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ABSTRACT

INTRODUCTION Since its inception, laparoscopic surgery has evolved and new techniques have been developed due to
technological advances. This requires a different and more complex skill set in comparison with open surgery. Reduced working
hours, less training time and patient safety factors demand that such skills need to be achieved outside the operating theatre
environment. Several studies have been published and have determined the effectiveness of virtual reality training.
We aimed to compare virtual reality training with the traditional apprenticeship method of training and determine whether it
can supplement or replace the traditional apprenticeship model. We also aimed to perform a meta-analysis of the literature and
develop conclusions with respect to the benefits achieved by adding virtual reality training on a regular basis to surgical training
programmes.
METHODS A literature search was carried out on PubMed, MEDLINE, EMBASE and Google Scholar academic search engines
using the MESH terms ‘randomised controlled trials’, ‘virtual reality’, ‘laparoscopy’, ‘surgical education’ and ‘surgical training’.
All randomised controlled trials published to January 2018 comparing virtual reality training to apprenticeship training were
included. Data were collected on improved dexterity, operative performance and operating times. Each outcome was calculated
with 95% confidence intervals and with intention-to-treat analysis; 24 randomised controlled trials were analysed.
FINDINGS Meta-analytical data were extracted for time, path length, instrument handling, tissue handling, error scores and
objective structure assessment of technical skills scoring. There was significant improvement in individual trainee skill in all
meta-analyses (p < 0.0002).
CONCLUSION This meta-analysis shows that virtual reality not only improves efficiency in the trainee’s surgical practice but
also improves quality with reduced error rates and improved tissue handling.
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Introduction

Laparoscopic surgery and the advent of robotic surgery has
modernised surgical care, encouraging hospital and health
authorities to shift toward a minimally invasive system of
performing surgical procedures.1 Thus, surgical trainees must
acquire the skills and level of proficiency in laparoscopic
surgery.2 Setbacks and health policies safeguarding
patient safety threaten and limit the exposure of surgical
trainees to laparoscopic surgery.3–7 To tackle this problem,
surgical training centres provide opportunities through
simulation and virtual reality.1,4

In contrast to the Halstedian mantra, simulation and
technology safeguard patient safety and provide trainee
feedback during their performance.1 Unfortunately,
there is no recent literature comparing virtual reality

with apprenticeship training.4,7 However, several randomised
controlled trials (RCTs) have shown a positive attitude
towards the implementation of simulation in surgical training
programmes. Current literature reports a general agreement
regarding the superiority in the proficiency of virtual
reality to the apprenticeship model among trainees.1,3,8,9

The typical virtual reality setup is an enclosed device
attached to a monitor with ports for insertion of instruments
connected to a software-based system.4,10,11,29 Different
devices use different systems, some using tracking of
motion for simulation.7,11 Others use items directed at
training individual skills (eg knotting).7,9

This meta-analysis had two aims: comparing virtual
reality training with apprenticeship training to determine
whether it replaces or supplements the latter, and
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providing data to develop conclusions about the benefits
achieved by adding virtual reality training routinely for
surgical trainees.

Methods

We carried out a literature search of PubMed, MEDLINE,
EMBASE, Cochrane Library and Google Scholar academic
search engines using the ‘Advanced Search’ setting and the
medical subject headings ‘randomised controlled trial’,
‘virtual reality’, ‘laparoscopy’, ‘surgical education’ and
‘surgical training’. To obtain specific studies, Boolean
characters ‘OR’ and ‘AND’ were used, with wildcards such
as ‘+’, “” and ‘?’. All RCTs published to January 2018
comparing virtual reality training to apprenticeship training
were included. Unfortunately, the literature search did not
provide any randomised controlled studies between 2015
and 2019.

Additional inclusion criteria were the use of validated
virtual reality simulators and studies with objective scoring
methods. We excluded RCTs using endoscopic techniques
other than laparoscopy. Studies that fitted the inclusion
criteria allocated their participants into a virtual reality
training group (case) and an apprenticeship training group
(control).

Three groups of participants were enrolled:

> naïve – participants with no exposure to laparoscopic
surgery including medical students

> novice – surgical residents with some experience in
laparoscopic surgery (ie still training)

> expert – laparoscopic surgeons who finished training
programme.

