantly affect the homogeneous acquisition and assimila-
tion of colonoscopy skills. This was mainly demonstrated
in time-dependent metrics along colonoscopy learning
curve, skills transfer, and final performance. We believe
that psychomotor exercises should be included alongside
colonoscopy cases in simulator training programs for GI
endoscopy novices.

Virtual Exercises in Colonoscopy
Training
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