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Objective: This study aimed to compare surgical residency training learning curves using 2-dimensional (2D) and 3-dimensional
(3D) laparoscopic views.
Materials and Methods: Twenty surgical residents were divided into two groups according to their laparoscopic view: 2D and 3D.
The seven tasks (peg transfer, pattern cutting, threading, rubber banding, ball transfer, specimen retrieval, and suturing) of the essential
laparoscopic training box were performed. The time taken to complete each task was recorded and analyzed. After performing all the
tasks, the participants were asked to complete a questionnaire of their experience with the equipment.
Results: The time taken for the 3D group was significantly faster than that of the 2D group for peg transferring (3.44 vs 2.69, p < 0.0001),
threading (3.02 vs 2.63, p = 0.0027), ball transferring (4.45 vs 3.40, p = 0.0001), specimen retrieval (3.78 vs 2.99, p < 0.0001), and suturing
(13.62 vs 11.13, p < 0.0001). The 3D group was also faster in pattern cutting (2.81 vs 2.63, p = 0.17) and rubber banding (2.8 vs 2.78, p = 0.83),
but the difference was not significant. After the training, 60% of the participants in the 3D group reported eye strain on the questionnaire.
Conclusion: The 3D laparoscopic view improves surgical performance and learning for surgical residents over that of the 2D
laparoscopic view.
Keywords: learning curve, 2-dimensional, 3-dimensional laparoscopic view

Introduction
Recent advances in laparoscopic surgery have evolved many procedures and changed the surgical paradigm.
Laparoscopic surgery has become an alternative surgical technique in patient care.1 The standard treatment for some
diseases, like cholecystitis, is now laparoscopic surgery. This is because it reduces patients’ pain after surgery, speeds
their recovery, and shortens their stay in the hospital.2–4 However, successful laparoscopy requires a high level of surgical
skill such as hand-eye coordination and laparoscopic instrument control due to the lack of fine touch sensation and on-
screen visualization, where images may differ from real images in terms of depth. Thus, to achieve surgical success and
minimize complications, skillful training on laparoscopy is required for inexperience trainee. Several methods of learning
experience, such as lectures, videos, live demonstrations, or hands-on workshops in laparoscopic surgery, are now part of
the training program for both medical students and surgical residents.

One factor affecting laparoscopic surgery or skill training is on-screen image visualization. The recent of a camera
system that provides on-screen image visualization of the operative field includes 2-dimensional (2D), 3-dimensional
(3D), and 4K resolution ultra-high-definition display technique (4098 x 2160 pixels).
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The purpose of this study was to evaluate and compare the effects of the 2D and 3D laparoscopic views on the
learning period of essential laparoscopic training skills in surgical residents.

Materials and Methods
A quasi-experimental study was conducted using an essential laparoscopic training workshop that was arranged for new
surgical residents every academic year from 2016–2019. First-year surgical residents and sixth-year medical student were
recruited for this study by voluntarily inviting them to participate in it. Those willing to participate in this study will sign
an informed consent form. All the surgical residents were given a detailed explanation of the study’s objective and
divided into two groups according to their laparoscopic view (2D and 3D groups). The recorded times of the following
seven essential laparoscopic box training tasks (peg transfer, pattern cutting, threading, rubber banding, ball transfer,
specimen retrieval, and suturing) were used to evaluate training skill (Figure 1). The main outcome of this study was
learning experience by taking their time with each task. The second outcome was how they felt after using the
instruments.

The data of this study were analyzed by the STATA version 15 program. Comparison of continuous variables was
performed using the Mann–Whitney U-test as the data had a non-normal distribution. P-values of <0.05 were considered
statistically significant. Descriptive data are presented as numbers and percentages.

