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Abstract

Background: The use of stereoscopic laparoscopic systems
in minimally invasive surgery (MIS) allows a three-dimen-
sional (3D) view of the surgical field, which improves hand-
eye coordination. Depending on the stereo base used in the
construction of the endoscopes, 3D systems may differ re-
garding the 3D effect. Our aim was to investigate the influ-
ence of different stereo bases on the 3D effect. Methods:
This was a prospective randomized study involving 42 MIS-
inexperienced study participants. We evaluated two laparo-
scopic 3D systems with stereo bases of 2.5 mm (system A)
and 3.8 mm (system B) for differences in learning MIS skills
using the Liibeck Toolbox (LTB) video box trainer. We evalu-
ated participants’ performance regarding the times and rep-
etitions required to reach each exercise’s goal. After com-
pleting thefinal exercise (“suturing”), participants performed
the exercise again using a two-dimensional (2D) representa-
tion. Additionally, we retrospectively compared our study
results with a preliminary study from participants complet-
ing the LTB curriculum with a 2D system. Results: The me-
dian number of repetitions until reaching the goals for LTB
exercises 1, 2, 3,and 6 for system A were: 18 (range 7-53), 24
(range 8-46), 24 (range 13-51),and 21 (range 10-46), respec-
tively, and for system B were: 12 (range 2-30), 16 (range

6-43), 17 (range 4-47), and 15 (range 6-29), respectively
(p = not significant). Changing from a 3D to a 2D representa-
tion after completing the learning curve led to a longer aver-
age time required, from 95.22 to 119.3 s (p < 0.0001), for the
last exercise (exercise 6; “suturing”). When comparing the re-
sults retrospectively with the learning curves acquired with
the 2D system, there was a significant reduction in the num-
ber of repetitions required to reach the LTB exercise goals for
exercises 1, 3,and 6 using the 3D system. Conclusion: Stereo
bases of 2.5 and 3.8 mm provide acceptable bases for de-
signing 3D systems. Additionally, our results indicated that
MIS basic skills can be learned quicker using a 3D system
versus a 2D system, and that when the 3D effect is eliminat-
ed, the corresponding compensatory mechanisms must be
relearned. © 2020 S. Karger AG, Basel

Introduction

Learning minimally invasive surgery (MIS) proce-
dures is highly challenging for surgeons and results in
flatter learning curves compared with the corresponding
open procedures [1]. Compared with open surgery, MIS
requires additional psychomotor skills such as different
haptic competencies, and opposing movements must be
applied to the instruments fixed at the level of the body
wall (fulcrum effect) [1]. However, the cognitive transfer
of a two-dimensional (2D) monitor image to the three-
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dimensional (3D) surgical field is most challenging. With
a 2D representation, the brain can no longer determine
depth information via stereopsis or through the oculo-
motor system, and corresponding compensatory mecha-
nisms must be learned [2, 3].

To avoid the problem of the missing depth perception,
3D laparoscopic systems have been introduced in MIS.
The depth perception thus achieved should lead to im-
proved hand-eye coordination and easier learning, and
performing MIS procedures with shorter operation times
[3-7].

When constructing a laparoscopic 3D optic, the dis-
tance between the left and right optical channels (stereo
base) and the orientation of the two optical channels to
each other (stereoscopic angle) must be selected, and de-
termining these parameters represents a compromise. On
the one hand, a larger stereo base or a larger stereoscopic
angle at the same viewing distance leads to an increased
perception of the depth differences presented in the im-
age. On the other hand, realistic stereo base measure-
ments or stereoscopic angles are limited by constructive
boundary conditions, and primarily by the desired outer
diameter of the endoscope. In addition, excessively large
stereo bases and stereoscopic angles can lead to the per-
ception of double images at small working distances and
to visual overload for the viewer [8]. However, it remains
unclear to what extent different stereo bases and stereo-
scopic angles influence depth perception and surgical
performance during MIS procedures.

