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ABSTRACT
Introduction: To evaluate the progression of competence, learning curve and degree of satisfaction with 
the training model of medical students undergoing training to perform laparoscopic knots in a simulator. 
Methods: This was a prospective, longitudinal, interventional study, carried out from April 2016 to July 
2017, with the participation of 52 students from the Centro Universitário Christus, Fortaleza, Brazil, from 
the first to the third year of medical school, undergoing theoretical practical, systematic, and methodized 
training, with progression of skills to perform laparoscopic knots in a simulation environment in four stages, 
with a total duration of 16 hours. It was established the task of performing laparoscopic stitches, with five 
simple knots, in the beginning and in the end, in a suture mold, in an abdominal cavity simulator, in 18 
minutes. The main outcomes were time and quality of performance. The students were evaluated before 
the first and after all stages of the training regarding the quantity and quality of the knots or the subject 
of the stage and satisfaction with the training model. ANOVA and Student’s t tests were performed for 
the independent samples and the chi-square test for the categorical variables. For variables with serial 
measurements, general linear models were used. Univariate binomial models were used in the evaluation 
variables of the training model. P values <0.05 were considered significant. Results: The values of the 
medians were analyzed between the first and last stages of the training; of the number of simple knots (0.0 
and 15.0) and laparoscopic knots (0.0 and 3.0), the adequacy of the sizes of the suture tail ends (0.0 and 
11.0), the number of adjusted initial simple knots ( 0.0 and 3.0) and adjusted sequential ones (0.0 and 
24.0). There was statistical significance in all evaluated parameters (p< 0.001). The learning curve showed 
that 99.1% of the students attained competence. The degree of satisfactory evaluation of the training model 
was considered good or great in 97% or more, with statistical relevance in 8 of the 10 evaluated statements. 
Conclusions: The study demonstrated that the students showed competence progression and learning curve 
evolution. The degree of student satisfaction in relation to the training model stages was very significant.
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RESUMO
Introdução: O objetivo deste estudo foi avaliar a progressão da competência, a curva de aprendizagem e o 
grau de satisfação com o modelo de treinamento de estudantes de Medicina submetidos a capacitação para 
realização de pontos laparoscópicos em simulador. Método: Trata-se de estudo prospectivo, longitudinal, 
intervencionista, realizado de abril de 2016 a julho de 2017, com participação de 52 estudantes de Medicina 
do Centro Universitário Christus, de Fortaleza, Brasil, do primeiro ao terceiro ano, submetidos a treinamento 
teórico prático, sistematizado, metodizado, com progressão de habilidades para realização de pontos 
laparoscópicos em ambiente de simulação, em quatro etapas com duração total de 16 horas. Foi estabelecida 
a tarefa de realizar pontos laparoscópicos, com cinco seminós, nas etapas inicial e final, em molde de sutura, 
em simulador de cavidade abdominal, em 18 minutos. Os desfechos principais foram o tempo e a qualidade de 
execução. Os estudantes foram avaliados antes da primeira e depois de todas as etapas do treinamento quanto à 
quantidade e qualidade dos pontos ou quanto ao conteúdo da estação e satisfação com o modelo de treinamento. 
Realizaram-se os testes ANOVA e T de Student para as amostras independentes e o teste do qui-quadrado para 
as categóricas. Para variáveis com medidas seriadas, utilizou-se o modelo linear geral. Utilizaram-se modelos 
binomiais univariados nas variáveis de avaliação do modelo de treinamento. Foram considerados significativos 
os valores de p menores que 0,05. Resultados: Analisaram-se os valores das medianas, entre a primeira e última 
etapas do treinamento, do número de seminós (0,0 e 15,0) e pontos laparoscópicos (0,0 e 3,0), da adequação 
dos tamanhos dos cotos dos fios (0,0 e 11,0), do número de seminós iniciais ajustados (0,0 e 3,0) e sequenciais 
ajustados (0,0 e 24,0). Houve significância estatística em todos os parâmetros avaliados (p < 0,001). A curva de 
aprendizagem mostrou que 99,1% dos estudantes atingiram a competência. O grau de avaliação satisfatória do 
modelo de treinamento foi considerado bom ou ótimo em 97% ou mais, com relevância estatística em oito das 
dez afirmações avaliadas. Conclusões: O estudo revelou que os alunos apresentaram progressão na competência 
e evolução na curva de aprendizagem. O grau de satisfação dos estudantes em relação às etapas do modelo de 
treinamento foi muito significativo.
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INTRODUCTION
The current model used for the training of surgeons was proposed 

and implemented by William Halsted, at John Hopkins Hospital, in 1889, 
in the United States. The initial model introduced the concept of medical 
residency based on the German experience of training for surgeons. Over 
time, this training model was gradually adopted in the United States 
and throughout America1, 2. Classically, this training is carried out in the 
operating room under the supervision of a graduated surgeon. This type 
of teaching, although efficient, is time-consuming, expensive, and can 
increase patient morbidity3.

