
Introduction
Colonoscopy is the gold standard for diagnostics of the rectum
and colon. Patient safety, diagnostic precision, and criteria for a
successful colonoscopy are operator depended [1–3]. There-
fore, increasing emphasis is being placed on demonstrating
quality and competence for an individual endoscopist during
intubation and withdrawal.

Quality indicators for intubation skills include cecal intuba-
tion rate (CIR), subjective assessment tools such as the direct
observational procedural skills (DOPS), and computerized as-
sessment tools [4, 5]. CIR is a retrospective measure that re-
quires a large number of performed procedures to be a valid
quality measure and DOPS is time-consuming for assessors
and prone to observer bias. The 3D-Colonoscopy Progression
Score (3D-CoPS), however, is a newly developed computerized
assessment tool able to assess intubation skills automatically
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ABSTRACT

Background and study aims Studies have linked cecal in-

tubation rate with adenoma detection rate; however, the

direct association between technical performance during

colonoscopy intubation and withdrawal has never been ex-

plored. Thus, it remains unclear whether gentle and effi-

cient intubation predicts superior mucosal inspection. The

aim of this study was to investigate the correlation between

performance during intubation and withdrawal in a simula-

tion-based setup.

Methods Twenty-four physicians with various experience

in colonoscopy performed twice on the Endoscopy Training

System (ETS). Intubation skills were evaluated by assessing

tasks on the ETS related to intubation (scope manipulation

and loop management) and use of a computerized assess-

ment tool called the 3D-Colonoscopy Progression Score

(3D-CoPS). Diagnostic accuracy was defined by the number

of polyps found during the ETS task of mucosal inspection.

Pearson’s correlations were calculated to explore associa-

tions between intubation skill and diagnostic accuracy.

Results The correlation analysis between 3D-CoPS and

number of polyps found during mucosal inspection re-

vealed a weak and insignificant correlation (0.157, P=0.3).

Likewise, an insignificant correlation was seen between ETS

intubation and number of polyps found (0.149, P=0.32).

Conclusions We found no evidence to support that tech-

nical performance during intubation is correlated with mu-

cosal inspection performance in a simulation-based setting.
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and in an unbiased fashion, which was developed to overcome
the downsides of current tools available, making it ideal [6].

Assessing mucosal inspection is primarily based on adenoma
detection rates (ADR) and time spent during withdrawal [4, 7].
However, calculating the ADR requires a large number of proce-
dures, which makes it inappropriate for assessing individual
cases and trainees with few procedures [8]. Furthermore, dif-
ferences in ADR have been reported even though a minimum
withdrawal time was assured [9, 10]. This indicates that time
as an independent quality factor does not guarantee a high mu-
cosal inspection. Hence, technical skills associated with a high
mucosal inspection still remain indefinite.

The association between performance during intubation and
withdrawal has never been explored. Thus, it remains unclear
whether expertise in intubation can predict expertise in muco-
sal inspection, and therefore, be used as a proxy parameter for
overall colonoscopy expertise. The aim of this study was to in-
vestigate the correlation between performance during intuba-
tion and during withdrawal in a simulation-based setup.

Patients and methods
Participants

Twenty-four physicians with various experience were included.
Participant demographics were: mean age 43 years (range 25–
66), mean number of total colonoscopies performed 3286
(range 0–10,000), mean number of colonoscopies per year
228 (range 0–700) and mean years since graduation 15 (range
0–39) (▶Table 1).

Equipment

All tests were performed using an Olympus colonoscope (CF-
H180DL, Evis Exera II video center CV-180, Olympus Medical
System Ltd, Tokyo, Japan), the Magnetic Endoscopy Imaging
(MEI) system called the ScopeGuide (UPD-3, Olympus, Tokyo,
Japan), and the Endoscopy Training System (ETS) (▶Fig. 1)
[11]. The ETS consists of two different physical simulators on
which five different technical tasks are available. The first simu-
lator is a linear model of the rectum and the sigmoid colon and
is equipped with a simulated endoscopic tool, and audio and
visual feedback. The first three tasks are performed on this
model. The last two tasks are performed on the second simula-
tor, which is a modified version of the Kyoto’s Colonoscopy
Training Model. The Colonoscopy Training Model is a realistic
rubber model of the human colon with 10 polyps located
throughout the rubber colon. The rubber colon can be modified
into different forms and case 3 was chosen (Alpha loop in the
sigmoid colon). Each participant performed twice on both si-
mulators.