To determine the influence of optical parameters on
MIS performance, it is most effective to use a standardized
MIS simulation tool. Recently, we devised a comprehen-
sive, strictly defined, and goal-directed curriculum to
teach MIS basic skills, the Liibeck Toolbox (LTB) curricu-
lum (http://www.luebeck-toolbox.com) [9, 10]. The LTB
curriculum includes a video box-trainer, six iteratively de-
veloped tasks, and predefined expert levels for each task,
as well as online video tutorials [11] and documentation
material for the training progress. The goals for each task
were clearly defined based on a benchmark study involv-
ing MIS experts followed by a prospective validation study
involving MIS novices [9, 10]. In addition, we previously
demonstrated the transferability of the LTB-based skills to
an organic surgical model in prospective studies [9]. The
extremely high standardization of the exercises in the LTB
curriculum enables the system to be used for analyses such
as those used in product development of MIS instruments
and tools. To investigate the influence of different optical
3D systems on MIS performance, we performed this pro-
spective randomized study comparing the effect of differ-
ent 3D optics on the learning curves of MIS novices com-
pleting the LTB curriculum.
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Materials and Methods

Study Design and Setting

This was a prospective, single-center, two-arm, parallel-group
randomized controlled study (Fig. 1). The study was approved by
the Ethics Committee of the Liibeck University (protocol No. 16-
316). This study was performed at the Department of Surgery,
University Medical Centre Schleswig-Holstein, Campus Liibeck,
Litbeck, Germany.

In addition, this study contained a retrospective analysis in
which we compared the learning curves of the present study using
3D optics with the learning curves using 2D optics obtained from
previous studies.

Objectives

The primary objective of the study was to compare the effect of
different stereo bases on MIS skills acquisition of participants with
no prior MIS experience performing the LTB exercises. In the cur-
rent study, we compared the prototype of a 3D video laparoscope
with a stereo base of 2.5 mm and a stereoscopic angle of 3.58° (EN-
DOEYE 3D 10 mm 30°, Olympus Winter and Ibe GmbH, Ham-
burg, Germany; system A) with another 3D video laparoscope with
astereo base of 3.8 mm and a stereoscopic angle of 5.44° (LTF-190-
10-3D, Olympus Medical Systems Corp., Tokyo, Japan; system B;
Table 1). After randomization into two groups, participants per-
formed the LTB exercises with either system A or system B (Fig. 1).
After completing the LTB exercises, we compared the study groups
with regard to two aspects addressing the effect of the different
stereo bases as follows: (i) we compared the learning curves of both
groups and recorded which group reached the objectives of the
LTB exercises faster, i.e., with fewer task repetitions, and (ii) using
a questionnaire that participants completed after each exercise, we
determined and compared the extent of participants’ subjective
perceptions of visual overload in both groups.

Additionally, to examine the transferability of the MIS skills ac-
quired using the 3D laparoscopic systems to 2D laparoscopic sys-
tems, all study participants performed five repetitions of the last LTB
exercise 6 (“suturing”) using a 2D system. The number of required
repetitions for the successful completion of the exercise with a 2D
system were then determined and compared between the groups. In
an additional analysis, the learning curves of the MIS skills achieved
using the 3D optics systems were retrospectively compared with
learning curves using 2D optics obtained from earlier studies [9].

Study Participants

Medical students from the third year onwards were recruited
as participants. It was ensured that all participants were able to
perform a surgical suture in open technique. This prerequisite was
necessary to avoid affecting the learning curves of the suturing ex-
ercise by having to learn the basic principle of a surgical suture and
knot. At the beginning of the study, participants were not permit-
ted to have performed any prior MIS simulation training or to have
had any previous MIS exposure in the operating room. To avoid
affecting the study results because of insufficient visual acuity or
missing stereopsis, all study participants had to demonstrate vi-
sual acuity of at least 1.0 and have normal stereopsis which was
tested using a Lang Stereo Test (LANG STEREOTEST I, Hiibel,
Germany). All participants provided their informed consent.

Randomization

Randomization was performed with stratification regarding
gender and dominant hand as permutations of blocks of different
lengths with a 1:1 ratio. The study participants were then informed
of which group she or he was assigned to (group A used system A,
and group B used system B).
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Fig. 1. Study design.

(*one exclusion of a study participantin
group A, who did not complete exercise
6 ("suturing") )

Table 1. The properties of the optics (system A and B) compared
in this study

Stereo Stereoscopic
base, mm angle?, ©

3.58
5.44

System A ENDOEYE 3D 10 mm 30° 2.5
System B LTF-190-10-3D 3.8

* At a 40-mm viewing distance.

Primary Outcome Measure

The primary outcome measure was the learning speed of the
MIS basic skills, which was determined by the number of repeti-
tions necessary to achieve the goals of the LTB exercises with the
predefined precision.

