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Background: Conventional video trainers lack the ability to assess the trainee
objectively, but offer modalities that are often missing in virtual reality simulation, such
as realistic haptic feedback. The ProMIS augmented reality laparoscopic simulator
retains the benefit of a traditional box trainer, by using origino?loporoscopic instru-
ments and tactile tasks, but additionally generates objective measures of performance.
Methods: Fifty-five participants performed a “basic skills” and “suturing and knot-
tying” task on ProMIS, after whicﬁ they filled out a questionnaire regarding realism,
haptics, and didactic value of the simulator, on a 5-point-Likert scale. The participants
were allotted to 2 experience groups: “experienced” (>50 procedures and >5
sutures; N = 27), and “moderately experienced” (<50 procedures and <5 sutures;
N = 28).

Results: General consensus among all participants, particularly the experienced, was
that ProMIS is a useful tool for training (mean: 4.67, SD: 0.48). It was considered very
realistic (mean: 4.44, SD: 0.66), with good haptics (mean: 4.10, SD: 0.97) and
didactic value (mean 4.10, SD: 0.65).

Conclusions: This study established the face validity of the ProMIS augmented reality
simulator for “basic skills” and “suturing and knottying” tasks. ProMIS was considered

a good ool for training in laparoscopic skills for surgical residents and surgeons.
(Sim Healthcare 3:97-102, 2008)
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There is consensus that training in minimally invasive sur-
gery should be intensified and that the assessment of the
surgeons’ skills should be introduced to ensure high-quality
treatment.’> Continued advances in computer technology
combined with the growing need for training in advanced
laparoscopic skills outside the operating room, have led to
exponential growth and development of a variety of medi-
cally oriented virtual reality (VR) simulators.>-8 The use of
simulation in surgical training curricula is becoming more
widely accepted, for several reasons.>> First, simulator
training is known to enhance the acquisition of laparo-
scopic skills.1:29-13 Second, validated VR simulators are
able to provide objective assessment and feedback of all the
subjects’ performance,?? allowing for continuous skill re-
finement. And finally, 2 randomized, controlled, double-
blinded clinical trails have demonstrated that the clinical
performance of subject receiving VR training is better than
that of control subjects, who received no prior training.'>'4
Objective assessment of the performance is fundamental
to provide formative feedback during training, though
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current laparoscopic video training is lacking this ability.
To assess the performance on the traditional box trainers,
a scoring system has been developed in the form of the
Fundamentals in Laparoscopic Surgery.!> However, an ex-
pert observer is still needed to assess the performance of
the trainee. The ProMIS augmented reality (AR) laparo-
scopic simulator retains the benefit of a video trainer, such
as the realistic haptic feedback, by using the same laparo-
scopic instruments as in the clinical setting and tactile
tasks, and additionally generates objective measures of
performance, similar to VR simulators.'® “Haptic feed-
back” is the phenomenon of tactile or force feedback a
person experiences when manipulating a needle and thread.
This is of importance, because resistance of the instruments and
force/torque applied tissue also pertain to “haptics.”

Augmented Reality is the combination of physical and VR
simulation in 1 system. The laparoscopic instruments are
tracked by the system to measure the performance of each
task. This results in the objective assessment of the real phys-
ical tasks performed by the trainees.

As is apparent from the European Association of Endo-
scopic Surgeons consensus guidelines from Carter et al,
there is a need for validation of the assessments of the simu-
lators, before including them into training curricula.? The
face validity addresses the acceptance of both experts and
nonexperts (referent group) of the simulator as a potent
training tool and the representation of the clinical setting. In
this study, the face validity of the ProMIS AR laparoscopic
simulator is investigated.
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MATERIALS AND METHODS
Subjects

The participants were tested within a period of 2 months
(May-June 2006) at the “Year Congress of Dutch Surgical
Society 2006,” Veldhoven, the Netherlands (N = 41), and the
Catharina Hospital, Eindhoven (N = 14). The participants
were allotted to 2 groups based on their laparoscopic experi-
ence: “Experienced,” who have done more than 50 laparo-
scopic procedures and at least 5 laparoscopic sutures in the
clinical setting; and “Moderately experienced,” who have
performed less than 50 procedures and less than 5 sutures.

