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Abstract The objective of this study is to determine the

ability of the GEARS scale (Global Evaluative Assessment

of Robotic Skills) to differentiate individuals with different

levels of experience in robotic surgery, as a fundamental

validation. This is a cross-sectional study that included

three groups of individuals with different levels of expe-

rience in robotic surgery (expert, intermediate, novice)

their performance were assessed by GEARS applied by two

reviewers. The difference between groups was determined

by Mann–Whitney test and the consistency between the

reviewers was studied by Kendall W coefficient. The

agreement between the reviewers of the scale GEARS was

0.96. The score was 29.8 ± 0.4 to experts, 24 ± 2.8 to

intermediates and 16 ± 3 to novices, with a statistically

significant difference between all of them (p\ 0.05). All

parameters from the scale allow discriminating between

different levels of experience, with exception of the depth

perception item. We conclude that the scale GEARS was

able to differentiate between individuals with different

levels of experience in robotic surgery and, therefore, is a

validated and useful tool to evaluate surgeons in training.

Keywords Robotic surgery � Training � GEARS �
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Introduction

Incorporation of new technology to modern surgery has

brought the need for changes in the teaching of current

surgery practice; hence, training to safe environments is

necessary to guarantee our patients quality care, with high

success rates and low morbidity. The introduction of

laparoscopic surgery provides great advantages over open

surgery [1–3], however, is also truth that surgeons face

difficulties: loss of depth perception, reduced range of

motion of the instruments, loss of tactility and fulcrum

effect [4, 5].

Among the latest developments in the field of minimally

invasive surgery is incorporation of robotic technology; the

Da Vinci System� (Intuitive Surgical Inc.) is the only

system available to perform robot-assisted laparoscopic

surgery, which has an optical binocular that provides

optimum tridimensional vision and instruments specially

designed with great maneuverability with seven degrees of

freedom which in turn overcomes the difficulties of the

laparoscopic approach [6, 7].

The teaching of robotic surgery should start with a

theoretical introduction related to basic principles and

study of the functioning and components of the system,

then move to the implementation of practices aimed mainly

the domain of the instruments from the console [8]. The

practices should be distributed (with chronological pattern

training), structured (defining the objectives and planning

protocols in order to achieve specific goals) [9] and

deliberate (related to experts’ training in a given area) [9,

10].

With the purpose of achieving structured and deliberate

practices, incorporation of objective methods of assessment

is needed to define the degree of skill to be achieved before

moving to the next level of instruction. Among the
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evaluation methods, the time in which a task is performed

is one of the most used parameters, nevertheless, multiple

studies show that the realization of certain task in less time

is not an expression of suitable dominion of the technique

because it could be done with numerous and imprecise

movements [11]. The incorporation of rating scales that

include elements directly related to the mastery of tech-

nique is needed.

Vassiliou et al. in 2005 proposed the introduction of a

global scale for performance evaluation in laparoscopic

surgery (GOALS: global assessment of laparoscopic skills)

[12], which has been used in multiple studies demonstrat-

ing its reliability, consistency and validity, being able to

differentiate between individuals with different level of

experience in minimally invasive surgery [13]. Recently,

Goh et al. from the Urology Department of the Baylor

College of Medicine, have proposed a modification of the

original GOALS scale, adapting to it, elements of robotic

surgery, including the parameters ‘‘robotic control’’ (re-

lated to the domain of the instruments and camera from the

console) and ‘‘force control’’ (because the lack of haptic

may lead to rupture of sutures or tissues and it is a factor

directly related to morbidity). This scale, created under

modifications described, has been named GEARS (global

evaluative assessment of robotic skills), which it evaluate

six parameters for a minimum score of 6 and a maximum

of 30 (Fig. 1) [14].