Secondary Endpoints

As a secondary endpoint, we determined the number of par-
ticipants who were unable to successfully complete the LTB exer-
cises. We also determined and compared the extent of participants’
subjective perception of visual overload while performing the LTB
exercises in both groups using a questionnaire with the following

Testing Distinct 3D Effects in 3D
Laparoscopic Systems

six items: fatigue (Q1), dry eyes (Q2), eye strain (Q3), accommoda-
tion difficulties (Q4), double vision (Q5), and headaches (Q6). The
questionnaire was completed after each training session. This
questionnaire was based on a study on visual fatigue at computer
workstations [12]. The transferability of the MIS skills acquired by
the study participants to a 2D system was determined by the aver-
age exercise time of five repetitions of task 6 (“suturing”) and com-
pared with the exercise times of the 3D systems, between the
groups.

Retrospective Data from a Preliminary Study Using a 2D

System

In a retrospective comparative design, the learning outcomes
of MIS training with the 3D systems (A and B) were compared with
the data of a preliminary study performed with a 2D system [9].
The study design of the preliminary study, in which the LTB exer-
cises were performed with a 2D optic, was entirely analogous to the
protocol used in the present study. The only difference was that
participants in the preliminary study had completed the entire
LTB curriculum, including exercises 4 and 5.

Statistics

All statistical test procedures and diagrams were generated us-
ing GraphPad Prism statistical software (GraphPad Prism version
6.07 for Windows, GraphPad Software, San Diego, CA, USA;
www.graphpad.com).
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Fig. 2. Learning curves of LTB exercises 1 (A), 2 (B), 3 (C), and 6 (D).

Using the D’Agostino-Pearson test, we evaluated whether the
data were normally distributed. We set the probability of error at
o = 5%. To determine the influence of the different systems on
learning speed, we determined the relative effect size using the
mean values of the required repetitions of the LTB exercises.

For simple comparisons, we used a two-sample ¢ test for nor-
mally distributed data; otherwise we used Wilcoxon’s rank sum
test. For multiple comparisons, we used Tukey’s test on normally
distributed data, and the Kruskal-Wallis test followed by Dunn’s
post test, in the absence of a normal distribution. We used contin-
gency tables to evaluate the completed questionnaires to deter-
mine visual overload. p values were calculated using Fisher’s exact
test, and for all analyses p < 0.05 was considered statistically sig-
nificant. In addition, we generated box plots for a graphical evalu-
ation, which, in addition to the individually achieved characteristic
values for each participant, showed the median as well as 25 (low-
er quartile) and 75 percentiles (upper quartile) of the respective
data series.

LTB Training Exercises

For this study, exercises No. 1 (“pack your luggage”), No. 2
(“weaving”), No. 3 (“Chinese jump rope”), and No. 6 (“suturing”)
of the LTB curriculum were used for the MIS training program and
were performed as described previously [9, 10]. We did not use
exercises No. 4 (“triangle cut”) and No. 5 (“hammer cut”) of the
LTB curriculum under the assumption that the selected exercises
required a higher spatial perception than the excluded exercises,
so that possible differences between the 3D systems would result
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in greater effects. After completing the last exercise in 3D mode,
all participants performed five repetitions of the last exercise (ex-
ercise No. 6 “suturing”) in 2D mode. One image sensor of each 3D
system was deactivated so that the monitors output a 2D image.

Materials and Equipment

The properties of the optics compared in this study are shown
in Table 1 (system A and B). The laparoscopic images for both sys-
tem A and system B were displayed using a video system consisting
of two Evis Exera CV 190 video processors (Olympus Medical Sys-
tems Corp.), a 3DV-190 video mixer (Olympus Medical Systems
Corp.), and an Evis Exera CLV 190 laparoscopic light source
(Olympus Medical Systems Corp.). The 3D video image was dis-
played on a 3D monitor, and participants wore polarized glasses
(LMD 2451 MT, Sony Corp., Tokyo, Japan). The viewing distance
between the study participant and the monitor was 80 + 20 cm, and
the training module was positioned on the optical axis between the
study participant and the monitor.

The LTB video box trainer was used for the MIS training (LTB
Germany Ltd., Libeck, Germany). Originally, the LTB system was
equipped with its own video camera and did not provide access for
a laparoscope. Therefore, we modified the boxtrainer by placing a
holder on the box, in which the endoscopes could be aligned and
fixed. The instruments used for the LTB exercises were atraumatic
grasping forceps (Endopath 5-mm Overholt 5DCD; Ethicon Endo-
Surgery, Cincinnati, OH, USA) and needle drivers (Endopath 5-mm
needle holder E705R; Ethicon Endo-Surgery). Vicryl SH PLUS 3-0
(Ethicon, Norderstedt, Germany) was used as suture material.
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Fig. 3. Required number of repetitions to achieve the goals of LTB exercise 1 (A), 2 (B), 3 (C), and 6 (D).

