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Abstract

Background Surgical techniques that draw from multiple

types of image-based procedures (IBP) are increasing, such

as Natural Orifice Transluminal Endoscopic Surgery, fus-

ing laparoscopy and flexible endoscopy. However, little is

known about the relation between psychomotor skills for

performing different types of IBP. For example, do basic

psychomotor colonoscopy and laparoscopy skills interact?

Methods Following a cross-over study design, 29 naı̈ve

endoscopists were trained on the Simbionix GI Mentor and

the SimSurgery SEP simulators. Group C (n = 15) com-

menced with a laparoscopy session, followed by four

colonoscopy sessions and a second laparoscopy session.

Group L (n = 14) started with a colonoscopy session,

followed by four laparoscopy sessions and a second

colonoscopy session.

Results No significant differences were found between

the performances of group L and group C in their first

training sessions on either technique. With additional

colonoscopy training, group C outperformed group L in the

second laparoscopy training session on the camera navi-

gation task.

Conclusions Overall, training in the basic colonoscopy

tasks does not affect performance of basic laparoscopy

tasks (and vice versa). However, to limited extent, training

of basic psychomotor skills for colonoscopy do appear to

contribute to the performance of angled laparoscope navi-

gation tasks. Thus, training and assessment of IBP type-

specific skills should focus on each type of tasks inde-

pendently. Future research should further investigate the

influence of psychometric abilities on the performance of

IBP and the transfer of skills for physicians who are

experienced in one IBP type and would like to become

proficient in another type of IBP.

Introduction

In recent years, the performance of medical procedures has

become increasingly more technology driven and technol-

ogy dependent, with a substantial number of procedures

now performed image-based [1, 2]. Image-based proce-

dures (IBP) involve all types of medical procedures that

allow therapeutic intervention while the operating field is

primarily perceived via an intraoperatively obtained image

on a display, such as in laparoscopy [3]. In comparison to

traditional open procedures, the conduct of IBP necessi-

tates additional skills. Extensive training is needed to

achieve the required proficiency level, a great deal of

which involves training of operator interaction with the

IBP interface [4–7]. In addition to the visual information

presented on the display and associated IBP-dedicated

equipment, the interface also includes control of the tools

to perform the procedure. In most IBP, hand–eye
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coordination of the instruments is counterintuitive and

involves considerable visuomotor translations; in addition,

the operator often has to deal with a two-dimensional

representation on the display of the three-dimensional

operating field [1, 4, 6]. IBP are relatively novel proce-

dures, and much still needs to be learned about the human

factors of the interaction, additionally required skills,

training, and proficiency assessment for the already well-

established IBP types, such as laparoscopy and flexible

endoscopic intraluminal interventions [7–10]. Simulta-

neously, because of technological innovations, the field of

IBP also continues to develop, with increasingly complex

procedures being performed image-based procedures. Most

studies to date have focused on the performance of a par-

ticular technique or task for the well-established IBP types.

On a higher level of skills acquisition, little is known about

IBP skills in general and the relation between type-specific

skills for different IBP.

Proper insight into the fundamental aspects of per-

forming IBP is indispensable to develop training programs,

proficiency assessment tools, and trainee selection criteria.

Nowadays, flexible endoscopic intraluminal interventions,

such as colonoscopy, as well as laparoscopic operations,

are widespread procedures. Training in basic skills for both

types of procedures can well be done preclinically on vir-

tual reality (VR) simulators [9–13]. Colonoscopy and lap-

aroscopy are two IBP that have elements in common, such

as the use of video as the imaging technique. On other

elements however, they differ considerably, such as the

hand–eye coordination and visuomotor translation to

manipulate the camera and surgical instruments.