Questionnaire

The questionnaire used in this study (Appendix) was
based on questionnaires previously used in validation studies
in our research center,'”-'8 and consisted of 2 parts. The first
part dealt with the demographics and laparoscopic (simula-
tor) experience of participants. The second part consisted of
multiple questions concerning the realism, didactic value,
and haptic feedback of the simulator.

All questions were rated on a 5-point Likert scale, in which
1 stood for not true/realistic/useful and 5 for very true/real-
istic/useful, 3 was considered neutral.

Equipment

In this study, the ProMIS AR simulator (Haptica, Dublin,
Ireland) (Fig. 1) was used and validated. The laparoscopic
interface consists of a torso-shaped mannequin (29 in. L X 20
in. W X 9in. D), with a black neoprene cover, connected to a
notebook with a standard 4-pin 1394 IEEE digital cable. The
mannequin contains 3 separate camera tracking systems, ar-
ranged to identify any instrument inside the simulator from 3
different angles. The camera tracking systems capture instru-
ment motion with Cartesian coordinates in the x, y, and z
planes at the average rate of 30 frames per second (fps). The
distal end of the laparoscopic instrument shaft is covered
with 2 pieces of yellow electrical tape to serve as a reference
point for the camera tracking system; therefore, it accepts a
broad range of instrument types. Instrument movement is
recorded and stored in distinct sections, based on the time the
tips of the instrument are detected until they are removed
from the mannequin. The data from the simulator is pro-

Figure 1. ProMIS Augmented Reality Laparoscopic simulator (Hap-
tica, Dublin, Ireland), with the needle-holders (Karl Storz, Tutlingen,
Germany) and versaport trocards 5mm (Tyco Auto Suture, New Ha-

ven, USA).
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Figure 2. The needle-holders (Karl Storz, Tutlingen, Germany) are
marked with the black-yellow tags on the shaft, to enable video-
tracking.

cessed using a portable notebook computer (Sony Vaio, 2.80-
GHz Intel Pentium 4 processor, running Windows XP Home
Edition with 512 MB RAM and a 30 GB hard drive). The
notebook was positioned so that the participant had the
screen placed just below eye level, and the mannequin was
placed at a standard ergonomic height for performing the
laparoscopic tasks.

The simulator records “time,” “path length,” and “smooth-
ness of movement” (through changes in instrument velocity
and changes in direction) during each separate task within
the training module. After completion of the task, ProMIS
provides statistics on the screen. In addition, a full video and
virtual playback of the trainee’s performance are saved. Dif-
ferent trays may be placed in the mannequin for each task,
such as the suturing pads for the suture and knot tying task.
For the translocation task, the 5-mm endograsps (Tyco Auto
Suture, New Haven, CT) were used, and for the suturing
tasks, the needle-holders (Karl Storz, Tutlingen Germany)
with Tyco Polysorb 3-0 suturing needle and thread were
used (Fig. 2). The sutures were placed on a 1-cm thick sutur-
ing pad, which is normally used in traditional box trainers.

» <

Protocol

The participants commenced the study by filling out the
first part of the questionnaire. Subsequently, all participants
received the same introduction of the simulator, with the aid
of an informative poster. Information was given about the
various training modules available and feedback provided by
the simulators, as well as the tasks to be performed within the
scope of this study. The simulator displayed a demonstration
video before the task and step-by-step explanations were
given during the performance. Next, the participants per-
formed the translocation task (Fig. 3), followed by the “su-
turing and knot-tying” task (Fig. 4). After finishing both
tasks, the participants completed the remaining part of the
questionnaire, regarding their opinion on the simulator. A
maximum time limit of 5 minutes was allotted for the trans-
location task, and 10 minutes were allotted for the suturing and
knot-tying task (5 minutes for placing the suture and 5 for tying
the knot), because surgical residents are generally expected to be
able to perform such a task easily within this time.

