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Resumo 

Objetivos: apresentar um protótipo virtual de uma aplicação web (AW), para auxiliar a equipe médica 

no controle da mudança de decúbito de pacientes com mobilidade reduzida. Método: a técnica de 

projeto e prototipagem virtual foi utilizada para projetar este AW que será apresentado, através das 

etapas do ciclo de vida clássico de desenvolvimento de software. Portanto, a pesquisa será classificada 

como de “natureza” aplicada, do tipo normativo, pois o interesse está no desenvolvimento de 

tecnologias, estratégias e ações para mitigar os efeitos das lesões por pressão em pacientes 

hospitalizados. Resultados: pode-se citar que o AW apresentado é um protótipo que preenche uma 

lacuna no atendimento de pacientes com mobilidade reduzida, pois auxilia no monitoramento da 

mudança de decúbito e representa, portanto, uma tecnologia inovadora e de fácil utilização, conforme 

indicado no relatório de teste do usuário final. Conclusão: espera-se uma diminuição das lesões por 

pressão e uma melhora significativa no conforto e segurança do paciente, uma vez que este protótipo 

seja implementado em um contexto real de assistência à saúde. 
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Abstract 

Objectives: to present a virtual prototype of a web application (WA), to assist the medical care team in 

controlling the change in position of patients with reduced mobility. Method: the technique of design and 

virtual prototyping was used to design this WA that will be presented, through the steps from the classic life 

cycle of software development. Therefore, the research will be classified as “nature” applied, of the normative 

type, as the interest is in the development of technologies, strategies and actions to mitigate the effects of 

pressure injuries in hospitalized patients. Results: it can be mentioned that the presented WA is a prototype 

that fills a gap in the care of patients with reduced mobility, as it helps in monitoring the change in decubitus 

and represents, therefore, an innovative and easy-to-use technology, as indicated in the end user test report. 

Conclusion: a decrease in pressure injuries and a significant improvement in patient comfort and safety is 

expected once this prototype is implemented in a real health care context. 

Keywords: pressure injury; nursing care; patient safety 

1.Introduction 

Pressure injury (PI) is an area of tissue damage and loss that normally occurs above a bone structure 

or in another fragile tissue area: it is caused by intense pressure and/or shear in tissue areas; represents 

a complication typically associated with partial or total lack of mobility. The lesion may or may not 

break the skin (open or closed wound) and may or may not be associated with the sensation of pain 

in the affected area (Bandeira et al., 2021; Moraes et al., 2016). The costs associated with the 

acquisition of material for the treatment of PI and its complications are high for the Health System as 

a whole. Patients who need longer hospital stays and who, consequently, need more time dedicated 

to their care, are the ones who most demand this resource (Lima et al., 2021; Moro et al., 2007). 

    In a holistic approach, according to data from the National Pressure Ulcer Advisory Panel 

(NPUAP), the prevalence of PI in hospitals is 15% and the incidence is 7% (Gefen et al., 2020). On 

the other hand, in Brazil, although there are few studies on the incidence and prevalence of PI, studies 

carried out may show figures of up to 39.8% (Meireles et al., 2020; Macedo et al., 2021; Barbosa et 

al., 2019). The numbers, in the literature, present variations that are due to the characteristics of the 

patients and the level of care provided.  

In this context, thus, the objective of this work is to present a virtual prototype of a Web 

Application (WA), to assist the medical assistance team in controlling the change in position of 

patients with reduced mobility, using the technique of design and virtual prototyping, through the 

stages of the cycle life for software development. As a result, it is expected a decrease in pressure 

injuries and a significant improvement in patient comfort and safety, when this prototype is 

implemented in a real case. 
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2.Material 

The consequences of PI are frequent in hospitalized patients, as they are susceptible to colonization 

by bacterias and a potential sepsis clinical condition (Ribeiro et al., 2018). Thus, chronic wounds such 

as pressure wounds often have necrotic tissue, which predisposes them to infection and this, unlike 

colonization, causes an increase in recovery and healing time (Thomé et al., 2018; Araujo et al., 

2019). 

    In PI with a consolidated inflammatory process, bacterial proliferation is observed in the 

devitalized tissue, wound surface and invasion of viable tissue with an inflammatory response. The 

delay in the healing process is a consequence of competition between host and bacterial cells for 

oxygen and nutrients. Thus, there is production of inflammatory cytokines and proteases in response 

to microorganisms and their associated toxins, which culminates in longer hospitalizations and, 

consequently, requires more time dedicated to their care (Dos Santos et al., 2022). 