In the 1980s, with the start of minimally-invasive laparoscopic 
surgery, surgeons were encouraged to acquire a series of new skills to 
overcome previously nonexistent technical challenges in conventional 
surgical practice, such as: loss of depth perception and spatial orientation 
due to two-dimensional vision, inverted perception of hand movements 
when working with surgical instruments, “fulcrum effect of the abdominal 
wall”, limited degree of movement due to the use of rigid instruments 
introduced by means of trocars fixed to the abdominal wall, decreased 
haptic sensitivity due to resistance inside the trocars and the use of long 
instruments and the need to perform the tasks with both hands, i.e., 
ambidexterity4-6.

Unfortunately, the traditional training model for learning in 
open surgeries has shown to be inadequate and of low efficiency over 
time, when applied to the training of skills in laparoscopic surgery. 
Moreover, the surgical skills previously acquired by surgeons in open 
surgeries when performing surgical knots did not facilitate the learning 

of laparoscopic intracorporeal knots, requiring specific training in 
minimally-invasive surgery7.

Over time it became clear that the training model proposed by 
Halsted (‘see one, do one, teach one’) would not apply to learning the 
minimally-invasive surgery skills and would have to be replaced by 
one that prioritized simulation with many repetitions, always under 
qualified supervision8.

Aiming to facilitate the training of new psychomotor skills, simulators 
and simulation environments were developed, thus eliminating the risks 
of iatrogenesis in the immediate training and offering trainees a safe, 
comfortable environment, free from the pressure of the operating room6, 9. 

With the natural evolution of video-assisted surgery, abdominal 
procedures became increasingly more complex and little by little, it became 
necessary to perform intracorporeal knots, stitches and sutures. At the 
initial procedures, it became evident that these maneuvers were difficult to 
perform, and they started to be considered highly complex procedures10, 11. To 
overcome this difficulty, some training models for performing knots, stitches 
and intracorporeal sutures in laparoscopic surgeries have been proposed and 
applied9, 12. Nevertheless, the great difficulty in providing surgeons with effective 
laparoscopic learning persists.

The Society of American Gastrointestinal and Endoscopic Surgeons, 
endorsed by the American College of Surgeons (ACS), proposed in 2004, 
an educational training program called ‘Fundamentals of Laparoscopic 
Surgery’ (FLS) with the aim of teaching and evaluating the basic 
psychomotor skills required in the performance of laparoscopic surgery 
for residents and surgeons. The training is based on the repetition of 
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the proposed tasks13. The European Society of Endoscopic Surgery 
has implemented a training program for surgeons and residents called 
Laparoscopic Surgical Skills (LSS). The structure of this program consists 
of three phases and all of them include theoretical and practical activities14.

Sadideen et al. (2012) suggested that, to facilitate the learning of 
psychomotor skills in mini-invasive surgery, aspects of educational 
theories should be incorporated into the training11.

The concepts of Dave’s Taxonomy, established in 1967, guide the 
acquisition of psychomotor skills15. Fitts and Posner’s theory establishes 
that learning occurs through the acquisition and retention of psychomotor 
ability, in three sequential stages: cognition, association and autonomy; 
Erikson’s theory aims at developing the skill after repeated practice of the 
exercise. Miller’s theory proposes a hierarchical sequence of competence 
on four levels, based on “knowing”, followed by “knowing how”, 
“demonstrating how” and, finally, “doing” and thus, established the step-
by-step for competence, in which the trainee develops by going through 
the cognitive and behavioral steps necessary for the next phases16.

Recognizing the difficulty in acquiring the skills in performing 
laparoscopic knots and stitches, a training model was proposed with the 
incorporation of taxonomy with educational objectives and aspects of 
learning theories to assess the progression of competence, the learning 
curve and the degree of satisfaction of medical students.

