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Abstract

Background Minimally invasive single-port surgery is always associated with large incisions up to 2—-3 cm, complicated
handling due to the lack of triangulation, and instrument crossing. The aim of this prospective study was to report how
medical students without any laparoscopic experience perform several laparoscopic tasks (rope pass, paper cut, peg trans-
fer, recapping, and needle threading) with the new SymphonX single-port platform and to examine the learning curves in
comparison to the laparoscopic multi-port technique.

Methods A set of 5 laparoscopic skill tests (Rope Pass, Paper cut, Peg Transfer, Recapping, Needle Thread) were performed
with 3 repetitions. Medical students performed all tests with both standard laparoscopic instruments and the new platform.
Time and errors were recorded.

Results A total of 114 medical students (61 females) with a median age of 23 years completed the study. All subjects were
able to perform the skill tests with both standard laparoscopic multi-port and the single-port laparoscopic system and were
able to significantly improve their performance over the three trials for all five tasks—rope pass (p <0.001), paper cut
(»<0.001), peg transfer (p <0.001), needle threading (p <0.001), and recapping (p <0.001). In 3 out of 5 tasks, medical
students performed the tasks faster using the standard multi-port system—rope pass (p < 0.001), paper cut (p <0.001), and
peg transfer (p <0.001). In the task recapping, medical students performed the task faster using the new single-port system
(p=0.003). In the task needle threading, there was no significant difference between the standard multi-port system and the
new single-port system (p > 0.05).

Conclusion This is the first study analyzing learning curves of the commercially available SymphonX platform for abdominal
laparoscopic surgery when used by novices. The learning curve and the error rate are promising.

Keywords Single-port surgery - SILS - Robotic surgery - Novices - Learning curve

Since its introduction to clinical practice laparoscopic sur-
gery underwent an enormous development [1, 2]. The path-
way of minimally invasive surgery until the most recent
milestones such as single-port and robotic surgery has
been reported before [3—12]. In this context, we recently
described our first preclinical experience with a newly devel-
oped single-port device, fitting through a standard 15-mm
trocar [3, 4]. More recently, we were able to demonstrate the
feasibility of true single-port surgery using the in the mean-
time certified “SymphonX platform” performing the first
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clinical series of laparoscopic cholecystectomy through only
one 15-mm trocar without any assisting instruments [11].

One of the main challenges of the single-port technique
is the long learning curve. Due to missing triangulation, the
use of various crossing instruments via one port has been a
challenge for many users [13]. Standard laparoscopic multi-
port techniques seem to be more intuitive in comparison to
single-port procedures, but on the other hand not all lapa-
roscopic skills appear to be transferable to the single-port
technique [12, 14].

Various researchers have already described the learning
curve for experienced laparoscopic surgeons gaining skills
for single-port surgery, a fact that we were also able to show
with our own data [11, 15, 16].
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Introducing new surgical technology is a time-consum-
ing process that needs to be handled with care for patients’
safety [17]. The aim of this study was to analyze the differ-
ences in usage of the new technology versus standard lapa-
roscopy when performed by medical students without any
laparoscopic experience.

Material and methods
Study design

In this single-center, prospective randomized study, medical
students of the University Hospital Cologne without any pre-
vious experience in laparoscopic or single-incision surgery
were recruited through posters, flyers, and email lists. All
students who fit the selection criteria (medical students and
no previous experience in laparoscopic or single-incision
surgery) were offered inclusion in the study.

Laparoscopic skills were measured using two different
laparoscopic training simulators: eoSim (eoSurgical Ltd,
Edinburgh, UK), a commercially available simulation box
in the form of a suitcase with three accesses, which basically
allows the insertion of three instruments. A camera system
is integrated, which transmits the images to the user via a
tablet. At the same time, the tasks could be recorded using
this system (Fig. 1).

The Fortimedix-simulation box (Fortimedix, Nuth, Neth-
erlands.) was developed especially for this study to make the
application as realistic as possible. The recording system
was based on an endoscopic camera, being inserted into
the device through the intended opening. The camera was

Fig. 1 eoSim laparoscopy box
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always held by the instructor without interfering the exer-
cises. The image was transmitted via a tablet (Figs. 2, 3).

At the beginning, students watched an instructional video
explaining the five laparoscopic tasks. After that, students
received a handout describing all five tasks in more detail.
According to their randomized classification, the students
were brought to their corresponding simulator. Before
starting the exercises, the test person had the opportunity to
become familiar with the respective instruments under the
supervision and explanation of the instructor. As soon as this
was the case, the exercises were started. The acclimatization
time was never longer than 60 s. Students had to complete
each laparoscopic task three times. All laparoscopic tasks
were recorded on video. For each task, time to complete and
number of errors was measured based on the videos. The
beginning of each trial was defined as the moment when
the students first touched the materials of the task at hand
with the laparoscopic instruments. The end of each trial was
defined as the moment when students had completed the task
and had released the laparoscopic instruments onto the floor
of the laparoscopic training box.

The following laparoscopic tasks according to our pre-
viously published study protocol were used to measure
laparoscopic skills: rope pass, paper cut, pegboard transfer,
needle threading, and recapping [18]. These laparoscopic
tasks were selected because they have been used as valid
measurement tools in several prior studies [18—20]. The five
tasks are depicted in Fig. 4.

In the rope pass task, the task was to pass a 30-cm-
long silicone tube from one instrument to the other, while
only touching the tube at certain marked areas (size of
each area was 3 mm; the space between each area was

Box. 4
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Fig. 2 Fortimedix laparoscopic
box, front view

Fig. 3 Fortimedix laparoscopic
box, side view

3 cm). Touching the silicone tube at a non-marked area
was counted as an error.

In the paper cut task, students were presented with an
8-cm-long paper ruler with markings every millimeter
and every centimeter. The task was to cut along the mark-
ings without fully cutting the paper ruler in half. Cutting
through the paper or cutting in a non-marked area was
counted as an error.

