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Development of a laparoscopic training model using a smartphone
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 INTRODUCTION

Since the first laparoscopic cholecystectomy in 1987, 

video-surgery has spread rapidly because of the ad-

vantages over the conventional technique, such as re-

duction in hospitalization time and postoperative pain, 

as well as better aesthetic results1,2. Their increasing pre-

sence in the surgical routine, however, did not accom-

pany the greater access to the method in the teaching 

centers. The main obstacles are the difficulty of access 

to materials and the high cost of equipment3,4. In addi-

tion, the method requires specific training to be perfor-

med safely5-8.

Several models have been developed to meet 

this need. Despite the significant increase in the gain 

of abilities with such models, all used high-cost ima-

ge sources, such as camcorders, webcams, tablets and 

laparoscopic optics9 11. Image capture equipment is usu-

ally expensive because it needs to be compact, lightwei-

ght, and produce images with quality and sharpness. An 

appliance that has these characteristics is the smartpho-

ne, besides being present in everyday life, without the 

need of extra expenses with its acquisition. Its adapta-

tion to a training box would represent an imaging sour-

ce available at any time, which would allow recording 

and playback of training sessions. Thus, the objective of 

this work was to develop a model of a training box in 

video-surgery using a smartphone.

 METHODS

The study was approved by the Ethics in 

Research Committee on Human Subjects (CAAE: 

48743115.0.0000.5174). We summoned students from 

the 1st to 5th year of medical schools in Belém (PA), of 

both genders, aged 16 to 25 years, through an online 

call. All signed the free and informed consent form and 

filled the questionnaire with basic personal information 

and academic background. We excluded students who 

participated in previous video-surgery training and those 

1 - University of the State of Pará (UEPA), Belém, PA, Brazil. 2 - Cesupa, Belém, PA, Brazil.
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Objective: to develop a model of training in video-surgery, of low cost and that uses a smartphone as an image-generating source. 

Methods: We developed a 38cm high, 40cm wide, 40cm long hexagonal-shaped training box, with a front opening of 12x8 cm for 

coupling the smartphone. The internal illumination is made with LED lamps and for the support of the smartphone, we used a selfie stick, 

fixed in the upper part of the box, that allows control of height, distance, angulation, and the coupling of devices with different for-

mats. We selected 20 undergraduate students without previous training in video-surgery, who performed four exercises in the box, with 

assessment of the time and amount of errors in the execution of the tasks. Each student completed the training for three consecutive 

weeks. We collected the data in spreadsheets for later analysis. Results: Nineteen students completed the training program, with signif-

icant improvement in the times and in the number of errors. Conclusion: the developed model was feasible and promoted the acquisi-

tion of skills in this group of students. In addition, it presents low cost, is portable and uses common equipment, such as smartphones.
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who did not finish the training program.

Training box
Made of recycled wood, which provides li-

ghtness and cost reduction, we developed a training 

box in hexagonal format to facilitate the entry angle of 

the tweezers and better ergonomics, measuring 38cm 

in height, 40cm in width and 40cm in length, with an 

opening of 12x8cm in the frontal region. We made the 

internal lighting with rechargeable LED lamps attached 

to the upper portion. As support for the Smartphone, 

we used a selfie stick, which allows control of height, 

distance, angulation, and enables the coupling of devi-

ces with different formats. We attached the selfie stick 

to the top of the box, allowing the capture of different 

angles of the interior of the prototype (Figure 1). We 

standardized, as an imaging source, an equipment with 

an eight-megapixel camera and a 4.6-inch screen.

Figure 1. Training box in hexagonal format.

Figure 2. Training platforms.

Exercises
We adapted to the boxes four work platfor-

ms of well-established programs, such as the Funda-

mentals of Laparoscopic Surgery (FLS)12 and McGuil 

Inanimated System for Training and Evaluation of 

Laparoscopic Skills (MISTELS)13 (Figure 2).

Objects transfer: consists of a platform with 

five pins on each side, with a ring inserted in one of 

the pins. The student must remove the ring from the 

right support with the ipsilateral hand clamp, pass to 

the left hand clamp and deposit on the pin on the 

contralateral side. After the transfer of all rings, the 

student carried out the exercise in the opposite direc-

tion.