Data Analysis

The data were processed and analyzed with the Statistical
Package for the Social Sciences version 13.0 using parametric
tests. Data on the difference of opinion between the 2 expe-
rience groups were analyzed with the independent ¢ test. A
level of P = 0.05 was considered statistically significant.
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Figure 3. Inside view of the translocation task in the ProMIS Aug-
mented Reality simulator (Haptica, Dublin, Ireland).

RESULTS
Demographics and Experience

A total of 55 subjects participated in this study, of which 27
were “Experienced” and 28 were “Moderately experienced.”
The groups were not homogenous in all demographic aspects
(Table 1). Both groups contained relatively more male par-
ticipants (92.6% respectively 85.7%). Most of the partici-
pants were right-handed (96.7%). The age differences were
also considerably between the groups (Table 1).

Issues about the clinical and nonclinical laparoscopic ex-
perience are stated in Table 2. The moderately experienced
participants had the most experience on laparoscopic simu-
lators, and may be explained by the fact that simulators have
recently started to be employed in the training curricula of
surgical residents. The training environments used by some
of the participants were VR simulators and inanimate box
trainers. The ProMIS simulator investigated in this study was
only previously tried by 7 participants.

Face Validity

There was no significant difference found in the opinion be-
tween the 2 groups concerning the questioned features of the
tasks of the ProMIS laparoscopic simulator (Table 3). The real-
ism of the ProMIS was considered good to excellent by all par-
ticipants, especially regarding the needle and thread. From the
experienced 81.5% considered the ProMIS as a good to perfect
representation (scoring 4 and 5 on the 5-point Likert scale) of
the clinical setting. The haptic sensations during manipulating

Figure 4. Inside view of the suturing and knot tying task in the Pro-
MIS Augmented Reality simulator (Haptica, Dublin, Ireland).
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Table 1. Demographic Features of the Participants

Moderately
Experienced Experienced Total
(N=27) (N =28) (N =55) P

Age (yr) <0.001
Mean (SD) 45.0 (7.99)  33.8(6.38)  39.3(9.13)
Median (range) 45 (30) 32 (25) 37 (36)
Education

Surgical intern 0 0 0

Surgical resident 2 19 21

Other resident 0 4 4

Surgeon 25 4 29

Other specialist 0 1 1

Differences between the ages in the experience groups were calculated with the inde-
pendent ¢ test. A P value <0.05 was considered a significant difference.

of the tissue were regarded as less realistic than the other param-
eters related to suturing by all participants, but was still regarded
as good to excellent by 69.0% of the participants. Of all partici-
pants 82.8% regarded the resistance of the needle and thread as
realistic to extremely realistic.

Didactic Valve

Regarding the value of the simulator, differences in opin-
ion, between the 2 groups, were found on the properties of
the demonstration videos (P = 0.004, P = 0.055, respec-
tively). As outlined in Table 4, the ratings of the moderately
experienced participants were lower on these features,
whereas the experienced were more satisfied.

The ProMIS surgical simulator scored high as a training
tool for the training of surgical residents (Table 5), with little
variance in opinion. Of the experienced, 66.7% were of the
opinion that the ProMIS AR simulator was excellent for
training laparoscopic skills to surgical residents, and half of
them thought the simulator to be very useful for the training
of surgical specialists.

DISCUSSION
Augmented Reality Features

The simulation of surgical operations, particularly for VR,
is very complex, especially when referring to laparoscopic
techniques. VR simulators with enough computing power,
tailored hardware and software programs to perform (fairly)
realistic simulations have become available only for the past
few years. Several studies have been carried out on different
surgical simulators to examine their training capacities.!*-22

Table 2. Laparoscopic Experience of the Participants

Moderately
Experienced Experienced Total
(N=27) (N =28) (N =55)

Procedures; median (range)

Seen 500 (2920) 100 (290) 100 (2990)

Camera handling 200 (1470) 50 (250) 50 (1500)

Assisted 200 (960) 50 (150) 72.5 (1000)
Simulator experience

0 times 8 6 14

1-2 times 7 7 14

2-5 times 4 8 12

>5 times 8 7 15
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Table 3. Opinion on Realism and Haptic Feedback of ProMIS