The first task, scope manipulation, reflects use of tip deflec-
tion and torque of the colonoscope. The goal is to align 10
numbered white triangles located within the model with two
black triangles located externally on the video display of lumen.
The second task, loop management, is navigation of the colo-
noscope from anus to cecum, during which the participant will
encounter an alpha loop in the sigmoid colon. The purpose of
this task is to reach the cecum within a time limit and to cor-

rectly manage the formation of a standard alpha loop. The task
is scored by time and unsuccessful loop reduction leads to pe-
nalties. The third task, mucosal inspection, is inspection of the
mucosa during withdrawal from the cecum to the anus. Ten
identical polyps are located throughout the colon and as many
as possible are to be found. The participants were not informed
of the total number of polyps located inside the rubber colon.
The three tasks were recorded by an investigator serving as
the test proctor. If the time to complete each task surpassed
the predetermined cutoff time, a timing score of zero was giv-
en. The key metrics and performance time then were used for
calculation. Two tasks, tool targeting and retroflection, were
left out since they do not represent technical aspects of intuba-
tion or withdrawal.

▶Table 1 Demographics.

Partici-

pant

number

Sex

(female/

male)

Age Total co-

lonosco-

pies

Colonos-

copies

the last

year

 1 M 65 5000 400

 2 F 32 1 1

 3 F 32 0 0

 4 F 29 0 0

 5 M 25 0 0

 6 M 29 34 34

 7 F 28 15 15

 8 F 30 0 0

 9 F 56 3000 300

10 M 60 10000 300

11 M 61 7500 550

12 M 32 5 5

13 M 31 4 4

14 F 28 0 0

15 F 30 30 30

16 M 53 10000 600

17 M 47 2000 700

18 M 41 4000 400

19 M 63 7000 1000

20 M 66 7000 500

21 M 48 7000 500

22 M 48 10000 400

23 F 28 0 0

24 M 59 8000 500
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3D-colonoscopy progression score (3D-CoPS):

The ScopeGuide system provides a real-time 3D image of the
shape of the colonoscope inside the abdomen. The 3D image
is based on XYZ-coordinates from electromagnetic coils placed
along the length of the colonoscope. During task four, loop
management, we collected XYZ-coordinates directly from the
ScopeGuide system. Five different technical measures were ap-
plied to the XYZ-coordinates. Travel length is the distance of
the tip traveled from anus to cecum. Tip progression is a calcu-
lation of how closely the tip of the colonoscope travel to the op-
timal pathway. Chase efficiency evaluates how closely a coil fol-
lows the same path as the coil in front. Shaft movement with-
out tip progression refers to the situation where the tip of the
colonoscope is lodged but the shaft is moving and potentially
stretching the colon wall. Looping is quantification of how
looped the colonoscope is during the procedure. The five meas-
urements were built into a composite score, the 3D-CoPS,
which is a computerized assessment tool that was developed
to assess the technical performance of the progression from
anus to cecum [6].

Outcome measures

The primary outcome was the correlation between intubation
skills defined as 3D-CoPS and ETS tasks related to intubation
(scope manipulation and loop management, referred to as ETS-
intubation), and the number of polyps found during task 5. Sec-
ondary outcomes were the correlation between total colonos-
copy experience, colonoscopies per year, time spent during mu-
cosal inspection and number of polyps found during task 5.

Ethics

The regional committee of ethics evaluated and approved the
study (H-17040471). All participants were provided with oral
and written information regarding the trial. Participation was
voluntary; no material goods were donated to the participants.
The trial was registered (December 22, 2017) at clinicaltrials.
gov with trial identification number NCT03401723.

Statistics

Statistical analysis was done with IBM SPSS statistics (PASW,
version 22; SPSS Inc, Chicago, Ill). The level of statistical signifi-
cance was set at α < .05 for all tests. Bivariate correlations were
used to test the expectation that intubation performance based
on 3D-CoPS and ETS-intubation would be associated with one
another and correlated with number of polyps found during
the task of mucosal Inspection. Reliability was explored with
the test-retest method [12].

