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ABSTRACT 
Objective: Analyze mobile applications developed for prevention of diabetic foot. Method: Integrative review, with searches in 
LILACS, BDENF, Scopus, Web of Science and PubMed databases, from 2000 to 2019. After eligibility criteria, the sample consisted of 
nine articles. Results: The mobile applications for prevention of diabetic foot are based on online foot monitoring through images, 
evaluation of thermal images of the feet, capture of images of the sole of the foot, recommendations for self-care with the feet and 
classification of the risk of diabetic foot. The analysis of the articles shows that the applications were considered a good prevention 
strategy. Conclusion: This study enabled the identification of nine mobile applications developed for prevention of diabetic foot, with 
predominance in the use of thermometry as the main measure for prevention and early detection of diabetic foot ulcers, with the 
use of thermal images and sensors associated with the mobile application.

DESCRIPTORS: Mobile applications. Diabetes mellitus. Diabetic foot. Enterostomal therapy.

RESUMO 
Objetivo: Analisar aplicativos móveis desenvolvidos para prevenção do pé diabético. Método: Revisão integrativa, com buscas nas bases 
de dados LILACS, BDENF, Scopus, Web of Science e PubMed, no período de 2000 a 2019. Após critérios de elegibilidade, a amostra 
constituiu-se de nove artigos. Resultados: Os aplicativos móveis para prevenção do pé diabético, se baseiam no monitoramento 
online dos pés por meio de imagens, avaliação de imagens térmicas dos pés, captura de imagens da planta do pé, recomendações de 
autocuidado com os pés e classificação do risco de pé diabético. A análise dos artigos evidencia que os aplicativos foram considerados 
como boa estratégia de prevenção. Conclusão: A realização deste estudo possibilitou a identificação de nove aplicativos móveis 
desenvolvidos para prevenção do pé diabético, com predomínio no uso da termometria como principal medida para prevenção e 
detecção precoce das úlceras do pé diabético, com utilização de imagens térmicas e sensores associados ao aplicativo móvel.

DESCRITORES: Aplicativos móveis. Diabetes mellitus. Pé diabético. Estomaterapia.
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INTRODUCTION

The complications of diabetes mellitus (DM) can be 
both macro and microvascular and most often happen 
because of the difficulty in keeping glycemic rates under 
control1. Among the complications, diabetic neuropathy 
is the most frequent, characterized by clinical syndromes 
that affect different parts of the nervous system and present 
several clinical manifestations, which have as main outcome 
foot ulcers, which, associated with ischemia, deformities or 
infections, induce the so-called diabetic foot2.

Diabetic foot promotes decreased quality of life and 
loss of physical mobility, and in most cases can culminate 
in lower limb amputations and about 40 and 60% of 
nontraumatic amputations3.

As it is an eminently outpatient chronic control 
disease, health education plays a key role in preventing 
DM complications. Thus, people with DM need to routinely 
receive instructions on preventive self-care for foot injuries 
and regular foot care2.

The use of information and communication technologies 
(ICTs) can be a strong ally in the process of health education 
for people with DM in the prevention of diabetic foot, facing 
the existence of mobile applications that can help in the 
empowerment of users, improve the support of health care, 
increase efficiency in self-care and quality of life4. 

Therefore, several mobile applications are being developed 
and validated, including applications for self-care and self-
monitoring of people with DM, with features that help in 
daily foot supervision, accessibility to treatment, health 
education, testing and diagnosis, which can combine the 
use of images, videos, audio and accessible language, which 
increases the opportunities and motivation for prevention 
of diabetic foot5–7.

Mobile applications can offer nurses the opportunity to 
strengthen ties with their clients and family members, and 
guide them to self-care, improve their scientific knowledge, 
assist during the nursing consultation in risk prevention, 
monitoring and control of complications, and thus increase 
the chances of prevention and early detection of foot changes5.

From the evolution of technological tools and the rise 
of health technologies, nurses and other health professionals 
should update themselves to learn about these technologies 
for education, prevention and health promotion of people 
with DM and increase their users’ health care.

The objective of this study is to analyze mobile 
applications developed for prevention of diabetic foot.

METHODS

Integrative review-type study (IR), a research method 
that allows the synthesis and general conclusions of the state 
of knowledge on a given theme, in addition to providing 
support for decision making and improving clinical practice, 
and thus pointing out possible gaps that imply in conducting 
new studies on the thematic area in question8.