METHODS
Study design

This is a prospective, longitudinal and interventionist study, of the 
pre- and post-type, aimed at assessing the progression of competence, 
learning curve and degree of satisfaction of medical students submitted 
to a model of theoretical and practical training in the performance of 
laparoscopic knots in a simulation laboratory. The assessment of medical 
students not yet in contact with surgical procedures aimed at the evaluation 
of individuals with close to no experience in the technique then evaluated.

Study site and sample 
To calculate the sample size, an 85% adequacy rate was considered 

at the end of the training, with a maximum error of 5 percentage points 
and a 95% significance level, resulting in 49 students. Then, 52 medical 
students from the first to the third years from Centro Universitário 
Christus, Fortaleza, Ceará, were admitted to the research protocol from 
April 2016 to July 2017. The students were of both genders, older than 18 

years and did not have any anatomical and/or functional limitations for 
the performance of the proposed tasks. All of them were volunteers. The 
study was carried out in the surgical skills laboratory, in four shifts, totaling 
16 hours of training / qualification. A maximum of eight participants were 
accepted for each training session.

Training model
The training model for performing surgical laparoscopic knots and 

stitches consisted of theoretical and practical teaching/learning activities, 
divided into four stages. Each stage, in turn, was subdivided into two 
training stations. The stages lasted approximately four hours, which 
corresponded to a training shift, and were standardized and carried out as 
follows: all stages started with the presentation of the objectives, theoretical 
aspects and evaluation models used in the training. Then, the materials, 
instruments, equipment and how to perform the proposed maneuvers were 
demonstrated. This was followed by the demonstration of the maneuvers by 
the teacher, in the usual time and velocity and then in stages, step by step, 
as many times as necessary until full understanding by the students. Soon 
after that, they were encouraged to perform the cognitive domain of the 
proposed skill steps and then to perform and repeat them until complete 
mastery of the skills was attained, that is, their performance without errors. 
Throughout the training process, the students were supervised by a teacher 
or instructor, who were always the same, at the proportion of one (teacher / 
instructor) for two (students). Dave’s Taxonomy and Miller’s, Ericsson’s, Fitts 
and Posner’s, Boud’s, Schon and Ende’s (feedback) theories were used as the 
basis of practical theoretical training.

Each stage of the training model had a specific objective and were 
distributed in progressive degrees of difficulty to facilitate training 
in performing surgical knots, stitches and sutures in a laparoscopic 
environment. The first stage aimed at training to develop skills in 
performing knots and manual stitches. The second stage designed the 
training to develop skills in performing instrumental surgical knots, 
stitches and sutures. The third step was based on adapting to the 
simulated environment of laparoscopic surgery and training to develop 
skills in performing knots, stitches and sutures with direct vision (three 
spatial dimensions), through the laparoscopic window of the laparoscopic 
surgery simulator. The fourth stage had the same objectives as the third 
stage and differed in that it was performed with indirect vision (two 
spatial dimensions) through the video monitor of the laparoscopic surgery 
simulator (Figure 1).

Figure 1

Steps of the Training Model for Performing Laparoscopic Knots and Stitches 

Source: Author.
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The evaluations took place at the beginning of the first stage and at 
the end of the others. At the end of each stage, students were evaluated 
by performing the procedures for which they had been instructed at 
that specific stage and, before the first stage, the laparoscopic stitches. 
The laparoscopic stitches were evaluated regarding both quantitative and 
qualitative aspects. For the quantitative evaluation, the number of half-
knots and laparoscopic stitches performed, or the correction of the station 
technique were measured.

The qualitative evaluation considered: following the previous marking of 
the stitches, the size of the suture tail ends, the adjustment of the initial half-knot 
and the adjustment of the sequential half-knots to the initial one of the surgical 
stitches. All students were evaluated simultaneously, with the evaluation lasting 
18 minutes. To perform the test, the students had a laparoscopic environment 
simulator (EndoSuture Training Box®), a needle holder, a grasping forceps 
and scissors, all for laparoscopic use, in addition to a 22-cm long silk suture 
thread, with a 2.5-cm cylindrical needle and a synthetic suture plate made of 
thermoplastic elastomer in the shape of a human stomach with grooves to 
perform the knots and surgical stitches (Figure 2).