Gastrointestinal surgeons are often accustomed to per-

forming both laparoscopy and colonoscopy, and the exist-

ing assumption is that experience in one of those

techniques is of considerable benefit when learning the

other [14–16]. However, the relation between laparoscopy

and flexible intraluminal endoscopy skills has hardly been

studied. So far, the only comparative study on these skills

is the one by Adamsen et al. [17], who found a positive

correlation between basic skills observed in simulated

laparoscopy and basic skills observed in simulated flexible

gastrointestinal endoscopy. With the advent of operative

techniques that draw from both laparoscopy and flexible

intraluminal endoscopy, such as Natural Orifice Translu-

minal Endoscopic Surgery (NOTES), the lack of knowl-

edge on the relation between skills on these techniques

becomes even more apparent [14, 18, 19].

The aim of the present study was to explore the influ-

ence of training in basic psychomotor skills for colonos-

copy on the performance of basic laparoscopy tasks, and

the influence of training in basic psychomotor skills for

laparoscopy on the performance of basic colonoscopy

tasks. For this purpose two groups of medical trainees were

trained in either basic colonoscopy or basic laparoscopy

tasks following a cross-over study design. After the first

and fourth training sessions for each technique, the influ-

ence of the colonoscopy training on their laparoscopy

performance and the influence of the laparoscopy training

on their colonoscopy performance were assessed (Fig. 1).

In addition, the progression in performance within each

group over the course of the training program on both

image-based techniques was analyzed. Thus, the research

was based on several questions: Does the performance of

basic IBP tasks improve within two (RQ1a) and four

(RQ1b) training sessions by training on a dedicated simu-

lator for that image-based technique (Fig. 2 and Table 1)?

And, does the performance of basic IBP tasks improve

within two training sessions (RQ2) by training on a dedi-

Fig. 1 The study protocol

Fig. 2 Overview of the research questions (RQ) comparing perfor-

mance on the laparoscopy tasks. (For the research questions

comparing the performance on the colonoscopy tasks, replace

laparoscopy by colonoscopy)
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cated simulator for that image-based technique, while in-

between performing four training session in another IBP

technique? Next, by comparing the performances of the

two groups with a different training history (one group with

and the other group without additional training in the other

image-based technique), the transfer of skills between the

two image-based techniques was investigated. Does train-

ing in basic laparoscopy skills affect the performance on

basic colonoscopy tasks? And, vice versa? For example,

does the interaction between these skills result in a sig-

nificant difference in laparoscopy performance after one

colonoscopy training session (RQ3)? And what is the dif-

ference in colonoscopy performance after three additional

laparoscopy training sessions (RQ4)?

Methods and materials

To enhance the clarity of the article we present the methods

from the perspective of the influence of colonoscopy

training on the performance of basic laparoscopy task.

However, as described above, we also investigated the

transfer of skills in the opposite direction. By adding the

phrase ‘‘and vice versa’’ we refer to the transfer of skills

from laparoscopy training to colonoscopy performance.

In this study, 29 medical trainees with no clinical

experience in colonoscopy and laparoscopy took part

(Fig. 1). The participants received information about the

nature of the study and the activities involved and they

filled out an informed consent form. The participants were

stratified by their overall performance on psychometric

ability tests and then randomly allotted to one of two

groups for the simulator training: group L (n = 14) or

group C (n = 15). During the simulator training sessions

the participants trained in manipulation of the flexible

endoscope and navigation to the cecum on the Simbionix

GI Mentor II VR simulator (software version 2.7.4.0,

Simbionix Corporation, Cleveland, OH) (colonoscopy

training) and in bimanual tissue manipulation and 30-

degree angled laparoscope navigation on the SimSurgery

SEP VR simulator (SimSurgery AS, Norway) (laparoscopy

training).

Colonoscopy training

The GI Mentor II VR simulator provides different modules

for training in basic flexible endoscopy skills and lower and

upper endoscopy procedures. In the present study, the

EndoBubble Level 1 (EB L1) task and case 3 of VR

Colonoscopy Module I (VRC I-3) were performed in each

session. To avoid bias, each of the training sessions also

involved performance on multiple different VR colonos-

copy cases, and the participants were not notified about the

repetitive nature of VRC I-3. The number and order of the

colonoscopy training tasks were adopted from the training

program used in the study by Buzink et al. [11]. The

assignment given to the participants was to perform the EB

L1 task as accurately and quickly as possible. The

assignment for the VRC cases was to visualize the cecum

as quickly as possible, with as little patient discomfort as

possible. When the participant reached the cecum, the VRC

task was considered accomplished. Participants were

instructed not to identify or treat the pathologies presented

in the cases. All participants performed the colonoscopy

tasks single-handedly, without nurse-assistance for scope

insertion.

