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Abstract

Purpose Laparoscopic surgery has demonstrated various advantages for the patients’ care, but also presents some difficulties
for the surgeons, such as kinematic restrictions. Robotic comanipulation, in which control of instruments is shared between the
robot and the surgeon, can provide adaptative damping assistance which allows stabilization of movements. The objective of the
present study was to determine the contribution of this assistance on a bimanual laparoscopic task.

Methods Adaptative damping was studied on Peg Transfer task, performed by eighteen surgery-naive subjects. This exercise
was repeated seven times without (Classic repetitions) and seven times with comanipulated robots (Robot repetitions), in a
randomized order. We measured task performance, using Peg Transfer score; gesture performance, using hand oscillations and
travelled distance; Eye-tracking movements as an indicator of emergence of expertise. Participants’ perceived workload was
assessed by NASA TLX questionnaire, and difference in impression between the two conditions by UEQ questionnaire.

Results Adaptative damping improved gesture performance (oscillations F(1,17)= 23.473, p<0.001, n>=0.580), with a
statistically significant simple effect on the tool oscillation for both non-dominant (p<0.001) and dominant hand (p=0.005),
without influencing task performance (mean Peg Transfer score t(17)=0.920, p = 0.382, d=0.29), but deteriorating eye-tracking
movements associated with emergence of expertise (mean fixation rate per second F(1,17)=6.318, p=0.022, n?=0.271), at the cost
of a high perceived workload (NASA TLX score 59.78/100).

Conclusion  Assistance by adaptative damping applied by comanipulated robots improved gesture performance during a
laparoscopic bimanual task, without impacting task’s performance without allowing the emergence of comportments associated
with an expertise, and at the cost of a high perceived workload. Further research should investigate this assistance on more

precise and clinical tasks performed by professionals.
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Introduction improve depth perception, but is not yet the standard in

Laparoscopic surgery consists of millimetre incisions in operating room in many countries [5].

order to operate the patient, with surgical instruments Robot-assisted surgery is today well developed, with over

and camera inserted into the abdomen through trocars than a million interventions performed in 2018 with the

while watching the abdominal cavity on a 2D screen. telemanipulated  Da  Vinci  robot.  However,

This type of surgery presents various advantages telemanipulation introduce a new expertise, without a

compared to open surgery, such as decreased transfer of skill to the classic laparoscopic surgery [6],

postoperative complications and shorter hospital stay [1, and as well limits the communication between the

2] and became during the past decades the gold standard surgeon and the operating room team [7].

in various abdominal interventions. Apart from telemanipulated robots, another type of

However, laparoscopic surgery also presents some robotic-assisted surgery is developed: comanipulation, in

difficulties, such as kinematic restrictions and lever-effect which control of instruments is shared between the robot

due to the trocars [3], compromised visuo-motor and the surgeon, keeping the surgeon close to the

. . . .
coordination [4], as well as ergonomic issues for the patient. With comanipulation, the surgeon does the same

surgeon. 3D laparoscopy is nowadays available to movement as usual, but the robot can bring some help

and amelioration of the movement by holding the same
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instrument. Comanipulation can be applied to tasks
requiring human judgement and precise gesture [8], with
an easiest installation and a lower expense than
telemanipulated robots. Applied to laparoscopic surgery,
comanipulated robots do not change the installation of
the patients or the trocars, and allow skill transferability
[9].

One of the applications of comanipulated robots is the
application of a viscous force, which slow the movement
but maintain motions stable and precise, mostly used in
ophthalmology [10, 11]. Indeed, hand tremor can be an
obstacle in performing delicate surgical procedure, such
as microsurgery, and applying a viscous force is one way
to tremor filtering [8]. In laparoscopic surgery, viscous
force could ensure safety and accuracy in precise
procedures, but unlike in microsurgery, distance to cover
is relatively long and slowing down larger movements
can lead to fatigue and increased operative time.
Previous work proposed to utilize variable viscosity
according to velocity [12]. This adaptative damping
algorithm allows realising fast movements without
applying viscous field, but when the motion is slower the
robot generate a large viscous force to stabilize the hand
movement. Similar damping has shown its benefits with
comanipulation robots in other tasks than surgical ones
[13, 14].

