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Journal: International Journal of Surgery 

Article Type: Meta-analysis. 

Virtual reality simulator versus box-trainer to teach minimally invasive 

procedures: a meta-analysis. 

 

ABSTRACT: 

Background: To evaluate the effectiveness of virtual reality simulator (VRS) training 

compared to box-trainer training (BT) for learning outcomes in minimally invasive 

surgery (MIS) techniques. Materials and Methods: A systematic review of the 

literature was performed using CENTRAL, MEDLINE, EMBASE, Scopus, CINAHL, 

LILACS. The primary outcomes were time to perform MIS and performance score in  

MIS. After being selected, the articles were evaluated for methodological quality and 

risk of bias. The results were evaluated for quality of evidence and meta-analysis was 

performed. Results: 20 randomized clinical trials were included in the qualitative 

analysis and 14 were used in the meta-analysis. VRS training was more efficient than 

BT training (P < 0.00001, 95% CI: -35.08 to -25.01) when evaluating participant time 

needed to complete the peg task. In descriptive analysis, VRS training was better than 

BT training in participant performance score to perform MIS. There was no statistical 

difference in the meta-analysis in the time needed to perform surgery, time to complete 

basic or advanced tasks and performance score for basic or advanced tasks. 

Conclusions: VRS training was better than BT training in participant performance 

scores when performing MIS and in the time needed to complete the basic task of peg 

transfer. In all other outcomes, regardless of the student's level of experience or type of 

activity, the two forms of training were equivalent. 

Key words: Simulation Training; Laparoscopy; Minimally Invasive Surgical 

Procedures; Training; Box trainer; Virtual Reality.  

PROSPERO Registry: CRD42016046840. 
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1. INTRODUCTION: 

 Surgery is classically based on practical training of a surgical trainee under 

supervision and guidance of an experienced surgeon, thus minimizing the risk of 

iatrogenic outcomes. Before any intervention on the patient, a resident or a medical 

student can be trained using a reality simulator, giving them increased surgical expertise 

without submitted a patient to novices trainment risks(1). 

The use of a virtual reality simulator (VRS) is interesting, since it allows  

training of interventionist skills. Nagendran M et al, in a Cochrane meta-analysis, 

showed that virtual reality training decreased operating time and improved operative 

performance when compared to box-trainer (BT) training or no supplementary training 

at all. However, the impact of these results on patients’ health and healthcare funders in  

better outcomes or reduced costs is still unknown(2). 

The introduction of virtual platforms and videos seems to be related to 

equivalent learning rates to traditional methods, diminished the need of supervision by a 

trained professional, diversified learning, lowered costs and increased demand for 

trainees to perform complex surgical techniques(3, 4). 

The objective of this study is to evaluate the effectiveness of VRS compared to 

BT training for education of trainees in minimally invasive surgery (MIS).  

 

2. MATERIAL AND METHODS: 

2.1.Protocol and registry: 

This systematic review of the literature was performed according to the 

methodology established by the Cochrane Handbook for Systematic Reviews of 

Interventions, by the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA)(5) and by Assessing the Methodological Quality of Systematic 

Reviews (AMSTAR). The study was registered in the International Prospective Register 

of Systematic Reviews (PROSPERO) under the code CDR42016046840. 

2.2.Eligibility criteria: 
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Only randomized clinical trials (RCT) that compared VRS and BT on the 

learning of minimally invasive surgical techniques (MIST) were included in this study. 

All other learning variables, such as conventional teaching classes and curriculum, were 

controlled and similar in the 2 groups. Participants included medical students, doctors, 

resident doctors of surgical specialties and surgeons, independent of their experience 

with MIST.  RCTs comparing any type of VRS versus any type of BT, regardless the 

form of training, were included. 

2.3.Search methods for identification of studies: 

The databases used for study identification were: Cochrane, MEDLINE, 

EMBASE, CINAHL, LILACS and SCOPUS.  The search strategy included key terms: 

“education”, “virtual reality training”, “simulation”, “instruction”, “laparoscopy”, 

“minimally invasive surgical procedures”, “endoscopy” and “random”. For example, the 

MEDLINE search strategy was attached in the paper supplementary material. 