In the pegboard transfer task, students were presented
with a pegboard with 11 metal rods and six triangles. The
task was to transfer the triangles between the metal rods.

@ Springer

Incorrect placement of the triangles was counted as an
error.

In the needle threading task, students were presented with
a needle sticking in a pincushion and thread that was marked
in black on both ends and in the middle. The students were
tasked with grabbing the needle with the left instrument
and passing the thread through the eye of the needle, using
the right instrument. Dropping the needle or the thread was
counted as an error.

In the recapping task, students were presented with a
needle and a cap. The cap was placed behind the lower left



Surgical Endoscopy (2021) 35:5338-5351

5341

Fig.4 Tasks

peg and the needle behind the right peg on the pegboard.
The task was to grab both the needle and the cap using the
instruments, recap the needle, and place the recapped needle
behind the middle peg on the pegboard. Dropping the nee-
dle, the cap, or the recapped needle was counted as an error.

Questionnaires

After participants had completed the laparoscopic tasks,
they completed the NASA task load index (NASA-TLX)

[21] as well as several questions about their prior gaming
experience.

Description of the new platform

SymphonX includes an introducer fitting into a standard
15-mm trocar (Fig. 5). On each side of the introducer,
lateral arms provide positional support of the articulat-
ing instruments. Instruments can be introduced via four
lumens through the introducer: two lateral lumens for

Fig.5 SymphonX platform
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articulating instruments, a superior lumen for a 5-mm
laparoscopic camera, and an inferior lumen for an addi-
tional instrument such as a 3-mm suction/irrigation device.
Currently available instruments are hook cautery, alligator
grasper, curved dissectors, clip applier, scissors, and suc-
tion/irrigation. In this study, we used only the curved dis-
sectors and scissors. After insertion via the lateral lumens
of the introducer, the devices are attached into the instru-
ment clamps on the lateral guiding rails to activate a tri-
angulated approach within the surgical field. The devices
have special configurated segments which allow triangu-
lation incorporating robotic features without proximal
instrument crossing or collision. Each device is capable
of 360° axial rotation, as well as lateral, anterior/posterior,
and superior/inferior maneuverability. An instructional
video of the technology can be seen in the supplementary
material of this study.

Procedure

Two students participated in each testing session. At the
beginning of the experiment, students were greeted by the
experimenter and sat down in front of a computer. Stu-
dents then watched an instructional video describing the
five laparoscopic tasks. After that, they received a hand-
out describing the tasks. Then each student was assigned
randomly to the laparoscopic box with the standard multi-
port system or the single-port system box (Figs. 3, 4) and
started with the first trial of the first task. Students always
completed the five laparoscopic tasks in the following
order: rope pass, paper cut, pegboard transfer, needle
threading, and recapping. Each laparoscopic task was per-
formed three times by each student. Due to the complexity
of the needle threading and recapping tasks, a time limit
of 15 min was set for both tasks. After 15 min had passed,
students were asked to drop their instruments and move
on to the next task. All laparoscopic tasks were recorded
on video. After students had completed the laparoscopic
tasks, they switched laparoscopic boxes. After students
had completed the tasks on both laparoscopic systems,
they completed several questions about their prior gaming
experience and the NASA task load index (NASA-TLX).

Participants

One hundred and fourteen medical students (53 males,
61 females; mean age =23.3, age range 19-37) partici-
pated in the study. For detailed demographic information
see Table 1. All students were recruited at the University
Hospital of Cologne.
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Table 1 Demographic data

Male Female

n 53 61
Age (Mean, SD) 23.5(3.0) 23.2(3.3)
Handedness (left:right) 4:49 4:57
Glasses (yes:no) 25:28 25:36
Semester

2nd Preclinical 0 3

3rd Preclinical

4th Preclinical 7

1st Clinical 10 12

2nd Clinical 5 16

3rd Clinical 0

4th Clinical 4 5

Sth Clinical 10 8

6th Clinical 0
Practical year 8 5

Statistical analysis

For each of the three laparoscopic tasks, time to complete and
number of errors were recorded. In line with Rosser et al., for
each error 5 s were added to the time to complete the task [22].
This combined measurement was used in all statistical analy-
ses. A statistical power analysis was performed for sample
size estimation. Our study was sufficiently powered to detect
medium-sized effects (Cohen’s d=0.3) for the within-group
comparisons. With an alpha=0.05 and power=0.80, the pro-
jected sample size needed to detect a medium effect for the
within-group comparisons was N=90 (GPower 3.1). With
regard to correlations, a minimum sample size of N=_84 was
needed to detect a medium-sized effect (GPower 3.1). Data
were analyzed using the Statistical Package for the Social Sci-
ences (SPSS, Version 25; IBM, 2017). Group comparisons
were conducted using ¢ tests and mixed ANOVAs. Kendall’s
7 was used as a robust measure of correlation.

Ethics

Ethics Committee approval was obtained before the study
(Ethics Committee, University of Cologne) and the current
study adheres to the criteria of our local ethics committee (No.
18-176). Written informed consent was given by all subjects
before study inclusion.
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Results
Rope pass

To test whether laparoscopic performance improved over
the three trials and whether the type of laparoscopic sys-
tem (classic vs. single-port) influenced performance on
the rope pass task, we conducted a 3 X2 mixed ANOVA
(Trial X Laparoscopic System). There was a signifi-
cant main effect for trial, F(2,196)=156.66, p <0.001,
np2 =0.615, indicating that students’ laparoscopic perfor-
mance improved from the first to the third trial, see Fig. 1.
There was also a significant main effect for laparoscopic
system, F(1,98)=15.31, p <0.001, np2 =0.135, indicat-
ing that the students took on average longer to complete
the rope pass task using the single-port system. All other

effects were insignificant, all F <2.55. As the results in
Table 2 and Fig. 6 show, participants using the multi-port
laparoscopic system did improve their performance from
the first (221 s) to the last trial (146 s). Participants using
the single-port system also improved their performance
from the first (262 s) to the last trial (170 s), indicating
that there was a significant learning curve effect for both
systems.