Results of this previous work [12] suggest that adaptative
damping decrease hand tremor and realisation time of
point-by-point trajectories in direct manipulation, with
an improvement of trajectories, especially long
trajectories, as well as in laparoscopy. In laparoscopy,
viscous field seems to be more comfortable when applied
in the tip of the laparoscopic instrument for small depth,
and on the handle of the instrument for deeper
movements.

However, those first results were made on simple tasks,
far from clinical context, and on only one hand.

To get closer to a clinical context, the first step is to
propose a bimanual task, as surgeons always use both
hands to operate. Some exercises are specially made to
train and evaluate ambidexterity, such as Peg Transfer
[15]. To analyse a bimanual task, motion analysis has

demonstrated to be a useful assessment of laparoscopic

dexterity [16], and use of eye tracking is well known to
evaluate expertise in laparoscopy [17] as experts tend to
maintain their eye gaze on a target while novices will
look back and forth from the target to their instrument
to guide their motion. Robotic assistance in laparoscopic
surgery has shown in previous work its impact on
acquisition of expertise and amelioration of hand-eye
coordination, studied by eye tracking [18].

Therefore, the present study aimed to assess the impact
of wvariable viscosity field on a bimanual task in
laparoscopic surgery, by analysing the effect of variable
viscosity on task performance, gesture performance, and
comportments associated to the emergence of an
expertise, during a task that is made to evaluate

bimanuality.

Methods

Participants

Eighteen participants, four women and fourteen men,
without any experience in laparoscopic surgery were
recruited. Three are left-handed. Participants were aged
from 20 to 64 years old at the time of the experiment,
with a median age of 25 years old. Among them, eight
(44.4%) were daily users of computer video games, and
five others (27.8%) had a manual job. All participants
realised the same task. (Figure 1) All participants had
an information letter and signed a written consent. All
procedures are in accordance with ethical standard of the

institutional board and with Helsinki declaration.

Material

Two set ups were used for this protocol: one without and
one with comanipulated robots. These set ups are
illustrated in Figure 2: Classic repetition set up: it
includes a laparoscopy training set up (LaparoAnalytic)
with one grasper for the left hand and one dissector for
the right hand, and with a 2D screen above it displaying
the working space. The set up camera did not move
during the task. The graspers and trocars are provided
with movement’s sensors.

Robot repetition set up: the same pelvi-trainer set up is
used, with a 2D screen, and with two robotic arms in

addition, each holding the grasper and dissector for left
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Fig.1 Summary of protocol,

and right arm respectively, and placed on each side of
the pelvi-trainer.

The comanipulator used is a robotic arm designed on a
technological basis from Haption 3D  robots
(https://www.haption.com/fr/products-fr/virtuose-3d-
fr.html). It is composed of six articulated joints: the first
three are actively controlled, composing the “shoulder”
and three distal constitute a free spherical

and “elbow”,

wrist, which rotation follows the rotation of the
instrument. Instruments are attached to the robot by a
magnet. All joints are equipped with position sensors.
In addition of providing artificial forces, the measures
provided in real time by the robot are as follows:

o Orientation of the instrument axis and positions of
any point belonging to the instrument with respect to
the frame attached to the fixed robot base

o The output of the robot is a force exerted at point P

in real time (see Figure 3).

Algorithms implemented in these robotic arms are:

1) Gravity compensation and the associated trocar
detection needed to its implementation, described before
by our team in [19].

2) Adaptative damping algorithm, proportional to

velocity [12]: as described above, the robot sensors can

LaparoAnalytic

- Hand
oscillations

Eye-Tracking
- Fixations nb
- Fixation/sec e

- Duration of b (L

fixation

T

- Distance (m) ‘TI

apparatus and methods

measure position and velocity of point P, and a force f
can be exerted at point P. The following controller
achieves programming a viscosity:

f=-by
We propose in addition to make the viscosity b

depending on the norm of the velocity:

b = byax- A(llVID
where bmax is the maximal value of the viscosity and 0
<AL
More precisely, two thresholds, vmin and vmax are
defined, with 0 < vmin < vmax, and X is computed by
linear interpolation between its maximal value 1 and its

minimal value bmin/bmax:

={1,if |lv|] < vmm b = if vl
max
> Upax 1
V| — Ui b
_ vl min (1_ mm)’otherwise
VUmax — Vmin bmax

In order to avoid stick-slip motions (see Lin Dong thesis)
a first order low pass filter is applied to the viscosity
coefficient.

