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A B S T R A C T

Background

Standard surgical training has traditionally been one of apprenticeship, where the surgical trainee learns to perform surgery under the
supervision of a trained surgeon. This is time-consuming, costly, and of variable eHectiveness. Training using a virtual reality simulator is
an option to supplement standard training. Virtual reality training improves the technical skills of surgical trainees such as decreased time
for suturing and improved accuracy. The clinical impact of virtual reality training is not known.

Objectives

To assess the benefits (increased surgical proficiency and improved patient outcomes) and harms (potentially worse patient outcomes) of
supplementary virtual reality training of surgical trainees with limited laparoscopic experience.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) in The Cochrane Library, MEDLINE, EMBASE and Science Citation
Index Expanded until July 2012.

Selection criteria

We included all randomised clinical trials comparing virtual reality training versus other forms of training including box-trainer training,
no training, or standard laparoscopic training in surgical trainees with little laparoscopic experience. We also planned to include trials
comparing diHerent methods of virtual reality training. We included only trials that assessed the outcomes in people undergoing
laparoscopic surgery.

Data collection and analysis

Two authors independently identified trials and collected data. We analysed the data with both the fixed-eHect and the random-eHects
models using Review Manager 5 analysis. For each outcome we calculated the mean diHerence (MD) or standardised mean diHerence (SMD)
with 95% confidence intervals based on intention-to-treat analysis.

Main results

We included eight trials covering 109 surgical trainees with limited laparoscopic experience. Of the eight trials, six compared virtual reality
versus no supplementary training. One trial compared virtual reality training versus box-trainer training and versus no supplementary
training, and one trial compared virtual reality training versus box-trainer training. There were no trials that compared diHerent forms of
virtual reality training. All the trials were at high risk of bias. Operating time and operative performance were the only outcomes reported
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in the trials. The remaining outcomes such as mortality, morbidity, quality of life (the primary outcomes of this review) and hospital stay
(a secondary outcome) were not reported.

Virtual reality training versus no supplementary training: The operating time was significantly shorter in the virtual reality group than
in the no supplementary training group (3 trials; 49 participants; MD -11.76 minutes; 95% CI -15.23 to -8.30). Two trials that could not be
included in the meta-analysis also showed a reduction in operating time (statistically significant in one trial). The numerical values for
operating time were not reported in these two trials. The operative performance was significantly better in the virtual reality group than the
no supplementary training group using the fixed-eHect model (2 trials; 33 participants; SMD 1.65; 95% CI 0.72 to 2.58). The results became
non-significant when the random-eHects model was used (2 trials; 33 participants; SMD 2.14; 95% CI -1.29 to 5.57). One trial could not be
included in the meta-analysis as it did not report the numerical values. The authors stated that the operative performance of virtual reality
group was significantly better than the control group.

Virtual reality training versus box-trainer training: The only trial that reported operating time did not report the numerical values. In this
trial, the operating time in the virtual reality group was significantly shorter than in the box-trainer group. Of the two trials that reported
operative performance, only one trial reported the numerical values. The operative performance was significantly better in the virtual
reality group than in the box-trainer group (1 trial; 19 participants; SMD 1.46; 95% CI 0.42 to 2.50). In the other trial that did not report
the numerical values, the authors stated that the operative performance in the virtual reality group was significantly better than the box-
trainer group.

Authors' conclusions

Virtual reality training appears to decrease the operating time and improve the operative performance of surgical trainees with limited
laparoscopic experience when compared with no training or with box-trainer training. However, the impact of this decreased operating
time and improvement in operative performance on patients and healthcare funders in terms of improved outcomes or decreased costs is
not known. Further well-designed trials at low risk of bias and random errors are necessary. Such trials should assess the impact of virtual
reality training on clinical outcomes.

P L A I N   L A N G U A G E   S U M M A R Y

Virtual reality training for supplementing standard training in surgical trainees with limited prior laparoscopic experience

Standard surgical training has traditionally been one of apprenticeship, where the surgical trainee learns to perform the surgery under
the supervision of a trained surgeon. This is costly, time-consuming, and is of variable eHectiveness. Laparoscopic surgery involves the
use of instruments using keyhole and is generally considered more diHicult than open surgery. Training using a virtual reality simulator
(computer simulation) is an option to supplement standard laparoscopic surgical training. Virtual reality training improves the technical
skills of surgical trainees. The impact of virtual reality training in supplementing standard laparoscopic surgical training in surgical trainees
with limited prior laparoscopic experience on patients is not known. We define surgical trainees with limited prior laparoscopic experience
as those who have helped senior surgeons in laparoscopic operations and would need supervision for performing laparoscopic operations
on their own. We sought to answer the question of whether virtual reality training is useful for such surgical trainees in terms of improving
surgical results and for improving the operative performance by performing a thorough search of the medical literature for randomised
clinical trials. Randomised clinical trials are commonly called randomised controlled trials and are the best study design to answer such
questions. If conducted well, they provide the most accurate answer.

Two authors searched the medical literature available until July 2012 and obtained the information from the identified trials. The use of
two authors to identify studies and obtain information decreases the errors in obtaining the information. We identified and included eight
trials covering 109 surgical trainees in this review. The trials compared virtual reality with no supplementary training or with box-trainer
training (physical simulator using a camera to display the inside of the box and instruments). There were no trials that compared diHerent
forms of virtual reality training. All the trials were at high risk of bias (defects in study design that can lead to arriving at wrong conclusions
with overestimation of benefits and underestimation of harms of virtual reality training or standard training). Operating time and operative
performance were the only outcomes reported in the trials. The remaining outcomes such as death, complications, quality of life, and
hospital stay aMer the operation were not reported in any of the trials. Overall virtual reality training appears to decrease the operating
time (by about 10 minutes) and improve the operative performance of surgical trainees (diHicult to quantify from the available reports)
with limited laparoscopic experience when compared with no supplementary training or with box-trainer training. However, the impact of
this decreased operating time and improvement in operative performance on patients or healthcare funders in terms of improved health
or decreased costs is not known. Further well-designed trials are necessary, with less risk of arriving at wrong conclusions because of poor
study design or because of chance. Such trials should assess the impact of virtual reality training on patients and healthcare funders.
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Summary of findings for the main comparison.

Virtual reality training for surgical trainees in laparoscopic surgery

Patient or population: surgical trainees training in laparoscopic surgery.

Settings: secondary care.

Intervention: virtual reality training.

Comparison: either no supplementary training or box-trainer training.

Outcomes Control Virtual reality training No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Virtual reality training versus no supplementary training

Operating
time

The medi-
an operating
time in the
control group
was 39 min-
utes.

The mean operating time in the intervention
group was 11.76 minutes lower (8.30 to 15.23
lower).

49

(3)

⊕⊝⊝⊝

very low 1,2
Two other trials also showed reduction in operat-
ing time in the virtual reality training group (sta-
tistically significant in one trial and not statisti-
cally significant in the second trial). The magni-
tude of the effect was not reported.

Operative
performance

  The mean performance score in the intervention
group was 1.65 standard deviations higher (0.72
to 2.58 higher).

33

(2)

⊕⊝⊝⊝

very low 1,2,3
One other trial also showed statistically signif-
icant improvement in operating performance.
The magnitude of the effect was not reported.

Virtual reality training versus box trainer training

Operative
performance

  The mean performance score in the intervention
group was 1.46 standard deviations higher (0.42
to 2.5 higher).

19
(1)

⊕⊝⊝⊝

very low 1,2
One other trial also showed statistically signif-
icant improvement in operating performance.
The magnitude of the effect was not reported.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1The trial(s) was (were) of low risk of bias.
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2There were too few trials to assess publication bias.
3There was significant heterogeneity.
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B A C K G R O U N D

Description of the condition

Standard surgical training has traditionally been one of
apprenticeship, where the surgical trainee learns to perform
surgery under the supervision of a trained surgeon. DiHerent
procedures have diHerent learning curves (Herrell 2005; Tekkis
2005a; Tekkis 2005b). Surgeons experienced in one procedure may
not be experienced in another and results improve with experience
in an individual procedure (Herrell 2005; Tekkis 2005a; Tekkis
2005b).

An increasing number of surgical procedures are being
done laparoscopically (by abdominal keyhole surgery). This
includes laparoscopic cholecystectomy (removal of gallbladder),
laparoscopic anti-reflux procedures (surgery for heartburn),
laparoscopic hysterectomy (removal of uterus), and laparoscopic
nephrectomy (removal of kidney) (Ghezzi 2006; Keus 2006;
Salminen 2007; Venkatesh 2007).