The initial literature search yielded 32 RCTs fitting
the inclusion criteria and provided sufficient data for the
meta-analysis. Studies were analysed to ensure random
sequence generator and blinding of participants; assessors
and benchmark measurements were used to eliminate
performance bias and eliminate selection bias, respectively.
Using these criteria, eight studies were excluded, leaving
24 RCTs included in this meta-analysis. Data were collected
on six parameters: operative time, path length, instrument
handling, tissue handling, error scores and objective
structured assessment of technical skills (OSATS) scoring.

The meta-analysis was performed following the
recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis statement and the
Cochrane Collaboration statement (Fig 1).

The data were tabulated using Microsoft Excel and the
analysis was done using Reference Manager 5.3 and SPSS
24.0. For each outcome, the mean difference was calculated
with 95% confidence interval and with intention-to-treat
analysis. Study heterogeneity was assessed by the I-square
(I2) and Chi-square (�2) tests.

Findings

The objectives were finalised by six meta-analyses for each
of the six data sets mentioned above. For each of the six

meta-analyses we used the data available depending on
the six parameters we set out to analyse. For example, if
four papers studied and compared the operative time in
virtual reality training compared with apprenticeship
training these were included (Tables 1 and 2).

Operative time

Operative time is the time taken to complete the assessment
task planned on the individual RCTs. A total of 15
RCTs were included in the meta-analysis involving 433
participants: 250 in the virtual reality training group
compared with 183 in the control traditional training
group. The meta-analysis for the outcome operative time
fell in favour of virtual reality training (Fig 2). The mean
difference of operative time for virtual reality compared with
traditional training was 0.84 minutes with 95% confidence
intervals (CI) of –1.05 and –0.64 The results were statistically
significant since CI did not include zero. The heterogeneity
value was �2 = 10.15 (p < 0.00001) I2 = 0%.3,10–23

Path length

Path length is the score performed for the recording of the
economy of movement. Four randomised controlled trials
were chosen involving a total of 112 participants: 57 (virtual
reality training) compared with 55 (control traditional
training). The meta-analysis for the path length outcome
fell in favour of virtual reality training (Fig 3). The mean
difference of path length for virtual reality compared
with traditional training was 0.78 metres with confidence
intervals of –1.17 and –0.39. The results were statistically
significant since the confidence intervals did not include
zero. The heterogeneity value was �2 = 1.23 (p < 0.0001)
I2 = 0%.10,15,21,22

Instrument handling

Instrument handling is the score obtained from blinded
assessors for manipulation of instruments. Six RCTs were
chosen, with a total of 131 participants (66 in the virtual
reality training group vs 65 in the control traditional
training group). The meta-analysis for instrument handling
outcome was in favour of virtual reality training (Fig 4).
The mean difference of the instrument handling score for
virtual reality compared with traditional training was 1.34
(95% CI –1.73 and –0.95). The results were statistically
significant since the confidence intervals did not include
zero. The heterogeneity value was �2 = 3.38 (p < 0.00001)
I2 = 0%.12,13,22,24–26

Tissue handling

Tissue handling is the score obtained from blinded assessors
for handling of tissues during the test. Six RCTs were chosen
including a total of 200 participants (116 in the virtual reality
training group vs 84 in the control group). The meta-analysis
for the tissue handling outcome fell in favour of virtual
reality training (Fig 5). The mean difference of tissue
handling score for virtual reality compared with traditional
training was 0.58 (95% CI –0.88 and –0.28). The results
were statistically significant since the confidence intervals
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did not include zero. The heterogeneity value was �2 = 6.36
(p < 0.0001) I2 = 21%.6,24–28

Error score

The error score is the score obtained from blinded assessors
for errors for each test RCT or total number of errors

recorded in the assessment process. Five RCTs were
chosen consisting of a total of 75 participants (38 in the
virtual reality training group vs 37 in the control group).
The meta-analysis for the error scores outcome fell in
favour of virtual reality training (Fig 6). The mean difference
of error scores for virtual reality compared with traditional

Initial database search using Medical 
Subject Headings: 'randomised controlled 

trial', 'virtual reality', 'laparoscopy', 
'surgical education' and 'surgical training'

Duplicates removed
(n = 26)

Search repeated
Relevant articles identified

(n = 57)

Duplicates removed
(n = 32)

