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Aim: The aim of this study was to evaluate the novice performance of advanced bimanual 
laparoscopic skills using the articulating FlexDexTM laparoscopic needle holder in two- 
dimensional (2D) and three-dimensional (3D) visual systems.
Methods: In this prospective randomised trial, novices (n=40) without laparoscopic experi-
ence were recruited from a university cohort and randomised into two groups, which used the 
FlexDexTM and 2D or the FlexDex™ and 3D. Both groups performed 10 repetitions of 
a validated assessment task. Times taken and error rates were measured, and assessments 
were made based on completion times, error rates and learning curves.
Results: The intervention group that used FlexDexTM and 3D visual output completed 10 attempts 
of the standardised laparoscopic task quicker than the control group that used FlexDexTM with 
standard 2D visual output (268 seconds vs 415 seconds taken for the first three attempts and 176 
seconds vs 283 seconds taken for the last three attempts, respectively). Moreover, each attempt was 
completed faster by the intervention group compared to the control group. The difference in average 
time for the first three and last three attempts reached statistical significance (P < 0.001).
Conclusion: Combination of 3D visual systems and the FlexDexTM laparoscopic needle 
holder resulted in superior task performance speed, leading to shorter completion times and 
quicker learning effect. Although the 3D group demonstrated lower mean error rates, it did 
not reach statistical significance.
Key Statement: 3D visual systems lead to faster task completion times when combined 
with an articulating laparoscopic needle holder compared to 2D vision. This effect however 
is not seen in error rates.
Keywords: laparoscopic skills, advanced bimanual skills, 2D, 3D, FlexDex™

Introduction
Laparoscopic surgery has been regarded as one of the most significant surgical innova-
tions since the invention of anaesthesia due to its advantages over open surgery.1 These 
benefits include smaller incision site, decreased post-operative pain, shorter hospital stay 
and quicker return to daily activity.2,3 In recent years, laparoscopy has become increas-
ingly pervasive throughout various surgical specialities for simple and complex 
operations.4–6

However, there are certain ergonomic limitations associated with laparoscopic 
surgery and laparoscopic instruments that remain unfavourable and may be 

Correspondence: Sara Sousi  
Department of Surgery and Cancer, 
Imperial College London, Hammersmith 
Campus, London, W12 0NN, Greater 
London, UK  
Email ss6319@ic.ac.uk

Medical Devices: Evidence and Research 2021:14 469–480                                                  469
© 2021 Motahariasl et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Medical Devices: Evidence and Research                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 13 November 2021
Accepted: 13 December 2021
Published: 30 December 2021

mailto:ss6319@ic.ac.uk
http://www.dovepress.com/permissions.php
https://www.dovepress.com


potentially limiting its more widespread adoption. Firstly, 
the two-dimensional (2D) imaging typically used for gui-
dance during laparoscopic operations results in the loss of 
depth perception and spatial orientation by the surgeons that 
operate within a three-dimensional environment.5 Another 
factor is related to limitations of traditional laparoscopic 
surgical instruments, which have a rigid linear design and 
movements at the jaws or the tip of the instruments are 
limited to just opening and closing of jaws or rotation of the 
instrument tip that could impact the manoeuvrability and 
ease of use and could contribute to extended operating time 
or learning curve. The standard laparoscopic needle holder 
in its linear form lacks any degree of rotation at the tip, thus 
making the laparoscopic suturing task difficult to learn or 
execute during laparoscopic operations. These factors are 
often perceived as unfavourable barriers to quick and effec-
tive learning of laparoscopic skills among junior surgeons 
in training, ultimately adding to the frustration and fatigue 
during training and prolonging the learning curve. Several 
solutions have been developed to address both issues. High- 
definition passive or active polarising 3D imaging systems 
could be used to restore depth perception and robotic-like 
articulating laparoscopic equipment for greater 
manoeuvrability.7 Research into the latest 3D visual sys-
tems showed that these provide close to a “natural view” 
comparable to a Da Vinci® robot. Multiple systematic 
reviews of randomised control trials have shown evidence 
that the latest 3D imaging systems combined with laparo-
scopic surgery may result in shorter operative times and 
improved survival outcomes.8–14 Sørensen et al found that 
3D increased operative speed and reduced the number of 
errors compared to 2D laparoscopy.15 Moreover, robot- 
assisted surgery has greatly improved patient outcomes, 
especially in urology as robotic surgical instruments offer 
higher degrees of instrument tip movements due to their 
human-like wrist movements. However, due to high equip-
ment costs of robotic surgery, its widespread implementa-
tion is severely limited by financial funding. Various 
manufacturers have been developing articulating instru-
ments with the introduction of single port laparoscopic 
surgery; however, this still lacks the manoeuvrability that 
is offered with the human wrist like movements of the 
robotic surgical instruments. A novel type of articulating 
laparoscopic needle holder with wrist-like movements com-
parable to robotic instruments has been developed to 
improve manoeuvrability at a fraction of the cost of robotic 
ones. The FlexDexTM is an example of such novel articu-
lating needle holder that allows wrist-like movement with 

