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Abstract

Background Laparoscopy requires specific psychomotor skills and can be challenging to learn. Most proficiency-based
laparoscopic training programs have used non-haptic virtual reality simulators; however, haptic simulators can provide the
tactile sensations that the surgeon would experience in the operating room. The objective was to investigate the effect of
adding haptic simulators to a proficiency-based laparoscopy training program.

Methods A randomized controlled trial was designed where residents (n=36) were randomized to proficiency-based laparo-
scopic simulator training using haptic or non-haptic simulators. Subsequently, participants from the haptic group completed
a follow-up test, where they had to reach proficiency again using the non-haptic simulator. Participants from the non-haptic
group returned to train until reaching proficiency again using the non-haptic simulator.

Results Mean completion times during the intervention were 120 min (SD 38.7 min) and 183 min (SD 66.3 min) for the
haptic group and the non-haptic group, respectively (p =0.001). The mean times to proficiency during the follow-up test
were 107 min (SD 41.0 min) and 58 min (SD 23.7 min) for the haptic and the non-haptic group, respectively (p <0.001).
The haptic group was not faster to reach proficiency in the follow-up test than during the intervention (p =0.22). In contrast,
the non-haptic group reached the required proficiency level significantly faster in the follow-up test (p <0.001).

Conclusion Haptic virtual reality simulators reduce the time to reach proficiency compared to non-haptic simulators. How-
ever, the acquired skills are not transferable to the conventional non-haptic setting.
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Laparoscopic surgery requires specific psychomotor skills
of the surgeon who has to work in a three-dimensional
space guided by two-dimensional images and has limited
tactile feedback compared to open surgery. Performing
laparoscopic procedures safely requires depth perception
and excellent hand—eye coordination. These skills can be
practiced safely outside the operating room, increasing the
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demand for efficient simulation-based training, e.g., using
virtual reality simulators [1-7]. Previous studies have shown
that virtual reality simulators can shorten the time for novice
surgeons to reach proficiency, and the skills are transferable
to the operating room [8, 9]. Therefore, virtual reality simu-
lators are widely used for laparoscopy training and become
a standard part of modern surgical education [10-12]. The
virtual reality simulators can also provide an automated
assessment of trainees’ performance, enabling them to use
a mastery learning approach [13].

However, most laparoscopic training programs with dem-
onstrated clinical transfer were created on virtual reality
simulators without haptic feedback; this has been a concern
from a clinical point of view as this differs from real surger-
ies. Although the tactile sensations in laparoscopic surgery
are less evident than open surgery, haptic sensations can
still be perceived through the instruments by the operating
surgeon [14, 15]. These tactile sensations, especially pulling
and grasping, are important as understanding them provides
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valuable information; excessive grasping can damage tis-
sue, whereas inadequate tension can lead to tissue slippage.
[16-18].

Therefore, virtual reality simulators with haptics for lapa-
roscopy have been developed. These are more realistic but
costly and more complex [19, 20], and there could be a risk
for a higher frequency of technical malfunctions, disturb-
ing training. [21, 22]. Previous studies have investigated
the effect of haptic devices on virtual reality simulators and
found that the haptic devices accelerate the initial learning
curve of trainees [19, 23-28], but these studies only included
very few repetitions or a limited amount of training time.
The impact of haptic devices in a proficiency-based training
program for laparoscopy has not been explored.

Instructor-based feedback has proven to be a valuable tool
in reducing time to reach proficiency in laparoscopic simu-
lator training programs without negatively impacting the
retention of skills [29]. However, different training setups,
in this case, using a haptic simulator versus the non-haptic
simulator, might require different amounts of instructor
assistance.

The objectives of this trial were to investigate if training
with virtual reality with a haptic device compared with a
non-haptic simulator resulted in reduced time to reach pro-
ficiency for surgical novices, how it affected their retention
of skills and the need for instructor feedback and frequency
of simulator malfunctions.

Materials and methods

A single-center randomized superiority trial was planned
according to the CONSORT statement [30]. The trial was
exempt from ethical approval by the Regional Committee
on Biomedical Research Ethics (H-20063093). The trial was
registered at Clinicaltrials.gov (NCT05191589).

Setting

Data collection was done at the simulation center at Copen-
hagen Academy for Medical Education and Simulation
(CAMES) in Copenhagen, Denmark [31].