Variables
The students’ demographic data were collected at the time of 

enrollment for training. The following data were evaluated: age, gender, 
dominant hand, ability to type on cell phones and computer keyboards, 
previous experience in conventional and laparoscopic surgery, practice 
of musical instruments, video games and the desire to exercise surgical 
activities in the future.

To assess the progression of competence in performing laparoscopic 
knots and stitches, students were instructed to perform the highest 
number of laparoscopic stitches, each one adjusted with five half-knots15, 

17, on a synthetic suture plate using a 2.0 silk suture thread, a 2.5-cm 
cylindrical needle with 3/8 of curvature, respecting the previous markings 
on the suture mold, without leaving any space between the initial and 
sequential half-knots and with the suture tail ends being sectioned 
between 5 and 7 mm within the determined time of 18 minutes. At the 
end of the evaluations, the suture molds were removed from the internal 

component of the simulator and then measurements and photographs 
were taken. The results of each student at each stage of the research were 
discussed individually and supervision was given on how to improve their 
performance (feedback). At that time, students were encouraged to reflect 
on their performance and strategies for improvement were defined.

A satisfaction survey was carried out with the research participants, 
through the psychometric response, Likert Scale, with a qualitative-
quantitative, objective-subjective questionnaire, to measure the level 
of agreement, or not, to each statement related to the training model, 
material and environmental conditions and correlations between the 
stages of training. The answers were standardized and had a corresponding 
numerical score as shown below: I don’t totally agree (1), I don’t partially 
agree (2), indifferent (3), I partially agree (4) and I totally agree (5). The 
applied questionnaire proposed to determine the adequacy of each stage 
of the training model to the objectives proposed by the pedagogical 
structure and consisted of ten statements. The stages of the training model 
were separately evaluated by the 52 students. At the end, the results of the 
evaluations of all stages were grouped in a table with total numbers and 
percentages of answers according to the established scores, as well as the 
level of significance of the answers with more than 90% in the items I 
partially agree, and I totally agree.

Statistical analysis 
Initially, the standard descriptive statistical analysis was performed, 

such as calculations, central tendency measures (mean, standard error of 
mean and median) and distribution of absolute and relative frequencies. 
The results were expressed using tables and graphs. For the comparison 
of data from independent samples, parametric tests (ANOVA) were used. 
In the case of variables with a non-normal distribution, non-parametric 
tests (Mann-Whitney and Kruskal-Wallis) were used. The chi-square test 
was used for categorical variables. For variables with serial measures, the 
general linear model, ANOVA of repeated measures, with adjustment of 
the variables to normality, univariate and multivariate analyses were used. 
In the case of multivariate analysis, the model was adjusted for covariance 
analysis. Univariate binomial models were used to verify the percentage 

Figure 2

(A) Surgical skills laboratory at Centro Universitário Christus. (B) EndoSuture Training Box® simulator and instruments. (C) Synthetic suture 

plate in the shape of a human stomach.
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Source: Author.
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of responses with a certain cut-off point in the evaluation variables of the 
method. P values < 0.05 were considered significant.

Ethical aspects
The study was submitted to the Ethics and Research Committee of 

Centro Universitário Unichristus, to be evaluated in accordance with 
the norms that regulate research involving human beings, according to 
Resolution 466/12, of the National Health Council and was approved on 
December 21, 2015, under number 51295815.5.0000.5049.

RESULTS
The analysis of the demographic data showed that the mean age of the 

students was 21.1 years, with 29 (55.8%) females and 23 (44.2%) males. Forty-
six students (88.5%) showed right hand dominance and 12 (23.1%) played 
video games three or more hours a week. Thirty-four (65.4%) reported they 
had no skill or any experience in conventional surgery, while forty-five (86.5%) 
reported the same in relation to video-assisted surgery (Table 1).

The results of student satisfaction evaluations showed a high degree of 
agreement with the presented statements with at least ninety-seven percent 
of the answers in the items I partially agree, and I totally agree. Of the ten 
statements about the training model, eight showed a level of significance (p 
values <0.05) (Table 2). The binomial test was used in this analysis.

The increase in median values was more pronounced between the 
third and fourth stages for all the assessed criteria. The comparison 
between the medians of the first stage (initial evaluation) and the fourth 
stage (final evaluation) of all the evaluation criteria of knots and stitches 
showed a level of significance with values of p <0.001, which statistically 
demonstrates the progression of the students’ competence in carrying out 
the proposed task in a simulation environment (Table 3). The ANOVA 
test of repeated measures was used in this analysis.