Discrepancy of 6 randomised controlled 
trials analysed as following inclusion 

(n = 32)

Analysis of individual studies: 8 studies 
excluded due to missing data

Total RCTs used for meta-analysis 
(n = 24)

Analysis of data using SPSS v22 and 
Reference Manager 5.3

PubMed MEDLINE: 100

EMBASE: 243

Cochrane Library: 26

Google Scholar: 429

Relevant articles Identified (n = 44)

Figure 1 Flow diagram illustrating the studies included
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training was 0.95 (95% CI –1.45 and –0.44). The results
were statistically significant since the confidence intervals
did not include zero. The heterogeneity value was �2 =
6.21 (p < 0.0002) I2 = 36%.6,14,16,19,29

OSATS score

The OSATS score is the total of seven parameters including
respect for tissue, time and motion, instrument handling,
knowledge of instruments, flow of operation, formed
planning, and knowledge of the specific procedure. Four
RCTs were chosen consisting of a total of 99 participants
(50 in the virtual reality training group vs 49 in the control
group). The meta-analysis for the OSATS outcome was in
favour of virtual reality training (Fig 7). The mean difference
of OSATS score for virtual reality compared with traditional
training was 0.92 (95% CI –1.33 and –0.50). The results
were statistically significant since the confidence intervals
did not include zero. The heterogeneity value was �2 = 0.52
(p < 0.0001).

Discussion

This study aimed to compare virtual reality training with
the traditional apprenticeship approach of teaching and to
establish whether it can supplement or replace the latter
training model.

A thorough literature search highlighted 24 RCTs, which
provided the essential numerical data to carry out separate
meta-analyses within the six recorded parameters as described
in the methodology. For the purpose of this study, a p-value
of less than 0.5 was considered as being statistically
significant and this was applied to each meta-analysis.

The results from each respective meta-analysis suggested
a significant concordance towards a positive effect observed
from supplementing the laparoscopic trainee with virtual
reality simulations. Furthermore, this study emphasised
that virtual reality training accentuated aspects crucial to
adequate surgical performance. As noted, participants in
the virtual reality training model completed the assessment
in a shorter time compared with the control group. In
addition, the participants scored better overall in the
OSATS and showed good technical ability throughout
instrument/tissue handling. The economy of movement was
better and the participants did not succumb to the same
number of mistakes of the control group. An exception was
the study by Pater et al, which showed a borderline result.16

Unfortunately, this meta-analysis could not prevent the
existence of systematic bias. Some studies did not specify
whether individuals who had the opportunity to pre-train
on virtual reality systems were excluded from their study
groups. This could have made an unfair comparison
when virtual reality training was used as the assessment
of the traditional apprenticeship model of training among
these participants.

It was evident that the virtual reality training model
assisted surgical trainees to exercise safer and more
efficient tissue/instrument handling techniques with a
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minimal chance of error. All the meta-analyses performed
within their respective subsections/parameters tended
towards a more favourable outcome for virtual reality
training. In the parameters, subjective scoring was an

issue. Thus, we included studies involving multiple expert
observers to reduce the risk of observer bias.

Virtual reality training models permit the laparoscopic
trainee to acquire the fundamental skills required from

Study or subgroup

VR    TT
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Ahlborg et al. 20133
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Test for overall effect: Z = 7.97 (p = 0.00001)

Figure 2 Forrest plot for operative time of virtual reality (VR) compared with traditional training (TT)
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Figure 3 Forrest plot for path length of virtual reality (VR) compared with traditional training (TT)
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Figure 4 Forrest plot for instrument handling of virtual reality (VR) compared with traditional training (TT)
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surgeons such as camera navigation, grasping, cutting and
suturing. Different virtual reality systems provide different
levels of difficulty, permitting staggered training possibilities.
Similarly, to a virtual reality setup, box trainers offer the
trainee the possibility to develop basic laparoscopic skills.30

Newer virtual reality systems also provide statistical data,
such as time and path length and provide the trainee with
a baseline to evaluate improvement.1

However, the virtual reality training model also has some
limitations and issues which need to be addressed to ensure
an effective training programme for surgical trainees. In
comparison with the traditional approach of training, the
virtual reality training setup fails to produce haptic feedback
to the trainee. This feedback would allow for a proper
understanding of the force required to avoid tissue damage
and would provide real time correction of the errors if

