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Surgical cricothyroidostomy. Analysis and comparison between 
teaching and validation models of simulator models

Cricotireoidostomia cirúrgica. Análise e comparação entre modelos de ensino e 
validação de simuladores

	 INTRODUCTION

Medical education has traditionally been based 

on teachings centered on teachers, reading 

scientific evidence and performing procedures on 

cadavers, animals or real patients1,2. In this teaching 

model, students acquire a satisfactory theoretical 

basis; however, there is a perception of lag in terms 

of practical experiences3. It is common for the first 

execution of a procedure to occur in real patients, 

which creates insecurity in the learner and risks to the 

patient3–5. In the last twenty years, new ethical concepts 

have emerged in the society, which have influenced 

health education. Situations like “learning by doing” or 

training in animals are not more acceptable in the most 

developed countries6,7. It is precisely in this educational 

dilemma, between the need for practical training and 

patient safety, that medical simulation fits8,9. Simulation 

is defined as the replacement or reproduction of real 

situations through scenarios carefully constructed to 

evoke interactive responses from the student2,8.

Teaching through simulation eliminates the 

use of cadavers and experimental animals, reduces 

costs and facilitates obtaining a sufficient number of 

events, in addition to addressing any ethical conflicts 

of training10,11. It provides students with an experience 

prior to the contact with the first patient in a controlled, 

safe environment, with review of eventual errors12. 

The individualized, repeated and continued training 

ensures greater efficiency in learning and consequently 
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Objective: to compare the acquisition and retention of knowledge about surgical cricothyroidostomy by the rapid four-step technique 

(RFST), when taught by expository lecture, low fidelity and high-fidelity simulation models. Methods: ninety medical students at UFPR in 

the first years of training were randomized assigned into 3 groups, submitted to different teaching methods: 1) expository lectures, 2) 

low-fidelity simulator model, developed by the research team or 3) high-fidelity simulator model (commercial). The procedure chosen was 

surgical cricothyroidostomy using the RFST. Soon after lectures, the groups were submitted to a multiple-choice test with 20 questions 

(P1). Four months later, they underwent another test (P2) with similar content. Analysis of Variance was used to compare the grades 

of each group in P1 with their grades in P2, and the grades of the 3 groups 2 by 2 in P1 and P2. A multiple comparisons test (post-

hoc) was used to check differences within each factor (test and group). Statistical significance was considered when p<0.05. Statistical 

analysis was performed in the statistical software R version 3.6.1. Results: each group was composed of 30 medical students, without 

demographic differences between them. The mean scores of the groups of the expositive lecture, of the simulator of low fidelity model and 

of high-fidelity simulator model in P1 were, respectively, 75.00, 76.09, and 68.79, (p<0.05). In P2 the grades were 69.84, 75.32, 69.46, 

respectively, (p>0.05). Conclusions: the simulation of low fidelity model was more effective in learning and knowledge retention, being 

feasible for RFST cricothyroidostomy training in inexperienced students.
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greater security for the student and the patient8,12-14. This 

advantage is more relevant in teaching infrequent surgical 

techniques, but which are essential for maintaining life, 

as is the case with surgical cricothyroidostomy15.

The difficulties in developing simulators able 

to faithfully reproduce the anatomy, tissue texture and 

possible anatomic variations or lesions to the decision 

making training made medical simulation evolve 

more slowly16,17. Recently, technological advances of 

software and synthetic materials were the basis for the 

development of high-fidelity simulators, much like a real 

patient18-20. The improvement in simulators occurred 

due to the large financial investment in research, which 

raised the final cost of high-fidelity simulation, hindering 

their large-scale deployment, particularly in developing 

countries2,19.

The low-cost alternative is the development of 

low-fidelity simulators with simple materials21,22. There 

are still questions about whether this strategy would be 

really effective in learning medical procedures and what 

is the degree of inferiority when compared with high-

fidelity apparatuses23.

There is still controversy in the literature 

regarding the difference in learning effectiveness when 

comparing simulators of different degrees of fidelity and 

what is the cost-benefit ratio of each method24–33.