The mean time to perform an intracorporeal knot before training 

Table 1

Distribution of medical students’ demographic data in mean/

standard deviation and absolute and percentage numbers

Demographic data Mean/n SD/%

Age years    21.1 2.0

Gender
Female 29 55.8%

Male 23 44.2%

Dominant hand 
Right 46 88.5%

Left   6 11.5%

Skilled at typing on cell phone 51 98.1%

Skilled at typing on computer keyboards 49 94.2%

Desire to perform surgical activities 49 94.2%

Experience in surgery 18 34.6%

Musical instrument practice 13 25.0%

Video game practice three or more 
hours a week

12 23.1%

Experience in video-assisted surgery   7 13.5%

SD: standard-deviation.
Source: Authors.

Table 2

Evaluations of the training model for performing laparoscopic 

stitches carried out by 52 students, regarding the 10 statements 

(Likert scale), with scores ranging from 1 to 5. Data from score 4 

(I partially agree) and 5 (I totally agree) are expressed in absolute, 

relative frequencies and level of significance.

Statements Scores Total % p

1. The theoretical activities 
contributed to the understanding of 
the cognitive elements of the practice 
of skills.

4   25 16.0 0.010

5 130 83.3

2. The materials/equipment were 
demonstrated and provided adequate 
conditions for the development of skills.

4   18   8.7 0.001

5 190 91.3

3. The practical demonstrations 
decisively contributed to the 
development of skills.

4   16   7.7 0.001

5 192 92.3

4. The performance of the instructor / 
monitor decisively contributed to the 
learning and development of skills.

4   32 15.4 0.107

5 170 81.7

5. The feedback provided decisively 
contributed to the learning and 
development of skills.

4   22 10.6 0.002

5 185 88.9

6. The number of repetitions of 
the exercises and the division into 
subcomponents in the practical 
activities were adequate.

4     6   2.9 0.001

5 202 97.1

7. The activities were effective and 
allowed the proposed practices to be 
executed without mistakes.

4   55 26.4 0.014

5 151 72.6

8. The applied teaching methodology 
with progressive complexity stations 
is adequate for learning.

4     8   3.8 0.001

5 200 96.2

9. The simulation environment was 
adequate for learning and developing 
the skills.

4     8   3.8 0.014

5 197 94.7

10. The previous stage contributed to 
the current one for the development 
of the skills domain.

4     7   4.5 0.057

5 146 93.6

Score 4 = I partially agree, 5 = I totally agree, p = level of significance considering 
significant over 90% of the answers in scores 4 and 5.
Source: Authors.

was 376.30 seconds and it would be even longer if the evaluation time 
was not limited to 10 minutes. In the training model applied in the 
present study, of the 52 students tested, the mean performance time for an 
intracorporeal node was 389.89 seconds.

For the purpose of representing the level of learning, a laparoscopic 
stitch was considered in any of the stages of the training model. The learning 
curve showed that competence in performing the laparoscopic stitch is 
insignificant in the initial assessment (Stage 1) and very small in the second 
assessment (Stage 2), which demonstrates a clear difficulty in mastering the 
skill only with the training of Stages 1 and 2. In the third assessment, just 
over half of the students achieved competence and, in the end, ninety-nine 
point one percent (99.1%) of the students became competent (Graph 1).
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Table 3

Medians, maximum and minimum values of the evaluation criteria and significance level of the evolution between the last and the first stage of 

the training model in the performance of laparoscopic knots and stitches in a simulator.

1st Stage 2nd Stage 3rd Stage 4th Stage

N Med (Max-Min) Med (Max-Min) Med (Max-Min) Med (Max-Min) p

Half-knots 0.0 (7.0 - 0.0) 3.0 (10.0 - 0.0) 9.0 (25.0 - 0.0) 15.0 (32.0 - 3.0) <0.001

Stitches 0.0 (2.0 - 0.0) 0.0 (2.0 - 0.0) 1.0 (4.0 - 0.0) 3.0 (6.0 - 0.0) <0.001

FPMS 0.0 (4.0 - 0.0) 1.0 (4.0 - 0.0) 3.0 (9.0 - 0.0) 6.0 (12.0 - 0.0) <0.001

Adequate suture tail ends 0.0 (2.0 - 0.0) 0.0 (3.0 - 0.0) 1.0 (6.0 - 0.0) 3.0 (11.0 - 0.0) <0.001