Wire path: The ring must travel through a 

wire path without touching it or being dropped.

String passing: series of rings of the same 

size, fixed on a platform and queued in different posi-

tions. The student must take the string with the right 

tweezers, cross the string through the ring and capture 

it with the left tweezers, following a pre-established 

sequential course, in the shortest time possible.

Knot making: the student must make a knot 

in three strings attached to a sponge in the shortest 

possible time.

Course Dynamics
The students received initial guidance throu-

gh video lessons with notions about the management 

of the instruments and demonstration of the exercises. 

Then they performed the first training, rested two mi-

nutes and started the second exercise, and so on. At 

the end of the fourth and last practices, there was a 

five-minute break to start the new cycle. The training 

was conducted during weekly sessions, for three con-

secutive weeks, with no time restrictions. In each week, 

three cycles of the same exercise were performed, and 

at the end of the course, each student performed nine 

times the same exercise. We measured the times in se-
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conds and the errors noted during the completion of 

each task by individual monitors.

Statistical analysis
We compiled the data in Microsoft Excel® 

and submitted them to statistical analysis with the 

software Bioestat® 5.3. We used the ANOVA test for 

analysis of variance and the Student t test for analysis 

of significance between the times. We considered sig-

nificant results those with p<0.05.

 RESULTS

We enrolled 62 students and selected 20, of 

whom 19 completed the training. Regarding the mean 

of the times in each exercise, we observed a signifi-

cant improvement at the end of the course in relation 

to the initial time (Figure 3). There was a decrease in 

the number of errors in relation to the beginning of the 

program, besides stabilization in the acquisition of skills 

during the fourth practice, and significant improvement 

from that point on (Figure 4). The use of recycled wood, 

simple labor and the use of materials present in the daily 

life reduced the manufacturing costs of the boxes, whi-

ch had a unit value of R$ 167.66 (about US$ 53.35).

 DISCUSSION

The training of the surgeon in video-surgery 

requires the acquisition of skills such as adaptation to 

Figure 3. Average execution times of the exercises. P1: practice 1, P2: 
practice 2,…, P9: practice 9.

Figure 4 . Mean errors during the exercises. P1: practice 1, P2: practice 
2,…, P9: practice 9.

two-dimensional vision, due to loss of depth percep-

tion, limitation of movements and adequacy to the long 

instruments, characteristic of the method. The learning 

curve is also higher when compared with the conventio-

nal technique and the development of these skills can 

be done through simulator practices14-16. In the search 

for the ideal training model, several authors develo-

ped boxes with different characteristics, aiming at im-

provements such as portability, lower cost, availability 

and greater realism. At the same time, programs such 

as FLS12 and MISTELS13 have been created, based on 

tests of theoretical and practical knowledge, in order to 

enable professionals in the area. We based the present 

study on these programs, adapting them to the local 

reality, with the intention of developing a new, more 

accessible training model.

The high cost of materials and equipment is 

still the main obstacle to the installation of laparosco-

pic training laboratories17, whether in colleges or me-

dical residency programs. Several models in the litera-

ture have attempted to reduce costs through cheaper 

materials18,19, more accessible imaging sources17,20 and 

simpler open models21. There are publications of models 

similar to the one developed in this work, which use a 

smartphone as image source, but using another box for-

mat and made with other materials3,18,22. This equipment 

is designed with simple, low cost, portable material, and 

accessible at any time.

Despite the simple model, there was a statisti-

cally significant improvement in all exercises, confirming 
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the results of other studies with similar low cost and 

more accessible technology15,23. Willaert14, in a syste-

matic review, found no difference in the acquisition of 

basic skills between simpler models compared with vir-

tual reality simulators. In our study, the students achie-

ved stabilization in the acquisition of skills in the fourth 

practice, without the need for several repetitions in each 

exercise, allowing training to be performed in a shorter 

period in the future24. Recent articles have demonstra-

ted a higher frequency of training when there is greater 

flexibility of time and place, hence the importance of 

this model’s portability. Training centers where the si-

mulators are fixed prevent the displacement and, conse-

quently, there is less adherence to training25,26.