 The conduction of the IR followed six steps: identification 
of the theme and selection of the research question; 
establishment of criteria for inclusion and exclusion of 
studies; categorization of studies; evaluation of studies 
included in the integrative review; interpretation of results 
and synthesis of the knowledge of the main results evidenced 
in the analysis of the articles included9.

The research question was elaborated according to 
the PICO strategy, an acronym which means “patient, 
intervention, comparison and outcome”. It represents an 
important method for the elaboration of the guiding question 
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and subsequent search for evidence in the literature10. Based 
on this strategy, this review considered “P” diabetes patients, 
“I” referred to the use of mobile applications, “C” there 
were no corresponding words, and “O” was associated with 
monitoring and prevention of diabetic foot.

Thus, the following guiding question was formulated: 
What mobile applications available in the literature have 
been developed for diabetic foot prevention?

The bibliographic survey took place from October 2019 
to January 2020 in the following databases: Latin American 
and Caribbean Health Sciences Literature (LILACS), the 
Brazilian Nursing Database (BDENF), Scopus, Web of 
Science and PubMed. A crossover of the descriptors Mobile 
Applications (Aplicativos Móveis) AND Diabetes Mellitus 
(Diabetes Mellitus) AND Diabetic Foot (Pé Diabético), 
extracted from DeCS (Descriptor in Health Sciences) and 
MeSH (Medical Subject Headings) was performed. 

The following criteria were chosen for the inclusion of 
the studies: articles available in full, in Portuguese, English 
and Spanish, that answered the guiding question of the 
study, published between 2009 and 2019. The exclusion 
criteria were repeated publications, editorials, manuals, 
books, theses, dissertations, monographs and review studies. 
An instrument adapted from Ursi11 was used to extract the 
articles. The instrument allows obtaining information on the 

identification of the article (title, language, year of publication, 
name of the journal), methodological characteristics of the 
study, the interventions measured, the results found and 
the levels of evidence.

When searching the articles, 297 articles were found 
on PubMed, 10 on Scopus, 9 on the Web of Science, 3 on 
LILACS and 3 on BDENF, totaling 322 articles. Then, a 
preselection of the articles identified in the searches was 
made by reading the title and the abstract. Three articles 
were excluded because they were not available, as well as 16 
papers from congresses, 24 literature reviews, 4 books and 
100 articles because they did not fit the inclusion criteria.

The remaining 175 articles were carefully read in 
order to identify key ideas and guidelines directed to the 
object of study. Of these, 13 repeated studies were excluded 
and 153 that did not answer the guiding question, which 
provided a final sample of 9 studies, according to PRISMA  
(Fig. 1). The selection stages of the studies were independently 
performed by two authors of this review.

A third reading was also carried out to confirm the 
information obtained in the second reading and to deepen 
the analysis of each manuscript included in the research.

Table 1 shows the justification for the exclusion of the 
articles after identification in the databases and reading in 
full until the final sample of nine articles.
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Figure 1. Flowchart of study selection according to Preferred Reporting Items for Systematic Reviews  
and Meta-Analyses (PRISMA 2009). 
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RESULTS

The nine articles included in this integrative review 
are presented in Table 2, composed by title, authorship, 
year, objective, method, location of the study and level of 
evidence. When analyzing the quality of scientific evidence, 
it is noticeable that most articles (n = 5) have a level VI 
classification of evidence12. 

Regarding the year of publication of the articles, 
one article was published in 2013, one in 2016, one 
published in 2017, four in 2018 and two in 2019. 
Regarding the language, eight articles were published in 

English. There was diversification in the study scenario, 
which was developed in the following countries: Brazil  
(n = 2), India (n = 1), Germany (n = 1), Peru (n = 1), 
the Netherlands (n = 1), the United Kingdom (n = 1), 
the United Arab Emirates (n = 1) and the United States 
of America (n = 1).

 There was a predominance of studies available in the 
PubMed database (n = 6). The LILACS and Web of Science 
databases presented, respectively, 1 and 2 publications. 
Regarding the category of publications, two studies were 
published in the area of nursing and seven studies were 
in the medical and biomedical area.

Table 1. Justification for exclusion of articles after full reading. 