Results

Except for one exclusion of a study participant in group
A, who did not complete exercise 6 (“suturing”), there were
no exclusions during the study period, and 41 out of 42
study participants achieved all required goals of the LTB
exercises. No violation of the study protocol occurred.

Comparison of Learning MIS Basic Skills between

System A and B

The learning curves of study participants and the re-
quired number of repetitions to achieve the goals of LTB

Testing Distinct 3D Effects in 3D
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exercise No. 1, 2, 3, and 6 are shown in Figures 2 and 3. We
found no significant difference between system A and B.
Participants required an average time to complete all LTB
exercises of 193.0 s using system A and 234.1 s using system
B (p = not significant). The completion times for the indi-
vidual LTB exercises are shown in Table 2 and Figure 4, and
we found no significant difference between system A and B.

Influence of System A and B on Participants’ Visual

Overload

The relative risk of the occurrence of a visual side effect
was 1.12 times higher for system B than for system A (Ta-
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Table 2. Completion times for the individual LTB exercises

3D system A, 3D system B, 2D control

min min group, min
Exercise 1 47.2 38.1 91.7
Exercise 2 45.0 35.2 41.2
Exercise 3 52.3 47.1 66.7
Exercise 6 89.5 72.7 113.6
Total 234.1 193.0 313.2
118 Visc Med 2020;36:113-122
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ble 3), but the difference was not statistically significant
(p = 0.3408). Subsequently, the individual questionnaire
contents, which were completed after each training ses-
sion, were evaluated separately for system A and B. We
found no significant difference regarding the occurrence
of fatigue (Q1), dry eyes (Q2), eye strain (Q3), accommo-
dation difficulties (Q4), double vision (Q5), and head-
aches (Q6). However, data for participants using system
B showed a trend towards more frequent occurrence of
dry eyes (Q2, p = 0.07), accommodation difficulties (Q4,
p =0.06), and double vision (Q5, p = 0.05).

Thomaschewski et al.
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Transferability of the MIS Skills Acquired with the 3D

Systems to a 2D System

After successfully completing all LTB exercises with the
3D optics (system A and B), participants performed five
repetitions of exercise 6 (“suturing”) in 2D mode. The av-
erage completion time increased from 96.25to 121.31 sin
group A, and from 94.25 to 117.43 s in group B, corre-
sponding to an increase of 26.0% in group A and 24.6% in
group B. The differences regarding the completion times
between the 3D and the 2D system were statistically sig-
nificant (p < 0.0001); however, we found no significant
difference when comparing systems A and B (Fig. 5).

Testing Distinct 3D Effects in 3D
Laparoscopic Systems

Comparison of the 3D Data with the Data from a

Preliminary Study Using a 2D System

In the preliminary study using the 2D system, the me-
dian number of repetitions needed to achieve the goals of
LTB exercises 1, 2, 3, and 6 were as follows: 42 (range
7-80), 26 (9-55), 32 (14-77), and 26 (15-60), respective-
ly. Compared with the present study using the 3D sys-
tems, participants required significantly fewer repetitions
to achieve the goals of LTB exercises 1 (p < 0.0001, system
Aand B), 3 (p=0.029, system A; p = 0.004, system B), and
6 (p =0.043, system A; p < 0.0001, system B). In contrast,
the required number of repetitions for exercise 2 showed
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Table 3. Occurrence of visual side effects determined via a ques-
tionnaire after each training session

3D system 3D system p value

A, % B, %

(Q1) Fatigued eyes yes 13.33 14.78 0.2350
(Q2) Dry eyes yes  13.33 7.56 0.0676
(Q3) Eye strain yes 2.12 2.06 1
(Q4) Accommodation

difficulties yes 7.88 12.71 0.0616
(Q5) Double vision yes 0.61 2.75 0.0517
(Q6) Headaches yes 1.82 1.72 1
Total (Q1-Q6) yes 6.21 6.93 0.4135

no significant differences compared with the study us-
ing 2D optics (p = 0.898, system A; p = 0.3, system B;
Fig. 2, 3).

