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Abstract

Background: Laparoscopic surgery is based on 2D imaging, with limited depth perception. The aim of this study was

to analyse the impact of 3D training on the performance of surgical trainees in 2D laparoscopic simulation. Methods:

Thirty medical students were randomised into group A, completing five training attempts of three modified

Fundamentals of Laparoscopic Surgery tasks (peg transfer, pattern cutting, and intra-corporeal suturing) using a 3D

simulator, or group B, who were only exposed to the 2D platform. Time to completion, error rate, and efficiency

improvement were measured. Results: The overall performance time was lower for group A than for group B, and this

was statistically significant in task 2 (P = 0.02) and task 3 (P5 0.01). The mean error rate was lower for group A versus

group B, which was statistically significant for all three tasks (task 1, 0 vs 0.2; task 2, 0.4 vs 1.8; task 3, 0.24 vs 1.1).

When efficiency improvement was evaluated, group B displayed a faster rate of improvement during task 1 (132.1% vs

248.8%; P5 0.01) and task 2 (123.9% vs 139%; P = 0.15). For task 3, group A demonstrated a superior rate of

improvement (190% vs 173.1%; P = 0.2). Conclusions: Introducing 3D training is beneficial for novices to execute

2D laparoscopic skills, particularly for complex tasks where depth perception is critical. 3D-based laparoscopic training,

in conjunction with standard 2D platforms, should be introduced into surgical training to facilitate quicker and better

preparation before translation of these skills into clinical practice.
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Introduction

Laparoscopic imaging systems have improved continuously

over the last two decades, with superior quality cameras and

high-definition displays.1,2 However, conventional 2D

laparoscopic surgery remains challenging because of practi-

cal limitations.3 The learning curve for surgeons to become

proficient is distinct from that for open surgery, and thus

time consuming.1,4 Features unique to laparoscopy, such as

the loss of depth perception (stereopsis) often lead to erratic

correctional actions that result in reduced overall surgical

accuracy and efficiency.5-8 Thus, surgical performance using

current 2D imaging systems has been shown to be impaired

by up to 35% when compared with conventional surgery.9,10

Additional challenges with laparoscopic training include

ergonomic equipment flaws,11,12 haptic feedback, and the

fulcrum effect.1,3,4 Robotic surgical systems address some

of these challenges but are not used sufficiently in clinical

practice to necessitate dedicated training.13,14

Although the challenges of working under 2D visual condi-

tions can be overcome with intense practice, rapid laparo-

scopic proficiency may be difficult to achieve for modern

trainees under the constraints of modern work-time direc-

tives, and shorter duration of training. Using operating

theatres for the acquisition of basic fundamental laparo-

scopic skills is considered unsafe, uneconomical, and

unethical. Thus, simulated laparoscopic training remains a

pivotal facet of surgical education.15

Stereoscopic (3D) technology has several reported advan-

tages, including enhancing the performance of laparoscopic

surgery by providing the depth perception denied by con-

ventional 2D laparoscopy.16-23 This feature simplifies the

appreciation of natural anatomical structures and provides
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a visual-spatial context to the surgical setting, facilitating the

execution of complex tasks.19,20 Indeed, operative times can

also be shortened, thus indicating a more efficient approach

to surgery.24 However, 3D technology is associated with

higher costs and is not yet widely available.19,25 Recent stu-

dies have sought to assess the differences between 2D and

3D laparoscopic surgical systems.16,18,21,26,27 Overall, it has

been demonstrated that 3D vision accelerates the rate of

task completion, particularly for complex tasks.

The aim of this study was to evaluate the impact of initial

3D training on subsequent 2D performance of the modified

Fundamentals of Laparoscopic Surgery (FLS) training tasks

by a group of senior medical students. In particular, we

aimed to assess whether an initial 3D training period

enhances training, and thereby reduces errors, and whether

the complexity of the task is affected by the type of imaging

system.

Materials and methods

This study was conducted at an academic medical centre

and was planned in accordance with the Consolidated

Standards of Reporting Trials (CONSORT) guidelines.