Participants

Participants were surgeons without any previous laparo-
scopic experience. Participants were recruited from the sur-
gical departments in the eastern part of Denmark and were
invited by e-mail and received written and verbal informa-
tion before filling out the informed consent forms. The inclu-
sion and exclusion criteria used for the trial were as follows:

Inclusion criteria for both intervention and follow-up:
(1) Residents working in the Eastern part of Denmark; (2)
Provided informed consent before inclusion.

Exclusion criteria for intervention: (1) Having previously
participated in studies involving laparoscopic training; (2)
Having participated in laparoscopic training programs at
any simulation center; (3) Having prior experience with
laparoscopic surgery (having performed any laparoscopic
procedures as primary surgeon, including supervised pro-
cedures); (4) Having performed any supervised laparoscopy
procedures as primary surgeons during intervention; (5) Did
not give consent; (6) Did not speak Danish on a conversa-
tional level.

All participants were given a unique trial identification
number before randomization.

Intervention and control

Participants were randomized to proficiency-based training
with either a haptic (haptic group) or non-haptic laparos-
copy simulator (non-haptic group) during the intervention.
All participants were invited back after a 3—6 weeks break
for a follow-up test where both groups had to practice until
they reached proficiency again using the non-haptic setup.
No simulator training was allowed, nor any operations as
primary surgeon in any laparoscopic procedures during this
break.

The simulator training program consisted of four basic
skills tasks (Instrument Navigation; Grasping; Lifting and
grasping, and Fine dissection) and a procedural task (sal-
pingectomy due to a bleeding ectopic pregnancy) on a vir-
tual reality simulator [8, 13]. All participants had to reach
proficiency for all modules, which entails passing twice
within five consecutive attempts. The predefined proficiency
level was established in previous trials and includes the
parameters such as instrument time, instrument path length,
instrument angular path length, tissue damage, bleeding, and
energy damage [8, 13]. The metrics of these metrics are
summarized in the Appendix. Participants booked training
sessions by e-mail, and a maximum of one 2-h training ses-
sion per day was allowed to minimize cognitive overload
and fatigue.

Randomization

A 1:1 randomization was performed centrally using a web-
based system from Sealed Envelope (London, United King-
dom). The allocation sequence was computer-generated and
used varying block sizes of four and six, a sequence that was
kept concealed from the principal investigator throughout
the trial.
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Materials and equipment

We used six LapSim® virtual reality simulators (Software
version 2019.1) from Surgical Science (Gothenburg, Swe-
den) — three simulators with haptics and three simulators
without. The only difference between the two setups was
the tactile sensation provided by the haptic simulators. To
prevent overworking the simulators leading to a potential
risk of further technical malfunctions, participants were
randomized to a different simulator for each training ses-
sion within their allocation to minimize bias from the same
person training on a simulator which could experience tech-
nical problems.

All simulators were connected to a 27" screen and were
height adjustable to ensure the best viewing condition and
the most ergonomically correct working position. Each sim-
ulator was separated by dividing walls, and noise-canceling
Bose Quiet Comfort III headsets were worn by all partici-
pants during the trial when training [31].

Outcome measures

The primary outcome was the total time (min) spent to reach
the predefined proficiency level for all five tasks. The sec-
ondary outcome was the time (min) to reach proficiency on
the conventional non-haptic setting after 3—6 weeks of no
laparoscopic training.

Exploratory outcomes were instructor time (s) spent on
feedback during training and number of malfunctions and
time spent solving them during the intervention and follow-
up test.

We also calculated the cumulative time (min) training
to proficiency, meaning the sum of the time to proficiency
during the intervention and the follow-up test.

Sample size calculation

The sample size was calculated based on the primary out-
come, time to reach proficiency, using data from a previ-
ous trial conducted by the same research group [32]. For
the non-haptic group, it was assumed that a mean time of
320 min was needed to reach proficiency, while for the hap-
tic group, a mean time of 240 min was expected. Standard
deviations of 70 were assumed for both groups. Using a

two-sided significance level of 0.05 and a power of 0.90,
the minimum sample size required was 34 participants, 17
in each group.

Statistical analysis

The data was analyzed using SPSS® version 27.0 (IBM,
Armonk, NY, USA) and RStudio 2021© (RStudio, Boston,
MA, USA). Independent samples #-tests were used for inter-
group comparisons for primary, secondary, and exploratory
outcomes during the intervention and the follow-up test.

To analyze the training effect, over time, for both the hap-
tic and the non-haptic group, the mixed model with repeated
measurements and unstructured covariance matrix model
was used for time to reach proficiency and instructor-based
feedback. The basic model was Y=a+ bl + ct+dt I, where
1 is the indication of the intervention, ¢ is time (timel corre-
sponding to the intervention phase and time2 corresponding
to the follow-up phase), and a through d are coefficients of
the regression equation.