seven degrees of motion at a significantly lower price 
compared to robotic surgery.

This instrument could be used as a needle holder or 
could substitute the traditional Maryland grasper during 
laparoscopic surgery therefore combining 3D imaging 
with greater dexterity of the FlexDex™ could deliver 
a potential substitute to robot-assisted surgery at 
a fraction of cost. However, no studies have been con-
ducted to compare the effect of 2D and 3D imaging on the 
laparoscopic task performance while using the FlexDex™. 
Thus, this study will assess the effect of visual imaging 
modality utilising the FlexDex™ instrument and assess its 
bimanual skill usability. Moreover, this is the first study 
this wrist-like manual articulating instrument would be 
used as a needle holder and a Maryland grasper for grasp-
ing and dissecting in 2D and 3D.

Aims
This study evaluates novice performance of advanced 
bimanual laparoscopic skills using the articulating 
FlexDex™ laparoscopic needle holder in 2D versus 3D 
visual systems.

Materials and Methods
Ethics
Ethical clearance was granted by King’s College London 
Research Ethics Committee (MRA-21/22-26329).

Recruitment
A convenience sample of medical students was taken. 
Advertisements were circulated via Surgical Society events. 
Participants applied to join via a Google Form. There was no 
financial incentive for participants to join the study.

Randomisation
Participants were randomised to either trial arm using 
a sealed envelope method.

Inclusion and Exclusion Criteria
To qualify for participation in the trial, strict inclusion and 
exclusion criteria were applied to reduce bias. The inclu-
sion criteria were as follows: Novices to laparoscopy with 
no previous laparoscopic training or exposure beyond 
camera handling, full commitment to the completion of 
the study, and no uncorrected sight issues. The exclusion 
criteria included: Laparoscopic experience beyond camera 
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manipulation, lack of commitment, absence during the 
trial and inability to adapt to 3D vision.

Materials and Equipment
Laparoscopic box trainer by Zhejiang Shendasiao Medical 
Instruments Co., Ltd was used containing six skin-like 
access ports for the introduction of laparoscopic instru-
ments. Finlux 42S7080 monitors were used (Display Size: 
42 Inch (42”), Display Type: LED Full HD 1080p 3D and 
2D monitor). The camera was a Sony camcorder (HDR- 
TD10 Handycam, (10X Zoom in 2D)) capable of recording 
both in 2D and 3D. In the 3-dimensional group, participants 
wore passive polarized Finlux 3D glasses (weight: 21 
grams). Articulating laparoscopic grasper was the 
FlexDexTM laparoscopic needle holder provided by 
FlexDex Surgical→ and the laparoscopic grasper used 
was a 3mm laparoscopic grasper (Maryland) by 
LaproSurge™.