Paper cut

To test whether laparoscopic performance improved
over the three trials and whether the type of laparoscopic
system (multi-port vs. single-port) influenced perfor-
mance on the paper cut task, we conducted a 3 X2 mixed
ANOVA (Trial X Laparoscopic System). There was a sig-
nificant main effect for trial, F(2,136) =24.40, p <0.001,

Table2 Mean time in seconds Trial Classic multi-port system Single-port system
(95%-CI) to complete the task
rope pass in each trial for the Mean CI lower bound CI upper bound Mean CI lower bound CI upper bound
classic multi-port system and
the new single-port system 1 221 203 238 262 243 281
167 155 179 188 177 199
3 146 136 156 170 159 181
300
L Laparoscopic
System
=== Classic
=== Single Port
» 200
©
c
o
(5]
[ 7]
(/7]
£ 1
()
E
-
100
0
1 2 3
Trial

Fig. 6 Time to complete the rope pass task. Error bars represent 95%-CI of the mean
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npz =0.264, indicating that students’ laparoscopic perfor-
mance improved from the first to the third trial, see Fig. 7.
There was also a significant main effect for laparoscopic
system, F(1,68)=17.52, p<0.001, npz =0.205, indicat-
ing that the students took on average longer to complete
the paper cut task using the single-port system. All other
effects were insignificant, all F <0.25. As the results in
Table 3 show, participants using the multi-port laparo-
scopic system did improve their performance from the
first (280 s) to the last trial (207 s). Participants using
the single-port system also improved their performance
from the first (348 s) to the last trial (258 s), indicating
that there was a significant learning curve effect for both
systems.

Peg transfer

To test whether laparoscopic performance improved over
the three trials and whether the type of laparoscopic sys-
tem (multi-port vs. single-port) influenced performance on
the peg transfer task, we conducted a 3 X2 mixed ANOVA
(Trial x Laparoscopic System). There was a significant main
effect for trial, F(2,214)=130.85, p<0.001, ’7p2=0'550’
indicating that students’ laparoscopic performance
improved from the first to the third trial, see Fig. 8. There
was also a significant main effect for laparoscopic system,
F(1,107)=262.80, p<0.001, ’7p2 =0.711, indicating that the
students took on average longer to complete the peg trans-
fer task using the single-port system. All other effects were
insignificant, all £ <0.93. As the results in Table 4 show,
participants using the multi-port laparoscopic system did
improve their performance from the first (299 s) to the last

400
_ Laparoscopic
System
=== Classic
== Single Port

300
(7]
©
c
o
(3
b

E 200
o
E
=

100

0

1 2 3
Trial

Fig.7 Time to complete the paper cut task. Error bars represent 95%-CI of the mean

Table3 Mean time in seconds Trial Classic multi-port system Single-port system
(95%-CI) to complete the task
paper cut in each trial for the Mean CI lower bound CI upper bound Mean CI lower bound CI upper bound
classic multi-port system and
the new single-port system 1 280 244 316 348 312 384
231 205 256 285 255 315
3 207 180 233 258 233 283

@ Springer
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Fig.8 Time to complete the peg transfer task. Error bars represent 95%-CI of the mean

Single-port system

CI upper bound Mean CI lower bound CI upper bound

Table4 Mean time in seconds Trial Classic multi-port system
(95%-CI) to complete the task
peg transfer in each trial for the Mean CI lower bound
classic multi-port system and
the new single-port system 1 299 278
240 226
3 208 196

319 451 423 479
255 384 364 405
221 343 324 362

trial (208 s). Participants using the single-port system also
improved their performance from the first (451 s) to the last
trial (343 s), indicating that there was a significant learning
curve effect for both systems.

Needle threading

To test whether laparoscopic performance improved over
the three trials and whether the type of laparoscopic system
(multi-port vs. single-port) influenced performance on the
needle threading task, we conducted a 3 X2 mixed ANOVA
(Trial X Laparoscopic System). There was a significant main
effect for trial, F(2,52)=7.43, p<0.001, np2 =0.222, indicat-
ing that the students’ laparoscopic performance improved
from the first to the third trial, see Fig. 9. All other effects
were insignificant, all F<2.80. As the results in Table 5
show, participants using the multi-port laparoscopic system

did improve their performance from the first (491 s) to the
last trial (281 s). Participants using the single-port system
also improved their performance from the first (365 s) to
the last trial (257 s), indicating that there was a significant
learning curve effect for both systems.

Recapping

To test whether laparoscopic performance improved
over the three trials and whether the type of laparoscopic
system (multi-port vs. single-port) influenced perfor-
mance on the recapping task, we conducted a 3 X 2 mixed
ANOVA (Trial X Laparoscopic System). There was a sig-
nificant main effect for trial, F(2,140)=10.48, p<0.001,
np2=0.130, indicating that students’ laparoscopic perfor-
mance improved from the first to the third trial, see Fig. 10.
There was also a significant main effect for laparoscopic

@ Springer
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Fig.9 Time to complete the needle threading task. Error bars represent 95%-CI of the mean

Single-port system

CI upper bound Mean CI lower bound CI upper bound

Table5 Mean time in seconds Trial Classic multi-port system
(95%-CI) to complete the task
needle threading in each trial Mean CI lower bound
for the classic multi-port system
and the new single-port system 1 491 368
245 150
3 281 194

613 365 275 456
341 364 270 458
367 257 201 313

system, F(1,70)=9.70, p=0.003, nP2 =0.122, indicating that
the students took on average longer to complete the recap-
ping task using the classic system. All other effects were
not significant, all F'<0.80. As the results in Table 6 show,
participants using the multi-port laparoscopic system did
improve their performance from the first (195 s) to the last
trial (126 s). Participants using the single-port system also
improved their performance from the first (141 s) to the last
trial (97 s), indicating that there was a significant learning
curve effect for both systems.