Study or subgroup
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Hogle et al. 200927
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Lucas et al. 200824

Lucas et al. 200825

Madan et al. 200741

Sergio et al. 201426
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Figure 5 Forrest plot for tissue handling of virtual reality (VR) compared with traditional training (TT)
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Figure 6 Forrest plot for error scores of virtual reality (VR) compared with traditional training (TT)
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Figure 7 Forrest plot for objective structured assessment of technical skills score of virtual reality (VR) compared with traditional training
(TT)
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they were to happen.8 Thus, it was noted that simulation
training should be accompanied with feedback, evaluation
and formal assessment via methods (eg global operative
assessment of laparoscopic skills and OSATS). Literature
reviews confirm that both tests are valid in providing
formal feedback, but, to date, no study has been identified
to compare both scoring systems.13,21,24,25,27,28,31

Despite many RCTs being performed and published, no
quantitative meta-analytical study has highlighted the
benefit of virtual reality training.30,31 The virtual reality
system requires a relatively high-tech setup requiring
expensive maintenance and level of functioning. Fortunately,
alternatives have been identified, such as box trainers.32

This necessitates meta-analytical data to enable hospitals
to properly evaluate such investment decisions.30

This study did not explore the cost–benefit of the two
training models, and many variables have been identified
that could affect the economic burden of the healthcare
sector. Virtual reality simulation equipment is more
expensive than box trainer equipment.10,32,33 Although the
price of simulators may vary depending upon the techniques,
equipment and learning outcomes, apprenticeship training
is not without costs. Bridges and Diamond observed that
the operating time increased significantly among surgical
trainees in comparison with more senior peers.33 In fact,
this increased operating time amounted to US$12,000/
year for every surgical trainee.33–35

Moreover, in addition to operating times, complication
rates were noted to be higher in junior surgeons.10,34–36

This negatively impacts the length of stay of patients, and
thus ultimately increases the economic burden on medical
institutions. Studies suggest that the cost of virtual reality
training systems needs to be balanced against the cost of
the longer operating time and complication rates through
traditional surgical training.33,36

Despite the new technology incorporated within the
virtual reality setup, instruments need to be tested for face
and construct validity. This should encourage more software
developers to invest in equipment that would provide the
trainee with statistical data of their performance in the
virtual reality training programme, allowing an overall
improvement in psychomotor skills.

Policies implemented in European and American
institutions, such as reduced working hours (time constraints),
and the importance of safeguarding patient safety are a
detriment to the quality of teaching in the operating
theatre environment.3,4,7,22,23 Thus, virtual reality training
offers an alternative to the teaching opportunities within
the operating theatre and ensures appropriate levels of
safety.1,26

In contrast to the apprenticeship model of training,
virtual reality training cannot fully prepare the surgical
trainee for any anatomical variations they might encounter
in real-life surgery. These variations are common within
the human body and thus skills acquired on this single
computer simulation program may not be applicable in
practice.35–37

In summary, this meta-analysis has further confirmed
that virtual reality training improves efficiency and quality

of tissue handling, with reduced error rates, when used in
conjunction with the laparoscopic surgeon’s individual
ability and knowledge.

Conclusion

Although the 24 studied RCTs did not demonstrate actual
evidence of improved patient safety and improved cost–benefit
when comparing the virtual reality training model to the
apprenticeship model, the participants using virtual
reality simulations produced significant results in most
parameters. Reduced operation time, better instrument
and tissue handling technique and minimal errors were
observed throughout the results. If such parameters were
to be translated into practice, we believe that the virtual
reality training model would allow for a reduced economic
burden, improved patient safety system and a decrease in
operation time and the incidence of surgical complications
within the operating theatre.

We suggest that a separate study should focus on
performing a cost–benefit analysis. This would quantify the
impact of virtual reality training on patient outcomes,
hospital stay and, ultimately, on the medical institutions
themselves. Furthermore, it would also be possible to
provide an average cost per trainee undergoing such a
training programme.

Finally, virtual reality training should not replace the
experience of a surgical trainee acquired in the theatre
setting. Therefore, it should be used as a supplement
throughout the surgical training programme. To improve the
validity of virtual reality training tools, one should make use
of other formal assessment methods which allow adequate
feedback to provide the trainee with an individual baseline
for further development.
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