The viscosity parameters bmin, bmax, vmin and vmax
were determined empirically in advance in order to be

assistive but felt comfortable.
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Fig.2 Protocol set up. a Represent the Classic set up. b The
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Fig. 3 Representation of the robotic arm and its kinematics.
Point H represents the handle, Point T the tip of the instrument,

Point P is the point where the robot holds the instrument

Procedure

Participants performed one exercise, with fourteen
repetitions. Before the beginning of the session, a
randomisation determined whether the task was
performed with or without robotic help for each
repetition (for example: with robot-without robot-
without robot-with robot etc.), so that seven repetitions
were performed without robotic help (Classic repetitions)
and seven with robotic help (Robot repetitions). (Figure
1)

Participants had to realise the same exercise with seven
Classic repetitions and seven Robot repetitions, as the
whole session was composed of 14 exercises, with a total
duration of two hours. The chosen exercise was the Peg
Transfer, defined by the Fundamentals of Laparoscopic
Surgery protocol [20]. Before the beginning of the
repetitions, participants had two minutes to familiarize

with the set up and instruments on another exercise

(Marbles). Between repetitions, a pause was proposed to
the participants, and a pause was imposed at mid-

session.

Peg transfer protocol: six pegs are disposed on the left
side of a peghboard. The participant had to take a peg
with his left hand, transfer it mid-air from the left to the
right hand, and put the peg on the right side of the
pegboard with his right hand. Once the six pegs were
placed on the right side, the participant had to do the
same manoeuvre from right to left, by taking a peg with
the right hand, transferred it from the right to the left
hand and put the peg on the left side of the board. No
order was defined to take the pegs. All transfers had to
Ohis procedure is illustrated in Figure 4.

A penalty was counted each time a peg dropped outside
of the pegboard, or if it dropped into the pegboard but
the participant could not reach it. One penalty
corresponds to 10 points. The penalty was counted into
the Peg Transfer score, as described below.

Maximal time to realise the exercise was 300 seconds.
The time count begun at the moment the first peg is
touched, and ended when the last peg is released.
Participants were told to realise the exercise as fast as
possible, without penalty.

The Peg transfer is an exercise use in laparoscopic
training to evaluate hand-eye coordination, depth
perception, and ambidexterity [15]. Peg transfer
repetition is also used to evaluate novices, because it

does not require technical surgical skills but is adequate

to differentiate novices from experts [21].

Measures

To investigate the impact of damping on this bimanual
task, we analysed task performance, gesture
performance, acquisition of expertise, workload and the
difference of impression between Classic and Robot
repetitions.

_ Task performance: to measure task performance, we
used Peg transfer scores:

Time to realise the exercise and penalty score (= 10 x

number of dropped peg)



Fig. 4 Peg Transfer Procedure. The present figure shows one example of a left - to - right movement. The first image is the set up at the

beginning of the exercise. The participant grabs a peg with his left hand on the second and third image. On the fourth image, the participant

transfers the peg from his left to his right hand. The fifth image shows the drop of the peg with his right hand. This movement is repeated for

all the pegs from left to right, and then from right to left.

Overall score = maximal time accorded (300 sec) — time
to realise the exercise — penalty score

Corrected time, calculated according to the number of
successful transfers, to determine the time that the
participant would have taken to finish the exercise when
he could not; calculated as followed:

Corrected time = time to realise the exercise x

(12/number of successful transfers)

_ Gesture performance: to measure gesture performance,
we used the laparoscopy simulator LAPARO Analytic©
(https://laparosimulators.com/analytic/),  which is
using the movement’s sensors on instruments and trocars
to calculate different parameters, for each hand
individually:

Travelled distance by the tip of the instrument, in
meters

Hand oscillations (score with no specific units)
Percentage of visibility of the instrument, calculated by

a monitoring algorithm of the camera’s image

_ Emergence of an Expertise: we used an eye-tracking
device to analyse the emergence of expert movement
during the session, as experts tend to maintain eye gaze
in the target while manipulating the instruments [22].
Two moments were chosen to define targets: the Grab
phase, where the instrument is reaching the target which
is the peg that it will catch, and the Transfer/Drop
phase, were the peg is transferred between the two hands
before being dropped on the target. Examples of targets
for the first peg taken are represented in Figure 5.
Measures used were the number of fixations on the target
before reaching it (a low number of fixations shows the
maintenance of the gaze on the target), duration of

fixations (which tend to lengthen when there is less back

and forth from the tip of the instrument to the target),
and fixation rate per second [17, 23]. Gaze data were
recorded with a Tobii© screen-based eye tracker, with a
sampling rate of 120 Hz. Data analysis was performed
with Tobii Pro Lab®©.

_ Workload: results obtained at the NASA TLX

questionnaire allowed analysing self-perception of

comfort during the exercise. It is a subjective
multidimensional tool measuring workload during a task
realised with a human-machine system [24]. Tt is based
on six subscales: mental demand, physical demand,
temporal demand, performance, effort and frustration.
The questionnaire was given to the participants at the
end of the whole session, and was filled only to assess

Robot repetitions.

_ Difference of impressions between Classic and Robot
repetitions: UEQ questionnaire was used to compare
feelings of the participants when they did the exercise
with or without the robotic arms. This questionnaire is
validated to compare two products or experiences
according to their utilisation (efficiency, perspicuity,
dependability) and the impression of the user
(originality, stimulation, attractiveness) [25, 26]. Two
identical questionnaires were sent to the participant after
their session, one to determine their feeling during
Clagsic and one for Robot repetitions, and results were

compared between the two questionnaires.

COVID-19 related procedures

Wearing a mask covering nose and mouth was
mandatory during the whole session for participant and
examiner. A minimal distancing of two meters was

respected at all times. Each participant had to wash his
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Peg is catched :

Grab Phase .
No recording

—

~—————> Transfer/Drop phase ——>

Peg is dropped :
No recording

Fig. 5 Eye-tracking targets during the Peg Transfer exercise. The yellow circles represent targets where fixations are counted during the

interest phases. The purple area represents the areas where the gaze can move back and forth during the interest phases, without fixations

being counted. During the Grab phase, where the hand will grab the Peg before it touches it, the target is the Peg before it is grabbed. In the

Transfer/Drop phase, in which the participant transfers the Peg between his two hands and then places it down, the target is the peg on

which the Peg will be placed before it is dropped down.

hands with hydro-alcoholic gel before beginning the
session. Between two participants, instruments and the
whole set up were disinfected and the room was

ventilated.

Statistical analysis

The data recorded to appreciate the task performance
was used to conducted inferential statistical analysis. For
each metric, we analysed the effect of the robot use
presenting two levels (classic, robot) using paired t-tests.
For each metric of gesture performance, data were
compared using a two-way repeated measures ANOVA
to analyse the effects of robot assistance with two levels
(classic, robot), and the hand characteristics also
including two levels (dominant, non-dominant).

For each metric of the emergence of expertise, data were
compared using a two-way repeated measures ANOVA
to analyse the effects of robot assistance with two levels
(classic, robot) and grab/drop phase also with two levels
(grab, drop).

For all metrics, we checked the normality of the data
before the statistical analyses if it was not respected, we
used a logarithmic transformation to ensure the
normality of the data. Statistical significance was set to
0.05. Data were analysed with SPSS software.

For the UEQ questionnaire’s measures, data were
compared between the seven Classic repetitions and
seven Robot repetitions, using Welch’s T-test. All results
are presented in mean + SD. A p-value of less than 0.05

was considered as statistically significant.

Results

Task performance

A paired-samples t-test was conducted to compare mean
Peg transfer score, mean time of realisation and mean
corrected time in classic and robot conditions. A
logarithmic transformation has been applied to meet the
normality hypothesis for Peg transfer score and time of
realisation.