Incorporation of a scale as an evaluation or certification

method requires its previous assessment. One of the most

relevant evaluation elements is the ability of the evaluation

method to differentiate between subjects with different

skill levels, in other words, to distinguish those individuals

skilled and novice, what it is called ‘‘construct validity’’,

and this is the kind of validation which will be determined

in the present investigation. This is one of the most valu-

able features of evaluation method, because if is not pos-

sible to detect difference between novices and experts, the

improvements made by the novices throughout the training

would be undetectable and could not set goals regarding

the desired performance [15].

Methods

This is a cross-sectional study, where 15 individuals were

taken and divided into three groups based on the level of

experience in robotic surgery: expert, intermediate and

novice. In the experts group were included individuals with

superior experience to 15 cases of robotic surgery, the

intermediate group was formed by surgeons who have

received formal training in the system console Da Vinci�,

but have not been involved in in vivo surgeries, and finally,

the novices group included individuals without experience

on robotic surgery. Similar samples have been widely used

in validation studies described in the literature and have

shown be enough for appropriate models validation, sim-

ulators and scales [16, 17].

All individuals were explained with a demonstration,

the task which they had to do. The evaluated exercise

consisted in the realization of continuous suturing, with

an initial stitch and knot, followed by three passes over

the incision before make the last knot. The model used

was a rubber sheet EVA (ethylene vinyl acetate) placed

in tubular form on which an incision has been made

previously. This kind of inanimate simulators have been

used previously by us in the evaluation of learning

curves in robotic surgery and correspond with task

number nine of the training program proposed by Dulan

et al., who have shown that it is an exercise with a high

capacity to differentiate between different levels of skill

in using the robotic system [18].

The tasks were performed in the operating room of

robotic surgery at the Hospital Universitario de Caracas.

For novices, they received a short introductory course in

relation to console controls Da Vinci System� SHD. The

exercises were digitally recorded for later rating by two

assessors, who were not aware of the level of experience of

the individual that was being evaluated. Data were stored

in tables designed for this purpose in Excel (Microsoft

Office�) and then analyzed statistically. The purpose of

using two evaluators was to determine the interobserver

variability, the correlation between these was assessed

using the coefficient W of Kendall.

The difference in scores obtained by individuals from

each group (expert, intermediate and novice) was deter-

mined using the nonparametric Mann–Whitney method

with a significance level of 5 %. The overall score and

score of each item in particular were studied, in order to

determine which parameters are truly differentiators and

the internal consistency of the test, that is to say, the

similarity between the overall result and the result of each

variable of the scale.

Results

A total of 15 assessments corresponding to five individuals

in each group (expert, intermediate and novice) were per-

formed by each of the evaluators. The distribution by sex

and age, as well as time spent and score obtained by each

one of the groups are shown in Table 1. Obtained inter-

observer agreement was high (r = 0.96).

The time used in performing the task was 311 ± 58 s

for the experts, 578 ± 19800 for the intermediates and

873 ± 28200 for the novice. The difference was statistically

significant between experts and intermediates (p = 0.02)
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however, it was not between intermediates and novices

(p = 0.09) (Fig. 2).

The average score (GEARS) obtained for each group

was 29.8 ± 0.4; 24 ± 2.8 and 16 ± 3; for experts, inter-

mediate and novice, respectively. The difference between

each evaluated group was statistically significant, being the

experts’ performance superior compared to the

intermediates (p = 0.008) and these, in turn, higher than

novices (p = 0.016), with a significance level of 5 %

(Fig. 3).

The individual analysis of the parameters of the scale

showed that the item ‘‘depth perception’’ is not a differ-

entiator between individuals for any of the three levels of

experience, because they all had the highest rating (5

Fig. 1 GEARS scale (Global Evaluative Assessment of Robotic Skills)
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points). The assessment of ‘‘autonomy’’ did not allow to

differentiate the performance between experts and inter-

mediates (p = 1.00), while all the other parameters of the

scale proved to be variables capable of differentiating

between individuals with different levels of experience.