Description of the intervention

The diHerent methods of laparoscopic surgical training include
live animal training, human and animal cadaver training, training
using box-trainer (also called video trainer), and virtual reality
training (training using computer simulation) (Munz 2004). Box
trainers are currently being used for laparoscopic training in various
courses run by the Royal College of Surgeons of England and have
been shown to be superior to standard surgical training (Scott
2000). Virtual reality training has been reported to improve the
learning outcomes in diHerent surgical procedures (Hyltander 2002;
Seymour 2002; Watterson 2002; Grantcharov 2004; Munz 2004). It
also oHers an ethical way of assessing the competency of a surgeon
in performing a procedure without risk to the patient (Moorthy
2004).

How the intervention might work

There are other reports that suggest that virtual reality training
alone is inferior to traditional training for certain procedures
(Gerson 2003). Virtual reality training has been mainly used for
development of technical skills and not training in decision-making
skills. As opposed to the limited variability of data available during
a flight on which a pilot requires to be trained using a custom-
designed simulator, anatomical variations are common throughout
the human body (Heloury 1985; Lamah 1999; Izuishi 2005), and
skills acquired on a single computer simulation programme may
not be applicable to patients (Gerson 2003).

The price of the simulators can vary depending upon the learning
outcome. However, traditional surgical training is not without
costs. The operating time increases significantly for junior surgeons
compared to senior surgeons (Farnworth 2001; Babineau 2004;
Wilkiemeyer 2005; Kauvar 2006). Bridges and Diamond report the
average costs of this increased operating time to be about USD
12,000 per year per resident during the period 1993 to 1997 (Bridges
1999). The complication rate is also higher for junior surgeons
compared to senior surgeons (Wilkiemeyer 2005; Kauvar 2006).
Bridges and Diamond did not include the cost of the complications
in their cost analysis. Thus, the additional cost of the virtual reality
training system has to be balanced against the cost of increased
operating time and complication rates during traditional surgical
training.

Why it is important to do this review

There have been previous reviews related to virtual reality training
in surgery (Gaba 2004; Carter 2005; Haque 2006; Sutherland 2006).
This review is an update of a review by this group (Gurusamy 2009).
It was clear from the first review that virtual reality had the potential
to supplement standard surgical training.

This updated review includes only trials of surgical trainees with
limited prior laparoscopic experience and where the impact on
patient outcomes was assessed. Real operations have the added
complexity of anatomical variations (Heloury 1985; Lamah 1999;
Izuishi 2005), decision-making skills (Gurusamy 2009), and mental
stress (Prabhu 2010). Considering that patient welfare is the main
reason for surgical training, it is important to focus on operative
performance in the real situation and its impact on patients rather
than on improvement in technical skills during virtual reality
training.

O B J E C T I V E S

To assess the benefits (increased surgical proficiency and improved
patient outcomes) and harms (potentially worse patient outcomes)
of supplementary virtual reality training of surgical trainees with
limited laparoscopic experience.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered only randomised clinical trials, irrespective of
language, blinding, or publication status. We excluded quasi-
randomised studies (where the method of allocating participants
to a treatment are not strictly random; for eg, date of birth,
hospital record number, alternation), cohort studies, and case-
control studies with regards to benefits, but included them for any
harms that could be attributed to virtual reality training. We did not
anticipate any such harm that could be attributed to virtual reality
training or inclusion of any such study.

Types of participants

Surgical trainees with prior limited laparoscopic experience.
Although various terms have been used, such trainees are usually
called residents. In general, one would expect that these surgical
trainees would need supervision for laparoscopic operations. One
would also expect that these surgical trainees have at least assisted
in one or more laparoscopic procedures as the laparoscopic camera
holder before being allowed to operate on patients.

Types of interventions

We included trials comparing virtual reality training versus any
other method of training, including traditional training, in-job
training, or training using a box-trainer. We also included trials
comparing one method of virtual reality training versus another
method of virtual reality training (eg, comparison of two diHerent
systems).

Types of outcome measures

Primary outcomes

1. Mortality.

Virtual reality training for surgical trainees in laparoscopic surgery (Review)
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2. Serious adverse events: these are defined as any event that
would increase mortality, is life-threatening, requires inpatient
hospitalisation, results in a persistent or significant disability, or
any important medical event which might have jeopardised the
patient or required intervention to prevent it (ICH-GCP 1997).

3. Quality of life.

Secondary outcomes

1. Length of hospital stay (days).

2. Operating time (post-training in minutes).

3. Global rating score (post-training and however defined by
authors).

We have presented the results of all the outcomes in Summary of
findings for the main comparison.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL) in The Cochrane Library, MEDLINE, EMBASE, and Science
Citation Index Expanded (Royle 2003). We also searched the
references of the identified trials to identify further relevant trials.
We have given the search strategies in Appendix 1 with the time
span for the searches.

Searching other resources

We searched the references of the identified trials to find
further relevant trials. We also searched the meta-Register of
Controlled Trials (mRCT) (www.controlled-trials.com/mrct/). The
meta-Register includes the International Standard Randomised
Control Trial Number (ISRCTN) Register and National Institutes of
Health (NIH) ClinicalTrials.gov Register among others.

Data collection and analysis

We performed the systematic review according to the
recommendations of The Cochrane Collaboration (Higgins 2011)
and the Cochrane Hepato-Biliary Group Module (Gluud 2013).

Selection of studies

MN and KG identified the trials for inclusion independently of
each other. MN and KG have also listed the excluded trials with
the reasons for the exclusion. BRD adjudicated any diHerences in
opinion.

Data extraction and management

MN and KG extracted the following data independently.
1. Year and language of publication.
2. Country.
3. Date and duration of the trial.
4. Inclusion and exclusion criteria.
5. Sample size.
6. Experience of laparoscopic surgery in surgical participants.
7. Name of virtual reality soMware.
8. Tasks in training in each group.
9. Duration of training in each group.
10. Outcomes (mentioned above).
11. Risk of bias (described below).

We sought any unclear or missing information by contacting the
authors of the individual trials. If there was any doubt whether
the trials shared the same participants, completely or partially (by
identifying common authors and centres), we planned to contact
the authors of the trials to clarify whether the trial report had
been duplicated. We resolved any diHerences in opinion through
discussion.

Assessment of risk of bias in included studies

We followed the instructions given in the Cochrane Handbook for
Systematic Reviews of Intervention (Higgins 2011) and the Cochrane
Hepato-Biliary Group Module (Gluud 2013). According to empirical
evidence (Schulz 1995; Moher 1998; Kjaergard 2001; Wood 2008;
Lundh 2012; Savovic 2012; Savovic 2012a), the risks of bias of the
trials were assessed based on the following bias risk domains.

Sequence generation

• Low risk of bias (the method used was either adequate
(eg, computer-generated random numbers, table of random
numbers) or unlikely to introduce confounding).

• Uncertain risk of bias (there was insuHicient information to
assess whether the method used was likely to introduce
confounding).

• High risk of bias (the method used (eg, quasi-randomised
studies) was improper and likely to introduce confounding).

Allocation concealment

• Low risk of bias (the method used (eg, central allocation) was
unlikely to introduce bias into the final observed eHect).

• Uncertain risk of bias (there was insuHicient information to
assess whether the method used was likely to introduce bias into
the estimate of eHect).

• High risk of bias (the method used (eg, open random allocation
schedule) was likely to introduce bias into the final observed
eHect).

Blinding of participants and personnel

In this situation, both the participants and personnel are the same,
ie, the surgical trainees operate on the patients. It is impossible to
blind the surgical trainees. We therefore consider this domain to be
at high risk of bias for all trials.

Blinding of outcome assessors

Since it is not possible to blind the surgical trainee (participant),
it is important that outcome assessors are diHerent from the
participants and have no knowledge about the group of the
participant.

• Low risk of bias (blinding was performed adequately, or the
outcome measurement was not likely to be influenced by lack of
blinding).

• Uncertain risk of bias (there is insuHicient information to assess
whether the type of blinding used was likely to introduce bias
into the estimate of eHect).

• High risk of bias (no blinding or incomplete blinding, and
the outcome or the outcome measurement was likely to be
influenced by lack of blinding).

Virtual reality training for surgical trainees in laparoscopic surgery (Review)
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Incomplete outcome data

• Low risk of bias (the underlying reasons for missingness are
unlikely to make treatment eHects depart from plausible values,
or proper methods have been employed to handle missing
data).

• Uncertain risk of bias (there was insuHicient information to
assess whether the missing data mechanism in combination
with the method used to handle missing data was likely to
introduce bias into the estimate of eHect).

• High risk of bias (the crude estimate of eHects (eg, complete case
estimate) was clearly biased due to the underlying reasons for
missingness, and the methods used to handle missing data are
unsatisfactory).

Selective outcome reporting

• Low risk of bias (the trial protocol is available and all of the trial's
pre-specified outcomes that are of interest in the review had
been reported or similar; if the trial protocol was not available,
mortality and morbidity were reported).