There was no significant difference in the Peg transfer
scores for classic (M=32.1, SD=54.1) and robot
(M=26.6, SD=48.2) conditions (t(17)=0.920, p = 0.382,
d=0.29). There was also no significant difference in the
scores for classic (M=263, SD=52.5 seconds) and robot
(M=263, SD=1.14 seconds) conditions (t(17)=-1.175, p
= 0.256, d=-0.28). There was no significant difference
regarding mean corrected time for classic (M=434,
SD=351 seconds) and robot (M=463, SD=503 seconds)
conditions (t(17)=-0.231, p = 0.820, d=-0.05).

Gesture performance

Gesture Performance results are represented in Figure 6.
A repeated measures two-way ANOVA was performed
to analyse the effect of adding robot assistance and using
dominant/non-dominant hand on the total distance
travelled by the tool tip. It revealed that there was a
statistically significant interaction between the effects of
adding the robot assistance and the studied hand
(F(1,17)=9.069, p=0.008, n?=0.348). The main effects
were not significant, with F(1,17)= 0.426, p=0.522,
n?=0.024 for the robot and F(1,17)= 0.082, p=0.777,
n?=0.005 for the hand. Simple effects analysis showed
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that for each analysed hand, adding assistance from the
robot did not have a statistically significant effect on
travelled distance by tooltip (p =0.096 and p=0.545
respectively for non-dominant and dominant hand).
Simple effects analysis showed that for each robot
condition (with and without), changing the analysed
hand did not have a statistically significant effect on
travelled distance by tooltip (p =0.098 and p=0.089).

A repeated measures two-way ANOVA was performed
to analyse the effect of adding robot assistance and using
dominant/non-dominant hand on the oscillation of the
hand. The analysis showed a significant effect of the
robot use (F(1,17)= 23.473, p<0.001, n?=0.580), and a
non-significant effect of the analysed hand (F(1,17)=
2.303, p=0.147, n2=0.119). It also revealed a statistically
significant interaction between the robot assistance and
the analysed hand (F(1,17)=8.037, p=0.011, n?=0.321).
Simple effects analysis showed that for each analysed
hand, adding assistance from the robot have a
statistically significant effect on the tool oscillation for
both levels of the hand dominance factor (p<0.001 and
p=0.005 respectively for non-dominant and dominant
hand). The robot use is indeed a significant main effect.

Simple effects analysis showed that with robot there is

no statistically significant effect (p=0.804) between hand
but there is one without robot (p=0.015).

A repeated measures two-way ANOVA was performed
to analyse the effect of adding robot assistance and using
dominant/non-dominant hand on the visibility of the
instrument. The results showed a significant main effect
of the robot use (F(1,17)=9.547, p=0.007, n?=0.360). A
non-statistical significance of the hand dominance
(F(1,17)=3.994, p=0.062, n2=0.190), and no interaction
effect (F(1,17)=0.502, p=0.488, n2=0.029).

Emergence of an expertise: Eye-tracking

Eye-tracking results are represented in Figure 7.

A repeated measures two-way ANOVA was performed
to analyse the effect of adding robot assistance and peg
transfer phase on the mean duration of fixation. The
analysis showed a significant effect of the robot use
(F(1,17)= 5.162, p=0.036, n°=0.233), and a significant
effect of the peg transfer phase (F(1,17)= 7.536,
p=0.014, n?=0.307). It also revealed a statistically
significant interaction between the robot assistance and
the phase (F(1,17)=6.256, p=0.023, n?=0.269). Simple
effects analysis showed that adding assistance from the
robot have a statistically significant effect only during

the drop phase (p=0.021) and not during the grab phase
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(p=0.675). Simple effects analysis showed that without
robot assistance the phase has a statistically significant
effect on mean duration of fixations (p=0.007) but the
effect is not statistically significant with robot assistance
(p=0.078).

A repeated measures two-way ANOVA was performed
to analyse the effect of adding robot assistance and peg
transfer phase on the mean number of fixations. The
results showed a significant main effect of the phase
(F(1,17)=20.342, p<0.001, n?=0.545). A non-statistical
significance of the robot assistance (F(1,17)=1.690,
p=0.211, 1n?=0.09), and no effect
(F(1,17)=0.094, p=0.763, n>=0.006).

