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Abstract
Background: Currently, information and communications technology not only intervenes in the daily work of citizens but is used

directly in the care of medical patients, making quick online consultations, evaluating and sharing paraclinics, this has changed as
the people interact, learn, how they work and even how they take care of their health. It is in the interest of a group of researchers to

develop not only low-cost laparoscopic surgery simulators but also a teaching mobile App for teaching and learning skills in laparoscopic surgery that is accessible and innovative, but above all the first of its kind.

Objective: To present a mobile application for tablets and cell phones (Smart Phones) for training and teaching in laparoscopic surgery in low-cost simulators.

Materials and Methods: The author has made 2 prototypes of simulators or pelvitrainers to train in laparoscopic surgery, a triangular prismatic standard and a new model generated by the research team that only consists of 2 tables, a base and a frontal or

working table. The front table consists of a bracket and holes to fit a mobile device (tablet or cell phone) to use as a visual interface.
Training “Kits” have been designed for these devices. An interchangeable basic and advanced training kit that we have presented at

the 67th Uruguayan Congress of Surgery. Mainly we have developed our mobile application for surgeon training, the first of its kind to

be published in the Appstore and Playstore. The simulators and the application were tested and used by residents of general surgery,

general surgeons from the city of Montevideo and Maldonado, Uruguay, and by resident physicians and Fellows of general surgery

and Hepato-pancreatic-biliary of the Hospital Universitario Fundación Favaloro and also by Paraguayan surgeons through the Paraguayan society of endoscopic surgery, with great acceptance.

Discussion: We have thus improved the original designs, designed our own original simulator, lower cost than any other on the mar-

ket, accessible, reproducible, portable and durable, including interchangeable training kits. We must continue to improve the design
and add elements to be able to perform different and more varied exercises. The Mobile application that accompanies this trainer has

been revolutionary of its kind because it is not only new in our environment but we also do not find on the web an application with

the dynamics or characteristics of the one developed by our work group already integrated to surgeons since different geographic
regions in the same system.

Therefore, it is concluded that in view of the need for ex-vivo training, in order to reduce the complications inherent to the learn-

ing curve of each surgeon, it was necessary to develop low-cost laparoscopic surgery simulators in our environment. We were able to

develop a free and accessible mobile application for training in laparoscopic surgery that is one-of-a-kind, free and accessible, which

is currently generating a web community for discussion and teaching between different geographical areas, we will have to measure
the impact of this tool, which was achieved without public funding. nor private.
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The development and use of mobile devices in medical practice together with the invention of mobile applications and the develop-

ment of specialized software, constitute one of the options that allow to speed up the work carried out in the area of medical

assistance,

it allows the management and supervision of the information of the medical record and improves access to medical information and
medical records helping in communication and consultations, referrals and obtaining information, administration and monitoring of the
patient, all this improves decision-making and medical treatments clinical decision-making, medical education and training, etc. (Ventola,
2014).

In the case of surgery, this technology has so far failed to generate the benefit that it has generated in other medical specialties. This

is because the surgeon performs two tasks; a surgical clinic where he could consult web bibliography and even mobile applications with

written content, surgical consensus and author references; this consultation is now a daily routine and one more tool, especially for
younger surgeons and surgery residents. The second main task of every surgeon is carried out in the surgical block and is to “operate”
a medical act that involves different skills; manual, eye-hand coordination, involves superior cognitive skills, quick decision making and

defining surgical tactics in the same intraoperative always based on experience, training and previous knowledge. In our environment and
in many centers in the region, the surgical resident often has little previous training that is outside the operating room before facing their

first surgeries, since except in the Dept. Basic Surgery where some basic skills in surgical technique and pathology begin to be developed,
there is no other formal place for the development of training and learning of surgical technique in young doctors who begin their path

in surgery. It is even more difficult to find the opportunity for young surgical residents of different specialties to train in laparoscopic surgery, a technique that requires different training of specialized equipment and that is extremely expensive not only in our environment,

but this is repeated in the region. The author has already presented in previous scientific communications the development of a low-cost
pelvitrainer for training in laparoscopic surgery, something that we have been in charge of spreading and promoting even within surgery

services of the Faculty of Medicine. It is now his interest to develop in this communication the design of the first Mobile Application (App)
in Uruguay for teaching laparoscopic surgery. Which is not only original in our environment but we do not find in the indexed bibliography
or in the “stores” or Internet “shops” appstore and playstore respectively an application with the characteristics of ours, which functions