• Uncertain risk of bias (there was insuHicient information to
assess whether the magnitude and direction of the observed
eHect was related to selective outcome reporting).

• High risk of bias (not all of the trial's pre-specified primary
outcomes had been reported or similar).

Vested interest bias

• Low risk of bias (the trial was not performed or supported by
any parties that might have conflicting interest, eg, virtual reality
trainer manufacturer).

• Uncertain risk of bias (any conflicts of interest of the trialist or
trial funder was not clear).

• High risk of bias (the trial was performed or supported by any
parties that might have conflicting interest, eg, virtual reality
trainer manufacturer).

Since all the trials have high risk of bias due to lack of blinding of
participants/personnel, all trials were classified as being at high risk
of bias.

Measures of treatment e@ect

For binary outcomes, we planned to calculate the risk ratio
(RR) with 95% confidence interval (CI). Risk ratio calculations do
not include trials in which no events occurred in either group,
whereas risk diHerence calculations do. We planned to report the
risk diHerence if the results using this association measure were
diHerent from risk ratio. For continuous outcomes, we calculated
the mean diHerence (MD) with 95% CI for outcomes such as
operating time and the standardised mean diHerence (SMD) with
95% CI for quality of life and operative performance (where
diHerent scales might be used).

Unit of analysis issues

The unit of analysis was the individual surgical trainee who
performed the individual operations and underwent virtual reality
training (or the equivalent control).

Dealing with missing data

We sought any unclear or missing information by contacting the
authors of the individual trials.

We performed an intention-to-treat analysis (Newell 1992)
whenever possible (ie, including all participants originally
randomised). We planned to impute data for binary outcomes using
various scenarios such as good outcome analysis, bad outcome
analysis, 'best-case' scenario, and 'worst-case' scenario (Gurusamy
2009a; Gluud 2013).

For continuous outcomes, we used available-case analysis. We
imputed the standard deviation from P values according to the
instructions given in the Cochrane Handbook for Systematic Reviews
of Intervention (Higgins 2011), and used the median for the meta-
analysis when the mean was not available. If it was not possible to
calculate the standard deviation from the P value or the confidence
intervals, we imputed the standard deviation as the highest
standard deviation in the other trials included under that outcome,
fully recognising that this form of imputation will decrease the
weight of the study for calculation of mean diHerences and bias the
eHect estimate to no eHect in case of standardised mean diHerence
(Higgins 2011).

Assessment of heterogeneity

We explored heterogeneity by Chi2 test with significance set at
P value 0.10, and measured the quantity of heterogeneity by I2
(Higgins 2002). We also used overlapping of confidence intervals in
the forest plot to determine heterogeneity.

Assessment of reporting biases

We planned to use visual asymmetry in a funnel plot to explore
reporting bias if 10 or more trials were identified (Egger 1997;
Macaskill 2001). We also planned to perform linear regression
approach described by Egger 1997 to determine the funnel plot
asymmetry.

Data synthesis

We performed the meta-analyses using the soMware package
Review Manager 5 (RevMan 2012) and following the
recommendations of The Cochrane Collaboration (Higgins 2011)
and the Cochrane Hepato-Biliary Group Module (Gluud 2013). We
used both a random-eHects model (DerSimonian 1986) and a
fixed-eHect model (DeMets 1987) for the meta-analyses. In case
of discrepancy between the two models we have reported both
results; otherwise we have reported the results of the fixed-
eHect model. We summarised the evidence in the summary of
findings table using GRADEpro (http://ims.cochrane.org/revman/
other-resources/gradepro).

Trial sequential analysis

We planned to use trial sequential analysis to control for random
errors due to sparse data and repetitive testing of the accumulating
data for the primary outcomes (CTU 2011; Higgins 2011; Thorlund
2011). We planned to add the trials according to the year of
publication, and if more than one trial was published in a year,
add the trials in alphabetical order according to the last name
of the first author. We planned to construct the trial sequential
monitoring boundaries on the basis of the diversity-adjusted
required information size (Brok 2008; Wetterslev 2008; Brok 2009;
Thorlund 2009, Wetterslev 2009; Thorlund 2010).  

We planned to apply trial sequential analysis (CTU 2011; Thorlund
2011) using a diversity adjusted required sample size calculated
from an alpha error of 0.05, a beta error of 0.20, a control group
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proportion obtained from the results of the meta-analysis, and a
relative risk reduction of 20% for binary outcomes with two or
more trials to determine whether more trials are necessary on this
topic (if the trial sequential monitoring boundary and the required
information size is reached or the futility zone is crossed, then more
trials may be unnecessary) (Brok 2008; Wetterslev 2008; Brok 2009;
Thorlund 2009, Wetterslev 2009; Thorlund 2010). For quality of life,
the required sample size was calculated from an alpha error of 0.05,
a beta error of 0.20, the variance estimated from the meta-analysis
results of low risk of bias trials, and a minimal clinically relevant
diHerence of 0.25.

Subgroup analysis and investigation of heterogeneity

We planned to perform the following subgroup analyses.

• Trials at a high risk of bias compared to trials at a low risk of bias
in all domains other than blinding of participants.

• DiHerent methods of virtual reality training.

• DiHerent levels of prior laparoscopic experience.

• DiHerent types of operations.

Sensitivity analysis

We planned to perform a sensitivity analysis by imputing data for
binary outcomes using various scenarios such as good outcome
analysis, bad outcome analysis, 'best-case' scenario, and 'worst-
case' scenario (Gurusamy 2009a; Gluud 2013). We performed a

sensitivity analysis by excluding the trials in which the mean and
the standard deviation were imputed.

R E S U L T S

Description of studies

Results of the search

We identified a total of 908 references through electronic searches
of The Cochrane Central Register of Controlled Trials (CENTRAL)
in The Cochrane Library (n = 107), MEDLINE (n = 283), EMBASE
(n = 255), Science Citation Index Expanded (n = 246), and
randomised controlled trials registers (n = 17). We excluded
416 duplicates and 454 clearly irrelevant references through
screening titles and reading abstracts. We retrieved 35 full-text
articles for further assessment. Three were references of ongoing
trials (Aggarwal 2010; Gala 2011; Farley 2012), which we have
detailed in Characteristics of ongoing studies. No additional studies
were identified through scanning reference lists of the identified
randomised trials. We excluded 25 references (23 studies) for the
reasons listed under the table 'Characteristics of excluded studies'.
One reference is awaiting classification (Neary 2008). Although we
made attempts to contact the author, we did not receive any reply.
In total, nine references for eight completed randomised clinical
trials met the inclusion criteria. This is summarised in the study flow
diagram (Figure 1).
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Figure 1.   Study flow diagram.

 
Included studies

Of the eight trials, six compared virtual reality versus no
supplementary training (Seymour 2002; Grantcharov 2004;
McClusky 2004; Ahlberg 2007; Larsen 2009; Hogle 2009) and one
trial compared virtual reality versus box-trainer training (Hamilton
2002). One trial compared virtual reality training versus box-trainer
training, and versus no supplementary training (Sendag 2009).
There were no trials that compared diHerent forms of virtual
reality training. A total of 109 participants were included in this

review. Where reported, the average age of trainees in the studies
ranged from 32 to 37 years and the proportion of women ranged
from 31% to 92%. The details of the trials such as inclusion and
exclusion criteria, details of the intervention and control (including
the training regimen), and the outcomes measured are shown in the
table Characteristics of included studies.
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Excluded studies

None of the excluded studies met the inclusion criteria. The reasons
for exclusion are shown in the table Characteristics of excluded
studies.

Risk of bias in included studies

All the trials were at high risk of bias. The risk of bias in the included
trials is summarised in the 'Risk of bias' graph (Figure 2) and 'Risk
of bias' summary (Figure 3).

 

Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 

E@ects of interventions

See: Summary of findings for the main comparison

The findings are summarised in Summary of findings for the main
comparison.

Virtual reality training versus no supplementary training

Operating time and operative performance were the only outcomes
reported in the trials. The remaining outcomes were not reported.
Trial sequential analysis therefore could not be performed.

Operating time

Three trials could be included in the meta-analysis (Grantcharov
2004; McClusky 2004; Larsen 2009). The meta-analysis showed
that the operating time was significantly shorter in the virtual
reality group than in the no supplementary training group (mean
diHerence (MD) -11.76 minutes; 95% confidence interval (CI) -15.23
to -8.30) (Analysis 1.1). There was no significant heterogeneity (I2 =
0; Chi2 test for heterogeneity P value = 0.75). There was no change
in the results by using the fixed-eHect or the random-eHects model.
The standard deviation was imputed in one trial (McClusky 2004).
Exclusion of this trial did not alter the results (MD -11.82 minutes;
95% CI -15.31 to -8.33) (Analysis 1.2).

