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ABSTRACT 

Introduction: The Fundamentals of Laparoscopic Surgery (FLS) trainer is currently the 

standard for training and evaluating basic laparoscopic skills. However, its manual scoring 

system is time-consuming and subjective. The Virtual Basic Laparoscopic Skill Trainer 

(VBLaST
©

) is the virtual version of the FLS trainer which allows automatic and real time 

assessment of skill performance, as well as force feedback. In this study, the VBLaST
©

 

pattern cutting (VBLaST-PC
©

) and ligating loop (VBLaST-LL
©

) tasks were evaluated as part 

of a validation study. We hypothesized that performance would be similar on the FLS and 

VBLaST
©

 trainers, and that subjects with more experience would perform better than those 

with less experience on both trainers. 

Methods: Fifty-five subjects with varying surgical experience were recruited at the Learning 

Center during the 2013 SAGES annual meeting and were divided into two groups: experts 

(PGY 5, surgical fellows and surgical attendings) and novices (PGY 1-4). They were asked to 

perform the pattern cutting or the ligating loop task on the FLS and the VBLaST
©

 trainers. 

Their performance scores for each trainer were calculated and compared. 

Results: There were no significant differences between the FLS and VBLaST
© 

scores for 

either the pattern cutting or the ligating loop task. Experts’ scores were significantly higher 

than the scores for novices on both trainers. 

Conclusion: This study showed that the subjects’ performance on the VBLaST
©

 trainer was 

similar to the FLS performance for both tasks. Both the VBLaST-PC
© 

and the
 
VBLaST-LL

© 

tasks permitted discrimination between the novice and expert groups. Although concurrent 

and discriminant validity has been established, further studies to establish convergent and 

predictive validity are needed. Once validated as a training system for laparoscopic skills, the 

system is expected to overcome the current limitations of the FLS trainer. 

Keywords: Surgical training, virtual reality (VR), Virtual Basic Laparoscopic Surgical 

Trainer (VBLaST), Fundamentals of Laparoscopic Skills (FLS), Force feedback  
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INTRODUCTION 

Laparoscopic surgery is the preferred technique for many general procedures from the 

patients’ perspective (smaller incisions, less blood loss, decreased analgesic requirements, and 

quicker postoperative recovery) [1]. However, laparoscopic surgeons develop skills and face 

many challenges that are different from what they experience in open surgery.  These skills 

include handling tissues with instruments that have limited degrees of freedom and that 

provide limited haptic feedback, or dealing with altered hand-eye coordination due to changes 

in depth perception and to indirect vision [2]. Therefore, there is a need to establish dedicated 

training curricula and assessment tools to help surgeons build an acceptable level of 

laparoscopic skills and thus maintain safe surgical practices [3, 4]. 

In this context, surgical simulators have gained momentum in the last decade as the training 

environments of choice for laparoscopic surgery [5]. One of the currently most popular 

simulators is the Fundamentals of Laparoscopic Surgery (FLS) trainer. This physical-box 

trainer, based on the McGill Inanimate System for Training and Evaluation of Laparoscopic 

Skills (MISTELS) [6], was developed to teach and measure basic laparoscopic skills through 

five basic tasks: peg transfer, pattern cutting, ligating loop, suturing with intracorporeal knot, 

and suturing with extracorporeal knot [4]. 

The FLS trainer is currently used as the standard method for assessing the proficiency of 

laparoscopic surgical skills by the Society of American Gastrointestinal and Endoscopic 

Surgeons (SAGES) and the American College of Surgeons (ACS) [7], and the successful 

completion of the FLS examination (including a didactic component) has become a 

requirement for all general surgeons in the USA since 2009. 

However, the FLS trainer is relatively expensive and resource intensive as it requires a large 

supply of consumables, lacks objective methods for performance assessments, and is time-

consuming and labor intensive [6, 8, 9]. 
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Virtual Reality (VR) technology provides a safe and versatile practice medium for teaching 

laparoscopic skills [10] and can overcome some limitations of the physical trainer box. For 

example, the VR-based systems can be used multiple times, with no need of consumables. 