Error rates
With regard to error rates, there was a significant differ-
ence between the laparoscopic systems (standard multi-port

vs. single-port) for the tasks paper cut, F(1,68)=92.91,
p <0.001, np2= 0.577, and recapping, F(1,70)=13.95,

@ Springer

p<0.001, np2 =0.166. For the task paper cut, students made
on average more errors using the single-port system. For the
task recapping, on average students made more errors using
the classic system. For the tasks rope pass and peg transfer,
there was also the tendency for students to make more errors
when using the single-port system. However, this difference
was insignificant, all F <3.82. For the task needle threading,
there was a tendency for students to make more errors when
using the standard multi-port laparoscopic system. However,
this difference was insignificant, F <4.19.

Differences between laparoscopic systems
on the NASA task load scale

To test whether students rated the two laparoscopic sys-
tems differently on the NASA task load scale, several
paired ¢ tests were performed. As the results in Table 7



Surgical Endoscopy (2021) 35:5338-5351 5347
300 .
Laparoscopic
System
=== Classic
== Single Port
» 200
T
c
o
] S
[<}] —
w —
=
()
E
-
100
0

2

Trial

Fig. 10 Time to complete the recapping task. Error bars represent 95%-CI of the mean

Table 6 Mean time in seconds
(95%-CI) to complete the task
recapping in each trial for the
classic multi-port system and
the new single-port system

Table 7 Differences between
laparoscopic systems on the
NASA task load scale

Trial Classic multi-port system Single-port System
Mean CI lower bound CI upper bound Mean CI lower bound CT upper bound
195 160 231 141 120 163
140 113 167 118 96 140
3 126 96 156 97 77 117
Classic Single-port t p Cohen’s d
M SD M SD
Mental demand 4.15 2.22 5.09 243 5.272 0.001 0.502
Physical demand 4.34 1.95 6.05 2.19 8.217 0.001 0.781
Temporal demand 393 242 4.57 2.84 2.724 0.008 0.259
Effort 5.43 2.03 6.47 1.89 5.453 0.001 0.517
Performance® 3.87 2.16 4.50 2.18 3.488 0.001 0.334
Frustration 3.77 2.30 4.83 2.34 4.763 0.001 0.456

4This item was inversely coded. Lower values mean better performance

show, students rated the mental, physical, and temporal
demand to be significantly higher when using the single-
port system. Additionally, effort to complete the tasks and

frustration were also rated to be significantly higher
when using the single-port system. In contrast, self-rated
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performance was significantly better when using the stand-
ard multi-port system.

Correlation of laparoscopic performance
between the classic and single-port system

There was a significant correlation between the performance
using the standard multi-port system and the single-port sys-
tem, Kendall’s 7(112)=0.176, p =0.006. This suggests that
students who performed better using one laparoscopic sys-
tem also performed better using the other system.

Correlation between laparoscopic performance
and gaming questionnaire

As Table 8 shows, there was a significant negative corre-
lation between measures of prior gaming experience and
laparoscopic performance, indicating that students with
more prior gaming experience performed the laparoscopic
tasks quicker using both the classic and single-port system.
However, more years of gaming experience lead to slower
performance using the single-port system.

Preferred laparoscopic system

When asked what laparoscopic system they would like to
use in the future, 64.9% (74 of 114) of the students stated
that they preferred the standard multi-port system and 31.6%
(35 of 114) of the students preferred the single-port system.
3.5% (4 of 114) reported no preference for any of the two
systems.

Other effects on performance

Wearing glasses had no significant effect on laparoscopic
performance on either the standard multi-port or single-port
system, all 1< 0.67.

Students were categorized into three different groups
(preclinical, clinical, and practical year) according to their
level of clinical training. There was no significant effect of
level of clinical training on laparoscopic performance on
either the multi-port or single-port system, all F < 0.60.

Discussion

This is the first study about surgical novices using the com-
mercially available single-port surgical platform SymphonX
that avoids large incision sizes and provides triangulation of
instruments avoiding crossing.

Popularity of single-incision laparoscopic surgery
increased in recent years and is utilized in many different
surgical areas [23-30]. Difficulties in single-port surgery are
mostly caused by impeded handling through straight and
therefore crossing instruments. The SymphonX platform
with its unique design differs from the majority of conven-
tional single-port devices as it uses a standard 15-mm trocar
and four non-crossing instruments. Furthermore, this device
provides advanced triangulation in combination with a high
range of motion, which makes it unique in comparison to
other available single-port solutions mimicking robotic sur-
gery on a technical level [11]. Therefore, results of previous
studies concerning single-port devices may only be partially
transferrable to the SymphonX platform.

In our previous studies, we demonstrated the feasibility of
surgical procedures using the SymphonX platform [3, 4, 11].
This study now addresses, how laparoscopic novices, medi-
cal students without any laparoscopic experience, are able
to deal with the new device. Every participant fulfilled each
given task in both standard multi-port laparoscopy and using
the single-port technique. One of the key messages is that
there was a significant main effect for every trial, indicat-
ing improvement of the students’ laparoscopic performance
from the first to the third trial, and it is astonishing that a
relatively small number of repetitions led to a recognizable
learning curve. A learning curve is defined as a longitudinal
decrease and possible plateauing of different elements of
a procedure [31]. For further evaluation, it is necessary to
compare the platform with learning curves and other param-
eters of robotic and single-port operation systems; however,
a comparable technology in the field of single-port surgery
is currently not existent. Fransen et al. described a plateau
phase after three repetitions of exercises performed using
a conventional laparoscopic technique and single-port sur-
gery [32]. However, various other studies described learning
curves that differ from 5 to 75 cases for the use of single-port

Table 8 Correlations (Kendall’s 7) between (overall) laparoscopic performance and gaming questionnaire (HGpD: Hours of gaming per day,

DGpW: Days of gaming per week)

Past HGpD Past DGpW Present HGpD Present DGpW Gaming Console Playing Games Years of Gaming
Classic —0.181* —0.298%*%* —0.220%* —0.248** —0.308%** —0.223%%* 0.052
Single-Port —0.149% —0.159* —0.103 —0.159% —0.084 —0.158* 0.159*

#p<0.05, **p<0.01
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devices dependent on the complexity of the examined surgi-
cal procedure [31, 33-36].