Articles LILACS Scopus Web of 
Science BDENF PubMed Total

Selected 03 10 09 03 150 175

Not suitable 01 04 03 01 144 153

Repeated 01 03 04 - 05 13

Final sample 01 - 02 - 06 09

Table 2. Distribution of articles according to title, authorship, year, objective, method, location of the study and level of evidence. 
Redenção (CE), 2020.

N. Title Authors/
Year Objective Method/ 

location
Level of 

evidence

1

SoleSCAN – mobile phone 
based monitoring of foot 
sole for callus formation 
and the shoe insole for 

pressure “hot spots”

Dutta, Dutta 
(2013)13

Monitoring of skin tissue in the foot 
for callus or ulcer formation for early 

prevention.

Clinical trial
Randomized

India
Level II

2

Implementation of foot 
thermometry plus mHealth 

to prevent diabetic foot 
ulcers: study protocol for a 
randomized controlled trial

Lazo-Porras et 
al. (2016)14

Compare the incidence of diabetic  
foot ulcer during the study period 
between those who received only 

thermometry and those who  
received more text messages and 

voice messages.

Clinical study
Randomized

Peru
Level II

3
Mobile application for  

ulcer detection
Fraiwan et al. 

(2018)15

Build a mobile thermal imaging system 
that can be used as an indicator for 

possible ulcers in development.

Descriptive 
study

United Arab 
Emirates

Level VI

4

Promoting self-care of 
diabetic foot ulcers through 

a mobile phone app:  
user-centered design  

and evaluation

Ploderer et al. 
(2018)17

Assess the usability and potential 
utility of mobile phone applications to 

engage people with diabetic foot ulcers 
in self-care.

Qualitative 
study

Netherlands
Level VI

...continue
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Table 3 presents the name and function of the applications 
highlighted in the review and their main results. Mobile 
applications for diabetic foot prevention are based on online 
foot monitoring using images13, evaluation of thermal 
foot images14–16, capture of sole images7, foot self-care 
recommendations17–19 and classification of diabetic foot risk5.

The analysis  of  the ar t ic les  shows that  the 
applications were considered a good prevention strategy, 

Table 2. Continuation

N. Title Authors/
Year Objective Method/ 

location
Level of 

evidence

5

Continuous temperature-
monitoring socks  

for home use in patients  
with diabetes:  

observational study

Reyzelman et al. 
(2018)16

Assess the accuracy of  
sensors used in everyday  
wear socks, get feedback  

from the wearer on the comfort  
of the socks, incorporated  

by sensors and examine whether  
the observed temperatures relate  

to clinical observations.

Case study
United States of 

America 
Level VI

6
A new mobile application  
for standardizing diabetic 

foot images
Yap et al. (2018)7

Test application reliability  
when used with the same  
diabetic feet on separate  

occasions and in the hands of  
two separate operators.

Longitudinal 
study

United Kingdom
Level VI

7

Rehabilitation technology 
for self-care: Customised 
foot and ankle exercise  

software for people  
with diabetes

Ferreira et al. 
(2019)19

Develop and validate software content 
(desktop and mobile applications)  

for self-management  
and foot and ankle exercises 
personalized for people with  

diabetes and diabetic neuropathy.

Quantitative 
study
Brazil

Level VI

8

Study protocol for a 
randomized controlled trial 
to test for preventive effects 

of diabetic foot ulceration 
by telemedicine that 

includes sensor-equipped 
insoles combined with 
photo documentation

Ming et al. 
(2019)18

Investigate the hypothesis that a twice 
daily recording of foot temperatures 
with the aid of the insole equipped 

with a sensor (Medixfeet Insole, Thorsis 
Technologies GmbH) can reduce the 

risk of ulcer formation.

Randomized 
clinical trial
Germany

Level II

9
Mobile application for 

evaluation of feet in people 
with diabetes mellitus

Vêscovi et al. 
(2017)5

Describe the application  
development and  

validation process for mobile  
devices on risk assessment  

and rating of the feet of  
people with DM.

Methodological 
study
Brazil

Not 
described12

for allowing the early detection of possible formation 
of calluses and ulcers in the feet13, analysis of foot 
temperature in an innovative and inexpensive way, which  
allows early interventions to prevent diabetic foot14–16, 
provide acquisition of images of the sole of the foot to 
observe relevant foot parameters7, recommendations for 
self-care19, and stratification of the risk of developing 
diabetic foot5.
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Table 3. Distribution of articles according to authorship, name, application function and main results. 