Two trials could not be included in the meta-analysis (Ahlberg 2007;
Sendag 2009). In one trial, the operating time was 58% shorter in
the virtual reality group than in the control group. However, this
diHerence did not reach statistical significance (P = 0.0586) (Ahlberg
2007). In the other trial, the operating time was significantly shorted
in the virtual reality group than in the control group (P < 0.003)
(Sendag 2009). This trial did not report the magnitude of the
diHerence.

Operative performance

Two trials could be included for the meta-analysis (Hogle 2009;
Larsen 2009). The meta-analysis showed that the operative

performance was significantly better in the virtual reality group
than in the no supplementary training group using the fixed-eHect
model (standardised mean diHerence (SMD) 1.65; 95% CI 0.72 to
2.58) (Analysis 1.3). However, there was significant heterogeneity
in this meta-analysis (I2 = 92%; Chi2 test for heterogeneity P value
< 0.00001). The results became non-significant when the random-
eHects model was used (SMD 2.14; 95% CI -1.29 to 5.57). In one
trial, the overall operative performance was obtained by adding the
individual scores (Hogle 2009). This involved the assumption that
the distribution was parametric. A sensitivity analysis excluding
this trial showed that the operative performance was significantly
better in the virtual reality group than in the control group (SMD
3.93; 95% CI 2.36 to 5.51) (Analysis 1.4).

One trial could not be included in the meta-analysis as it did
not report the values (Sendag 2009). The authors stated that the
operative performance was significantly better in the virtual reality
group than in the control group (P < 0.003) (Sendag 2009).

Virtual reality training versus box-trainer training

Operating time and operative performance were the only outcomes
reported in the trials. The remaining outcomes were not reported.
Trial sequential analysis therefore could not be performed.

Operating time

Only one trial reported this outcome and this trial did not report
the magnitude of the diHerence (Sendag 2009). In this trial, the
operating time in the virtual reality group was significantly shorter
than in the box-trainer group (P < 0.004) (Sendag 2009).

Operative performance

Two trials reported this outcome (Hamilton 2002; Sendag 2009).
However, only one trial reported the magnitude of the diHerence.
The operative performance was significantly better in the virtual
reality group than in the box-trainer group (SMD 1.46; 95% CI 0.42
to 2.50) (Analysis 2.1). Since this was the only trial that reported
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the magnitude of the diHerence, the heterogeneity could not be
assessed. The issue of fixed-eHect model versus random-eHects
model does not arise for the same reason. The trial reported the
mean and the standard deviation and so sensitivity analysis was not
performed.

In Sendag 2009, the magnitude of the diHerence in the operative
performance between the groups was not reported. However, the
authors stated that the operative performance in the virtual reality
group was significantly better than the box-trainer group (P <
0.004).

Subgroup analysis

We did not perform any subgroup analysis because of the few trials
available in each category.

Funnel plot

We did not assess the reporting bias because of the few trials
included in the review.

D I S C U S S I O N

Summary of main results

Laparoscopic surgery is diHerent from open surgery because
of: increased need for hand-eye-co-ordination to perform tasks
looking at a screen to compensate for not being able to operate
under direct vision; increased need for manual dexterity to
compensate for the use of long instruments, which can amplify any
error in movement; fulcrum eHect of the body wall, ie, when the
surgeon moves his hand to the patient's right, the operating end of
the instrument moves to the patient's leM on the monitor (Gallagher
1999); the need for handling tissues carefully (to compensate for
the lack of sensation of touch using hands); and the lack of three-
dimensional images. Virtual reality training is one of the many
methods of laparoscopic surgical training and is currently aimed at
improving psychomotor skills (Gallagher 1999).

An increasing number of procedures are being performed
laparoscopically. With the decreasing time to train surgeons
because of European Working Time Directive (Chikwe 2004) and
modernising medical careers (MMC) initiative by the Department
of Health (Payne 2005), training structured to improve surgical
skills in the least time with maximum eHiciency is necessary.
This is applicable to surgical trainees with no prior experience
in laparoscopic surgery and in those who have started their
laparoscopic career but have not achieved proficiency. Because
of the shortened working hours, the trainees may be exposed to
fewer surgical procedures and hence may lack experience. Thus, it
is necessary to develop generic skills, such as suturing or cutting
and also procedure-specific skills, such as cannulating the common
bile duct. In the previous version of this review, we demonstrated
that virtual reality training improved generic skills such as suturing
or cutting (Gurusamy 2009). In this update, we have focused on the
eHect of virtual reality training on operative performance.

Eight trials with 109 surgical trainees were included in this review.
The training regimens included training in basic tasks such as
cutting, suturing, transfer of objects, or diathermy in five trials
(Hamilton 2002; Seymour 2002; Grantcharov 2004; McClusky 2004;
Hogle 2009) whereas they included dissection in anatomical
models in addition to basic tasks in two trials (Ahlberg 2007; Larsen

2009). The details of training were not available in one trial (Sendag
2009).

Assessing the evidence, it appears that virtual reality training
decreases the operating time compared with no supplementary
training. However, the diHerence is approximately 10 minutes
per procedure. Although a formal subgroup analysis was not
performed, the decrease in operating time appears to be more
pronounced in the trial in which the trainees were trained on
anatomical models (in addition to basic tasks) (Larsen 2009)
compared to the trials in which the surgical trainees were trained
only in basic tasks (Analysis 1.1). However, it should be noted
that only three trials reported this outcome (Grantcharov 2004;
McClusky 2004; Larsen 2009), and we cannot be certain that the
diHerence observed in the magnitude of the eHect was due to
the diHerence in the training regimen. Irrespective of the reason
for the diHerence in the magnitude of the eHect, the diHerence
in operating time is unlikely to benefit patients in a major way.
Whether this diHerence will decrease the costs by increasing the
number of procedures performed in the theatre list depends upon
the type of procedures and the duration of the theatre list. Virtual
reality training improves the operative performance compared with
no supplementary training. As in the case of operating time, the
magnitude of diHerence is greater in the trial in which the trainees
were trained on anatomical models (in addition to basic tasks)
compared to the trials in which the surgical trainees were trained
only in basic tasks (Analysis 1.3). Again, we cannot be certain that
the diHerence observed in the magnitude of the eHect was due
to the diHerence in the training regimen as this outcome was
reported by two trials only (Hogle 2009; Larsen 2009). There is
considerable uncertainty as to the magnitude of the improvement
and what this improvement means to the patient and to the
healthcare funder. One would generally equate better operative
performance with better patient outcomes. However, there is
currently no evidence to demonstrate the correlation between
better operative performance and better patient outcomes. The
likely reason for this is the sensitivity of the issue. Another reason
may be that the performance can change (either improve because
of more meticulous surgery or decrease because of the stress of
the assessment) when a formal assessment is made, which makes
the issue quite a diHicult one to prove. However, if we agree to
the common logical notion that patient outcomes are likely to
be better if the operative performance improves, virtual reality
training may improve patient outcomes by improving operative
performance. While the longevity of this diHerence in operative
performance between virtual reality-trained surgeons and those
with no supplementary training is an unknown quantity, as the
surgeons with no supplementary training may catch up with their
virtual reality-trained counterparts as they gain more surgical
experience, the diHerence during the learning curve in surgical
training may benefit patients.

The version of the soMware used was reported in only one trial
(Ahlberg 2007). It was therefore not possible to determine whether
the magnitude of eHect was greater with later versions of the
soMware compared to the earlier versions. Because of the limited
number of trials, it was not possible to perform a subgroup analysis
based on the levels of experience of the surgical trainees, so it
was not possible to determine whether the magnitude of eHect
was greater in surgical trainees with higher number of procedures
performed under supervision.
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Virtual reality training also appears to decrease the operating time
and improve the operative performance when compared with box-
trainer training. Again the magnitude and the impact of these
diHerences between virtual reality training and box-trainer training
is not known. In the United Kingdom, training is largely based
on box-trainers (rather than virtual reality trainers) in addition to
the standard laparoscopic training model of apprenticeships. A
survey of satisfaction of the trainees in the virtual reality group
and box-trainer group (Madan 2005) found that the majority of
the trainees preferred box-trainers to virtual reality trainer and a
significant number felt that the virtual reality training model was
not realistic. This study did not have a haptic feedback interface.
Haptic feedback is a tactile feedback technology which mimics
the sense of touch by applying forces or vibrations to the user.
None of the trials included in this review employed a haptic
feedback facility. In the next few years, haptic feedback is likely
to form an integral part of the virtual reality simulator and it is
likely that the trainee satisfaction will increase with the better
simulation. However, the degree of fidelity or realism does not alter
the eHectiveness in training (Grober 2004). This might explain the
reason for the eHectiveness of virtual reality training in spite of
being a low-fidelity model. However, improving the fidelity may
increase trainee satisfaction and the enthusiasm to learn on virtual
reality models.