They provide objective and automated measurement of performance, which can improve the 

evaluation process [11]. Furthermore, they can be designed to provide haptic feedback, an 

essential component for training minimally invasive surgery skills [10, 12, 13, 14, 15, 16]. 

However, before introducing this technology into training curricula, there is a need to 

demonstrate its validity as a training tool and also as an instrument for assessing skill in 

laparoscopic surgery [17]. 

Lap-X (Epona Medical, Rotterdam, The Netherlands) [18] LAP Mentor (Simbionix USA, 

Cleveland, OH) [19], and LapVR (Immersion Medical, Gaithersburg, MD) [20] are examples 

of commercially available VR systems for laparoscopic surgery training. However, some of 

these systems lack realistic haptic feedback, are costly, or have not been validated for training 

of laparoscopic skills (e.g., Lap-X) [21, 22, 23, 24]. 

The Virtual Basic Laparoscopic Surgical Trainer (VBLaST
©

) is a new VR-based training 

system, which simulates the five basic laparoscopic tasks present in the FLS trainer box [9]. 

The main motivation of designing this system was to overcome some of the current 

limitations of the FLS trainer. As such, VBLaST
©

 includes automated assessments of 

laparoscopic skills and repeated trials with no need to replenish materials. Moreover, the 

system provides haptic feedback to the user through a haptic device. The VBLaST
© 

simulating the peg transfer task of the FLS trainer has been previously validated [24, 25]. In 

this study, two new tasks of the VBLaST
©

 system, namely, the pattern cutting (PC) task and 

the ligating loop (LL) task, are evaluated. 

This research is part of a larger study which aims to validate the VBLaST as a training system 

for laparoscopic surgical skills. The objective of this study was to compare the current version 
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of the VBLaST
©

 system, which includes the pattern cutting and ligating loop tasks, to the FLS 

trainer. It was hypothesized that subjects’ performance would be similar on VBLaST
©

 and the 

FLS trainers (H1) for both tasks. In addition, subjects with more experience would perform 

better than those with less experience or no experience at all, when using either the FLS or the 

VBLaST
©

 (H2) for both tasks. 

METHODS 

Participants 

Fifty-five (55) subjects (25-56 years old) with varied experience in surgery were recruited in 

this Institutional Review Board (IRB) approved study at the Learning Center during the 2013 

SAGES annual meeting. Three of the subjects were left-handed. Thirty-three subjects (27 

males, 6 females, 2 left handed) performed the pattern cutting task while twenty-two subjects (20 

males, 2 females, 1 left handed) performed the ligating loop task.  

For each task, subjects were divided into two groups according to experience (Table 1): 

experts (surgical fellows and practicing laparoscopic surgeons) and novices (PGY 1-4). 

Table 1: Composition of the subject groups per task 

 

Apparatus 

The FLS and the VBLaST
©

 (Figure 1) were used to perform the pattern cutting and ligating 

loop tasks.  For the pattern cutting task, the work space of the FLS trainer consisted of a piece 

of gauze with a pre-marked black circle, placed in the center of the FLS box trainer and 

secured with clips. For the ligating loop task, the work space of the FLS trainer consisted of a 

Groups Novices Experts 

Expertise  PGY1 PGY2 PGY3 PGY4 PGY5 Fellows 
Practicing 

surgeons 

Pattern cutting task 5 4 7 1 0 6 11 

Ligating loop task 2 4 4 1 0 4 7 
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red organ-shaped foam, with appendages, placed in a clip at the center of the FLS box trainer 

such that the appendages are free and visible in the field of view. 