Authors Application 
name Application function Main results

Dutta, Dutta 
(2013)13

SoleSCAN
Online foot monitoring by means of an 
insole that records photos and transfers the 
information to a data server.

The application was considered a good 
prevention strategy, as it allows the early 

detection of possible callus and foot  
ulcers formation.

Lazo-Porras et 
al. (2016)14

TempStat Capture thermal images of the feet.

Thermometry can reduce the incidence  
of diabetic foot. The application  

presented an innovative and low-cost 
preventive approach.

Fraiwan et al. 
(2018)15

FLIR ONE
Obtain thermal images, process them and 
analyze them to predict ulceration.

The mobile system has been successful 
in identifying foot temperature increases 

and enables early interventions to prevent 
diabetic foot.

Ploderer et al. 
(2018)17

My Foot Care
It highlights personal goals to help motivate 
patients in self-care and provides reminders 
to enforce regular care.

The application has widespread potential in 
the prevention and treatment of foot ulcers 

of people with diabetes.

Reyzelman et 
al. (2018)16

Stand-Alone
Generate alerts when the user’s feet show 
temperature increase.

Continuous monitoring of foot temperature 
has proven to be a promising approach to 
early intervention in the risk of developing 

diabetic foot.

Yap et al. 
(2018)7

FootSnap Obtain images of the sole of the foot.

The application was successful in 
standardizing the acquisition of photos 
of the sole of the foot to observe foot 

parameters and proved to be significant in 
the prevention and management of diabetic 

foot pathologies.

Ferreira et al. 
(2019)19

SoPeD
Offer recommendations for foot self-care, 
diabetes, diabetic foot and foot and ankle 
exercises.

The application has been validated and 
showed a high degree of agreement among 

experts, professionals and users, as an 
application that can help in the prevention 

of diabetic foot.

Ming et al. 
(2019)18

SPDFA

Measure foot temperatures, provide 
photographic documentation, and 
assess well-being (quality of life) using an 
interactive diary.

The application has proven to be one of the 
most cost-effective solutions for the early 

detection of diabetic foot ulcers.

Vêscovi et al. 
(2017)5

CuidarTech
Diabetic foot risk assessment and 
classification.

The application, through the nurses’ 
evaluation, proved to be reliable, adequate 

and efficient for risk classification and 
prevention of diabetic foot.

DISCUSSION

In this review, in response to the guiding question of the 
study, it was observed that different applications developed 
for prevention of diabetic foot were indicated as satisfactory 
by researchers in the analyzed publications. The studies were 

concerned with investigating and inserting in the applications 
the main causes that lead to ulceration and increased risk 
of developing diabetic foot.

Mobile applications presented thermal imaging as the 
predominant function. Some applications, besides performing 
thermometry, sent alerts through hyperthermia detection14–16.
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The use of mobile applications with thermometry can 
help reduce the incidence of ulcers that lead to diabetic 
foot. Thermometry measures the surface heat of the 
skin of the feet and is a promising low-cost emerging 
modality for assessing and managing early signs of diabetic  
foot development14,20.

Most complications of the diabetic foot can be aggravated 
by high temperatures on the soles of the feet and represent 
an early sign of diabetic foot syndrome. Studies conducted 
in Asia and Europe have shown that mobile applications 
that perform foot thermometry can be efficient in preventing 
diabetic foot13,18. Thus, the monitoring of the foot plant 
temperatures can be considered an effective method for 
early detection and possible prevention of diabetic foot18. 
This portrays the importance of mobile applications that 
can assist healthcare professionals in monitoring and 
preventing the emergence of changes that compromise  
the integrity of the feet. Thermal imaging is combined  
with the detection of plantar changes, which, associated with 
inadequate pressure points and footwear, increase the risk of 
ulceration development.

It is worth noting that mobile applications have the 
ability to bring together more than one function. Study in 
Germany developed a mobile application that has in addition 
to thermometry through insoles and sensors, a structure 
that provides all the photographic documentation of the 
feet and assessment of the well-being (quality of life) of the 
user, through the use of an interactive diary18. It is therefore 
perceived that mobile applications can group more than one 
function and contribute substantially to foot monitoring in 
order to prevent the emergence of diabetic foot.

Another application developed in India presented as a 
primary function the online foot monitoring through insoles 
that capture images and send them to a data server, which 
can be accessed by health professionals13.

