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Abstract

Background To improve patient safety, training of psy-
chomotor laparoscopic skills is often done on virtual reality
(VR) simulators outside the operating room. Haptic sen-
sations have been found to influence psychomotor perfor-
mance in laparoscopy. The emulation of haptic feedback is
thus an important aspect of VR simulation. Some VR
simulators try to simulate these sensations with handles
equipped with haptic feedback. We conducted a survey on
how laparoscopic surgeons perceive handles with and
without haptic feedback.
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Methods Surgeons with different levels of experience in
laparoscopy were asked to test two handles: Xitact IHP
with haptic feedback and Xitact ITP without haptic feed-
back (Mentice AB, Gothenburg, Sweden), connected to the
LapSim (Surgical Science AB, Sweden) VR simulator.
They performed two tasks on the simulator before
answering 12 questions regarding the two handles. The
surgeons were not informed about the differences in the
handles.

Results A total of 85 % of the 20 surgeons who partici-
pated in the survey claimed that it is important that handles
with haptic feedback feel realistic. Ninety percent of the
surgeons preferred the handles without haptic feedback.
The friction in the handles with haptic feedback was per-
ceived to be as in reality (5 %) or too high (95 %).
Regarding the handles without haptic feedback, the friction
was perceived as in reality (45 %), too low (50 %), or too
high (5 %). A total of 85 % of the surgeons thought that the
handle with haptic feedback attempts to simulate the
resistance offered by tissue to deformation. Ten percent
thought that the handle succeeds in doing so.

Conclusions The surveyed surgeons believe that haptic
feedback is an important feature on VR simulators; how-
ever, they preferred the handles without haptic feedback
because they perceived the handles with haptic feedback to
add additional friction, making them unrealistic and not
mechanically transparent.

Keywords Haptic feedback - Laparoscopy - Simulator -

Surgical skills - Training - Virtual reality

Technical ability is an important part of surgical compe-
tence [1, 2]. To improve patient safety, training of psy-
chomotor skills can be done outside the operating room
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(OR) on virtual reality (VR) simulators or box trainers
[3, 4]. The nature of image-based minimally access sur-
gery—for example, laparoscopy, where surgeons insert
instruments through small incisions or natural orifices and
use perioperative images to guide the intervention—makes
it amenable to VR simulation [5, 6]. The VR simulator uses
a computer and physical interfaces representing surgical
instruments and instrument ports to simulate a virtual
surgical environment with which the user can interact
[6-8].

An important aspect of VR simulators is the reproduc-
tion of the challenges a surgeon encounters during sur-
gery—challenges related to vision and touch [9]. The
sensation of touch and proprioception, or haptic sensations
[10-12], are weaker in laparoscopy compared to open
surgery [11, 13, 14]. Nevertheless, the surgeon can still
perceive haptic sensations through the instruments as they
touch the trocars, the abdominal wall, organs, and other
physical objects within the surgical environment [15]. The
control of forces related to grasping and pulling is essential
when performing surgery; the inability to control these
forces may result in tissue slippage if the applied pinching
forces are too small, or tissue damage if the forces are too
high [16]. As such, the training of skills related to haptic
sensations is essential [14, 17-19], and the emulation of
virtual haptic feedback is an important feature of a VR
simulator [20]. A number of VR simulators try to simulate
haptic sensations [7, 21] with actuators (motors) built into
the device imitating the trocar. The actuators exert a force
on the instrument to create vibrations and resistance, giving
the user the illusion of touch when interacting with virtual
objects (Fig. 1) [11].

Fig. 1 Simplified model of a haptic feedback device. The actuators in
the imitated trocar exert a force on the instrument depending on the
characteristics of the virtual object and the force applied to the
instrument by the user
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The word haptic is of Greek origin and relates to the sense
of touch—that is, the perception and manipulation of objects
using the senses of touch and proprioception, which further
can be divided into what is felt by the cutaneous receptors
located in the skin allowing the detection of pressure,
vibration, texture, heat, and pain and the kinesthetic recep-
tors in muscles and joints that sense the position and move-
ments of muscles and bones [11]. In laparoscopy, the haptic
sensations felt by the surgeon are tool mediated [22]; that is,
they are felt through the laparoscopic instruments. This
makes the haptic interaction less complex to simulate than
with direct contact interaction, as is the case in open surgery
where the surgeon interacts with tissue directly with his or
her gloved fingers. The virtual reproduction of the tactile and
kinesthetic sensory input in laparoscopy therefore consists of
imposing to the laparoscopic instrument mock-up the same
forces that a real instrument would undergo as it interacted
with the surgical environment.