After each task, the simulator presents the scores and

statistics on the performance. In the present study the

scores used to analyze performance on the VRC I-3 tasks

were these: time to accomplish the task, the percentage of

time the virtual patient was in excessive pain, and the

percentage of time spent with clear view. For the EB L1

task: time to accomplish the task, number of balloons

popped, and number of wall collisions were used.

Table 1 Overview of the research questions and performance comparisons from the perspective of the laparoscopy tasks

Research questiona Compared performance scores

RQ 1a. Does the performance of basic laparoscopy tasks improve over

the course of two laparoscopy training sessions?

Within group L: Laparoscopy training sessions 1–2

RQ 1b. Does the performance of basic laparoscopy tasks improve over

the course of four laparoscopy training sessions?

Within group L: Laparoscopy training sessions

1–2–3–4

RQ 2. Does the performance of basic laparoscopy tasks improve over

the course of two laparoscopy training sessions?

Within group C: Laparoscopy training sessions 1–2

RQ 3. Does one colonoscopy training session influence

the performance on basic laparoscopy tasks?

Laparoscopy training session 1 group C versus

Laparoscopy training session 1 group L

RQ 4. Do three additional colonoscopy training sessions influence

the performance in a second laparoscopy training session?

Laparoscopy training session 2 group C versus

Laparoscopy training session 2 group L

a For the colonoscopy tasks, replace laparoscopy by colonoscopy and colonoscopy by laparoscopy

World J Surg (2010) 34:933–940 935

123



Laparoscopy training

For the laparoscopy tasks, the SEP simulation software

(SimSurgery AS, Norway) was used. It includes a range of

tasks in a VR environment to train different laparoscopy

skills. The tasks used in the present study were the Camera

Navigation (CN) task with a 30-degree angled laparoscope

and the Place Arrow (PA) task, which represents a

bimanual tissue manipulation task. The structure of the

laparoscopy training was based on the training program

used in the study by Buzink et al. [12]. The assignment

given to the participants was to perform each task as

accurately and quickly as possible. The software provides

the scores and a graphical representation of the perfor-

mance after each task. To analyze the performance of the

trainees, their scores on time to accomplish task and the

total tip trajectory of the instruments were used, together

with the number of lost (over stretched) arrows (PA task)

and the number of times the target was lost out of view (CN

task). To analyze and compare the performances during the

laparoscopy training, the last repetition in every session of

the CN task and PA task were used as representative. The

SEP software was used in combination with a Xitact/

Mentice IHP hardware platform (Mentice AB/Xitact SA,

Morges, Switzerland), because the look and feel of the

camera tool was considered to resemble the handling of a

laparoscope more closely. Although the Xitact/Mentice

IHP hardware platform can provide force feedback, the

tasks used in the study do not require such feedback. The

settings of the instrument trocars were therefore adjusted to

compensate for the additional effort required to insert the

instruments in the trocars.

Protocol

The training consisted of six simulator training sessions

within one week (Fig. 1). Prior to the first training session,

the participants filled out a questionnaire about demo-

graphics and their general medical and endoscopy experi-

ence. The participants received a standardized introduction

to familiarize them with the techniques, simulators, and

tasks in preparation for the training sessions. During the

introduction it was clearly stated that the researchers were

not affiliated with the manufacturers of the simulators and

that all data would be analyzed anonymously.

On the first test day group C started with one laparos-

copy training session to assess baseline laparoscopy per-

formance, followed by one colonoscopy training session.