Adjusted initial half-knots 0.0 (2.0 - 0.0) 1.0 (2.0 - 0.0) 2.0 (5.0 - 0.0) 3.0 (7.0 - 0.0) <0.001

Adjusted seq. half-knots 0.0 (5.0 - 0.0) 1.0 (8.0 - 0.0) 6.0 (13.0 - 0.0) 12.0 (24.0 - 1.0) <0.001

N=number, Med=Median, Max= maximum value, Min= minimum value, FPMS= following the previous marking of the stitches, seq=sequential, p= level of significance regarding the 
comparison between the 4th and 1st stages of the training model and the analyzed criteria.
Source: Authors.

DISCUSSION
The start of the training focused on learning skills in manual 

surgical knots, followed by training for learning surgical stitches with 
non-laparoscopic instruments and ending with training in laparoscopic 
surgical stitches is unique in the models published to date. In addition to 
the inclusion of successful experiences that facilitated the performance 
of the proposed skills, such as: the demonstration of skills in stages, the 
minimum number of repetitions in training, applying feedback to the 
training and in skills assessments and training with a view of the surgical 
field in three dimensions preceding it with two dimensions. It should 
be noted that the experiences incorporated into the training model had 
already been carried out by several authors18-21.

The research results showed that the medical students submitted to 
the training made significant progress in acquiring skills in performing 
laparoscopic knots and stitches in a simulation environment.

The most significant research result was the median value of the 
number of laparoscopic stitches in the fourth stage of the training (final 
evaluation of the students) equal to 3.0. The comparison of this result 
with those of other researches showed that the progression of the acquired 
skill was more than the expected one. Rosser et al. (1997) published a 
standardized training model for 150 surgeons, all qualified, with a mean 
age of 42.2 years, in the Department of Surgery at Yale University, United 
States of America, lasting three days. This training had six training stages, 
with ten repetition sections in each stage12.

The importance of acquiring the skill to perform laparoscopic knots 
and stitches for surgeons results in the fact that this surgical technique 
is necessary to perform many complex laparoscopic procedures. Failure 
to master this skill prevents practicing surgeons from performing more 
advanced procedures22, 23.

The peculiarity of the current research results from the fact that 
a training model for the acquisition of skills in the performance of 
laparoscopic knots and stitches was established using Dave’s Taxonomy 
and the educational theories of Miller, Eriksson, Fitts and Posner, Boud 
and Schon, and Ende as the basis24-28.

Boud26 and Schon27 described processes through which trainees learn 
from practice, knowledge, experiential learning and reflection on the practice 

Graph 1

Learning curve when performing a laparoscopic stitch, considering 

the objectives of each training stage, according to the training 

progression

Source: Author.

(feedback). For Ende (1983), feedback from the instructors (teachers, 
preceptors) is as important as feedback from the trainees themselves28.

The sequential arrangement applied to the training model was 
based in part on the work of Dawidek et al., who showed evidence that 
incorporating direct vision in three dimensions, before indirect vision 
in two dimensions, in a laparoscopic simulation model, accelerated the 
acquisition of skills21.

Dehabadi et al. published, in 2014, a review article on the use of 
simulators in the acquisition of laparoscopic suture skills and concluded 
that simulation is a useful tool in training future laparoscopic surgeons; 
however, they suggested that more studies would be required to answer 
the question of how to maximize this benefit29.
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Observational studies have indicated that laparoscopic knots 
and sutures can be successfully learned by surgical residents on 1 to 5 
day-courses using simulators, and have shown that both students with 
no laparoscopic experience and trainees with previous laparoscopic 
experience significantly benefit from such courses9, 30, 31.

Considering that, in 2016, Hendrie et al. compared sequential 
training with the simultaneous training of psychomotor and spatial visual 
skills to perform knots and sutures in simulators and concluded that the 
sequential type was faster at the beginning of the learning curve; however, 
it did not reduce the total training time required to achieve proficiency32.

There is still no consensus on the ideal training model for acquiring 
skills in performing laparoscopic stitches, since the learning curves in 
minimally-invasive surgery are still long ones. The results obtained with 
this study establishes a new training model that deserves to be tested in 
other settings. It was evident in the initial assessment results that the 
students did not have any previous skills, which suggests that the training 
model, in fact, was relevant for the learning.