Laparoscopic Task
The assessment was task 1 (Grasping and manipulation) of 
the LapPass® examination created by the Association of 
Laparoscopic Surgeons of Great Britain and Ireland 
(ALSGBI). This is an advanced bimanual skill training 
task divided into 4 steps of bimanual manipulation of an 
object (polo or a hollow ring) as described in Appendix 1.

Duration of Training
Individuals were asked to perform 10-repetitions with both 
time and number of errors being recorded for all 10 tries.

Assessment and Error Measurement
1. Completion times were measured for all 10 repetitions.

2. Learning curve assessment comparing completion 
time of first 3 and last 3 attempts.

3. Error scores were defined as dropping the rings 
outside the model surface or losing a ring outside the 
field of view at any point during the 4 steps of the biman-
ual manipulation. Each drop outside the model surface or 
loss outside the field of view was given a score of 1 and 
the accumulated error score was measured for each of the 
10 attempts. No drop or loss of a ring during an attempt 
was given an error score of 0.

Study Pathway
All individuals were required to attend 2 mandatory ses-
sions, where absence in any of the two would result in 
exclusion from the study. Session 1 was an introductory 

lecture about the study, where participants were given 
a full explanation of the task to be performed alongside 
watching a video demonstration of the validated assess-
ment task. This validated assessment task was task number 
1, “grasping and manipulation” of the LapPass® 

examination.17 The sequence of actions required to be 
performed by the participants is detailed in Appendix 1 
of the Supplementary Material. It consisted of 4 steps that 
all needed to be done for 1 completed attempt.

After the first session, individuals were randomised 
into two groups (study arms) where they would be using 
one of the following combinations of instrumentation: A) 
FlexDex™ needle holder and 2-dimensional vision B) 
FlexDex™ needle holder and 3-dimensional vision.

After successful randomisation of individuals, partici-
pants of the same experimental arm were grouped into 
groups of three and were scheduled to attend the second 
session, which happened 2 weeks after session 1. During 
session 2, participants in both groups were given a 45- 
minute familiarisation period where they were given a set 
of 6 exercises to perform acquaint themselves with the 
equipment they would be using. A description of these 
familiarisation tasks is detailed in Appendix 2 of the 
Supplementary Material. Furthermore, participants in the 
FlexDex™ and 3-dimensional vision group partook in 
a two-minute visual adaptation exercise where they were 
asked to look at a 3D image for ten seconds and away for 
ten seconds.

In order to compare the performance of individuals in 
each group, participants were required to perform 10 repe-
titions of task 1 (Grasping and manipulation) of the 
LapPass® examination. Completion times and the number 
of errors were recorded for all ten attempts. To evaluate 
any difference in task completion times between the two 
study arms, an inter-cohort comparison was made between 
the average times of the first and last three attempts, as 
well as the individual times of each attempt. Furthermore, 
a comparison was made between the average total number 
of errors between the 2 groups.

Familiarisation Period
Participants had a 45-minute time slot dedicated to famil-
iarisation with the FlexDex™ instrument by performing 
a set of six training exercises designed according to videos 
provided by FlexDex™ Surgical™ (Appendix 2 of the 
Supplementary Material). Participants were shown 2-min-
ute videos of the six exercises and were given 5–6 minutes 
to carry them out ultimately, allowing them to become 
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more acquainted with the FlexDex™. Moreover, partici-
pants in the FlexDex™ and 2D groups were required to 
perform these familiarisation tasks in a 2D environment 
and the FlexDex™ and 3D group in a 3D environment. 
Appendix 3 of the Supplementary Material demonstrates 
the FlexDexTM needle holder as well as images from the 
experiment environment and the participants utilising the 
needle holder.

Consent
Participants gave written consent during the recruitment 
process, before the commencement of the trial.

Consort Diagram
The consort diagram is illustrated in Figure 1.