Within the following six days, they performed three more

colonoscopy training sessions and afterwards a second

laparoscopy training session. On the first day, group L

started with a colonoscopy training session and subse-

quently one laparoscopy training session. Within the

subsequent six days this was followed by three more lap-

aroscopy training sessions and finally a second colonos-

copy training session. No feedback on performance was

given other than that produced by the simulators during or

after the tasks. Questions related to the use of the tools

were answered, whenever asked during the training pro-

gram, but no instructions were given on how to optimize

performance.

Data analysis

We compared the performances in the training sessions

within and between the groups with SPSS 16.0 software

(SPSS Inc., Chicago, IL) (Fig. 2, Table 1). On the basis of

one-way repeated measures multivariate analysis of vari-

ance (MANOVA) and analysis of variance (ANOVA) tests,

we assessed the performance improvement on each task

within group L and within group C between session 1 and

session 2 (RQ1a and RQ2) and over the course of four

training sessions (RQ1b). Separate one-way MANOVA

and ANOVA tests were done to analyze the differences in

performance between group L and group C in their first

training sessions (RQ3) and their second training sessions

(RQ4) on each task. To minimize the bias of extreme

outliers on the comparison of means, we excluded the

performances with a z-score larger than 3.29. To reduce the

probability of failing to identify a genuine effect (a type II

error), a P value B 0.05 was considered statistically sig-

nificant, and a P value between 0.05 and 0.07 indicates a

considerable tendency of the results.

Results

Performance improvement within each group

Overall, the performances within both groups on the sim-

ulator tasks improved considerably after two and four

training sessions compared to the baseline performance in

the first training session (Figs. 3, 4). Between the first and

second training sessions in each IBP technique, the MA-

NOVA tests for group C showed a significant improvement

in performance on the PA task and the EB L1 task. For

group L the MANOVA tests showed significant improve-

ment in performance on the PA task, VRC task, and EB L1

task between the first and second training sessions in both

IBP techniques. Over four simulator training sessions the

performance of group C on the EB L1 task improved sig-

nificantly, while a considerable tendency was found for

group L on their performance of the CN task over four

sessions (P = 0.053).

The ANOVA tests showed that group C performed the

CN task and the PA task in laparoscopy session 2 in

936 World J Surg (2010) 34:933–940

123



significantly less time than in laparoscopy session 1, and a

considerable tendency was found for the total tip trajectory

(P = 0.061) for the CN task. They performed the EB L1

task in both colonoscopy session 2 and over the course of

four colonoscopy sessions in significantly less time and

with fewer wall collisions than in colonoscopy session 1. In

colonoscopy session 2 group C performed the VRC I-3 task

with a lower percentage of time the virtual patient was in

excessive pain than in session 1. Over four colonoscopy

sessions, they required less time to perform the VRC I-3

task, and they did so with a lower percentage of time the

virtual patient was in excessive pain compared to colon-

oscopy session 1. Group L performed the PA task in both

laparoscopy session 2 and over four laparoscopy sessions

in significantly less time, with a shorter total tip trajectory

than in laparoscopy session 1. In addition, a considerable

tendency was found for the number of lost arrows

(p = 0.064) in laparoscopy session 2 compared to session

Fig. 3 Means and standard

deviations for the CN task

Fig. 4 Means and standard

deviations for the VRC task
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1. On the CN task group L did not improve their perfor-

mance between session 1 and session 2, but over the four

laparoscopy sessions they did perform the CN task in

significantly less time, with a shorter total tip trajectory

and with fewer targets lost out of view. In colonoscopy

session 2, group L performed the EB L1 task and the VRC

I-3 task in significantly less time than in colonoscopy

session 1.

Influence of colonoscopy training on performance of

laparoscopy tasks

To assess whether colonoscopy training has an influence on

the performance of basic laparoscopy tasks, the perfor-

mances of group L were compared with the performances

of group C for laparoscopy session 1 and laparoscopy

session 2 (Fig. 3). The MANOVA tests showed a signifi-

cant difference in performance in the second laparoscopy

training session on the CN task between group L and group

C. This holds for the total tip trajectory of the CN task,

whereas a considerable tendency was found for the time to

accomplish the CN task (P = 0.051); group C performed

the CN task better than group L. No significant differences

or considerable tendencies were found between the per-

formances of the two groups for the PA task in laparoscopy

session 2.