Online monitoring of the skin tissue of the sole of 
the foot using insole and algorithm that processes images 
on smartphones and sends them to health professionals 
can be a cheap and effective way to detect the risk of 
developing calluses and pressure ulcers and prevent 
diabetic foot13. In this way, the use of insoles in shoes 
associated with mobile applications that process images 
can identify pressure points and hyperthermia in the feet, 
thus enabling early interventions.

An application developed in the UK to standardize the 
acquisition of photographs of the feet of people with diabetes 

and continuous monitoring by healthcare professionals was 
successful in standardizing the acquisition of photos of the 
sole of the foot, to observe relevant parameters of the plantar 
region and proved significant in the prevention, management 
and self-care of diabetic foot7.

Within this self-care perspective, researchers from the 
Netherlands developed a mobile application designed for 
users with DM to motivate and engage them in self-care. 
The application encourages the use of the mobile phone 
to take photos of the feet, which applies visual analysis to 
these photos and extracts information, allowing users and 
their caregivers to monitor them. In addition, it highlights 
personal goals to help motivate users with DM and provides 
reminders that encourage regular foot care17.

Brazilian study with similar scope validated mobile 
application that allows self-care and personalized care 
for patients by offering recommendations for self-care 
with the feet, diabetes, diabetic foot and foot and ankle 
exercises. Users receive online recommendations for foot 
care, information on DM and diabetic neuropathy, self-
assessment of the foot according to the main changes 
(calluses, deformities and injuries), as well as exercises for 
the feet and ankles, in order to strengthen the muscles and 
improve movement19. 

For this, the use of DM self-management applications 
was positively associated with self-care behavior, promoting 
beneficial lifestyle changes, with the ability to prevent 
complications such as diabetic foot21. 

The adoption of educational practices as a strategy in 
the treatment of people with DM and foot at neuropathic 
risk aims at an emancipatory perspective, i.e., self-care. This 
perspective has been present in most studies because it goes 
beyond the curative model and increases the individual’s 
knowledge about the disease, healthier living habits and 
regular foot care; this is because, besides improving the 
quality of life, it increases the individual’s autonomy in the 
face of the disease. 

A study consulted indicates that it is necessary to 
expand the knowledge and understanding of the nurses 
regarding the importance of assessing the feet of people 
with DM and accompany them at all levels of health 
care, in addition to instructing people with DM for 
self-care, since nursing has been going through several 
transformations with technological advances and should 
take advantage of mobile technologies to increase health 
promotion practices5.
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In this understanding, to assist the work of nurses in the 
care of people with DM, a Brazilian study has developed a 
software that provides nurses with a tool that helps them to 
assess and classify the risk of developing diabetic foot. The 
application, according to evaluation of judges and nurses, 
is functional, reliable, appropriate and efficient to classify 
the risk of developing diabetic foot and thus enable early 
interventions5. In the current health and technology scenarios 
there are several ICTs that can help to determine the risk 
of ulcers that culminate in diabetic foot. Most are portable, 
easy-to-handle, interactive, noninvasive technologies that do 
not require an expert to use, and allow users to track their 
foot care in any geographic location. These already tried and 
tested tools enable improvement by advancing technological 
resources and bring the subject closer to self-care, with the 
registration of photos, use of insoles for thermometry and 
in the answers to online surveys.

Thus, several applications in portable devices can facilitate 
the prevention of diabetic foot and improve the quality of 
life of people with DM22.

New updated studies are certainly needed to guide both 
decisions about the adoption (by users) or recommendation 
(by the responsible health team) of the most appropriate 
applications for use in self-care and prevention of diabetic 
foot, as well as to point ways for the development of new 
tools, or even the improvement of existing ones, testing the 
usability, acceptance and cost of applications.

Although the article presents limitations, such as 
the exclusion of articles unavailable in the databases, 

there were nine mobile applications that can be used 
by users and health professionals in the prevention of 
diabetic foot.

CONCLUSION

This study allowed the analysis of nine mobile 
applications developed for prevention of diabetic foot. 
There was a predominance in the use of thermometry 
as the main measure for prevention and early detection 
of diabetic foot ulcers, with the use of thermal images 
and sensors associated with the mobile application. In 
addition to obtaining images, other applications included 
goals, instructions on DM and foot care, interactive diary, 
risk rating, foot and ankle exercises, alarms, data transfer 
and storage.
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