Our objective was to evaluate the effectiveness 

of different teaching methods (lecture, low and high 

fidelity simulation) in the acquisition and retention of 

knowledge about surgical cricothyroidostomy by the 

Rapid Four-Step Technique (RFST) in inexperienced 

medical students.

	 METHODS

Study design

We conducted a prospective, randomized, 

comparative study, approved by the Ethics Committee for 

Research on Human Beings of the Hospital do Trabalhador 

– SES/PR, under number CAAE 63022116.4.0000.5225, 

approval opinion 1,905,794. All voluntary research 

participants signed an informed consent form.

We chose cricothyroidostomy using the 

Rapid Four-Step Technique (RFST) because it is faster, 

more frequently performed and because it uses less 

materials than the standard technique. At time 1, the 

ideal cricothyroid membrane is identified by palpation. 

At time 2, one should perform the horizontal incision, 

1 to 2 cm in the skin and the cricothyroid membrane 

with a scalpel. At time 3, before removal of the scalpel, a 

hook is placed that exerts traction in the caudal direction 

under the cartilage, thus stabilizing the larynx. In time 4, 

the tracheostomy tube is inserted into into the trachea.

Inclusion criteria: we included volunteer 

students from the first and second years of medical 

school at the Federal University of Paraná (UFPR).

Exclusion criteria: prior knowledge on the 

topic (students who had theoretical classes, surgical 

practice or who had accompanied the performance of 

cricothyroidostomy).

We established three study branches to assess 

knowledge acquisition and retention by students with 

no experience with the procedure (Figure 1). Through 

simple electronic randomization (Research Randomizer), 

students were allocated to one of the 3 groups34.

Figure 1. Methodology of intervention and evaluation of each group.

We calculated the sample size by setting 

the test power to 80% and significance level to 5%. 

This calculation used the sample mean of each group, 

variance between groups equal to 10.86, and assumed 

the variance within groups equal to 60. Therefore, the 

minimum sample size for each group was 28 participants.

Characteristics of the groups

Group 1: The students attended a lecture given 
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Low-fidelity cricothyroidostomy simulation 
model

The materials used to build the simulator 

were: rectangular Medium Density Fiberboard (MDF) 

plates measuring 20x10x0.5cm, a foam block measuring 

15x9x3cm, a 20cm mechanical ventilator tube segment, 

pieces of Durepoxi® molded in the forms of the cricoid 

and thyroid cartilages, polyvinyl chloride (PVC) plastic 

film, a 27x15cm-size segment of tattoo-training synthetic 

skin, and a size 10 rubber balloon (Figure 2a).

The low-fidelity simulator was developed from 

a previously created tracheostomy simulator36. Changes 

were made to simplify the assembly, reduce costs and 

allow the execution of the RFST cricothyroidostomy. The 

base is formed by two rectangular MDF plates perforated 

at the four ends, juxtaposed and fixed by screws and 

nuts. On the base, a rectangular foam block was glued 

to support the tube segment. On this structure, the 

mechanical ventilator tube segment was placed, allows 

the simulation of tracheal rings that can be palpated 

under the artificial skin. It also serves to fit the parts that 

represent the laryngeal cartilages and the balloon that 

simulates the lung.

The simulated pieces of the thyroid and cricoid 

cartilages, made of Durepoxy®, had inserts on the back 

for fixation to the ventilator’s tube, which were made 

respecting the size and anatomical position. At the 

location between the thyroid and cricoid cartilages, 

corresponding to the cricothyroid membrane, an 

opening of 1x2.5cm was made in the ventilator’s tube 

to reproduce the cricothyroid space. This whole set was 

wrapped by five layers of PVC plastic film, to fix the pieces 

and simulate the cricothyroid membrane. The balloon 

was placed in the terminal portion of the ventilator’s tube 

to simulate the lungs and thus allow the visualization 

of ventilation immediately after performing the 

cricothyroidostomy, with a 4.5 French size tracheostomy 

cannula. The synthetic skin was positioned to cover the 

entire simulator and was fixed bilaterally with the ends 

pressed between the two MDF boards.