Finally, Fisher’s exact test was used to compare the num-
ber of technical malfunctions between the haptic and non-
haptic simulator.

Results

The patient demographics for the trial are presented in
Table 1 and the trial flowchart in Fig. 1. We found that the
haptic group reached proficiency significantly faster than the
non-haptic group during the intervention (p =0.001). In con-
trast, the non-haptic group reached proficiency significantly
faster than the haptic group (p <0.001) during the follow-up
test. Furthermore, we found that the haptic group had no sig-
nificant improvement, regarding time spent, from the trial's
intervention to the follow-up test (p =0.22). However, the
non-haptic group improved their time to reach proficiency
significantly faster from the intervention to the follow-up
test (p <0.001). There was no significant difference between
the two groups for the cumulated time spent reaching profi-
ciency (p=0.42) (Table 2) (Fig. 2).

During the intervention, we found that the haptic group
required significantly less instructor assistance than the
non-haptic group (p <0.001). For the follow-up test, we

Table 1 Baseline characteristics

o Groups Haptic group (n=19) Non-Haptic
for partlmpaljlts who completed group
the intervention (n=17)
Sex (number of men/women) 4/15 5/12
Age (median/range) 29 (28-39) 29 (27-33)
Dexterity (number of right-/left-handed) 15/4 14/3
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Table 2 Mean training time
to reach proficiency for

intervention and follow-up

Haptic group Non-haptic group p values
Intervention (min) 120 (95% CI [83; 149]) (n=19) 183 (95% CI [149; 217]) (n=17) 0.001
Follow up (min) 107 (95% C1[87; 128]) (n=18) 58 (95% CI [46; 70] (n=17) <0.0001
Cumulated time (min) 219 (95% CI [185; 253] (n=18) 244 (95% CI[204; 284] (n=17) 0.42

] Intervention

I .

Follow-up

. p <0.001

Time to proficiency (minutes)

T T T T
Haptic Non-haptic Haptic Non-haptic

Fig.2 Error plot (mean with 95% CI) for time to reach proficiency
for the haptic group and the non-haptic group during the intervention
and follow-up test

found that the time needed for instructor assistance was
significantly higher for the haptic group compared to the
non-haptic group (p <0.001).

The haptic group required significantly more feedback
from the instructor for the follow-up test than the assis-
tance needed during the intervention phase (p <0.001). In
contrast, the non-haptic group used significantly less help
from the instructor during the follow-up phase (p <0.001).
We found that nine out of 17 participants in the non-haptic
group needed no assistance from the instructor during the
follow-up test. There was no significant difference in the
cumulated time spent getting instructor-based feedback
(p=0.38) (Table 3) (Fig. 3).

Lastly, technical malfunctions were reported and regis-
tered during both the intervention and follow-up—five inci-
dents were documented out of 4497 attempts resulting in a
technical malfunction rate of 0.1% for the entire trial. Four of

the five technical malfunctions were during the intervention;
three occurred for the haptic group and one in the non-haptic
group. Finally, only one technical malfunction occurred during
the follow-up test using non-haptic simulators. There was no
significant difference in the number of technical malfunctions
between the haptic and non-haptic setup (p=0.10). All techni-
cal malfunctions were solved on-site with a simple restart of
the exercise.

Discussion

We found that training with a haptic compared with a non-
haptic simulator reduced the time to reach proficiency in a
simulation-based laparoscopy training program. Previous stud-
ies have examined the impact of haptic devices on virtual real-
ity simulators but with contradictory results [21]. The effect
of haptic devices on laparoscopic proficiency-based training
programs has not been thoroughly examined, since most pre-
vious trials only tested the haptic device system over a few
repetitions or a limited amount of training time before a post-
test or transfer test, or did not look at the isolated influence of
the haptic devices [19, 22, 24, 26, 27, 33]. We also minimized
potential confounders using the same simulator software [19,
24-27, 33].

A trial by Hagelsteen et al. examined the combined effect
of haptics and 3D-vision over non-haptics with 2D-vision on
the performance curve of trainees and found this to accelerate
skill acquisition [33]. However, 3D-vision alone has also been
shown to reduce time to proficiency [32] and Hagelsteen’s
study could not independently estimate haptics’ effect. To our
knowledge, this is the first trial to examine the isolated effect
of using haptic simulators on proficiency-based training. Using
a proficiency-based design, compared with time- or repetition-
based training, which only focuses on the initial part of the
learning curve, is a strength of our trial.