For tool-mediated interaction, a kinesthetic haptic
interface is, in theory, relatively straightforward: it ought to
emulate perfect rigidity when in contact with a virtual rigid
object and be mechanically transparent when moving
through empty space. In practice, though, realistic haptic
feedback on VR simulators is difficult to achieve [13, 21],
due to insufficient mechanical performance of the device,
in terms of frequency response, fidelity in force reproduc-
tion and force resolution [22]. In addition, this technology
is usually an expensive add-on [13, 23-25] to these sys-
tems. Because little is known about how laparoscopic
surgeons perceive VR simulators with and without haptic
feedback, we conducted a survey to investigate it.

Methods

Surgeons with different levels of experience in laparoscopy
were asked to try two instrument ports commonly used in
VR simulators [21] and to give an opinion on them: the
Xitact THP (instrument haptic port) with haptic feedback
(Fig. 2) and the Xitact ITP (instrument tracking port)
without haptic feedback (Fig. 3) (Mentice AB, Gothenburg,
Sweden). The instrument ports were connected to the
LapSim VR simulator (Surgical Science AB, Gothenburg,
Sweden). Throughout, we use the common term handle to
describe the instrument mock-up including the instrument
port imitating the trocar, the instrument shaft, and the grip
(e.g., a pistol grip).

The surgeons performed two tasks: fine dissection, and
lifting and grasping. The order of testing the handles and
the tasks were randomized. The surgeons were not
informed about the differences in the handles. After testing
the two handles, they answered a questionnaire containing
seven questions related to their background and 12
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Fig. 3 Xitact™ instrument tracking port (ITP) without haptic feedback (courtesy Mentice AB)

questions related to their perception of the two handles. All
questions were closed format—that is, they did not allow
additional text to be added. Questions related to the two
handles consisted of two 5-point rating scale questions, two
bipolar questions, and two dichotomous questions,
including a “do not know” option. The questions were
phrased in common language, avoiding terms like haptic
feedback. The questionnaire was anonymous. The answers
were summarized with descriptive statistics and nonpara-
metric tests at significance level 0.05 by SPSS software,
version 19.0 (IBM, Armonk, NY, USA).

Results

Twenty surgeons with experience in laparoscopy partici-
pated in the survey. Eleven had performed fewer than 100
laparoscopic procedures; five between 101 and 1,000 lap-
aroscopic procedures; and four more than 1,000 laparo-
scopic procedures. All participants completed the survey.
There were 15 men and five women. Eleven participants
had previous experience with VR simulators. Fourteen were
between 30 and 40 years old, and six were older than 41.

No statistically significant differences were found when
comparing the answers from men and women, from those
with and without previous experience with VR simulators,
or from members of the two age groups. One question was
answered by 19 surgeons, whereas the other questions were
answered by 20 surgeons.

Fifteen of 19 surgeons (79 %) claimed that handles with
haptic feedback on VR simulators are important, given that
they feel realistic (score 4 or 5, where 5 is the most
important) (Fig. 4). Eighty-five percent of the participants
stated that it is important that a handle that tries to imitate
and provide the perception of tissue stiffness feels realis-
tic—that is, that the forces felt when holding the handle are
realistic and proportional to the stiffness of the tissue that
the handle touches virtually (Fig. 4). Fourteen surgeons
(70 %) thought the handle without haptic feedback felt
most realistic, while four (20 %) of the participants said
that the handles with haptic feedback imitated reality best.
Two participants (10 %) thought both handles imitated
reality equally well (P < 0.02, one-sample Chi-square test)
(Fig. 5).

After the test, the surgeons were informed that one of
the handles tries to simulate the resistance offered by tissue
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= very important

1 =unimportant, 5

How important is it that
the handle has haptic
feedback ?

How important is it that a
handle with haptic
feedback feels realistic ?