The medical students in our study needed more time to
complete the tasks using the new single-port device. How-
ever, the learning curves of the SymphonX platform were
comparable to those using standard multi-port laparoscopy.
All medical students performed the third trial significantly
faster than the first trial using both the standard multi-port
and the single-port system.

We demonstrated that a significant difference between the
laparoscopic systems (standard multi-port vs. single-port)
was seen for error rates. For the task paper cut, students
made on average more errors using the single-port system.
Besides that, a tendency for students making more errors for
the tasks rope pass and peg transfer when using the single-
port system, however without statistical significance, was
seen. Interestingly, for the task recapping and needle thread-
ing, students made on average more errors using the standard
multi-port laparoscopic system; however, differences also
showed no statistical significance. As major triangulation
is helpful for these exercises, SymphonX may have been
superior here. Shakir et al. could demonstrate an advantage
of robotics for novices performing the task recapping [37].
Here it was assumed that the advantages of robotics are more
effective in more complex exercises like recapping. There is
a constant debate whether single-port, standard multi-port,
and robotic performances are transferable [11].

In our collective, a significant correlation between the
performance using the classic laparoscopic system and the
single-port system was found. Students who performed bet-
ter using one laparoscopic system also performed better
using the other, which also may allow for a “skills test” of
novices. This may lead to a correlation between these two
operation techniques and allows the presumption of a cor-
relation between experience in conventional laparoscopic
surgery and an easier start into single-port surgery.

When we asked the study participants which laparoscopic
system they prefer for future use, a majority voted for the
standard multi-port system. Struggling during the learning
curve with a new surgical device often led surgeons to doubt
the benefit and feasibility of new techniques and surgical
systems like single-port devices [32]. The mental workload
is also important to mention in this context. Many prior stud-
ies used the National Aeronautics and Space Administration
Task Load index (NASA-TLX) score to measure the effect
of procedures on surgeon’s workload [38—40]. In our cohort,
students rated the mental, physical, and temporal demand to
be significantly higher when using the single-port system.
Additionally, the effort to complete the tasks and frustra-
tion were also rated and found to be significantly higher
when using the single-port system. In contrast, self-rated
performance was significantly better when using the stand-
ard multi-port system.

In line with our findings, the working group around Kim
et al. was able to present similar results. Surgeons using a
single-port system for cholecystectomy reached the lowest
NASA-TLX scores in comparison to surgeons performing a
laparoscopic cholecystectomy using three-port laparoscopic
technique and surgeons performing a single-incision robotic
cholecystectomy. Enumerated reasons were partly missing
overview of anatomical structures, crossed instruments, and
the single-port causing fatigue of surgeons through gas leak-
age [41]. This is relevant as an increased workload was asso-
ciated with a poorer surgical performance [40]. Therefore,
prior to implementation of new devices like SymphonX,
intensive training sessions are necessary to avoid similar
negative effects.

Interestingly, there was a significant negative correlation
between measures of prior gaming experience and laparo-
scopic performance, indicating that students with more prior
gaming experience performed laparoscopic tasks quicker
using both the classic and the single-port system. This obser-
vation was shown in many other studies before [42-44].

Our study has several limitations. Although a learning
curve was already shown after three repetitions, more runs
may be necessary to draw serious conclusions. Also, more
training time may be needed to experience the full advan-
tages of the single-port platform. Not only novices, but also
experts should be evaluated in future studies. Further stud-
ies also need to include more participants to increase the
significance of the results.

Conclusion

This is the first study of novices using the commercially
available SymphonX platform. The learning curve of surgi-
cal novices using the new surgical platform SymphonX is
comparable to standard multi-port laparoscopy in this series.
Continued evolution and improvement of the device is ongo-
ing to improve evidence of the new technology used. Future
studies will focus on a comparison with other single-port
devices.

Funding Open Access funding enabled and organized by Projekt
DEAL. This study was made possible by funding support received
from Fortimedix Surgical B.V. (Educational Grant).

Compliance with ethical standards

Disclosures This study was made possible by funding support received
from Fortimedix Surgical B.V. (Educational grant and material sup-
port). Drs. Datta, Schonhage, Dratsch, Toader, Miiller, Wahba, Klein-
ert, Thomas, Dieplinger, Stippel, Bruns, and Fuchs have no conflicts
of interest or financial ties to disclose.

@ Springer



5350

Surgical Endoscopy (2021) 35:5338-5351

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

11.