Some potential advantages of virtual reality over box-trainer trainer
include:
1. Two-handed tasks need to be followed closely using a second
person for training. In virtual reality trainers which follow the
instrument tips, there is no need for the second person. In box-
trainers with a fixed video camera, a distance has to be chosen so
that the task can be viewed closely. The introduction of instruments
cannot be followed. This violates the rule of keeping the business
end of the instrument under vision always, which is particularly
important in those who are beginning their laparoscopic career.
2. One of the other major problems with box-trainer training is the
'trainer' time. An expert is necessary for evaluation and feedback
in box trainer training. In virtual reality training, the computer
evaluates every movement of the trainee and provides feedback
aMer completion of the task (eg, reports the number of movements,
distance moved by each hand, traces the path of movements,
etc). These can even be used for monitoring the improvement in
skills. Thus, the virtual reality soMware can act as a 'virtual tutor'
and a regular training session every week is feasible. However,
this advantage of a virtual reality trainer over a box-trainer has
been questioned by some since it is not easy, even for experts, to
distinguish reliably that a task was completed without problems
(Greco 2010). So if experts cannot come to an agreement about
successful completion of a task, it is not possible to program this
into a virtual reality trainer in order to determine whether the task
was completed without problems.

The potential advantages of box-trainer training over virtual reality
training include:
1. Cheaper cost of the model which enables training multiple
trainees simultaneously in short training courses.
2. Better realism (use of real tissue and presence of haptic
feedback) compared to currently evaluated virtual reality models
(Madan 2005).

The recent hybrid simulators with camera trackers to follow the
instruments (Botden 2007) combine some of the advantages of

virtual reality training and box-trainer training. Further research is
needed into whether such hybrid simulators are better than virtual
reality trainers.

Recent advances in virtual reality technology has made it possible
to import images into virtual reality soMware from external sources
(Jaselskis 2013). It is possible to reconstruct the three-dimensional
images if the x, y, z co-ordinates and colour information of each
pixel is available (Cyberware 2013). In the near future, it might
be possible to import these three-dimensional images into the
virtual reality soMware. Once these images are imported into
the virtual reality soMware, it should be possible to manipulate
the images. That would mean that it is possible to train the
surgical trainees in three-dimensional reconstructions of actual
patients rather than train in their component skills only. Training on
numerous such models with anatomic variations can also help with
the improvement of decision-making skills and procedure-specific
skills.

Overall completeness and applicability of evidence

The results of this review are applicable only to surgical trainees
with limited laparoscopic experience and confine to the types
of virtual reality training used in the trials. The evidence only
shows that the operating time is decreased and the operative
performance is increased by virtual reality training when compared
with no supplementary training or with box-trainer training. There
is currently no evidence that virtual reality training improved
patient outcomes.

Quality of the evidence

All the trials were at high risk of bias. While blinding of outcome
assessors was performed in three of the four trials that reported
this outcome (Hamilton 2002; Hogle 2009; Larsen 2009), the lack
of blinding of the participants can result in bias. However, very
few of the trials were able to provide data for our meta-analyses,
which were based on few participants. Accordingly, we cannot
exclude random errors. Overall the quality of evidence is very low
as indicated in Summary of findings for the main comparison.
Nevertheless, this is the best evidence that is currently available.

Potential biases in the review process

Although study selection and data collection were performed in
a non-blinded manner, the potential for bias and errors is largely
reduced by the use of two independent data extractors. We were
unable to assess publication bias by funnel plot but went through
the trial registers to identify the trials. Thus there is unlikely to
be publication bias but there appears to be evidence of reporting
bias since many of the trials did not report the common outcomes
that are likely to be measured during the conduct of the trial.
The inclusion of data from such trials may result in a change in
conclusions. We imputed the standard deviation when it was not
available from the studies. A sensitivity analysis demonstrated that
the impact of such imputation was low. The alternative was to
exclude the information from the trial which would have made the
interpretation of data even more diHicult.

Agreements and disagreements with other studies or
reviews

The previous version of this review (Gurusamy 2009) found that
virtual reality training could supplement the standard laparoscopic
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surgical training model of apprenticeship, and was at least
as eHective as box trainer training in supplementing standard
laparoscopic training. Most reviews on this topic including the ones
mentioned in the Background section arrive at similar conclusions.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Virtual reality training appears to decrease the operating time
and improve the operative performance of surgical trainees with
limited laparoscopic experience when compared with no training
or with box-trainer training. However, the impact of this decreased
operating time and improvement in operative performance on
patients and healthcare funders in terms of improved outcomes or
decreased costs is not known.

Implications for research

Further well-designed trials at low risk of bias and random errors
are necessary. Such trials should also assess the impact of virtual
reality training on clinical outcomes.
The conduct and reporting of trials using the SPIRIT (www.spirit-
statement.org) and the CONSORT statements (www.consort-

statement.org) is likely to result in better information from the
trials.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Methods Randomised clinical trial.

Participants Country: Sweden.
Number randomised: 13.
Postrandomisation drop-outs: not stated.
Revised sample size: 13.
Average age: 32 years.
Women: 7 (53.8%).

Inclusion criteria:
1. Surgical residents from postgraduate year 1 or 2.
2. Experience in assisting with laparoscopic procedures.

Exclusion criteria:
1. Previous experience of performing laparoscopic cholecystectomy.

Interventions Participants were randomly assigned to two groups.
Group 1: virtual reality training (n = 7).
Group 2: no supplementary training (n = 6).

Details of virtual reality training:

1. LapSim virtual reality simulator (version 2.0).
2. Basic skills (camera navigation, co-ordination, clip application, lifting and grasping, cutting, and su-
turing) and dissection programmes (different anatomic variations of the hepatoduodenal ligament)
with no haptic feedback.
3. The participants practised under supervision and received feedback given by the simulator as well
as oral feedback given by the supervisor after each completed task until they showed proficiency on
each of the 6 examination tasks at least twice.

Outcomes The outcome reported was operating time.

Notes Assessment: The participants performed 10 laparoscopic cholecystectomies each after the period of
training and the outcomes of 10th surgery were considered except for 2 where the outcomes of the 5th
surgery were considered. The operating time was 58% longer in the control group than the virtual reali-
ty group (P = 0.0586).

We attempted to contact authors in October 2012. No replies were received.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: This information was not available.

Ahlberg 2007 
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Allocation concealment
(selection bias)

Unclear risk Quote: "...sealed-envelope method…."

Comment: Further details were not available.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: It is impossible to blind the participants to the groups.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "...Video assessments were performed by 2 observers...blinded con-
cerning the subjects’ training status…"

Comment: Although the video recording of the procedures was assessed by
blinded observers, there is no information on whether any of the outcomes of
interest for this review were assessed by observers blinded to the group of the
participants.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: This information was not available.

Selective reporting (re-
porting bias)

High risk Comment: Some important outcomes which will generally be assessed were
not reported.

Source of funding bias Unclear risk Comment: This information was not available.

Ahlberg 2007  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: Denmark.
Number randomised: 20.
Postrandomisation drop-outs: 4 (20%).
Revised sample size: 16.
Average age: 37 years.
Women: 6 (37.5%).

Inclusion criteria:
1. Surgeons with limited experience in laparoscopic surgery (< 8 cholecystectomies).

Interventions Participants were randomly assigned to two groups.
Group 1: virtual reality training (n = 8).
Group 2: no supplementary training (n = 8).

Details of virtual reality training:

1. MIST-virtual reality (Minimally Invasive Surgical Trainer – Virtual Reality).
2. Ten repetitions of all six tasks of progressive complexity and designed to simulate the techniques
used during laparoscopic cholecystectomy.

Outcomes The outcome reported was operating time.

Notes Assessment: The participants performed a laparoscopic cholecystectomy each after the period of train-
ing. Only part of the procedure was assessed, starting from the point at which clips were applied to the
cystic artery and cystic duct, and finishing with dissection of the gallbladder from the liver bed.

Two surgical trainees from each group were not included for analysis because there was a fault in the
video-recording which was used for assessment.

Grantcharov 2004 
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We attempted to contact authors in October 2012. No replies were received.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: This information was not available.

Allocation concealment
(selection bias)

Unclear risk Quote: "using sealed envelopes"

Comment: Further details were not available.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: It is impossible to blind the participants to the groups.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "The reviewers were blinded to the training status of the trainees"

Comment: Although the video recording of the procedures was assessed by
blinded observers, there is no information on whether operating time was
measured by observers blinded to the group of the participants.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: There were postrandomisation drop-outs.

Selective reporting (re-
porting bias)

High risk Comment: Some important outcomes which will generally be assessed were
not reported.

Source of funding bias Unclear risk Quote: "This work was supported by Sygekassernes Helsefond, Copenhagen,
Denmark."

Comment: Unable to confirm whether funding source linked to private sector
or charitable funds.