Influence of laparoscopy training on performance of

colonoscopy tasks

To assess whether laparoscopy training has an influence on

the performance of basic colonoscopy tasks, the perfor-

mances of group L were compared with the performances

of group C for colonoscopy session 1 and colonoscopy

session 2. No significant differences were found in the first

and second colonoscopy sessions between the perfor-

mances of group L and group C over all performance

scores (MANOVA) or on the separate scores (ANOVA)

(Fig. 4). Similarly, no significant differences or consider-

able tendencies were found between the performances on

the EB L1 task or the VRC I-3 task by group C and group L

in their first colonoscopy session. The same holds for the

comparison between the performances of the two groups on

the EB L1 task and the VRC I-3 task in colonoscopy ses-

sion 2.

Discussion

Laparoscopy and colonoscopy are two commonly practiced

image-based procedures, the basic skills of which can be

well trained preclinically on VR simulators [9–12]. Current

trends and novelties in technology and surgical techniques,

such as NOTES, increase the need for transfer of knowl-

edge and skills among specialists in both techniques [14,

18, 19]. However, knowledge of the interaction between

the dedicated skills for these two image-based surgical

techniques is limited. We therefore explored the influence

of colonoscopy training on the performance of basic lap-

aroscopy tasks (and vice versa) by comparing the lapa-

roscopy performances of a group of naı̈ve endoscopists

who had prior training in colonoscopy with the perfor-

mances of a group of naı̈ve endoscopists without this

experience (and vice versa).

First of all, we needed to verify whether the two groups

improved over the course of the simulator training for both

techniques (RQ1 and RQ2). By practice on the GI Mentor

and SimSurgery SEP simulators, task-specific skills

improved considerably over four training sessions. The

range in performance scores also decreased over the course

of the training sessions. These findings match with previ-

ously published similar studies: medical trainees with no

laparoscopy or flexible endoscopy experience improved

their task performance considerably over the course of a

VR simulator-based training program [11–13, 20, 21]. In

addition, this study shows that four in-between training

sessions in another image-based technique do not impinge

on this effect.

The third research question relates to the influence of

one colonoscopy training session on the performance of

basic laparoscopy tasks (and vice versa) (RQ3 in Table 1).

To this end, the performances of group L in their first

laparoscopy training session (after performing one colon-

oscopy training session) were compared with the perfor-

mances of group C in their first laparoscopy training

session (without any colonoscopy experience) (and vice

versa) (Fig. 2). The results showed similar scores for group

C and group L on both the laparoscopy tasks and the

colonoscopy tasks; no notable differences in performance

were found. By comparing the performances of group C

and group L in their second training session, the influence

of colonoscopy training on the performances of basic lap-

aroscopy tasks (and vice versa) was assessed (RQ4 in

Table 1). In the applied cross-over study design the only

difference between group L and group C in their second

laparoscopy training session was the amount of additional

training on basic colonoscopy tasks (and vice versa) they

had prior to their second laparoscopy training session

(Fig. 2). The ANOVA test showed that in the second lap-

aroscopy training session, the performances of group C on

the CN task just surpassed the performances of group L

(Fig. 3). No notable differences were found between the

groups for the PA task in their second laparoscopy training

session or for the EB L1 task and VRC I-3 task in their

second colonoscopy training session (Fig. 4). These results

imply that training in basic laparoscopy skills does not
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affect the performance of basic colonoscopy tasks. And

training in basic colonoscopy skills appears to have, to a

limited extent, a positive influence on the performance of a

basic angled laparoscope navigation task. Skills are cer-

tainly not directly interchangeable between these two IBP

types. Experience in basic colonoscopy tasks does not

imply better performance of basic laparoscopy tasks, and

experience in basic laparoscopy tasks does not mean

superior performance of basic colonoscopy tasks.