Ball CG, Kortbeek JB, Kirkpatrick AW, Mitchell P (2004) Laparo-
scopic appendectomy for complicated appendicitis: an evaluation
of postoperative factors. Surg Endosc Other Interv Tech. https://
doi.org/10.1007/s00464-003-8262-2

Reynolds W (2001) The first laparoscopic cholecystectomy. J Soc
Laparoendosc Surg 5:89

Broderick RC, Omelanczuk P, Harnsberger CR, Fuchs HF, Ber-
ducci M, Nefa J, Nicolia J, Almadani M, Jacobsen GR, Sandler
BJ, Horgan S (2015) Laparoscopic cholecystectomy using a novel
single-incision surgical platform through a standard 15mm trocar:
initial experience and technical details. Surg Endosc. https://doi.
org/10.1007/s00464-014-3779-0

Berducci M, Fuchs HF, Omelanczuk P, Broderick RC, Harns-
berger CR, Langert J, Nefa J, Jaureguiberry P, Gomez P, Miranda
L, Jacobsen GR, Sandler BJ, Horgan S (2016) Phase II clinical
experience and long-term follow-up using the next-generation
single-incision platform FMX314. Surg Endosc. https://doi.
org/10.1007/s00464-015-4319-2

Maienpda MM, Nieminen K, Tomas EI, Laurila M, Luukkaala TH,
Mienpidd JU (2016) Robotic-assisted vs traditional laparoscopic
surgery for endometrial cancer: a randomized controlled trial. Am
J Obstet Gynecol. https://doi.org/10.1016/j.ajog.2016.06.005
Higgins RM, Frelich MJ, Bosler ME, Gould JC (2017) Cost anal-
ysis of robotic versus laparoscopic general surgery procedures.
Surg Endosc. https://doi.org/10.1007/s00464-016-4954-2
Allemann P, Demartines N, Schifer M (2014) Remains of the day:
Biliary complications related to single-port laparoscopic cholecys-
tectomy. World J Gastroenterol. https://doi.org/10.3748/wjg.v20.
i3.843

Tranchart H, Ketoff S, Lainas P, Pourcher G, Di Giuro G, Tzanis
D, Ferretti S, Dautruche A, Devaquet N, Dagher I (2013) Single
incision laparoscopic cholecystectomy: For what benefit? HPB.
https://doi.org/10.1111/§.1477-2574.2012.00612.x

Gonzalez AM, Rabaza JR, Donkor C, Romero RJ, Kosanovic R,
Verdeja JC (2013) Single-incision cholecystectomy: a compara-
tive study of standard laparoscopic, robotic, and SPIDER plat-
forms. Surg Endosc 27:4524-4531

. Haber GP, Autorino R, Laydner H, Yang B, White MA, Hillyer S,

Altunrende F, Khanna R, Spana G, Wahib I, Fareed K, Stein RJ,
Kaouk JH (2012) SPIDER surgical system for urologic procedures
with laparoendoscopic single-site surgery: from initial laboratory
experience to first clinical application. Eur Urol 61:415

Datta RR, Dieplinger G, Wahba R, Kleinert R, Thomas M,
Gebauer F, Schiffmann L, Stippel DL, Bruns CJ, Fuchs HF
(2019) True single-port cholecystectomy with ICG cholangio-
graphy through a single 15-mm trocar using the new surgical plat-
form “symphonX”: first human case study with a commercially

@ Springer

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

available device. Surg Endosc. https://doi.org/10.1007/s0046
4-019-07229-4

Santos BF, Enter D, Soper NJ, Hungness ES (2011) Single-inci-
sion laparoscopic surgery (SILS™) versus standard laparoscopic
surgery: A comparison of performance using a surgical simulator.
Surg Endosc. https://doi.org/10.1007/s00464-010-1197-5

Ellis SM, Varley M, Howell S, Trochsler M, Maddern G, Hewett
P, Runge T, Mees ST (2016) Acquisition and retention of laparo-
scopic skills is different comparing conventional laparoscopic and
single-incision laparoscopic surgery: a single-centre, prospective
randomized study. Surg Endosc. https://doi.org/10.1007/s0046
4-015-4619-6

Pucher PH, Sodergren MH, Singh P, Darzi A, Parakseva P (2013)
Have we learned from lessons of the past? A systematic review
of training for single incision laparoscopic surgery. Surg Endosc
27:1478

Alevizos L, Brinkman W, Fingerhut A, Jakimowicz J, Lean-
dros E (2012) Novice surgeons versus experienced surgeons in
laparoendoscopic single-site (LESS) surgery: a comparison of
performances in a surgical simulator. World J Surg. https://doi.
org/10.1007/s00268-012-1487-2

Santos BF, Reif TJ, Soper NJ, Hungness ES (2011) Effect of train-
ing and instrument type on performance in single-incision laparos-
copy: results of a randomized comparison using a surgical simula-
tor. Surg Endosc. https://doi.org/10.1007/s00464-011-1791-1
Varley M, Choi R, Kuan K, Bhardwaj N, Trochsler M, Maddern
G, Hewett P, Mees ST (2014) Prospective randomized assessment
of acquisition and retention of sils skills after simulation training.
Surg Endosc. https://doi.org/10.1007/s00464-014-3647-y
Wahba R, Datta RR, Hedergott A, BuBhoff J, Bruns T, Kleinert
R, Dieplinger G, Fuchs H, Giezelt C, Méller D, Hellmich M,
Bruns CJ, Stippel DL (2019) 3D vs 4K display system - influence
of “state-of-the-art”-Display Technique on Surgical Performance
(IDOSP-Study) in minimally invasive surgery: protocol for a ran-
domized cross-over trial. Trials. https://doi.org/10.1186/s1306
3-019-3330-7

Buia A, Stockhausen F, Filmann N, Hanisch E (2017) 3D vs 2D
imaging in laparoscopic surgery—an advantage? Results of stand-
ardised black box training in laparoscopic surgery. Langenbeck’s
Arch Surg. https://doi.org/10.1007/s00423-016-1526-9

Smith R, Schwab K, Day A, Rockall T, Ballard K, Bailey M,
Jourdan I (2014) Effect of passive polarizing three-dimensional
displays on surgical performance for experienced laparoscopic
surgeons. Br J Surg 101:1453—-1459. https://doi.org/10.1002/
bjs.9601