 

Figure 1: (A) the pattern cutting trainers, (B) the ligating loop trainers (Left trainer: 

VBLaST©, Right trainer: FLS trainer) 

The VBLaST
©

 simulator consists of computational software to graphically simulate the FLS 

work space for both tasks (Figure 1), and a physical user interface to connect different 

laparoscopic instruments (one Maryland dissector and one endoscopic scissors for the pattern 

cutting task; one pre-tied ligating loop, one grasper with locked handle and one endoscopic 

scissors for the ligating loop task) to two PHANTOM Omni haptic devices (Geomagic Inc., 

Boston, MA, USA). These devices allow force feedback to be transmitted to the users when 

interacting with the virtual environment. For the FLS tasks, one experimenter manually 

recorded the subjects’ task completion time with a stop watch.  Penalty scores for the LL task 

were calculated manually by the same experimenter after each trial. PC penalty scores (based 

on the deviations from the circle cutting) were calculated using a custom-built image analysis 

tool that has been validated and reported elsewhere [26]. The method consists of digitally 

scanning the cut pieces of gauze and analyzing them by the image analysis software to 

compute the area of error, both inside and outside the prescribed circle. This automatic 

scoring method provides a quick, accurate, and consistent error measurement for PC scoring. 

The performance measures for the VBLaST
©

 (both time and penalties) were automatically 

recorded by the system for both tasks. 
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Tasks 

The pattern cutting task 

For this task, the subjects were given one Maryland dissector and one endoscopic scissors, 

and were allowed to interchange the left and the right instruments only at the beginning of the 

task. One hand was used to provide traction on the gauze using the Maryland dissector and to 

place the gauze at the best possible angle to the cutting hand. The subjects were instructed to 

cut the gauze as accurately as possible along the marked circle. Timing started when the 

gauze was grasped and ended upon completion of cutting the marked circle. A penalty was 

assessed for any deviation from the line demarcating the circle. 

The ligating loop task 

For this task, the subjects were required to place a pre-tied ligating loop around the tubular 

foam appendage and secure the knot on a provided black mark. The subjects were given one 

pre-tied ligating loop, one grasper with a locking handle, and one endoscopic scissors. They 

were instructed to insert the ligating loop into the field of view and to position it properly. The 

knot had then to be secured on the mark near the base of the foam appendage by sliding the 

pusher rod down. Once the knot was secured, the string had to be cut using the scissors. 

Timing started when the appendage was grasped and ended when the string was cut. A 

penalty was assessed for any deviation from the predetermined marking. 

Procedure 

Before the start of the experimental session, subjects were asked to fill out a questionnaire 

detailing the demographics and their previous laparoscopic surgery experience. They were 

then shown an instructional video describing the pattern cutting task or the ligating loop task. 

After that the subjects were asked to perform one trial of the assigned task on both the FLS 

and the VBLaST
©

 trainers. To control the effect of simulators’ order on the performance, the 

presentation order of the simulators (FLS vs VBLaST) was counterbalanced. That is, half the 
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subjects were randomly assigned to begin with the FLS, while the other half of the subjects 

began with the VBaST. At the end of the session, the subjects were asked to complete another 

questionnaire evaluating the features of the VBLaST
©

 trainer compared with the FLS trainer, 

using a 5-point Likert scale (from very poor/not satisfactory to very good/very satisfactory). 

The questions were related to visual appearance, haptic feedback, 3D perception, tool 

movements and overall quality and reliability of the system as a training and assessment tool. 

As a further step in data collection and validation, the subjects were given the opportunity to 

comment on their experience with the system after session completion. 

Dependent measures 

For the FLS trainer, the dependent measures consisted of a total raw score (ranging from 0 to 

300) calculated using undisclosed formula for the FLS [6]. For each task, the raw score was 

calculated using a combination of the task completion time and the penalty score. These raw 

scores were then divided by a normalization factor that was calculated using the best expert 

FLS score obtained in the FLS condition [6, 24]. The FLS normalized scores ranged from 0 to 

100. For the VBLaST
©

 trainer, the raw score was automatically calculated by the system 

using the same formula. These raw scores were then divided by a normalization factor 

calculated using the best expert score obtained from the VBLaST
©

 condition in the 

experiment. The VBLaST
©

 normalized scores also ranged from 0 to 100. 