When considering the total time required to achieve
the goals of all of the LTB exercises, participants were
faster with the 3D systems compared with the compara-
tive study using the 2D system (mean value for system
A 234.1 vs. 193.0 min for system B vs. 313.2 min for the
2D study; Table 2). Considering individual LTB exer-
cises, the participants’ average execution times required
in the 3D groups were significantly shorter compared
with the 2D cohort for LTB exercise 1 (p = 0.011, system
A; p=0.012, system B) and exercise 6 (p = 0.037, system
A; p = 0.005, system B; Fig. 4). Comparative results for
exercise 3 showed no significant difference (p > 0.999,
system A; p = 0.828, system B; Fig. 4). For exercise 2, we
found significantly shorter times required regarding
system B (p = 0.010), whereas system A showed no sig-
nificant difference compared with the 2D group (p >
0.999; Fig. 4).

Discussion

Learning laparoscopically assisted surgical procedures
is more complex and demanding than for the correspond-
ing open procedures, especially for complex procedures.
Most importantly, the lack of depth perception through
the 2D representation of the surgical field requires addi-
tional learning and the use of cognitive compensatory
mechanisms [1-3]. To address this difficulty, laparoscop-
ic 3D systems may facilitate learning and implementing
MIS procedures [3-7]. However, it is unclear to what ex-
tent different stereo bases and stereoscopic angles — and,
consequently, the intensity of a 3D depiction - have an
influence on depth perception and operative perfor-
mance. This question plays an important role in the con-
struction of laparoscopic optics, as a small diameter is

120 Visc Med 2020;36:113-122
DOI: 10.1159/000506059

needed to minimize surgical trauma; however, smaller di-
ameters limit the width of the stereo base and the stereo-
scopic angle and, thus, the depth perception.

In the present study, we compared two laparoscopic
3D systems with different stereo bases and stereoscopic
angles. In this prospective randomized study, we com-
pared the learning speed of MIS basic skills using the LTB
video box MIS trainer, which consists of highly standard-
ized exercise modules and procedures.

Our results indicated that a larger stereo base positive-
ly enhanced depth perception. For each LTB exercise,
group B participants were able to reach the goal earlier on
average than participants in group A, who used the small-
er stereo base system; however, the differences were not
statistically significant. Based on our results, we conclud-
ed that system A and system B are both acceptable for 3D
system design. To our knowledge, ours is the first study
investigating the effect of different stereo bases and ste-
reoscopic angles on MIS learning performance.

No significant differences were found regarding
whether the stereo base and stereoscopic angle influenced
the occurrence of visual overload effects, although there
was a nearly significant difference in the frequency of dry
eyes, accommodation difficulties, and double vision us-
ing the larger stereo base (system B). However, we did not
have comparative data for the 2D optics system. In studies
by Tanagho et al. [7] and Alaraimi et al. [4] investigating
visual overload effects such as eye strain, headaches, ver-
tigo, orientation difficulties, and discomfort, no signifi-
cant difference was found between 2D and 3D laparo-
scopic systems. In contrast, some studies reported less
strain using 3D versus 2D systems [13]. It should also be
considered that the training exercises and thus the 3D ex-
posure, i.e., duration task repetition and duration of
training session, both in our study and in the studies by
Tanagho et al. [7] and Almari et al. [4] were possibly too
short for the occurrence of effects of visual overload.
However, this may be different for prolonged 3D expo-
sure, for example during long surgical procedures. In
summary, we can make no clear statement regarding
whether the size of the stereo base and the stereoscopic
angles that we evaluated have an influence on the occur-
rence of visual overload effects; however, our results in-
dicated a comparable effect.

In our retrospective comparative analysis, we com-
pared our data obtained using the 3D systems with data
previously collected with a 2D system to determine the
usefulness of 3D visualization on the acquisition of MIS
basic skills. The extremely high standardization of the
LTB contents and the equity of the study protocols re-
garding training duration and frequency as well as the
inclusion criteria for the study participants enabled a
retrospective comparison of the different study cohorts
[9]. The retrospective comparison of both study co-
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horts showed that using a 3D system had a measurable
and positive influence on the learning speed of MIS ba-
sic skills. One explanation could be that 3D users do not
need to learn mechanisms to compensate for the lack of
depth perception in a 2D visualization. This hypothesis
is supported by the fact that the study participants in
the 2D group required significantly longer exercise
times during the first exercise to reach the exercise
goals, and when performing further exercises, the dif-
ferences decreased or disappeared. Thus, the advantage
of using a 3D system during MIS training appeared to
decrease.