Discussion

The incorporation of minimally invasive robotic surgery

technology has been a breakthrough in allowing to over-

come technical limitations, which has led to regarding it as

an excellent choice for many processes, but in turn requires

an appropriate training in surgical equipment as a critical

factor to ensure effective and low mortality procedures [8,

19]. Learning of minimally invasive surgery should be

scheduled and conducted in labs designed for that purpose,

using a simulation [9].

Supervised practices in real environments are no longer

considered as the first choice because time consumption,

increased costs and ethical implications are obvious. Sur-

gical trainees should acquire skills in labs designed for that

purpose, to enable teachers to focus on key points without

compromising patient comfort. Multiple studies show that

the skills learned outside the operating room are actually

transferred to surgeries in vivo, allowing to bring forward

learning curve [20]. The practice led to the formation of

highly trained specialists who should be distributed and

structured, with special emphasis on the realization of

deliberate practice in which supervised sessions where

specific needs of each individual required to achieve the

established goals are identified, winning expert training.

Deliberate practice involves not only the acquisition of a

skill but also improving it [9, 10].

The assessment objective parameters allows immediate

feedback, which is considered an important element in the

development of skills, and finally its application results in a

greater motivation for surgeons in training, as well as to

determine the progress in the acquisition of skills as suc-

cessive practices are carried out, allowing to set a target

level of skills.

The expert group scored higher than the intermediate

and novice, also observed minimal variability between

individuals of the group (29.8 ± 0.4). This data homo-

geneity is characteristic of the trained groups, and clearly

differs from the groups with less experience. The analysis

of the recorded data checks that score obtained by GEARS

scale is able to distinguish different levels of experience in

robotic surgery, which makes it a useful tool for evaluation

and feedback during the execution of the training program,

while that allows to monitor the progress in acquiring skills

and determine goals to be achieved for each level of

training.

The results indicate that the scale has a high reliability,

with an interobserver concordance of r = 0.96. It is gen-

erally accepted that a higher value r = 0.8 catalogs the

method as an objective evaluator not dependent tool [15].

Table 1 Sample characteristics

and evaluation according to

time spent on the task and scale

GEARS

n Sex (F:M) Ages (years) Time (seconds) GEARS* score

Evaluator 1 Evaluator 2

Experts 5 1:4 33.6 ± 4 311 ± 58 29.8 ± 0.4 29.8 ± 0.4

Intermediates 5 2:3 33.6 ± 6 578 ± 198 24 ± 2.8 23.6 ± 3.3

Novices 5 4:1 25.8 ± 1 873 ± 282 16 ± 3 15.8 ± 2.9

* Interobserver agreement (coefficient of Kendall W) = 0.96

Fig. 2 Time taken to perform the task for each of the evaluated

groups

Fig. 3 Performance evaluation by the GEARS scale
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The internal reliability with most of the parameters that

constitute it was excellent, however, the variable ‘‘depth

perception’’ proved not to be an element capable of differ-

entiating between individuals with different level of expertise,

which is explained by the fact that the optimum tridimensional

vision provided by the Da Vinci System� enables even

untrained surgeons have an excellent score on this item.

Likewise, in the case of ‘‘automatic’’ parameter, i.e., the

ability to complete the task alone showed no difference

between the intermediate and expert levels, probably due to

the versatility of the robotic system allows moderately trained

individuals to complete the task with minimal instruction.

As described, it seems reasonable to omit the ‘‘depth

perception’’ scale parameter, making it a scale of five items

with a maximum score of 25 points, which could be called

‘‘modified GEARS’’. The evaluation of this change in the

scale proposed will be part of future protocols of this line

of research in the program of robotic surgery at the

Hospital Universitario de Caracas.

Conclusion

The GEARS scale proved to be able to differentiate

between individuals with different levels of experience in

robotic surgery, validating as a useful tool in training and

evaluation of the surgeon in training.
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