This study was set up to explore the existing assump-

tion that when learning a new IBP technique, it is

advantageous to have experience in another IBP tech-

nique. Our findings do not corroborate this assumption. It

is important to note, however, that the results also show

that training in colonoscopy does not negatively affect

performance of basic laparoscopy tasks (and vice versa).

Several studies previously investigated the clinical per-

formance of general surgeons and colorectal surgeons on

flexible endoscopic intraluminal interventions, colonos-

copy in particular, in comparison to gastroenterologists

[15, 16]. Most studies were retrospective and focused on

clinical outcomes, such as intubation rate and complica-

tions. These studies confirmed that it is the amount of

training and experience of the individual physician that

predicts the safety, efficacy, and outcome of colonoscopy,

and not the specialization of the physician or surgeon [15,

16]. To the best of our knowledge there are no studies that

compared the clinical performance of gastroenterologists

and general surgeons in laparoscopy. Nevertheless, in

some countries gastroenterologists perform diagnostic

laparoscopic procedures [17]. The study by Adamsen et al.

(2005) presented a positive correlation between perfor-

mances on a VR colonoscopy simulator and a VR lapa-

roscopy simulator. Unfortunately, because of several

major differences in the set-up of their study and the study

presented here, a comparison of results is not possible.

Adamsen et al. included 24 participants with different

levels of expertise in either colonoscopy, laparoscopy, or

both, but they did not distinguish between the background

and expertise of the participants.

To fulfil the generally shared desire for objective pro-

ficiency assessment and to accomplish a shift toward more

criterion-based training, a better understanding of IBP-

related skills and the interrelation of these skills is indis-

pensable [22, 23]. Because of the growing number of

procedures being performed image-based and the rise of

IBP with increasing technical complexity, such as NOTES,

there is great need to extend the knowledge on IBP skills

and proficiency assessment [14, 18, 23]. Better under-

standing and more objective assessment of IBP skills is

essential for the development of more effective training

programs that can take the overall IBP proficiency level

and individual training needs of the trainee into account.

The set-up of the present study had some limitations.

Several participants remarked on their own accord that they

experienced the VRC I-3 task and the CN task as being

harder work than the EB L1 task and the PA task. The

increased challenge on the VRC task and the CN task

might have contributed to a stronger learning effect for

these particular tasks [24], in comparison to the EB L1 task

and the PA task. The study was rather complex and time-

consuming for the participating medical trainees; this

impeded the inclusion of large numbers of participants

within the available time frame. With a total sample size of

29 participants the post-hoc power for the between-group

comparisons was 0.66, which is close to the aimed power

of 0.7. In the analysis we applied a correction, aiming to

minimize the probability of falsely failing to identify a

genuine effect (type II error). Such a correction brings

about an increase of the probability of a type I error (falsely

identifying an effect); however, in view of the exploratory

aim of this study, this is acceptable. The size of the effect

could also be smaller than assumed for the analysis based

on previous studies, requiring inclusion of a substantially

larger group of participants to be detected. However, if the

effect of the interaction of skills between different types of

IBP would indeed be small to medium for naı̈ve endos-

copists, this would not affect our conclusions.

Conclusions

This study shows that training in basic colonoscopy tasks

does not affect performance of basic laparoscopy tasks

(and vice versa). A minor transfer of basic psychomotor

skills was found from training in basic colonoscopy skills

to the performance of basic laparoscopy tasks, but only for

angled laparoscope navigation. Thus, skills required to

perform basic laparoscopy and colonoscopy tasks are not

directly interchangeable. Training and assessment of IBP

type-specific skills should therefore focus on each type of

task independently. The minor difference in performance

was found for the CN task, which involves complex spatial

navigation. The influence of separate psychometric abilities

on the performance of image-based procedures and the

transferability of skills between different types of IBP

therefore needs to be studied further. Future research

should also increase the knowledge on the transfer of skills

for physicians who are experienced in one IBP type and

would like to become proficient in another type of IBP.
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