Limitations
The study population, consisting of medical students, represents a 

group of participants that are yet to define their future actions in the 
medical field, but this work aims to evaluate exactly the possibility of 
training in this technique for undergraduate students, considering that 
in the near future laparoscopic stitches will become increasingly more 
common. In this population, there was a high prevalence of individuals 
with an intent to work in the surgical field, and the results may not be 
generalizable to all individuals.

Further studies will be required to confirm whether the skills acquired 
by students are compatible with those of already experienced surgeons and 
how this experience can be applied to the training of surgical residents. 
Particularly, it is suggested that future studies use a control group to make 
comparisons for each stage individually.

The evaluation model comprises some learning domains, but it was 
not possible to evaluate all the nuances of the learning complexity and the 
acquisition of skills in the new technique.

CONCLUSION
The study results show that the students submitted to the systematized 

training model showed progression of skills at the end of the training, 
in performing surgical knots and stitches in a laparoscopic simulation 
environment. The learning curve for performing a laparoscopic stitch was 
attained by almost all students and the degree of student satisfaction in 
relation to the training model stages was very significant.

REFERENCES 

1. Cameron JL. William Stewart Halsted. Our surgical heritage. Ann. 
surg. 1997;225(5):445-458.

2. Kerr B, O’Leary JP. The training of the surgeon: Dr. Halsted’s greatest 
legacy. Am. surg. 1999;65(11):1101-2.

3. Bridges M, Diamond DL. The financial impact of teaching surgical 
residents in the operating room. The American Journal of Surgery 
1999;177(1):28-32.

4. Gallagher A, McClure N, McGuigan J, Ritchie K, Sheehy N. An 
ergonomic analysis of the fulcrum effect in the acquisition of 
endoscopic skills. Endoscopy 1998;30(7):617-20.

5. Anastakis DJ, Regehr G, Reznick RK, Cusimano M, Murnaghan J, 
Brown M, et al. Assessment of technical skills transfer from the bench 
training model to the human model. The American Journal of Surgery 
1999;177(2):167-70.

6. Scott DJ, Bergen PC, Rege RV, Laycock R, Tesfay ST, Valentine RJ, et al. 
Laparoscopic training on bench models: better and more cost effective 
than operating room experience? J. Am. Coll. Surg. 2000;191(3):272-83.

7. Figert PL, Park AE, Witzke DB, Schwartz RW. Transfer of training in 
acquiring laparoscopic skills. J. Am. Coll. Surg. 2001;193(5):533-7.

8. Satava RM. Emerging trends that herald the future of surgical 
simulation. Surgical Clinics 2010;90(3):623-33.

9. Derossis AM, Fried GM, Sigman HH, Barkun JS, Meakins JL. 
Development of a model for training and evaluation of laparoscopic 
skills. The American Journal of Surgery 1998;175(6):482-7.

10. Den Boer K, De Jong T, Dankelman J, Gouma D. Problems with 
laparoscopic instruments: opinions of experts. J. laparoendosc. adv. 
surg. tech. 2001;11(3):149-55.

11. Sadideen H, Kneebone R. Practical skills teaching in contemporary 
surgical education: how can educational theory be applied to promote 
effective learning? The American Journal of Surgery 2012;204(3):396-401.

12. Rosser JC, Rosser LE, Savalgi RS. Skill acquisition and assessment for 
laparoscopic surgery. Arc. surg. 1997;132(2):200-4.

13. Okrainec A, Soper NJ, Swanstrom LL, Fried GM. Trends and results 
of the first 5 years of Fundamentals of Laparoscopic Surgery (FLS) 
certification testing. Surg. endosc. 2011;25(4):1192-8.

14. Buzink S, Soltes M, Radonak J, Fingerhut A, Hanna G, Jakimowicz 
J. Laparoscopic Surgical Skills programme: preliminary evaluation 
of Grade I Level 1 courses by trainees. Videosurgery and Other 
Miniinvasive Techniques 2012;7(3):188-192.

15. Leonardi, Paulo César, et al. “Nós e suturas em vídeo-cirurgia: 
orientações práticas e técnicas.” ABCD. Arquivos Brasileiros de 
Cirurgia Digestiva (São Paulo) 23.3 (2010): 200-205..

16. Fitts PM, Posner MI. Human performance. Belmont, CA: Brooks; 1967.
17. Sedlack JD, Williams VM, DeSimone J, Page D, Ghosh BC. 