Data analysis 

Since the data were not normally distributed (tested using the Shapiro-Wilk test), non-

parametric statistical tests were used to analyze the data. The Spearman correlation test, the 

Wilcoxon signed rank sum test, and the Mann-Whitney's U-test were used, wherever 

appropriate. P values under 0.05 were considered significant. Descriptive statistics (the mean 

subjective ratings and the standard errors) were used to analyze the questionnaire data. All 

analyses were performed using SPSS v.21.0 (IBM Corp., Armonk, NY, USA). 
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RESULTS 

The pattern cutting task 

Correlation tests 

The Spearman’s correlation test showed that the pattern cutting FLS PC and VBLaST-PC
©

 

mean normalized scores had a correlation of 0.47 (Spearman’s r(31) = 0.47, p = 0.006). 

The effect of experience and simulator order 

The Mann Whitney U-test showed that the FLS PC and the VBLaST-PC
© 

scores (Figure 2) 

were significantly higher in the expert group than in the novice group (U = 39, Z = 3.49, p < 

0.0001; U = 68, Z = 2.45, p = 0.01, respectively). 

Finally, the Mann Whitney U-test showed no significant effect of the order of simulators 

either on the FLS scores or on VBLaST scores (U = 133, Z = -0.10, p > 0.05; U = 99, 

Z = 1.33, p > 0.05, respectively). 

The effect of simulator 

 

Figure 2: effect of experience for each simulator on the performance scores in the pattern 

cutting task (error bars represent the standard error) 
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The Wilcoxon signed rank sum test showed no significant difference (Figure 2) between the 

FLS PC scores and the VBLaST-PC
© 

scores (Z = 1.94, p > 0.05). 

Subjective evaluation 

 

Figure 3: Subjective evaluations of the VBLaST-PC
©

 trainer (error bars represent the standard 

error) 

The subjective ratings of the VBLaST-PC
©

 features are shown in Figure 3. The average rating 

for “realism of objects” was the highest. “Usefulness of VBLaST for training laparoscopic 

skills” was rated second highest. “Realism of instrument handling”, “quality of force 

feedback” and “trustworthiness in quantifying performance measures” had the lowest ratings. 

Only 28% of the subjects preferred using the VBLaST-PC
©

 over the FLS box for training 

laparoscopic surgery skills. 

The ligating loop task 

Correlation tests 

The Spearman’s correlation test showed that the FLS LL and VBLaST-LL
©

 mean normalized 

scores had a correlation of 0.53 (Spearman’s r(20) = 0.53, p = 0.01). 
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The effect of experience and simulator order 

The Mann Whitney U-test showed that the FLS LL and the VBLaST-LL
©

 scores were 

significantly higher (Figure 4) in the expert group than in the novice group (U = 27.5, Z = 

2.16, p = 0.03; U = 34, Z = 2.13, p = 0.03, respectively). 

Finally, the Mann Whitney U-test showed no significant effect of the order of simulators on 

either the FLS scores or VBLaST scores (U = 52.5, Z = -0.52, p > 0.05; U = 43.5, Z = -1.11, p 

> 0.05, respectively). 

The effect of simulator 

The Wilcoxon signed rank sum test showed no significant difference (Figure 4) between the 

FLS LL scores and the VBLaST-LL
© 

scores (Z = 0.21, p > 0.05). 

 

Figure 4: effect of experience for each simulator on the performance scores in the ligating 

loop task (error bars represent the standard error) 

Subjective evaluation 

The subjective ratings of the VBLaST-LL
©

 features are shown in Figure 5. The average 

ratings for “realism of objects” and “usefulness of VBLaST for learning” were the highest. 

“Realism of instrument handling” and “usefulness of force feedback” had the lowest ratings. 
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Only 30% of the subjects preferred using the VBLaST-LL
©

 over the FLS for training 

laparoscopic surgery skills. 