Results
The study was conducted from October 2017 to February 2018
and included 24 participants. One participant was excluded
due to unintended movement of the phantom model during
the task loop management, which affected the data gathered
from the ScopeGuide system, and therefore, the 3D-CoPS. A to-
tal of 46 completed data sets were used for the analysis (▶Ta-
ble2).

A Pearson correlation was done, and a strong test-retest re-
liability was revealed between 3D-CoPS (r=0.86, P<0.001),
ETS-intubation (r=0.83, P<0.001) and time spent during with-
drawal (r=0.71. P<0.001). Number of polyps found had a test-
retest reliability of 0.54 (P =0.008). As expected, 3D-CoPS and
ETS-intubation skills had a moderate to strong correlation
(0.58, P <0.001) (▶Fig. 2).

Primary outcomes

The correlation analysis between 3D-CoPS and number of
polyps found revealed a weak, insignificant correlation (0.16, P
=0.297) (▶Fig. 3). Likewise, a weak correlation was seen be-
tween ETS-intubation, and number of polyps found (0.15, P=
0.322) (▶Fig. 4).

Secondary outcomes

No correlation was found between total colonoscopy experi-
ence and time spent during withdrawal or number of polyps
found. The correlation between time spent during withdrawal
and colonoscopies per year was weak to moderate, meaning
that increasing experience meant decreasing time spent during
mucosal inspection (▶Table3).

Discussion
Studies have linked cecal intubation rate with ADR; however,
the direct association between technical performance during
colonoscopy intubation and withdrawal has never been ex-
plored. Thus, it remains unclear whether intubation skills pre-

▶ Fig. 1 The endoscopy training system (ETS).
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dict proficiency in the skills related to a better mucosal inspec-
tion, i. e. higher ADR.

We used two different assessment tools for simulated colo-
noscopy (ETS-intubation and 3D-CoPS) to investigate the corre-
lation between performance skills related to intubation and di-
agnostic accuracy based on number of polyps found. We found
no correlation between intubation-related performance (based
on 3D-CoPS and ETS-intubation) and number of polyps found
during the task mucosal inspection. Nor was clinical experience
associated with a higher polyp detection.

Our findings are in line with previous studies investigating
transfer of skills from one procedure to another [13–15]. These
studies investigated two different procedures, but the colonos-
copy procedure should also be considered as two separate pro-
cedures with two different technical approaches needed to

succeed. Transfer of skills from simulation-based training to
the clinic has shown improved outcomes in the early stages of
training in the clinic [16], but no one has investigated transfer
of mucosal inspection techniques in a simulation-based setting
and training the skills needed remain unclear [17].

In 2013 Ritter et al. published a study aimed at gathering
evidence of validity of a non-virtual-reality assessment tool,
which later was added as a new task and today is called ETS
[11, 18]. Results from these studies indicate that the experi-
enced participants in our study had a lower score for mucosal
inspection and found fewer polyps during withdrawal. A slightly
different setup in the prior studies may be the reason for the
differences. In task 5 (mucosal inspection) Ritter et al. describe
the use of 10 to 20 polyps located throughout the rubber mod-
el, but in our study, the polyps were fixed to 10 polyps and loca-

▶Table 2 Results of the 46 completed data sets.

Partici-

pant

number

Tip pro-

gression

(mean)

Travel

length

(mean)

Chase effi-

ciency

(mean)

Shaft move-

ment without

tip progres-

sion (mean)

Looping

(mean)

3D-CoPS

(mean)

Number

of polyps

found

(mean)

Time spent

inspecting

mucosa

(mean)

ETS-in-

tuba-

tion

(mean)