This was a prospective randomised study in which 30 par-

ticipants were enrolled. Minimum participation was based

on power calculations using results from previous studies at

our institution.2 The inclusion criteria for participation

included individuals who were new to laparoscopic surgery

or simulation, did not have uncorrected visual impairments,

and had committed to completing the laparoscopic training

course. Candidates with laparoscopic exposure beyond

camera navigation were excluded in order to mitigate dif-

ferences in skill. All research participants were senior med-

ical students with a declared interest in a surgical career.

Research tasks
The training tasks included peg transfer, pattern cutting,

and intra-corporeal suturing (Fig. 1). These selected tasks

were taken from the validated Fundaments of Laparoscopic

Surgery (FLS-SAGES) curriculum.28 For completion of these

tasks in 3D, models previously validated at our institution

were used (3D peg board, 3D pattern cutting glove, and 3D

suturing glove) to allow the participant to adapt to the

depth perception required in a 3D environment.2 The train-

ing flow was divided into two phases. Phase 1 (training)

consisted of five attempts to complete each activity in 3D

for group A, and five attempts to complete each activity in

TASKS EXPLANATION PENALTIES LEARNING AIM

1. Peg transfer Pick the peg (total of 6) with the 
non-dominant hand, pass it to the 
dominant hand, and place it on the 
spike

Dropping the peg 
inside or outside 
the field of vision

- Hand-eye coordina�on
- Depth percep�on

2. Pa�ern cu�ng Cut the marked area using both 
hands properly

Devia�on > 2 mm 
from the pre-
marked line 

- Applying trac�on and 
  cu�ng accurately
- Bi-manual skills
- Hand-eye coordina�on

3. Intra-corporeal
Suturing 

Pass suture from the bold point to 
another point marked on the gloves 
(i.e. index finger to middle finger), 
and �e the knot intracorporeally. 
The user must exchange the hand 
with the needle between each 
throw to ensure that the knot is 
square

- Needle passed 
  away from the pre-
  marked posi�on 
- Slipping knot  
- Insecure knot
- Suture failed to 
  approximate the 
  gap 

- Laparoscopic suturing

Figure 1. A description of the FLS tasks selected for this study, which include the peg board, pattern cutting, and intra-corporeal suture
tasks.28
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2D for group B. In phase 2, both groups performed each

activity three times using only 2D imaging.

Equipment
The study was performed using the LaproTrain (Endosim,

Belfast, UK) box trainer. The monitor used was an 81.28 cm

high-definition light-emitting diode monitor (resolution,

1920 � 1080 pixels; motion clarity index, 400 Hz) (LG

Electronics, Busan, South Korea). In group A, during

phase 1, the operator wore passive polarised 3D glasses

(weight, 16 g) and used a 3D camcorder (Double Full HD,

1920 � 1080 Full HD 60p/24p recording) that was adapted

for the box trainer through a mechanical arm (Sony

Electronics, Tokyo, Japan). During phase 2 for group A,

and phases 1 and 2 for group B, the original 2D system

from LaproTrain was used (standard definition).

Recruitment and training sessions
Participants were randomised into the two groups using a

computer-generated schedule. The participants received

written instructions and a demonstration video for all

three tasks before the first session. Candidates from group

A underwent an adaptation exercise that involved looking at

a static 3D image in the box trainer that alternated 5 s on

and 5 s off for a minimum of 1 min before the start of

training. Each task was demonstrated once by the same

instructor, and followed by two repetitions of the exercise

by the candidates. In this manner, participants could famil-

iarize themselves with the instruments. Following the FLS

guidelines and the FLS technical skills proficiency-based

training curriculum,29-32 candidates started phase 1 with

the peg transfer (task 1), then progressed to pattern cutting

(task 2), and finally to intra-corporeal suturing (task 3)

(Fig. 1). All tasks were executed in the same training/per-

formance order. Study flow was divided into two phases

with a 1-week interval in between. Phase 1 (training) con-

sisted of a total of five attempts in 3D for group A and five

attempts in 2D for group B. In phase 2, both groups per-

formed each activity three times using the 2D imaging

system exclusively.

Because this was the index exposure to laparoscopic simula-

tion for all participants, factors such as proficiency time or a

cut-off time were not taken into account. Three parameters

were considered for this study: the mean completion time,

the mean error rate, and the improvement in efficiency (%)

from phase 1 to phase 2.