Others complementary studies were researched in the grey literature research 

process. The lists of abstracts published at national and international surgery congresses 

in the last 10 years have been verified, by hand searching on paper and internet, 

including: Brazilian Digestive Disease Week, Digestive Disease Week - DDW, Sao 

Paulo University thesis library, to find another randomized controlled trials by the 

electronic searches, which included the terms: surgical training; simulators; minimally 

invasive surgery; trainment; laparoscopy; medical education. 

2.4.Study selection and data collection: 

Studies that complied with the eligibility criteria were subjected to full-text 

analysis. The opinion of a third, independent researcher was requested in case of 

disagreement about the inclusion of any study. Data gathering was performed 

independently by the two authors and computed in standard forms specific for 

collection. Data about the identification of the study, eligibility criteria, methodological 

aspects, participants, interventions, comparisons, outcomes and relevant results were 

included in this study. 

2.5.Assessment of methodological quality and risk of bias in included studies: 
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The risk of bias in each selected study for this systematic review was assessed 

based on the recommendations of the Cochrane Collaboration using a tool called Risk of 

Bias (RoB tool) as described in chapter 8.5 of the Cochrane Handbook for Systematic 

Reviews of Interventions(6). 

2.6.Data analysis: 

The results were collected and summarized in forest plot graphics, generated by 

Review Manager 5.3 (Copenhagen: The Nordic Cochrane Center, The Cochrane 

Collaboration, 2011), if the studies were homogeneous and the data was available. For 

those outcomes with no possible quantitative analysis, the results were presented as a 

narrative. 

2.7.Measures of treatment effect: 

For continuous outcomes, the Mean Difference (MD) was calculated with a 95% 

Confidence Interval (CI). The Standardized Mean Difference (SMD) was used with a 

95% CI in some selected outcomes where different scales may have been used, such as 

operative performance.  

2.8.Assessment of heterogeneity: 

The statistical heterogeneity was explored by using a Chi square test (Chi2). 

Quantity of heterogeneity was measured by the I2 as recommended by Higgins et al(6), 

in which I2 values over 50% are considered as evidence with significant heterogeneity 

between the studies. The analysis was performed using models with random effects. 

Clinical, statistical or methodological bias would be used to explain the possible reasons 

for heterogeneity. 

2.9.Assessment of the quality of evidence: 

The quality of the evidence in this systematic review was analyzed according to 

Grading of Recommendations Assessment, Development and Evaluation Working 

Group (GRADE)(6, 7). 

 

3. RESULTS: 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

5 
 

The results of the search are summarized in the study flow diagram below 

(Figure 1). 

3.1.Included studies: 

20 RCTs were included, involving 695 participants, of which 350 were for VRS 

and 345 for BT. The sample size ranged from 16(8-10) to 84(11) participants per study, 

while the number of participants per intervention group ranged from 7(8) to 429 (11). The 

details of the trials are shown in table 1. 

 

Table 1. Descriptive data from the selected studies. 

Author, year Country VRS BT Experience 

Kind of 

Tasks 

Performance 

score VRS model BT model Training 

Akdemir A, 2014 Turkey 20 20 

Participants 

with no 

experience Basic OSA-LS LapSim Not specified 

Theoretical class 

and 1h training per 

week for 4 weeks. 

Borahay MA, 2013 Germany 8 8 

Participants 

with no 

experience Basic - dV-Trainer 

TRLCD05 

Laparoscopic 

MIT 4 tasks (1h each).  

Brinkmann C, 2017 Germany 18 18 

Participants 

with no 

experience Advanced GOALS 

Lap Mentor 

II Not specified 

5 days of training, 

No further details. 

Debes AJ, 2010 Norway 20 18 

Participants 

with no 

experience Basic - MIST-VR D-Box 

5 tasks drawn out of 

a total of 8 (basic 

tasks). 8 training 

sessions. 

Hamilton EC, 2002 USA 24 25 

Participants 

with no 

experience Basic GOALS MIST-VR SCMIS GEM 

2 weeks. 10 

sessions with 30 

minutes each. 

Hassan SO, 2015 USA 14 16 

Participants 

with no 

experience Basic - dVSSS Not specified 

Training with 2 

tasks. Total of 5 

sessions. 

Hiemstra E, 2011 Netherlands 20 20 

Participants 

with no 

experience Both - 

SIMENDO 

VR Trainer Box trainer 

Only one 20-minute 

session. 

Jensen K, 2014 Denmark 14 14 

Participants 

with no 

experience Advanced - SEP 

D-Box Basic 

Simulator 

No details about 

time and number of 

repetitions. 