The developed simulator allows the 

reproduction of RFST, which consists of skin incision with 

perforation of the cricothyroid membrane, positioning 

of the tracheostomy cannula (number 4.5) in the 

by a professor of the trauma surgery discipline of the 

UFPR surgery department. This professor was previously 

defined and did not participate in this project. In this 

way, the researcher’s bias was canceled. The content of 

this class was a brief history of the procedure, materials, 

indications, surgical techniques (standard and RFST) and 

complications. 

Group 2: The students attended a practical 

class with simulation of the procedure in a low-fidelity 

model, developed by the researcher himself. 

Group 3: Students attended the practical 

class with simulation of the procedure on a high-fidelity 

Megacode Kelly Laerdal® mannequin35.

Classes (training) of groups 2 and 3 were 

offered by the same professor. This professor of the 

Training and Simulation discipline of the Department 

of Integrated Medicine of the UFPR Medical School 

also works in trauma care services. The structure of 

these classes was oral instruction (without audiovisual 

resources) with the same content as the lecture, followed 

by practical activity in the respective simulator model for 

each group. These classes were given at different times 

for each group.

The three classes’ models lasted 20 minutes 

each, controlled by a digital timer. There was no contact 

between the members of each group.

Learning assessment

To assess the acquisition of knowledge right 

after the intervention, at the end of each class or training 

the participants took a test (P1) of 20 multiple choice 

questions (same for all groups), with only one correct 

alternative and of 30-minute resolution time. It covered 

indications, anatomical references, description of 

technical variants and possible complications within the 

surgical cricothyroidostomy theme. The test template 

was not made available and students were instructed 

not to study the topic until the second evaluation.

To assess knowledge retention, after 4 months 

students were submitted to a second knowledge test 

(P2) with the same content and number of questions, 

but with a different order of questions and their 

alternatives. This time interval was arbitrary, based on 

previous studies30. 
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trachea, cuff insufflation, connection to the Artificial 

Manual Breathing Unit (AMBU®), and ventilation. When 

ventilated, the balloon allows to verity the success or 

failure of the procedure (Figure 2b).

Six simulators were produced for the study. All 

students performed the procedure with an intact skin 

on the simulator. Each low-fidelity simulator in 2019 

cost US$ 4.00, and each skin exchange, US$ 0.90, both 

funded by the researcher.

purchase this mannequin in 2019 was approximately US$ 

7,50037. 

Figure 2. Simulador de cricotireoidostomia cirúrgica de baixa fidelidade. 
A. Low-fidelity surgical cricothyroidostomy simulator. B. Low-fidelity 
surgical cricothyroidostomy simulator.

Figure 3. MegaCode Kelly® high-fidelity simulator.

Statistical analysis

We expressed the test scores (P1 and P2) as 

means and standard deviation (mean ± sd). We applied 

the Shapiro-Wilk test to assess the scores normality. We 

carried out a comparative analysis of the performances 

observed in each test between each of the study groups. 

For this purpose, we used the Analysis of Variance 

(ANOVA) with the effect of interaction between the 

factors: (i) tests (P1 and P2) and (ii) groups (lecture, low-

fidelity or high-fidelity). The purpose of the analysis was 

to investigate possible differences in grades between the 

factors (groups and tests).

Then, we used a multiple comparison test (post-

hoc) with Bonferroni correction to assess differences 

within each factor. Statistical significance was considered 

when p<0.05. We performed the statistical analysis of 

the data using the statistical software R (R Core Team, 

2019) version 3.6.1.

	 RESULTS

Each group contained 30 medical students, 

with no demographic differences between groups.