Statistical analysis
Continuous variables were compared using a Wilcoxon

signed-rank test, and categorical variables were compared

using Fisher’s exact test. Statistical analysis was performed

using Prism software (GraphPad, La Jolla, CA). A P value

40.05 was considered statistically significant.

Results

The study was completed by all participants. Fifteen (50%)

students were male, and the median age was comparable

between groups. Most candidates were right-handed; five

candidates were left-handed (Table 1). Phase 1 took an

average of 3 h to complete; phase 2 lasted an average of

1.5 h for both groups.

Performance time
Group A (3D) took less time overall (Table 2 and Fig. 2) to

execute the FLS tasks compared with group B (task 1, 236 s

vs 245.5 s; task 2, 368.4 s vs 500.8 s; task 3, 312.9 s vs 499.7 s).

These differences were statistically significant for task 2

(P = 0.02) and task 3 (P5 0.01).

Mean error rate
A lower mean error rate was observed in group A (task 1, 0

vs 0.2; task 2, 0.4 vs 1.8; task 3, 0.24 vs 1.1), with statistical

significance noted for all three tasks (P5 0.01) (Table 3 and

Fig. 3).

Efficiency improvement
Group B (2D) had a superior rate of improvement (%) in

task 1 (P5 0.001) and task 2 (P = 0.15) compared with

group A (3D) (248.8% vs 132.1% and 123.9% vs 139%,

respectively). In task 3, group A (3D) demonstrated greater

improvement, although this result did not attain statistical

significance (190% vs 173.1%, P = 0.2) (Table 4 and Fig. 4).

Figure 2. Differences in performance time between the 3D and
2D trained groups.
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On direct questioning, 87% (13 respondents) in group A

preferred the 3D visual system, and 13% preferred the 2D

visual system. The main reasons given for the preference for

the 3D stereoscopic image included improved depth percep-

tion, better image definition, increased ease in judging dis-

tances, and improved spatial awareness. In total, 93% of the

participants in group A either agreed or strongly agreed

with the statement that 3D imaging facilitated improvement

in their 2D performance, particularly for more complex

tasks, such as intra-corporeal suturing.

Discussion

Three-dimensional imaging in laparoscopic surgery repre-

sents a major advance in technology, but remains an expen-

sive endeavour at present. Although it is apparent that an

improved visual system is likely to make most laparoscopic

tasks more efficient, the availability of 3D imaging systems

remains scarce in clinical practice.

We intended to assess whether training on a 3D-based plat-

form improves subsequent skills on 2D systems, a poten-

tially common scenario in contemporary surgical practice.

Task 1 (peg transfer) is a skill aimed at developing hand–eye

coordination and depth perception. Group A (3D) had a

faster performance time. Although this was not statistically

significant, a positive trend suggested that this group had

faster acquisition of skills. The error rate in group A was

also significantly lower. However, the 2D group achieved

better results in terms of efficiency improvement. Tasks 2

and 3 demonstrated similar results. Task 2 (pattern cutting)

is a skill aimed at developing bimanual and dissection tech-

niques, and task 3 (intra-corporeal suturing) is aimed at

fostering more advanced laparoscopic techniques. Our

results demonstrated that after a short period of training

in 3D, candidates had a faster performance time and a

lower error rate, which were both statistically significant.

This reflects that 3D training enhances the development of

more complex tasks, where it may be particularly useful in

the context of training. Although efficiency improvement

did not attain significance for these more complex tasks,

there was a trend towards this.

In a post-study questionnaire, participants from group A

revealed a preference for the 3D system. Group A believed

that their highest improvement was achieved in the intra-

corporeal suturing 3D model, which confirms previous evi-

dence supporting the improved execution of complex tasks

using stereoscopic vision.