Data Collection and Statistical Analysis
Score sheets were made using Microsoft® Word version 
16.21 for each participant to record completion times and 
the number of errors per attempt. Moreover, data was 
collected through spreadsheets using Microsoft® Excel 
version 16.21. Evaluation of task completion speed 
between the two groups was through inter-cohort compar-
ison of completion times between the first and last three 
repetitions. Additionally, the average error throughout all 
10 repetitions was used to compare error rates between the 
two trial arms. This data was analysed for normality of 
spread, and therefore a Kruskal–Wallis One-Way analysis 
was performed to assess for any significant differences. 
Error rates were also analysed for normality of spread 
using Kolmogorov–Smirnov and Shapiro–Wilk test of 
data distribution. The Shapiro–Wilk test was used to assess 
the normality of the variables (Appendix 4 of the 
Supplementary Material) as the sample size is small 
(n=20), and the F-test to assess whether two variables 
had equal variance. Based on the p-values generated by 
those tests, the Two Sample t-test, the Welch Two Sample 
t-test, or the Wilcoxon rank-sum test was implemented to 
compare the differences between the two groups based on 
the assumptions of each test. This was done both for the 
errors and completion times. The significance level was set 
at 0.05 (a = 0.05) for this study. The statistical analysis 
was carried out using International Business Machines 
(IBM) SPSS version 25 analytic software and 
R version 4.0.3.

Results
63 participants were recruited in the trial. After the appli-
cation of the inclusion and exclusion criteria, 13 partici-
pants were removed due to previous experience with 
laparoscopic training. From the remaining 50 participants, 
all were invited to attend the first session with a further 10 
individuals excluded due to absence from the first session. 
The final number of participants in the study was 40 
individuals, with no further participant exclusion or drop- 
out for the remaining duration of the trial. The 40 partici-
pants were randomised into each arm of the study with 20 

Figure 1 Consort diagram demonstrating the flow of participants through the trial.
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allocated to each group; FlexDex™ in 2D (n=20) and 
FlexDex™ in 3D (n=20). Table 1 illustrates the demo-
graphic information of participants in either group.

To demonstrate any pre-eminence of instrumentation, task 
completion time and accuracy were compared between the 
study arms. With regards to completion time, an inter-cohort 
comparison was conducted for the initial 3 attempts and the 
final 3 attempts. This method was chosen as it revealed an 
average for completion times at the beginning and towards the 
end of the assessments, therefore reducing the probability of 
comparison with single anomalous times. Moreover, using 
average times at the beginning and at the end would demon-
strate differences in the learning curves for each set of instru-
ments and illustrate how readily participants can adapt to 
them.

Completion Times
Table 2 demonstrates the average completion time per 
attempt between the 20 participants in each of the cohorts. 
As shown in Table 3, analysis of results demonstrates an 
average of 415 seconds for the first 3 attempts and 283 
seconds for the last 3 attempts in the FlexDex™ in 2D 
group. The FlexDex™ in 3D group had an average of 268 
seconds for the first 3 attempts and 176 seconds for the last 
3 attempts. Furthermore, the P-values from the Wilcoxon 
rank test in Table 4 indicate that there is a difference in 
means (P < 0.001). Figure 2 illustrates the average com-
pletion time per attempt between FlexDex™ in 2D and 
FlexDex™ in 3D.

Error Rates
Review of data regarding error rates demonstrates an 
average error rate of 7.3 errors between all participants 
throughout all 10 attempts in the FlexDex™ and 3D group 
(Table 5). Moreover, analysis demonstrated an average of 
9.3 errors between all participants throughout all 10 
attempts in the FlexDex™ and 2D group (Table 5). 
Figure 3 demonstrates the average overall error rate in 
each of the two groups, and the results of the Two 
Sample t-test are presented on the plot. The Two Sample 

Table 1 Table Demonstrating Demographic Information of 
Participants in Both the FlexDex™ and 2D Group and the 
FlexDex™ and 3D Group