Experienced Moderately Experienced Total
(N =27) (N =28) (N =55)
Mean (SD) Median (Range) Mean (SD) Median (Range) Mean (SD) Median (Range) P

General

Global impression 4.07 (0.62) 4(2) 4.07 (0.60) 4(3) 4.07 (0.60) 4(3) 0.987

Movement of instruments 4.27 (0.78) 4(2) 4.21 (0.63) 4(2) 4.24 (0.70) 4(2) 0.776
Translocation

Global impression 3.85 (0.86) 4(4) 4.00 (0.61) 4(3) 3.93 (0.74) 4(4) 0.464

Haptic sensation material 3.93 (1.07) 4(4) 4.14 (0.80) 4(3) 4.04 (0.94) 4(4) 0.398

Resistance and movement instruments 4.07 (0.83) 4(3) 4.25 (0.65) 4(2) 4.16 (0.71) 4(3) 0.383
Suturing

Global impression 4.12 (0.71) 4(2) 4.32 (0.61) 4(2) 4.22 (0.66) 4(2) 0.258

Realism needle and thread 4.37 (0.79) 5(2) 4.39 (0.63) 4(2) 4.38 (0.71) 5(2) 0.907

Tying of knots 4.37 (0.63) 4(2) 4.29 (0.71) 4(2) 4.33 (0.67) 4(2) 0.643

Pulling tight of thread 4.33 (0.73) 4(2) 4.32 (0.55) 4(2) 4.33 (0.64) 4(2) 0.946

Movement of thread 4.46 (0.58) 4.5(2) 4.18 (0.77) 4(2) 4.31 (0.70) 4(2) 0.137

Haptic sensation tissue 3.89 (0.89) 4(3) 3.89 (0.69) 4(3) 3.89 (0.79) 4(3) 0.985

Resistance needle and thread 4.19 (0.74) 4 (3) 4.07 (0.60) 4(2) 4.13 (0.67) 4(3) 0.533

Differences in opinion between the experience groups were calculated with the independent ¢ test. A P value <0.05 was considered a significant difference.

For learning new sKkills it is important that trainees receive
demonstrations, explanation, and feedback. This is a feature
VR simulators offer in addition to those provided by traditional
box trainers. The ProMIS AR simulator contains these VR fea-
tures, while retaining the benefits of a realistic environment.
Multiple studies®#12 have shown that haptic feedback is a valu-
able feature for good laparoscopic training. The ProMIS AR
simulator offers a physically realistic training environment that
is based on real instruments interacting with real objects, creat-
ing realistic haptic feedback, which is absent in VR simulators.

Face Validity

The realism and haptic feedback are important features
that distinguish AR from the VR simulators. The participants
from the current study considered these aspects of the Pro-
MIS AR simulator as good to excellent, in particular for the
suturing module. The experienced participants rated the re-
alism with a mean of 4.37 on the 5-point Likert scale, which
indicates a very realistic representation of clinical suturing
and knot tying skills. The suturing material was regarded as
less realistic, but this can be adjusted to individual preference
for this simulator. For this study, we used suturing pads,
which have been successfully used in box trainers at our skills
laboratory for several years. However, not much is known
about the realism of the haptic feedback they provide. In

Table 4. Opinion on Usefulness of ProMIS

some VR simulators, the virtual instruments change as
needed for the procedure, but the material is fixed in the
software. The aspect of a realistic environment and haptic
feedback is still questionable in VR simulators.??> Overall, all
participants regarded the ProMIS laparoscopic simulator as a
good to excellent representation of the clinical setting, by
both the experienced and the less experienced participants.
This establishes the face validity of this simulator.

Inexperienced trainees need explanation and demonstra-
tion videos on the procedure to be performed. In contrast,
more skilled trainees know the procedures, and only need the
physical practice. They often considered the step-by-step ex-
planation, which could block the view of the instruments as a
nuisance. The experienced, however, were of the opinion that
these explanations were a good teaching method for inexpe-
rienced trainees. In this study, all participants regarded the
ProMIS AR laparoscopic simulator as an excellent training
tool for the main target group (surgical residents).