There are presently no courses or training curricula for

surgical simulation that include training with 3D laparo-

scopic platforms. Several studies, including the present

one, have demonstrated the superiority of stereoscopic

Table 2. Differences between the 3D and 2D groups in performance time

Performance time, s (SD) (range)

Task 1: peg transfer Task 2: pattern cutting Task 3: intra-corporeal
suturing

Group A (3D) 236 (46.5) (164.7–306.3) 368.4 (175.1) (236.7–965.7) 312.9 (113.1) (143.3–596.7)

Group B (2D) 245.5 (49.5) (171–332) 500.7 (155.9) (286–744) 499.7 (195.5) (249.7–897)

P value 0.28 0.02 50.01

Table 1. Participant demographics

Parameters Group A
(3D/2D)

Group B
(2D/2D)

Gender (male/female) (8/7) (7/8)

Mean age (years) 21.7 23.6

Dexterity (right/left) (12/3) (13/2)

Uncorrected sight problems 0 0

Colour blindness 0 1

Table 3. Differences between the 3D and 2D groups in the mean
error rate

Mean error rate (SD) (range)

Task 1:
peg
transfer

Task 2:
pattern
cutting

Task 3:
intra-corporeal
suturing

Group A (3D) 0 (0) 0.4 (0.3) (0–1) 0.24 (0.2) (0–0.7)

Group B (2D) 0.2 (0.3) (0–1) 1.8 (1.2) (0.33–5) 1.1 (0.5) (0.3–2)

P value 50.01 50.01 50.01
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vision over standard 2D laparoscopic surgery for skill acqui-

sition.2,5,15 These results can therefore serve as supporting

evidence for the establishment of a new and promising way

to teach laparoscopic surgical skills, shorten the learning

curve for this technique, and possibly reduce errors in clin-

ical practice, thereby leading to improved patient care and

safety.

It is evident, both in our study and in the literature, that a

combination of both 3D and 2D training platforms used in

conjunction provide a superior learning experience to trai-

nees. Given that most surgical units utilise 2D systems in

their day-to-day practice, it is essential that trainees are

familiar with the constraints of operating with this system.

However, by introducing 3D laparoscopic platforms in the

training setting, the ease of developing transferable skills is

improved. This is particularly true for more complex tasks,

such as fine dissection and suturing, where a 3D view makes

a significant difference in depth perception, especially in the

early stages of training. Thus, based on our experience, we

propose a curriculum that comprises both 3D and 2D

laparoscopic training, with approximately 25% to 50% of

initial training time spent utilising a 3D simulation plat-

form. This will ensure that trainees are exposed to the

normal laparoscopic set-up that they will be expected to

utilise in future practice, yet can develop skills in a sequen-

tial manner, particularly more complex tasks, utilising a 3D

system. These skills are, as our study has demonstrated,

transferable to a standard 2D platform. The usefulness of

this approach was assessed with a post-study questionnaire,

and most of the candidates concurred that a combined

approach was useful for meeting their training

requirements.

Limitations
Although this study aimed to assess novices with a view to

developing a basic training curriculum, a further study that

Table 4. Differences between the 2D and 3D groups in efficiency improvement from phase 1 to phase 2

Efficiency improvement, % (SD) (range)

Task 1: peg transfer Task 2: pattern cutting Task 3: intra-corporeal
suturing

Group A (3D) 132.1 (24) (90.9–182) 123.9 (34.8) (40–202.5) 190 (98.1) (109.7–419.5)

Group B (2D) 248.8 (66.8) (144.3–358.3) 139 (31.2) (93.7–194.5) 173.1 (78.5) (64.5–343.1)

P value 50.01 0.15 0.2

Figure 3. Differences in the mean error rate between the 3D and
2D trained groups.

Figure 4. Differences in efficiency improvement between the 3D
and 2D trained groups.
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assesses surgical trainees with different platforms would also

be useful. Stereoscopic vision requires an adaptation period

to adjust to the static environment of a box simulator,

which has fewer contours and colours than the abdominal

cavity. This adaptation is likely to be absent or much

shorter in the clinical setting, thereby further improving

the user’s performance time. Thus, although extremely

useful in learning the basics of laparoscopy, the ideal train-

ing setting is in the operating theatre. Finally, the challenges

of static navigation and the limitations of the model itself

could have influenced the outcomes of this or any other

laboratory-based study.

In summary, 3D technology enables a more rapid and easier

method of developing complex laparoscopic skills, which

can be transferred into routine 2D practice with improved

performance time and efficiency, with a reduced error rate.
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