In the state of Pará, there are no routine cour-

ses in video-surgery training, which leads the student to 

move to other states in search of immersion courses, with 

very high costs. The development of an accessible training 

model and the creation of a local course could change this 

context. The training box with a smartphone promoted 

the acquisition of video-surgical skills in the group of stu-

dents studied, thus providing an accessible and affordable 

alternative in undergraduate education and training, whi-

ch can be applied to postgraduate surgery.

 REFERENCES

1. Castro PM, Akelman D, Munhoz CB, Sacramento 

ID, Mazzurana M, Alvarez GA. Laparoscopic 

cholecystectomy versus minilaparotomy in 

cholelithiasis: systematic review and meta-analysis. 

Arq Bras Cir Dig. 2014;27(2):148-53.

2. Cagir B, Rangraj M, Maffuci L, Herz BL. The 

learning curve for laparoscopic cholecystectomy. J 

Laparoendosc Surg. 1994;4(6):419-27.

3. Couto RS, Veloso AC, Antunes FG, Ferrari R, Carneiro 

RGF. Device model for training of laparoscopic surgical 

skills. Rev Col Bras Cir. 2015;42(6):418-20.

4. Moura Júnior LG. Modelo acadêmico de ensino 

teórico-prático em vídeo cirurgia por meio de novo 

simulador real de cavidade abdominal [dissertação]. 

Universidade Federal do Ceará: Fortaleza; 2015.

5. Gardner AK, Willis RE, Dunkin BJ, van Sickle KR, 

Brown KM, Truitt MS, et al. What do residents need to 

be competent laparoscopic and endoscopic surgeons? 

Surg Endosc. 2016;30 (7):3050-9.

6. Glassman D, Yiasemidou M, Ishii H, Somani BK, 

Ahmed K, Biyani CS. Effect of playing vídeo games on 

laparoscopic skills performance: a systematic review. J 

Endourol. 2016;30(2):146-52.

7. Marlow N, Altree M, Babidge W, Field J, Hewett P, 

Maddern GJ. Laparoscopic skills acquisition: a study 

of simulation and traditional training. ANZ J Surg. 

2014;84(12):976-80. 

8. Agha R, Fowler AJ. The role and validity of surgical 

simulation. Int Surg. 2015;100(2):350-7.

9. Kalvach J, Ryska O, Ryska M. [Existing laparoscopic 

simulators and their benefit for the surgeon]. Rozhl 

Chir. 2016;95(1):4-12. Czech.

10. Harenberg S, McCaffrey R, Butz M, Post D, Howlett 

J, Dorsch KD, et al. Can multiple object tracking 

predict laparoscopic surgical skills? J Surg Educ. 

2016;73(3):386-90.

11. Stunt JJ, Wulms PH, Kerkhoffs GM, Dankelman J, 

van Dijk CN, Tuijthof G. How valid are commercially 

Objetivo: desenvolver modelo de treinamento em vídeo-cirurgia, de baixo custo e que utiliza smartphone como fonte geradora de 
imagem. Métodos: foi desenvolvida uma caixa de treinamento em formato hexagonal de 38cm de altura, 40cm de largura e 40cm 
de comprimento e com abertura na região frontal de 12x8 cm para acoplamento do smartphone. A iluminação interna é feita com 
lâmpadas de LED e para o suporte do smartphone foi utilizado um selfiestick, fixado na parte superior da caixa, que permite controle 
de altura, distância, angulação, e possibilita acoplamento de aparelhos com diferentes formatos. Foram selecionados 20 alunos de 
graduação, sem treinamento prévio em vídeo-cirurgia, que realizaram quatro exercícios na caixa com aferição do tempo e quantidade 
de erros na execução das tarefas. Cada aluno realizou o treinamento durante três semanas consecutivas. Os dados foram coletados em 
planilhas e analisados posteriormente. Resultados: dezenove alunos concluíram o treinamento, com melhora significante nos tempos 
e na quantidade de erros. Conclusão: o modelo desenvolvido mostrou-se viável e promoveu a aquisição de habilidades neste grupo de 
alunos. Além disso, apresenta baixo custo, é portátil e utiliza equipamento comum, como smartphones.