Groups FlexDex™ in 
2D (n=20)

FlexDex™ in 
3D (n=20)

Gender (Male/Female) 7/13 9/11

Mean Age (Range) 21.3 (18–26) 22.65 (20–37)

Dexterity (Right/Left) 20/0 20/0

Interest in Surgery (Yes/Maybe/No) 15/5/0 15/5/0

Table 2 Table Demonstrating the Average Time per Attempt Between All Individuals Within the FlexDex™ and 2D Group and the 
FlexDex™ and 3D Group

Completion Times

FLEXDEX™ AND 3D

Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 Attempt 6 Attempt 7 Attempt 8 Attempt 9 Attempt 10

Average time (Seconds)  

(Min-Max)

303  

(161–723)

260  

(149–447)

242  

(149–443)

244  

(139–448)

235  

(124–506)

201  

(115–325)

208  

(113–323)

182  

(117–306)

168  

(122–245)

176  

(108–318)

FLEXDEX™ AND 2D

Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 Attempt 6 Attempt 7 Attempt 8 Attempt 9 Attempt 10

Average time (Seconds)  

(Min-Max)

490  

(338– 

1071)

379  

(255–634)

377  

(228–800)

327  

(203–517)

344  

(190–699)

331  

(193–554)

296  

(169–576)

287  

(143–453)

289  

(166–632)

274  

(159–564)

Table 3 Table Demonstrating the Average Time, Standard Deviation, and Range of the First and Final 3 Attempts Between All 
Individuals Within the FlexDex™ and 2D Group and the FlexDex™ and 3D Group

Attempts 1, 2, 3 Attempts 8, 9, 10

Average (Secs) SD (Secs) Range (Secs) Average (Secs) SD (Secs) Range (Secs)

FlexDex™ in 2D 415 146 228–1071 283 88 143–632

FlexDex™ in 3D 268 97 149–723 176 46 108–318
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t-test was chosen as the data is normally distributed 
(Shapiro–Wilk P > 0.05, Table 6) and of equal variance 
(F-test: F = 1.65, df = 19, P = 0.2811, 95% CI: (0.66, 
4.18), ratio of variance: 1.65).

Learning Curve Assessment
Inter-cohort comparison of the first three attempts 
revealed statistically significant (Wilcoxon Rank Sum 
test p < 0.001) quicker completion time in the 
FlexDexTM in 3D group with a mean difference of 
147.1 seconds (Table 7). Analysis of the final three 
attempts also demonstrated statistically significant 
(Welch Two sample t-test p < 0.001) shorter completion 
times in favour of the FlexDex™ in 3D combination 
with a mean difference of 107.5 seconds (Table 7). 
Figures 4, and 5, demonstrate the boxplots of attempts 
1, 2, 3 and attempts 8, 9, 10, respectively, between 
FlexDex™ in 2D and FlexDex™ in 3D. The statistics 
of the tests are displayed on the plot. Both results have 
reached statistical significance (p < 0.001), indicating 
that there is a difference between the means of comple-
tion times between the groups.

Discussion
This study is the first to explore the effect of 3D vision 
on task performance speed and accuracy utilising the 
wrist-like articulating laparoscopic instrument 
FlexDex™ by surgical novices. Previously conducted 

Table 4 Table Demonstrating the Average Completion Time in 
Seconds and the Standard Deviation per Attempt Between All 
Individuals Within the FlexDex™ and 2D Group and the 
FlexDex™ and 3D Group