Kanumuri P, 2008 USA 8 8 

Participants 

with no 

experience Basic - MIST-VR 

ProMIS 

Simulator 

8 sessions in 4 

weeks. 

Kothari SN, 2002 USA 13 11 Novices Basic - MIST-VR Not specified 5 sessions in 5 days. 

Lehmann KS, 2005 Germany 16 16 

Novices and 

participants Basic - VEST Not specified 

2-task training for 4 

days. 
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with no 

experience 

Loukas C, 2012 Greece 22 22 

Participants 

with no 

experience Basic - LapVR Not specified 

3 tasks repeated in 

12 sessions. 

Madan AK, 2007 USA 17 14 

Participants 

with no 

experience Advanced - MIST-VR LTS 2000 

10 sessions, 20 

minutes each. 

Nickel F, 2015 Germany 42 42 

Participants 

with no 

experience Advanced OSATS 

Lap Mentor 

II Not specified 

9 tasks in 12 hours 

of training. 

Orlando MS, 2017 USA 20 20 

Participants 

with no 

experience Basic Other dV-Trainer Box trainer 

10 sessions of peg 

transfer tasks. 

Pearson AM, 2002 USA 10 8 

Participants 

with no 

experience Advanced - MIST-VR Not specified 

10 sessions for each 

task. 

Tanoue K, 2008 Japan 20 20 

Participants 

with no 

experience Basic - 

Procedicus 

MIST Not specified 

2-hour sessions for 

2 days. 

Thomaier L, 2016 USA 20 20 

Participants 

with no 

experience Basic Other dV-Trainer Not specified 

10 sessions of peg 

transfer tasks. 

Yiasemidou M, 2017 

United 

Kingdom 7 9 

Participants 

with no 

experience Advanced - Lap Mentor Box trainer 

At least 25 sessions 

in 6 weeks. 

Youngblood PL, 

2005 USA 17 16 

Participants 

with no 

experience Both GOALS LapSim Tower Trainer 

3 tasks, 10 sessions 

for each, in 12 days. 

 

3.2.Risk of bias in included studies 

Details about the risk of bias in the included trials are summarized in Figure 2. 

We considered studies as having a high risk of bias if more than 20% of patients were 

lost to follow up leading to incomplete outcomes, and if the study had financial support 

by the simulator’s group.  

3.3.Effects of intervention: VRS training versus BT training 

It was not possible to pool the data of six studies(10, 12-16) in meta-

analysis because the data needed (mean and standard deviation) was not available. 

Time to complete (TTC) a MIS were referenced to one paper that compared a 

laparoscopic cholecystectomy and another study compared a laparoscopic 

oophorectomy. There was no significant difference between VRS and BT in terms of 
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TTC a MIS after training was performed (Figure 3). Additionally, the operative 

performance was found to be significantly better in the VRS group than in the BT group 

when performing a MIS. However, this is a descriptive analysis, since only one study 

reported the magnitude of the difference in a laparoscopic cholecystectomy(17). 

The participants in the VRS group were able to perform the basic task peg 

transfer in a shorter time than those in the BT group. This difference was statistically 

significant (Figure 3). There was no statistically significant difference between VRS 

and BT training however in the TTC a ligation loop (basic Task) (Figure 4). Similarly, 

there was no statistically significant difference between VRS training and BT in the 

TTC a series of basic tasks (Figure 4). Last, there was no statistically significant 

difference between VRS training and BT training in regards the time needed to perform 

a set of advanced tasks (dieresis and synthesis) after the training session was performed  

(Figure 4). 

 There was found to be no statistically significant difference between VRS 

training and BT training regarding the participant performance score for the execution 

of basic tasks after the training session was performed (Figure 5). Similarly, there was 

no statistically significant difference between VRS training and BT training regarding 

the performance score for the execution of advanced tasks (Figure 5). 

 The assessment of the quality of evidence of the main results is summarized in 

table 2 and is generated based on the GRADE classification. Three results had moderate 

quality (TTC a basic task peg transfer and ligation loop and TTC all basics tasks), while 

the others results had low quality. The BT risk column expresses an absolute value (in 

seconds, for example). In the other hand, the VRS risk column expresses a relative risk 

result with CI. The final quality of evidence was explained by reasons expressed in the 

legends (Heterogeneity > 50%, Small sample or randomization / allocation are not clear 

and / or wide CI). 