    The practical solutions found, currently, to reduce the high incidence of PI in patients with 

reduced mobility, are focused on the materials and forms of mattresses to be used by these patients 

(Galetto et al., 2021). Mattresses known as eggshells and others inflated by air, occupy a prominent 

place among the most found on the market. In addition, the work and commitment of health 

professionals, most notably nurses and nursing technicians, are highly requested to act directly on 

patients, periodically changing their position in hospital beds (Mendonça et al., 2018; Otto et al., 

2019; Rodrigues et al., 2020). 

    Brazil is a member country of the World Alliance for Patient Safety, proposed by the World 

Health Organization (WHO), whose main objective is to seek compliance with measures that increase 

the safety and quality of health services. The prevention of PI is the sixth among the International 

Goals for Patient Safety, combined with the reduction of the risk of falls. 

    Even with scientific and technological advances, it is clear that PI remains a challenge to 

increase patient safety (Bezerra et al., 2021). In Brazil, there are no accurate records regarding the 

occurrences of PI, a factor that makes managing this condition difficult (Souza et al., 2020). Thus, it 

becomes relevant to manage risks and implement strategies with the aim of mitigating tissue damage 

(da Silva et al., 2021; Fontenele et al., 2021). The adoption and diffusion of technological innovations 

are motivated by increased efficiency and organizational performance, also known as the strategic 

choice perspective (Rogers et al, 2003). Furthermore, technology emerges as a valuable tool for 

solving PI problems due to the improvement of products and processes for the prevention and 

treatment of PI (Queiroz et al, 2012).  

   The care offered to patients with PI undergoes innovations every day. Thus, it is indisputable 

that the introduction of technology and the invention of more robust devices, with internet access, 
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have brought many benefits, including the speed in choosing coverage for the prevention and 

treatment of wounds by the professionals involved. In addition, there was an improvement in 

knowledge, allowing these professionals to have access to a vast amount of information, both on the 

patient, through their health record, and on the best clinical practices. (Ferreira et al, 2020; Delmore 

et al, 2019). The web application is designed to perform a group of specific functions, which aim to 

benefit the user in their activities. They are important devices, since most people and, consequently, 

health workers have mobile devices that are almost always available. (Sprigle et al, 2020; Lopes et 

al, 2020). The use of a web application as a tool for therapeutic and preventive measures is quite 

innovative and presents itself as a method capable of generating interest and motivation for learning, 

considering that the devices that host these applications are used by health professionals in a 

proportion of 45% to 85%, being more consulted than conventional platforms. (Sprigle et al, 2020; 

Vêscovi et al, 2017) 

   Thus, it is clear that technological tools are linked to health management, and the Health 

Informatics Agenda provides for actions to be implemented to promote the development of all aspects 

of Information Technology applied to health (Bakken et al, 2008). Thus, the reorganization of health 

care was oriented towards the search for new technologies and the development of safe software that 

anchor theories to data visualization and analysis (Cherman et al, 2018). Software, applications and 

automated equipment can assist in making more accurate decisions, which could provide 

standardization of routines, improving patient safety and comfort during hospitalization. In addition, 

it would reduce the operational cost and optimize the time spent by the professionals involved 

(Campos et al, 2020; Alturkistani et al, 2018; Ali et al, 2020). In this sense, software, applications 

and automated equipment can help in more accurate decision-making, which could provide 

standardization of routines, improving patient safety and comfort during hospitalization. In addition, 

it would reduce the operational cost and optimize the time spent by the professionals involved 

(Campos et al., 2020; Alturkistani et al., 2018; Ali et al., 2020). 

The guiding question for this research was “How can we mitigate the effects of pressure 

injuries in hospitalized patients?” (Kampa et al., 2020). And the answer is, in fact, the objective of 

the present study: to present a virtual prototype of a WA, to assist the multidisciplinary care team in 

controlling the change in position of patients with reduced mobility. Therefore, this technology will 

have the important function of monitoring and recording, in real time, the evolution of the change in 

decubitus of hospitalized patients. 

 

3.Method  

A research project only starts if there is a question to which an answer is desired, that is, it is to seek 

or look for a solution to some problem in the world. The question for the present research was: “How 
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can we mitigate the effects of pressure injuries in hospitalized patients?” In fact, what drives scientific 

research can be intellectual reasons such as the desire and satisfaction to know, or practical reasons 

such as the desire to do something that can impact the real world (Gil et al., 2007). It is important to 

emphasize that research is defined as a rational and systematic procedure that aims to provide answers 

to the problems that are proposed; moreover, applied research is characterized by its practical interest, 

that is, in solving problems that occur in reality (Sommerville et al., 2015). The present research is, 

therefore, classified as applied “nature”, as it is characterized by its practical interest. As for the 

“objectives”, the research is classified as normative, as the interest is in the development of 

technologies, strategies and actions to improve the results available in the existing literature. Finally, 

regarding the research method, the technique of design and virtual prototyping was used to design 

this WA, through the stages of the classic software development life cycle, as shown in Figure 1. 