FlexDex™ and 2D FlexDex™ and 3D P-value

Mean ± SD Mean ± SD

Attempt 1 490.05 ± 164.89 302.55 ± 125.17 4.68E-05

Attempt 2 378.85 ± 94.59 260.4 ± 72.29 1.44E-04

Attempt 3 376.65 ± 134.36 241.65 ± 68 1.79E-04

Attempt 4 327.35 ± 86.57 244.2 ± 92.66 3.05E-03

Attempt 5 344.2 ± 120.35 235.15 ± 86.21 5.34E-04

Attempt 6 330.75 ± 95.17 200.95 ± 54.99 1.10E-05

Attempt 7 296.35 ± 97.12 208 ± 58.98 1.48E-03

Attempt 8 286.7 ± 71.34 182.5 ± 44.16 3.63E-06*

Attempt 9 288.65 ± 91.33 168.3 ± 34.52 1.05E-06

Attempt 10 273.85 ± 95.15 176.05 ± 53.67 1.61E-04

Average 339.34 ± 78.53 205.42 ± 56.86 1.30E-04

Notes: The Average entry signifies the average completion time of each participant 
over all 10 attempts. The P-values have been calculated using the Wilcoxon rank- 
sum test with continuity correction, the p-value with the *of Attempt 8 has been 
calculated using the Two Sample t-test as the variables were normally distributed.

Figure 2 Bar plot of the average completion time (in seconds) in all 10 attempts of the assessment task in participants allocated to the FlexDex™ in 3D and FlexDex™ in 
2D groups. The standard deviation is also indicated on the plot, in addition to the p-value of the Wilcoxon signed rank test (the exact p-values may be seen in Table 4).
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studies aimed at assessing the performance of 
FlexDex™ demonstrated that this mechanical instru-
ment may have an advantage over non-articulating 
laparoscopic needle holder in terms of manoeuvrability 

and performance speed. However, no study has been 
conducted evaluating possible effects of 3D vision on 
accuracy and speed while performing laparoscopic 
tasks with FlexDex™.

Table 5 Table Demonstrating the Average Error Rate per Attempt Between All Individuals Within the FlexDexTM and 2D Group and 
the FlexDexTM and 3D Group

Error Rate

FLEXDEX™ AND 3D

Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 Attempt 6 Attempt 7 Attempt 8 Attempt 9 Attempt 10 Overall

Average number of 

errors  

(Min-Max)

1.6  

(0–3)

1.05  

(0–3)

0.5  

(0–3)

0.45  

(0–2)

1.15  

(0–3)

0.65  

(0–3)

0.9  

(0–4)

0.6  

(0–2)

0.25  

(0–1)

0.15  

(0–1)

7.3  

(1–15)

FLEXDEX™ AND 2D

Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 Attempt 6 Attempt 7 Attempt 8 Attempt 9 Attempt 10 Overall

Average number of 

errors  

(Min-Max)

1.65  

(0–3)

0.95  

(0–3)

1.25  

(0–3)

0.9  

(0–4)

1.15  

(3–0)

0.6  

(0–2)

1.05  

(0–3)

0.7  

(0–3)

0.9  

(0–4)

0.15  

(0–1)

9.3  

(3–18)

Figure 3 Box plot of total number of errors in all 10 attempts of the assessment task in participants allocated to the FlexDex™ in 3D and FlexDex™ in 2D groups. The 
Two Sample t-test results are displayed on the plot.
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Completion Times
The results of this study suggest that 3D visual output may 
have a positive effect on reducing the time taken to complete 
a standardised task. This was expected as available literature 
evidence indicates that 3D tends to increase the speed of task 
completion.9,16 Shorter completion times in this study could 
be explained by improved depth perception and spatial 
awareness offered by this visual technology.12 Considering 
that articulation of FlexDex™ tries to imitate natural wrist 
movements, integration of the 3D video equipment that 
restores natural depth perception may facilitate user’s spatial 
orientation and offer visual and motion similarity of open 
surgery. As there were statistically significant differences in 
completion times in both the first and final 3 attempts, this 
illustrates the continuously added benefit of 3-dimensional 
visualisation in terms of task completion times. However, 
there is no previously published evidence comparing articu-
lating mechanical laparoscopic instruments combined with 
2D and 3D visual systems, therefore the results of this study 
were critically appraised according to previous studies on 
non-articulating instruments and 3D. A prospective rando-
mised control trial carried out by Bhayani et al on perfor-
mance effects of 3D in 24 novices utilising non- articulating 
instruments demonstrated quicker operating times. However, 
the difference in performance precision between the 

intervention and the control groups did not reach statistical 
significance. This can be attributed to the inherent difficulties 
of 3-dimensional visualisation such as blurred vision, double 
vision, nausea, and eye fatigue.