 

Table 2. Classification for quality of the evidence of the results (GRADE 

classification). 

 Potential absolute effects* (95% CI) Relative 

effect 

(95% CI) 

Number of 

participants 

(studies) 

Quality of the 

evidence 

(GRADE) 

Comments 

BT risk VRS risk 
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 Potential absolute effects* (95% CI) Relative 

effect 

(95% CI) 

Number of 

participants 

(studies) 

Quality of the 

evidence 

(GRADE) 

Comments 

BT risk VRS risk 

TTC  a MIS The mean time 

to perform a 

MIS was 1596 

seconds 

The mean time to 

complete a MIS in the 

intervention group was 

148.83 seconds higher 

(-203.54 to 501.2)  

-  68 

(2 RCTs)  

⨁⨁◯◯ 

LOW a,b,c 

- 

TTC a basic 

task: peg 

transfer 

The mean time 

to perform a 

peg transfer 

(basic task) was 

104.07 seconds 

The mean time to 

complete a peg transfer 

(basic task) in the 

intervention group was 

35.08 seconds lower 

(45.15 to 25.01 lower)  

-  203 

(6 RCTs)  

⨁⨁⨁◯ 

MODERATE 
b 

- 

TTC a 

ligation loop 

task (basic 

task) 

The mean time 

to perform a 

ligation loop 

task was 311 

seconds 

The mean time to 

complete a ligation 

loop task in the 

intervention group was 

2.58 seconds higher (-

7.27 to 12.43) 

-  60 

(2 RCTs)  

⨁⨁⨁◯ 

MODERATE 
c 

- 

TTC 

laparoscopic 

camera 

navigation 

(basic task) 

The mean time 

to perform 

laparoscopic 

camera 

navigation 

(basic task) was 

23.25 seconds  

The mean time to 

complete laparoscopic 

camera navigation in 

the intervention group 

was 81.25 lower (-

271.45 to 109.94)  

-  

 

 

 

44 

(2 RCTs)  

⨁⨁◯◯ 

LOW a,b,c 

- 

TTC all the 

basic tasks  

 SMD with 2.67 SD 

higher 

(-0.36 to 5.69)  

-  105 

(3 RCTs)  

⨁⨁⨁◯ 

MODERATE 
b,c 

- 

Performance 

score when 

performing 

advanced 

tasks 

-  SMD with 0.31 SD 

lower 

(0.96 to 0.34 lower) 

-  120 

(2 RCTs)  

⨁⨁◯◯ 

LOW a,b 

- 
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 Potential absolute effects* (95% CI) Relative 

effect 

(95% CI) 

Number of 

participants 

(studies) 

Quality of the 

evidence 

(GRADE) 

Comments 

BT risk VRS risk 

Performance 

score when 

performing 

basic tasks 

-  SMD 1.97 higher 

(-0.39 to 3.56) 

-  202 

(5 RCTs)  

⨁⨁◯◯ 

LOW a,b 

- 

*The risk in the intervention group (95% CI) is based on the assumed risk in the control group and the relative 

effect of the intervention (95% CI).  

GRADE Working Group grades of evidence 

High quality evidence: further research is very unlikely to change our confidence in the estimate of effect. 

Moderate quality of evidence: further research is unlikely to have an important impact on our confidence in the 

estimate of effect and may change the estimate. 

Low quality of evidence: 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 of evidence: any estimate of effect is very uncertain. 

CI = confidence interval; SMD = standardized mean difference; RCT = randomized clinical 

trial; VRS = virtual reality simulator; BT = box-trainer; SD = standard deviation; TTC = Time 

to complete 

a Heterogeneity > 50%; b Small sample or randomization / allocation are not clear; c wide CI. 

 

4. DISCUSSION: 

There is no systematic review and meta-analysis comparing VRS and BT in 

terms of learning outcomes. In 2013, Nagendran et al(2) published a systematic review 

and meta-analysis that assessed the effectiveness of VRS on the learning results of 

surgical trainees with limited laparoscopic experience and, in a subgroup, they 

compared VRS versus BT in terms of performance score. The data was not used in the 

meta-analysis because the heterogeneity could not be assessed, since only one trial 

reported the magnitude of the difference. However, the results follow the same 

conclusion of this meta-analysis, where the VRS group reached a better performance 

score than BT group. In another study, Reznick et al(18) submitted groups previously 

trained in VRS and BT to performance evaluations in anesthetized animal models and 

demonstrated that the VRS group was more effective than the BT group. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

10 
 

Contrary to the previously mentioned studies, Zendejas et al(19) published a 

systematic review and meta-analysis in which they stated that BT training is superior to 

the VRS training. 