Fig. 4 The surgeons’ answers to the questions, “How important it is
that the handle has haptic feedback given that it is realistic” and
“How important it is that a handle with haptic feedback feels
realistic” on a scale of 1 (unimportant) to 5 (very important). The
results are presented as box plots where the middle band shows the
median value, the botfom and top of the boxes show the 25th and 75th
percentiles, and the ends of the whiskers show the 5th and 95th
percentile. Outliers are plotted as circles
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Fig. 5 Surgeons’ answers to which of the two handles they thought
imitated reality the best (error bars with P = 0.05)

when deformed. When asked which handle they thought it
was, 85 % (n = 17) of them answered the Xitact IHP (the
handle with haptic feedback), 5 % (n = 1) answered the
Xitact ITP, and 10 % (n = 2) answered that they did not
know (P < 0.00, one-sample Chi-square test). Of the 17
surgeons who thought that the Xitact IHP handles provided
haptic feedback, two (12 %) thought the handles succeeded
in doing so. Eighteen (90 %) of the surgeons preferred the
handles without haptic feedback, while two surgeons
(10 %) favored both equally well (P < 0.00, one-sample
binominal test) (Fig. 6).

The friction when using the handles with haptic feed-
back was perceived to be as in reality (n = 1, 5 %) or too
high (n =19, 95 %) (Fig. 7). Regarding the handles
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Fig. 6 Number of surgeons who preferred one of the handles or both
equally well (error bars with P = 0.05)
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Fig. 7 Repartition of number of surgeons who found the friction in
the mimicked trocars to be “as in reality,” “too low,” or “too high”
for each of the two handles

without haptic feedback, the friction was perceived to be as
in reality (n = 9, 45 %), too low (n = 10, 50 %), or too
high (n = 1,5 %) (Fig. 7). Eighty-five percent (n = 17) of
the participants thought they performed best with the
handles without haptic feedback, while 10 % (n = 2)
thought they performed best using the handles with haptic
feedback. One participant (5 %) did not notice a difference
(P < 0.00, one-sample Chi-square test).

Discussion

Haptic sensations in laparoscopy are limited compared to
open surgery [11, 13, 14] but are stronger compared to
robotic surgery, where they are almost nonexistent [26].
Although they are still not completely understood [9, 12,
15, 17, 25], haptic sensations have been found to be an
important part of laparoscopy [14, 17, 18]. Studies showed
that for maneuvers such as grasping and pulling, although
changed as they are mediated through the laparoscopic
instruments, how to perform them is better retained when
learned on training devices with realistic haptic feedback
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[17, 27-29]. Haptic feedback is thus an important add-on
for VR simulators in laparoscopic skills training [7, 20,
28-30]. Similarly, in this survey, most of the surgeons
(79 %) believed that it is important that a VR simulator has
haptic feedback.

It has been found that haptic devices not only influence
how skills are acquired and transferred to the OR, but also
that they influence performance scores [31, 32]. As such,
care should be taken when comparing results from the
same VR simulator, but equipped with different kinds of
handles (with and without haptic feedback). Buzink et al.
[31] performed a study on the SimSurgery SEP VR simu-
lator with Xitact IHP haptic feedback instrument ports and
found that the participants’ performance scores were infe-
rior to those obtained when performing the same tasks on
the SEP simulator with the original handles without haptic
feedback from Simpack. This correlates with the results of
our study, which demonstrated that 85 % of the surveyed
surgeons had the impression that they performed better
with the handles without haptic feedback.

The results of this study are in large part unidirectional
and show statistically significant results. They indicate that
attention should be paid not only to the validation of
simulated training tasks, but also to the validation of the
whole training setup, including the presence of haptic
feedback. More confidence in the findings can be gained by
conducting a multicenter study with a larger number of
participants. We did not inform the participants about the
differences in the handles before the test. The physical
differences, although minor, were visible to the partici-
pants. This might have influenced the way they perceived
the handles.

Despite the importance of haptic feedback on training
results, it is not always explicitly described in the literature
whether the handles in the training setup include haptic
feedback [33]. This makes it difficult for the surgical
community to compare results obtained in different studies
and to make correct use of them. Of 17 construct validity
studies on the LapSim VR simulator [34-50], seven studies
did not explicitly describe the type of handles used [34, 39,
41-44, 50]. In three other studies [23-25], it was found that
having the haptic feedback software activated did not make
a difference. None of the three studies, however, described
the hardware of the handles, nor did they mention the
influence of the haptic hardware.

Haptic devices [51] try to simulate haptic sensations felt
by cutaneous receptors, primarily sensations felt by the
fingertips (tactile devices) or by simulating sensations felt
by kinesthetic receptors in muscles and bones (kinesthetic
or force feedback devices). In laparoscopy, the haptic
sensations are limited compared to open surgery, mainly
because the cutaneous receptors in the fingertips are not in
direct contact with the organs, limiting direct palpations.