During the follow-up test where both groups trained
using the non-haptic setup, we found that the haptic group
performed worse than the non-haptic groups, meaning
that the accelerated acquisition of skills using the haptic

Table 3 Meantime required
for instructor-based feedback

during the intervention and
follow-up test

Cumulated time (s)

466 (95% CI [320; 511] (n=18)

Haptic group Non-haptic group p values
Intervention (s) 124 (95% CI [83; 149]) (n=19) 376 (95% CI [276; 468]) n=17) 0.001
Follow up (s) 343 (95% CI [243; 471]) (n=18) 24 (95% CI [8; 40]) (n=17) 0.001

405 (95% CI [308; 501] (n=17) 0.38
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Fig.3 Error plot (mean with 95% CI) for time required for instructor
assistance for the haptic group and the non-haptic group during the
intervention and follow-up test

devices could not be transferred to the non-haptic setup, as
they needed significantly longer time to reach proficiency
than the non-haptic group.

This can be explained using the Guidance Hypothesis
[34] which argues that providing trainees with guidance or
help—in our case, the haptic device—when learning psy-
chomotor skills such as those acquired during laparoscopy
simulator training can be beneficial for faster skill acquisi-
tion [35, 36]. However, participants can become depend-
ent upon the help, which can be detrimental to long-term
motor learning [34].

We chose a follow-up test where both groups trained on
the non-haptic simulators till proficiency because studies
on clinical transfer from laparoscopy simulator training
have used non-haptic simulators [9, 13, 37]. Our results
show that the trainees who practice on the simulator with
a haptic device may not necessarily achieve the same skill
level and have reduced transfer of skills to the conven-
tional non-haptic system, demonstrating that the trainees
may not receive the full effect of the training program
when training is accelerated using haptic simulators and
proficiency levels from non-haptic simulators are used.
Our findings illustrate that there might be a risk using pro-
ficiency levels defined for non-haptic simulators on haptic
simulators, as skill acquisition might be reduced because
proficiency levels are specific to the context in which they
were determined [38].

Our findings are supported by the increased need for
instructor assistance in the haptic group during in the follow-
up test compared with the intervention phase, even though
they are solving identical tasks as during the intervention,

just on a non-haptic system. We observed that the partici-
pants from the haptic group became frustrated when trans-
ferred to the non-haptic simulator, as they perceived the
tasks as more difficult, as seen by their increased need for
instructor guidance. In contrast, the non-haptic group needed
less instructor assistance during the follow-up test, and they
trained more independently than during the intervention.
During the follow-up test, we found that the participants
from the haptic group spent almost the same amount of time
training as during the intervention, demonstrating that to a
large extent, they had to re-learn the skills necessary to reach
proficiency again. This indicates the haptic device might
have accelerated the participants’ skills acquisition too much
by making it easier for them to reach proficiency during
the intervention. This could result in lower consolidation of
skills learned [39].

Because training without haptics is more difficult, the
non-haptic group trained longer before reaching profi-
ciency during the intervention, which could explain the bet-
ter retention and lower need for instructor feedback during
the follow-up test. Making skills acquisition faster does not
necessarily make it better—simulation-based training should
not focus on acquiring skills the fastest way possible if this
compromises the quality of the targeted skills. A potentially
unrecognized benefit of a non-haptic laparoscopy simulator
might be the increased difficulty when training without hap-
tics, leading to a higher level of skills acquisition. A study
conducted by Ali et al. demonstrated that increasing the dif-
ficulty of laparoscopy tasks on a virtual reality simulator
increased training quality, resulting in better skills acquisi-
tion [40].

Previous studies have examined how different interven-
tions, 3D-vision, and instructor-based feedback, affected
time to proficiency in a laparoscopy training program. Both
3D-vision and instructor-based feedback reduced time to
proficiency, just as the haptic device did in this study. How-
ever, these studies demonstrated no negative impact on the
retention of skills after using 3D-vision or instructor-based
feedback when all the participants were invited back to do a
retention test [32, 36, 41]. Using haptics compared with non-
haptics might have accelerated training too much, resulting
in a less effective learning process.

Dismissing the potential benefits of creating a more
realistic training opportunity using haptic devices should
be done with caution, as haptics has been described as a
paradigm shift within laparoscopic virtual reality training
[42]. However, direct implementation on already-established
proficiency-based training programs should be done with
caution also, as they create a new task. Instead, we would
advise that implementation should be done by conducting
further validation studies so that the proficiency setting
would be redefined.
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A limitation of our study is that we did not examine trans-
fer to a clinical setting. Hence, we cannot conclude anything
of the impact of haptic simulator training on actual clinical
performance.