Interestingly, the dispersion in the number of re-
quired repetitions to reach the goal of LTB exercise 1 was
greater in the 2D group compared with the 3D group,
and in subsequent exercises the dispersion decreased in
the 2D group. Possibly, participants were differently tal-
ented regarding the acquisition of compensatory mecha-
nisms for the lack of depth perception. However, after
learning the compensatory mechanisms, talent or pre-
dispositions no longer appeared to play a relevant role.
However, further studies are required to examine this ef-
fect more closely.

The fact that additional compensatory mechanisms
have to be learned when depth perception is eliminated by
2D representation was confirmed by our results. After
completion of all the LTB exercises in 3D mode, partici-
pants required more repetitions of the last exercise (exer-
cise 6; “suturing”) in 2D mode. The loss of 3D visualization
led to a significant increase in the time needed to complete
the task; however, because the skills required for the exer-
cise regarding using the MIC instruments had already been
acquired, deactivating the 3D mode led to a decline in MIS
performance, but not to a return to the beginning of the
learning curve. In summary, the statistically significant dif-
ferences in achieving the LTB exercise goals between the
3D systems and the 2D system and the lack of significant
differences among the stereo bases support the fact that the
investigated stereo bases are acceptable options when de-
signing stereoscopic optics for use in MIS.

In accordance with our results, overall published data
on the learning effect of MIS using 2D versus 3D imaging
shows that 3D imaging leads to improved hand-eye coor-
dination and shorter learning curves [4-7, 14]. Even
more, prospective randomized trials showed that MIS op-
eration times in the operation room can be shortened
when using 3D video systems [5, 14]. This led to the re-
cently published recommendation of the European As-
sociation for Endoscopic Surgery (EAES) consensus de-
velopment conference 2018 to use 3D laparoscopy to de-
crease operation time [15].

Our results showed that study participants using the
3D laparoscopic systems showed significantly poorer
MIS performance when changing to 2D mode. Conse-

Testing Distinct 3D Effects in 3D
Laparoscopic Systems

quently, 3D imaging in MIS training decreases acquisi-
tion of an MIS basic skill, namely dealing with the lack of
depth perception, when 2D visualization is used [16].

With today’s use of robotic-assisted surgery, 3D imag-
ing has gained substantial relevance. The most common-
ly used system, the daVinci® Surgical System (Intuitive
Surgical, Sunnyvale, CA, USA), is equipped with a high-
definition 3D optic to compensate for the complete loss
of haptics, among other factors [17]. Regarding the fur-
ther development of robotic-assisted surgery, our inves-
tigation of the effect of different stereo bases on depth
perception could also become relevant.

Limitations

The following are possible limitations of this study.
First, it is unclear whether our results are transferable to
actual MIS procedures in the operation room. However,
there are indications that a surgeon’s MIS performance
using video box trainers or simulators is transferable to
the operation room [18]. Regarding the LTB system used
in the current study, the transferability of MIS perfor-
mance was demonstrated by a laparoscopic cholecystec-
tomy in a porcine model [9]. Another limitation is that
we evaluated the effect of the optical parameters with par-
ticipants who were novices in MIS. Whether the results
are transferable to more experienced surgeons remains
unclear and must be investigated in further studies. Third,
the results of our comparison analysis between the 2D
and 3D systems should be viewed with caution, because
the data were collected at different times from distinct
studies. Finally, prospective studies involving an indus-
trial partner more often report positive results compared
with non-industry-funded trials [19]. The fact that our
study was funded by Olympus Surgical Technologies Eu-
rope, and two of the coauthors (H.E. and T.L.) are co-
founders of LTB Ltd. may have influenced the interpreta-
tion and presentation of the results.

Conclusion

Our comparison of the 3D systems used in this study
showed a tendency that the larger of the two stereo bases
(2.5 vs. 3.8 mm), with a related larger 3D effect, led to an
improvement in learning MIS basic skills, but at the same
time could promote visual overload. However, the differ-
ences were not statistically significant, suggesting that the
sizes used in system A and system B are both acceptable
when designing 3D systems. In addition, MIS basic skills
may be learned quicker with a 3D system than with a 2D
system; however, once the 3D effect is eliminated, the cor-
responding compensatory mechanisms mustbe relearned
when changing from a 3D to a 2D system.
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