Hart SG, Staveland LE (1988) Development of NASA-TLX (task
load index): results of empirical and theoretical research. Adv
Psychol. https://doi.org/10.1016/S0166-4115(08)62386-9
Rosser JC, Liu X, Jacobs C, Choi KM, Jalink MB, ten Cate Hoe-
demaker HO (2017) Impact of Super Monkey Ball and Under-
ground video games on basic and advanced laparoscopic skill
training. Surg Endosc. https://doi.org/10.1007/s00464-016-5059-7
Marks JM, Phillips MS, Tacchino R, Roberts K, Onders R, Denoto
G, Gecelter G, Rubach E, Rivas H, Islam A, Soper N, Paraskeva P,
Rosemurgy A, Ross S, Shah S (2013) Single-incision laparoscopic
cholecystectomy is associated with improved cosmesis scoring
at the cost of significantly higher hernia rates: 1-year results of
a prospective randomized, multicenter, single-blinded trial of
traditional multiport laparoscopic. ] Am Coll Surg. https://doi.
org/10.1016/j.jamcollsurg.2013.02.024

Haueter R, Schiitz T, Raptis DA, Clavien PA, Zuber M (2017)
Meta-analysis of single-port versus conventional laparoscopic
cholecystectomy comparing body image and cosmesis. BrJ Surg
104:1141

Chen KH, Chen LR, Seow KM (2015) Ovarian suspension with
adjustable sutures: an easy and helpful technique for facilitating


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00464-003-8262-2
https://doi.org/10.1007/s00464-003-8262-2
https://doi.org/10.1007/s00464-014-3779-0
https://doi.org/10.1007/s00464-014-3779-0
https://doi.org/10.1007/s00464-015-4319-2
https://doi.org/10.1007/s00464-015-4319-2
https://doi.org/10.1016/j.ajog.2016.06.005
https://doi.org/10.1007/s00464-016-4954-2
https://doi.org/10.3748/wjg.v20.i3.843
https://doi.org/10.3748/wjg.v20.i3.843
https://doi.org/10.1111/j.1477-2574.2012.00612.x
https://doi.org/10.1007/s00464-019-07229-4
https://doi.org/10.1007/s00464-019-07229-4
https://doi.org/10.1007/s00464-010-1197-5
https://doi.org/10.1007/s00464-015-4619-6
https://doi.org/10.1007/s00464-015-4619-6
https://doi.org/10.1007/s00268-012-1487-2
https://doi.org/10.1007/s00268-012-1487-2
https://doi.org/10.1007/s00464-011-1791-1
https://doi.org/10.1007/s00464-014-3647-y
https://doi.org/10.1186/s13063-019-3330-7
https://doi.org/10.1186/s13063-019-3330-7
https://doi.org/10.1007/s00423-016-1526-9
https://doi.org/10.1002/bjs.9601
https://doi.org/10.1002/bjs.9601
https://doi.org/10.1016/S0166-4115(08)62386-9
https://doi.org/10.1007/s00464-016-5059-7
https://doi.org/10.1016/j.jamcollsurg.2013.02.024
https://doi.org/10.1016/j.jamcollsurg.2013.02.024

Surgical Endoscopy (2021) 35:5338-5351

5351

26.

217.

28.

29.

30.

31.

32.

33.

laparoendoscopic single-site gynecologic surgery. J Minim Inva-
sive Gynecol. https://doi.org/10.1016/j.jmig.2015.02.018LK
Karavani G, Schachter-Safrai N, Chill HH, Mordechai Daniel T,
Bauman D, Revel A (2018) Single-incision laparoscopic surgery
for ovarian tissue cryopreservation. J] Minim Invasive Gynecol.
https://doi.org/10.1016/j.jmig.2017.10.007

Liu X, Bin LJ, Shi G, Guo R, Zhang R (2018) Systematic review
of single-incision versus conventional multiport laparoscopic sur-
gery for sigmoid colon and rectal cancer. World J Surg Oncol.
https://doi.org/10.1186/s12957-018-1521-4

Jaschinski T, Mosch CG, Eikermann M, Neugebauer EAM, Sau-
erland S (2018) Laparoscopic versus open surgery for suspected
appendicitis. Cochrane Database Syst Rev 6:CD001546
Morales-Conde S, Peeters A, Meyer YM, Antoniou SA, del
Agua IA, Arezzo A, Arolfo S, Ben YA, Boni L, Cassinotti E,
Dapri G, Yang T, Fransen S, Forgione A, Hajibandeh S, Hajiban-
deh S, Mazzola M, Migliore M, Mittermair C, Mittermair D,
Morandeira-Rivas A, Moreno-Sanz C, Morlacchi A, Nizri E,
Nuijts M, Raakow J, Sdnchez-Margallo FM, Sanchez-Margallo
JA, Szold A, Weiss H, Weiss M, Zorron R, Bouvy ND (2019)
European association for endoscopic surgery (EAES) consensus
statement on single-incision endoscopic surgery. Surg Endosc.
https://doi.org/10.1007/s00464-019-06693-2

Arezzo A, Passera R, Bullano A, Mintz Y, Kedar A, Boni L, Cas-
sinotti E, Rosati R, Fumagalli Romario U, Sorrentino M, Briz-
zolari M, Di Lorenzo N, Gaspari AL, Andreone D, De Stefani E,
Navarra G, Lazzara S, Degiuli M, Shishin K, Khatkov I, Kaza-
kov I, Schrittwieser R, Carus T, Corradi A, Sitzman G, Lacy A,
Uranues S, Szold A, Morino M (2017) Multi-port versus single-
port cholecystectomy: results of a multi-centre, randomised con-
trolled trial (MUSIC trial). Surg Endosc. https://doi.org/10.1007/
500464-016-5298-7

Han HJ, Choi SB, Park MS, Lee JS, Kim WB, Song TJ, Choi
SY (2011) Learning curve of single port laparoscopic cholecys-
tectomy determined using the non-linear ordinary least squares
method based on a non-linear regression model: an analysis of
150 consecutive patients. J Hepatobiliary Pancreat Sci. https://
doi.org/10.1007/500534-011-0386-5