 

Figure 5: Subjects’ ratings of the VBLaST-LL© trainer (error bars represent the standard 

error) 

DISCUSSION 

VR is a promising technology that can overcome some limitations of the existing laparoscopic 

box simulators such as the FLS trainer. This study aimed to evaluate two tasks on the 

VBLaST
© 

system, the new VR-based trainer for basic laparoscopic technical skills. By 

comparing the VBLaST
©

 to the validated FLS trainer, we showed that the subjects’ 

performance for the pattern cutting and ligating loop tasks was similar on both systems. This 

finding supports our first hypothesis and suggests that the VR simulation has faithfully 

reproduced the content of the FLS system. 

The results also demonstrated the concurrent validity of the VBLaST
©

 system, i.e., allowing 

discrimination between the novice and expert groups. For both tasks, the experts performed 

significantly better than novices. 
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Finally, the results showed that the VBLaST
©

 scores and the FLS scores were significantly 

correlated for both tasks although the correlation coefficients were of medium strength (0.47 

and 0.53). These results suggest that some aspects of the FLS system were correctly 

reproduced in VBLaST while others require some improvements to acquire a higher 

correlation score. In this context, the subjective evaluation and the participants’ comments 

provide valuable information for future improvements of the VBLaST
©

 user interface. 

Although they were satisfied by the quality of the graphical user interface in both tasks, the 

subjects’ rating of the realism of instrument handling was low. This suggests that they had 

difficulty adapting to the use of real instruments with virtual objects. Moreover, the subjects 

rated the quality of the system’s force feedback as low. They commented that the haptic 

feedback was more important during the pattern cutting task than in the other FLS tasks. In 

fact, the main learning objective of the task was to be able to apply the correct tension/counter 

tension on the tissue to cut it properly. Although the quality of the system’s haptic feedback 

did not prevent the users’ from completing this task, improvements in the realism of haptic 

feedback will be necessary to achieve a higher quality training simulator.  

For the ligating loop task, the subjects commented that the virtual loop behaved differently 

from the actual tool. For instance, the subjects felt that the virtual loop slides too easily on the 

appendage, preventing them from securing it accurately on the mark. While this did not 

prevent the task from being completed, it is necessary to improve the virtual physics to ensure 

the learning of correct laparoscopic skills in this task. 

Finally, although the users agreed on the usefulness of VR technology for training 

laparoscopic skills, most of them preferred to use the FLS trainer. Hence, improvements in the 

manipulation of the tools and the realism of haptic feedback will be necessary to improve the 

user’s willingness to adopt this new technology. 
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LIMITATIONS AND FUTURE WORK 

The limited number of trials per subjects on each simulator (only one trial per system) may 

have influenced the users’ performance in our study. Nevertheless, it provided us with the 

much needed feedback at an early stage of the system development and served to inform our 

design modifications of the VBLaST
©

 system. Our design approach for the VBLaST
© 

system 

utilizes the user-centered design method (as prescribed by ISO 13407). This method is based 

on an iterative process and recommends involving the end users during the different design 

stages [27]. The study findings suggest that some components of the system were correctly 

reproduced while others will require another design iteration to be improved. Future 

developments will include improvement of the physical user interface and the virtual 

environment physics with a focus on the learning objectives of each task. For instance, force 

sensors will be mounted on real instruments to measure the exact forces felt by the trainees 

when using the real FLS box. These measurements can then be used to improve the haptic 

feedback on the VBLaST system. Moreover, other measurements will also be used to improve 

the physical behavior of the virtual objects and enhance the realism of the VBLaST system.  

Currently, only one study has been conducted to compare the automated assessment method 

of the pattern cutting task used in the VBLaST system with the manual scoring method 

currently in use showing advantages in speed, accuracy, and precision for the automated 

method [26]. More investigations are necessary to validate the automated scoring method for 

the other tasks and further demonstrate the value of the VBLaST system.  

Although not addressed here, the issue of cost savings in consumables must be balanced by 

the cost of the VR simulator itself. Further studies will be conducted in the future before 

offering the VBLaST
©

 as an alternate training standard for laparoscopic surgery. 
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