not only as a reference manual in surgical technique, but also functions as a visual interface of the pelvitrainer, that is, as the monitor of

the laparoscopy tower once loaded on a Tablet or a simple “Smartphone”, it allows recording and sharing via mobile applications (whatsapp, Facebook, mail and others) the training sessions so that referent teachers or colleagues give their opinion or correct the different
exercises carried out. This is something totally original and a tool that is currently being used, even with the formation of a WhatsApp

group of the mobile App where clinical cases have begun to be discussed, that is, it has gone beyond the author’s expectations. We must
disseminate and measure the power of impact that App is in the area of teaching in laparoscopic surgery.

Background

Currently, information and communications technology not only intervenes in the daily work of citizens but is used directly in the care

of medical patients, making quick online consultations, evaluating and sharing paraclinics, this has changed as the people interact, learn,
how they work and even how they take care of their health [1-3].

Medicine and in particular Surgery has benefited from technological advances from the organization and management of patients and

also in surgery, through mobile and technological applications that allow surgeries in which the patient and the specialist are in different
geographical locations, also passing through a number of tools that facilitate teaching and research assistance [3-6].

UNESCO (2013) comments that for the first time in history there are more mobile phones and laptops in the world than there are

people in the world, recognizing the usefulness, comfort and low costs that help to expand the educational opportunities of students in
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various contexts. According to the director of the Competitive Intelligence Unit (CIU), technology users around the world are increasing

exponentially. All the aforementioned antecedents require that mobile technology be implemented in educational institutions, that the
use of mobile tools be encouraged in the classroom, in the different spaces where the student has access to mobile technology that facili-

tates learning. learning and that through this fosters the development of the institution, as a faculty of the intellect in the student. This
modality is called Mobile Learning or Mobile Learning (M-learning).

Much of this advanced technology is high cost and not very accessible in our environment, therefore the interest of the authors to adapt

the existing technology for its use in the daily learning and monitoring of the surgeon and surgery.

The challenge for surgery teachers is to adapt low-cost mobile technologies for teaching and learning processes, which is why the

authors have tried to include these tools for daily use for teaching in surgery, especially in laparoscopy.

In previous communications we have presented initial and original prototypes of simulators for laparoscopic training; low-cost, manu-

factured by the authors, based on pre-existing designs for a long time, improving their design and creating a simple, easy-to-use, portable,
reproducible and low-cost pelvitrainer.

These are currently used to train surgeons and residents in different public and private centers in the country and the region. They use

a tablet or mobile phone as an interface, which acts as a laparoscopic camera. That is why we have focused on the development of a mobile

App that is used on tablets and smartphones during training in the pelvitrainers developed by the author or in other different ones that
use these mobile media (tablets and mobile phones) also as an interface. visual.

Currently we do not find dynamic, educational applications that can be used in this type of pelvitrainer and if there are they are not

accessible to the surgical public in general. The existing mobile applications in general are static with preloaded content, low diffusion, do
not allow active interaction or do not have true dynamic video interfaces and are often paid. In our review we did not find in the App store
or in the Play store, applications with the characteristics of the one presented.

For this reason, the author’s interest in developing not only low-cost simulators but also a teaching mobile App for the teaching and

learning of skills in laparoscopic surgery that is accessible, objective and that can be a tool for laparoscopic training not only in a teaching
environment. but also for solo training.

Objective of the Study

Present a mobile application for tablets and cell phones (Smart Phones) for training and teaching in laparoscopic surgery in low-cost

pelvitrainers.

Materials and Methods and Results
For our simulator prototype we used 2 models, one standard prismatic triangular and a new model generated by the research team

that only consists of 2 tables, a base and a front or work table (Figure 1 and 2), they were made with MDF wooden tables. lacquered to
achieve a simulator with the use of fewer materials that are inexpensive, foldable and reproducible. The simulators consist of 2 or 4 ports

depending on the model, through which the laparoscopic instruments are inserted, the front table consists of a support and holes to fit a
mobile device (tablet or cell phone) to use as a visual interface (Figure 3). The simulators weigh approximately 3 kg, the angle between

the front and base boards can be varied from 90 to 70 degrees, the distance between the trocar ports varies from 14 to 24 cm and they are
adapted to simulate the distance of trocars in surgery adult and pediatric.
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Figure 1 and 2: Original prototype (Design Dr. J Sanguinetti).