A repeated measures two-way ANOVA was performed

interaction

to analyse the effect of adding robot assistance and peg
transfer phase on the mean fixation rate. There was a
significant main effect of the robot (F(1,17)=6.318,
p=0.022, n?=0.271). A non-statistical significance of the
phase (F(1,17)=1.014, p=0.328, n?=0.036), and no
interaction effect (F(1,17)=1.432, p=0.248, n2=0.078).

Questionnaires

Over all participants, the mean score at NASA TLX
questionnaire is of 59.78/100. This represented a high-
perceived workload [27].

Results of the UEQ comparing Classic and Robot
repetitions showed no significant difference between
Robot regarding attractiveness (1.18 + 0.99 vs. 0.83 +
0.99, p=0.31), perspicuity (1.31 + 1.03 vs. 0.78 + 1.07
p=0.14), efficiency (0.99 + 0.79 vs. 0.56 + 1.15 p=0.20),
dependability (0.76 + 0.8 vs. 0.67 + 1.13, p=0.77), and
stimulation (1.19 + 1.16 VS 147 + 0.95, p=0.44).
However, novelty (0.29 + 1.47 vs. 1.88 +1.01, p=0.0007)
was significantly higher in Robot repetitions. Those
results of UEQ questionnaires are represented in Figure
8.

Discussion

The present study assessed the impact of comanipulated
robotic assistance with adaptative damping algorithm on
a bimanual task in laparoscopic simulation. The results
suggest that adaptative damping improves gesture’s
performance, with a significant diminution of hand
oscillations on both dominant and non-dominant hands,
but did not impact task’s realisation or emergence of an
expertise. Moreover, subjective perception of workload
was high according to NASA TLX, but robotic help
appeared as more modern than classic approach without

influencing efficiency or perspicuity.
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In surgical context, damping has shown its benefits in
microsurgery by tremor filtering [8, 28] but have not
been experienced in other fields of surgery. To our best
knowledge, only our team have worked on adaptative
damping for laparoscopic tasks.

It has been shown in two studies that damping had a
positive effect on tremor filtration and on precision for
point-to-point trajectories [12] [18]. The second study
[18] concluded on an improvement of task’s performance
with damping, but without significant difference, due
probably to a lack of power because this question was
not the main research question of this study.

Gesture analysis has been demonstrated as an objective
reflection of operative ability, in simulation as well as in
clinical situations [16]. In the present study, gestures
amelioration by adaptative viscous force was expected,
as the first application of this algorithm is tremor
filtration. The present study confirms this role in
bimanual laparoscopic simulation with an amelioration
of gesture performance of both hands. Also, it was
expected that the gesture amelioration could be more
efficient on the non-dominant hand, as it is the less
precise hand, and this hypothesis has been confirmed by
this protocol, with the loss of statistical difference
regarding hand oscillations between the two hands when
adding the robotic assistance (Figure 6b), while non-
dominant hand had significantly more oscillations than

the dominant hand in the Classic set up.

However, contrary to what was expected, the task
realisation was not ameliorated by adaptative damping.
It has been shown that Peg Transfer is a good exercise
to assess objectively laparoscopic technical skills, in term

of efficiency and precision [20]. As well, Peg Transfer is

a good exercise to evaluate both hands individually and
symmetrically, and so represent well a bimanual task.
However, one hypothesis that can explain this result is
the simplicity of the task and the lack of precise motions
which did not
in this task

needed to complete it, allow
demonstrating the use of damping
particularly. Further research with more precise and

complex tasks should be considered.

Interestingly, it has been shown in this study that
gesture is improved, but the task realisation is not.
However, it should be noted that the task is not
deteriorated and moreover that the time of realisation is
not increased. One of the criticisms about
telemanipulation, which is nowadays the most common
type of robotic assistance in laparoscopic surgery, is the
increased operative time compared to classic
laparoscopic surgery [28]. Here, comanipulation with
adaptative  damping  algorithm  permitted  an
amelioration of gesture with no longer time of realisation,
or difference in terms of performance of the task.
Moreover, telemanipulation tend to lengthen
preoperative time, due to the installation of the robotic
arms [29]. Comanipulated device, as shown in this
protocol, is easily installed and connected to the
laparoscopic instruments with the help of magnets, and
can be connected or disconnected easily whenever

needed.