Error Rates
This study did not find a statistically significant difference 
in the number of errors that occurred during task attempts 
between the intervention group and the control group. 
Given that participants in both trial arms were recruited 
from the same cohort of novice medical students, the only 
variable between these two groups was the type of video 
visualisation (2D versus 3D). This was an unexpected 
result, as multiple previously published randomised con-
trol trials demonstrated reduced error rates in the groups 
utilising 3D imaging equipment to perform laparoscopic 
tasks.15 Negative features of the 3D that affect its users 
such as fatigue and headache could be one of the reasons 
explaining no statistically significant difference in the error 
rates between the intervention and the control groups. 
Novices who are not accustomed to 3D video output 
could be overwhelmed, particularly at the end of their 
trials, with visual exhaustion, thus more prone to mistakes. 
Another explanation could be that the assessment itself 
might not have elicited the full effect of the 3D on the 

Table 6 This Table Demonstrates the Difference Between FlexDex™ in 2D and FlexDex™ in 3D in Terms of Average Error Rate 
Over Their 10 Attempts of the Standardised Assessment Task

Kolmogorov–Smirnov Test Shapiro–Wilk Test

Average SD Mode Statistic df P-value Statistic df P-value

FlexDex™ in 2D 9.3 3.96 10 0.180 20 0.089 0.942 20 0.257

FlexDex™ in 3D 7.3 3.08 8 0.110 20 0.200 0.975 20 0.852

Group Comparison Mean Difference SE P-value 95% CI

FlexDex™ in 2D vs 3D 2.00 1.026 0.0827 (−0.27, 4.27)

Table 7 This Table Demonstrates the Difference Between FlexDex™ in 2D and FlexDex™ in 3D in the First 3 Attempts and Last 3 
Attempts

Attempts 1, 2, 3 Attempts 8, 9, 10

Average (Secs) SD (Secs) Range (Secs) Average (Secs) SD (Secs) Range (Secs)

FlexDex™ in 2D 415 146 228–1071 283 88 143–632

FlexDex™ in 3D 268 97 149–723 176 46 108–318

Group Comparison Mean Time Difference (sec) P-value

Attempts 1, 2, 3 FlexDex™ 2D > FlexDex™ 3D Difference = 147.1 < 0.001 (Wilcoxon Rank-Sum)

Attempts 8, 9, 10 FlexDex™ 2D > FlexDex™ 3D Difference = 107.5 < 0.001 (Welch Two-Sample)
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performance accuracy. The laparoscopic tasks used in this 
study may have been chosen incorrectly for the objective 
of assessing the difference in performance accuracy when 
used with 2D and 3D.

This may warrant further research into the extent of the 
effect of restored depth perception on the performance accu-
racy in novel surgeons whilst operating articulating mechan-
ical laparoscopic instruments. A systematic review by 
Sørensen et al of 19 randomised control trials showed that 
only 12 of them (63%) showed a statistically significant 
reduction in the error rates. Furthermore, studies included 
in the review emphasised multiple side effects of the 3D 
imaging, such as increased fatigue, headache, and longer 
adaptation period as possible causes for this result.7

Learning Curve Assessment
Overall, subsequent attempts resulted in reduced completion 
times in both intervention and study groups. However, the 
results indicate that the participants in the 2D group had 
a faster learning curve compared to the 3D group (line gradient 

13.2 versus 9.2 respectively). In the 2D group, the difference 
in completion times between the first and last three attempts is 
132 seconds, compared to 92 seconds in the 3D group. This 
may indicate that although the participants in the control group 
had a more drastic difference in the performance times 
between the first and the last attempts, thus quicker learning 
curve, the participants in the FlexDex™ and 3D group were 
faster throughout all 10 attempts compared to the 2D group. 
One of the possible explanations could be that the introduction 
of the 3D video output could help overcome certain learning 
barriers such as lack of depth perception, thus allowing for 
faster performance times from the first attempts.