 

 
Figure 1. Software development life cycle (Pressman and Maxim, 2014) 

 

In the first stage, called “Systems Engineering”, the objectives, functionalities and scope of 

what will be developed are defined. Then, the “Requirements Analysis” step serves as a variable that 

will launch the boundary conditions, that is, everything that the application or software must contain 

according to the needs of the end customer. In the present case, this step referred to the requirements 

that summarize what must be done in the software development process. Therefore, the best technical 

solutions were studied and defined, both in relation to the model and layout, as well as the 

programming language and database management system of the present application. 

    Next, the “Design” step defines how the previous steps are related and important 

considerations of execution time, quality and costs are inserted. In the “Coding” stage, the 

programming languages are applied, and the development of codes is carried out for the purpose 
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indicated in the first stage. The “Test” stage was applied to the application, and conducted by the 

development team and medical students, who performed tests on usage, response, interface and speed. 

Furthermore, the test consists of generating a corresponding set of results and interventions provided 

by professionals and is based on the idea of carrying out the initial testing for successive refinement 

until reaching the final product (Pressman et al., 2016; Gao et al., 2021). The last step refers to 

“Maintenance” and was not considered, as the application was not implemented. Therefore, in the 

construction of the WA, the developers used the basic premises of software engineering based on the 

steps of the classic software development life cycle proposed by Pressman and Maxim (Marconi et 

al., 2002). Finally, it is worth noting that MongoDB® was used and its structure oriented to 

documents, each document being a json file, which may contain, in addition to its values, an array or 

even another json object. About the application programming interface (API), it can be said that its 

application structure was separated between controllers, models and routes. 

 

4.Discussion  

A virtual prototype of WA to help control the change in position of the hospitalized patient was 

developed mainly using HTML5, CSS, Bootstrap and Java Script technologies and was made 

available only locally, as it is a virtual prototype. A front-end interface has been assertively designed 

to make it easier for healthcare and nursing teams to manipulate the system when the application is 

launched. It is worth mentioning that all patient data is directed to the MongoDB database and all 

data security protocols and assumptions were contemplated within the context of the General Data 

Protection Law (GDPL). Below, some “screens” of the Application in question will be briefly 

presented. In Figure 2, it is possible to follow the “fictitious” registration process of new patients, 

which consists of fields to be filled in: name; current decubitus (left and right sides, Prone or supine); 

patient bed and notes – field where individualized details must be added to be considered by 

professionals when managing the patient. 
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Figure 2. Patient registration (Authors, 2022). 

 

    In Figure 3, there is the control screen of all active patients: they will remain in control until 

they are discharged. Therefore, they are presented in such a way that patients with delayed decubitus 

are displayed first on the panel, in addition to being highlighted with a red background color; 

following, patients will be arranged, in a decreasing way, according to the time to carry out the change 

of decubitus. 

 

 
Figure 3. Control Panel (Authors, 2022) 
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It is worth emphasizing, that the records of occurrences are individualized for each patient: it 

guarantees the possibility of discharge, in addition to recording the options for changing the position. 

Also, it is allowed to change the patient's position according to the individualized possibilities and 

restrictions of each individual. Thus, it is possible to quantify and monitor the time and position of 

each patient registered on the platform; whether the position is correct or incorrect, or even more time 

has passed than it should for the change to be effected – making it an important quality control tool. 

 

5.Conclusion 

The presented WA is a prototype for monitoring the change in position and, therefore, represents an 

innovative technology that is easy to apply. Although there is a need for data entry, when compared 

to the established form, which uses paper and pen or conventional computer spreadsheets, it has the 

advantage of making the process of changing the position more dynamic, complete, controlled and 

individualized. 

    The intended objective of this present research was successfully achieved, with the advantage 

that this technology is an idea to be developed until the evolution to the mobile version, which will 

allow it to be used in the main current platform: mobile telephony; and be deployed in computer 

network structures already in operation. 

    Finally, the advantages of this WA consist of being able to be used as an autonomous tool or 

complementary to its computational environment, because its convergence allows to implement it at 

low cost, being able to add to the other systems operating in the local hospital network, without major 

changes. in the structure, with safety and good performance. Furthermore, the software is a dynamic 

and open system, able to incorporate innovations and updates at any time, whenever necessary and 

requested by users. 
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