Laparoscopic knot security. Surg. laparosc. endosc. 1996;6(2):144-6.
18. Simpson E. The classification objectives in the psychomotor domain. 

Washington: Gryphon House; 1972.
19. Scott DJ, Young WN, Tesfay ST, Frawley WH, Rege RV, Jones DB. 

Laparoscopic skills training. The American Journal of Surgery 
2001;182(2):137-42.

20. Xeroulis GJ, Park J, Moulton C-A, Reznick RK, LeBlanc V, Dubrowski 
A. Teaching suturing and knot-tying skills to medical students: a 
randomized controlled study comparing computer-based video 
instruction and (concurrent and summary) expert feedback. Surgery 
2007;141(4):442-9.

21. Dawidek MT, Roach VA, Ott MC, Wilson TD. Changing the learning 
curve in novice laparoscopists: incorporating direct visualization into 
the simulation training program. J. surg. educ. 2017;74(1):30-6.

22. Nguyen NT, Mayer KL, Bold RJ, Larson M, Foster S, Ho HS, et al. 
Laparoscopic suturing evaluation among surgical residents. J. surg. 
res. 2000;93(1):133-6.

DOI: https://doi.org/10.1590/1981-5271v44.2-20190160.ING

7
REVISTA BRASILEIRA DE EDUCAÇÃO MÉDICA

44 (2) : e054; 2020

Grijalva Otávio Ferreira da Costa et al.



23. Harold K, Matthews B, Backus C, Pratt B, Heniford B. Prospective 
randomized evaluation of surgical resident proficiency with 
laparoscopic suturing after course instruction. Surgical Endoscopy 
and Other Interventional Techniques 2002;16(12):1729-31.

24. Miller GE. The assessment of clinical skills/competence/performance. 
Acad. med. 1990;65(9):S63-7.

25. Sadideen, Hazim, and Roger Kneebone. “Practical skills teaching in 
contemporary surgical education: how can educational theory be 
applied to promote effective learning?.” The American Journal of 
Surgery 204.3 (2012): 396-401..

26. Boud D. A facilitator’s view of adult learning. In: Boud D., Griffin V., 
editors.  Appreciating adults learning: from the Learner’s perspective. 
London: Kogan Page; 1987.

27. Schön D. The reflective practitioner: how professionals think in 
action. New York: Basic Books; 1983.

28. Ende J. Feedback in clinical medical education. JAMA 1983;250(6):777-81.
29. Dehabadi M, Fernando B, Berlingieri P. The use of simulation in the 

acquisition of laparoscopic suturing skills. Int. j. surg. 2014;12(4):258-68.
30. Aggarwal R, Hance J, Undre S, Ratnasothy J, Moorthy K, Chang A, et 

al. Training junior operative residents in laparoscopic suturing skills 
is feasible and efficacious. Surgery. 2006;139(6):729-34.

31. Mereu L, Carri G, Albis Florez ED, Cofelice V, Pontis A, Romeo A, 
et al. Three-step model course to teach intracorporeal laparoscopic 

suturing. J. laparoendosc. adv. surg. tech. 2013;23(1):26-32.
32. Hendrie JD, Nickel F, Bruckner T, Kowalewski K-F, Garrow CR, 

Mantel M, et al. Sequential learning of psychomotor and visuospatial 
skills for laparoscopic suturing and knot tying – study protocol for a 
randomized controlled trial “The shoebox study”. Trials 2016;17(1):14.

AUTHORS’ CONTRIBUTION 
We declare that all authors participated in the study conception and 

design, data collection, analysis, and interpretation, statistical analysis, 
obtaining funding, writing of the manuscript, critical review of the 
manuscript for important intellectual content.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

CORRESPONDING ADDRESS 
Hermano Alexandre Lima Rocha. 
Centro Universitário Christus, Rua João Adolfo Gurgel, 133, Cocó, 

Fortaleza, CE, Brasil. CEP: 60190-060.
E-mails: hermano@ufc.br, 

Grijalva Otávio Ferreira da Costa et al.

8
REVISTA BRASILEIRA DE EDUCAÇÃO MÉDICA

44 (2) : e054; 2020

DOI: https://doi.org/10.1590/1981-5271v44.2-20190160.ING

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.


	_Hlk34899501
	_Hlk12696817
	_GoBack
	_GoBack