More research into the effect of haptic simulators,
whether they result in better clinical transfer, and credible
newly established pass/fail-standards are needed before they
can be recommended as the standard for future simulation-
based training for laparoscopy.

Haptic devices are a costly add-on [43], and the use of
more advanced simulators can potentially lead to a high fre-
quency of technical malfunctions and thereby a need for
technical support [44]; however, this was not the case, as
technical malfunctions were very rare in our study.

Our initial assumptions regarding the time needed to
reach proficiency for both groups during the intervention
were not as expected. However, the effect is unaffected.
There is a significant difference in the time to proficiency
required in the two groups during both intervention and fol-
low-up. For sample size calculation, assumptions were based
on data from previous trials conducted by the same research
group. There has been an update of the software since this
trial [32] and this could potentially be the reason for the
difference in training time (former version 2014 to the cur-
rent version 2019), as some tasks may have become easier
in newer versions. To our knowledge, no other studies have
compared training on different versions of the same simu-
lator software, and this merits further investigation in the
future. Proficiency levels defined for one software version
might not be applicable in a newer version of the software if
it has undergone substantial changes, thereby changing the
context for which it was defined [38].

Conclusion

The use of a haptic simulator reduces the time needed to
reach proficiency in a proficiency-based laparoscopic train-
ing program. However, the acquired skills cannot be trans-
ferred to the conventional non-haptic simulator setup. Accel-
erating training too much using haptics may limit the effect
of skills training if non-haptic proficiency levels are used on
a haptic simulator.

Appendix

Basic skill 1: Instrument navigation.

@ Springer

Parameter

Requirement for
proficiency level

Left instrument time (s)

Left instrument misses

Left instrument path length (m)

Left instrument angular path (degrees)
Right instrument time (s)

Right instrument misses

Right instrument path length (m)

Right instrument angular path (degrees)
Tissue Damage

Maximum Damage (mm)

<25
<2
<14
<250
<25
<2
<14
<250
<5
<10

Basic skill 2: Grasping.

Parameter

Requirements for
proficiency level

Left instrument time (s)

Left instrument path length (m)

Left instrument angular path (degrees)
Right instrument time (s)

Right instrument path length (m)

Right instrument angular path (degrees)
Tissue damage (frequency)

<45
<2
<300
<45
<2
<300
<3

Basic skill 3: Lifting and grasping.

Parameter requirements for proficiency level

Requirements for
proficiency level

Total time (s)

Left instrument misses (%)

Left instrument path length (m)

Left instrument angular path (degrees)
Right instrument misses (%)

Right instrument path length (m)

Right instrument angular path (degrees)
Tissue damage (frequency)

Maximum damage (mm)

Grasper collided with left box (frequency)
Left box lifted (frequency)

Grasper collided with right box (frequency)

<120
<60
<3.2
<600
<60
<3.2
<600
<5
<15
<10
<15
<10

Basic skills 4: Fine dissection.

Parameters

Requirements for
proficiency level

Total time (s)

Ripped or burned blood vessels
Energy damaged on blood vessels (%)
Ripped small vessels (%)

Burned small vessels with or without stretch (%)

<150
<0
<20
<25
<25
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Parameters Requirements for
proficiency level

Grasper path length (m) <0.5

Grasper angular path (degrees) <120

Grasper outside view (frequency) <2

Grasper outside view (s) <4

Cutter path length (m) <0.9

Cutter path length (m) <0.8

Cutter angular path (degrees) <200

Cutter outside view (frequency) <2

Cutter outside view (s) <4

Procedural modul: Ectopic Pregnancy.

Parameters for the procedure: salpingectomy on the Lap-
sim® virtual reality simulator. To reach the proficiency level
all the requirements for the proficiency level must be ful-

filled using correct operation technique.

Parameters

Requirements for
proficiency level

Total time (s) <280
Left instrument path length (m) <2
Left instrument angular path (degrees) <350
Right instrument path length (m) <3
Right instrument angular path (degrees) <450
Blood loss (ml) <180
Pool of blood (ml) <10
Ovary Diathermy damage (s) <3
Tube Cut: Uterus distance (mm) <10
Removed dissected tissue (Yes/No) Yes
Bleeding vessel cut (Yes/No) No
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