Results
From 2016 to 2019, this study recruited 40 first-year surgery residents and sixth-year medical student for evaluation
(Figure 2). Table 1 demonstrated baseline characteristics of participant. Table 2 shows the recorded times of each task for
both groups. The time taken for the 3D group was significantly faster than that of the 2D group in peg transferring (3.44
vs 2.69, p < 0.0001), threading (3.02 vs 2.63, p = 0.0027), ball transferring (4.45 vs 3.40, p = 0.0001), specimen retrieval

Figure 1 The seven essential laparoscopic training tasks, (A) peg transferring, (B) pattern cutting, (C) threading, (D) rubber banding, (E) ball transfer, (F) specimen retrieval, (G)
suturing.
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(3.78 vs 2.99, p < 0.0001), and suturing (13.62 vs 11.13, p < 0.0001). The 3D group was also faster than the 2D group in
pattern cutting (2.81 vs 2.63, p = 0.17) and rubber banding (2.8 vs 2.78, p = 0.83), but the difference was not significant.
However, about 60% of the participants in the 3D group experienced eye-strain after using the 3D instruments.

Discussion
Laparoscopic surgery works by converting an image through a camera head and transferring the signal onto a TV screen,
where the viewed images are usually two-dimensional. The disadvantages of traditional laparoscopy include its lack of

Figure 2 Flow diagram of study participants.

Table 1 Baseline Characteristic of Participant

Age: mean (SD) 27.48 (2.53)
M: F 30: 10

Number resident: medical student 31: 9
Playing game: n (%) 38 (95%)

Underlying disease: n (%) 0 (0%)

Wearing eyeglasses: n (%) 22 (55%)

Table 2 Time (Minutes) to Perform Each Task of Essential Laparoscopic Box Training

Task 2-Dimensional (n = 20) 3-Dimensional (n = 20) p-value

Peg transferring 3.44 + 0.36 2.69 + 0.25 < 0.0001

Pattern cutting 2.81 + 0.23 2.63 + 0.25 0.17

Threading 3.02 + 0.25 2.63 + 0.25 0.0027
Rubber banding 2.8 + 0.23 2.78 + 0.19 0.83

Ball transferring 4.45 + 0.35 3.4 + 0.45 < 0.0001

Specimens retrieval 3.78 + 0.23 2.99 + 0.27 < 0.0001
Suturing 13.62 + 0.99 11.13 + 0.51 < 0.0001
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in-depth perception and that it requires surgeons with advanced surgical skill and hand-eye coordination. Three-
dimensional laparoscopic instruments were developed to overcome the conventional 2D laparoscopy’s lack of in-depth
perception; with the 3-dimensional view, surgeons are able to perceive a true representation of the operative field.

This study evaluated inexperienced doctors’ learning experience on essential laparoscopic box training. Our results
show that the 3D group required less time to complete all the tasks; a reduction in time that was statistically significant
for four of the seven tasks. This time reduction could be the effect of the 3D instruments, which permit better
perception and more depth of view, like open surgeries. This study confirms the results of previous studies, which
demonstrated that 3D laparoscopic instruments can improve surgical performance compared to that of 2D
instruments.5–8

However, the early study showed no difference between 2D and 3D laparoscopy, and the 3D instruments had the
disadvantage of high price and surgeon eye strain and fatigue.9,10 Therefore, while the 3D instruments can improve
surgeon’s performance, practice is required to improve hand-eye coordination, become familiar with the instruments, and
improve general surgical skills.

Limitations of this study included its small number of participants and potential lack of generalizability. As this
study was established in a training box, it may not show the correct impact on real surgery. Future research
comparing 2D and 3D laparoscopic surgery in patients undergoing laparoscopy by experienced surgeons or compar-
ing 2D and 3D laparoscopy to modern technology, such as 4K enhancing instruments or robotic surgeries, should be
performed.

Conclusion
Three-dimensional laparoscopy are the one factor that may help an inexperienced surgeon improve their learning
experience.

Abbreviations
2D, 2-dimensional; 3D, 3-dimensional; 4K, ultra-high-definition display technique.
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