Figure 3: Front view of the simulator with tablet as an interface with the application in camera mode, recording training session.

The different parts are joined by hinges so that this device can be folded and easily transported. Training “Kits” have been designed for

these devices, with the support of the Basic Department of Surgery, Faculty of Medicine, and they have been discussed with the Research
team of the General Surgery service of the Favaloro Foundation University Hospital. The basic training kit (Figure 4) is developed to begin
to incorporate initial skills in laparoscopy with mobilization and insertion of elements, basic management in 2 dimensions, endoloops,

initial management of threads and laparoscopic knots, they are versatile models where in the same kit you can perform up to 5 different

exercises. The Kit for medium and advanced training (Figure 5) consists of elements to perform, knots and laparoscopic sutures, in a material that resembles living tissue (EVA rubber), as well as exercises for cutting and cannulation of structures. It can be seen in the photo-

graphs of the first prototypes how the tablets act as a “monitor” or visual interface to be able to train and perform the different exercises.
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Figure 4: Basic training kit.

Figure 5: Advanced training kit.

When we used the camera of mobile devices we encountered the problem that this device would turn off due to being inactive for sev-

eral minutes that it does not interact with it but is used as a monitor, this with our mobile App, to which we We gave the name “EASYLAP”,

we managed to prevent the device from turning off, so it remains active even when we do not touch it, that is, our monitor will not turn
off in the middle of a training practice. As surgeons and with basic knowledge in computer science, we had to train and learn the details of

the programming and development of mobile applications, with the support of professional friends who selflessly supported this project
both in its content, such as Dr. Marcelo viola surgeon who He provided us with the development of the App manuals.

We have developed a mobile application (authorship, registered; Dr J Sanguinetti) in conjunction with a collaborating computer engi-

neer at work; Ing. Gastón Caldeiro, adapting the prototype for the Android system and also for the IOS system, the author has optimized
this specific interface to use it in the training of surgeons. It can be used on Android and IOS devices (tablets or cell phones).

It consists of an application in camera mode that does not turn off automatically even when the device has low battery, it can record

and archive training sessions, it also has a visible and adjustable timer, to control training time and time in performing the exercises. It

consists of a double screen; a camera mode that shows a working field and another adjustable screen where pre-recorded videos can be

archived or downloaded from the internet or You-Tube®; in this way you will be able to see the exercises before doing them immediately.

In this secondary screen you can also file the basic techniques of the procedures to read them quickly before training.
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The application screen has zoom and image adjustment options on both the main screen and the secondary screen. The training ses-

sions will be recorded for subsequent correction by the teachers, as well as being able to assess the student’s progress in the different
exercises.

The simulators and the application were tested and used by general surgery resident doctors, and different general surgeons from the

city of Montevideo and Maldonado, Uruguay, and by resident doctors and Fellows of general surgery and Hepato-pancreatic-biliary of the
Hospital Universitario Fundación Favaloro (Figure 6 and 7).

Figure 6: Test sessions by Fellow of the Favaloro Foundation University Hospital, Buenos Aires, Argentina.

Figure 7: Test session by general surgery resident at Hospital Pasteur, Montevideo, Uruguay.

Profile of the mobile application
It is a basic application of medium complexity that works as an active prototype. Compatible with the Android system (Samsung and

other commercial brands) and with IOS (Ipad and Iphone). It is currently available for free on both mobile platforms.
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It has had approximately 180 downloads until the development of this work, we have not advertised for its specific download, that is,

it has been transmitted in the “word of mouth” of surgeons.
It consists of different windows.

Starting screen; where there are explanatory photos of the simulators and training kit made at the Favaloro Foundation in Argentina.

Below these photos is the reel of instructional videos, consisting of a selection of training videos in knots and laparoscopic sutures, for

general surgeons. Also, basic exercises for laparoscopic urological surgery. Instead of creating new videos, the author decided to use the
best videos found without copyright on YouTube, because create something if we already have excellent accessible teaching material, so

we put together the videos that we think would be of most benefit to users. also creating some videos that we think were necessary in conjunction with the Favaloro Foundation of Argentina, created by Dr. Santiago Rubio Research Fellow of this institution. This video reel has
the original to be open, that is, you can add more videos, change them, generating a true library of videos in constant revision and change.

Below the reel of photos we have the reel of sessions on the home screen that is, we can access the training sessions that we previously

recorded.