The average scores of the lecture, low fidelity 

model and high fidelity model groups in the first test 

were, respectively, 75.00, 76.09, and 68.79. In the 

MegaCode Kelly Laerdal® high-fidelity 
simulator

The MegaCode Kelly® high-fidelity simulator 

(Figure 3) was used in group 3. It is defined by the 

manufacturer as an advantageous mannequin for training 

a wide range of advanced life-saving skills35. The cost to 

A

B
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	 DISCUSSION

In this study, we evaluated the learning of by 

inexperienced students, comparing the lecture with 

simulation in low and high-fidelity models.

We chosen cricothyroidostomy as the study 

object because it is an  infrequent procedure and seldom 

practiced by professionals and students, but crucial as a 

last oxygen supply option, threatening the patient’s life if 

not performed properly38,39. This study and that of Kennedy 

et al. demonstrated that training programs in advanced, 

simulation-based airway management are more effective 

Table 1. Average ± standard deviation of students’ scores by exam and 
group.

Tests Lecture Low 
fidelity

High 
fidelity p-value

Mean ± 
SD P1 * 
(n = 90)

75.00 
± 9.31

76.09 
± 8.01

68.79  
± 8.09 <0.05***

Mean ± 
SD P2 ** 
(n = 90)

69.84 
± 9.79

75.32  
± 12.03

69.46  
± 11.96 >0.05

SD: standard deviation; * P1: test 1; ** P2: test 2; *** p < 0.05 (statis-

tically significant difference).

Table 2. Intra-group  comparison.

Evidence                                      Groups p-value

P1* x P2** Lecture         0.04***

P1* x P2** Low fidelity        0.76

P1* x P2** High fidelity        0.79

* P1: test 1; ** P2: test 2; *** p < 0.05 (statistically significant diffe-

rence).

Table 3. Inter-group comparison.

Evidence Comparison by groups p-value

Lecture x Low fidelity  1,00

P1* Lecture x High fidelity        
0.04***

 Low fidelity x High fidelity    
0.01***

 Lecture x Low fidelity   0.09

P2** Lecture x High fidelity   1.00

Low fidelity x High fidelity   0.07

* P1: test 1; ** P2: test 2; *** p <0.05 (statistically significant difference).

second test, the average grades were, respectively, 

69.84, 75.32, and 69.46. Table 1 shows the results of 

the scores in each test, for each group, expressed as 

mean ± standard deviation.

It is possible to observe that the expository class 

group presented lower grades in P2 when compared to 

P1. In the other groups, the scores showed slight variations 

between P1 and P2.

After the ANOVA test, we conducted a multiple 

comparison test with the purpose of evaluating differences 

within each factor. Thus, as shown in table 2, the group 

that attended the lecture was the only one that showed 

a significant difference between P1 and P2 (p<0.05). 

The other groups did not present statistically significant 

differences between the tests (p>0.05).

Table 3 presents the results of the multiple 

comparisons between the groups within each period.

 he results presented in table 3 show that, 

when analyzing knowledge acquisition right after the 

intervention (P1), there was a difference (p<0.05) between 

the lecture group and the high-fidelity one. In this 

comparison, the average observed in the lecture group 

was higher than that of high-fidelity model. There was 

also a statistical difference (p<0.05) between the groups 

submitted to the simulation, with a higher average in the 

low-fidelity group than in the high-fidelity one. However, 

in P2, despite the different scores observed in Table 1, 

there was no statistically significant difference (p>0.05) 

when comparing the groups in pairs.
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than expository or video classes40.

Although the lecture is the most common 

method of teaching1, we found less retention of learning 

by it. The literature confirms the best result in retaining 

knowledge with the evaluated models, and even reinforces 

the need to break paradigms in face of the traditional 

teaching method for acquiring knowledge and motor 

and behavioral skills9,31. Hubert et al. also demonstrated 

the superiority of simulation when the target audience is 

made up of professionals already working in the covered 

area41. Knowledge retention in the long run is especially 

important in emergency situations, for decision making 

must be quick and assertive to ensure a good prognosis 

for the patient30,42.

The major impediment to the mass 

implementation of simulation methods in medical 

education is still the cost2,19. The cost of acquiring high-

fidelity simulators and maintaining realistic simulation 

centers made simulation a good method for learning, but 

questionable from a financial point of view2.