Grantcharov 2004  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: United States of America.
Number randomised: 19.
Postrandomisation drop-outs: 0 (0%).
Revised sample size: 19.
Average age: not stated.
Women: not stated.

Inclusion criteria:
1. Second-year general surgical residents (the study authors had included first-year and second-year
surgical residents but the evaluation of laparoscopic cholecystectomies was performed in only the sec-
ond-year surgical residents).

Interventions Participants were randomly assigned to two groups.
Group 1: virtual reality training (n = 10).
Group 2: box-trainer training (n = 9).

Details of virtual reality training:

Hamilton 2002 
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1. Minimally Invasive surgical Trainer - virtual reality trainer.
2. All 6 tasks (grasping, grasping and transfer, hand co-ordination, replacing the laparoscopic instru-
ment, diathermy - one hand, two hands) - 2 repetitions with each hand (except 3rd task which involved
both hands).
3. Ten 30-minute sessions in 2 weeks.

Details of box-trainer training:

1. Video trainer.
2. Five tasks (suture foam, bean drop, triangle transfer, rope drill, checkerboard).
3. Ten 30-minute sessions in 2 weeks.

Outcomes The outcome reported was operating time.

Notes Assessment: The participants performed a laparoscopic cholecystectomy each after the period of train-
ing.

We attempted to contact authors in October 2012. Authors replied in October 2012.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Randomization was performed using a random digit assignment
method"

Comment: Further details were not available.

Allocation concealment
(selection bias)

Low risk Quote: "Randomization was performed using a random digit assignment
method"

Communication from author: "placed in sealed envelopes which were opened
and said which group randomized to".

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: It is impossible to blind the participants to the groups.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "Faculty evaluators were blinded to the resident's given training
modality."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: There were no postrandomisation drop-outs.

Selective reporting (re-
porting bias)

High risk Comment: Some important outcomes which will generally be assessed were
not reported.

Source of funding bias High risk Quote: "Funding was provided by the Southwestern Center for Minimally Inva-
sive Surgery as supported in part by an educational grant from United States
Surgical Corporation, a division of Tyco Healthcare Group."

Comment: The trial was funded by a party with a vested interest in the results.

Hamilton 2002  (Continued)
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Methods Randomised clinical trial.

Participants Country: United States of America.
Number randomised: 13.
Postrandomisation drop-outs: 1 (7.7%).
Revised sample size: 12.
Average age: not stated
Women: not stated

Inclusion criteria:
1. Surgical residents in their first year of surgical experience.

Interventions Participants were randomly assigned to two groups.
Group 1: virtual reality training (n = 6).
Group 2: no supplementary training (n = 6).

Details of virtual reality training:

1. LapSim virtual reality trainer (camera navigation, instrument navigation, co-ordination, grasping,
lifting and grasping, cutting, and clip applying).
2. The training curriculum was fully completed when level 3 was passed for each module.

Outcomes The outcome reported was operative performance.

Notes Assessment: Global Operative Assessment of Laparoscopic Skills (GOALS) during laparoscopic chole-
cystectomy.

We attempted to contact authors in October 2012. Authors replied in October 2012.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Communication from author: "Random sequence was generated using a ran-
dom number generator found in the back of a statistics text book. Odd num-
bers were decided a priori to be assigned to the no-training group. Even num-
bers were assigned to training group."

Allocation concealment
(selection bias)

Low risk Communication from author: "Randomization envelopes were produced. The
outside of each envelope was labelled with the name of the study, the name
of the Principal Investigator and the envelope Number. A card on the inside
of each envelope stated “Training Group” or “No Training Group”. Envelopes
were assigned sequentially. Study participants were asked not to discuss their
study group designation with anyone else including other study participants,
surgeons, residents, fellows or technical/study support staH. Only the subject
and the study coordinator knew the randomization assignment."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: It is impossible to blind the participants to the groups.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The supervising attending surgeon evaluated their performance using
GOALS. The video tapes then were used for subsequent blinded evaluation and
scoring with GOALS"

Communication from author: "Only the subject and the study coordinator
knew the randomization assignment."

Hogle 2009 
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Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: There were postrandomisation drop-outs.

Selective reporting (re-
porting bias)

High risk Comment: Some important outcomes which will generally be assessed were
not reported.

Source of funding bias Low risk Communication from author: "All three studies were non-funded. Internal re-
sources were used and no monetary compensation was given to investigators
or participants."

Hogle 2009  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: Denmark.
Number randomised: 24.
Postrandomisation drop-outs: 3 (12.5%).
Revised sample size: 21.
Average age: 33 years.
Women: 22 (91.7%).

Inclusion criteria:
1. Trainees in gynaecological specialty training years 1 and 2 with no experience of advanced la-
paroscopy (defined as all laparoscopic procedures involving co-ordination of more than 1 instrument). 

Interventions Participants were randomly assigned to two groups.
Group 1: virtual reality training (n = 11).
Group 2: no supplementary training (n = 10).

Details of virtual reality training:

1. LapSim Gyn 3.0.1.
2. Training in the 2 basic skills of “lifting and grasping” and “cutting”  and one procedure-specific task
in which the trainee had to carry out a complete right-sided salpingectomy while preserving the ovary.
3. The training in basic skills was done once in each training cycle of 45 - 60 minutes and the salpingec-
tomy repeated continually during the remainder of the cycle.
4. The simulator provided the trainees with instant feedback on time, path length and angular path of
the instruments’ movements, bleeding, cutting of uncoagulated arteries, and use of diathermy on non-
target tissue.
5. The training sessions were repeated until the expert criterion level was reached in 2 consecutive and
independent simulations.

Outcomes The outcomes reported were operating time and operative performance.

Notes Assessment: Surgical performance during elective laparoscopic salphingenctomy. 

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The Clinical Trial Unit at Copenhagen University independently ran-
domised the trainees by computer to intervention or control groups."

Allocation concealment
(selection bias)

Low risk Quote: "The randomisation procedure was concealed and achieved by using
the trainees’ unique personal identification number".

Larsen 2009 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Quote: "it was not possible to blind the trainees to their allocated group, but
all involved departments, supervisors, and staH in the operating theatres were
blinded to the trainee’s group".

Comment: It is impossible to blind the participants to the groups.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "All involved departments, supervisors, and staH in the operating the-
atres were blinded to the trainee’s group, and the assessors of outcome were
blinded to both the trainee and their allocated group."

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: There were postrandomisation drop-outs.

Selective reporting (re-
porting bias)

Low risk Comment: All important outcomes were reported.

Source of funding bias Low risk Quote: "This project was supported by Copenhagen University Rigshospitalet
Hospital. Trygfondet supplied various materials including computer hard-
ware. Det Calssenske Fidecommis’ Jubilaeumsfond provided travel expenses.
Aase and Ejner Danielsens foundation provided software maintenance and up-
dates, DVD recorders, and a TV monitor. The Danish Society for the Protection
of Laboratory Animals provided computer hardware and software. All phas-
es of the present work including design and conduct of the study; collection,
management, analysis, and interpretation of the data; and preparation, re-
view, and approval of the final manuscript were done independent of the fun-
ders."

Comment: Funded by various organisations which do not appear to have a
vested interest in the results of the trial

Larsen 2009  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: United States of America.
Number randomised: 12.
Postrandomisation drop-outs: not stated.
Revised sample size: 12.
Average age: not stated.
Women: not stated.

Inclusion criteria:
1. Surgical residents (postgraduate years 1 and 2). 

Interventions Participants were randomly assigned to two groups.
Group 1: virtual reality training (n = 6).
Group 2: no supplementary training (n = 6).

Details of virtual reality training:

1. Minimally Invasive Surgical Trainer - Virtual Reality trainer (MIST-VR).
2. Expert established performance criterion levels on the manipulation diathermy task of the MIST-VR.

Outcomes The outcome reported was operating time.

Notes Assessment: The participants performed a laparoscopic cholecystectomy each after the period of train-
ing. 

McClusky 2004 
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We attempted to contact authors in October 2012. No replies were received.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: This information was not available.

Allocation concealment
(selection bias)

Unclear risk Comment: This information was not available.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: It is impossible to blind the participants to the groups.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "Recordings were assessed by two blinded surgeon investigators"

Comment: Although the video recording of the procedures was assessed by
blinded observers, there is no information on whether any of the outcomes of
interest for this review were assessed by observers blinded to the group of the
participants.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: This information was not available.

Selective reporting (re-
porting bias)

High risk Comment: Some important outcomes which will generally be assessed were
not reported.

Source of funding bias Unclear risk Comment: This information was not available.

McClusky 2004  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: Turkey.
Number randomised: 24.
Postrandomisation drop-outs: not stated.
Revised sample size: 24.
Average age: not stated.
Women: not stated.

Inclusion criteria:
1. Novice residents with no prior experience of laparoscopy.