Didactic Value

The ProMIS AR simulator gave several measurements as
feedback to assess the performance: “Time,” “Smoothness”
and “Path length,” which were shown on the screen at the end
of the performance. It was tempting for the participants to
focus on the time instead of concentrating on the other mea-

Experienced Moderately Experienced Total
(N=27) (N =28) (N =55)
Mean (SD) Median (Range) Mean (SD) Median (Range) Mean (SD) Median (Range) P

Explanation of each task 4.41 (0.50) 4(1) 4.18 (0.67) 4(2) 4.29 (0.60) 4(2) 0.158
Demonstration videos

Usefulness 4.30 (0.54) 4(2) 4.14 (0.70) 4(2) 4.22 (0.63) 4(2) 0.371

Clarity 4.41 (0.57) 4(2) 4.18 (0.67) 4(2) 4.29 (0.63) 4(2) 0.180
Feedback after task

Usefulness 4.04 (0.71) 4(2) 4.00 (0.72) 4(3) 4.02 (0.71) 4(3) 0.848

Clarity 3.93 (0.78) 4(3) 3.75 (0.80) 4(3) 3.84 (0.79) 4(3) 0.413

Differences in opinion between the experience groups was calculated with the independent ¢ test. A P value <0.05 was considered a significant difference.
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Table 5. Opinion on Didactic Value

Experienced Moderately Experienced Total
(N=27) (N =28) (N =55)
Mean (SD) Median (Range) Mean (SD) Median (Range) Mean (SD) Median (Range) P
Training surgical residents 4.67 (0.48) 5(1) 4.57 (0.57) 5(2) 4.62 (0.53) 5(2) 0.508
Training surgeons 4.37 (0.74) 5(2) 4.39 (0.56) 4(2) 4.36 (0.65) 4(2) 0.941
Improving laparoscopic skills 4.37 (0.74) 5(2) 4.39 (0.79) 5(3) 4.38 (0.76) 5(3) 0.914
ProMIS learns proper skills 4.19 (0.68) 4(2) 3.93 (0.72) 4(2) 4.05 (0.71) 4(2) 0.108

Differences in opinion between the experience groups was calculated with the independent ¢ test. A P value <0.05 was considered a significant difference.
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Appendix: Questionnaire: Validation of ProMIS AR Laparoscopic Simulator

Evaluation ProMIS Simulator

Reality Representation

Would you rate on a scale from 1 to 5,how realistic you think the next items are on the ProMIS simulator? 1 standsfor not realistic at all and 5 for really
realistic.

General

Global impression 1 2 3 4 5

Movements of the instruments 1 2 3 4 5

“Basic Skills”: Translocation

Global impression 1 2 3 4 5
Haptic sensations of the materials 1 2 3 4 5
Resistance and movements of the instruments 1 2 3 4 5

“Suturing” Task

Global impression

Realism of needle and thread
Tying of the knots

Pulling tight of the suturing thread
Movement of the suturing thread
Haptic sensations of the tissue

—_ e e e e e e
NN N NN NN
W W W W W W W
L L
LS NN, BT, B, B B BN |

Resistance of needle and thread

Understanding of the ProMIS Simulator
Would you rate on a scale of 1 from 5,how clear/useful you find the next items are in the training program of the ProMISsimulator? 1 stands for not clear/

useful at all and 5 for really clear/useful.
Clearance of explanation with each task
Usefulness of the demonstration videos
Clearance of the demonstration videos
Usefulness of the feedback after a task
Clearance of that feedback

— = e
LS SIS A
W W W W W
L S
LS NN, BN, RO, IS, ]

Usefulness
Would you rate on a scale from 1 to 5, howuseful you think the ProMIS simulator will be for the following trainings?
Training of surgical residents 2
Training of surgical specialists

Improvement of laparoscopic techniques

—_ = =
w W W W
S S
(S I, BT, BN |

2

2
Learning the proper skills by training on the ProMIS simulator 2
Have you got any suggestions or remarksabout the ProMIS simulator?
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