Descritores: Cirurgia. Treinamento. Educação Médica.

R E S U M O



Oti
Development of a laparoscopic training model using a smartphone 475

Rev Col Bras Cir 2017; 44(5): 471-475

available medical simulators? Adv Med Educ Pract. 

2014;5:385-95.

12. Soper NJ, Fried GM. The fundamentals of laparoscopic 

surgery: its time has come. Bull Am Coll Surg. 

2008;93(9):30-2.

13. Vassiliou MC, Ghitulescu GA, Feldman LS, Stanbridge 

D, Leffondré K, Sigman HH, et al. The MISTELS program 

to measure technical skill in laparoscopic surgery: 

evidence for reliability. Surg Endosc. 2006;20(5):744-

7.

14. Willaert W, van de Putte D, van Renterghen K, van 

Nieuwenhove Y, Ceelen W, Pattyn P. Training models 

in laparoscopy: systematic review comparing their 

effectiveness in learning surgical skills. Acta Chir Belg. 

2013;113(2):77-95.

15. Vitish-Sharma P, Knowles J, Patel B. Acquisition of 

fundamental laparoscopic skills: is a box really as good 

as a virtual reality trainer? Int J Surg. 2011;9(8):659-

61.

16. Newmark J, Dandolu V, Milner R, Grewal H, Harbison 

S, Hernandez E. Correlating virtual reality and box 

trainer tasks in the assessment of laparoscopic surgical 

skills. Am J Obstet Gynecol. 2007;197(5):546.e1-4.

17. Martins JMP, Ribeiro RVP, Cavazzola LT. White box: 

caixa para treinamento laparoscópico de baixo custo. 

ABCD Arq Bras Cir Dig.  2015;28(3):204-6.

18. Lee M, Savage J, Dias M, Bergersen P, Winter M. Box, 

cable and smartphone: a simple laparoscopic trainer. 

Clinical Teach. 2015;12(6):384-8.

19. Aslan A, Nason GJ, Giri SK. Homemade laparoscopic 

surgical simulator: a cost-effective solution to the 

challenge of acquiring laparoscopic skills? Ir J Med Sci. 

2015;185(4):791-6.

20. Chen X, Pan J, Chen J, Huang H, Wang J, Zou L, et 

al. A novel portable foldable laparoscopic trainer for 

surgical education. J Surg Educ. 2016;73(2):185-9.

21. Yoon R, Del Junco M, Kaplan A, Okhunov Z, Bucur 

P, Hofmann M, et al. Development of a novel iPad-

based laparoscopic trainer and comparison with a 

standard laparoscopic trainer for basic laparoscopic 

skills testing. J Surg Educ. 2015;72(1):41-6.

22. Pérez Escamirosa F, Ordorica Flores R, Minor Martínez 

A. Construction and validation of a low-cost surgical 

trainer based on iPhone technology for training 

laparoscopic skills. Surg Laparosc Endosc Percutan 

Tech. 2015;25(2):e78-82.

23. Madan AK, Frantzides CT. Substituting virtual reality 

trainers for inanimate box trainers does not decrease 

laparoscopic skills acquisition. JSLS. 2007;11(1):87-9.

24. Duarte RJ, Cury J, Oliveira LCN, Srougi M. Establishing 

the minimal number of virtual reality simulator training 

sessions necessary to develop basic laparoscopic skills 

competence: evaluation of the learning curve. Int Braz 

J Urol. 2013;39(5):712-9.

25. Thinggaard E, Kleif J, Flemming B, Strandbygard 

J, Gögenur I, Ritter EM, et al. Off-site training of 

laparoscopic skills, a scoping review using a thematic 

analysis. Surg Endosc. 2016;11(11):32-41.

26. van der Aa JE, Schreuder HW. Training laparoscopic 

skills at home: residents’ opinion of a new portable 

tablet box trainer. Surg Innov. 2015; 23(2):196-200.

Received in: 17/04/2017

Accepted for publication: 01/06/2017

Conflict of interest: none.

Source of funding: none.

Mailing address:

Lucas Nascimento Galvão

E-mail: lucasgalvao24988@gmail.com / and.oti@hotmail.

com