The negative result regarding eye-tracking measuring,
reflecting emergence of an expertise, was less expected.
Previous work showed a trend (but not significant)
towards improved hand-eye coordination and reduce eye

fixation rate per second, reflecting a faster emergence of
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expertise, with this type of robotic assistance in a
laparoscopic exercise [18]. In the present study, this
result is even weaker, as no trend seems to appear. Our
participants were all novices and had no experience of
laparoscopic surgery. Also, the Peg Transfer’s learning
curve is known in the literature, showing that novices
need to perform an average of 57 repetitions to reach an
expert level [31]. The number of repetitions in this
protocol may not have been sufficient to show the
emergence of an expertise in novices, but we were unable
to increase this number due to the already long duration
of the session. This could explain the difference of results
with the previous study, which included three sessions of
exercises to analyse task’s learning.

Moreover, the results showed a significant
deterioration of the mean duration of fixations, as well
as the mean visibility of the instruments. As our
participants  were novices, already discovering
laparoscopy, adding another factor as the robotic
assistance could complexify the acquisition of expertise,
and disturb the participants. Another hypothesis is that
participants rely on the robotic assistance to have better
results, which could unveil less accurate movements and

comportments.

A specificity of this study was to evaluate self-perceived
workload during the robotic-assisted exercises, which
was high, indicating a lack of comfort for the
participants. However, the participants were naive
subjects. Laparoscopic surgery is a particular effort,
being standing for a long time and discovering new
motions and visualisations in laparoscopy can quickly
lead to fatigue [32]. The duration of the 14-exercises
session was approximately two hours, so it is not
surprising that the workload was perceived to be high,
even though rest periods between exercises were
imposed. The perceived workload could have been due
to the discovery of this surgery and its constraints.
Nevertheless, the UEQ questionnaires revealed that
there was no significant difference between the Classic
and Robotic repetitions in terms of perceived efficiency
and controllability. It is important to investigate this

result in further studies to know if this perceived

workload is due to the task itself, the discovery of
laparoscopy or the robotic assistance. Perceived comfort
and ergonomic are described as one of the strengths of
telemanipulated robotic assistance compared to classic
laparoscopic approach [33, 34]. The present protocol
raises the question of compromise between gesture
performance and comfort perception, as gesture is
significantly improved by damping, but with a high-
perceived workload. Feedback on the perceived workload
during the use of comanipulated robotic arms by people
used to the effort of laparoscopy is therefore necessary in

further research.

This study has several limitations. First, choice of
novices does not allow determining the use of this
agsistance for surgeons, but it limits the potential bias of
different level of skills between residents in different
years of residency and experts. Also, unfortunately, only
four on 18 participants were female, which is not
representative of today’s representation of genders in the
surgical environment. Furthermore, this study is a first
step to assess the impact of comanipulated assistance on
bimanual tasks. The task chosen, Peg Transfer, has no
need of real precise movements, and as a consequence is
maybe not adapted to demonstrate the impact of
adaptative damping algorithm in laparoscopic surgery.
Further researches are needed with more precise clinical
tasks to determine the real-life impact of viscous force in
comanipulated robotic-assisted laparoscopic surgery, and
also with young and senior surgeons to study this
contribution to professionals and the impact of
experience on flexibility in this assistance use. Also,
further research should investigate the perception of
comanipulated robots and adaptative damping by
professional used to laparoscopy, to have their feedback

on this device and its potential use in operating rooms.

In conclusion, the present study assessed the impact of

comanipulated robotic assistance with adaptative

damping algorithm on a simple bimanual task in
laparoscopic training performed by novices. This
performance, without

assistance improved gesture

impacting task’s performance, without allowing the

10



emergence of comportments associated with an expertise,
at the cost of a high workload. This study raises the
questions of the task’s choice, which should be more
realistic and complex in future protocols to study the
clinical impact of this robotic assistance. It also unveils
the limits of the choice of naive participants. Further
research should be conducted with professionals, used to
laparoscopic surgery, and therefore more able to be
confronted to a new technology, while performing a more

precise task.
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