There is a launch bar in the lower sector of the application with the icons of: home, manuals, sessions and videos.
To access these accessory windows from the main screen.

Home icon; takes you to the aforementioned home screen with explanatory photos and reel of videos and sessions.

The manuals icon; leads to the window where different technical manuals are loaded, currently it has different chapters:
1.

Pneumoperitoneum and approaches.

3.

Right Colectomy.

2.
4.
5.

Knots and Sutures.

Materials and instrumentation.
Anterior resection of rectum.

This window, like the previous ones, is open to changes, that is, it is dynamic, chapters and manuals will continue to be loaded, being

able to modify those already loaded.

The session icon takes us to the training session recording window, activating the camera mode of the mobile device, allowing the

session to be timed, activating the flash if a light support is necessary in the pelvitariner, this mode remains active without turning off the
screen of the device a great improvement because otherwise the Tablet or the phone would turn off in a few minutes since this is how
these devices are programmed to save battery. After the session is recorded it remains on the reel of sessions to be able to review it later

and it can also be shared through the internet by different mobile applications whatsapp, mail, and other social networks, this is not only

an important teaching tool and practically free of charge, but which is original by generating feedback between the user of the application
and a reference teacher who can receive the prerecorded sessions while being in a different geographical location.

The video icon takes us to the library of preloaded videos from YouTube videos, knot technique, sutures, basic training in laparoscopic

surgery and also advanced exercises, this window is also dynamic and modifiable.

Thus, we believe that with this application the precepts of “classical surgery” can be fulfilled, where the technique is read, then seen

(helped) and then done.
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The user of the application will be able to read the manuals, watch the preloaded videos and then “do” or put into session mode to start

doing exercises in the pelvitariner, complying with these logical steps in learning new techniques, adding to this the ability to record us
so that we can then have a return of the training done.

Figure 8: EASYLAP app home screen.

Figure 9: EASYLAP app manual screen.
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Figure 10: Video library screen, EASYLAP app.

Discussion
We briefly describe our pelvitrainers and mainly our mobile application to train in laparoscopic surgery. We present an original idea

not only for our environment that we believe will be the starting point for the authors to continue developing simulator models and

improving the mobile training application. Currently the author has projects in development with the Favaloro Foundation University
Hospital Team and the Basic Department of Surgery to develop and standardize the training exercises and the order of these in order to

train surgery residents. We have improved the design of pre-existing simulators such as the Lap box from Inst Lubeck (Brazil) where we

saw the design for the first time, the original patent is not from these authors and there are already several authors who have made similar
models for more than 10 years [7-12].

We have thus improved the original designs, designed our own and original simulator, lower cost than any other on the market, ac-

cessible, reproducible, portable and durable, including in this somewhat innovative original design the totally original interchangeable

training kits of our own design and very low cost, even its replaceable materials for elements that we could find in the hospital guards.

Donations of these simulators were made to private and public centers with which we had a relationship or employment relationship:
Hospital Pasteur, Sanatorio Cantegril, Comero Rocha and the head of the Surgical Block of Sanatorio Mautone and even abroad (HU Fun-

dación Favaloro, Buenos Aires - Argentina), in addition to the fact that a significant number of surgeons from the interior currently use
them all with great acceptance.

We wanted to design a trainer that the resident and surgeon can have access not only in their hospital or service but also have it in

their private home to prolong the training time. We must continue to improve the design and add elements to be able to perform different
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and more varied exercises. The application that accompanies this trainer is not only new in our environment, but we did not find on the
web an application with the dynamics or characteristics of the one developed by our work group, which could make it a fundamental tool

created with a very low budget. These and other tools will surely change what is the training of residents in our environment and it is the
interest of the team that intervenes in the training of colleagues in the region. We were able to develop the simulators and the application

in less than a year with an almost solo job, without external financial support, neither public nor private, only with the teaching interest
of the Designer and collaborators.

Conclusion

Therefore, it is concluded that in view of the need for ex-vivo training, to reduce the complications inherent to the learning curve of

each surgeon, it is necessary to develop low-cost laparoscopic surgery simulators in our environment. It was possible to develop a mobile

application for training in laparoscopic surgery. Remaining as the next objective, to demonstrate through a prospective, longitudinal and
comparative study, the usefulness and applicability of the method, to standardize its use both in the country and in the Argentine Republic.
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