 However, the operating time, and proportionally, the costs involved, increase 

between novice surgeons and experienced surgeons(20). Thus, using surgical training 

with simulators when surgeons reach a good level of performance and develop 

familiarity with MIST is no longer just a learning concern, but it is also relevant to the 

public health and a benefit to patients and healthcare systems. 

 The peg transfer is, among the tasks proposed by the Fundamentals of 

Laparoscopic Surgery (FLS), the simplest and purposely the first task to be trained. 

Probably for this reason, the favorable result of the virtual reality simulation did not 

affect the final outcomes when considering all the basic skills trained. 

 The results regarding the laparoscopic camera navigation are in accordance with 

the current literature which states that this ability can be acquired with any type of 

simulator(21-23). 

 Based on the methods of the selected studies and literature research, we can 

suggest that the ideal educational delivery of the training interventions using the 

simulated setting includes a minimum of 5 sessions for each task with a minimal time of 

20 minutes, independent of simulation model. In each session, the novices perform 

training with basics tasks and can include advanced tasks.  

 This study has some limitations. The different types of simulation models, and 

the low number of participants per study can lead to inaccurate results, the bias of 

having only the published data (publication bias) and the fact that the reviewers are not 

blinded are important examples of limitations and biases. Despite the many different 

simulators available, the research was focused on the ability to learn basic or advanced 

tasks, based on a standard teaching system (FLS), which can be perfectly reproducible 

in any of the devices. For example, the basics tasks are parameters to dexterity learning. 

In fact, they are learned in a few simulators sessions, BT or VRS, and then performance 

plateaus off once the activity is mastered. The objective with regard to all simulation is 

its application to reality.  Another limitation is that we could not find studies that 

proposed the gold standard parameters, like a uniform and complex proficiency score 
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system. using performance speed as a measure of quality, perpetuates the myth that fast 

is good. 

 Regarding the quality of evidence, this systematic review and meta-analysis is 

the best evidence currently available, offering a substantial improvement in terms of 

conclusions, since the last Cochrane’s systematic review about the theme had only a 

very low quality of evidence(2, 13, 14, 18-25, 32-34). The limitations that prevented a 

high quality of evidence, besides heterogeneity inherent to some results, were the small 

sample of the studies and the wide confidence intervals of the results. These numbers 

should generate a reflection about professional qualifications and a research interest in 

the basic areas of the surgical education, either with medical students or with surgical 

resident doctors from the first years.   

 In the attempt to reduce the publication bias in all the RCTs selected, this study 

used the protocol from clinicaltrials.gov with the aim of identifying the objectives and 

methods previously proposed by the RCTs. Since both simulators are capable to provide 

adequate training and because of no possibility of blinding, the low risk of bias was 

adopted. 

5. CONCLUSION: 

 This systematic review and meta-analysis seeks to clarify an important gap in 

the medical education field. VRS training was better than BT training in terms of 

participant performance score when performing a MIS and time needed to complete the 

basic task of peg transfer. In all other outcomes, regardless of the student's level of 

experience or type of activity, the two forms of training are equivalent. 
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8. FIGURE LEGENDS: 

Figure 1. Literature research flow diagram. 

Figure 2. Representation of risk of bias: review authors’ judgments about each risk of 

bias item presented as percentages across all included studies. 

Figure 3. Forests plots comparing VRS training versus BT training in regards to the 

time required to perform a MIS after training and the time to execute a basic task (peg 

transfer). MD = mean difference; SD = standard deviation; 95% CI = 95% confidence 

interval; IV = inverse variation; Chi² = chi-square test; df = degrees of freedom; I² = 

statistical test for heterogeneity. 

Figure 4. Forests plots comparing VRS training versus BT training in regards to the 

time needed to execute a ligation loop, time to perform all the basic tasks after the 

training session and time to perform an advanced task (run the tissue) after the training 

sessions. 

Figure 5. Forests plots comparing the VRS training versus BT training in terms of the 

performance score for basic tasks and advanced tasks. 
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