Limitations
There are several potential limitations to this study. Firstly, 
FlexDex™ is a suturing device that for the purpose of this 
study was being used as a grasper. Furthermore, the partici-
pants were medical students with no prior experience or 
knowledge of laparoscopic surgery. Considering this novel 
articulating device has been designed to be used by 

Figure 4 Box plot of total average completion times in attempts 1, 2, 3 between the FlexDex™ in 3D and FlexDex™ in 2D groups. The Wilcoxon Rank-Sum test results 
are displayed on the plot.
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experienced surgeons, medical students may not have been an 
appropriate cohort to recruit from for this study. Furthermore, 
the advantages of the 3D video output compared to 2D could 
have had a more drastic effect on laparoscopic task perfor-
mance among participants consisting solely of experienced 
surgeons. Another limitation of the study is the grip of 
FlexDex™. This is a novel tool with a unique manoeuvring 
mechanism unlike any other laparoscopic instrument in the 
world. Users who will be holding the FlexDex™ in one hand 
and a standard laparoscopic tool in the other might find this 
discrepancy in tool handling physically and mentally demand-
ing. Moreover, due to the complexity of the wrist-like move-
ment mechanism, the FlexDex™ handle and interface was 
reported to be non-user-friendly, and the majority of partici-
pants complained of arm ache and finger fatigue. Moreover, no 
power calculations were performed to set the minimum num-
ber of participants required for each trial arm; hence the sample 
size of the study may be another limitation for providing valid 
results. Finally, due to the lack of any validated training 

program for FlexDex™ instrument, a training routine had to 
be developed by the authors of this study, which may constitute 
another limitation of this study.

Conclusion
The FlexDex™ laparoscopic needle driver is an FDA- 
approved surgical device that allows the surgeon to per-
form laparoscopic surgery with the same seven degrees of 
motion afforded by a robotic arm. The results of this study 
represent the first- ever assessment of task performance 
speed and accuracy of a novel laparoscopic needle holder 
FlexDex™ in combination with the 3D visual imaging as 
well as comparing to the commonly utilised 2D imaging. 
This study showed that the introduction of the 3D vision 
led to reduced time taken to complete laparoscopic tasks 
compared to 2D. The results of this study are in line with 
some of the previously published evidence. Additional 
randomised controlled trials will be necessary to assess 
the generalisability of these initial results.

Figure 5 Box plot of total average completion times in attempts 8, 9, 10 between the FlexDex™ in 3D and FlexDex™ in 2D groups. The Welch Two Sample t-test results 
are displayed on the plot.
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Further Research
In order to consolidate the findings of this study, further 
trials with higher participant numbers would be required 
to compare the differences between 2D and 3D vision on 
the use of articulating laparoscopic instruments. 
Furthermore, robotic equipment such as the Da Vinci 
surgical system™ by Intuitive Surgical Inc has allowed 
for the production of fully articulating instruments 
mimicking movements that of the human hand.18 Such 
tools are very intuitive and have improved ergonomic 
designs with great dexterity and improved visualisation. 
However, a major limitation impeding their widespread 
use is their cost and financial burden on health care 
organisations.19 Henceforth, it would be valuable to com-
pare the FlexDex™ in 3D against the Da Vinci robot™ to 
see if there is any significant difference in terms of task 
completion speeds, error rates and user satisfaction and to 
evaluate for the cost- effectiveness and possibility of the 
widespread incorporation of these devices in medical 
institutes.
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