 1 13045 4258 161 .81 457 –.24 8 120 219

 2 66209 10548 232 .54 249 .41 7.5 433 94

 3 60401 13483 248 .56 438 .67 7.5 428 126

 4 49003 10910 210 .66 1620 .91 5 226 –6

 5 6753 3949 211 .75 477 –.24 7 67 79

 6 8189 2610 236 .80 238 –.25 9 67 228

 7 26117 6341 210 .51 1206 .03 5.5 257 51

 8 28160 5171 257 .69 120 -.04 8.5 261 83

 9 9960 4936 174 .80 288 –.26 8 83 239

10 8881 2790 204 .86 154 –.28 6 75 173

11 33393 6812 159 .54 321 –.34 5.5 196 169

12 37438 6550 222 .53 262 –.16 5.5 277 185

13 39138 12486 414 .59 97 .81 7.5 286 186

14 45024 7547 352 .67 1488 1.08 7 333 107

15 10063 2561 240 .80 610 –.07 7 87 172

16 9848 3722 215 .85 311 –.12 9.5 94 215

17 10878 3093 292 .67 263 –.20 5.5 63 250

18 7741 2273 157 .76 71 –.63 5.5 45 236

20 23591 2854 139 .78 101 –.45 6.5 108 213

21 24177 4536 158 .83 263 .40 5 94 236

22 11592 2818 226 .90 159 .16 7.5 74 168

23 33682 6231 166 .71 593 .02 6 414 92

24 14588 3527 179 .79 88 –.38 7.5 95 229

Participant number 19 was excluded due to unintended movement of the phantom model during the task of loop management, which affected the data gathered
from the ScopeGuide system, and therefore, the 3D-CoPS.
3D-CoPS; 3D-colonoscopy progression score; ETS-intubation, endoscopy training system-intubation.
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tion. Furthermore, in relation to aspects of polyp detection, the
experience was not associated with finding more polyps. Real
polyp recognition skills have revealed experienced-novice dif-
ferences [19]. However, in the present study, all 10 polyps
were identical and only the search component of polyp detec-
tion was tested. Hence, clinical experience with subtle features
of polyps presented no specific advantage.

Mucosal inspection time had a weak negative but significant
correlation with colonoscopies per year and ETS-intubation
score, meaning that participants who performed well on the
ETS-intubation tasks spent less time on mucosal inspection.
This is in line with a previous study investigating mucosal in-
spection technique in a simulation-based setting [20]. They
found that clinically experienced endoscopists tended to visua-
lize more of the mucosa and at a faster rate. In a clinical study
investigating withdrawal technique among 11 endoscopists
with varying ADR, they found no difference in time spent dur-
ing withdrawal but higher withdrawal technique scores among
endoscopists with a moderate to high ADR. They concluded
that withdrawal techniques may be more important compared
with withdrawal time in predicting ADRs [9]. Likewise, a multi-
center randomized trial explored the effect of an improvement
program on ADR and found increasing ADR but unchanged
withdrawal time, indicating that a good inspection technique
is imperative for a high ADR [10]. The difference in mucosal
time spent during withdrawal could be explained by the results
of a prospective study demonstrating that experts with the
lowest ADR tended to have a slow withdrawal speed but failed
to adequately examine the back of the colonic folds for poten-
tially missed polyps. In contrast, an endoscopist with a high
ADR was more apt to carefully “reinsert” the scope in missed
areas and might explain the difference in time spent during
withdrawal [21]. Most participants in our study spent less time

than the recommended minimum withdrawal time in the clinic
for patients without polyps (mean mucosal inspection time;
388 seconds (SD 126), clinical minimal recommendation; < 360
to 600 seconds) [4, 7]. Reasons could be that some experts did
not take the task of finding simulated polyps seriously enough
due to lack of realism and consequences of missing a polyp. In
two studies exploring performance in simulated mastoidect-
omy on a cadaveric and a virtual reality (VR) simulator, results
demonstrated inappropriate behavior among experts conclud-
ing that simulator fidelity is a contributing factor [22].