Fransen SAF, Mertens LS, Botden SMBI, Stassen LPS, Bouvy
ND (2012) Performance curve of basic skills in single-incision
laparoscopy versus conventional laparoscopy: is it really more dif-
ficult for the novice? Surg Endosc. https://doi.org/10.1007/s0046
4-011-2041-2

Hernandez J, Ross S, Morton C, McFarlin K, Dahal S, Golkar F,
Albrink M, Rosemurgy A (2010) The learning curve of laparoen-
doscopic single-site (LESS) cholecystectomy: definable, short,
and safe. J] Am Coll Surg. https://doi.org/10.1016/j.jamcollsur
2.2010.07.008

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Hopping JR, Bardakcioglu O (2013) Single-port laparoscopic
right hemicolectomy: intermediate results. J Soc Laparoendosc
Surg. https://doi.org/10.4293/108680812X13517013316997
Hawasli A, Lloyd LR (1991) Laparoscopic cholecystectomy. The
learning curve: report of 50 patients. Am Surg 57:542

Sariego J, Spitzer L, Matsumoto T (1993) The “learning curve” in
the performance of laparoscopic cholecystectomy. Int Surg 78:1
Shakir F, Jan H, Kent A (2016) 3D straight-stick laparoscopy
versus 3D robotics for task performance in novice surgeons: a
randomised crossover trial. Surg Endosc. https://doi.org/10.1007/
s00464-016-4893-y

Dulan G, Rege RV, Hogg DC, Gilberg-Fisher KM, Arain NA,
Tesfay ST, Scott DJ (2012) Proficiency-b sed training for robotic
surgery: construct validity, workload, and expert levels for nine
inanimate exercises. Surg Endosc. https://doi.org/10.1007/s0046
4-011-2102-6

Stefanidis D, Wang F, Korndorffer JR, Dunne JB, Scott DJ (2010)
Robotic assistance improves intracorporeal suturing performance
and safety in the operating room while decreasing operator work-
load. Surg Endosc. https://doi.org/10.1007/s00464-009-0578-0
Yurko YY, Scerbo MW, Prabhu AS, Acker CE, Stefanidis D
(2010) Higher mental workload is associated with poorer laparo-
scopic performance as measured by the NASA-TLX tool. Simul
Healthc. https://doi.org/10.1097/SIH.0b013e3181e3£329

Kim HS, Han Y, Kang JS, Lee D, Kim JR, Kwon W, Kim S-W,
Jang J-Y (2018) Comparison of single-incision robotic cholecys-
tectomy, single-incision laparoscopic cholecystectomy and 3-port
laparoscopic cholecystectomy - postoperative pain, cosmetic out-
come and surgeon’s workload. J] Minim Invasive Surg. https://doi.
org/10.7602/jmis.2018.21.4.168

Harrington CM, Bresler R, Ryan D, Dicker P, Traynor O,
Kavanagh DO (2018) The correlation between fundamental char-
acteristics and first-time performance in laparoscopic tasks. AmJ
Surg. https://doi.org/10.1016/j.amjsurg.2017.04.015

Sammut M, Sammut M, Andrejevic P (2017) The benefits of
being a video gamer in laparoscopic surgery. Int J Surg. https://
doi.org/10.1016/j.ijsu.2017.07.072

Kulkarni S, Kulkarni Y, Bates-Powell J, Kulkarni MS, Sule M
(2019) Evaluation of the console in acquiring laparoscopic skills
through video gaming. J Minim Invasive Gynecol. https://doi.
org/10.1016/j.jmig.2019.07.028

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.jmig.2015.02.018LK
https://doi.org/10.1016/j.jmig.2017.10.007
https://doi.org/10.1186/s12957-018-1521-4
https://doi.org/10.1007/s00464-019-06693-2
https://doi.org/10.1007/s00464-016-5298-7
https://doi.org/10.1007/s00464-016-5298-7
https://doi.org/10.1007/s00534-011-0386-5
https://doi.org/10.1007/s00534-011-0386-5
https://doi.org/10.1007/s00464-011-2041-2
https://doi.org/10.1007/s00464-011-2041-2
https://doi.org/10.1016/j.jamcollsurg.2010.07.008
https://doi.org/10.1016/j.jamcollsurg.2010.07.008
https://doi.org/10.4293/108680812X13517013316997
https://doi.org/10.1007/s00464-016-4893-y
https://doi.org/10.1007/s00464-016-4893-y
https://doi.org/10.1007/s00464-011-2102-6
https://doi.org/10.1007/s00464-011-2102-6
https://doi.org/10.1007/s00464-009-0578-0
https://doi.org/10.1097/SIH.0b013e3181e3f329
https://doi.org/10.7602/jmis.2018.21.4.168
https://doi.org/10.7602/jmis.2018.21.4.168
https://doi.org/10.1016/j.amjsurg.2017.04.015
https://doi.org/10.1016/j.ijsu.2017.07.072
https://doi.org/10.1016/j.ijsu.2017.07.072
https://doi.org/10.1016/j.jmig.2019.07.028
https://doi.org/10.1016/j.jmig.2019.07.028

	Learning curve of surgical novices using the single-port platform SymphonX: minimizing OR trauma to only one 15-mm incision
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Material and methods
	Study design
	Questionnaires
	Description of the new platform
	Procedure
	Participants
	Statistical analysis
	Ethics

	Results
	Rope pass
	Paper cut
	Peg transfer
	Needle threading
	Recapping
	Error rates
	Differences between laparoscopic systems on the NASA task load scale
	Correlation of laparoscopic performance between the classic and single-port system
	Correlation between laparoscopic performance and gaming questionnaire
	Preferred laparoscopic system
	Other effects on performance

	Discussion
	Conclusion
	References