The haptic sensations still present in laparoscopy are
therefore primarily kinesthetic sensations, making a haptic
device on a laparoscopic VR simulator mainly a force
feedback device. In the literature related to haptic sensa-
tions in laparoscopy, the terms factile feedback [10, 15],
force feedback [14, 17, 21], or simply haptic feedback
[20, 21, 23, 28, 52] are used. We chose throughout the
study to use the term haptic feedback to include both force
and tactile feedback. In the questionnaire, we phrased the
questions omitting words like haptic, tactile, or force
feedback, instead using phrases like, “Do you think the
handle succeeds in giving a sensation of tissue stiffness?”
We did this to avoid misunderstandings related to the dif-
ferent terms.

A VR simulator has many advantages compared to other
training modalities like box trainers, such as highly
developed assessment tools [53], built-in formative feed-
back [21], and the possibility of simulating complex pro-
cedural tasks [33]. One of its disadvantages compared to
box trainers is the lack of natural haptic feedback [27].
Several studies have investigated the differences in skill
acquisition [17, 28, 54-56] and in the capability of
detecting differences in levels of surgical experience [57]
between VR simulators without haptic feedback and box
trainers with natural haptic feedback. The results diverge,
but three studies found that haptic feedback aids in the
retention of skills [17, 28, 56], one study found that there
were no differences [54], and Tanoue et al. [55] found that
training on VR simulators and box trainers is comple-
mentary, and a combination of them should be included in
a training curriculum. Avgerinos et al. [57] found that a
box trainer is more sensitive in detecting differences in
surgical experience than a VR simulator without haptic
feedback. In a study by Youngblood et al. [S8] where a VR
simulator with haptic feedback was compared to a box
trainer, they found that skills were better retained on the
VR simulator. Botden et al. [35] and Zhou et al. [28]
compared an augmented reality trainer to a VR trainer
without haptic feedback and found that the augmented
reality trainer was perceived as a better training tool,
probably because of the natural force feedback [35], and
that learning with haptic feedback was more efficient
during the first 5 h of training [28]. An augmented reality
trainer uses physical objects and standard laparoscopic
instruments like a box trainer, but in addition incorporates
tracking of the instruments to score training performance.

Realistic haptic feedback is desired, but it has been
technically difficult to achieve in VR simulators [13, 21].
To simulate haptic feedback, the interaction between the
physical representation of the surgical tools and the virtual
tissue and organs must be tracked to detect collisions at
interactive frame rates. A haptic device has to be updated
with a frequency of 1 kHz to seem real and stable,
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compared to 30 Hz for a visual display [5, 20, 52]. Further,
the tissue properties of the virtual object and the corre-
sponding virtual forces of resistance offered by tissue to
deformation need to be calculated to find the magnitude of
haptic feedback—that is, the force reflected to the user [12,
20, 52]. The haptic device needs a mechanism to transmit
the virtual reflected forces to the user through the instru-
ment. A possible way of transmitting the reflected forces is
to have actuators in the device imitating the trocar (Fig. 1),
as the Xitact IHP does. The actuators exert a force on the
instrument depending on the virtual reflected forces, cre-
ating an illusion of touch when interacting with virtual
objects. The difficulty with such a solution is to achieve
mechanical transparency when moving through empty
space. Our study shows that realistic haptic feedback has
not been achieved in the tested handles, and that the Xitact
IPH handles are not perceived as mechanically transparent.
A total of 95 % of the surgeons in our study found that the
simulation of haptic feedback by the Xitact IHP added
unrealistic high friction when moving the instruments in
and out of the device, imitating the trocars. On the other
hand, half of the surgeons found that the friction in the
handles without haptic feedback was too low.

Today there is limited knowledge of how unrealistic
haptic feedback influences skills acquisition and transfer to
the OR [17]. Future studies should include analysis of the
way haptic sensations affect the performance of laparos-
copy and the acquisition of laparoscopic skills, together
with how a VR simulator could implement haptic feedback
to best enhance laparoscopic skills training. Technological
advances on haptic devices, together with results from
randomized, controlled studies on haptic feedback, will
help us develop efficient and effective training curricula
and establish the true value of costly equipment in training
and assessing laparoscopic skills.
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