R2 Linear = 0.356

–2.0 –1.5 –1.0 –.5
3D-Colonoscopy Progression Score

.0 .5 1.0

300

200

100

0

–100

ET
S-

In
tu

ba
tio

n

▶ Fig. 2 Correlation between 3D-CoPs and ETS-intubation (scope
manipulation and loop management). 3D-CoPS, 3D-Colonoscopy
Progression Score. ETS, Endoscopy Training system.
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▶ Fig. 3 Correlation between 3D-CoPS and number of polyps found
during ETS task Mucosal Inspection. 3D-CoPS, 3D-Colonoscopy
Progression Score. ETS, Endoscopy Training System.
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▶ Fig. 4 Correlation between ETS-intubation (scope manipulation
and loop management) and number of polyps found during the ETS
task of mucosal inspection. ETS, Endoscopy Training System.
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Strengths and limitations

It is important to acknowledge that results from a simulated
environment can never be completely realistic. Endoscopy
training simulators whether being physical or virtual all lack
realism [23]. The Colonoscopy Training Model is a rubber model
of the colon and for use, needs to be lubricated to decrease fric-
tion between the colonoscope and the rubber colon. Incorrect-
ly applied lubrication to the rubber colon makes handling loops
and passing flexures difficult due to friction. However, we used
the ETS simulators with established evidence of validity and the
standardized setup made comparisons easily feasible. When in-
vestigating correlation, the strength lies in the sample being
heterogeneous, which was the case for the 23 participants (to-
tal colonoscopy experience: 0–10,000). We suspect the simpli-
city of the simulator (task 5, mucosal inspection) to be the rea-
son for lack of correlation between technical intubation per-
formance and mucosal inspection. It is well known that polyps
may appear or disappear during withdrawal due to the high-rise
folds and peristalsis. However, in our simulated setup, the rub-
ber colon did not have peristaltic movements, hence providing

the participant with a better view of the mucosa, which may
lower the time-dependent effect during withdrawal. ETS tests
multiple tasks and the simulator is a strong training and assess-
ment tool, but the task of inspecting the mucosa needs further
development to be of valid use. Polyp size, location, and mor-
phology need more diversity for the simulator to differentiate
between experts and novices in the skills of mucosal inspec-
tion. Moreover, studies have shown that assessing in multiple
ways increases reliability and lowers bias, hence a version that
includes different tasks or simulators may prove better for
that purpose [24].

Currently, no transferability of mucosal inspection in simula-
tion-based training has been explored. Testing transferability
from simulation to the clinic poses a challenge because the cur-
rent primary quality indicator is ADR, which requires a large
number of procedures to be valid. Eliminating ADR as a quality
factor requires an assessment tool closely correlated to ADR. A
clinical study investigating the relationship between ADR and
an assessment tool able to assess both in the simulation-based
setup and the clinic, such as 3D-CoPS, may be the answer for
predicting diagnostic accuracy.

▶Table 3 Bivariate correlation between 3D-CoPS, ETS-intubation (scope manipulation and loop management), number of polyps found, time spent
inspecting mucosa, colonoscopies per year and total colonoscopy experience.

3D-

CoPS

ETS-intu-

bation

Number

of polyps

found

Time spent

inspecting

mucosa

Colonosco-

pies per year

Total colo-

noscopy ex-

perience

3D-CoPS Pearson Correlation 1 .5961 .157 –.246 .5811 .6151

Sig. (2-tailed) .000 .297 .100 .000 .000

N 46 46 46 46 46 46

ETS-intubation Pearson Correlation 1 .149 –.3821 .6591 .4931

Sig. (2-tailed) .322 .009 .000 .001

N 46 46 46 46 46

Number of
polyps found

Pearson Correlation 1 .207 –.084 .051

Sig. (2-tailed) .168 .581 .736

N 46 46 46 46

Time spent
inspecting
mucosa

Pearson Correlation 1 –.3022 –.185

Sig. (2-tailed) .042 .220

N 46 46 46

Colonoscopies
per year

Pearson Correlation 1 .8041

Sig. (2-tailed) .000

N 46 46

Total colonos-
copy experience

Pearson Correlation 1

Sig. (2-tailed)

N 46

3D-CoPS, 3D-Colonoscopy Progression Score; ETS, Endoscopy Training system.
1 Correlation is significant at the 0.01 level (2-tailed).
2 Correlation is significant at the 0.05 level (2-tailed).
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Conclusions
In conclusion, we found no evidence to support that technical
performance during intubation is correlated with mucosal in-
spection performance in a simulation-based setting. Clinical ex-
perience was correlated with less time spent on mucosal in-
spection, indicating higher efficiency in polyp detection but
not in the number of polyps found. Our results indicate that
more realistic simulators are needed for training and assessing
competence in polyp detection.
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