Interventions Participants were randomly assigned to three groups.
Group 1: virtual reality training (n = not stated).
Group 2: box-trainer training (n = not stated).

Group 3: no supplementary training (n = not stated).

Details of virtual reality training:

1. LapSim.
2. Training for 3 weeks (60 minutes each week).

Sendag 2009 
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Outcomes The outcomes reported were operating time and operative performance.

Notes Assessment: The participants performed a laparoscopic bilateral tubal ligation each after the period of
training.
The global rating scores were statistically significantly higher and the operating time was statistical-
ly lower in the virtual reality group than control group. The operating time was statistically significant-
ly lower in the virtual reality group than the box-trainer training group. It is not clear from the report
whether the global rating score was significantly different between virtual reality group and box-trainer
training group.

We attempted to contact authors in October 2012. No replies were received.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: This information was not available.

Allocation concealment
(selection bias)

Unclear risk Comment: This information was not available.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: It is impossible to blind the participants to the groups

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: This information was not available.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: This information was not available.

Selective reporting (re-
porting bias)

High risk Comment: Some important outcomes which will generally be assessed were
not reported.

Source of funding bias Unclear risk Comment: This information was not available.

Sendag 2009  (Continued)

 
 

Methods Randomised clinical trial.

Participants Country: United States of America.
Number randomised: 16.
Postrandomisation drop-outs: not stated.
Revised sample size: 16.
Average age: not stated.
Women: 5 (31.3%).

Inclusion criteria:
1. Surgical residents in postgraduate years 1 to 4. 

Interventions Participants were randomly assigned to two groups.
Group 1: virtual reality training (n = 8).
Group 2: no supplementary training (n = 8).

Seymour 2002 
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Details of virtual reality training:

1. Minimally Invasive Surgical Trainer - Virtual Reality (MIST-VR).
2. Expert established performance criterion levels on the manipulation diathermy task of theMIST-VR.
3. Training sessions lasted approximately 1 hour.
4. The criteria levels were achieved in 3 - 8 training sessions.

Outcomes None of the outcomes of interest for this review were reported in this trial.

Notes Assessment: The participants performed a laparoscopic cholecystectomy each after the period of train-
ing. 

We attempted to contact authors in October 2012. No replies were received.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: This information was not available.

Allocation concealment
(selection bias)

Unclear risk Comment: This information was not available.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: It is impossible to blind the participants to the groups

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Quote: "Each procedural video was viewed without audio by two surgeon-in-
vestigators blinded to operating team members."

Comment: Although the video recording of the procedures was assessed by
blinded observers, there is no information on whether any of the outcomes of
interest for this review were assessed by observers blinded to the group of the
participants.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: This information was not available.

Selective reporting (re-
porting bias)

High risk Comment: Some important outcomes which will generally be assessed were
not reported.

Source of funding bias Unclear risk Comment: This information was not available.

Seymour 2002  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Banks 2007 Not virtual reality training.

Bensalah 2007 No assessment of operative procedure performed by the 2 groups.

Beyer 2011 Not a randomised clinical trial.
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Study Reason for exclusion

Catalyud 2010 Some of the participants had experience of performing more than 100 laparoscopic cholecystec-
tomies and hence cannot be considered as surgical trainees as far as this procedure is concerned.

Cosman 2007 The trainees were asked to perform only a minor part of the procedure.

Gala 2009 Not virtual reality training.

Gauger 2010 Training included virtual reality training and box-trainer training.

Gobern 2010 Not virtual reality training.

Grantcharov 2007 Not a randomised clinical trial.

Hamilton 2001 Not virtual reality training.

Howells 2008 Not virtual reality training.

Lee 2012 Training involved a combination of virtual reality trainer and box trainer.

Mohan 2009 Unclear whether this is virtual reality training or box-trainer training.

Moldovanu 2011 Not assessing the effect of virtual reality training in surgical trainees.

Orejuela 2010 Not virtual reality training.

Orzech 2012 The participants performed only a very small part of the procedure in humans.

Palter 2011 Not virtual reality training.

Palter 2012 Training includes virtual reality training and cadaveric training.

Parent 2010 Not virtual reality training.

Sroka 2010 Not virtual reality training.

Van Sickle 2008 Training includes virtual reality training and box-trainer training.

Zendejas 2011 Not virtual reality training.

Zorn 2011 Comment about a trial which did not meet the inclusion criteria.

 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Randomised clinical trial.

Participants Years 3 - 5 postgraduation registrars, specialist registrars or residents in surgery.

Interventions Proficiency-based virtual reality simulation training versus standard training.

Outcomes Laparoscopic colectomy operation duration and number of errors.

Neary 2008 
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Notes Authors contacted, awaiting response.

Neary 2008  (Continued)

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title An evaluation of the cost effectiveness of virtual reality surgical simulation to shorten the learning
curve for real laparoscopic procedures.

Methods Randomised clinical trial.

Participants 1. Specialist general surgery trainee doctors, i.e. ST1 through to ST5.
2. Have performed fewer than 50 laparoscopic cases (ie appendicectomy and cholecystectomy) as
primary operator.

Interventions The LapMentor™ virtual reality surgical simulator shall be used for training the intervention group
in laparoscopic technical skills, under the guise of an evidence-based training curriculum.
 
The training arm will undergo a training curriculum. This will be in 3 phases, ie:
1. Knowledge - a structured knowledge-based online training and assessment tool (including text,
diagrams and video).
2. Technical Skills - a step-wise, structured and proficiency-based virtual reality training curricu-
lum (incorporating technical skills, procedural tasks and full procedures).
3. Attitudes - a 1-day session in the simulated Operating Room to perform 2 complete laparoscopic
cases with a full operative team. This will be scheduled in the simulated operating room.
 
The control arm will not undergo any of the above.
 
The duration of treatment for the training arm will be approximately 2 weeks. The duration of fol-
low-up for each subject (ie, both arms of the trial) will be approximately 2 months.

Outcomes Primary outcomes:

1. Procedure time taken (for intra-abdominal part of procedure), measured during the operative in-
tervention.
2. Quality of operative procedure by Global Rating Scale, measured within 1 week of the operative
intervention

Secondary outcomes:

1. Knowledge (multiple-choice test), measured within2 weeks of recruitment to the study for the
control group, and within 2 weeks of completion of the training curriculum for the intervention
group.
2. Attitudes (surgical team measurements, ie NOTTS and OTAS), measured during operative inter-
vention.
3. Clinical - death, deep vein thrombosis or pulmonary embolism, re-intervention (percutaneous,
endoscopic or surgical), blood transfusion, unplanned ITU/HDU admission, failure to be discharged
within 30 days, bile duct injury within 30 days of intervention.

Starting date February 2011.

Contact information Dr Rajesh Aggarwal

Department of Surgery and Cancer
10th Floor, QEQM Building
St Mary's Hospital Campus
Imperial College London
Praed Street

Aggarwal 2010 
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UK.

Notes  

Aggarwal 2010  (Continued)

 
 

Trial name or title Part- vs whole-task mastery simulation training for laparoscopic hernia repair: A randomised trial.

Methods Randomised clinical trial.

Participants Only residents who have achieved mastery of the TEP training curriculum (in either arm) will be eli-
gible for Operating Room assessment

Interventions Group 1: Online video curriculum.
Group 2: Whole task mastery training.
Group 3: Part task mastery training.

Outcomes Operation duration.

Starting date June 2012.

Contact information David R. Farley, Co-Director of the Mayo Simulation Center, Professor of Surgery, Mayo Clinic.

Notes May not be virtual reality training.

Farley 2012 

 
 

Trial name or title An evaluation of validated laparoscopic skills simulators and the impact on operating room perfor-
mance.

Methods Randomised clinical trial.

Participants Ob/Gyn residents in postgraduate years 1 to 4 from ACGME accredited programmes.

Interventions Group 1: Laparoscopic simulation training (5 x 30-minute faculty-directed sessions at the laparo-
scopic simulator lab).

Group 2: Traditional surgical training.

Outcomes Operative performance.

Starting date August 2005.

Contact information Rajiv B Gala, University of Texas Southwestern Medical Center.

Notes This may be the same trial as Gala 2009, a trial excluded because the simulator was not a virtual re-
ality training simulator.

Gala 2011 

Ob/Gyn = obstetrics and gynaecological trainees
ACGME = Accreditation Council for Graduate Medical Education
NOTTS = non-technical skills for surgeons
OTAS = observational teamwork assessment for surgery
TEP = totally extraperitoneal repair
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Virtual reality training versus no training

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Operating time 3 49 Mean Difference (IV, Fixed, 95% CI) -11.76 [-15.23, -8.30]

2 Operating time (sensitivity analysis) 2 37 Mean Difference (IV, Fixed, 95% CI) -11.82 [-15.31, -8.33]

3 Operative performance 2 33 Std. Mean Difference (IV, Fixed,
95% CI)

1.65 [0.72, 2.58]

4 Operative performance (sensitivity
analysis)

1   Std. Mean Difference (IV, Fixed,
95% CI)

Subtotals only

 
 

Analysis 1.1.   Comparison 1 Virtual reality training versus no training, Outcome 1 Operating time.