This research described the costs involved in 

the different simulators. The cost of the high-fidelity 

mannequin was US$ 7,50037, and the model developed by 

the researcher cost approximately US$ 5.00, including the 

artificial skin replacement performed in each procedure. 

Low-cost models have the benefit of repeated training, 

without worrying about the replacement price of any item, 

as they are easily accessible, allowing learning according to 

the student’s individual needs22,28,43.

In this research, as well as in that of Massoth et 

al., who evaluated different degrees of fidelity in advanced 

life support training, the group exposed to the low-fidelity 

model had the average score higher than the average 

of the group exposed to the high-fidelity one. In other 

words, both in the teaching of integrative abilities and in 

the directed tasks observed in this study, the low-fidelity 

simulation was not inferior to the high-fidelity simulation29.

It is possible that the poor results with the high-

fidelity model have occurred due to the presence of excess 

distractions in these models. These become irrelevant in 

the learning of inexperienced students and drive attention 

away from the main points to be fixed44. The high levels 

of stress and anxiety of students are similar to real daily 

practice; therefore, the use of low-fidelity models, with 

more specific goals, is more effective for less experienced 

students45. According to the cognitive load theory, working 

memory is limited in relation to the amount of information 

that can be retained versus the number of operations that 

can be performed. By the time the student is involved in 

learning a new task, the working memory is occupied 

with the processing of relevant information. In a second 

stage of this study, we will analyze learning and retention 

when students attend and practice, at the same time, skills 

taught in other surgical procedures.

This increase in information results in an overload 

of the cognitive processing system. Attention resources are 

scarce and can lead to incomplete, inefficient or deficient 

learning46.

Thus, there is a possibility that for inexperienced 

students, learning is not compromised with the use of 

low-fidelity mannequins, or it may even be improved. 

Therefore, we conclude that RFST cricothyroidostomy 

training for inexperienced students is feasible using a low-

fidelity simulator.

Objetivo: comparar a aquisição e retenção de conhecimento, sobre cricotireoidostomia cirúrgica pela técnica rápida de quatro tempos 
(TRQT), quando ensinada por aula expositiva, simulação de baixa fidelidade e de alta fidelidade. Métodos: noventa alunos de medicina 
da UFPR dos primeiros anos foram randomizados em 3 grupos: 1) aula expositiva, 2) simulador de baixa fidelidade, ou 3) simulador de 
alta fidelidade (comercial). O tema exposto foi a cricotireoidostomia cirúrgica pela técnica rápida de quatro tempos (TRQT). Logo após 
as aulas, os grupos foram submetidos a uma prova de múltipla escolha com 20 questões (P1). Quatro meses após, realizaram uma outra
prova (P2), com conteúdo similar. Análise de Variância foi usada para comparar as notas de cada grupo na P1 com suas notas na P2, e 
as notas dos 3 grupos de 2 a 2 na P1 e na P2. Utilizou-se um teste de comparações múltiplas (post-hoc) para verificar diferenças dentro 
de cada fator (prova e grupo). Considerou-se significância estatística quando p<0,05. A análise estatística foi feita no software estatístico 
R versão 3.6.1. Resultados: cada grupo foi composto de 30 estudantes de medicina, sem diferenças demográficas entre os grupos. As 
notas médias dos grupos da aula expositiva, do modelo de baixa fidelidade e de alta fidelidade na P1 foram, respectivamente, 75,00, 
76,09, e 68,79, (p<0,05). Na P2 as notas foram respectivamente 69,84, 75,32, 69,46, (p>0,05). Conclusão: a simulação de baixa 
fidelidade foi mais eficaz no aprendizado e na retenção de conhecimento, sendo viável para o treinamento de cricotireoidostomia TRQT 
em alunos inexperientes.

Palavras chave: Treinamento por Simulação. Educação Médica. Medicina de Emergência. Manuseio das Vias Aéreas. Cartilagem 
Cricoide.

R E S U M O
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