Study or subgroup VR training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Grantcharov 2004 8 54 (19) 8 57 (30) 1.98% -3[-27.61,21.61]

Larsen 2009 11 12 (3.2) 10 24 (4.8) 96.53% -12[-15.53,-8.47]

McClusky 2004 6 31 (19) 6 39 (30) 1.49% -8[-36.41,20.41]

   

Total *** 25   24   100% -11.76[-15.23,-8.3]

Heterogeneity: Tau2=0; Chi2=0.57, df=2(P=0.75); I2=0%  

Test for overall effect: Z=6.66(P<0.0001)  

Favours VR training 5025-50 -25 0 Favours control

 
 

Analysis 1.2.   Comparison 1 Virtual reality training versus
no training, Outcome 2 Operating time (sensitivity analysis).

Study or subgroup VR training Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Grantcharov 2004 8 54 (19) 8 57 (30) 2.01% -3[-27.61,21.61]

Larsen 2009 11 12 (3.2) 10 24 (4.8) 97.99% -12[-15.53,-8.47]

   

Total *** 19   18   100% -11.82[-15.31,-8.33]

Heterogeneity: Tau2=0; Chi2=0.5, df=1(P=0.48); I2=0%  

Test for overall effect: Z=6.64(P<0.0001)  

Favours VR training 5025-50 -25 0 Favours control
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Analysis 1.3.   Comparison 1 Virtual reality training versus no training, Outcome 3 Operative performance.

Study or subgroup VR training Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Hogle 2009 6 15.9 (1.1) 6 15.3 (1.3) 65.14% 0.43[-0.72,1.58]

Larsen 2009 11 33 (2.5) 10 24 (1.8) 34.86% 3.93[2.36,5.51]

   

Total *** 17   16   100% 1.65[0.72,2.58]

Heterogeneity: Tau2=0; Chi2=12.41, df=1(P=0); I2=91.94%  

Test for overall effect: Z=3.48(P=0)  

Favours control 105-10 -5 0 Favours VR training

 
 

Analysis 1.4.   Comparison 1 Virtual reality training versus no
training, Outcome 4 Operative performance (sensitivity analysis).

Study or subgroup VR training Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Larsen 2009 11 33 (2.5) 10 24 (1.8) 0% 3.93[2.36,5.51]

Favours control 105-10 -5 0 Favours VR training

 
 

Comparison 2.   Virtual reality training versus box-trainer training

Outcome or subgroup title No. of
studies

No. of par-
ticipants

Statistical method Effect size

1 Operative performance 1   Std. Mean Difference (IV, Fixed, 95% CI) Subtotals only

 
 

Analysis 2.1.   Comparison 2 Virtual reality training versus box-trainer training, Outcome 1 Operative performance.

Study or subgroup VR training Box trainer Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Hamilton 2002 10 48.3 (4.4) 9 40.6 (5.7) 0% 1.46[0.42,2.5]

Favours box trainer 52.5-5 -2.5 0 Favours VR training

 

 

A P P E N D I C E S

Appendix 1. Search strategies for identification of studies

 

Database Time span Search strategy

The Cochrane
Central Register of
Controlled

Issue 3, 2012 #1 MeSH descriptor Therapy, Computer-Assisted explode all trees in MeSH products
#2 MeSH descriptor Surgery, Computer-Assisted explode all trees in MeSH products
#3 MeSH descriptor Computer-Assisted Instruction explode all trees in MeSH products
#4 virtual realit* OR simulat* in All Fields in all products
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Trials (CENTRAL)
in The Cochrane Li-
brary

#5 (#1 OR #2 OR #3 OR #4)
#6 train* in All Fields in all products
#7 MeSH descriptor Laparoscopy explode all trees in MeSH products
#8 laparoscop* OR coelioscop* OR celioscop* OR peritoneoscop* in All Fields in all prod-
ucts
#9 (#7 OR #8)
#10 (#5 AND #6 AND #9)

MEDLINE 1946 to July 2012 ("Therapy, Computer-Assisted"[MeSH] OR "Surgery, Computer-Assisted"[MeSH] OR
"Computer-Assisted Instruction"[MeSH] OR virtual realit* OR simulat*) AND train* AND
("laparoscopy"[MeSH] OR laparoscop* OR coelioscop* OR celioscop* OR peritoneoscop*)
AND ((randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized
[tiab] OR placebo [tiab] OR drug therapy [sh] OR randomly [tiab] OR trial [tiab] OR groups
[tiab]) NOT (animals [mh] NOT humans [mh]))

EMBASE 1974 to July 2012 #1 exp virtual reality/ or exp computer simulation/ or exp computer assisted surgery/
#2 (virtual  realit* or simulat*).af.
#3 #1 OR #2
#4 exp medical education/ or exp surgical training/ or exp training/ or exp postgraduate
education/
#5 (train or training or trainer*).af.
#6 #4 OR #5
#7 exp laparoscopic surgery/ or exp laparoscopy/

#8 (laparoscop* or coelioscop* or celioscop* or peritoneoscop*).af.
#9 #7 or #8

#10 #3 AND #6 AND #9
#11 exp crossover-procedure/ or exp double-blind procedure/ or exp randomized con-
trolled trial/ or single-blind procedure/
#12 (random* or factorial* or crossover* or cross over* or cross-over* or placebo* or dou-
ble*  blind* or single*  blind* or assign* or allocat* or

#13 #11 or #12

#14 #10 and #13

Science Citation
Index Expanded

1900 to July 2012 #1 TS=(virtual realit* OR simulat*)
#2 TS=(train*)
#3 TS=(lapa1roscop* OR coelioscop* OR celioscop* OR peritoneoscop*)
#4 TS=(random* OR rct* OR crossover OR masked OR blind* OR placebo* OR meta-analy-
sis OR systematic review* OR meta-analys*)
#5 #4 AND #3 AND #2 AND #1

  (Continued)

 

W H A T ' S   N E W

 

Date Event Description

13 February 2013 Amended Author list: Myura Nagendran, Kurinchi Selvan Gurusamy, Rajesh
Aggarwal, Marilena Loizidou, Brian R Davidson

5 February 2013 New citation required and conclusions
have changed

We revised the eligibility criteria and updated the methods ac-
cording to the Cochrane Handbook for Systematic Reviews of In-
terventions 5.2, re-analysed the data, and revised conclusions.

The previous conclusions were "Virtual reality training can sup-
plement standard laparoscopic surgical training of apprentice-
ship and is at least as effective as video trainer training in supple-
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menting standard laparoscopic training. Further research of bet-
ter methodological quality and more patient-relevant outcomes
are needed". The conclusions in the current version are "Virtual
reality training appears to decrease the operating time and im-
prove the operative performance of surgical trainees with limit-
ed laparoscopic experience when compared with no training or
with box-trainer training. However, the impact of this decreased
operating time and improvement in operative performance on
patients and healthcare funders in terms of improved outcomes
or decreased costs is not known. Further well-designed trials
of low risk of bias and random errors are necessary. Such trials
should assess the impact of virtual reality training on clinical
outcomes".

21 July 2012 New search has been performed We updated the searches and identified three new trials (Hogle
2009; Larsen 2009; Sendag 2009).

 

C O N T R I B U T I O N S   O F   A U T H O R S

M Nagendran identified the studies for inclusion, extracted the data, performed the analysis, and wrote the first draM of the update. K
Gurusamy independently identified the studies for inclusion, extracted the data, helped with the analysis and wrote sections of the update.
R Aggarwal independently extracted the data for some studies in the first version. He commented critically on the review. L Marilena and
BR Davidson critically commented on the review.

D E C L A R A T I O N S   O F   I N T E R E S T

None known.

S O U R C E S   O F   S U P P O R T

Internal sources

• None, Not specified.

External sources

• None, Not specified.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Di@erences between protocol and review

The outcome 'Composite score' was added and the outcome 'Improvement in task performance' was deleted as the final task performance
was considered to be more important.

Di@erences between first review version and second review version

1. This version includes only surgical trainees with limited prior laparoscopic experience and where the impact of virtual reality training
was assessed in the clinical setting.

2. The methods have been updated to follow the Cochrane Handbook for Systematic Reviews of Interventions version 5.2 (Higgins 2011).

3. A search update was performed.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Computer Simulation;  Computer-Assisted Instruction  [*methods];  General Surgery  [*education];  Laparoscopy  [*education]; 
Operative Time;  Randomized Controlled Trials as Topic
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Humans
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